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Thank you for intending “What's New in ADS 2009 Update 1 for Signal
Integrity?” My name’s Colin Warwick. I'm the Signal Integrity Product
Marketing Manager at Agilent EEsof EDA.



New Features in ADS 2009 Update 1 for Signal Integr ity

» Channel Simulator
— Bit-by-bit mode was introduced in ADS 2009

—New! Statistical mode
» Eye diagram with ultralow BER contours in seconds not days
—New! DFE and FFE with automatic tap optimization
—New! BER contour and bathtub display
—New! Eye mask utility with automatic violation checker
— Enhanced crosstalk modeling - e -
* New! IBIS ECL Models

- New! DDR compliance toolkit . =
« Enhanced TDR tool e ,

BER
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First I'll simply list the new capabilities, and then later I'll talk about their
benefits. As you may know our new Channel Simulator was introduced
earlier in the year with a mode we call bit-by-bit mode. What’'s new in Update
1 is a new mode called statistical mode. I'll explain the difference in some
detalil later, but for now, suffice it to say the new mode gives you an eye
diagram and ultralow BER contours in seconds not days.

We’'re introducing DFE and FFE with automatic tap optimization. You can
either optimize and fix the taps during the initialization of each simulation. Or
you can use the adaptive mode and let them track the dynamics of the bit
pattern, in bit-by-bit mode.

Besides BER contours we’ve added bathtub curves for both voltage and time
axes.

And we have a customizable eye mask utility with automatic eye mask
versus BER contour violation checker.

We've enhanced the crosstalk modeling. You now have the option to
decouple the characteristics of the aggressor sources from the victim source.

So that's what I'll be talking about today. In addition we have now support
IBIS ECL models, we have a new DDR Compliance Toolkit, and an
enhanced TDR tool, but today I'll focus on Channel simulator.



Where EDA Tools Fit In

Allegro DFI
ADS Layout “sandbox”

Momentum
Post-Layout “Fire Fighting”

» Constraint-based layout

» Scramble when design doesn’t work

» Each board spin costs time & money
 Import critical nets in ADS Layout “sandbox”
» Use EM simulation to visualize and fix issue

Transient Convolution

Pre-Layout “Fire Prevention” e Channel Simdlator

» Spend more time in analysis/simulation

 Anticipate problems before layout
» Explore the design space
 Find the optimum combination of settings
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Before digging into the details let’s take a look from 50,000 feet or 15,000
meters so to speak. Where do EDA tools fit into the signal integrity
workflow? Two places. The first place you might use them is late in the
design flow, what | call “fire fighting.” You load up your constraint editor in
Allegro or Expedition or other enterprise PCB layout tool, let the constraint-
based router do its thing, ... and then scramble when the prototype doesn’t
work! Each build it/test it/ redesign it cycle is costly and time consuming, so
you can extracting the critical nets out of your draughtsperson’s “golden”
artwork into the ADS Layout — kind of a “sandbox” -- for EM simulation in
Momentum. You can diagnose the problem by examining the multiport S-
parameters, currents and fields. In a couple of hours experiment with
different fixes and see how they look.

But still instead of calling in the fire brigade after layout, won't it be nice to
prevent a big fire drill in the first place? How about installing a smoke
detector? If the smoke detector goes off, you might have to buy a new
toaster, but at least your house hasn’t burnt to the ground!

In this methodology you spend more time in analysis and simulation,
anticipating problems before layout. You can explore the design space and
find the optimum combination of settings and characteristics for the
transmitter, the channel, and the receiver.



How To Optimize Tx, Channel, and Rx in a Large
Multi-dimensional Design Space?
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¢ Optimization goal
— Lowest cost way of achieving 10-1° or 10-12 BER contour versus eye mask
¢ Need BER @ thousands of sets of settings in the design space
¢ Multi-million-bit SPICE-like simulations are prohibitively long
« Bit-by-bit fast channel simulation is better — million bits per minute
¢ Statistical channel simulation is even better — ultralow BER in a few seconds

- Agilent Technologies © 2009 Agilent Technologies, Inc.
g September 2009

To evaluate even one set of settings, we need to compare the BER contours
down to a low value -- 10"1° or 10'*?2 — versus the eye mask. And we need
repeat that simulation thousands of times, varying each parameter to find the
optimum set of settings. Multi-million-bit SPICE-like simulations are out of
the question. Bit-by-bit channel simulation using brute force pulse
superposition over the lengths of the channel memories is better — maybe a
million bits per minute.

But statistical channel simulation is better. The SPICE-like part of the
simulation need only be as long as the channel memories — that is the pulse
response lengths of the victim and crosstalk channels — plus some time to
perform statistical calculations that I'll go into later.



Channel Simulator: Bit-by-bit mode

1) SPICE-like transient response of single bit: runs on existing schematic
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2) Response of millions of bits per minute using signal processing techniques
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In bit-by-bit mode, Channel Simulator works in two steps. First we probe
your schematic using a single pulse source. Usually we just need the regular
transient simulator but we automatically pull in the convolution option -- if
there are any components defined in the frequency domain -- and
appropriate EM simulators -- if there are any distributed or layout
components. The simulation need run only for a short length of time, equal to
the pulse response also called the channel memory.

Step two is we use the impulse response as a linear time invariant model
and use signal processing superposition techniques to calculate the output
for millions of bit without having to call the transient, convolution, or EM
simulators again.
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Channel Simulator: Statistical mode

1) SPICE-like transient response of single bit: runs on existing schematic
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2) Statistical calculations including IS, crosstalk, jitter specification, equalizers,
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In statistical mode, again we have two steps. The first step is a same one we
saw for bit-by-bit mode but the second step is much quicker. There’s no
need for brute force superposition of each bit: just some calculations based

on:

Firstly the ISI and crosstalk implied in the through and crosstalk pulse

responses

Secondly the jitter spec

Thirdly the equalizer spec and

Fourthly the line coding.



Comparison of Techniques

Transient Channel Channel
(SPICE-like) Simulator, Simulator,
Simulator Bit-by-bit mode Statistical mode
Method Modified nodal Bit-by-bit Statistical
analysis of superposition of  |calculations
Kirchoff’s current |step responses based on step
laws for every response
time step
Applicability Any circuit LTI channel; finite, [LTI channel;

user-specified bit |stochastic props
pattern; adaptive |of infinite bit

or fixed eq. taps |pattern; fixed eq.
taps

BER floor in one |~103 ~106 ~1016

minute simulation
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This slide gives a comparison of three techniques: Transient or SPICE-like
simulation; Channel Simulator in bit-by-bit mode; Channel Simulator in
Statistical mode. They use different methods. SPICE uses the powerful but
computationally expensive method of modified nodal analysis of Kirchoff's
current laws at every time step. Non-linear behavior can be solved iteratively.
Channel simulator starts out with SPICE-like transient simulation, but not
with a bit stream stimulus but a step response. Then uses bit pattern
superposition of step responses to simulate the eye. In statistical mode we
apply statistical calculations to the step response.

SPICE is very flexible: it works on linear and non-linear, time varying and
time invariant circuits. Channel simulator requires a linear time invariant
channel, the bit pattern is finite and can be specified by the user. For
example you might want to use the constrained worse case bit pattern. You
can use fixed or adaptive taps setting in the equalizer. In statistical mode,
again we require an LTI channel. We use stochastic properties of a
conceptually infinite (and therefore fixed) bit pattern. You can’t choose a bit
pattern like you can in bit-by-bit mode. You can’t use an adaptive equalizer.
You have to fix the taps before simulation begins.

This last row shows the power of channel simulator. With transient you might
get a thousand bit through in a minute, and so can get to the 10 BER
contour. With a minute of bit-by-bit mode a million bit will give you the 10
BER contour. But with statistical mode you can generate the 10716 contour in
less than a minute.



Channel Simulator: Bit-by-bit and Statistical Modes

Integrate layout
artwork into
schematic
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(Note for Powerpoint version: Press the “PageDown” key to advance the
animation every time you see “[BUILD].” The PDF version doesn’t support
animation.)

Unlike other EDA companies’ point tools, Channel Simulator is integrated in
that it acts on the regular schematic and layout components that you'd use
with ADS Transient Convolution and ADS Momentum. You can model
lumped and distributed elements including elements with artwork. [BUILD]
The sources are special binary sources where you can set details of the
binary pattern [BUILD] line coding [BUILD] equalization [BUILD] electrical
properties and [BUILD] jitter. [BUILD] Likewise the receiver is specific to
signal integrity and it let’s you set equalization include adaptive equalization
etc. [BUILD] A new custom eye probe component works with both Channel
Simulator shown here and the traditional SPICE-like Transient Simulator.
[BUILD] You can drive the simulator manually or from the Tuning,
Optimization, and Batch Mode Controllers.
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Broadcast Yourself ™

youtube.com/watch?v=AZ8Kv8I4Fjc
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ADS Versus StatEye

ADS Channel Simulator ADS Channel Simulator

Statistical Mode Bit-by-bit Mode StatEye
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StatEye’s simplistic jitter model overestimates eye opening
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The slide compares the simulation performance of a channel at 3Gbps, with
a transmitter containing 5% random jitter. We're comparing the channel
simulator in statistical mode, a million bits in channel simulator in bit by bit
mode, and the freeware StatEye software that many EDA vendors rely on.

The two modes of our channel simulator show good correlation while the

StatEye shows much wider eye diagram opening. It's well documented that
Stateye doesn’t distinguish between transmitter and receiver jitter, so it

overestimates the opening.
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Comparison with Measured Data

Measurements were performed

using Agilent DCA-J 2 10 bit pattern
from signal generator ADS Channel S\mq\ator. Bit-
bit mode (PRBS 2 %)
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Overlaid plot of Measurement and

simulated data for (2 *°) bit pattern ADS Channel Simulator, Statistical

mode (infinitely long bit sequence)
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This slide shows the simulation and measured results of Tyco channel for
~16 inch (~40cm) trace length. The measurement top left here was
performed using Agilent DCA-J for a 219 bit pattern length. The top right
figure shows simulation result using channel simulator in bit-by-bit mode for
a 210 bit pattern length. The bottom left shows the overlaid plot of statistical
simulation and measured data. The bottom right plot is the same statistical
simulator eye alone. Both bit by bit and statistical simulation show excellent
correlation with measured data.
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Comparison with Measured Data

This slide shows the simulation and measured plots of that same Tyco
channel for 16 inch (~40 cm) trace length again at 5 Gbps. But in this case
we used four taps FFE to equalized received signal. Again the measurement
— shown top right -- was performed using Agilent DCA-J for a 210 bit pattern
length. The bottom left plot shows results from ADS statistical simulator. The
bottom right plot shows the overlaid plot of simulated and measured data
again showing excellent correlation with measured data.
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Summary and Resources

» Explore a large pre-layout design space quickly using statistical
channel simulation and optimization of BER contours versus eye
mask goals

* Quick preview on YouTube
* In-depth on-demand webcast

Google “Agilent channel simulator webcast”
» Application page:

» Blog:
* ADS 2009 Update 1:

— Early Access (beta) available now
— Product Shipment in September
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