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ABSTRACT

The LAN method is the most widely used in domestic high-speed internet access and rapidly moving to 1 Gbps
Ethernet from 100 Mbps one to provide high-speed services such as UHD TV. The 1000BASE-T PHY with 4 pairs
UTP transmits a PAM-5 signal at the 125 MHz clock per each pair to achieve 1 Gbps rate. In order to correct errors
over the channel, the transmitter uses a TCM which is combined the convolutional encoder and PAM-5, and the
receiver uses the Viterbi decoder. In this paper, we implement a Viterbi decoder which can correct two pair errors and
operate at the least 125 MHz clock speed. Finally, we will verify the error correction function and the operating speed
of the implemented decoder with a logic analyzer.
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Fig. 1 Architecture of convolutional encoder in 1000Base-T
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Table. 1 Group and symbol format in 1000Base-T
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Fig. 2 Overall architecture of Viterbi decoder
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Fig. 3 Slicer architecture for bit metric calculation
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Fig. 9 Trace-back memory block diagram
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Table. 2 Design specification of Viterbi decoder

Operating System 1000Base-T

Operating Clock =125 Mhz

input symbol coding 4D-PAMS

trace-back depth <12 state

BER of input signal =20dB

error correction function 2 pair error

O3 102 34 A2 Ho] 52 a7} 249.919

MHz& v]EjH] t] e o] o 52 &=l 125 MHzo]

Ao F1o) bt A slalolgl

3 32 1000Base-T2Z o] 2A A3 10247 9
tlojE 5 2071 ¢] ¥ dlolgolth & 2014 9] {96,
48, 0,-48, 96} = A eld {2, 1,0, -1, -2,} & LEH
£ 8 bit AlZolt} A& Eof A WA Z n=19]4
{0,-96, 0, 96} 3t HA1Z0A {0,-2,0,2} 2 A
WS 4%9] AZ An, Bn, Cn, Dno. 2 A4t &
2= 9l

1000BASE-TQ| 4= PAM-5 415 Aloj|M S&5H= HIEH| C|3E 2| 7

Device utilization summary:

Selected Dewvice : 63lx150fgg676-3

Slice Logic Utilization:

Number of Slice Registera: 68626 out of 184304 37%
Number of Slice LUIs: 44543 out of 92152 48%
Humber used as Logic: 44549 out of 92152 48%

Blice Logic Distribution:
Number of LUT Flip Flop pairs used: 77927

Number with an unused Flip Flop: 9301 out of 77927 11%
Number with an unused LUT: 33378 out of 77927 42%
KNumber of fully used LUT-FF pairs: 35248 out of 77927 45%
Number of unigue control sets: 170

I0 Utilization:

Humber of IOs: 46

Humber of bonded IOBs: 34 out of 498 6%

Specific Feature Utilization:
Number of BUFG/BUFGCTRLS: 1 out of 16 6%

(a)

Timing Summary:

Speed Grade: -3

Minimum period: 4.001lnz (Maximum Frequency: 249.919MHz)
Minimum input arrival time before clock: 7.858ns

(b)

a3 10.
Fig. 10 Synthesis result (a) device utilizatlon summary
(b) timing summary
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3. & dlo|e

Table. 3 Original data

n An Bn Cn Dn A=

1 0 -96 0 96 YYYY DO
2 96 96 96 -96 YYYY DO
3 -96 0 0 0 YYYY DO
4 0 0 0 0 YYYY DO
5 -96 -96 96 -96 YYYY DO
6 96 0 -96 -96 YYYY DO
7 -96 96 0 0 YYYY DO
8 0 96 0 96 YYYY DO
9 96 -96 96 -96 YYYY DO
10 -96 -96 96 -96 YYYY DO
11 96 0 48 48 YYXX D2
12 96 96 96 -48 YYYX D1
13 -48 96 96 -48 XYYX D4
14 96 -96 96 96 YYYY DO
15 48 96 -48 96 XYXY D6
16 96 -48 96 96 YXYY D7
17 -96 -96 96 -96 YYYY DO
18 48 -96 -96 96 XYYY D5
19 -96 -96 -48 96 YYXY DX}
20 -48 96 96 -48 XYYX D4

B 4. 257t 4UE HAE dHlol
Table. 4 Test data with error inserted

n An Bn Cn Dn AdasE

1 -3 -95 17 112 YYYY DO
2 102 111 87 -104 YYYY DO
3 -90 3 -2 -12 YYYY DO
4 -13 -7 4 -4 YYYY DO
5 91 -100 99 -85 YYYY DO
6 110 -9 -108 -89 YYYY DO
7 -103 77 3 -1 YYYY DO
8 -2 102 -13 91 YYYY DO
9 102 -99 90 -106 YYYY DO
10 | -102 91 93 -98 YYYY DO
11 101 8 83 57 YYYX D1
12 106 104 94 -34 YYYX D1
13 -46 94 84 -51 XYYX D4
14 86 -101 89 99 YYYY DO
15 28 105 -35 91 XYXY D6
16 95 -52 83 90 YXYY D7
17 | -114 -103 102 -88 YYYY DO
18 49 -88 -94 99 XYYY D5
19 -70 93 -75 94 XYYY D5
20 -64 103 105 -44 XYYX D4

\No.l |No.2 |No.3 |No.4 | NoS |Nn.6 |No.7 |No.B | Nod | No.10 |
LN BN D G D G 6L G R
LEEN Y NS ISR SR G ERED NS
LGB A SRR ERED D D
dincnpn) | -sa | T |0 Y T YT YR (T (9w &

a2 11, ISimoflM 2=l HAE H0|H Otd
Fig. 11 Input test data wave in I1Sim
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Fig. 13 Output result wave by logic-analyzer
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