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Transmission system
General
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Transmission system
Propagation Delay
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Transmission system
Clock Data Recovery
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Code Properties

1. Provide enough edges in the data to
enable Clock Recovery
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Transmission system
Recelver Threshold
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Transmission

Use Differential
signalling!
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DC Balance

10 10 1 ” 10 101

Define a maximum Run Length
Sent equal amount of ‘1’s and ‘0O’s (Running Disparity)
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Recelver Automatic Gain Control
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Code Properties

1. Provide enough edges in the data to
enable Clock Recovery

2. Maximum Run Length and DC Balance
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History of 8B/10B coding

A.
P

X. Widmer
A. Franaszek

A DC-Balanced, Partitioned-Block, 8B/ 10B Transmission
Code

This paper describes a byte-oriented binary transmission code and its implementation. This code is particularly well suited for
high-speed local area networks and similar data links, where the information format consists of packets, variable in length,
from about a dozen up to several hundred 8-bit bytes. The proposed transmission code translates each source byte into a
constrained 10-bit binary sequence which has excellent performance parameters near the theoretical limits for 88/10B codes.
The maximum run length is 5 and the maximum digital sum variation is 6. A single error in the encoded bits can, at most,
generate an error burst of length 5 in the decoded domain. A very simple implementation of the code has been accomplished by

partitioning the coder into 5B/6B and 3B/4B subordinate coders.

. RES. DEVELOP. ¢ VOL. 27 « NO. 5 ¢« SEPTEMBER
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8B/10B coding

« Maximum run length =5
 Running Disparity => DC Balance

e 8 hits => 256 different values
e 10 bits => 1024 different values

e 8B10B code is built out of:

(5 to 6 blt code) + (3 to 4 bit code)
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8B/10B coding

 Not all 1024 values are useful.
— For example “0100000011" has run length 6

e For most of the 256 (8B) values a positive and a
negative 10B value is selected depending on the

“Current Running Disparity” OO
— For example: o -
D7.0 = 1110001011 (Current RD-) § XX
D7.0 = 0001110100 (Current RD+) ~ TA R T E e R R

e S0 about 512 useful values are selected from
1024...

e There are still a few codes left!

Sep 4, 2008 PeterJ  Slide 13



Sep 4, 2008

8B/10B coding table
e 256 “Data” Characters:

Table C-1: Valid Data Characters

Data B
Na mé

)

Crr D-
abedel Evhj

H EDC
ooo

Current BRD +
abcdel fghi

011000 1011

oA

BA
\/"

CE)
aoo UWI

Dﬁlﬂl 0100

100010 1011

D2.0 000 00010 101101 0lo0 010010 1011
D3.0 000 00011 110001 1011 110001 0100
D4.0 000 00100 110101 0100 001010 1011
D5.0 000 00101 101001 1011 101001 0100
Déa.0 000 00110 011001 1011 011001 0100
D7.0 000 00111 Cllloocu 1011 000111 DlD
Ds.0 000 01000 J_m 0100 UDDllml
man anm Nt nn .-mmn-| 1n11 1M1 N1nn
37 111 11111 101011 0001 0lo0lo00 1110
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8B/10B coding table

e There were still a few codes left!

e 12 “Special’ K Characters:

Comma

Characters

“The only patterns that
have 5 consecutive
‘1's or ‘O’s

Sep 4, 2008
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Table C-2: Valid Control K Characters

Special Code Bits Current RD - Current RD +
Name HGF EDCEA abcdel fghj abcdei fghj
K28.0 000 11100 001111 0100 110000 1011
K28.1 001 11100 Coo1111 1001
K28.2 010 11100 001111 0101 110000 1010
K28.3 011 11100 001111 0011 110000 1100
K28.4 100 11100 001111 0010 110000 1101
K28.5 101 11100 @111 @ @00 @
K28.6 110 11100 001111 0110 110000 1001
K28.7(1) 111 11100 @111 @ @oo @
K23.7 111 10111 111010 1000 000101 0111
K27.7 111 11011 110110 1000 001001 0111
K29.7 111 11101 101110 1000 010001 0111
K30.7 111 11110 011110 1000 100001 0111
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8B/10B code “K” Characters

01010100110110011100000102/01101110100101001001121010011001001110100111001

?7?.? K28.5 D16.2 D31.3 D11.3 D0.0

e Comma characters K28.1/K28.5/K28.7 are
used word alignment

e Create “ordered sets”

— For example Fibre Channel Start Of Frame
(SOF) = K28.5/D21.5/D23.0/D23.0

— K30.7 = Error Propagate
— K28.3 = Carrier Extend
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8B/10B code properties

1. Provide enough edges in the data to
enable Clock Recovery

2. Maximum Run Length and DC Balance

3. Add special characters
— Comma for word alignment
— Control characters
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64B/66B Coding

Sep 4, 2008 PeterJ  Slide 18



64B/66B
(IEEE std 802.3ae-2002, Clause 49)

e 20% of the bandwidth for 8B/10B is overhead
e For 64B/66B overhead is 3%

2 bit Sync Header 64 bit (Scrambled)

11
2 bit Sync Header

01 64 bit = Data field
10 64 bit = Mixed Data / Control field

« Once every 66 hits there is at least a

“01” or a “10” transition
=> Receiver Block Sync (it may take a while...)
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64B/66B Scrambler

e Scrambler: X°8+X39+1

f"*'\_ A _
(= (= ‘

l_\ S0 | 5l | 52 _"'EIE?_-" 534 T... 539 _.,'Sf}_._ 556 | g 557

Scrambled Data Output

e Tries to mix up the data to avoid long
sequences of ‘1’'s and ‘O’s

 Note: there Is no guarantee that on a bad day
the output of the scrambler produces all ‘O’s or
all ‘1’'s
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2 bit Sync Header

64B/66B

64 bit (Scrambled)

di

64 bit Data Field (Scrambled)

'8

D1:8

D2:8

D3:8

D4:8

D5:8| D6:8

D7:8

64 bit Mixed Control /Data Field (Scrambled)

1|0{Typ:8

Z0:7

Z1:7\Z22:7

Z3:7

Z4:7\Z5:7|26:7

Z7:7

1| |ﬁyp:8-

Z4:7\Z25:7|26:7

Z7:7

0)
1lof

[yp:8

Z4: 71257267

Z1.7

1of

[yp:8

Z4:71Z25:7|26:7

Z7:7

1ol

[yp:8

D2:8 [Mlz4:7]z5:7]z6:7

Z7:7

110

yp:8

D3:8 [l z5:7]z6:7

Z7:7

D3:8

Z7:7

@Typ:S

1 etc.

D4:8 []z6:7

Total of 15 Mixed Control /Data Field is defined

Sep 4, 2008

Pure Data

Pure Control (rype = ox1E)

Mixed Control/Data (rype = oxs7; T,)

Mixed Control/Data (type = 0x99

Mixed Control/Data (type = oxaa

Mixed Control/Data (type = oxb4 ;

Mixed Control/Data (type = oxcc :

Mixed Control/Data (type = oxd2 ;
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64B/66B Example

Transmitting a sequence of 18 bytes
could look like:

0x78: S, Start

Pure Data Frame

OxB4: T; Terminate

} } |
z5[z6[z7]1)0[ T [o1]p2D3lp4ps|pélD 7o 1pojpajp2p3p4ps|pep 7)1l T [pojpilp2lz4z5]z6]z7
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64B/66B Physical Coding Sub layer
(PCS) Transmit bit ordering

First transfer Second transfer
TXD<0=> TXD<31> TXD<0> TXD<31>
X \

XGM” M |||||||||||||| TT T T T T T (T T T 1711 M| |/|||||| |||||||||||||||||||| *I

r x f

Sync header ‘ ' / r

Output Of encoder |:| T T |D|0 |||||| D I-I |||||| D|2 |||||| D|3| ||||| D|4 |||||| D|5 ||||| Iljls |||||| D|?: T
function | |70 ....... oo croaa bt b bvev e by i

Output of scrambler . L e £ <J
function S P ). S2 83 84 85 S6 §7

I IR AT AR

boso s s s s ]S ] ] s
|—|;D(B<U:> / " \ TxB<E£: .
Gearbox /\ /

Adapts between (4x16=) 64 bit width and

66 bit width frames g #
Tx_Data(O) | | Tx_Data(15)
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Comparison

8B/10B 64B/66B

Run Length 5 Relies on Scrambler

Not guaranteed
DC Balance Excellent Demanding for receiver
Bit Relies on Scrambler,
Synchronization but al least one
Clock Recovery Excellent transition per 66 bits
Word "Comma" K-
Synchronization Characters Sync-Header
Control
Characters K-Characters Control-Codes
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CIP Demonstrator Test Setup

TX RX
8B/10B 8B/10B
Encoded Encoded

CIP
Test Bed
<Y,
Delay...?
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CIP Demonstrator Test Setup

e _FD16.2 K23.7] Dx.y D16.2 D16.2 D16.2 D16.2]
SB/10B IDLE CharExt IDLE IDLE IDLE IDLE

Encoded Start /-\ o e

BROCI D16.2 D16.2 D16.2 D16.2[K23.7] DX.y D16.2] _ _
8B/10B IDLE IDLE IDLE IDLE CharExt IDLE
Encoded | |
2 x 10 Km fiber ~ 100 us
' 2 x 100 Km fiber ~1 ms '
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First Results

TX RX
8B/10B 8B/10B
Encoded Encoded
ﬂ l 2008/ . 4.0008 1.008/ Autoc £ HE 9007

i \__“/

1 ns/div
10 bits =3.2 ns

| i | | 3.125 Gbps Measured
/| K2_8'5_ | D1§6'2_ y | With a 1.5 GHz active
| probe (Agilent 1156A)

Ava(l i:No signal | Fregfl :No signal ]
~ Source ~ Slope
3 f
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First Results

0 zoov/ B 200v/ B £ 20803 5000V Aue & E 200V

TX RX
8B/10B 8B/710B N
Encoded Encoded ==

= Coupling = Imped | BW Limit | Varnier I
i M Ohm | it

0 1.00v/ 1.00v/

.dlllll
| e e T gy
NN AN
I (I | ¢ | W O ]
vean: 204420 ps | IR 00 (A0 N
Jitter: ~ 50 ps ...--.....I

Utility Menu
I/0 J Print ConfigJ File Explorer] Options ] Service J Language J
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