LM27262

Application Note 1380 Design Challenges in 5 Gbps Copper Backplanes

I3 Texas

INSTRUMENTS

Literature Number: JAJA287



000000000000 00000000000000000000000000
O0o0000oo0oo0ObOOO00000DODOO0O000O0OOODOOOOOOO
OoDoO0O0O0oOooooooODOOoOOoOoaOao

5Gbps 0 0 OO0
DO000o0ooodoooo
OOoooOooo

1.00000

0000 Ethernet D 0 OO0 PCOOOOO0OO0OOODOOO
goooOoobobooobbbooooobobobboooooo
0ooMooooboboo00ooooooooobobobo0gog
0000000000000 00000000 00000000000
oooooooobooooboooooobooooboobooooo
goooooobooooobobbboboooooobobooboo
ooooooooboooooooooooooobcoooooo
ooOooooOooooooobooooooobooboboooona
oooooooooobboooooobobooooooob o oooo
ooooooooooooooooooooooooooooooo
gooooooobbooOobooOoooooboooobbooo
gooobooboooooobooooboOooooooobooo
gobobobooooobooooooobcoooobooooooo
oooo

000o00ooooboobonod 600Mbps DO 2.5Gbps U O O
000000 sGvps OO0 OOOO0OO0OOOOO0OOOO0
goobbbboboooooobobo ricooobooobooooooo
000000000000 2.5Gbps 5GpsOOOOOOOOO
ooooooooo20000000000000C0OO0DOO
oooooooooboooboobooboooooooooonooboogd
5Gbps0 0 0 00O0O000OO0OOOOODOODOOOOOOOOO
gooooooooooooa

20000000oooooOogo

goooooobobooooooboobooboooooooooOa
ooobooooooOoboboboobooooooobooooooo
gooobooooooooooobobOooooooboooooo
ooooooooooboobobooobboooooobooboooono
gooooooooooobooooooo

210000

goooooobooooooD2sGepsOOOOOODODOOO
oboooooooooooocoooooboooooooonod
2.5Gbps DO OOODODOOOOOOOOOOODOOOODOODOO
goooobobooooboobooboboobbobmuoooooo
goobobooooobbbobboobooooooboooboobooo
ooooboooooooobooooooboooooooooooo
OsOsmlOO00000ODO0O0O000000O00O0O00000O0

Figure 1 O [00000 6mil 0 50em (20000 )0 FR4 O OO0
00000000000 8mil 0 S0em (20000 ) 00000000
0000000000000 Figure 20 050cm (20000 ) 00
000000 25em (10 000 ) 000000000 0000000
00000000000000000

National Semiconductor
Application Note 1380

TK Chin
20050 40

10.00 dB/ 0.00

S
\
W 20" Trace
s
Wv\ o
\ -50.00
Jery
20" Backplane\w
-100.00
50.00 MHz 10000.00 MHz

FIGURE 1. Comparing a 20-inch FR4 Board Trace
versus a 20-inch Backplane
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FIGURE 3. Impedance Profile of a Backplane
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FIGURE 4. Waveform of a K28.5 Bit Stream at 2.5 Gbps

Table 1. Summary of 1-Bit Pulse Duration As Shown

in Figure 5
Symbol Width Approximate
{1 Uy Pulse Duration
1.25 Gbps 800 ps 1600 ps (2.0 Uf)
2.5 Gbps 400 ps 1100 ps (2.75 Ul)
5 Gbps 200 ps 604 ps (3 U)
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(a) 1.25 Gbps, 1-Bit Pulse (b) 2.5 Gbps, 1-Bit Pulse

e Cowol Seup bessre Cabe Witks bep

FIGURE 5. 1-Bit Pulses at 1.25, 2.5 and 5 Gbps
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(a) 1.25 Gbps
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FIGURE 6. Eye Diagrams of Pseudo-Random Bit Stream at 1.25, 2.5 and 5 Gbps Running (21%-1) Pattern
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FIGURE 7. Signal Paths of Victim and Agressors
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FIGURE 8. Cumulative Effect of NEXT Pulses as Bit Width Shrinks
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(a) 1.25 Gbps

(b) 2.5 Gbps
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FIGURE 9. NEXT Amplitude at 1.25, 2.5 and 5 Gbps, Running (21%-1) Pattern
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(a) No crosstalk

(b) With crosstalk

FIGURE 10. Alternating-1-0-Pattern at 5 Gbps With and Without Crosstalk
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(b) 30-inch Backplane (Connector Vendor B)
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FIGURE 11. Loss and NEXT of Several Types of Transmission Channels
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FIGURE 12. Eye diagrams Before and After EQ50F100 Used In a Legacy Backplane
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FIGURE 13. De-Emphasis Waveform from Driver
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FIGURE 14. Eye Diagrams with and Without De-Emphasis after a 30-inch Backplane
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