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Abstract

This paper presents an area-efficient architecture to implement the high-speed Reed-Solomon(RS) decoder, which is
used in a variety of communication systems such as wireless and very high-speed optical communications. We present the

new pipelined-recursive Modified Euclidean(PrME)

architecture

to achieve high-throughput rate and reducing

hardware-complexity using folding technique. The proposed pipelined recursive architecture can reduce the hardware
complexity about 80% compared to the conventional systolic-array and fully-parallel architecture. The proposed RS decoder
has been designed and implemented with the 0.13-ym CMOS technology in a supply voltage of 1.2 V. The result show
that total mumber of gate is 393 K and it has a data processing rate of 5 Ghits/s at clock frequency of 625 MHz. The
proposed area-efficient architecture can be readily applied to the next generation FEC devices for high-speed optical

communications as well as wireless communications.
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Ro(x) = x*, Qu(x) = S(x), Lo(x) = 0, Up(x) = 1;
deg(Ry(x)) = 2t, deg(Qo(x)) =2t 1
lo = deg(Ro(x)) - deg(Qu(x));
Index 'i' is initialized to 0;
Index 'Step' is initialized to 1;
Start Algorithm:
while (Step 02¢) do

begin

Step [1 Step + 1

idi+1;
ai.; U leading coefficient of Ri./(x)
bit O leading coefficient of Qi.i(x)

if (deg(Ri(x)) < 1)
begin

Ri(x) = Ri(x);

0i(x) = Qilx);

Li(x) = Li(x);

Uix) = Ui(x);

Skip the following statements & stop the algorithm.

ol =zfel & el modified Euclidean

Pipelined recursive modified Euclidean

end
if(l.; 00)

begin
R()=[ber Ruu@)]  2"ais Qui));
0ix) = Qra(x);
Lix) = [bis L)) 2" [aes Uni(0)];
Uix) = Usi(x);

end

else

begin
Rix) = [ai1 Qi.i(x)]
0i(x) = Riui(x);
Lix)=[ai1 Uii(x)]
Ui(x) = Lii(x);
end

li1 O deg(Ri.i(x))

end

2N [big Res());

N big L))

deg(Q:1(x));
Output: o(x), w(x)
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E 1. KESEZ2olAe| Critical path delay2t latency2l
H| 1@

Table 1. Comparison of critcial path delay and latency for
KES blocks.

Architecture Critical path delay La;enc
Proposed PrME ST oo+ Tinorzt Truwnct Ifp on+l2
Systolic ME™ 3Tzt Tz T Ty 10t
Parallel ME™ Touar Tudar* Ty 2442

EA" Tt Tt ZTonie Tt oo Ty | 2t
RiBM"” Tuiettadet Ty 2t
=g

934 R(x) Tt Q@) A%7h ol
R(z)> @ (z)dA z1& At vlagdd. 5
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% 7 934 w(r)e R (r)7t €tk oA Zaid
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w(z)e @(z)7t 9o F o 4% d7AE PDD
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Tz ¢kl o] A= o] 9= shift-registerZ25F-H 9
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PrMETtZ0l A critical path® DC unitt}e] 58] E 4]
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critical path delayE g + itk o #2 dA=
dutAel systolic-array 72 %9 Wa METFEY &
Hjuste] 4 iy stedo] SR

el ol5e 9%+ Atk

o = =
=2 F= F

=1}
ES

Iv. go} & "jm

9 w7l RSET7E Verilog-HDLE AASHA Y,
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Table 2. Comparison of

stegof ST dlW
hardware complexity for KES

blocks.

Architecture | Multipliers | Adders | D-FFs | MUXes
Prlfrpl\?[%ed 4 2 m |
SK;E%I}C 8 g | e+ | aot2
P;r[g%?l 61+2 st+1 | 644 | N/A

EA® 3t+1 atv1 | 1M4+6 | 1It+4
RiBM" 6t+2 3+ | 62 | 3+l
E 3. RS(@55239) =357(° 78 ZHzt

Table 3. Implementation result of RS(255,239) decoders.
. Proosed | Systolic | Parallel 6l

Design PIME MED MEY EA
Syndrome 3,000 3000 10000 | 3000
KES 17000 | 117500 | 84,000 | 44.700

G“e%rﬁ)ormey’ 460 | 46w | 2400 | 260
T"é";‘}tjs of | o600 | 124600 | 118000 | 5600

Rag((ﬁ‘HZ) 625 65 | 12 | aw
Ly 522 355 271 287

(aocf(eré%e) (212 | (122D | (n+16) | (n+32)

(083us) | (057us) | (15ps) | (096us)

Throughput
(Gbit/S) > M I
Efficiency 20325 | 4013 | 2119 | 4317
Tech.(¢m) 013 013 025 013

#7013~ CMOS 71&-& o83t &4 (synthesize)
sl A

£ 1A4E s KESE=9 critical path delay}
AA4d (latency) & Blug AAE RAFa 9o At
H PrMEF%E o|A9] systolic-array MET-% ¢} vl
stdAl= 79 H]%:g critical path delay® ®EolFiL
A3, Euclidean® BM7Z Hthe 4 7243 critical
path delayE BEoF1 ¢

E 204 E U KESEE9 3l=glo] Bz
HoF glth dutd o Al2EE KESEE2E7 o
Wi A 7 =EAA AE PIMETRE ©X 47
9] finite-field #4719} 2709 finite-field T417], 170
7He] D-FFulo] "asitl= AL HejFm Qo AR

o A=
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Fig. 6. Timing chart of RS decoder using the PrME

architecture. ’
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folding W& o]-43 W3 a &4 PPMETXE Agrs}

1 RS 537] AA &5ttt gtolzekdl A<

(pipelined recursive) T+&2E © 3yl AHzgaAs
(processing element)E 7o =X WHAFZEAA
PrME 29 F38& 7bs3hA stt) Aletd PrME+

Z& dubzEQl systolic-array 2 fully-parallel +3%
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