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(57) ABSTRACT

A communication system including a ransmitter, a receiver,
and a serial link, in which encoded data (e g., encoded video
data and encoded auxiliary data) are transmitled from the
transmitter to the receiver. The serial link can but need not
be a TMDS or TMDS-like link. In typical embodiments,
alternating bursts of encoded video data and encoded aux-
iliary data are transmitted over each of one or more channels
of the link. Other aspects of the invention are transmitters for
use in encoding data for transmission over a serial link, and
methods for sending encoded data over a serial link. In
accordance with the invention, the data to be transmitted are
encoded using a subset (sometimes referred 1o as a selected
set of code words) of a full set of code words. The selected
set of code words is selected such that each stream of
encoded data (comprising only such code words) transmitted
over a serial link has a bit pattern that is less susceptible o
mter-symbol interference (“1SI”) during transmission than is
the bit pattern determined by a conventionally encoded
version of the same data (comprising not only the selected
set of code words but also other members of the full set). In
general, the best choice for the selected set of code words
selected from a full set of binary code words depends on the
particular coding implemented by the full set. Typically, the
selected set of code words includes words whose serial
patterns (during transmission) have fewer contiguous zeros
and ones (and thus are less susceptible to ISI during trans-
mission) than do those code words in the full set that are not
selected. In preferred embodiments in which the bits of the
selected set of code words are transmitted over a serial link
as sequences of rising and falling voliage iransitions, the bt
pattern of each transmitted stream of the selected set of code
words implements DC balancing 1o limit the voltage drift
over time.

53 Claims, 5 Drawing Sheets
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Claim 41

VESA DisplayPort Standard v1.2

41. A method for
encoding for
transmission over a serial
link, said method
including the steps of:

1.4 Glossary

Table 1-2: Glossary of Terms

Terminology

Definition

Symbol

There are data symbols and control symbols.

Data symbols contain 8 bits of data and are encoded into 10-bit data characters via channel coding
as specified in ANSI X3.230-1994, clause 11 (abbreviated as “ANSI 8B/10B” in this document)
before being transmitted over a link.

DisplayPort also defines nine control symbols used to frame data symbols. Control symbols are
encoded into nine of the twelve 10-bit special characters of ANSI 8B/10B (called K-codes).

1.7.1 Make-up of the Main Link

The Main Link consists of one, two or four AC-coupled, doubly terminated differential pairs (called lanes).
AC-coupling facilitates the silicon process migration since the DisplayPort transmitter and receiver may have
different common mode voltages.

All lanes carry data. There is no dedicated clock channel. The clock is extracted from the data stream itself
that 1s encoded with ANSI 8B/10B coding rule (channel coding specified in ANSI X3.230-1994, clause 11).
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Claim 41 VESA DisplayPort Standard v1.2
Comment: A full code word set comprise 2'° = 1024 codewords of 10 bits. A conventional sequence of code
capable of being words are elements of the full code word set but not included in the robust subset.

encoded as a conventional
sequence of code words of

a full code word set;

2.2.1 Main Stream to Main Link Lane Mapping in the Source Device
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Figure 2-8: High Level Block Diagram of DP uPacket TX Main Link Data Path
1.4 Glossary
Table 1-2: Glossary of Terms
Terminology Definition
There are data symbols and control symbols.
Data symbols contain 8 bits of data and are encoded into 10-bit data characters via channel coding
Symbol as specified in ANSI X3.230-1994, clause 11 (abbreviated as “ANSI 8B/10B” 1n this document)

before being transmitted over a link.

DisplayPort also defines nine control symbols used to frame data symbols. Control symbols are
encoded into nine of the twelve 10-bit special characters of ANSI 8B/10B (called K-codes).
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Claim 41

VESA DisplayPort Standard v1.2

generating a sequence of

selected code words by

wherein each of the
selected code words is a
member of a robust subset
of the full code word set,
and the sequence of
selected code words is less
susceptible to inter-
symbol interference
during transmission over
the link than would be the
conventional sequence of

code words;

Comments: DC balancing can reduce ISI.

1.7.1 Make-up of the Main Link

The Main Link consists of one, two or four AC-coupled, doubly terminated differential pairs (called lanes).
AC-coupling facilitates the silicon process migration since the DisplayPort transmitter and receiver may have
different common mode voltages.

All lanes carry data. There is no dedicated clock channel. The clock is extracted from the data stream itself
that i1s encoded with ANSI 8B/10B coding rule (channel coding specified in ANSI X3.230-1994, clause 11).

3.1.7 Symbol Coding and Serialization/De-serialization

The DisplayPort interface uses the ANSI standard 8B/10B° as its channel coding scheme to provide symbol-
level DC balancing. It also provides high transition density for link clock phase tracking at the receiver. Using
this scheme, 8-bit data characters are treated as three bits and five bits mapped onto a 4-bit code group and a
6-bit code group, respectively.

The control bit in conjunction with the data character is used to identify when to encode one of the Special
Symbols included in the 8B/10B transmission code.

These code groups are concatenated to form a 10-bit symbol.
As shown in Figure 3-21, ABCDE maps to abcedei and FGH maps to fghj.

After coding, the ANSI 8B/10B symbols are serialized so that the least significant bit (Isb) is transported first,
and the most significant bit (msb) last.
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Table 4-2. Valid Data Code-Groups  (Part 1 of 9) Table 4-2. Valid Data Code-Groups (Part 3 of 9)
Oclet Bits Current RD- Current RD+ Octet Bits Current RD- Current RD+
Code-Group Name Octet Value Code-Group Name Octet Value —
HGF EDCBA abedei fghj HGF EDCBA abedei fghj
D00 o0 000 00000 1001110100 011000 1011 D91 29 001 01001 100101 1001 100101 1001
D10 o1 000 00001 011101 0100 100010 1011 D10.1 2A 001 01010 0101041 1001 010104 1001
D20 02 00000010 101101 0100 010010 1011 D111 28 001 01011 110100 1001 110100 1001
D30 03 000 00011 110001 1011 110001 0100 D12.1 2c 001 01100 001101 1001 001101 1001
D40 04 000 00100 110101 0100 001010 1011 D13.1 2D 00101101 101100 1001 101100 1001
D50 05 000 00101 101001 1011 101001 0100 D14.1 26 001 01110 011100 1001 011100 1001
D60 o6 000 00110 011001 1011 011001 0100 D15.1 oF 00101111 010111 1001 101000 1001
D70 o7 00000111 111000 1011 000111 0100 D16.1 30 001 10000 011011 1001 100100 1001
D17.1 31 00110001 100011 1001 100011 1001
Table 4-2. Valid Data Code-Groups (Part 2 of 9) D181 32 001 10010 010011 1001 010011 1001
P Corrent RD Cament D+ D1a.1 33 001 10011 110010 1001 110010 1001
Code-Group Name | Octet Value D20.1 34 001 10100 001011 1001 001011 1001
HGF EDCBA abcde fghj D21.1 35 00110101 101010 1001 101010 1001
De.0 04 000 01000 111001 0100 000110 1011 D22.1 36 00110110 011010 1001 011010 1001
DeD 08 000 01001 1001011011 100101 0100 D23.1 37 001 10111 111010 1001 000101 1001
D10.0 oA 000 01010 010101 1011 010101 0100 D241 % 001 11000 110011 1001 001100 1001
D11.0 08 000 01011 1101001011 110100 0100 D25.1 39 00111001 100110 1001 100110 1001
Mz e 000 01100 001101 1011 001101 0160 D26.1 3A 001 11010 010110 1001 010110 1001
p13.0 oo 000 01101 101100 1011 101100 0100 D27.1 38 001 11011 110110 1001 001001 1001
D14.0 e 00001110 g11100 1011 011100 0100 D28 1 ac 00111100 001110 1001 001110 1001
Di5.0 il 00 01111 010111 0100 101000 1011 D24.1 D 00111101 101110 1001 010001 1001
D16.0 10 000 10000 0110110100 100100 1011 D301 E 001 11110 211110 1001 100007 1001
7.0 1 000 10001 1000111011 100011 0100 D31.1 3F 00111111 101011 1001 010100 1001
D18.0 12 000 10010 010011 1011 010011 0100 D02 20 070 00000 00111 0901 110000707
018.0 13 000 10011 110010 1011 110010 0100 D12 4 010 00001 011101 0101 100010 0101
b20.0 4 000 10100 go1011 1011 001011 0100 D22 42 010 00010 101101 0101 010010 0101
D21.0 16 000 10101 101010 1011 101010 0100 D32 T 070 00011 170001 0701 70001 0101
D22.0 16 000 10110 011010 1011 011010 0100 D42 pry 010 00100 110101 0101 010100701
D23.0 1 000 16111 110100100 000101 1011 D5.2 45 010 00101 101001 0101 101001 0101
D24.0 i 000 11000 110011 0100 001100 1011 D6.2 46 010 00110 011001 0101 011001 0101
D25.0 19 000 11001 100110 1011 100110 0100 D72 @7 21000111 111000 0101 000111 0701
D26.0 1A 000 11010 010110 1011 010110 0100 Da2 P 070 01000 11001 0101 2001100707
D27.0 18 000 11011 110110 100 001001 1611 D9.2 49 010 01001 100101 0101 100101 0101
D28.0 ic 000 11100 001110 1011 001110 0100
D29.0 1D 00011101 1011100100 010001 1011
D30.0 1E 00011110 0111100100 100001 1011
D31.0 1F 000 11111 101011 0100 010100 1011
D01 20 001 00000 100111 1001 011000 1001
D11 21 001 00001 011101 1001 100010 1001
D21 22 001 00010 101101 1001 010010 1001
FER] 23 00100011 110001 1001 110001 1001
D41 24 00100100 110101 1001 001010 1001
D5.1 25 00100101 101001 1001 101001 1001
D61 26 00100110 011001 1001 011001 1001
D71 27 00100111 111000 1001 000111 1001 Ex.1002 / Page 7 of 9
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Claim 41

VESA DisplayPort Standard v1.2

generating bursts of
encoded control words by

control bits; and

1.4 Glossary
Table 1-2: Glossary of Terms

Terminology Definition

There are data symbols and control symbols.

Data symbols contain 8 bits of data and are encoded into 10-bit data characters via channel coding
as specified in ANSI X3.230-1994, clause 11 (abbreviated as “ANSI 8B/10B” in this document)
before being transmitted over a link.

DisplayPort also defines nine control symbols used to frame data symbols. Control symbols are
encoded into nine of the twelve 10-bit special characters of ANSI 8B/10B (called K-codes).

Symbol

3.1.7 Symbol Coding and Serialization/De-serialization

The DisplayPort interface uses the ANSI standard 8B/10B° as its channel coding scheme to provide symbol-
level DC balancing. It also provides high transition density for link clock phase tracking at the receiver. Using
this scheme, 8-bit data characters are treated as three bits and five bits mapped onto a 4-bit code group and a
6-bit code group, respectively.

The control bit in conjunction with the data character is used to identify when to encode one of the Special
Svmbols included in the 8B/10B transmission code.

These code groups are concatenated to form a 10-bit symbol.
As shown in Figure 3-21, ABCDE maps to abcedei and FGH maps to fghj.

After coding, the ANSI 8B/10B symbols are serialized so that the least significant bit (Isb) is transported first,
and the most significant bit (msb) last.
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Claim 41

VESA DisplayPort Standard v1.2

transmitting over the link
a first burst of the
encoded control words
between

and
the burst of the selected

code words, and

between
the burst of the selected

code words

2.2.1 Main Stream to Main Link Lane Mapping in the Source Device

The Main Link must have one, two, or four lanes, with each lane capable of transporting eight bits of data per
link symbol clock (LS_Clk). Main stream data (the uncompressed video stream) must be packed, stuffed,
framed and, optionally, multiplexed with secondary-data and inter-lane skewed before it is handed over to the
PHY layer after the Link Layer data mapping for transport over the main link. The stream data must enter the
link layer at the original stream clock (Strm_Clk) rate and must be delivered to the PHY layer at the LS _Clk
rate after this mapping.

Lane 0 Lane 1 Lane 2 Lane 3

Lane 0 Lane 1 Lane 2 Lane 3

ol 8s [ Bs [ Bs | s I
/ v
First partial-pixels BE BE BE BE P VBID | VBID | VBID | VBID
of Line N 7 id7:0 | Mvid7:0 -0 [Mvid7:0
—» || Pixo | Pixt Pix2 | Pix3 P Mvid7:0 | MVIAT:0 | Mvid7:0 | Mvid7:
7 Maud Maud Maud Maud
[} ] ] ] 7:0 7:0 7:0 7:0
] ] ] '
] ] [} '
] ] 1 H ! ' ' ' Sea of dummy symbols
H H H H | [ [ [
] ] ] '
] ] ] '
] ] [} '
] ] ] ' ) SS ) SS
] ] ] ' e
] ] ] '
] ] ] '
| ] ] ' s
] ] ] H 7
L. | ' ' ! ' 4 Secondary-data
ast partial-pixel - " A Z dded bits
of Line N Zey pﬁded bits Packet P
—_
BS BS | BS BS I
VB-D | VB-ID | VB-ID | VB-ID
Mvid7:0 | Mvid7:0 | Mvid7:0 | Mvid7:0
Maud Maud Maud Maud | Sea of dummy symbols S S -
7:0 7:0 7:0 70 (May be substituted
: [} ] [] 4__‘”““ audio packet) ] ] ] ' Sea of dummy symbols
| ] | ] | | [P
L | 1 I | } - : 4 {
Fistpatialphels || BE | BE | BE | BE |mm == == mm mm m e e = — TP P BE | BE | BE | BE |
i of Line N+1
of Line N+1 Px0 | Pix1 | Pb2 | Pix3 Px0 | Pix1 | P2 | Pix3
] ] ] ] ! ! ! !
] ] ] ] ! ! ' '
] ] ] ] ! ! ! !
] ] ] | ! ! ! !
] ] ] ] ! ! ! !
] ] ] | ! ! ! !
] ] ] ] ! ! ! !
H H i ' 1 1 1 [

Figure 2-10: Main Video Stream Data Packing Example for a Four Lane Main Link Figure 2-14: Secondary-Data Insertion
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