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Let's get started!

First, request an evaluation license at this link: Below, we'll assume Windows © and a default installation folder
C:\ADS2009U1\ .
http://eval.soco.agilent.com/onlineevals/faces/home.
jsp?prodfam=SIVT&cmpid=34689 When you receive your license file (license.lic):
* Click on the “New Evaluation License” tab: » Save a copy to the folder C:\ADS2009U1\licenses .

* From the Start menu, start ADS:
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Advanced Design System 2009 Update 1 #

B Advanced Design System 2009 Update 1
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1_3 Uninstall Advanced Design Systemn 2009 Update 1

+ Send in the completed form.

* Download the installation zip file for your operating system from:
http://www.agilent.com/find/eesof-ads-latest-downloads

* Unzip into a fresh folder, say, C:\ads_cdimage\ .

* Inside that folder double click on setup.exe and follow the
instructions given by the installer.



A First Look at ADS Using an Example Project

After the splash screen, the Main ADS window appears with the
‘Getting Started with ADS" window over it. This has several Help
Center links on the right, but since you'll be following this guide,
skip those for now. Instead:

* Click the Open an example project link:
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* From the menu bar of this window, select File ®» Open Design...
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Simulate the Example Schematic

In the tool bar of this schematic window, click on the Simulate icon:

DesigniEuide Hem

SR LI
ﬁ Hnrrl: {% E e I:E\E
Simulate

Simulakes the current design,

First the status window opens with some warnings (ignore these for
now), then messages about simulation progress, then after a minute
or so the data display opens:
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The before and after eye diagrams are nearly identical because the

receiver equalization is turned off.

» Back in the schematic, double click on the Rx_Diff component to

open its dialog box.

* Enable the Feed-forward equalizer:

i Channel Simulation Rax:1

Rex_Diff Instance Mame

[Rc_piff

EQ I Electrical | Jitker I Display |

— Continuous-time linsar equalizer (CTLE)

™ Enatle Edit poles and zeros Edit..,

—Feed-forward equalizer (FFE)
Initial tap calculation

x * Click OK to dismiss

the dialog box.
* Simulate. {%3

After completion, the

data display window
¥ Optimized Precursor taps  Postcursor taps d t .
¥ Enable . e g [ updates
" Manual Edit taps Edit.. | NOte the Improvement
In post-receiver eye
height and width:
measurement ..Probe1.Summary
Levell 0.133
LevelO -0.131
Height 0.199
Width 1.492E-10




Start a New Project

+ Switch to the ADS Main window The New Project dialog box appears:

* Close the example project by selecting File » Close Project: * Enter: C:\u_se_rs\ x|
default\pcie in
the Name field. HOLS
| S |
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Overview: The ABCs of ADS

A blank schematic window appears:
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From this point, there are only three steps between
you and answers you need in ADS. We call them:

The AB C ‘s of ADS

LH @ ]

Schematic Simulation Data

In a nutshell:

A) Place components, connection lines (called nodes), and simula-
tion controller onto the schematic. (The icon for schematic is E :
Later, we'll explore the option to associate layout artwork

with a schematic. The layout icon is E )

B) Create a dataset by clicking on the “run simulation” icon: %% .
C) Create a data display to view your results in. The icon for the data
display is @

That's it! That's all there is to it!

The ABCs will quickly become second nature to you. But for this first

pass, let's walk through each one in detail by building a simple design
to look at the eye diagram that we will be transmitting later on.



A. Place Components and Simulation Info on Schematic

+ Select File » Save Design As... from the Schematic menu bar.
The Save Design As dialog box appears: * Click on the Diff Tx (differential transmitter) icon mEi .
« Enter tx as the File — * The cursor becomes a crosshairs with a ghostly image of the
Name. ADS appends L) oo component: |
.dsn to the file name. .
+ Click the Save button. S R
ADS saves the sche- S P S
matic in the networks - o
subfolder of your proj- k"—-———-——
ect folder pcie_prj. Save ]
early, save often. :ﬁ j =] P

* Click on the blank canvas to place the transmitter.

» The ghost image remains, so cancel out of the command by k

2 [ pcie_prj ] tx * {(Schematic):5 Mirroring the real W0r|d, there are preSSing the ESC key or CliCking on the End Command icon
Fle EOt Select Wen Insert Optlons Tk thousands of components available  « Pick the Diff Term (differential termination) icon and place it to the
|02 & & [ 180 T in the ADS library ﬁ : right of the transmitter.

H | Lumped-Components

—] Lumped-Components

< Lumped-with Artwark,
Sources-Controlled
Sources-Freq Domain

| Sources-Modulated
Sources-Modulated-DEP-Based
Sources-Moise

| Zources-Time Domain
Simulation-DC

Some components are used so much they live not in a palette but on

The palette on the left of the sche- the toolbar, e.g. Wire and Ground.

matic is a tool to help organize them.
By default, the Lumped-Components . o
palette is displayed. Pick the Wire icon: '\ .

* Join the + and — nodes to + and —, respectively. The red dot turns

o aram .+ Click on the arrow to show the list  blue to indicate connection has been made.
[~ Simulation-HE S i

il L of available palettes.

[ Simulation-#DE C

— Simlation-Envelope --- = Select Simulation-ChanSim.

Sirmulation-Transient




A (cont.): Complete the Schematic

* Pick and place the EyeDiff Probe (differential eye probe)
like so:

FROEE

EvyeDiff_Probe
——1| EyeDiff_Probe1

+ = + ,"'. .
ST T

Tx_Diff

= o
= &
(=M=

T_Diff1 Term_Diff

= Term _Diff1
BitRate=1 Gbps Load:100 Ohm
Vhigh=1.0V ; ;
Viow=00V

RiseFallTime=100 psec’
Mode=Maximal Length LFSR
ExcludelLoad=yes
EQMode=Specify FIR taps

Any time you make a mistake, you can simply click on the undo
button *» on the tool bar. If you change your mind, you can undo
the undoing by clicking on the redo button Q .

You can set up the parameters of a given component instance
directly on the schematic or via its dialog box. We'll use the latter
method for now.

* Double click on the Tx_Diff1 instance to open its dialog box.

# Channel Simulation Tx:1 |
Tx_Diff Instance Mame
T Diff1
= 3
FRES Encoder I EQ I Electrical I Jitker I Display I
.
Bit rate 5 IGbps - I
Whigh 1.2 |v v[
o -1.2 IV 'I
Rise/Fall tirme 30 Ipsec - I
Mode I Maximal Length LFSR 'I
Register length |23
Taps I"IDUDI 1o
Seed I"lDlDlDlD"
Eit sequence I"IDIDIDID"
i file: I Browse, , |

K Apply Cancel Help |

On the PRBS tab set:
» Set Bit Rate =5 Gbps

* Vhigh=12V

s Vlow=-12V

* Rise/Fall Time = 30 ps
* Register Length = 23

Click on the Help button to
bring up the doc page for the
component.

The documentation pages
contain a wealth of information
about the parameters and
algorithms used.



A: Set Component Parameters, (Continued)

B: Simulation Controller and Simulation,
C: Data Display

* On the Encoder tab set the encoding to 8B10B.

* On the EQ tab, set Choose equalization method to Specific
de-emphasis and set De-emphasis as a positive quantity.

# Channel Simulation Tx:1 x|

Tx_Diff Instance Mame

| Tx_Diff1

F
PRES I Encoder Electrical I Jitker I Display

Choose equalization method

I Specify de-emphasis j

Die-emphasis (dE) |3.5]

—Pra Curenr

* Click OK to
dismiss Tx_Diff1.

* Double click on
EyeDiff Probel.

* In its dialog box,
set the Data rate
to 5 Gbps.

* Click on the
Measurement tab,
>> Remove >>

the default measurements, >> Add >> Waveform instead.

Parameters Measurements |

—Measurement Selection

Available Selected

LevelMean Warveform
HeightAkBER.
Levell

N
JitterRMS
Density =rAdd = |
RiseTime
Height << Hemove << |
Levell

ifidth
CheckMaskiolation j

add al | Remove 4l

Step B: Simulation Controller and Simulation

* Click on the Channel Simulator icon & .

Channllim

* Drop the controller onto the schematic, then hit Esc to End

Command.

* Edit NumberOfBits to 20, by
directly clicking on the schematic.

* Click away to finish editing.

* On the schematic toolbar, click
on Simulate 3% .

Again the status window opens,
the simulation runs in a few sec-

ChannelSim

BE

ChannelSim
Channelzim |
MumberQBits=20
ToleranceMode:,ﬂkeo
EnforceFassivity=yes

onds, and then the data display window opens.

Step C: Data display

il

File SimulationfSynthesis Text Window

Simulation # Synthesis Messages

* |In the pa|ette' click on the |[[Farning detected by hpeesofsim in EysDiff_FProbe _?|

Rectangular Plot icon and
drop a blank plot onto the ||,

Can not find Eye crossing points
Flease increase the walue of Amplitude reso
or-and Humber of time point=

| |

display area.

Status / Summary

=

Fesource usage:
Total stopwatch time

3.64 seconds

=

Simulation finished: dataset "tx' written in:
*C:huzershdefaultpocie _prjsdata’

@ F?ectangular Flat

' Press F1 for more help.

122 4' 4




C: Data Display (Continued)

When you drop a fresh plot
onto the data display canvas,
its dialog box opens auto-
matically, with the default
data set tx selected.

» Select Waveform.

 Click the >> Add >> button.

* Click OK.

The plot appears. When a
one follows a one or a zero
follows a zero de-emphasis
has been applied. Check the
voltage.

* Click Insert a New Marker
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“< Delete <<
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* Click on a one that follows a one:

The de-emphasis is 0.802 V. Data
display equations are handy for all
sorts of things including calculation
of check values.

* In the palette, select Egn | :

* Drop the equation onto the
canvas.

* In its dialog box, enter the following
equation:

rm

m 1
time=1.131nsec
W aveform=0.802

15

fuu}

=
o

| Enter Equation:0

Enter equation here;

—

Functions Help

=

i

| Equation Properties. .. |

b

Waveform

z=zlnsetbz< |

[T show Hierarchy

Manage Datasets... |

Yariable Info,,, |

Ok | Apply

Cancel | Help

* Click OK.
* In the palette, select List




C: Data Display, DesignGuide Installation (Continued)

EPIDI: Traces & Attributes

Plot Type | Plot Options |

H O O© @

Datasets and Equations

Jix [~]
Predefined Equations ﬁ List
L

Congratulations!

* Instead of the default
dataset, select Equations
from the drop down list.

* Select your deemp result
and >> Add >> it.

* Click 0K

As expected, the value
agrees:

deemp
0.802

You completed the first simple “A B C” project.

We'll pick up the pace now by using one of ADS’s powerful fea-

tures: DesignGuides. These are pre-built project templates and tools.

In our case, we’ll use one that jump starts our PCl Express project.

* Login to our Knowledge Center and download the PCI Express

Workshop DesignGuide from:

http://edocs.soco.agilent.com/display/eesofkc/PCIExpress

+ Save it to your Desktop as 20090924 PClExpress.deb .

i Advanced Design System 2009 Update 1 (M

File Wiew Tools Window Designkit | DesignGuide Help  EMProTools

JJ ﬁ @ ||m E | E Designiauide Developer Studio  #

=10l =]

Filo Wiw  Project View |

E}'F‘ Chusersidef ault\pcie_prj
A tx.dds
@ k. dsn

Add DesignGuide. ..

ListfR.emove Designauide. ..

Preferences...

i |

Ciiusersidefaultpoie_prj

* Select DesignGuide
» Add DesignGuide...
from the main ADS
window.

* You can add it as
Personal or Global
DesignGuide.

* Navigate to and select:
20090924 PClIExpress.
deb.

You can manage your DesignGuides by selecting
DesignGuide » List/Remove DesignGuide...

* Create a fresh schematic window, for example by clicking on
in the Main window.

* Save As... pcie.dsn. PR x|
#dd Glabal DesignGuide | Igliggqsglgzsgtlvlrllte permission to the ADS directory

This installs a DesignGuide in wour home directary

"Crfusersy"

e | Please note that if the Designiauide contains system
help features, they may nat work properly unless
the related html files have been installed in the
A0S "doc” directary,

Cancel |

e |




Determine Eye Diagram Performance for PCl Express Gen 2

We'll add source/load impedance, transmitter and eye probe to the
pre-built DesignGuide PCI Express channel, then insert the receive
mask and check for violations.

* On pcie.dsn place a PCI Express Channel model using the
schematic’s menu: DesignGuide W PCI Express ™ PCI Express
Interconnect Models » Channel Model.

* Use the tool bar icon Push and Pop icons E.iﬂ I%I to explore
the channel design hierarchy.

P i g o Vi B ol o 5o e S
Wit ourt = vin e e <P ach g

Select the differential source termination:
DesignGuide ™ PCI Express » PCl Express Source/Load
Terminations » Source Impedance.

Connect it to the differential input pins.

Select Edit » Move » Move Component Text, then click on a text
block and move it if needed.

Select the differential load termination: DesignGuide ™ PCI Express
» PCI Express Source/Load Terminations » Load Impedance.

Connect three of them to other three differential pins:

PCle_Source_Term PCle_Load Temm
K2 X3
R=50Chm R=50 Ohrn
C=002pF C=0.02 pF
T ¥
I . Fackage -= Yia Breakout -= Daughter Card-=Connectar-= J— .
-F MotherBoard -= “ia Breakout-=F ack age -F
T 33
¥ ¥
T T
PCle_Load Term PCle_Load_Tenmn
ws - FCle_channel_maodel wa -
R=50 Ohm A R=50 Ohm

C=0.02 pF C=0.02 pF



A Diversion Into S-Parameters

If you pushed into the hierarchy, you'd have noticed some
components were defined using S-parameters. So let’s take a short
break from the keyboard and first say why we use network param-
eters in general, and S-parameters in particular, to characterize high
frequency structures and components.
A
BD—OUI
die down quickly if the interconnection flight
time (propagation time) is short compared to
the rise and fall times and the bit period. In fact, the incident signal
or wave is partly transmitted and partly reflected:

For low speed digital logic we only consider
the forward propagation of signals, because,
although reflections exists, they generally

Lightwave analogy

Incident

’m Transmitted

Reflected

Above figure: Agilent Application Note AN 1287-1, “Understanding
the Fundamental Principles of Vector Network Analysis”
http://cp.literature.agilent.com/litweb/pdf/5965-7707E.pdf

So, instead of a single transfer function, it might seem we now
need two parameters to characterize a 2-port component at each
frequency. In fact, the situation is more complex. The output port is
also being bombarded with waves reflected off of the component
in front of it in the cascade. These reverse waves are also partly
transmitted (backwards down the cascade) and partly reflected off
of the output port (heading back up the cascade). So we actually
need four numbers per frequency point. Each is a complex number,
representing magnitude and phase of the respective wave, relative
the incident wave.

For reasons given below, it is convenient to collect the four num-
bers together in a two-by-two matrix called network parameters.
There are several formats each of which have their pros and cons.
The most convenient format for measurement purposes is the
S-parameter format, because you can measure S-parameters using
standard load, source, and connector impedances such as 50 ohms.
In contrast, direct measurement of, say, Z parameters requires
opens and short loads and sources, which are difficult to make at
high frequencies and can damage some components. Once you have
the S-parameters measured, there are simple calculations to convert
to other formats if needed.



A Diversion into S-Parameters (continued)

For a 2-port network, the S-parameters are:

Description Symbol

Desired transmission forwards of forward wave

incident on input port S21
Unwanted reflection backwards of forward wave 311
incident on input port
Unwanted transmission backwards of backward

e S12
wave incident on output port.
Unwanted reflection forwards of backward wave )

incident on output port

The beauty of network parameters is that you don’t have to sum

an infinite series of partly reflected and partly transmitted waves
bouncing up and down the cascade. The trick is that you can easily
calculate the network parameters of arbitrary cascade of two-port
components using a simple matrix calculation. All the internal
reflections inside the newly created “black box” can be ignored, and
the cascade treated as a composite two-port network, characterized
by only four parameters per frequency point.

Network parameters can be generalized to more than two-ports and
more than simple cascade connection. Here we’ll use a 4 X 4 matrix
S-parameters to represent a four-port network: a pair of coupled

transmission lines such as those used in a differential interconnect.

One of the things ADS does really well is convert frequency domain
S-parameters into a time-domain model. Other tools often leave you
with an incorrect non-causal or non-passive conversion.

For more information on S-parameters, please see Agilent
Application Note AN 95-1, S-Parameter Techniques for Faster, More
Accurate Network Design, by Richard W. Anderson, available in two
formats:

+ Slides plus interactive features:
http://contact.tm.agilent.com/Agilent/tmo/an-95-1/index.
html?ecmpid=34689

+ Scan of the classic 1967 article:
http://cp.literature.agilent.com/litweb/pdf/5952-1130.pdf

Now let’s return to our PCI Express project...



Add the Transmitter

From the Simulation—ChannelSim palette:

* Select Tx_Diff.
* Connect it to the input differential pins.
* Double click on Tx_Diffl instance.

* Go to the appropriate tabs to edit the following parameters:

PRBS » Bit rate 5 Gbps
PRBS » Vhigh 12V
PRBS » Viow -1.2V
PRBS » Rise/Fall 30 ps
PRBS » Register Length 23
Encoder » 8B10B Enable
EQ » Specify de-emphasis 3.5dB

FCle_Source_Tenm
H2

FCle_Load_Temn
®a
R=80 Ohm

RiseFzlTime=100 psec
Woe=hzxim al Length LFSR
Excludelnad=yes
EQMode=S pecity FIR taps

R=50 Chm
=002 pF
i AN
T>> T
ANV
Te_Diff T
Tx_Diff1 —_—
BitRate=1 Ghps %II
whigh=1.0%
Wlowe =00

TH

PCie_Lobd_Termn
®5

R=500hm
C=0.02 pF

>

Package -= Yia Breakout -= Daughter Card-=Connector>
MuotherBoard -= Via Breakow-=Package

C=002pF

Ft

PCle_channel_model

T#_Diff

T#_Diff

BitRate=5 Ghbps

Whigh=1.2%

Vo =-1.2 W

RiseFallTime=30 psec
Wode=kaxmal Length LF SR
Extludeload=yes

E Chode=5pecify de-emphasis
Deemphasis= 3.9

PCle_Load_Temn
P

R=50 Ohm
C=002 pF



Add Eye Probe and Simulation Controller

+ Select the EyeDiff Probe from the same palette and connect it to

the differential output pins.

* Place a Channel Simulation Controller (ChannelSim) on the
schematic page.

» Set the ChannelSim1 parameter NumberOfBits to 50000.

>

Ta_LHiT

EriRate-5 Ghps

whigh=1.2%

WiW=-13%

RiseFalTime=30 pras:
Mode=asmal Lengh LFSR
ool | cted_ ahigis
EChooe =Eper Fy de-emphasts
Diggm prasie= 3.3

&
ChamefSimi
MU BEAC it =50 000

Tolerarcetdode=Autn
EnfOC BP0 iyt

E"I -

Faccagm - in Bysmbni-» Daugher Carchatonmacirs
VRSB -+ i ERS oA ek e

w o
F=20 Chm Eyelift Prche
Cen02pF E =] e et
I3 .
E

TE
T

=5
R=20 Chm
=008 pF

®1

wa )
R=50 Chm
C=002pF

* Click in the Simulate tool bar icon: {Z% .

A new data display window opens.

+ Save the data display as pcie.dds.

* Place a rectangular plot and add the Density trace
from the default pcie data set.

* Place a List and add Summary measurements.

+ Select the Plot Options tab.
 Select Format ® Engineering.
+ Click OK.

20
Linear: I Palar I Smith I Stack List | Anbenna |
Title
’VI Mare. ..
Farmat Siginificant Digits
fauto ENE
Auto
Full Qutline. .. |
Scientific
[V Display Indep. Data
Hex
Ockal
Binary by default for lists with
| % indanandant and 1 danandank brara anks
06
e
W
c
[
]
06 IIII|IIII|IIII|IIII|IIII|I t S
0 50 100 150 200 250 measuremen ummary
time, psec Levell 334.4m
LevelO -323.5m
Height 546.0m
Width 183.0p
MaskViolated 0.0000




Add an Eye Mask, Check for Mask Violation

A text editor opens, showing the
mask file. You can edit or create
these files to suit. The format is
the same as those for Agilent
oscilloscopes.

Go back to the pcie.dsn schematic.

Copy the receive mask file to current project directory by select-
ing: DesignGuide ® PCI Express ™ PCI Express Mask » PCI
Express Receive Mask.

Double click on EyeDiff_Probel.

In its dialog box (Parameters tab), set the Use Eye Mask check
box.

Click Browse.
Navigate to PCIE Rx.msk and click Open.
Click the View/Edit button.

Set Level zero to -0.4 and
Level one to 0.4.

Click Refresh.
Click Edit.

—Mask File

IC:\users\default\pclejr]\PCIE Rex.msk Edit

[¥ Display eye

Dismiss the text editor.

Dismiss the Eye Mask Viewer
dialog box.

You can double click

From the Measurements tab, Click the >> Add >> button to add
EyeMaskViolation measurement.

Click OK to dismiss the EyeDiff Probel dialog.
Simulate & .

In the pcie data display, double click on the frame of the density
plot to open its dialog box.

Click the >> Add >> button to add the Mask data.

measurement Summary
on any trace and set
the thickness, color, |I:EVE:[':|] g%gg m
eve - A m
Dpiione . o Height 5460 m
Dot o ‘Width 183.0 p
ptions tab. MaskViolated 0.0000

0.6—

04—_,-—"'—'--...______/—'---________

XX

PR —— e E—

Density

'05——v—v—v—v—|—|—|—|—ﬂw|||‘uu|||u|||||rv—|—v—v—r|—|—|—|—
0 50 100 150 200 250 300 350 400

time, psec

A MaskViolated value of 0 (false) indicates no mask violation.



BER Contours Using Statistical Mode of Channel Simulator

* Go back to the pcie schematic.

* Choose Statistical instead of Bit-by-bit mode from

ChannelSim1 » Analysis tab.
x

ChannelSim Instance Mame
IChanneISiml

Analysis | Canvalution I Display I

Choose analysis mode

™ Bit-bey-bik Mumber af bits |5nnnu

{* Statistical

* >> Add >> Bathtub and Contour using the
EyeDiff Probel » Measurements tab.

#= EyeDiff_Probe:l

EveDiff_Probe Instance Mame

I EweDiff _Probel

Parameters Measurements |

—Measurement Selection

Available Selected
JitkerRMS -] Bathtub
RiseTime Contour
SMR Levell

Amplitude Density
HeightDE = Add »x | Height
FallTime Levell
‘WwidthALEER == Remove <= | “Wwidth

JitkerPP CheckMaskyiolation
Wareeform
Crossinglevel hd

Add Al | Remove Al

. Simulate %

* In the data display density plot, >> Add >> Contour.

* In rectangular plots, plot VoltageBathtub and, separately,

TimingBathtub.

g g .
g 2

¥ o

£ £

a a

s §

E g

Horizontal slice through middle of aye (ps) Vestical slice through center of aye (V)

» Customize the Title of the plot and the Min, Max, Step, and Label
of its axes from the Plot Options tab.

EPIDI: Traces & Attributes 21|

Flat Type Flot Options |

Linear | Falar I Snith I Stack I List I Antenna I

—Title

Seleck Axis

Mare... |
—hxis Label

# Axis

W Ais

Right ¥ Axis
Battom ¥ Axis

Add Ais. .

I\-\Jltage Bathtub log10{BEF Mare. .. |

[ Auto Seale

Min Max Skep

|—16 |0 |2|
—acale

* Lingar  Log

Grid. ..



Channel Simulator: Bit-by-Bit Mode

By now you might be asking, “What's the difference between Phase 1: SPICE-like transient response of single step — runs on
traditional transient (SPICE-like) simulation and the two modes of existing schematic.
Channel Simulator?”

1.0
Bit-by-bit mode works in two phases. First, we probe your schematic i
with single step input. We use transient simulator but we also auto- = i
matically use convolution (to deal with any components defined in g 051
the frequency domain) and EM simulators (to deal with distributed ]
or layout components). The (computationally expensive) transient 00
simulation need run only for a short length of time, equal to the ' ' L ' ' ' ' '
pulse response also called the channel memory. 04 ]

03—
In phase two we use the step response from phase one as a linear E 0.
time invariant model. We use (computationally inexpensive) super- 2 ]
position to calculate the output for millions of bit without having to 014
call the transient, convolution, or EM simulators again. 0.0

ST T T T 1 T T T T T T T T
0 2 4 6 8 10 12 14
time, nsec
Phase 2: Million-bit-per-minute throughput using superposition
Superposition
0204 020 |S|

015 015 -

010+ 0104

005+ 0054

0.00 \\—_._‘__

0.00.

time, nsec



Channel Simulator: Statistical Mode

In statistical mode, again we have two phases. The first phase is the
same as 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:

ISl and crosstalk implied in the through
and crosstalk pulse responses

Jitter spec

Equalizer spec

Line coding

Phase 2: Statistical calculations including ISI, crosstalk, jitter specification,

Logic 1

- ply)att
&

Input

Output

Logic 0

20

=

Phase 1: SPICE-like transient response of single step — runs on
existing schematic

=
h
IIIIIIIII

= =
= O

=
L
|

=
P
|

=
-
|

=
=

o

time, nsec

equalizers, and encoding




Comparison of Techniques

This table compares the three techniques.

Modified nodal analysis of Kirchoff’s

Bit-by-bit superposition of step Statistical calculations based on

Method .
current laws for every time step responses step response
Applicabilit Any circuit tuTtI C:fiZ?ne-';ﬁL"tﬁ’vé’ﬁrﬁxﬁcfe" LTl channel; stochastic props of
pp ¥ y tapg ~adap a- infinite bit pattern; fixed eq. taps
BER floor in one minute ~10° ~10% ~10-16

simulation

Now, back to our project...

21



Modeling Crosstalk,Comparing Two Simulations

. - » Connect it to the FEXT source termination.
. Save [é‘] the pcie schematic file.
« Delete the load termination at the far end of the crosstalk T — g'hanril
X3 imulator
channel (FEXT)' —_—  R=S00hm E yeDiff_Probe :
it wi inati C=0.02 pF Eyeniff propet | T€QUIres exactly
* Replace it with source termination. ' - one Tx compo-
% nent, but you
S A Conmectons % can add as many
— E veDIff_Probe] — Xtlk2_Diff aggres-
T sors as you need.
TN
T ik 2_Diff
bt getor- — FCle_Source_Tenrm  FIK2_Difft
WE PhazeToTx ode=Random
R=50 Chim PhazeToTx=00
=002 pF
;,3 SR + Select the Random radio button of the Phase Relative to Tx
St setting of Xt/k2_Diff! » PRBS.
We'll compare results with and without FEXT by saving the
* From the Channel Simulator Palette, select the Xtlk2_Diff modified version with a different name.
transmitter.
« Click Mirror About Y Axis to flip the ghost cursor * From the schematic menu select File » Save Design As... and
enter pcie_fext.dsn.
e « Simulate 3% .
T 62 NG [ I
E @ @ Mirror About Y Axis A new, blank data display window opens, but we want to re-use the
- - - - - |Rotates a selected item about a previous one, so.
specified point on the ¥ axis

* Close pcie_fext.dds .

* Go to your previous data display window.
22



Compare Simulation With and Without Crosstalk

You can compare corresponding traces from two different datasets
by using their full names. These have the format: dataset..trace
(trace alone is just a shorthand for that item in the default dataset).

* Double click on the timing bathtub plot.
+ Select pcie_fext, then add TimingBathtub:
+ Similarly, add VoltageBathtub to that plot, and Summary to the

EPIDI: Traces & Attributes

Flot Type | Plot Options |

HH 123 4
i = E
akasets and Equations Traces
pcie Trace Qphions. ..

Equations

Predefined Equations

List plot.

Overlaying two density and two contour traces on one plot is
possible but messy, so:

+ Create a separate density and contour plot for the new data set.

23

BERContour
Density

time, psec

pele_fext. Density

pcle_fext -BERContour

]:‘ v
B QZ

i T |||||||||||||‘|||||—l—v—l—v—|—v—l—l—l—
o 50 100 1500 200 250 oo 3 400

time, psec

m easurement Summary peie_feut, Summary
Levell 3335m 3324 m

Lenell -3321m -333.1m

Haight om 507.0m
Width 181.0p 1760p
MaskViolated 0 0.0000

The eye height and width are reduced by FEXT, but the mask isn’t violated.

prie_fext. ﬂmm%Batmub
TTimingBathtub

peie_fext va\ta%ﬁBatmub
“WoltageBathtub

Timing Bathituf log1 0(BER)

4 )

—

TTTT T
50 100 150 200

250

300 350 4

Horizontal slice through midcile of eye (ps)
Voltage Bathtub 10g10(BER)

Rk

\|\|\|\|\|||\||||‘\
04 03 -0

wertical slic e through center of eye (V)

03

Let's see if we can push
this design to a higher bit
rate...



Explore the Design Space at 8 Gigabits per Second: Equalization

The mask still isn’t violated at our selected 10" BER contour, but

it's getting close. How can we improve our margin? The channel
Change the data rate of Tx_Diff1 and EyeDiff_Probel to 8 Gbps. impairs the signal by acting like a low pass filter, and introducing

File » Save Design As... and enter pcie_fext_8. echo-like reflections. These smear out the impulse response.

* Simulate &3 . We can add an equalizer at the receive end that mitigates these
Compare the eye diagram as we did before. impairments. An equalizer is simply a filter whose response is the
inverse of the channel response.

- Save [éf] the 5 Gbps version of the schematic.

0 f—p—r———

04

Y

ie_fext_8..Densit

pci
pcie_fext_8. BERContour

0.6

RPN PR P P P P P P
0 20 40 60 20 100 120 140 160 180 200 220 240 260

time, psec

Mitigate channel impairments with an equalizer

Channel causes impairments Mitigate impairments using:
8 — — — Equalizer
M | S— — — - b o

o(t) e(t)




Add a Feed Forward Equalizer (FFE)

For the Feed Forward Equalizer, we define the n" received sample as

r(n), and the N tap coefficient as t(N), then the n'" output sample

e(n) is: « From the Simulation-ChanSim palette, select and place an Rx_Diff
component.

+ Save [é] the 8 Gbps version of the schematic.

N-1 * Add a single-ended eye probe like so:
FCle_Load_Term

e(n) = 2 : { (k) r (’}’L - k) }éisg Ok [] EveDift_Probe

C=0.02 pF ——| Evelifl_Probgds = Eye_Probe
k=0 = == Eve_Prober
J.é :
T
. Lt
s T R_Diff
— WA g Ru_Diff
T < Excludeload=yes
DA L EnableCTLE=no
r(n) r(n - 1) r(n - 2) rm - (N-1)) L ~ EnableFFE=no
De|ay " De|ay & “tlk2 DI EnableDFE=na
—_— PCle_Source_Tenn  AtkZ_Dif1
X6 PhaseToTxM ode=Random
R=50 Ohm PhaseToTx=0.0

tO X> t1 t2 tN— 16) =0.02 pF

Edit Bx_Diff1 and Enable the FFE with Initial tap calculations as
Optimized, number of Pre-cursor taps as 1 and Post cursor taps as 2.

Feed-forward equalizer (FFE)
Initial bap calculation
e(n) (® optimized  Precursortaps  Posteursor taps

[¥] Enatls |1 ¢| |§ ¢|
[] Adaptive equalization ' File

) Manual Edit taps Edit..

* File ™ Save Design As... and enter pcie_lfe.

» Simulate.
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Equalization Results, Next Steps

* Plot eye diagram before equalization and after equalization.

The receiver component has automatically calculated the optimized
tap coefficient values. You can output optimized tap coefficients:

* Double click on Bx_Diffl and select Edit...

* In the Browse window, using right mouse click create a new file
taps.txt .

» Output » Browse.

* Re-simulate the design and open taps.txt file to look at the taps
coefficients.

Tap file
Input | | Browse, . Edit. .
Cukput | | Browse.
Browse:4
Look in: [ (5 51_Workshop_2008_pij = ~®mckE
Chdata %] PciE R msk.
(Zamam_dsn |#] save_project_state ael
F' recCiursar My Recent  |[CSnetworks ] save_project_state.hak
I:l I:l B I:l 9 5 2 Dociments (Chsynthesis E"_‘, schematic.prf
e @ I hverification 4] sp_ter_dds dds
= (=7
15 de_sim.cfg
POETCUrzor Desktop /i) Equalizer_Transfer_Function,dds
1.232211 - ] exercise_t.dds
- J t!:: % hpeesofsim, cfg :
- |:| . 1 5 1 2 5 9 HiDro e r‘.theesoFslm cfa.old (23 Folder
3 layaut.pr @ Shorteut
=3 mil_layout.prf
Q_! 5 mil_schematic.prf ﬁf Brisfease
My Eamsiter @momsarver‘\og B BMP Image File
@nethst log ) Microsoft Word Document
= | @*] Microsoft Office Access Application
‘g = EATI CATALYST(R) Control Center | i) nep g
M.Vp“‘fc‘;ﬂ'k Fi View »| ) Microsoft PowerPoint Presentation D
i | (2] Microsoft Office Publisher Document J
| Arrange Icons By L3 E {
| WInRAR, archive 7

'\ Refresh

|4 wave Sound
il @] Microsoft Excel Worksheet
3 =D winzip File

‘ Properties
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hank you for completing this tutorial. For more examples, please
login to our Knowledge Center:

http://agilent.com/find/eesof-knowledgecenter.

Also, please contact us if you'd like to purchase an annual or
perpetual ADS license.
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