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MULTI-CHANNEL MEMORY APPARATUS
AND METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The invention relates to a multi-channel memory
apparatus, and more particularly to a multi-channel memory
apparatus utilizing an efficient ECC encoding and decoding
scheme.

[0003] 2. Description of the Related Art

[0004] Mass storage devices may include a number of
memory devices, such as NAND memory devices, NOR
memory devices, phase change devices, magnetic media
devices, optical storage, etc., that typically include single-
channel (i.e., one per memory device) controllers. Such single
channel device controllers typically include error correcting
code (ECC) encoding and decoding just before the data is
written to or read from the storage device.

[0005] ECC encoding typically produces so-called check
bytes used to correct data errors resulting from data storage in
the device when reading data out of the storage device. In
each channel, if no error is detected during decoding, the
channel presents a properly decoded data output. Alterna-
tively, if an error is detected during decoding, the channel
presents a decode Error Detection Code (EDC) error output.
[0006] Along with the increase in the amount of channels in
the mass storage devices, an efficient ECC encoding and
decoding scheme to protect data is highly required.

BRIEF SUMMARY OF THE INVENTION

[0007] Multi-channel memory apparatus are provided. An
embodiment of a multi-channel memory apparatus comprises
a host interface, a plurality of storage channels, an error
correcting module and a multiple memory access module.
The host interface is arranged to receive and transmit data
from and to a host device. Each storage channel is coupled to
a memory device for storing the data. The error correcting
module is shared by the storage channels, comprises an error
correction code (ECC) engine and a data buffer, and is
arranged to perform error correction code encoding on the
data to be stored into the memory devices and perform error
correction code decoding on the data read out from the
memory devices. The multiple memory access module is
coupled between the storage channels and the error correcting
module and arranged to perform multiple access control of
the storage channels for the error correcting module.

[0008] Another embodiment of a multi-channel memory
apparatus comprises a host interface, a plurality of storage
channels, a scrambler module, an error correcting module and
a multiple memory access module. The host interface is
arranged to receive and transmit data from and to a host
device. Each storage channel is coupled to a memory device
for storing the data. The scrambler module is arranged to
perform intra-channel disarrangement for the data to be
stored into the memory devices and rearrange the scrambled
data read out from the memory devices. The error correcting
module is shared by the storage channels, comprises an error
correction code (ECC) engine and a data buffer, and is
arranged to perform error correction code encoding on the
data to be stored into the memory devices and perform error
correction code decoding on the data read out from the
memory devices. The multiple memory access module is
coupled between the storage channels and the error correcting
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module and arranged to perform multiple access control of
the storage channels for the error correcting module.

[0009] An embodiment of a method for accessing a multi-
channel memory apparatus comprising a plurality of memory
devices each associated with a storage channel comprising:
receiving source data to be stored into the memory devices
from a host device; encoding the source data by an error
correction code (ECC) engine, wherein the ECC engine is
shared by the storage channels; disarranging the encoded data
to be stored in each specific memory device; and writing the
disarranged data to the memory devices.

[0010] A detailed description is given in the following
embodiments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0011] Theinvention can be more fully understood by read-
ing the subsequent detailed description and examples with
references made to the accompanying drawings, wherein:
[0012] FIG. 1 shows a multi-channel memory apparatus
according to an embodiment of the invention;

[0013] FIG. 2 shows a multi-channel memory apparatus
according to another embodiment of the invention;

[0014] FIG. 3 shows a block diagram of a multiple memory
access module according to an embodiment of the invention;
[0015] FIG. 4 shows a flow chart of a write operation
according to an embodiment of the invention;

[0016] FIG.5 shows a flow chart ofa read operation accord-
ing to an embodiment of the invention;

[0017] FIG. 6 shows a multi-channel memory apparatus
according to another embodiment of the invention;

[0018] FIG. 7 shows a multi-channel memory apparatus
according to another embodiment of the invention;

[0019] FIG. 8 shows a multi-channel memory apparatus
according to another embodiment of the invention; and
[0020] FIG. 9 shows a block diagram of an ECC engine/
sub-ECC engine according to an embodiment of the inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

[0021] The following description is of the best-contem-
plated mode of carrying out the invention. This description is
made for the purpose of illustrating the general principles of
the invention and should not be taken in a limiting sense. The
scope of the invention is best determined by reference to the
appended claims.

[0022] FIG. 1 shows a multi-channel memory apparatus
according to an embodiment of the invention. The multi-
channel memory apparatus 100 may be located within and
communicate with a host device. The host device may be a
computing or media device, as an example, a notebook, a
cellular phone, a gaming device, a multimedia player, a Glo-
bal Positioning System (GPS), or others. The multi-channel
memory apparatus 100 comprises a host interface 101, an
error correcting module 102, a scrambler 103, a multiple
memory access module 104, a plurality of storage channels
and a plurality of memory devices 105-0, 105-1 to 105-N.
Each storage channel 106-0 to 106-N is coupled to a memory
device (such as memory device 105-0, 105-1 to 105-N) for
storing the data. The host interface 101 is arranged to com-
municate with the host device. As an example, the host inter-
face 101 may interpret host commands and receive data from
or transmit data to the host device depending on the data
transferring directions (e.g. write or read directions). The
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error correcting module 102 is shared by the storage channels
and is arranged to perform error correction code encoding on
the data to be stored into the memory devices and perform
error correction code decoding on the data read out from the
memory devices, depending on the data transferring direc-
tions (e.g. write or read directions).

[0023] The scrambler 103 may be implemented in a scram-
bler module (not shown) and is arranged to perform intra-
channel disarrangement for the data to be stored into the
memory devices and rearrange the scrambled data read out
from the memory devices in a reverse manner depending on
the data transferring directions (e.g. write or read directions).
The intra-channel disarrangement is a disarrangement opera-
tion performed within a channel so as to scramble the data of
the same codeword of the ECC engine. The scrambler 103
scrambles the data so as to randomly distribute the data ‘0’
and ‘ 1’ in adjacent locations. Thus, interference introduced
by the adjacent data of continuous ‘0’ or ‘1’ within the
memory device 105-0to 105-N is reduced. Note that because
the scrambling process is a linear operation, the scrambler
(scrambler module) may be located anywhere in the data
transferring paths (e.g. write or read paths). In addition,
according to another embodiment of the invention, the scram-
bler module may also comprise a plurality of scramblers to
deal with the scrambling of the multiple storage channels
(which will be discussed in detail in the following para-
graphs).

[0024] The multiple memory access module 104 is coupled
between the storage channels and the error correcting module
102 and arranged to perform multiple access control of the
storage channels for the error correcting module 102. As an
example, the multiple memory access module 104 multi-
plexes the data received simultaneously from different
memory devices 105-0 to 105-N to the error correcting mod-
ule 102. The memory devices 105-0 to 105-N may be
arranged to provide non-volatile storage of data. As an
example, the memory device 105-0 to 105-N may be aNAND
or NOR type flash, a solid state disk, a Static Random Access
Memory (SRAM), a Dynamic Random Access Memory
(DRAM) . . . etc.

[0025] According to an embodiment of the invention, the
error correcting module 102 may comprise an error correc-
tion code (ECC) engine 122 and a data buffer 121 coupled in
serial between the host interface 101 and the multiple
memory access module 104. The ECC engine 122 is arranged
to perform error correction code encoding and decoding to
protect the data. The data buffer 121 is arranged to store host
data temporarily while read or write operations are in
progress.

[0026] FIG. 2 shows a multi-channel memory apparatus
according to another embodiment of the invention. The multi-
channel memory apparatus 200 comprises a host interface
101, an error correcting module 202, a scrambler 103, a
multiple memory access module 104, a plurality of storage
channels 106-0 to 106-N and a plurality of memory devices
105-0 to 105-N. For detailed description of the host interface
101, the scrambler 103, the multiple memory access module
104, the memory devices 105-0 to 105-N, the ECC engine
222 and data buffer 221, reference may be made to FIG. 1 and
the corresponding descriptions, thus further descriptions are
omitted here for brevity. In some embodiments of the inven-
tion, the ECC engine 222 and the data buffer 221 may also be
coupled in parallel between the host interface 101 and the
multiple memory access module 104. The data buffer 221

May 26, 2011

may store the protection data, which is used to correct data
errors, of the source data stored in the memory devices for the
ECC engine 222. Therefore, instead of reading the protection
data from the memory devices, the ECC engine 222 may
obtain the protection data directly from the data buffer 221,
making the decoding process in the parallel structure more
efficient. Note that in the embodiments of the invention, the
error correcting module 102 is shared by the storage channels
so that an ECC engine does not need to be associated with a
storage channel. As shown in FIG. 1 and FIG. 2, an amount of
ECC engines is less than an amount of the storage channels.
Therefore, the cost and chip arearequired by the ECC engines
may be greatly reduced.

[0027] FIG. 3 shows a block diagram of a multiple memory
access module according to an embodiment of the invention.
The multiple memory access module may comprise a multi-
plexing unit 301, a data rearranging unit 302 and a flow queue
scheduling unit 303. The multiplexing unit 301 is coupled to
the error correcting module 102 or 202 and arranged to mul-
tiplex the data to be transmitted to the error correcting mod-
ule, or to de-multiplex the data received from the error cor-
recting module. According to an embodiment of the
invention, the multiplexing unit 301 may multiplex the data in
an order of the index of the storage channels, as an example,
from the storage channel 106-0 to 106-N, or from the storage
channel 106-N to 106-0. The data rearranging unit 302 is
arranged to perform inter-channel disarrangement for the
data received from the multiplexing unit and to be stored into
the memory devices, and rearrange the data read out from
memory devices through the storage channels in a reverse
manner depending on the data transferring directions (e.g.
write or read directions). The inter-channel disarrangement is
to further enhance the disorderliness of the data by exchang-
ing the data of different storage channels so that the same type
of data may not all be stored in the same memory device. The
purpose of the disarrangement operation is to randomly place
the data between channels so as to further reduce inter-chan-
nel interference. The flow queue scheduling unit 303 is
arranged to schedule a plurality of flow queues of the data to
be stored into the memory devices and the data read out from
the memory devices. As an example, the flow queue sched-
uling unit 303 may queue the data to be stored into the cor-
responding memory devices until the amount of arrived data
reaches a predetermined data size, thus improving the power
and time efficiency of the multi-channel memory apparatus.

[0028] FIG. 4 shows a flow chart of a write operation
according to an embodiment of the invention. The host inter-
face first receives source data from the host device and stores
the source data in the data buffer (Step S401). Next, the ECC
engine receives the source data from the data buffer and
encodes the source data (Step S402). Next, the multiple
memory access module obtains the encoded data from the
ECC engine and disarranges the encoded data for specific
memory device(s) (Step S403). Finally, the multiple memory
access module schedules the flow queue of the write opera-
tion and writes the disarranged data to the memory device
(Step S404).

[0029] FIG.S5 shows a flow chart of a read operation accord-
ing to an embodiment of the invention. The multiple memory
access module first schedules the flow queue of the read
operation and reads data from the memory device (Step
S501). Next, the multiple memory access module rearranges
the data for specific memory device(s) and transmits the
rearranged data to the ECC engine (Step S502). Next, the
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ECC engine decodes the rearranged data, detects whether
there is any error in the decoded data, and corrects the error if
the error has been detected (Step S503). Finally, the host
interface outputs the decoded data to the host device (Step
S504).

[0030] As previously described, because the scrambling
process is a linear operation, the scrambler (scrambler mod-
ule) 103 as shown in FIG. 1 and FIG. 2 may be placed
anywhere in the data transferring paths (e.g. write or read
paths). According to an embodiment of the invention, as
shown in FIG. 1 and FIG. 2, the scrambler 103 may be
coupled between the error correcting module 102 or 202 and
the multiple memory access module 104, and arranged to
perform intra-channel disarrangement for the data to be
stored into the memory devices and rearrange the data read
out from the memory devices.

[0031] FIG. 6 shows a multi-channel memory apparatus
600 according to another embodiment of the invention. As
shown in FIG. 6, the scrambler 603 is coupled between the
host interface 101 and the error correcting module 102 and
arranged to perform intra-channel disarrangement for the
data to be stored into the memory devices and rearrange the
data read out from the memory devices. In addition, accord-
ing to yet another embodiment of the invention, a plurality of
scramblers may also be utilized in a scrambler module of the
multi-channel memory apparatus.

[0032] FIG. 7 shows yet another multi-channel memory
apparatus 700 according to another embodiment of the inven-
tion. As shown in FIG. 7, the scrambler module 703 may
comprise a plurality of scramblers, such as the scramblers
703-1 to 703-N each coupled to a storage channel and
arranged to perform intra-channel disarrangement for the
data to be stored into the corresponding memory device and
rearrange the data read out from the corresponding memory
device. Note that the operations of the scramblers 603 and
703-1 to 703-N are similar to the scrambler 103 as shown in
FIG. 1 and FIG. 2. For detailed description of the host inter-
face 101, the error correcting module 102, the scramblers 603
and 703-1to 703-N, the multiple memory access module 104,
and the memory devices 105-0 to 105-N as shown in FIG. 6
and FIG. 7, reference may be made to FIG. 1 and FIG. 2 and
the corresponding descriptions, thus further descriptions are
omitted here for brevity.

[0033] FIG. 8 shows a multi-channel memory apparatus
800 according to another embodiment of the invention. In the
embodiment, the error correcting module 802 may comprises
an ECC engine 822-0 and a plurality of sub-ECC engines
822-1 to 822-M coupled in parallel with the ECC engine
822-0. The operations of the sub-ECC engines 822-1 to
822-M for performing error correction code encoding and
decoding on the data to be stored in the memory devices are
similar to the operations of the ECC engine 822-0. Therefore,
the multi-channel memory apparatus 800 may be regarded as
comprising a plurality of ECC engines 822-0, 822-1 to 822-
M. According to the embodiment of the invention, the value
M may be less than the value N. That is, an amount of ECC
engines and sub-ECC engines may be less than an amount of
the storage channels. Note that the operations of the data
buffer 821 and the ECC engine/sub-ECC engines 822-0 to
822-M are similar to the data buffer 121 and the ECC engine
122 as shown in FIG. 1. For detailed description of the host
interface 101, the data buffer 821, the ECC engine/sub-ECC
engines 822-0 to 822-M, the scramblers 103, the multiple
memory access module 104, and the memory devices 105-0
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to 105-N as shown in FIG. 8, reference may be made to FIG.
1 and FIG. 2 and the corresponding descriptions, thus further
descriptions are omitted here for brevity.

[0034] FIG. 9 shows a block diagram of an ECC engine/
sub-ECC engine according to an embodiment of the inven-
tion. The ECC engine/sub-ECC engine 900 may comprise
one or more error detectors 902-0 to 902-K and an error
corrector 901. The error detectors 902-0 to 902-K are
arranged to perform error correction code encoding on the
datato be stored into the memory devices and error correction
code decoding on the data read out from the memory devices,
depending on the data transferring directions (e.g. write or
read directions), and detect error(s) in the data read out from
the memory devices. According to the embodiments of the
invention, the ECC engine (such as the ECC engine 122, 222,
822-0 to 822-M and 900 . . . etc.) is arranged to perform
suitable ECC algorithm, such as Reed-Solomon or Bose,
Ray-Chaudhuri, Hocquenghem (BCH) encoding and decod-
ing. The error corrector 901 is shared by the error detectors
902-0 to 902-K and arranged to correct the error(s) of the data
detected by the error detectors. According to an embodiment
of the invention, a multiplication result of the amount of ECC
engines and sub-ECC engines multiplied by an amount of the
error detectors may be equal to or less than the amount of the
storage channels, as an example, (M+1)x(K+1) (N+1). Note
that the structure of the ECC engine/sub-ECC engine 900
shown in FIG. 9 may also be applicable to the ECC engine
122 as shown in FIG. 1, the ECC engine 222 as shown in FIG.
2, the ECC engines as shown in FIG. 6 and FIG. 7 and the
ECC engine/sub-ECC engines 822-0 to 822-M as shown in
FIG. 8, and the invention should not be limited thereto. It is
further noted that although the data buffers and the ECC
engines/sub-ECC engines as shown in FIG. 6, FIG. 7 and
FIG. 8 are coupled in serial in the corresponding error cor-
recting modules, those data buffers and ECC engines/sub-
ECC engines are applicable to be coupled in parallel in the
corresponding error correcting modules as shown in FIG. 2
and the invention should not be limited thereto.

[0035] While the invention has been described by way of
example and in terms of preferred embodiment, it is to be
understood that the invention is not limited thereto. Those
who are skilled in this technology can still make various
alterations and modifications without departing from the
scope and spirit of this invention. Therefore, the scope of the
present invention shall be defined and protected by the fol-
lowing claims and their equivalents.

What is claimed is:

1. A multi-channel memory apparatus, comprising:

a host interface, arranged to receive and transmit data from
and to a host device;

a plurality of storage channels, each coupled to a memory
device for storing the data;

an error correcting module, shared by the storage channels,
comprising an error correction code (ECC) engine and a
data buffer, and arranged to perform error correction
code encoding on the data to be stored into the memory
devices and perform error correction code decoding on
the data read out from the memory devices; and

a multiple memory access module, coupled between the
storage channels and the error correcting module and
arranged to perform multiple access control of the stor-
age channels for the error correcting module.
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2. The multi-channel memory apparatus as claimed in
claim 1, wherein the ECC engine and the data buffer are
coupled in serial between the host interface and the multiple
memory access module.

3. The multi-channel memory apparatus as claimed in
claim 1, wherein the ECC engine and the data buffer are
coupled in parallel between the host interface and the multiple
memory access module.

4. The multi-channel memory apparatus as claimed in
claim 1, wherein the multiple memory access module com-
prises:

amultiplexing unit, coupled to the error correcting module
and arranged to multiplex the data to be transmitted to
the error correcting module and de-multiplex the data
received from the error correcting module;

a data rearranging unit, arranged to perform inter-channel
disarrangement for the data received from the multiplex-
ing unit and to be stored into the memory devices, and
rearrange the data read out from the memory devices;
and

a flow queue scheduling unit, arranged to schedule a plu-
rality of flow queues of the data to be stored into the
memory devices and the data read out from the memory
devices.

5. The multi-channel memory apparatus as claimed in

claim 1, further comprising:

a scrambler, coupled between the error correcting module
and the multiple memory access module and arranged to
perform intra-channel disarrangement for the data to be
stored into the memory devices and rearrange the
scrambled data read out from the memory devices.

6. The multi-channel memory apparatus as claimed in

claim 1, further comprising:

a scrambler, coupled between the host interface and the
error correcting module and arranged to perform intra-
channel disarrangement for the data to be stored into the
memory devices and rearrange the scrambled data read
out from the memory devices.

7. The multi-channel memory apparatus as claimed in

claim 1, further comprising:

a plurality of scramblers, each coupled to a storage channel
and arranged to perform intra-channel disarrangement
for the data to be stored into the corresponding memory
device and rearrange the scrambled data read out from
the corresponding memory device.

8. The multi-channel memory apparatus as claimed in
claim 2, wherein the error correcting module further com-
prises a plurality of sub-ECC engines coupled in parallel with
the ECC engine, and wherein an amount of the ECC engine
and the sub-ECC engines is less than an amount of the storage
channels.

9. The multi-channel memory apparatus as claimed in
claim 3, wherein the error correcting module further com-
prises a plurality of sub-ECC engines coupled in parallel with
the ECC engine, and wherein an amount of the ECC engine
and the sub-ECC engines is less than an amount of the storage
channels.

10. The multi-channel memory apparatus as claimed in
claim 1, wherein the ECC engine comprises:

a plurality of error detectors, each arranged to perform

error correction code encoding on the data to be stored
into the memory devices, perform error correction code
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decoding on the data read out from the memory devices
and detect error(s) in the data read out from the memory
devices; and

an error corrector, shared by the error detectors and
arranged to correct the error(s) of the data detected by
the error detectors.

11. A multi-channel memory apparatus, comprising:

a host interface, arranged to receive and transmit data from
and to a host device;

a plurality of storage channels, each coupled to a memory
device for storing the data;

a scrambler module, arranged to perform intra-channel
disarrangement for the data to be stored into the memory
devices and rearrange the scrambled data read out from
the memory devices;

an error correcting module, shared by the storage channels,
comprising an error correction code (ECC) engine and a
data buffer, and arranged to perform error correction
code encoding on the data to be stored into the memory
devices and perform error correction code decoding on
the data read out from the memory devices; and

a multiple memory access module, coupled between the
storage channels and the error correcting module and
arranged to perform multiple access control of the stor-
age channels for the error correcting module.

12. The multi-channel memory apparatus as claimed in
claim 11, wherein the ECC engine and the data buffer are
coupled in serial or parallel between the host interface and the
multiple memory access module.

13. The multi-channel memory apparatus as claimed in
claim 11, wherein the multiple memory access module com-
prises:

a multiplexing unit, coupled to the error correcting module
and arranged to multiplex the data to be transmitted to
the error correcting module and de-multiplex the data
received from the error correcting module;

a data rearranging unit, arranged to perform inter-channel
disarrangement for the data received from the multiplex-
ing unit and to be stored into the memory devices, and
rearrange the data read out from the memory devices;
and

a flow queue scheduling unit, arranged to schedule a plu-
rality of flow queues of the data to be stored into the
memory devices and the data read out from the memory
devices.

14. The multi-channel memory apparatus as claimed in
claim 11, wherein the scrambler module is coupled between
the error correcting module and the multiple memory access
module.

15. The multi-channel memory apparatus as claimed in
claim 11, wherein the scrambler module is coupled between
the host interface and the error correcting module.

16. The multi-channel memory apparatus as claimed in
claim 11, wherein the scrambler module comprises a plurality
of scramblers, each coupled to a storage channel and arranged
to perform intra-channel disarrangement for the data to be
stored into the corresponding memory device and rearrange
the scrambled data read out from the corresponding memory
device.

17. The multi-channel memory apparatus as claimed in
claim 12, wherein the error correcting module further com-
prises a plurality of sub-ECC engines coupled in parallel with
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the ECC engine, and wherein an amount of ECC engines and
sub-ECC engines is less than an amount of the storage chan-
nels.

18. The multi-channel memory apparatus as claimed in
claim 17, wherein the ECC engine comprises:

a plurality of error detectors, each arranged to perform
error correction code encoding on the data to be stored
into the memory devices, perform error correction code
decoding on the data read out from the memory devices
and detect error(s) in the data read out from the memory
devices; and

an error corrector, shared by the error detectors and
arranged to correct the error(s) of the data detected by
the error detectors.

19. The multi-channel memory apparatus as claimed in
claim 18, wherein a multiplication result of the amount of the
ECC engine and the sub-ECC engines multiplied by an
amount of the error detectors is equal to or less than the
amount of the storage channels.

20. The multi-channel memory apparatus as claimed in
claim 11, wherein the ECC engine is arranged to perform
Reed-Solomon or Bose, Ray-Chaudhuri, Hocquenghem
(BCH) encoding and decoding.

21. A method for accessing a multi-channel memory appa-
ratus comprising a plurality of memory devices each associ-
ated with a storage channel comprising:

receiving source data to be stored into the memory devices
from a host device;
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encoding the source data by an error correction code (ECC)
engine, wherein the ECC engine is shared by the storage
channels;

disarranging the encoded data to be stored in each specific
memory device; and

writing the disarranged data to the memory devices.

22. The method as claimed in claim 21, further comprising:

de-multiplexing the encoded data received from the ECC
engine to different memory devices; and

scheduling a flow queue for the storing the multiplexed
data in the corresponding memory devices.

23. The method as claimed in claim 21, further comprising:

receiving a read data request from the host device;

schedules a flow queue of a read operation to read data from
the memory devices;

rearranging the encoded data for each specific memory
device;

multiplexing the rearranged data from different memory
devices to the ECC engine;

decoding the rearranged data, detecting whether there is
any error in the decoded data and correcting the error
when the error has been detected by the ECC engine; and

outputting the decoded data to the host device.

24. The method as claimed in claim 23, an amount of the

ECC engine is less than an amount of the storage channels.
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