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Quantitative Analysis of Return-Loss
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Return Loss Issues for IEEE 10G-Base-CX4

* Realizable
— |Is the spec realizable with standard packages and I/O structures
— Define guideline for package requirements to meet specifications
— Consider bondwire and trace inductance

* Impact on Performance

— How does return loss effect margin
— What is minimum short-channel
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Example Differential RX Termination

Single-Ended Lumped Model
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S-Parameters for Capacitive Termination
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Reflection Coefficient for DC Mismatch
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« Reflection Coefficient (Return-Loss) is a high-pass
function with unity-gain at high frequencies and DC gain
determined by mismatch in R,
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Reflections in Time Domain

Impulse Response

Step Response (TDR)
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Reflections in Time Domain: Pulse Response

Amplitude (V)

Pulse Response with FIR filter
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Pulse Response with FIR filter
T T T T T T T T
T - NS N SR N S S
PN I T ISR R S A ]
L A M S S S :
DS V] S | . S S SN U S N SR N ]
~ | 1 H
Q 3 S U PO SNt SO OO SN 4
= i : :
= e
= SN T AV N SN NN S §
£ NSNS NN RS SOUNE SUUNS SUUNNE SO SRR SUNE O i
< E
= -
b R, =75W |
Y SR VU N N S G=02 |-
-1 0 1 2 3 4 = =3 7 8 3 1o

Unit Interval (320ps)

10GBASE-CX4

Amplitude (V)

0.8
0B

0.4

-0.6
-0.8

Pulse Response with FIR filter

.............

--------------------------------------------

(o

C=1pF




Return Loss Issues for IEEE 10G-Base-CX4

* Realizable
— |Is the spec realizable with standard packages and I/O structures
— Define guideline for package requirements to meet specifications

— Consider bondwires and trace inductance

* Impact on Performance

— How does return loss effect margin
— What is minimum short-channel
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RX with Bondwire & Trace Inductance

IC Implementation Single-Ended Lumped Model
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S-Parameters: Bondwire & Trace Inductance

S[tl-t2]+282’[1’[2

Sex11(S) = S[ ]
1+dt, +t, [+25t 1,
Y.
L RC ... | - Reflection Coefficient / pp—
Where, 1 1 - — t > - Return-Loss is high-pass -
2R 2 function with unity-gain at
high frequencies
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Reflection Coefficient with DC Mismatch
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Reflection Coefficient for 1pF & 5nH

Termination Network Reflection Coefficient vs. Frequency
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* Return-Loss violates template for 1pF and 5nH for wide
range of values for RL
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Reflection Coefficient for 0.75pF & 3nH
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* Return-Loss meets template for 0.75pF and 3nH for

wide range of values for RL. Notice resonant null for 75W
load.

» Spec is achievable, but care must be taken in package
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Reflections in Time Domain

Step Response (TDR)
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* Step response shows open circuit at
high-frequency due to inductor and some
ringing due to 2nd-order dynamics
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Reflections in Time Domain: Pulse Response

FPulse Response with FIR filter
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Return Loss Issues for IEEE 10G-Base-CX4

* Realizable
— |Is the spec realizable with standard packages and I/O structures
— Define guideline for package requirements to meet specifications
— Consider bondwires and trace inductance

* Impact on Performance

— How does return loss effect margin
— What is minimum short-channel
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Definition of Terms: Frequency Domain

Sch11(S) Schi2(S) Scho2(S)
* Reflection at TX-end of * Reverse transmission on * Reflection at TX-end of
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Channel S-Parameters: 3m InfiniBand Cable

Amplitude (dB)
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Definition of Terms: Time Domain

hCHll(t) hCle(t) hCH22(t)
* Reflection at TX-end of * Reverse transmission on * Reflection at TX-end of
Channel with 50-Ohm line channel with 50-ohm Channel with 50-Ohm line
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Reflections in Time Domain: Pulse Response

Pulse Response with FIR filter
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First-Order Reflection Analysis: Path 1

hCHll(t) *
Path 1: hCHll (t)*hTXZLl(t)*hCHZl(t)
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First-Order Reflection Analysis: Path 2

hCHZZ(t)
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First-Order Reflection Analysis: Path 3

Nepa(t)

* Reverse transmission on
channel with 50-ohm
source and load
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First-Order Reflection Performance: Om
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First-Order Reflection Performance: 1m
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First-Order Reflection Performance: 15m
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Return Loss Conclusions

Return-Loss specs can be achieved with standard
packages and ESD structures

DC matching is not critical

— Signal has no DC content
— 14-dB or 50% DC deviation can be easily tolerated

Resonant nulls could improve return-loss but can not be
controlled accurately in production

Long channel margin degrades approximately 30-mV due
to reflections

Short channel margins are acceptable with Om channel

— In practice the package and board trace will provide filtering for
Om channel and reflections will be much less severe (similar to
1m channel case)

10GBASE-CX4



HIGH-SPEED / - : OPTICAL
; 2y L 4 .
T
i

g -‘_ o~
g =
L !

by _ L 1] }
HET‘_\‘ﬂHH‘IHﬂ . -y . HETWORKING .

10GBASE-CX4



