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Purpose of this Presentation

§ To introduce the concept of a complete 

Ser ia l  LAN PHY, from top to bottom

§ To propose target specif ications for Serial 

LAN PHY l i nks
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Layer Model

PHYSICAL

DATA LINK

NETWORK

TRANSPORT

SESSION

PRESENTATION

APPLICATION

OSI
REFERENCE

MODEL
LAYERS

Reconciliation

MAC

MAC Control (Optional)

LLC

XAUI

LAN
LAYERS

HIGHER LAYERS

MDI = Medium Dependent Interface
XGMII = 10 Gigabit Media Independent Interface
XAUI = 10 Gigabit Attachment Unit Interface
PCS = Physical Coding Sublayer

XGXS = XGMII Extender Sublayer
PMA = Physical Medium Attachment
PHY = Physical Layer Device
PMD = Physical Medium Dependent

PMD

MEDIUM
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XGXS
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PMA
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Implementation Example
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XAUI/XGXS
§ eX tended Attachment Unit Interface (XAUI)

§ 10 Gigabit Extender Sublayer ( X G X S )

§ Convenient implementation part it ion, simplif ies l ink development

§ Appl icable to al l  proposed 10 G b E  P H Y s

§ Extends XGMII to Ser ia l  PHY Transceiver module

§ 3.125 Gbaud,  8B/10B encoded over  FR-4  PCB t races

§ C D R-based paral le l-serial self-t imed interface replaces paral le l  bus

§ May be implemented in  CMOS,  B i C M O S,  S iGe

§ Direct ly maps XGMII data to/from PCS

§ 36-bi t  word PCS Serv ice Interface def ined (XGXS nn P C S )
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Why 8B/10B? (for XAUI)
§ Fast, robust synchronizat ion

§ Unique comma character (K28.5) independent of data/phase

§ Simple implementation (2k gates for quad-SerDes)

§ Error detection (code violations)

§ Wel l-control led frequency spectrum

§ Run-length ≤ 5 ,  DC-balance (Digital sum variation ≤ 6) 

§ Capacit ive coupl ing / level-shifting possible on-chip

§ PLL integration (loop f i l ter, VCO phase noise, supply noise reje ction, …)

§ Compatible with other standards (Inf iniBand™, Fibre Channe l ,  …)

§ Enables low cost,  low power ASIC implementat ion
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P C S
§ Phys i ca l  Cod ing  Sub layer ( P C S )

§ Supports 10 Gbps data transport + high eff ic iency coding

§ Di rec t l y  maps  XAUI/XGXS data  to/ f rom PMA

§ Per fo rms 64B/66B Encod ing/Decod ing

§ Statist ical ly DC-balanced, high transit ion-density, quick- sync code

§ Frame and IPG control  del ineat ion preserved 

§ Supports c lock tolerance compensat ion funct ional i ty

§ 66-bi t  word PMA Serv ice Interface def ined (PC S  nn PMA )
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XAUI/XGXS-to-PCS Mapping

Lane 0  K R S dp d d --- d d d df A K R K R 

Lane 1  K R dp dp d d --- d d d f T A K R K R 

Lane 2  K R dp dp d d --- d d d f K A K R K R 

Lane 3  K R dp d s d d --- d d d f K A K R K R 
 

 

XAUI/XGXS columns partit ioned into 64B/66B sub-frames 

d d d d d d d d 
 

 

d d d d d  d  d  d  

 

 

10 1--- 0

78 dp dp dp dp dp dp d s 
 

 

1E K K K K R  R  R  R  
 

 

01 01

64B/66B sub-frames in serial transmission order 

1E A A A A K  K K K  
 

 

D2 d df df df d f  K  K  
 

 

01 01
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PMA
§ Phys ica l  Medium Attachment (PMA)

§ Direct ly  maps PCS data to/from PMD

§ Trans la tes  PCS 66B sub-frames to/from a PMD serial bit stream

§ 1-bit  PMD Service Interface def ined (PMA nn P M D )

§ Intra- PMA physical interfaces not specif ied (I.e. may be 16b, 4b, etc.)

§ Serial izer, Deser ia l izer and Clock/Data Recovery unit  speci f ied

§ PCS  c l o c k s  Tx data  to  PMA,  PMA c locks  Rx data  to  PCS

§ PMA based reference c lock prov ides PCS/PMA master  c lock 
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Why 64B/66B?
§ Provide ful l  10.000 Gb/s bandwidth for LAN appl icat ions

§ No f low -cont ro l  necessary  fo r  LAN app l i ca t ions

§ Extends  LAN to  40km+ app l i ca t ions

§ Interface directly to XAUI with control code transparency

§ Al lows interoperabi l i ty  with other common backp l ane cod ing  s chemes  ( F ibre
Channe l ,  In f in iBand™ as  we l l  as  XAUI)

§ Ensure stat ist ica l  DC-balance, transit ion density, and frame 
synchronization properties suitable for optical transmission

§ T w o-b i t  p reamb le  a l l ows  f rame synchron i za t ion  AND se ts  max imum degenerate run 
length at 66 bits

§ May be  imp lemented  in  <5k  ga tes .

§ 4-b i t  Hamming protect ion over packet ,  data,  and contro l

§ Low overhead al lows compatibi l i ty with exist ing SONET optical 
t ransceivers
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Implementation Example

XGXS Rx
C D R

D E S E R I A L I Z E
A L I G N
S Y N C

D E S K E W
8 B / 1 0 B  D E C O D E

PCS

6 4 B / 6 6 B
F R A M E

E N C O D E
E L A S T I C
B U F F E R

Har i R x
R e f C L K

Har i R x
C L K o u t

Har i R x
CLK in

6 6 B  T x
CLK in

6 6 B  T x
CLK in

P M A
6 6 B : 1 6 B  

G E A R B O X

1 6 B  T x
CLK in

XGXS Tx

S E R I A L I Z E
8 B / 1 0 B  E N C O D E

PCS

S Y N C
D E C O D E
E L A S T I C
B U F F E R

H a r i  T x
CLK in

H a r i  T x
CLK in

6 6 B  R x
CLK in

6 6 B  R x
CLK in

P M A
6 6 B : 1 6 B  

G E A R B O X

1 6 B  R x
CLK in

1 6

T x Data

T C L K

T x C M U
6 6 B  T x C L K

1 6 B  T x C L K

Tx Path

Rx Path

Har i Rx  R e f C L K

Rx CMU

1 6 B  R x  C L K

H a r i  T x C L K
6 6 B  R x  C L K

OIF
XAUI

M D I O
M D C

Har i
S y s C L K

O I F
S y s C L K
( Req’d )

Har i
C L K o u t

S i g n a l
D e t e c t

T x
Disab le

L o o p
B a c k

D a t a
In

1 6

R x  D a t a

R C L K

M A D R
5

G P I O 4

D a t a
Out

P M A
M U X
V C O
P L L

P M A

D E M U X
C D R

P M D
D R I V E R
L A S E R

P M D
P I N

P R E A M P
A G C

O I F
S y s C L K

MDI
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PMD - Five Candidates
1. 300 m.,  850 nm, VCSEL ,  new mu l t imode

2. 2 km, 1310 nm, FP laser,  s ing lemode

3. 10  km,  1310  nm,  DFB  o r  VCSEL ,  s ing lemode

4. 40 km, 1310 nm, DFB,  coo led,  s ing lemode

5. 40 km, 1550 nm, DFB,  s ing lemode*

* A suitable method of specifying the required cable plant quality is under consideration.
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Link Model
§ Original:  “ for802_3ae05.x ls” ,  by Hanson,  Cunningham, 

Dawe . 

§ Modif ied by Vipul Bhatt and Piers Dawe into two fi les:

§ “ fo r802_3ae07_LAN_RevB2 .xls”, and

§ “ fo r802_3ae07_WAN_RevB2 .xls”. 

§ Target Specif icat ions are st i l l  under review and wil l  be 
refined further.
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Link Power Budget & Penalties

-S M FS M FS M FS M FN e w  
M M F

F iber  type

nm1530 to  
1560

1300 to  
1315

1290 to  
1325

1290 to  
1330

840 to 
860

Wave length  ( range)

d B2.761.841.501.681.80Una l located marg in  
in l ink power budget

d B4.273.022.306.153.61L ink power pena l t ies

d B13.8221.987.043.012.59Channe l  inser t ion  
l o s s

m4000040000100002000300Opera t ing  d i s tance

d B20.8426.8410.8410.848.00L ink power  budget

UnitType 5Type 4Type 3Type 2Type 1Description

Note: Baseline wander is measured in terms of the standard deviation of the distribution, then 
normalized to ½ of the vertical eye opening at TP4. It is assumed to be 2.5%.
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Transmit Characteristics

d B3 03 03 0--S M S R

d B m+2+7+2+2-1.3Avg .  l aunch  power  
(max)

nm0.050.200.402.75*0.20***RMS Spec t ra l  W id th  
(max)

ps2 04 04 04 03 0Tr ise/Tfal l (20%-
80%)

nm1530 to  
1560

1300 to  
1315

1290 to  
1325

1290 to  
1330

840 to 
860

Wave length  ( range)

G B d10.3125 
+/- 100 
ppm

10.3125 
+/- 100 
ppm

10.3125 
+/- 100 
ppm

10.3125 
+/- 100 
ppm

10.3125 
+/- 100 
ppm

S igna l i ng  Speed  
(range)

LW l a s e rLW l a s e rLW l a s e rLW l a s e rS W  l a s e rT x type

UnitType 5Type 4Type 3Type 2Type 1Description
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Tx Characteristics (cont’d)

d B m-2+4-4-4-5.5Avg .  l aunch  power  
(min)

d B66667Extinct ion Ratio** 
(min)

dB /Hz-140-130-130-130-125RIN (max)

d B m-30-30-30-30-30Avg .  l aunch  power  
of  OFF t ransmit ter  
(max)

*Requires k factor 0.5 max.

** Alternate, OMA-like representation is under review

***Under review. Some experimental evidence suggests that a much larger linewidth may 
be specified.
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Receive Characteristics

d BT B DT B DT B DT B DT B DVert i ca l  eye c losure 
pena l ty

d B m-16.25-18.41-11.47-7.44-8.52S t re s sed  r e ce i ve  
sensit iv i ty

G H z12.3612.3612.3612.3612.36Rece ive  e lec t r i ca l  3  
dB upper cutoff  
f requency (max)

d B1 21 21 21 21 2Return loss (min)

d B m-22.84-22.84-14.84-14.84-13.5Rece ive  sens i t i v i t y

d B m+2T B D+2+2-1.3Avg .  rece ive  power  
(max)

nm1530 to  
1560

1295 to  
1315

1290 to  
1325

1290 to  
1330

840 to 
860

Wave length  ( range)

G B d10.3125 
+/- 100 
ppm

10.3125 
+/- 100 
ppm

10.3125 
+/- 100 
ppm

10 .3125
+/- 100 
ppm

10.3125 
+/- 100 
ppm

S igna l i ng  speed  
(range)

UnitType 5Type 4Type 3Type 2Type 1Description
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Further Work

§ Define Jitter specifications 

§ Improve MPN model

§ Consol idate some l ink types

§ Validate l ink model with experiments

§ Study dynamic range vs. sensit ivity tradeoffs

§ Research better ways of specifying cable plant 
quality


