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ABSTRACT

More than 100 Mbps rate is needed in the UBcN for a subscriber to receive broadband traffics with
multi-channe] like UDTV or 3DTV. Although the optical fiber is recently deployed for the FTTH, the UTP is
the most widely used medium and will be used in UBcN age. Network providers may consider the
1000BASE-T or the vectorized VDSL if they adopts the UTP in the place where does not have optical fibers.
But UTP should be expanded because 1000BASE-T and vectorized UTP needs 4 and 3 pairs cable, respectively
while residential region has not exceeding 2 pair UTP cable. To solve the problem, we propose a SO0BASE-T
technology using 2 pairs UTP in this paper. The technology introduces a rate adaptation sublayer and a
SERDES sublayer above and under the PCS, respectively. The rate adaptation sublayer is compatible for the
GMIL Also, if we modify the SERDES sublayer, the technology can easily obtain 250BASE-T with 2 pairs
UTP. We implement such functions with FPGA and analog board and verify the function of rate adaptation and
symbol vector synchronization, and effective transmission rate by experiments. In particular, we show that link
efficiency is increased by enable control in the rate adaptation sublayer.
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Fig. 1. Relationship of S00BASE-T to other standards.

0. SASSEC MRNol 78 uhy
¥ 25 B =FellA] Aljlsl= 500BASE-TY Al

1152

;;;;;;; AN COMIL e

’,

s 0 I —
’_. FCiF ¢ ’T;
Sub ayer . v‘
Tx Buffer Rx Buff e Rx Buff e Tx Buffer

OB GMIT e } ,,,,,,,,,,,,,,,,,,, L

PO S Rx#

I‘An JT(C o)

218l 2. 500BASE-T A Alle] 7|5 Pz
Fig. 2. Architecture of 500BSASE-T control function.

2 FFE & o] Ao Jeh) slolh Aedt
n}e} 7ol 1000BASE-Tel| &4li5}= GMIIS} PCS 7|
2 Afololl RAS7} 91T PCS9F PMA #A1E Alolo]
S&S FAIF] ek

RAS= £} AR 7A5ch S+
GMIIolA il AEE 0.5CMILE 58 A%
e o] HAelch Wl sl F- 7He djolHelx
327} 3L 7 2 250 Mbps 2 $AIstER &%
F Aukoz Fofol dr] wjitelrh o]F 3}
GMIIeIA 3lEls F4lulole] TXD<7.0>= 441
o] 2pA] AAbE]ejo} ghe} o] Wiz 1 Gbpsd]
4582 fdde ZAEE 3] f3le FiEe
Zo|& Z7 slok &k DPRAMOIY} FIFOE ©]-4-3}
of FHE 4 glr}

o] w AR $EE 125 MHz 3L 288l
$5% v 625 MHz F=-& A8tk RAS 44l
2] a7l e e WA Ao of
Yx dzel 585 ¥olr] $lsld HHE EC
(Enable Controh)2- Algsh= 7lo] F83lck I8 2

o] Fo1A ECE GMIA f4lsE oud =9
9] IFGE 1HZ 0.5GMILE w14 = A sh= Ae] o}
Yzt 05GMILE $5 o [FG2] ol 43} s}
o} 500 MbpsZ E-£39l 4% decoupling®] Uoh}
A gk

3.1 Enable Control

% 32 GMIIel4 TX_EN (iransmit enable)?)
0.5GMILE o1@A viiso] =|i=r] RojFrh 27A
deje] n ws) zegle] A &8s ARFA T} 17d0)
7 RG] A HAS 242k FC [Ce 8 ﬁ]ls}oﬂ
v} 7] AMEe el vl E gglelch =
WA e 9le] O.SGMIIi Ak o, s 55'11%5’4



/2% UTPE o]4-8 500BASE-TS 78

A2} ZHAE IFGE) AIR7kAE FO5C) P50 g g4
shaich Zeqle] ol o] E 192 B o) FUs)
A%t GMIIE 125 MHzeld E238} 0.5GMITE
62.5 MHzollA T23l22 0.5GMITo412] =gl A
7+ GMIIAM e Zeq] AzkEc) 2ule] Zolg 7}
AA "k &, T(z) 5 vR1E &3] zof] tigtk Aoz
A AR e e Ry q,
T(F9) =21(FS) o) AR} 24 23 36014
X AAYE GMITOXE IFG 77l % 0.5GMITS
A= n WA ZHgle] Bix 3 9l AHelch

a8 39] a8} Zo] € > FC+24Q) A4S 17
8] B} o] 7%= 500 Mbps VIO HLELE AF
go7] wiEe] n+l HA YL Ao glo] A
gt a2z 99=1%, - ES7t FA 81 1FG
o) (Hle|E ) EF Fd4 = 58S F/ARIh
o] o, )3¢>129] & 7MAck

I3 39 by n A ZHY o]eiA] 2 ntl
WA ZH51e) IFGS] Helr} I, = FF+244 7%
2 Al 500 MbpsE AFEHE  ASold)
0.5GMIIeM IFGS] HaZeldl [M99=127} =+,
el 23 nt+1 A T Y] TX_ENS 2o §lo]
A 7Fssi.

v ¥ 39 ¢)9} 2] n+l WA IFG7}
I, < FE+2490 79 500 Mbps S Z3}3}e] %
Alshe ZA$E [99=122 #flo} 3lw, 0.5GMIIIA
IFGE t} X712 Aol GMIIAA n+1 Ha) =)

nthIFG n-th frame (n+1)-th IFG (nt+1)-th frame
1° F§ 18 FS

DIS, > FF +24,15° >12(R <500Mbps)

oo H

n-th [FG n-th frame (nt+1)-th IFG (n+1)-th frame
I F¢ 18 FS

o] R IR

b) IS, =FF +24,1%F =12(R = 500Mbps)

nthIFG n-thframe (p+1)-th[FG (n+1)-th frame
I¢ ES I€ FS

IHSG i F:jG AH\“\ !ﬁﬂ F;lﬁSG

©) IS, < F +24,I°C =12 (R > 500Mbps)

3 3. GMHeA] 0.5GMILZ2] enable 4139 v}
Fig. 3. Enable signal mapping to 0.5GMII from GMIL

o] MAH B2 o] x#HYL bufferingd HE 4 §lL
TX_ENo| #|q1=]e] whAigic). o]¢} 72 o] 2| &4
0 g whAglthe 718 GMITelA 500 Mbps ©JAo2
Agsha givke 7ie 2wk

wtel £7b 02 500 MbpsE E3siviels B4
A o2 500 MbpsZ F4E A% ZAY W] Ao]
£ 383 Fushd o) A4S AL g 5 9l
o}, gl RS e s 2 qle] H4-Eo] 500 Mbps
5 2RI =AYl wsel] exEert A
=z, =Y £ (loss)o] WA Hezg olF
7] $13F wle] P asick

—

3.2 Flow Control

2o} 7o) wiAisl= ZH|Y S Hsl] A%
71502 BEAE EUY AL At Asdt
ule} o] GMITE 53l 34 IFGS fA8kaA] =3
dEo] A&AH2E 500 Mbps o] SE2 {415
o ¥ Lol S opfa] A Aol ¢ EAlo]
WAEA gl webd 8= Zolrt o= Ak ofit
ape 2l A1 SollA Z S o o AL o
52 27| (pause) ZH| Y& AFIEE e 7o) FC
(Flow Control, Z&Ae))elc} ZEA|H= ALAlF
©2 802.3x Al

o)7L V| E) =0 back-pressure S HFEA= RS
2 ¥ed B4 353pt deje A4S FAEch =
A W57} ol A o)t 22 qitl WiEke R
BEAIE Yte] 13 4elM HE A e F3
ZH YL wiick o] ZHUS 2 o FXA] MAC
FA 01-80-C2-00-00-01-3 AHS-BLES ofekso] g
t}. =g MAC A4 opcoder 0x0001°1c) A4
Fehg 2= 717k v E el =0 ~ 65,535
7R A" 5 qlck

c

(6 bytes)
Leny
all zeros
FEC (4 bytes)

802.3 MAC Control
(88-08)

Preamble & Delimiter
Destination Address
Source Address
MAC Control Opcode
(PAUSE: 00-01)
MAC Control Parameter
(00-00 to FF-FF)
Reserved (42 bytes)

01-80-C2-00-00-01

O 4. Pause frame 7%
Fig. 4. Pause frame format

3.3 AludlE 57| 7|™

S&S #AZe] AA F2E 13 540 Fo1A ik
01714+ 4D-PAMS5 A %5 2D-PAMSE 2 H3s}3la
oo 2 WA E SaEt) AA AR E 42 A

1153



- SthBase-T PMA

S ADach
Seriatizer

X_2d_symb_vector

ser_status
~D pent_peve_statis
o lee Teve statys

DA, 20 sym ve
Dc-Sch x_2d_sywb_vecor

D040
De-Seriabizer? |

i

7;4 2D-Syne. |
[

pes_status —7T H
pes st Detevtor
EY

rx_dd_symb_vector <

8] 5. S&S EERE
Fig. 5. S&S block diagram.

9] (An, Bn, Cn, Dn)oll4 (An, Bn)& PnoE,
(Cn, Dn)& Qnoi A&Esgic}. o9} 2o} A3}y
W QA pAlEME Pt Qnd SAISHA Sled,
s s Al F216lA e17le] AnglA|

A ok 71 A ek s E Qng $4lst
3 AlHe] CndlA] DndlAl & =7} gick ohgol
A Al B71E E5she wE Adwdl

S&S FAZL] $A%+= Pn, Qng FAlsk o)F
Z¥z} (An, Bn)3 (Cn, Dn) 2.2 B-9s}eio} gk o]
5 9isie] Abdle] 5718 2 o) vl Fas)
PnollA] ofH 7k F315 4lHo] Angl#] BnglA]
Aale ahle| diste] 28l 5% 7z A,
PMAZHE] 22 Al52] AMHElE Alshy sl
7] (De-serializer) W¥-2] A1} Aln]sie] AHAke-
aka, & F= (D s F A gyl A4 2
o} Al slol® 223,

ole} o] AAbEldl F A Fof WA shie F
717F A =of gk mkek Alwe] AT An, Bn,
Antl, Bn+l, - 3} Zo] Eojgiehad Aj1salu o)
AR gx7F 2 ol (o] A9l Az pAlw
o= Bn, An+l, Bn+l, An+2, -9} 228 A2 XA}
Heh, wef Al 19] Ao Bn, An+l, Bn+l,
An+2, -3 22 SR Fsiohy 3 9 x9de)
Fod Ak A2 FAIH T AAbR Alo) (o] A Al
2 A o= An+l, Ba+l, An+2, Bn+2---9} 242
AR ) AR A "ok v IRIZ Qn
A AT 348 A "ok o] F R A%
off thated PCS Aol 25 wighs Awslyd &
Fol dhls 5718 gl 4 oA ok

F715 A Wb dlele] =gl kel At
= 7o) ol L idle AT WlElr) filE o Algt
c} Idle A% WE¥E 1000BASE-T2] 27|13} 73]
(startup sequence) oI} IFG -7-7teljA] ARIT) 22
B3 S00BASE-Toll 4 2713 spxjof] Alddule] &
718 A WAle] Sk

[o

P
o

g

n

o a2

myy

2
M

1154

loje] Fakelldde 2 Al A el {+2, +1,
0, -1, 2}9f §& 7HAm} FARelRt e 7RIt L
evtidle AEHENE {+2, 0, 2} A #kE 7}
A, QE3HE ARl Ao Makshe A7) @
A AL 7RI wety S oRe] g RE el
77k wghshe ghel g Wil 5 o] st
7] Tl ANE " 2E Zohfie] A $71E 9
St

V. 7aizn 4 A5

S00BASE-T®] 8- ¢lsle] ofal 13 63} 7k0]
XilinxAHe) ML423 713 R =2 apasiin)”, A)59)
o148 35k Modelsim 6.59} iSim& AH-3k, 7|
e 22 Fulels 24 XilinxAle] ISE 9.1i9} ISE
12318 ARE3lil Matlab®] Simulink$} 3=+
System Generator® o|-8%kc}h =3 3 Wiy F=t
¥} m}8 75L& ==l#A7] Chip-Scopes AHE3}o
gHolghcl,

FPGA®] 738 W42 13 19 B4
GMIIe|A Alzksled RAS, PCS, S&S #HZ71A] o],
23 63} ol F 1Y) nEdA 8&S FAE ol &
g oAelEr dZEse] glvk F PMA AFE
1000BASE-Tt} 500BASE-T7} S&HE R 7iZ0]
8344 7] wFelry.

RAS A&l GMILelA 0.5GMII Aleo]¢] =]
A W#HE Balo] A 7158 Hlshe 2lo] ¥
f3leh 23 78 A uWRellA sk dsie] i
& ChipScopehiz =] #4715 S gk Zlelch
A% T2 floAyE] GMIISE 0.5GMIIei|A] 2]
TX_EN, 0.5GMII$} GMI9| RX_DVE &nlgitt

o o

73 6. S00BASE-T & %% 34
Fig. 6. Implementation test environment for S00BASE-T.
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Fig. 8. Symbol vector synchronization at S&S sublayer.
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