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Why Is this Webinar Needed?

* High-speed digital (HSD) integrated circuits (ICs) in serializer/de-
serializer (SerDes) systems have their physical layer modeled and
simulated in a Channel Simulator.

* Many commercial IBIS-AMI| model generation tools cost 10s of 1000s
of dollars to lease or to own.

* Today, technology has matured so that channel simulation is available
for free using cloud-based tools at SerDesDesign.com.

» SerDesDesign.com tools include options to generate IBIS-AMI models
from circuit data collected from Spice circuit simulations.

* This webinar is to let you know about the process | have used for many
years to generate IBIS-AMI models from any channel simulator —and its
available to you for FREE.
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What Is SerDesDesign.com

* | created SerDesDesign.com to enable me to create and deliver
IBIS-AMI models to 40+ high speed digital integrated circuit
companies over the past 10+ years.

* Over that time, | learned many processes that practically
guarantee a better, more efficient and automatic IBIS-AMI model
building process - using free tools.

* | learned how to create high-quality low-cost IBIS-AMI models
while avoiding the standard approach using high-cost tools.
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What Is SerDesDesign.com

* Along the way, | learned that:

* Expensive tools prevent achieving low-cost high-quality models.

* My tools are based on free tools: Microsoft Visual Studio, CMake, Web
browsers, HTML, JavaScript, PHP, C++, and more.

* Creating models is the LAST thing you should be of concern.

* Focus on collecting the correct Spice circuit simulation data and rely on
automation to generate the IBIS-AMI models.

* One must not get stuck in the costly commercial tool trap.

* Many of my tools are available for free on the web at SerDesDesign.com.
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What this Webinar will show you

* This webinar gives an overview of modeling SerDes systems in a channel simulator.

* Then, | introduce the process | use to create IBIS-AMI models for an Rx that includes
a CTLE, CDR, and a DFE.

e Define CTLE with circuit waveformes.
* De-embed IBIS portion from circuit CTLE data to obtain the AMI portion.

* Define CDR with Observed Jitter Transfer Function (OJTF) corner frequency.
* Define DFE with tap values.
* Generate IBIS-AMI model from the circuit data.
* Finally, | show you how to get my FREE Rx CTLE/CDR/DFE IBIS-AMI Model Generator.
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Modeling a SerDes System In a
Channel Simulator

e Channel Simulators are based on the IBIS Open Forum standard
(currently at revision 7.2).

* This figure shows a typical SerDes system block diagram to be
simulated using a channel simulator.
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Modeling a SerDes System

* A key channel simulator property: the entire analog content (the
total channel) is linear and time invariant (LTI).

* As an LTI system, the entire differential analog section in the

SerDes system is accurately represented by its single ended
impulse response.
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Creating IBIS-AMI Models from Circuit
Data

* IBIS-AMI model generation from behavioral data was built into the
SerDesDesign.com Channel Simulator from the beginning over 10
years ago.

* In today’s webinar | provide instructions on generating Rx
CTLE/CDR/DFE models from circuit data.

 The modeling data is typically collected from a Spice circuit
simulator.

 Modeling other types of Tx and Rx SerDes is discussed in other
SerDesDesigh.com webinars.
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Typical SerDes System Test Points
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TPO is the NRZ waveform.
TP4 is at the Rx SerDes differential buffer input.
TP5 is at the Rx SerDes CTLE output.

SerDesDesign.com

This figure shows typical test points for
a SerDes system.

For the current discussion, TPO, TP4
and TP5 are used for data collection.

Data to be defined:

« |BIS differential input buffer
characteristics.

e CTLE/CDR/DFE behavioral
characteristics.

« Qutput time domain waveforms.



Top Level Rx IBIS-AMI Model
IW « The model is defined as nonlinear
and/or time variant (NLTV).

— P~ P N IYYY > « It can be used in the channel simulator
i " time-domain mode.
Rx_IBIS_Buffer RX_AMI . Its characteristic is represented by its

processing of its input time domain

There is an IBIS input portion and AMI output portion. ~ waveform to obtain its output time

L . domain waveform.
IBIS: the circuit input and sets the buffer input

iImpedance interfacing the differential SerDes channel.

AMI: the algorithmic code for equalization and does
not have any impedance characteristics.
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Rx IBIS Modeling Options

R_pkg L_pkg

cc

« Based on IBIS 7.0 and beyond, the IBIS
portion can now be represented with a
4 ports S-parameter file and shown

Power _Clamp

IS below.
C_pkg GMD_Clamp T
lmn V ouo
1 2
The IBIS portion can be represented with GIrcUit R, pufierterminals | o e o
L, C characteristics as shown in this above L3, ey

diagram per differential input pin.

J7Ref
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Magnitude, dB

IBIS S4P Modeling from S2P Data
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Measure the Rx circuit input differential |

Impedance; the sdd11 characteristic.

To be discussed in later slides, we will also use the

sdd11 0 Hz resistance (53.9647 Ohms per pin in |

our example).
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« Convert the S2P data to S4P data.

» Set up this 4-port design.

 Be sure to use a linear sweep and set
the Start/Stop/Step frequencies to be

the same as the S2P file.

....... S_.Param . . . . .
..... = . . . . . . SPtSos
Start=0 GHz



Rx CTLE Modeling Options

e " Model Rx CTLE as a Black Box
P | Rx Circuit ‘
Erom | . Output Characterize using input/output circuit time
Differential || DI nue D BT us P > domain waveforms or frequency domain
Chamnel | [P TP ™ T g y
= ' Rx_IBIS R CTLE | = spectrums.
ZT « The CTLE discussed here uses time domain
waveforms o
Model Rx CTLE behaviorally: PR DN
. SR TEREREEREEY T SRR
- Use a list of poles and zeros. BLRIRERRENY [ Ricrut | \'

« Use a set of peaking characteristics in the

frequency domain.

Rx_IBIS Rx_AMI
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Rx CTLE Modeling as a Black Box

?p—*// e N « Requires that the model de-embed the
/ \{.j;{};{}; IBIS characteristic at the maximum bit
From - - Qutput
irorential | | P mee P L o | 7Y - rate.
Differential | - RS <aEdpTh "
Channel P o : :
S Rx_IBIS Rx_AMI B ER « After the model is generated, it can be
PECICRRRERRES SRR used at any lower bit rate.

Characterize Rx circuit for a set of CTLE states.
Use small signal source with source resistance matching circuit input O Hz resistance.

Time domain: Use PRBS waveform pattern; extract the CTLE output waveform portion
with consecutive M zeros and N ones; M and N large enough to allow for state settling.
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De-embedding IBIS to obtain the CTLE

L |

= N

}—m(s) + H2(s) —4 .

H(s) represents the Rx circuit differential input to
output transfer function. Defined from the Rx output
waveforms. LTl is assumed.

H1(s) is the IBIS portion; defined from the S4P data.
H2(s) is the AMI CTLE portion; to be derived.

SerDesDesign.com

H(s) = H1(s) * H2(s)

H2(s) is based on H(s) data with H1(s) de-
embedded.

Therefore, H2(s) = H(s) / H1(s)

The time domain representation of H2(s) is
used in the AMI CTLE model.
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Rx CDR Modeling

T

¢ 2 )‘( ¢ Specify the CDR OJTF Fc
CLK | [ & « The OJTF (Observed jitter transfer function) has a
cks [ high pass frequency response. Jitter significantly

below the corner frequency is tracked by the CDR.

B :| y—Early . .-
= I * Here is the measured OJTF characteristic
Data o ~ Data when the Fc is 15 MHz.
S5
T g Lt Measured CDRBB OJTF with BitRate = 25e9
g o P
Rx CDR Model: £ //"
» This CDR is based on an industry standard B
bang-bang phase detector approach shown .. /
hel’e. 10e+6 100e+6

Frequency, Hz
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RX DFE Modeling
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Rx DFE Model

» This DFE is based on an industry standard
DFE shown in this figure.

DFE tap specification

« DFE taps can be defined in one of three ways:
» unlimited tap values
« limited tap values
« tap codes associated with quantized tap values

 DFE can be defined with:
» Automatically derived optimal initial tap values.

« Automatically and continuously adapted tap
values during the simulation.

« Non-Ul tap delays

The DFE discussed here uses unlimited tap values
and fixed Ul tap delays
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Example using Keysight ADS ChannelSim

O i « Example channel has 24 dB loss at
— ! Nyquist (12.5 GHz).
T AMI1 _ _ R AMI )
IbisFile= EEsof_Tx_Pass_Through.ibs énh ibisFile= RxSerDes_CTLEwCDRDFE.ibs

- ComponeniName= gcof Ty pass Through - Gomporent! RxSerDes_CTLEWCDRDFE e Sdd21=05* ( s21 +s43 - s23 - 841)

PinName="2p"

T:%

<x AM

_ M&ﬁ'g:gf;“EEsof_Tx_Pass_Through 'EHU;' ChannelSim _ ;?L‘!:l"n":ta"f;iRxSerDes_CTLEwCDRDFE
DataTypeSelector=Typ DataTypeSelector=Typ
P Cremam ooy | ’
BitRate=53.125 Gbps | ?:Egggﬁlg?ﬂﬂg | | - | | - :; : '--._____‘\“—‘_&\
e o =)
o~ \\
- -56 \_\
. . . 3 -70
» Rx circuit used with 25 Gbps NRZ. 2 o
© 9
* Use IBIS-AMI model RxSerDes_CTLEwWCDRDFE.  * I
- . -140
e The CTLE uses Rx circuit waveform data from o 4 8 12 6 2 # B 32 B 4

Frequency (GHz)

Spice simulations.

: _ Thanks to Silicon Creations LLC
« Will be used to generate an independent IBIS-AMI for use of their ADS copy

model. SerDesDesign.com 18




Removmg ADS High Freq Aliasing

ADS with Anti-Aliasing

\ \ ADS / T SerDesDesign.com anti- \\
i; \ \ (] / \ ) aliasing (purple) accurately \ _|'ADS
2 el | \ | \ / \ [l &
< A A{ | i tracks ADS response (red) \
g == A/ h\ and removes aliasing
w-112
128 ' ‘ beyond the S-parameter u —
. . | T
e maximum frequency with no |
e 80 120 160 200 280 320 360 400 added dela ot TeEes e
Frequency (GHz) y
—— ADS —— Data 12 N ok P
B} 1 1N /TN \ \ A
The S-parameters go out to 40 GHz (blue). =1 A 7 \\ }/ \\ (/ \\ -
The ADS impulse response (red) accurately 5 \'n A L 1 7
tracks the S-Parameters (blue) to 40 GHz. El_;jj_ i ¥ h\ A
-128 \ 1
After 40 GHz, the ADS response has high A4a AD5 With ANt-AlEsing y
frequency aliasing. o_ A:; 80 120 ;%eﬂé‘?gﬁ 20 260 izom 360 400
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Modeling the Example Rx IBIS

-3 )
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230
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RX circuit input sdd11 characteristic

Zero Hz differential resistance per pin is 53.9647

Ohms per pin.

Convert the S2P data to S4P data.
Set up this 4-port design.

Be sure to use a linear sweep and set
the Start/Stop/Step frequencies to be
the same as the S2P file.

SerDesDesign.com
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Modeling the Example Rx CTLE

‘T o /// o \\-l- =+ Collect Rx circuit output waveforms from
=5 | " Outout. matching 0 Hz source resistance for all CTLE
wrerential | |~ P e L S| iy .
rrental || e Ty e TR states using NRZ data.
' Rx_IBIS Rx_AMI Sl
PTG - = =+ Waveforms shown here for the step responses
10 -
Any number of CTLE states supported.
This example is from the circuit input to CTLE | \\\
. .. . T -10
output. The input IBIS bgffer characteristic will S _______/ N
be de-embedded to obtain the AMI model. \
i \
-35
A0 \
1e+9 10e+9 100e+9

Frequency, Hz
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Modeling the Example Rx CTLE

P //\\ DT - During simulation, the Rx AMI model
N / [ Recicut ] \ SRR automatically selects the optimal CTLE
From ? . . - Output: state for channel equalization.
i - P u
Diff || . P S SRS
Channel g gl R . . .
- Rx_IBIS Ro_AMI S * During simulation, the CTLE state is
S - SEREREES used to obtain the Rx impulse response

. : : combined Tx, total channel, and RXx.
During simulation, the Rx model converts the Rx

circuit waveform data into an equivalent AMI filter
by de-embedding the IBIS characteristic from the
circuit data.
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The Model Automatically De-Embeds
the IBIS from the Waveform Data

The Rx circuit waveform data represents the

cascade of the Rx IBIS portion and the Rx AMI

portion.

1

-0.04
008 ,/

« During Channel Simulation, the Rx IBIS model is

automatically de-embedded from the Rx circuit

0 10e-12  20e-12 30e-12  40e-12 . S0e-12  6B0e-12  70e-12  80e-12  Q0e-12  100e-12 Waveform data to derlve the AMI portlon

Time (s)

The upper plot shows the Rx model output ods

Impulse (which includes the Rx IBIS

characteristic) with the CTLE state set.
 The bottom right plot shows the Rx CTLE o
response which is an exact match to the original ~ *«

reference waveform data.
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Amplitude, ¥

When Ready set EnableGenIBIS AMI=1

-1.500

0

§.000e-12 1.600e-11 2.400e-11 3.200e-11 4.000e-11 4.600e-11 5.600e-11 6.400e-11 7.200e-11 5.000e-11
Time, sec

When your results are as you want, you
can then generate an independent
stand-alone IBIS-AMI model by setting
parameter EnableGenIBIS_AMI =1
along with defining a name for your IBIS-
AMI model to be generated.

* Messages shown below are displayed.
* The IBIS-AMI model files are generated.

« The *.dll (Windows) or *.so (Linux) contains all
the waveform data.

IEIZ buffer will be de-embedded from the step response data files.

Bl buffer impulse response extracted.

Completed de-embedding IBIS buffer from Rx data.

Base SerDeskxCTLE StepResp model from https: s serdesdesign.com

Front end (FE) model based on step response data.

Optimization of EQ over count = 9 states resulting in max open eye ratio = 0130488
with optimized states:

Datalindex =6

To adapt channel+equalizer loss for peak to peak eye level { 1), a gain of 29 4436 dB
is added at the equalizer output.

Generated file Ry CTLEWCDRDFE =64 dll
Generated file Rx_ CTLEWCDRDFE ibs
Generated file Ry CTLEWCDRDFE ami
Generated file Ry CTLEwWCDEDFE cfg
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Use the Generated IBIS-AMI Model

The generated model in this example is * Only the user settable parameters to
named: Rx_CTLEwWCDRDFE and has 4 files: settable to the user.
*  Rx_CTLEWCDRDFE.ibs « The generated IBIS-AMI model can be
« Rx_CTLEwCDRDFE.ami used in any channel simulator.

« Rx_CTLEwCDRDFE.dIl or .so

* Generate as many new IBIS-AMI
« Rx_CTLEwWCDRDFE.cfg

models as you want — for free.
It contains all the relevant Rx circuit data

encoded in the model

The parameters associated with the Rx circuit
data are hidden.
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Summary

 This webinar introduced: Free Rx CTLE/CDR/DFE IBIS-AMI Model Generator.

 Itis one of the tools | have used over the past 10 years providing IBIS-AMI
models to 40+ SerDes customers.

« The Rx CTLE/CDR/DFE IBIS-AMI model generator enables you to:
* Define CTLE with circuit waveforms.

* De-embed IBIS portion from circuit CTLE data to obtain the AMI portion.

* Define CDR with Observed Jitter Transfer Function (OJTF) corner frequency.

* Define DFE with tap values.

 Generate IBIS-AMI model from the circuit data.

 The free time-based license can be renewed for free.
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License can be Renewed for Free

* The Tool and its generated IBIS-AMI models rely on the same free
time-based license.

* The original license issued is for 1 month. This license can be
renewed for free on a monthly basis as needed.

* A 12-month license is also available for a fee (currently $500).

 Removal of license restrictions for use of the generated IBIS-AMI
model is available for a fee (as low as $1000).

* A Windows/Linux build project with generated IBIS-AMI model source
code including training is available for a fee (currently $6000).
* Use this build project as a starting point for your further customization.
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Further Considerations

« SerDesDesign.com has many other Free IBIS-AMI Model Generation Tools
available. See the store at:

 https:/lwww.serdesdesign.com/home/store-free-tools/
Tx FFE IBIS-AMI Model Generator

Rx CTLE IBIS-AMI Model Generator
Rx CTLE/CDR/DFE IBIS-AMI Model Generator

Repeater IBIS-AMI Model Generator with Back Channel Training:

* Includes Tx FFE and Rx CTLE/CDR/DFE

E-O-E Repeater IBIS-AMI Model Generator with Back Channel Training
* Includes Tx FFE, Rx FFE/CDR/DFE and Optical VCSEL/Fiber/PIN/TIA
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SerDesDesign.com Free Tools

e Each tool comes with a time-based license.
e Use the tool free for one month.
* Renew the free tool license as many times as you like.

e See ordering instructions for the available free tools at:

* https://www.serdesdesign.com/home/web documents/SerDes Desigh Free Tool.pdf

» See the link below this webinar presentation.


https://www.serdesdesign.com/home/web_documents/SerDes_Design_Free_Tool.pdf
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