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Over 10 Gbps LDPC Decoder Design for Next
Generation Communication/Storage Systems

HEHE{S5% BEARS WIN THE AWARD

MER BAREEFHIRA

BRAEEE - MNEEEE - ISR BAEE

fEmiEE

B2 A B R ERNE (Low-Density Parity-Check Codes®f
LDPC codes)HGallagerfE1960FE X FTE¢ER - EBIEELT
MREED  BREHEZERRTZEMAEMEE
& B R E S E#E(Digital Video Broadcasting -
Satellite - Second Generation * FEREDVB-S2) « 2R G BRHUK
FEY (Worldwide Interoperability for Microwave Access * 37§
WIMAX) ~ IEEE 802.11n ° LDPC codes BB HRS codesH
fEREFRe N BHEBR®mIG(turbo code) EEAEL
BEFITHERE  HEARBR TEASEREEHBNR
MAEEIREIE - BOBRNMEERARANBEERA
HRERNEHRENTERBRAE @ TEREEARE A
HOE A E 8 (IEEE 802.3ae) M1 AR SN AR 8 (IEEE 802.3an) °
HERBHENWFREFE0 Gops @ HEFHAANE
B EMbps » RIS Gbps (IEEE 802.15.3¢) i EEIER=
R

BRI ANHEBFREIRRETEBIEKE0 GbpsHILDPC
RIS ES o LRSS R EE e T E IR EZEMMIEN
B AERBREEFERCP-PIGHRIETEELE @ REXRS
09375 HE BB PEGHRIG 5 UMMM AL » WS

R szl

BB MEEEFTERNERBEREIRE TIINERE
PR 2B R4 5T ¥ A variable-node-centricHi 2B &
% BREEORBULARAHRIEEZE ; fHsingle pipelined
MTERRERBDFTENERFRS © st RE RN
PR 2SR MRS - RIBEL G B LR 7
FHE - HEREERGLERER A EHE73%MNE
BEREAZ  WIRSMEHENWKREERE - FHUMC 90nm
1POM CMOSHZ TR B IRIERE - AEMIZ H (2048, 1920)
CP-PEG LDPCETS 23 & AT /3.84 mm’ » BERIAER
0.033 nJ/bit » TE120MHzAYFFARIESE TN BES0AEE11.5Gbpsf
EigiRE -

IHERTERR AN E R EFEaNELE - BRERBHETFEL
BEREl  HEEARKSRERNER - ABHEIK
TU-TRTHI T AL B EMIBEG.975 - BEHSRBERMN
S E AT E AT E PR (Solid State Disk » f3FESSD )

%féﬁﬁ?ﬁ% - MEZ 0 WRFTREATIEH: () EE®mE
E~ Q&R EEREL - QRFBIBRER - 4/ EEAE

T 73 (SYEThZHAFE



° SREIFIZ 2002 FMERBEAREEST TREMEAMELEN - BEABBRT
12 2003 RRIEAEFT L IRZRABEFMRPTBNIEHIE - W E2007FRAHER

o REHEBSCHITIERX 137 ~ IEEEFIET & 36/E - A BERBTS A ERH
REEIRNEBSAE - RIIFIE200652 5 HFEFHIFH R K IIOCEAN (OverCo
And Noise ) #FZ2Ef » 125 e MBELL 142 - HBIF 20074 ~ 2008F 2| BRI S
RIS EERIE ) » 2009F4% "RERARBEELBEERE ) TEE °

Abstract

Low-density Parity-check (LDPC) codes were first introduced
by Dr. Gallager in the early 1960s. Having excellent error-
correcting ability, LDPC codes draw great research interests
and have been adopted in many communication standards,
such as Digital Video Broadcasting — Satellite — Second
Generation (DVB-S2), Worldwide Interoperability for Microwave
Access (WIMAX) and IEEE 802.11n. Furthermore, LDPC codes,
which are more powerful than RS codes in error-correcting
capability and more efficient than Turbo code in highly-
parallel implementation, were regarded as the most suitable
error-correcting code for the next generation high-speed
communication systems. Nowadays, the data-transmission
rate requirements for wired, wireless communication system
and storage device become much higher. For example, the
data-transmission rate requirement for wired transmission
standards IEEE 802.3ae and IEEE 802.3an reaches 10Gbps,
and the data-transmission rate requirement for wireless
transmission standards IEEE 802.15.3¢ is over 5Gbps.

In order to fulfill such needs, our work proposed the LDPC
decoder with data-transmission rate over 10Gbps for next
generation communication and storage systems. Low-density

parity-check matrix is generated by CP-PEG algorithm, which
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has high code-rate 0.9375 and better decoding performance
than the codes generated by PEG algorithm. To solve the
implementation difficulties arisen from such a high code rate
LDPC, our approach has the following features: variable-node-
centric sequential scheduling to reduce iteration number,
single pipelined decoder architecture to lessen the message
size of exchanging messages, and optimized check node unit
and sorter to further compress the register number. Overall
73% exchanging message memory is saved as compared with
traditional architecture. Fabricated in UMC 90nm 1P9M CMOS
technology, the proposed (2048,1920) CP-PEG LDPC decoder
test chip occupies 3.84 mm’ core area and could achieve
maximum 11.5Gbps throughput under 120MHz operating
frequency. The energy efficiency is only 0.33nJ/bit.

This decoder not only supports ultra-high throughput but
also decreases the required memory size, exhibiting great
potential to replace the optical communication standard
G.975. The high code-rate characteristic is also suitable for
the storage devices such as Solid State Disk (SSD) application.
In conclusion, the achievements of our design are high
throughput, low hardware cost, enhanced decoding efficiency,

excellent decoding performance and low power dissipation.



