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8b/10b Encoders

Introduction
The 8b/10b encoders and decoders are used for physical layer coding for Gigabit Ethernet (IEEE 802.3), Fibre
Channel, and other applications. The 8b/10b encoder takes byte inputs, and generates a DC balanced stream (equal
number of 1’s and 0’s), with a maximum run length of 5. Some of the individual 10 bit codes will have equal number
of 1’s and 0’s, while others will have either four 1’s and six 0’s, or, six 1’s and four 0’s. In the latter case the
disparity between 1’s and 0’s is used as an input to the next 10 bit code generation, so that the disparity can be
reversed, and maintain an overall balanced stream. For this reason, every 8 bit input, has two valid 10 bit codes,
depending on the input disparity.

The 8b/10b encoders and decoders are compact, high performance cores, optimized for Altera®  FLEX® 6000, FLEX
10K, and APEXTM 20K devices. The cores are capable of encoding and decoding at Gigabit Ethernet rates
(125 MHz : 1 Gbps) in many of the Altera devices.

Terminology
The 8 input bits are named A,B,C,D,E,F,G, and H. The bit A is the least significant bit, and bit H is the most
significant bit. They are split into two groups: The five bit group A,B,C,D, and the three bit group E, and F,G, and H.

The 8 input bytes are named Dx.y for data bits, and Kx.y for command bits. The ‘x’ is value corresponds to the five
bit group, and the ‘y’ value to the three bit group.

The coded bits are named a, b, c, d, e, i, f, g, h, and j. (Note that the order is not alphabetical).  Again, the bits are
split into two groups: the six bit group a, b, c, d, e, and i; and the four bit group f, g, h, and j. The six bit codeword
group is generated from the five bit data group, and the four bit codeword group is generated from the three bit data
group. The coding, therefore, can be thought of a 5B/6B and 3B/4B subcodes, which make up a 8B/10B code.

Ports

Ports – DEC8B10B

Table 1. Input Ports

Signal Name Description

SYSCLK This is the clock on which the input is latched, and the result
output. There is a four cycle latency between the input and
output.

RESET Active high, this signal asynchronously resets all registers in the
core.

K When high, indicates that the input is a command, rather than
data, byte.

DATA[8..1] This is the 8 bit input word, data or command.
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Table 2. Output Ports

Signal Name Description

CODE[10..1] This bus contains the 10 bit code word.

RD When high, indicates that the running disparity after the current
10 bit code is positive. When low, the running disparity is
negative.

Ports – DEC8B10B

Table 3. Input Ports

Signal Name Description

SYSCLK This is the clock on which the input is latched, and the result
output. There is a four cycle latency between the input and
output.

RESET Active high, this signal asynchronously resets all registers in the
core.

CODE[10..1] This bus contains 10 bit input code word.

Table 4. Output Ports

Signal Name Description

DATA[8..1] This is the 8 bit data word, data or command.

K When high, indicates that the output is a command, rather than
data, byte.

RD When high, indicates that the running disparity after the 10 bit
input code that corresponded to the DATA[8..1] output was
positive. When low, the running disparity was negative.

RDERROR When high, the 10 bit input code that corresponded to the
DATA[8..1] output was incorrect for the RD calculated for the
previous 10 bit input code. This signal may indicate a false error
condition on the first few decodes after reset. This is because
the decoder must assume an initial RD, which may be different
than the one at the transmitter.

INVALIDCODE When high, indicates that the 10 bit input code did not
correspond to any valid encoded codeword.

Compiling the Cores
The cores are optimized for Altera FLEX 6000, FLEX 10K, and APEX 20K devices.

ENC8B10B
For best results, when compiling the encoder, set GLOBAL PROJECT LOGIC SYNTHESIS = “FAST”.

When compiling the encoder into the slowest FLEX 6000 device, the core can still encode data over 27 MHz, for
digital video applications. The core requires 121 LCs, and runs at 46.5 MHz, without TDC (Timing Driven
Compilation).
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When compiling the encoder into a FLEX 10KE device, speed grade –2 (or better), the core can encode data in
excess of Gigabit Ethernet speeds. The core requires 121 LCs, and runs at 131.5 MHz, without TDC. In a
FLEX 10KE-1 device, the core can achieve 158 MHz without TDC, and 191 MHz with TDC.

DEC8B10B
For best results, when compiling the encoder, set GLOBAL PROJECT LOGIC SYNTHESIS = “NORMAL”.

When compiling the decoder into the slowest FLEX 6000 device, the core can still decode data over 27 MHz, for
digital video applications. The core requires 184 LCs, and runs at 32.9 MHz, without TDC (Timing Driven
Compilation).

When compiling the decoder into a FLEX 10KE device, speed grade –1 (or better), the core can encode data in
excess of Gigabit Ethernet speeds. The core requires 178 LCs, and runs at 131.6 MHz, with TDC.

Appendix A

Valid Codewords

The following 9 tables list all valid 10 bit codewords, for both data and command codes.
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Table A 1. Valid Data Characters for DX.0

Current RD Negative Current RD PositiveData
Byte
Name

Bits

HGF EDCBA Abcdei fghj abcdei fghj

D0.0

D1.0

D2.0

D3.0

D4.0

D5.0

D6.0

D7.0

D8.0

D9.0

D10.0

D11.0

D12.0

D13.0

D14.0

D15.0

D16.0

D17.0

D18.0

D19.0

D20.0

D21.0

D22.0

D23.0

D24.0

D25.0

D26.0

D27.0

D28.0

D29.0

D30.0

D31.0

000 00000

000 00001

000 00010

000 00011

000 00100

000 00101

000 00110

000 00111

000 01000

000 01001

000 01010

000 01011

000 01100

000 01101

000 01110

000 01111

000 10000

000 10001

000 10010

000 10011

000 10100

000 10101

000 10110

000 10111

000 11000

000 11001

000 11010

000 11011

000 11100

000 11101

000 11110

000 11111

100111 0100

011101 0100

101101 0100

110001 1011

110101 0100

101001 1011

011001 1011

111000 1011

111001 0100

100101 1011

010101 1011

110100 1011

001101 1011

101100 1011

011100 1011

010111 0100

011011 0100

100011 1011

010011 1011

110010 1011

001011 1011

101010 1011

011010 1011

111010 0100

110011 0100

100110 1011

010110 1011

110110 0100

001110 1011

101110 0100

011110 0100

101011 0100

011000 1011

100010 1011

010010 1011

110001 0100

001010 1011

101001 0100

011001 0100

000111 0100

000110 1011

100101 0100

010101 0100

110100 0100

001101 0100

101100 0100

011100 0100

101000 1011

100100 1011

100011 0100

010011 0100

110010 0100

001011 0100

101010 0100

011010 0100

000101 1011

001100 1011

100110 0100

010110 0100

001001 1011

001110 0100

010001 1011

100001 1011

010100 1011
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Table A 2. Valid Data Characters for DX.1

Current RD Negative Current RD PositiveData
Byte
Name

Bits

HGF EDCBA Abcdei fghj abcdei fghj

D0.1

D1.1

D2.1

D3.1

D4.1

D5.1

D6.1

D7.1

D8.1

D9.1

D10.1

D11.1

D12.1

D13.1

D14.1

D15.1

D16.1

D17.1

D18.1

D19.1

D20.1

D21.1

D22.1

D23.1

D24.1

D25.1

D26.1

D27.1

D28.1

D29.1

D30.1

D31.1

001 00000

001 00001

001 00010

001 00011

001 00100

001 00101

001 00110

001 00111

001 01000

001 01001

001 01010

001 01011

001 01100

001 01101

001 01110

001 01111

001 10000

001 10001

001 10010

001 10011

001 10100

001 10101

001 10110

001 10111

001 11000

001 11001

001 11010

001 11011

001 11100

001 11101

001 11110

001 11111

100111 1001

011101 1001

101101 1001

110001 1001

110101 1001

101001 1001

011001 1001

111000 1001

111001 1001

100101 1001

010101 1001

110100 1001

001101 1001

101100 1001

011100 1001

010111 1001

011011 1001

100011 1001

010011 1001

110010 1001

001011 1001

101010 1001

011010 1001

111010 1001

110011 1001

100110 1001

010110 1001

110110 1001

001110 1001

101110 1001

011110 1001

101011 1001

011000 1001

100010 1001

010010 1001

110001 1001

001010 1001

101001 1001

011001 1001

000111 1001

000110 1001

100101 1001

010101 1001

110100 1001

001101 1001

101100 1001

011100 1001

101000 1001

100100 1001

100011 1001

010011 1001

110010 1001

001011 1001

101010 1001

011010 1001

000101 1001

001100 1001

100110 1001

010110 1001

001001 1001

001110 1001

010001 1001

100001 1001

010100 1001
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Table A 3. Valid Data Characters for DX.2

Current RD Negative Current RD PositiveData
Byte
Name

Bits

HGF EDCBA Abcdei fghj Abcdei fghj

D0.2

D1.2

D2.2

D3.2

D4.2

D5.2

D6.2

D7.2

D8.2

D9.2

D10.2

D11.2

D12.2

D13.2

D14.2

D15.2

D16.2

D17.2

D18.2

D19.2

D20.2

D21.2

D22.2

D23.2

D24.2

D25.2

D26.2

D27.2

D28.2

D29.2

D30.2

D31.2

010 00000

010 00001

010 00010

010 00011

010 00100

010 00101

010 00110

010 00111

010 01000

010 01001

010 01010

010 01011

010 01100

010 01101

010 01110

010 01111

010 10000

010 10001

010 10010

010 10011

010 10100

010 10101

010 10110

010 10111

010 11000

010 11001

010 11010

010 11011

010 11100

010 11101

010 11110

010 11111

100111 0101

011101 0101

101101 0101

110001 0101

110101 0101

101001 0101

011001 0101

111000 0101

111001 0101

100101 0101

010101 0101

110100 0101

001101 0101

101100 0101

011100 0101

010111 0101

011011 0101

100011 0101

010011 0101

110010 0101

001011 0101

101010 0101

011010 0101

111010 0101

110011 0101

100110 0101

010110 0101

110110 0101

001110 0101

101110 0101

011110 0101

101011 0101

011000 0101

100010 0101

010010 0101

110001 0101

001010 0101

101001 0101

011001 0101

000111 0101

000110 0101

100101 0101

010101 0101

110100 0101

001101 0101

101100 0101

011100 0101

101000 0101

100100 0101

100011 0101

010011 0101

110010 0101

001011 0101

101010 0101

011010 0101

000101 0101

001100 0101

100110 0101

010110 0101

001001 0101

001110 0101

010001 0101

100001 0101

010100 0101
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Table A 4. Valid Data Characters for DX.3

Current RD Negative Current RD PositiveData
Byte
Name

Bits

HGF EDCBA Abcdei fghj Abcdei fghj

D0.3

D1.3

D2.3

D3.3

D4.3

D5.3

D6.3

D7.3

D8.3

D9.3

D10.3

D11.3

D12.3

D13.3

D14.3

D15.3

D16.3

D17.3

D18.3

D19.3

D20.3

D21.3

D22.3

D23.3

D24.3

D25.3

D26.3

D27.3

D28.3

D29.3

D30.3

D31.3

011 00000

011 00001

011 00010

011 00011

011 00100

011 00101

011 00110

011 00111

011 01000

011 01001

011 01010

011 01011

011 01100

011 01101

011 01110

011 01111

011 10000

011 10001

011 10010

011 10011

011 10100

011 10101

011 10110

011 10111

011 11000

011 11001

011 11010

011 11011

011 11100

011 11101

011 11110

011 11111

100111 0011

011101 0011

101101 0011

110001 1100

110101 0011

101001 1100

011001 1100

111000 1100

111001 0011

100101 1100

010101 1100

110100 1100

001101 1100

101100 1100

011100 1100

010111 0011

011011 0011

100011 1100

010011 1100

110010 1100

001011 1100

101010 1100

011010 1100

111010 0011

110011 0011

100110 1100

010110 1100

110110 0011

001110 1100

101110 0011

011110 0011

101011 0011

011000 1100

100010 1100

010010 1100

110001 0011

001010 1100

101001 0011

011001 0011

000111 0011

000110 1100

100101 0011

010101 0011

110100 0011

001101 0011

101100 0011

011100 0011

101000 1100

100100 1100

100011 0011

010011 0011

110010 0011

001011 0011

101010 0011

011010 0011

000101 1100

001100 1100

100110 0011

010110 0011

001001 1100

001110 0011

010001 1100

100001 1100

010100 1100
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Table A 5. Valid Data Characters for DX.4

Current RD Negative Current RD PositiveData
Byte
Name

Bits

HGF EDCBA Abcdei fghj Abcdei fghj

D0.4

D1.4

D2.4

D3.4

D4.4

D5.4

D6.4

D7.4

D8.4

D9.4

D10.4

D11.4

D12.4

D13.4

D14.4

D15.4

D16.4

D17.4

D18.4

D19.4

D20.4

D21.4

D22.4

D23.4

D24.4

D25.4

D26.4

D27.4

D28.4

D29.4

D30.4

D31.4

100 00000

100 00001

100 00010

100 00011

100 00100

100 00101

100 00110

100 00111

100 01000

100 01001

100 01010

100 01011

100 01100

100 01101

100 01110

100 01111

100 10000

100 10001

100 10010

100 10011

100 10100

100 10101

100 10110

100 10111

100 11000

100 11001

100 11010

100 11011

100 11100

100 11101

100 11110

100 11111

100111 0010

011101 0010

101101 0010

110001 1101

110101 0010

101001 1101

011001 1101

111000 1101

111001 0010

100101 1101

010101 1101

110100 1101

001101 1101

101100 1101

011100 1101

010111 0010

011011 0010

100011 1101

010011 1101

110010 1101

001011 1101

101010 1101

011010 1101

111010 0010

110011 0010

100110 1101

010110 1101

110110 0010

001110 1101

101110 0010

011110 0010

101011 0010

011000 1101

100010 1101

010010 1101

110001 0010

001010 1101

101001 0010

011001 0010

000111 0010

000110 1101

100101 0010

010101 0010

110100 0010

001101 0010

101100 0010

011100 0010

101000 1101

100100 1101

100011 0010

010011 0010

110010 0010

001011 0010

101010 0010

011010 0010

000101 1101

001100 1101

100110 0010

010110 0010

001001 1101

001110 0010

010001 1101

100001 1101

010100 1101
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Table A 6. Valid Data Characters for DX.5

Current RD Negative Current RD PositiveData
Byte
Name

Bits

HGF EDCBA Abcdei fghj Abcdei fghj

D0.5

D1.5

D2.5

D3.5

D4.5

D5.5

D6.5

D7.5

D8.5

D9.5

D10.5

D11.5

D12.5

D13.5

D14.5

D15.5

D16.5

D17.5

D18.5

D19.5

D20.5

D21.5

D22.5

D23.5

D24.5

D25.5

D26.5

D27.5

D28.5

D29.5

D30.5

D31.5

101 00000

101 00001

101 00010

101 00011

101 00100

101 00101

101 00110

101 00111

101 01000

101 01001

101 01010

101 01011

101 01100

101 01101

101 01110

101 01111

101 10000

101 10001

101 10010

101 10011

101 10100

101 10101

101 10110

101 10111

101 11000

101 11001

101 11010

101 11011

101 11100

101 11101

101 11110

101 11111

100111 1010

011101 1010

101101 1010

110001 1010

110101 1010

101001 1010

011001 1010

111000 1010

111001 1010

100101 1010

010101 1010

110100 1010

001101 1010

101100 1010

011100 1010

010111 1010

011011 1010

100011 1010

010011 1010

110010 1010

001011 1010

101010 1010

011010 1010

111010 1010

110011 1010

100110 1010

010110 1010

110110 1010

001110 1010

101110 1010

011110 1010

101011 1010

011000 1010

100010 1010

010010 1010

110001 1010

001010 1010

101001 1010

011001 1010

000111 1010

000110 1010

100101 1010

010101 1010

110100 1010

001101 1010

101100 1010

011100 1010

101000 1010

100100 1010

100011 1010

010011 1010

110010 1010

001011 1010

101010 1010

011010 1010

000101 1010

001100 1010

100110 1010

010110 1010

001001 1010

001110 1010

010001 1010

100001 1010

010100 1010
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Table A 7. Valid Data Characters for DX.6

Current RD Negative Current RD PositiveData
Byte
Name

Bits

HGF EDCBA Abcdei fghj Abcdei fghj

D0.6

D1.6

D2.6

D3.6

D4.6

D5.6

D6.6

D7.6

D8.6

D9.6

D10.6

D11.6

D12.6

D13.6

D14.6

D15.6

D16.6

D17.6

D18.6

D19.6

D20.6

D21.6

D22.6

D23.6

D24.6

D25.6

D26.6

D27.6

D28.6

D29.6

D30.6

D31.6

110 00000

110 00001

110 00010

110 00011

110 00100

110 00101

110 00110

110 00111

110 01000

110 01001

110 01010

110 01011

110 01100

110 01101

110 01110

110 01111

110 10000

110 10001

110 10010

110 10011

110 10100

110 10101

110 10110

110 10111

110 11000

110 11001

110 11010

110 11011

110 11100

110 11101

110 11110

110 11111

100111 0110

011101 0110

101101 0110

110001 0110

110101 0110

101001 0110

011001 0110

111000 0110

111001 0110

100101 0110

010101 0110

110100 0110

001101 0110

101100 0110

011100 0110

010111 0110

011011 0110

100011 0110

010011 0110

110010 0110

001011 0110

101010 0110

011010 0110

111010 0110

110011 0110

100110 0110

010110 0110

110110 0110

001110 0110

101110 0110

011110 0110

101011 0110

011000 0110

100010 0110

010010 0110

110001 0110

001010 0110

101001 0110

011001 0110

000111 0110

000110 0110

100101 0110

010101 0110

110100 0110

001101 0110

101100 0110

011100 0110

101000 0110

100100 0110

100011 0110

010011 0110

110010 0110

001011 0110

101010 0110

011010 0110

000101 0110

001100 0110

100110 0110

010110 0110

001001 0110

001110 0110

010001 0110

100001 0110

010100 0110
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Table A 8. Valid Data Characters for DX.7

Current RD Negative Current RD PositiveData
Byte
Name

Bits

HGF EDCBA Abcdei fghj Abcdei fghj

D0.7

D1.7

D2.7

D3.7

D4.7

D5.7

D6.7

D7.7

D8.7

D9.7

D10.7

D11.7

D12.7

D13.7

D14.7

D15.7

D16.7

D17.7

D18.7

D19.7

D20.7

D21.7

D22.7

D23.7

D24.7

D25.7

D26.7

D27.7

D28.7

D29.7

D30.7

D31.7

111 00000

111 00001

111 00010

111 00011

111 00100

111 00101

111 00110

111 00111

111 01000

111 01001

111 01010

111 01011

111 01100

111 01101

111 01110

111 01111

111 10000

111 10001

111 10010

111 10011

111 10100

111 10101

111 10110

111 10111

111 11000

111 11001

111 11010

111 11011

111 11100

111 11101

111 11110

111 11111

100111 0001

011101 0001

101101 0001

110001 1110

110101 0001

101001 1110

011001 1110

111000 1110

111001 0001

100101 1110

010101 1110

110100 1110

001101 1110

101100 1110

011100 1110

010111 0001

011011 0001

100011 0111

010011 0111

110010 1110

001011 0111

101010 1110

011010 1110

111010 0001

110011 0001

100110 1110

010110 1110

110110 0001

001110 1110

101110 0001

011110 0001

101011 0001

011000 1110

100010 1110

010010 1110

110001 0001

001010 1110

101001 0001

011001 0001

000111 0001

000110 1110

100101 0001

010101 0001

110100 1000

001101 0001

101100 1000

011100 1000

101000 1110

100100 1110

100011 0001

010011 0001

110010 0001

001011 0001

101010 0001

011010 0001

000101 1110

001100 1110

100110 0001

010110 0001

001001 1110

001110 0001

010001 1110

100001 1110

010100 1110
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Note: Data Characters in bold are special cases where the number of ones and zeros is the same as expected for the
output bits fghj, but the order of the bits is reversed.

Table A 9. Valid Special Data Characters

Current RD Negative Current RD PositiveSpecial
Byte
Name abcdei fghj abcdei fghj

K28.0

K28.1

K28.2

K28.3

K28.4

K28.5

K28.6

K28.7

K23.7

K27.7

K29.7

K30.7

001111 0100

001111 1001

001111 0101

001111 0011

001111 0010

001111 1010

001111 0110

001111 1000

111010 1000

110110 1000

101110 1000

011110 1000

110000 1011

110000 0110

110000 1010

110000 1100

110000 1101

110000 0101

110000 1001

110000 0111

000101 0111

001001 0111

010001 0111

100001 0111
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