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ABSTRACT

1)

(52)
G7)

An operating method applied to low density parity check
(LDPC) decoders and the circuit thereof are proposed, in
which original bit nodes are incorporated into check nodes for
simultaneous operation. The bit node messages are generated
according to the different between the newly generated check
messages and the previously check node messages. The bit
node messages can be updated immediately, and the decoder
throughput can be improved. In the other way, the required
memory of LDPC decoders can be effectively reduced, and

(22) Filed: Now. 13,2007 the decoding speed can also be enhanced.
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OPERATING METHOD APPLIED TO LOW
DENSITY PARITY CHECK (LDPC) DECODER
AND CIRCUIT THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] Thepresent invention relates to a decoder technique
applied to channel coding and, more particularly, to a method
applied to low density parity check (LDPC) decoder and the
operating circuit thereof.

[0003] 2. Description of Related Art

[0004] The function of error correction code (ECC) is to
restore corrupted data that has been destroyed due to bad
reliability of transmission medium or interference of external
factors as far as possible. Low density parity check (LDPC)
code has powerful decoding performance close to the Shan-
non limit, and is a high-efficiency and high-speed channel
coding technique. LDPC code will be widely used when data
communication speed reaches several GB/s in the future.
[0005] In high-speed communication systems, the decod-
ing procedure of LDPC decoder is described below. First, the
decoder is initialized. Check nodes and bit nodes are then
updated in turn. After update, whether the overlap number in
the data sequence exceeds the predetermined maximum over-
lap number or the decoded bits satisfy the limit of check
matrix. If the answer is yes, the whole procedure is termi-
nated, and the decoded bits are outputted; otherwise, the
above steps are repeated till the end.

[0006] Theabove LDPC decoder divides the decoding pro-
cedure into two phases: the phase of check nodes 10 and the
phase of bit nodes 12, as shown in FIG. 1. Usually, the phase
of bit nodes 12 starts to sum up after the phase of check nodes
10 is finished, and the decoder needs to store output messages
ofthese two nodes 10 and 12. Therefore, it is necessary for the
decoder to have sufficient corresponding check node proces-
sor (CNP) sum message memory 14 and bit node processor
(BNP) sum message memory 16 to store output messages
generated by the check nodes 10 and the bitnodes 12, respec-
tively. Under this premium, an LDPC code with a longer
encoding length will result in increased hardware area and
complexity, and will also cause greatly reduced decoding
efficiency and raised power consumption.

[0007] Accordingly, the present invention aims to propose
an operating method applied to LDPC decoder and the circuit
thereof to effectively the above problems in the prior art.

SUMMARY OF THE INVENTION

[0008] An object of the present invention is to provide an
operating method applied to an LDPC decoder and the circuit
thereof, in which the operation of updating bit node messages
1s incorporated into that of check node, and check node input
messages are used to generate new bit node messages. When
partial of check node messages are generated, all the bit node
messages are immediately updated according the newly
check node messages. Scheduling the hardware resource and
message switching, the decoder can reduce the power con-
sumption with a smaller size memory. At the same times, the
LDPC decoder achieves higher decoding throughput.

[0009]  Another object of the present invention is to provide
an operating method applied to LDPC decoder architecture
design, which can substantially reduce hardware complexity
and power consumption of LDPC decoder, and can also
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enhance the decoding speed, thereby being able to exten-
sively apply to high-speed wireless communication systems.
[0010] To achieve the above objects, the present invention
provides an operating method of LDPC decoder, which com-
prises the steps of: recording an input message of each check
node operation; the check node producing an output message
according to the input message; producing a new bit node
message according to this new check node output messages
and the previous check node output message; and using the
different value between the new check node output messages
and the original check node message to update all the bit node
messages

[0011] To achieve the above objects, the present invention
also provides an operation node processor circuit for the
LDPC decoder, which comprises a first-stage check node
processor and a second-stage check node processor. The first-
stage check node processor replaces the role of a prior art bit
node processor, and can synchronously work with the sec-
ond-stage check node processor to perform bit node operation
without the need of waiting for the end of check node opera-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The various objects and advantages of the present
invention will be more readily understood from the following
detailed description when read in conjunction with the
appended drawing, in which:

[0013] FIG.1isacircuit block diagram of a prior art LDPC
decoder;

[0014] FIG. 2 is a circuit block diagram of an LDPC
decoder of the present invention;

[0015] FIG. 3 is a diagram showing the circuit architecture
of a first-stage check node processor used in the present
invention;

[0016] FIG. 4 is a diagram showing the circuit architecture
of a second-stage check node processor used in the present
invention; and

[0017] FIG. 5 is a diagram showing the circuit architecture
of a first-stage check node processor having L-way check
node message of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0018] AnLDPC decoder has primarily two phases: the bit
node phase and the check node phase, and the decoding
messages will be switch between the bit nodes and the check
nodes. The decoder updates all the messages for the check
nodes first, and then switches the check output messages to
the bit nodes. The check node messages for bit node can not
be updated immediately, even some part of the check node
message has been modified. Large iteration number is
required in the traditional decoding method to achieve the
system performance. The throughput of the traditional
decoder is constraint by message passing that the decoder
cannot update all the bit node messages until all the messages
are updated in one iteration. Therefore, the present invention
proposes a new two-stage check node circuit, which not only
performs the operation of the original check circuit, but also
simultaneously generates output messages of the original bit
nodes.

[0019] FIG. 2 is a circuit block diagram of an LDPC
decoder of the present invention. As shown in FIG. 2, the
LDPC decoder has an input controller 20, which is used to
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receive an input channel value and can also store the input
channel value into a channel value memory 22. The LDPC
decoder has also a check node operator 24, which includes a
first-stage check node processor 36 and a second-stage check
node processor 38, and stores the sum after operation into a
shared memory 26. This check node operator 24 accesses the
channel value memory 22 and the shared memory 26 via the
same switch message unit 28 or different switch message
units 28. Of course, the switch message unit 28 has ROM
tables 30 for access comparison. Output messages of the
check node operator 24 are stored in a check node output
message memory 32. All the above components are con-
trolled by an LDPC decoding controller 34. The first-stage
check node processor 36 in the check node operator 24
replaces the role of a prior art bit node processor. Because the
first-stage check node processor 36 and the second-stage
check node processor 36 jointly use output messages and
input messages for operation, only a shared memory 26 is
required for message storage.

[0020] The present invention proposes a new check node
operating method, which includes four steps. First, when
performing operation, the input message of each check node
operation is recorded by the second-stage check node proces-
sor. Next, the first-stage node processor gets new check node
output messages, and uses the different values between the
new and the previous check node output messages to generate
a new bit node message. When part of the check node output
messages are generated, the new check node output messages
and the original check node input messages are used together
to update all bit node messages.

[0021] FIG. 3 shows the circuit architecture of the first-
stage check node processor 36, and FIG. 4 shows the circuit
architecture of the second-stage check node processor 38. As
shown in FIG. 3, this embodiment is exemplified with two
sets of channel operations. Of course, the degree of parallel-
ism of the check node operation can be adjusted at random.
First, new check node input messages (New C, and New C,,
in the figure) temporarily stored in a high-speed register and
the previous check node input messages (Previous C, and
Previous C,,, in the figure) are summed up and converted
from sign-magnitude to 2’s complements (SM to TC) 40,
respectively. Next, a first subtractor 42 is used to subtract the
check node input message New C, and the previous check
node input message (Previous C,) of the first way in order to
generate a difference Diff,. At the same time, another first
subtractor 44 is used to subtract the check node input message
New C,,, and the previous check node input message (Previ-
ous C,,,) of the second way to generate another difference
Diff,, ,. A difference adder 46 is then used to add these two
differences Diff; and Diff,, | to generate difference sum (Diff-
Sum) and send it to an adder 48. This adder 48 sums up this
difference sum (DiffSum) and the previous sum to get a new
sum. Meanwhile, if this new sum exceeds the original data bit
number (e.g., 8 bits shown in the figure), a clipping unit 50 is
used to cut down the redundant bits and then update the sum
stored in the shared memory, which is the updated bit node
message. Finally, a second subtractor 52 is used to subtract
this new sum with clipping bit number and the previous check
node input message (Previous C) to generate a compare
input, whete Previous C, is a variable. When the degree of
parallelism is only 1, e.g., the difference of C, is taken, then
index j>index 1. If the degree of parallelism is two, e.g., the
difference of C,and C,, | is taken, then index j>index (i+1). To
this point, the compare input generated by the first-stage
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check node processor 36 will be sent to the second-stage
check node processor 38 (shown in FIG. 4), which will work
based on the compare input and then output decoded bits.
Because the second-stage check node processor is not limited
to the circuit architecture shown in FIG. 4, and can be
replaced with another existent check node circuit, it won’t be
further described.

[0022] Inthe above embodiment, the second subtractor 52
is used only when there are check node messages of at least
two ways changed. If only one check node is changed, the
second subtractor 52 can be saved, and only the first subtrac-
tors 42 and 44 can suffice.

[0023] Inthe above embodiment, the degree of parallelism
is 2, and two-way check node are used to illustrate the char-
acteristic of the present invention. Of course, the parallelism
of processing circuits for check node message can be
increased. As shown in FIG. 5, the first-stage check node
processor 36 has L new input messages New C, New C,, |, .
.., New C,,; and L previous input messages Previous C,,
Previous C,, |, . . ., Previous C,,;, which are surnmed up and
converted from sign-magnitude to 2’ complements (SM to
TC), respectively. Next, a subtractor is used to generate each
difference. Most steps are the same as those in the embodi-
ment of FIG. 3. The different point is the parallelism of
processing circuits for bit node message. Of course, the clip-
ping unit 50 can be selectively used in the present invention.
In the embodiment of FIG. 5, no clipping unit is used.
[0024] To sum up, the present invention only makes use of
input messages of original check nodes to generate new bit
node messages. Moreover, when the check nodes perform
original operation, the new check node output messages and
the original check node input messages can be simulta-
neously used to update the bit node messages. By the mes-
sages obtained by check nodes, not only the original check
node operation can be performed, but also the new bit node
output messages will be generated. The decoding latency for
decoder is reduced with a memory-efficient architecture. Fur-
thermore, if the usage bandwidth of memory and the usage
efficiency of message switching can be effectively scheduled,
the memory access time can be substantially reduced, induces
the lower power consumption and increases about 40%~50%
decoding throughput. The LDPC decoder can save large
amount of memory and power consumption, achieve higher
decoding throughput, especially for a large size code word.
[0025] Although the present invention has been described
with reference to the preferred embodiment thereof; it will be
understood that the invention is not limited to the details
thereof. Various substitutions and modifications have been
suggested in the foregoing description, and others will occur
to those of ordinary skill in the art. Therefore, all such sub-
stitutions and modifications are intended to be embraced
within the scope of the invention as defined in the appended
claims.

I claim:
1. Anoperating method applied to LDPC decoder compris-
ing the steps of:

recording an input message of each check node;

said check node producing an output message according to
said input message;

producing a new bit node message according to said output
message and the output message at previous time; and

when said check node generates a new output message,
using said new output message and said input message to
update said bit node message generating.
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2. The method as claimed in claim 1, wherein said input
message, said output message and said bit node message are
stored in a shared memory.

3. The method as claimed in claim 1, wherein said check
node input message is generated from newly generated bit
node output message.

4. The method as claimed in claim 1, wherein said new
output message is a difference between a newly updated
check node message and the previous check node message.

5. An operating circuit applied to LDPC decoder compris-
ing:

a first-stage check node processor comprising:

at least a first subtractor for producing a difference
between a newly updated check node message and a
previous check node message; and

at least an adder for summing up said difference and a
sum of previous check node operation to get a new
sum so as to update a bit node message; and

a second-stage check node processor for operating accord-

ing to said new sum and outputting decoded bits.

6. The operating circuit as claimed in claim 5, wherein said
first-stage check node processor shall further perform opera-
tions of two ways by using two first subtractors to generate
two differences between the newly updated check node mes-
sage and the previous check node message of two ways and
then by using a difference adder to add said two differences
and send a result to said adder for subsequent operation.

7. The operating circuit as claimed in claim 5, wherein after
said adder sums up said difference and a sum of the previous
check node operation, a clipping unit is used to cut down
redundant bits if said new sum exceeds bit number of the
original data.
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8. The operating circuit as claimed in claim 5, wherein said
the newly updated check node message is temporarily stored
in a high-speed register.

9. The operating circuit as claimed in claim 5, wherein said
sum and said new sum are stored in the same memory.

10. The operating circuit as claimed in claim 5, wherein
said newly updated check node message and the previous
check node message are summed up and converted from
sign-magnitude to 2’s complements in advance before being
subtracted.

11. The operating circuit as claimed in claim 5, wherein
said first-stage check node processor and said second-stage
check node processor access a shared memory via at least a
switch message unit.

12. The operating circuit as claimed in claim 5, wherein
each of said first-stage check node processor and said second-
stage check node processor accesses a shared memory via a
separate switch message unit.

13. The operating circuit as claimed in claim 11, wherein
the first-stage check node processor, the second-stage check
node processor and the switch message unit are controlled by
a decoding controller.

14. The operating circuit as claimed in claim 12, wherein
the first-stage check node processor, the second-stage check
node processor and the switch message unit are controlled by
a decoding controller.

15. The operating circuit as claimed in claim 5, wherein the
first-stage check node processor further comprises a second
subtractor, which is used to subtract said new sum and the
previous check node input message to generate a compare
input, and said second-stage check node processor works
based on said compare input and output said decoded bits.
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