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40GE/100GE Architecture

MAC - Me d i a  Ac c e s s  Co n t r o l

XL/CGMII

MD I

P CS

P MA

P MD

ML DApplication
P r e s e ntation
S e s s ion
T r ans por t
N e tw or k
D ata L ink
P h y s ical

R e c o n c i l i a t i o n

MAC Co n t r o l  ( o p t i o n a l )
L L C- L o g i c a l  L i n k  Co n t r o l

M E DI U M

n  l a n e s

m  l a n e s

H ig h e r  Lay e r s

MLD = Multi-La n e  Dis tr ib utio n
( A K A  C T B I )

F E C*

*  F or  40 G E  B ack plane
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P r o p o s ed 1 0 0 G E / 4 0 G E  P C S  and M L D  L ay er
• 1 0 G B A S E -R  6 4 B / 6 6 B  b a s e d  P C S  

R un  a t 1 0 0 G  o r  4 0 G  a g g r e g a te  r a te
• n  L a n e  M A C / P C S  t o  P M A / P M D  E l e c t r i c a l  I n t e r f a c e

T e n  L a n e s  f o r  1 0 0 G E  i n i t i a l l y
F o u r  L a n e s  f o r  4 0 G E  i n i t i a l l y
E a c h  l a n e  r u n s  a t  1 0 . 3 1 2 5 G
D a t a  i s  s t r i p e d  a c r o s s  t h e  v i r t u a l  l a n e s  6 6  b i t  b l o c k s  a t  a  t i m e ( r o u n d  
r o b i n )
P e r i o d i c  a l i g n m e n t  b l o c k s  a r e  a d d e d  t o  a l l o w  d e s k e w

• S u p p o r t  m  P M D  l a n e s  w i t h  t h e  s a m e  P C S / M L D  l a y e r
• P M A  m a p s  n  l a n e  e l e c t r i c a l  i n t e r f a c e  t o  m  l a n e  P M D

P M A  i s  s i m p l e  b i t  l e v e l  m u xi n g
D o e s  n o t  k n o w  o r  c a r e  a b o u t  P C S  c o d i n g  

• A l i g n m e n t  a n d  s k e w  c o m p e n s a t i o n  i s  d o n e  i n  t h e  R x M L D  b l o c k  o n l y
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S t r i p i ng M ec h ani s m

4

T X  P C S

T X  M L D

X LG M I
P C S  F un c tio n s :
6 6  b it e n c o d in g
S c r a m b lin g

MLD F un c tio n s :
A lig n m e n t b lo c k  a d d itio n  p e r io d ic a lly
R o un d  R o b in  b lo c k  d is tr ib utio n

321
8765
1211109

4321
8765

AAAA

T h is  e x a m p le  is  4 0 G E  w ith  4  e le c tr ic a l a n d  4  o p tic a l la n e s

E ac h  B l o c k  is  a 
6 6  b it  B l o c k
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Al i gnm ent  M ec h ani s m  – 4 0 G E  E x am p l e
T X  M L D

4321
8765

AAAA

Skew

Skew

Skew

Skew

R X  M L D
4

3

2
1 7

6
5 A

A

A
A

11
159

Alig nm e nt

4321
8765

R X  MLD F un c tio n s :
R e -A lig n  6 6  b it b lo c k s  
R e m o v e  th e  A lig n m e n t b lo c k s
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K ey  C o nc ep t  – V i r t u al  L anes
• This is only needed when the number of Electrical (n) and PMD (m) lanes are 
not eq ual

I f an interface will ev olv e so that n ! =  m then V L s mak e the transition 
easy

• Data from the MA C  is first encoded into a continuous stream of 6 4 B / 6 6 B  
block s (1 0 0 G  or 4 0 G  ag g reg ate stream).

• The 1 0 0 G  ag g reg ate stream is sp lit into a number of ‘v irtual lanes’,  also 
based on 6 4 B / 6 6 B  block s 

• A n alig nment block  is added to each v irtual lane
S ent infreq uently

• The number of v irtual lanes g enerated is scaled to the L east C ommon 
Multip le (L C M) of the n lane electrical interface and the m lane PMD

This allows all data (bits) from one v irtual lane to be transmitted ov er the 
same  electrical and op tical lane combination
This ensures that the data from a v irtual lane is always receiv ed with the 
correct bit order at the R x  ML D

• The v irtual lane mark ing  allows the R x  ML D to p erform sk ew comp ensation,  
realig n all the v irtual lanes,  and reassemble a sing le 1 0 0 G  or 4 0 G  ag g reg ate 
stream (with all the 6 4 B / 6 6 B  block s in the correct order)
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B i t  F l o w  T h r o u g h  – 100GE 4 l ane  PMD
• 2 0  V Ls
• 1 0  E le c tr ic a l la n e s
• 4  O p tic a l la n e s
• W ith  S k e w ,  V Ls  m o v e  
a r o un d

• R X  MLD p uts  th in g s  
b a c k  in  o r d e r
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H o w  M any  V i r t u al  L anes  f o r  4 0 G E ?
• F or each PMD obj ectiv e,  what is the number of lanes being  
considered?

A ll can ev olv e to fewer lanes in the future
• S up p ort at least 1 0 0 m on MMF

4  fibers
• S up p ort at least 1 0 m ov er a cop p er cable assembly

4  lanes
• S up p ort at least 1 m ov er a back p lane

4  lanes
• N umber of “V irtual L anes” =  N umber of L anes

J ust simp le 6 6  bit block  strip ing

4,  2,  1

N u m be r of  Ele ct ri cal 
L ane s

41 ,  2,  4

V i rt u al L ane s  
N e e de d

S u p p ort able  P MD s

• W ith 4  V L s,  all combinations of the abov e are p ossible
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H o w  M any  V i r t u al  L anes  f o r  1 0 0 G E ?
• F o r  e a c h  P MD  o b j e c t i v e ,  w h a t  i s  t h e  n u m b e r  o f  l a n e s  b e i n g  c o n s i d e r e d ?

Al l  c a n  e v o l v e  t o  l e s s  l a n e s  i n  t h e  f u t u r e
• S u p p o r t  a t  l e a s t  10k m  o n  S MF

4 w a v e l e n g t h s
• S u p p o r t  a t  l e a s t  100 m e t e r s  o n  O M3 MMF

10 f i b e r s
• S u p p o r t  a t  l e a s t  40-k m  o n  S MF

4 w a v e l e n g t h s
• S u p p o r t  a t  l e a s t  10m  o v e r  a  c o p p e r  c a b l e  a s s e m b l y

10 l a n e s

201 ,  2,  4 ,  5 ,  1 01 0,  5 ,  4 ,  2,  1
1 0,  5 ,  2,  1

1 0,  5 ,  4 ,  2,  1
1 0,  5 ,  4 ,  2,  1

N u m b e r  o f  E l e c t r i c a l  
L a n e s

1 01 ,  2,  5 ,  1 0

6 01 ,  2,  3 ,  4 ,  5 , 1 0
1 201 ,  2,  3 ,  4 ,  5 ,  6 ,  8 ,  1 0,  1 2

V i r t u a l  L a n e s  
N e e d e d

S u p p o r t a b l e  P M D  L a n e  W i d t h s

S w e e t  S p o t
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Do We Always Need Alignment Markers?
• F o r  i n t e r f a c e s  w h e r e  w e  h a v e  l i t t l e  s k e w ,  a n d  w h e r e  t h e  n u m b e r  o f  
e l e c t r i c a l  l a n e s  a l w a y s  e q u a l s  t h e  n u m b e r  o f  P M D  l a n e s ;  c a n  w e  
g e t  b y  w i t h  a l i g n m e n t  b a s e d  o n  t h e  6 6 b  s y n c  f i e l d  o n l y ?

• A  p r i m e  e xa m p l e  m i g h t  b e  4 0 G E  b a c k p l a n e  
• T r a d e  o f f  t o  b e  m a d e : i s  i t  e a s i e r  t o  a l w a y s  h a v e  t h e  a l i g n m e n t  
m a r k e r s ,  o r  t o  c o n t r o l  t h e  s k e w  t i g h t l y  e n o u g h  ( 3 2 b ) ?

• A l s o  i s  i t  e a s i e r  t o  a l w a y s  h a v e  t h e  a l i g n m e n t  m a r k e r s  i n s t e a d  o f  
s u p p o r t i n g  m u l t i p l e  m o d e s  i n  t h e  s a m e  d e v i c e ?
– Multip le  m o d e s  a c tua lly  m ig h t c o m p lic a te  th e  s ta n d a r d ,  a n d  m ig h t

c o m p lic a te  s o m e  im p le m e n ta tio n s  w ith  m ultip le  m o d e s  to  te s t a n d  
v e r if y ?

• I n  t o d a y ’s  F P G A s  w e  l i k e l y  c a n ’t  c o n s t r a i n  t h e  s k e w  e n o u g h  t o  
w o r k  w i t h  j u s t  s y n c  f i e l d  d e s k e w ?
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P C S
• S a m e  1 0 G B A S E -R  P C S  ( C l a u s e  4 9 ) ,  j u s t  r u n n i n g  a t  
4 0 G b p s  o r  1 0 0 G b p s

• S a m e  C o n t r o l  B l o c k  e n c o d i n g ,  s a m e  s c r a m b l e r
W i t h  8 B  a l i g n m e n t  w e  d o n ’t  u s e  a l l  o f  t h e  b l o c k  t y p e s
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X L / C G M I I  I nt er f ac e

• M a k e  i t  s c a l a b l e
• P r o p o s a l :  6 4  b i t  i n t e r f a c e ,  l o g i c a l  i n t e r f a c e
• T X D < 6 3 : 0 > ,  T X C < 7 : 0 > ,  R X D < 6 3 : 0 > ,  R X C < 7 : 0 >
• I n t e r f a c e  i s  n a t u r a l l y  s c a l e d  b a s e d  o n  s p e e d  t a r g e t s  i n  a n  
i m p l e m e n t a t i o n

• N e w  R e q u i r e m e n t :  O n l y  s t a r t  p a c k e t s  o n  8 B  b o u n d a r y
S i m p l i f i e s  M A C  d e s i g n ,  i d l e  d e l e t i o n  e t c .

• U s e  d e f i c i t  c o u n t e r  t o  a d j u s t  i d l e  t o  a n  a v e r a g e  o f  1 2 B

• L e v e r a g e  X G M I I
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Al i gnm ent  P r o p o s al
• S e n d  a l i g n m e n t  o n  a  f i x e d  t i m e  b a s i s
• A l i g n m e n t  w o r d  a l s o  i d e n t i f i e s  v i r t u a l  l a n e s
• S e n t  e v e r y  1 6 3 8 4   6 6 b i t  b l o c k s  o n  e a c h  v i r t u a l  l a n e  
a t  t h e  s a m e  t i m e
~ 2 1 6 u s e c  f o r  2 0  V L s  @  1 0 0 G
~ 1 0 8 u s e c  f o r  4  V L s  @  4 0 G

• I t  t e m p o r a r i l y  i n t e r r u p t s  p a c k e t s
• T a k e s  o n l y  0 . 0 0 6 %  ( 6 0 P P M )  o f  t h e  B a n d w i d t h  
• R a t e  A d j u s t  F I F O  w i l l  d e l e t e  e n o u g h  I P G  s o  t h a t  t h e  
M A C  s t i l l  r u n s  a t  1 0 0 . 0 0 0 G  o r  4 0 . 0 0 0 G  w i t h  t h e  
i n t e r f a c e  r u n n i n g   a t  1 0 . 3 1 2 5 G
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Al i gnm ent  W o r d P r o p o s al
R e q u i r e m e n t s :

• S ig n if ic a n t tr a n s itio n s  a n d  DC  b a la n c e d  – w o r d  is  n o t s c r a m b le d
• K e e p  in  6 6  b it f o r m ,  b ut n o  r e la tio n  to  1 0 G B A S E R  is  n e e d e d
• B ut w h y  n o t k e e p  it c lo s e ?  – B e c a us e  o f  th e  c lo c k  w a n d e r  c o n c e r n s
• C o n ta in s  V ir tua l La n e  I d e n tif ie r

10

P r o p o s e d  A l i g n m e n t  W o r d

• T h is  is  DC  b a la n c e d
• N o  r e la tio n s h ip  to  th e  n o r m a l 1 0 G B A S E -R  b lo c k s  
• A d d e d  a f te r  a n d  r e m o v e d  b e f o r e  6 4 / 6 6  p r o c e s s in g
• A lig n m e n t b lo c k  is  p e r io d ic ,  n o  H a m m in g  d is ta n c e  c o n c e r n s  w ith  6 4 / 6 6  b lo c k  ty p e s

V L ~ V L
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Al i gnm ent  W o r d P r o p o s al
T h e  e n c o d i n g  o f  t h e  V L  m a r k e r s  i s  a s  f o l l o w s  ( b a s e d  o n  x58 +  x 3 9 +  1  
s c r a m b l e r  o u t p u t ) :

5F ,  66,  2A,  6F18A0,  24,  76,  D F8
C0,  F 0,  E 5,  E 91968,  C9,  F B ,  389

AD ,  D 6,  B 7,  35177B ,  45,  66,  F A7
C4,  31,  4C,  30169A,  4A,  26,  156
35,  36,  CD ,  E B15D D ,  14,  C2,  505
83,  C7,  CA,  B 514F 5,  07,  09,  0B4
1A,  F 8,  B D ,  AB134D ,  95,  7B ,  103
5C,  B 9,  B 2,  CD1259,  4B ,  E 8,  B 02
B 9,  91,  55,  B 8119D ,  71,  8E ,  171
F D ,  6C,  99,  D E10C1, 68, 21, F 40
3 2 B i t  e n c o d i n gV L  N u m b e r3 2 B i t  e n c o d i n gV L  N u m b e r
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F i ndi ng V L  Al i gnm ent
• A f t e r  r e c e p t i o n  i n  t h e  r x M L D ,  y o u  h a v e  x V L s ,  e a c h  s k e w e d  a n d  t r a n s p o s e d
• F i r s t  y o u  f i n d  6 6 b i t  a l i g n m e n t  o n  e a c h  V L

E a c h  V L  i s  a  s t r e a m  o f  6 6  b i t  b l o c k s
S a m e  m e c h a n i s m  a s  1 0 G B A S E -R  ( 6 4  v a l i d  2  b i t  f r a m e  c o d e s  i n  a  r o w )

• T h e n  y o u  h u n t  f o r  a l i g n m e n t  o n  e a c h  V L
L o o k  f o r  o n e  o f  t h e  2 0  V L  p a t t e r n s  r e p e a t e d  a n d  i n v e r t e d

• A l i g n m e n t  i s  d e c l a r e d  o n  e a c h  V L  a f t e r  f i n d i n g  2  c o n s e c u t i v e  n o n -e r r o r e d  
a l i g n m e n t  p a t t e r n s  i n  t h e  e xp e c t e d  l o c a t i o n s  ( 1 6 k  w o r d s  a p a r t )

• O u t  o f  a l i g n m e n t  i s  d e c l a r e d  o n  a  V L  a f t e r  f i n d i n g  4  c o n s e c u t i v e e r r o r e d  
f r a m e  p a t t e r n s

• O n c e  t h e  a l i g n m e n t  p a t t e r n  i s  f o u n d  o n  a l l  V L s ,  t h e n  t h e  V L s  c a n b e  a l i g n e d
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Al i gnm ent  P er f o r m anc e P ar am et er s  – 1 0 0 G E
• M e a n  T i m e  T o  A l i g n m e n t  ( M T T A )

M e a n  t i m e  i t  t a k e s  t o  g a i n  A l i g n m e n t  o n  a  l a n e  o r  v i r t u a l  l a n e  f o r  a  
g i v e n  B E R
N o m i n a l  t i m e  =  3 1 4 u s e c  

• M e a n  T i m e  T o  L o s s  o f  A l i g n m e n t  ( M T T L A )
M e a n  t i m e  i t  t a k e s  t o  l o s e  A l i g n m e n t  o n  a  l a n e  o r  v i r t u a l  l a n e  f o r  a  
g i v e n  B E R

• P r o b a b i l i t y  o f  F a l s e  A l i g n m e n t  ( P F A )  =  3  E -4 0
• P r o b a b i l i t y  o f  R e j e c t i n g  F a l s e  A l i g n m e n t  ( P R F A )  =  ~ 1
• A l s o  h a v e  6 4 / 6 6  s y n c  s t a t s  o n  t h e  g r a p h  f o r  c o m p a r i s o n

M T T S  – M e a n  T i m e  T o  S y n c  ( 6 4  n o n  e r r o r e d  s y n c s  i n  a  r o w )
B E R  M T T L S  – W i t h  t h e  1 2 5 u s e c  B E R  w i n d o w ,  w h a t  i s  t h e  M e a n  
T i m e  T o  L o s e  S y n c
M T T L S  - M e a n  T i m e  T o  L o s e  S y n c
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Al i gnm ent  P er f o r m anc e P ar am et er s  – 1 0 0 G E
Alignment and Sync Time

1.E-07
1.E-04
1.E-01
1.E+ 02
1.E+ 05
1.E+ 08
1.E+ 11
1.E+ 14
1.E+ 17

1.
E-

12
1.

E-
11

1.
E-

10
1.

E-
09

1.
E-

08
1.

E-
07

1.
E-

06
1.

E-
05

1.
E-

04
1.

E-
03

1.
E-

02
5.

E-
02

1.
E-

01
5.

E-
01

Log (BER)

Lo
g (

se
co

nd
s)

M T T L A
M T T A
6 4 / 6 6  M T T S
6 4 / 6 6  B ER  M T T L S
6 4 / 6 6  M T T L S
L i f e t i m e  U n i v e r s e
O n e  Y e a r

4 0 G E  A l ig n m e n t  P e r f o r m an c e  wil l  b e  s im il ar
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C l o c k i ng E x am p l e – 4 0 G E

40G E  MAC R S

4 0 G E  P C S  an d
M LD ( T x )

C l o c k  
C o m p e n s a t i o n
F I F O  ( T X )

XLGMII XLGMII

4x ( 64+ 8) 4x ( 64+ 8)

66: 16
G e ar b ox
66: 16

G e ar b ox
66: 16

G e ar b ox
66: 16

G e ar b ox

6 6

6 6

6 6

6 6

1 6

1 6

1 6

1 6

4 0 G E  P C S  an d
M LD ( R x )

C l o c k  
C o m p e n s a t i o n
F I F O  ( R X )

XLGMII XLGMII

4x ( 64+ 8) 4x ( 64+ 8)

16: 66
G e ar b ox
16: 66

G e ar b ox
16: 66

G e ar b ox
16: 66

G e ar b ox

6 6

6 6

6 6

6 6

1 6

1 6

1 6

1 6

P L L
156. 25M H z  R e f e r e nce  C lock

P h as e
I nte r p

644. 53M H z

644. 53M H z

156. 25M H z

R D _ E N

W R _ E N

156. 25M H z  R e f  C lock
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D y nam i c  S k ew  H andl i ng
• T h i s  i s  a  c o n c e r n  o n l y  f o r  P M D s  w h e r e  w e  m u l t i p l e x  d a t a  
w h e n  n  ! =  m

• W e  n e e d  t o  F i n d  t h e  m a x i m u m  d y n a m i c  s k e w  f o r  t h e  
a p p l i c a b l e  P M D s

• F o r  t h e s e  P M D s ,  r e t i m i n g  b u f f e r s  a r e  u s e d  t o  h a n d l e  t h e  
v a r i a b l e  s k e w  i n  t h e  T X  P M A  a n d  R X  P M A

• V a l u e  o f  t h e  d y n a m i c  s k e w  i s  d e p e n d e n t  o n  t h e  
t e c h n o l o g y ,  f r o m  a  f e w  b i t s  t o  1 0 s  o f  b i t s

• A n s l o w _ 0 1 _ 0 9 0 7 :  
0 . 5  t o  1 8  b i t s  f o r  1 0 k m  ( d e p e n d i n g  o n  L A N  W D M  v s .  C W D M )
2  t o  5  b i t s  f o r  4 0 k m  ( L A N  W D M )

• A d d  i n  a  f e w  m o r e  b i t s  f o r  e l e c t r i c a l  f u n c t i o n s
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T o t al  S t at i c  S k ew  N u m b er s
• W e  n e e d  t o  a d d  u p  a l l  o f  t h e  s k e w  t o  s e e  h o w  m u c h  t o t a l  
s t a t i c  s k e w  m u s t  b e  c o m p e n s a t e d  f o r  a t  t h e  r e c e i v e r

• T X  E l e c t r i c a l
• T X  P M D
• O p t i c a l  M e d i u m
• R X  P M D
• R X  E l e c t r i c a l

• N o t e  t h a t  1 0 n s e c  a t  1 0 0 G b p s  =  1 k b i t  o f  m e m o r y
• N u m b e r s  d e p e n d  o n  w h a t  t e c h n o l o g y  i s  u l t i m a t e l y  u s e d !
• W e  s h o u l d  a l l o w  f o r  F P G A s  i n  o u r  s k e w  n u m b e r s
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W o r k  I t em s
• D e t e r m i n e  T o t a l  S k e w  b u d g e t
• D e t e r m i n e  D y n a m i c  S k e w  b u d g e t
• C o m p l e t e  t h e  M T T F P A  a n a l y s i s
• S t a t e  M a c h i n e s  
• F a u l t  I n d i c a t i o n s
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S u m m ar y
• S i m p l e  1 0 G B A S E -R  b a s e d  P C S  
• M L D  l a y e r  t o  s u p p o r t  m u l t i p l e  p h y s i c a l  l a n e s / l a m b d a s
• C o m p l e x i t y  i s  l o w  w i t h i n  t h e  M L D  l a y e r

• S i m p l e  b l o c k  d a t a  s t r i p i n g
• C o m p l e x i t y  i n  t h e  o p t i c a l  m o d u l e  i s  l o w

• S i m p l e  b i t  m u xi n g  e v e n  w h e n  m  ! =   n
• B a s e d  o n  p r o v e n  6 4 B / 6 6 B  f r a m i n g  a n d  s c r a m b l i n g
• E l e c t r i c a l  i n t e r f a c e  i s  f e a s i b l e  a t  1 0 x 1 0 G  o r  4 x 1 0 G
• A l l o w s  f o r  a  M A C  r a t e  o f  1 0 0 . 0 0 0 G  o r  4 0 . 0 0 0 G

• O v e r h e a d  v e r y  l o w  a n d  i n d e p e n d e n t  o f  p a c k e t  s i z e
• S u p p o r t s  a n  e v o l u t i o n  o f  o p t i c s  a n d  e l e c t r i c a l  i n t e r f a c e s


