Asian IBIS Summit 2017, Shanghai, China

WELCOME FROM MIKE LABONTE, IBIS OPEN FORUM

Ladies and Gentlemen,

As chair of the IBIS Open Forum it is my pleasure to welcome you to the 2017
Asian IBIS Summit in Shanghai and to thank you for your presentations and
participation. We are grateful to our sponsors Huawei Technologies, Cadence
Design Systems, 10 Methodology, Mentor, a Siemens Business, MostecEDA
(SPI1Sim), Synopsys, Teledyne LeCroy, and ZTE Corporation for making this
event possible.

Since 1993 IBIS has provided the digital electronics industry with specifications to
make signal, timing, and power integrity analyses much easier and faster. With the
introduction of IBIS-AMI in 2008, the IBIS community generated new energy for

high speed electronic design. IBIS is now known by engineers worldwide and is a

required technology for many applications.

Support for IBIS in Asia has been strong, and the IBIS Open Forum looks forward
to continued innovation and contributions from technology companies in Asia.

Thank you!
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Mike LaBonte
SiSoft
Chair, IBIS Open Forum
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WELCOME FROM HANG YAN, HUAWE| TECHNOLOGIES

Ladies and Gentlemen,

On behalf of Huawei Technologies, welcome to the 13th annual Asian IBIS
Summit (China). | would like to express my appreciation to IBIS Open Forum and
all the sponsors for co-organizing this event.

Since 2005, IBIS Asian Summit in China has been the top-level international
conference in high speed digital design society in China. | am looking forward to
work with IBIS members in China, and to expand our participations in the region.
With the demand of high speed design, modeling and simulation technology will
still be the key to find the solution. Accuracy, efficiency and complexity are the
challenge we are facing now. Intelligence and digitization will be the trend.

Huawei has actively involved in all IBIS society's events. We hope to resolve high
speed link issues with IBIS Open Forum, EDA vendors and IC vendors. Your
comments and suggestions will be deeply appreciated! And any suggestion for
China region technical discussion and activity are also welcome!

Welcome all of you to Shanghai! Hope you will enjoy all the technical discussions
and sharing throughout the meeting, and have a nice journey!

Thank you!

Hang Yan
Huawei Technologies

Page 3 of 129



Asian IBIS Summit 2017, Shanghai, China

WELCOME FROM HANG YAN, HUAWEI TECHNOLOGIES
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AGENDA AND ORDER OF THE PRESENTATIONS

(The actual agenda might be modified)
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IsIs SsUMMIT MEETING AGENDA

SIGN IN
- Vendor Tables Open at 8:30

WELCOME
- Yan, Hang (Paul)
(Huawei Technologies, China)
- LaBonte, Mike (Chair, IBIS Open Forum)
(SiSoft, USA)

IBIS Update e e e
LaBonte, Mike (SiSoft USA)

IBIS Interconnect Modeling Using IBIS-ISS and Touchstone
Mirmak, Michael (Intel Corporation, USA)

Signal Integrity Analysis for 56G-PAM4 Channel of 400G Switch
Feng, Sophia; Wen, Vincent (Celestica, China)

BREAK (Refreshments and Vendor Tables)

Think PAM4 SerDes e e e e e e e e
Zhou, Xiaojun (Huawei Technologies, China)

Comparison of Time Domain and Statistical IBIS-AMI Analyses
LaBonte, Mike (SiSoft USA)

FREE BUFFET LUNCH (Hosted by Sponsors)
- Vendor Tables
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AGENDA AND ORDER OF THE PRESENTATIONS (Continued)

13:30 A Way to Evaluate Post-FEC BER Based on IBIS-AMI Model . . . . . . . 71
Yu, Yanye; Guo, Tao; Zhu, Shunlin (ZTE Corporation, China)

14:00 Characterizing and Modeling of a Linear CTE . . . . . . . . . . . . 84
Liang, Skipper (Cadence Design Systems, China)

14:30 Using DATA Files for IBIS-AMI Models . . . . . . . . . . . . . . . . 99
Wang, Lance (IO Methodology, USA)

15:00 BREAK (Refreshments and Vendor Tables)

15:20 IBIS-AMI Modeling Using Scripts and Spice Models . . . . . . . . . . 109
Huang, Wei-hsing (SPISim, USA)

15:50 Leveraging IBIS Capabilities for Multi-Gigabit Interfaces . . . . . 118
Willis, Ken (Cadence Design Systems, USA)

16:20 DISCUSSION
17:20 CONCLUDING ITEMS

17:30 END OF IBIS SUMMIT MEETING
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http://www.ibis.org/

IBIS Update

Mike LaBonte
SiSoft
Chair, IBIS Open Forum

2017 Asian IBIS Summit

Shanghai, PRC
November 13, 2017

IBIS Update
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IBIS Officers 2017-2018

Chair: Mike LaBonte, SiSoft

Vice-Chair:  Lance Wang, 10 Methodology Inc.

Secretary: Randy Wolff, Micron Technology

Treasurer: Bob Ross, Teraspeed Labs . . .
Librarian: Anders Ekholm, Ericsson :
Postmaster:  Curtis Clark, ANSYS -
Webmaster: Mike LaBonte, SiSoft

2018 Officer Election nominations open May 17

IBIS Update

IBIS Meetings

* Weekly teleconferences
— Quality Task Group (Tuesdays)
— Advanced Technology Modeling Task Group (Tuesdays)
— Interconnect Task Group (Wednesdays)
— Editorial Task Group (some Fridays)
 IBIS Open Forum teleconference every 3 weeks
— 486 meetings so far

* IBIS Summit meetings: DesignCon, IEEE SPI,
EDICON USA, EPEPS, Shanghai, Taipei, Tokyo

IBIS Update 4
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SAE ITC

SAE Industry Technologies Consortia is the
parent organization of the IBIS Open Forum

IBIS is assisted by SAE employees Thomas
Munns, Phyllis Gross, Dorothy Lloyd

SAE ITC provides financial, legal, and other

services
http://itc.sae.org/ ﬁ TC

An SAE International Affiliate

IBIS Update

Task Groups

Interconnect Task Group

— Chair: Michael Mirmak

—  http://ibis.org/interconn_wip/

— Develop on-die/package/module/connector interconnect modeling BIRDs
Advanced Technology Modeling Task Group

— Chair: Arpad Muranyi

—  http://ibis.org/atm_wip/

— Develop most other technical BIRDs
Quality Task Group

— Chair: Mike LaBonte

—  http://ibis.org/quality wip/

— Oversee IBISCHK parser testing and development
Editorial Task Group

— Chair: Michael Mirmak

—  http://ibis.org/editorial_wip/

— Produce IBIS Specification documents

IBIS Update
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IBIS Milestones

1/0 Buffer Information Specification

e 1993-19941BIS 1.0-2.1: .
Behavioral buffer model (fast simulation)
— Component pin map (easy EDA import)
e 1997-1999 IBIS 3.0-3.2: M
Package models
Electrical Board Description (EBD)
Dynamic buffers
e 2002-2006 IBIS 4.0-4.2:
Receiver models .
— AMS languages
e 2007-20121BIS 5.0-5.1:
IBIS-AMI SerDes models
Power aware
e 2013-20151BIS 6.0-6.1: ]
PAM4 multi-level signaling .
Power delivery package models

+ 2018?1BIS 7.0

Current
development

IBIS Update

Other Work

1995: ANSI/EIA-656
— IBIS2.1

1999: ANSI/EIA-656-A
— IBIS3.2

2001: IEC 62014-1
— IBIS3.2

2003:1CM 1.0

— Interconnect Model Specification
2006: ANSI/EIA-656-B

— IBIS4.2
2009: Touchstone 2.0
2011: IBIS-ISS 1.0

— Interconnect SPICE Subcircuit
specification

Open Forum Meetings after Previous Release

IBIS Version Development

85
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IBIS Version

IBIS Update

4.2 5
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Possible IBIS 7.0 Timeline

Meeting Date  Milestone

4/21/2017 Vote to establish 7.0 as the next IBIS version passes

5/12/2017 BIRD review and acceptance (10 meetings)

2/16/2018 Vote to approve 7.0 BIRD set is scheduled for next meeting

3/9/2018 7.0 BIRD set accepted. Editorial work begins

3/30/2018

4/20/2018

5/11/2018 Editorial announces 7.0 ready. Review period begins

6/1/2018

6/22/2018 Vote to ratify 7.0 scheduled for next meeting

7/13/2018 7.0 ratified P

New! —’£ I
IBIS 7.0 ,B’s

IBIS Update

BIRDs Possibly Included in IBIS 7.0

BIRD | Title
147.6 | Back-channel Support
158.7 | AMI Ts4file Analog Buffer Models
179 | New IBIS-AMI Reserved Parameter Special_Param_Names
180 | Require Unique Pin Names in [Pin]
182 | POWER and GND [Pin] signal_name as [Pin Mapping] bus_label
183 | [Model Data] Matrix Subparameter Terminology Correction
184.2 | Model_name and Signal_name Restriction for POWER and GND Pins
185.2 | Section 3 Reserved Word Guideline Update
186.4 | File Naming Rules
187.3 | Format and Usage Out Clarifications
188.1 | Expanded Rx Noise Support for AMI
189.4 | Interconnect Modeling Using IBIS-ISS and Touchstone
191.2 | Clarifying Locations for Si_location and Timing_location
192.1 | Clarification of List Default Rules

Green = currently accepted BIRD

IBIS Update 10
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BIRDs Possibly Excluded from IBIS 7.0

BIRD |Title
125.1 | Make IBIS-ISS Available for IBIS Package Modeling
145.3 | Cascading IBIS I/O buffers with [External Circuit]s using the [Model Call] keyword
166.2 | Resolving problems with Redriver Init Flow
163 | Instantiating and Connecting [External Circuit] Package Models with [Circuit Call]
164 | Allowing Package Models to be defined in [External Circuit]

165 | Parameter Passing Improvements for [External Circuit]s

181.1 | |-V Table Clarifications
190 | Clarification for Redriver Flow

White = currently not an accepted BIRD

IBIS Update 11

BIRD 147.6, Back-channel Support

* Enable back-channel link training messages
between the Tx and Rx executable models to
enable link training to optimize equalization
settings during time domain (AMI_GetWave)
simulations.

* New AMI Parameters:

— BCl_Protocol, BCI_State, BCI_ID,
BCl_Message_Interval _Ul, BCI_Training_UI

IBIS Update 12
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Link Training Back-channel

Waveform
Clock Ticks

Stimulus

Channel

BCI_Protocol = “PCle3g” Back-channel File
Tx AMI Parameters <BCI_ID>_PCle3g.dat

Initial Tx Settings

BCI_Protocol = “PCle3g”
Rx AMI Parameters

Initial Rx Settings

[ BCI_State ]‘\\BCI_State = “Done”
/" \
Training BCI_State = “Training” T
Start Stop
= EDA Tool

B = AMI Models
= Protocol-specific message file

IBIS Update 13

BIRD 158.7, AMI Ts4file Analog Buffer Models

* Touchstone on-die analog models for IBIS-AMI
models directly included from the AMI file,
bypassing the analog model in the IBIS file.

* Same as “TStoneFile” models, now “Ts4file”.

SR pos N User Seup r~
= Vde=v2 . 1 [2] 1]
4-port data file: 4-port data file:
Package Channel Package
. 3 Tsdfile L4l 5| Tsdfile
= vievz
RTR
]—‘—NWi %Re‘ %Re‘

%Re‘ %Re‘ %Rel

N

A

IBIS Update 14
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BIRD 188.1, Expanded Rx Noise Support for AMI

* Bounded (uniform) Rx Noise must be
supported by IBIS-AMI, separately from the
existing Gaussian random Rx Noise parameter.

Parameter: Rx_Noise, Rx_GaussianNoise
Required: No, and Rx_Noise is illegal before AMI_Version 6.0;
No, and Rx_GaussianNoise is illegal before AMI_Version 7.0

Parameter: Rx_UniformNoise
Required: No, and illegal before AMI_Version 7.0

IBIS Update 15

BIRD 189.4, Interconnect Modeling Using
IBIS-ISS and Touchstone

[Interconnect Model Set] Full_ISS_buf pad pin PDN_4

[Interconnect Model] Full_ISS_pad_pin_IO

File IBIS-ISS full pad pin_io.iss full pad pin_IO_typ
Number of terminals = 8

1 Pin_Rail pin_name 1 | VCC_5.0 POWER

2 Pin_Rail pin_name 2 | VCC_3.3 POWER

3 Pin_I/O pin_name 3 | DATAl DATA_MODEL

4 Pin_Rail pin_name 4 | VSS GND

5 Pad _Rail pad_name VCC1l | VCC_5.0 POWER

6 Pad_Rail pad_name vce2 | VCC_3.3 POWER

7 Pad_I/O pin_name 3 | DATAl DATA_ MODEL

8 Pad_Rail pad_name vss1l | VSS GND

[End Interconnect Model]

[Interconnect Model] Full_ISS_buf pad_IO

File TS full buf pad io.s8p | full buf pad_IO_typ
Number of terminals = 8

1 Pad_Rail pad_name VCC1l | VCC_5.0 POWER

2 Pad _Rail pad_name vce2 |

3 Pad I/O pin_name 3 | il i
4 Pad _Rail pad_name vssl | Al |
5 Buffer Rail pin_name 1 |

6 Buffer Rail pin_name 2 |

7 Buffer I/O0 pin_name 3 | @k

8 Buffer Rail pin_name 4 | vVss &N bF——v----r—] e
[

End Interconnect Model]

[End Interconnect Model Set]
IBIS Update 16
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[Thank Youl]

IBIS Open Forum:
Web: http://www.ibis.org
Email: ibis-info@freelists.org

We welcome participation
by all IBIS model makers,
EDA tool vendors, IBIS model
users, and interested parties.

IBIS Update 17
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Interconnect Modeling Update
Using IBIS-ISS and Touchstone

Michael Mirmak
Intel Corporation
michael.mirmak@intel.com

Asian IBIS Summit
Shanghai, PRC
November 13, 2017

Agenda

a History
o The need for improved interconnect support

o Principles of the Interconnect Proposal
— Structure
— Terminals, Models and Sets, and Groups (new)
— New Keywords

o An example explained
o New or changed features
o Summary

Asian IBIS Summit, November, 2017 2
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History

Interconnect Task Group resumed meeting in early 2014
— Received draft BIRD from Walter Katz (SiSoft) to support IBIS-ISS

packages within IBIS

BIRD189.x uploaded (awaiting approval)
— http://www.ibis.org/birds/

— 41 pages with examples

— Sitill resolving some issues

— Comments welcome

Intended for IBIS Version 7.0

Brief overview with some key points is given here

Asian IBIS Summit, November, 2017 3

Why Update Interconnect Modeling?

Improve package models with IBIS-ISS (an HSPICE subset) and
Touchstone support

Package modeling in IBIS stable since 2000

— [Pin], [Package], [Package Model]

— [Alternate Package Models] selector added

— Limited support of loss, crosstalk and/or partitioning

EBD (Electrical Board Description) for boards; No coupling and limited

package model application

IBIS, IBIS-ISS, Touchstone 2.0 and ICM are separate specifications

— Limited interaction between them for package modeling
— ICM (Interconnect Model) never adopted by industry

Asian IBIS Summit, November, 2017 4
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Features of the Interconnect Proposal

o Supports...
— IBIS-ISS and Touchstone models (common in industry)
— Both I/O and supply (POWER and GND) connections
— (New) optional Die pad interface between Pins and Buffers

— I/O pin_names as terminal qualifiers
- May have optional Aggressor_Only designation
— POWER and GND terminal qualifiers by pin_name, pad_name,
signal_name or [Pin Mapping] bus_label for rail connections with direct or
combined terminals

— Many other features not covered here

A few objectives for the
Interconnect Modeling proposal

Asian IBIS Summit, November, 2017 5

Structure of the Interconnect Proposal

NEW!
Y e T —
o --@— H@) | 1VCC_50 POWER
[y @ @ | 2VCC_33 POWER
[Model] buffer @ @)@ | 3DATAL DATA_MODEL .

. IN_Nnames,
definition but o @ @ duss o signei namsés
with explicitly Buffer and ’

. e — Terminals —
identified model_names
termmals o Q- @ | 5VCC_5.0 POWER from the [Pln]
(3 —@—+ +@ | 6VCC_33 POWER k d
@ =) mmm—-) | 7DATA2 DATA_MODEL eywor
o @+ 8VSS GND
S Buffer o - —

Terminals Die Pins
Pad Terminals

Introduces optional Die pad interface for terminals

separate from Buffer and Pin interface terminals

Asian IBIS Summit, November, 2017 6
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Relates to Physical Structures

Buffers
@'
/ On-Die Interconnect
Pads
(at Wirebonds)
' \ =
N/ )
Aggressor_Only
Pins (at Solder Balls) (optional)

One-to-one path connection; Die pad interface optional;

Aggressor_Only designation optional

Asian IBIS Summit, November, 2017 7

Terminals at
Buffer, Die Pad and Pin Interfaces

Original IBIS (4.0 and earlier)
+ Pins are explicit
1VEC_5.0 POWER « Buffer terminals implicit in [Model]
2VCC_3.3 POWER + Die pad terminals same as buffer
3 DATA1 DATA_MODEL terminals
» Packages defined connections
between pins and buffers

T
1

{ 3
.. -
® -

{ 2

Buffer
Terminals

4 VSs GND

Current Proposal
5VCC_5.0 POWER + Die pad terminals are now explicit

6VCC_3.3 POWER  Buffer terminals are now explicit
7oama2 oata_movet ¢ [Pin]s are.... still pins
° | + Separate interconnect definitions
__________ can be created between ...

utter — .  Pin-to-Die pad terminals,

+ Die pad-to-Buffer terminals,
+ Pin-to-Buffer terminals (still)

supported

[ 2
® .

8VSS GND

Asian IBIS Summit, November, 2017 8
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Physical Rails (Can be Merged)

Die pads at
Wirebonds
circled in red

Pin (at Solder Ball)

Asian IBIS Summit, November, 2017

O

O

O

O

O

New Keywords and Subparameters

(Limited Discussion Here)

[Bus Labels] | bus_label

[Die Supply Pads] | pad_name, optional bus_label

[Interconnect Model]/[End Interconnect Model]

— Unused_port_termination <Open | Ref.> | Unused port ref. Z

— Param | parameter passing
— File_IBIS-ISS | names IBIS-ISS file
— File_TS, File_TS0 | names Tstone file
— Number_of terminals=<value> | number of terminals
— <terminal lines> | described later

[Interconnect Model Set]/[End Interconnect Model Set]
[Interconnect Model Set Group]/[End Interconnect Model

Set Group] (New and changed from “Selector”)

Asian IBIS Summit, November, 2017

10
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Interconnect Hierarchy

[Interconnect

[Interconnect
Model Set] Set2

[Interconnect
Model Set] Set2

Model Set] Set1

| Model] ICM1a

S

[Interconnect

\N—/

S

[Interconnect

S

[Interconnect

| Model] ICM2a

| —

S

[Interconnect

S

[Interconnect

| Model] ICM2a

| —

)

[Interconnect

S

| Model] ICM1b | Model] ICM2b | Model] ICM2b
g gy g e S g S S S g
Asian IBIS Summit, November, 2017 11

[Interconnect Model Set]s
[Interconnect Model Set Group]s (New)

a [Interconnect Model Set] <set_name>
— Encapsulates one or more Interconnect Models

o [Interconnect Model Set Group] <group_name>

— References one or more Interconnect Model Sets to be used
together

— Should be used to establish a complete path for selected buffers
— <group_name> helps in identify the buffers that are selected for
simulation
o Some Example Groupings and Applications
— Separate groups: one per interface (e.g., memory, network)
— Separate groups for coupled vs. single-line simulations

— Different sets for different power delivery network complexities
«  POWER connected at single pin, single buffer terminal
« POWER connected through multiple pins, rails to individual buffer terminals

Asian IBIS Summit, November, 2017 12
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[Interconnect Model]

o [Interconnect Model] <interconnect_model_name>
— Connections between terminals with IBIS-ISS or Touchstone files
— Terminal connection points at Buffer, Die pad, or Pin interfaces
— Identifies rail or I/O terminals

— Allows pin_name, signal_name, pad_name, or bus_label terminal
qualifiers for rails (and pin_name for 1/O terminals)

— Identifies whether a coupled signal is only an aggressor or also
“experiences” coupling from other sources

How package and on-die electrical information

is generated and delivered today

Asian IBIS Summit, November, 2017 13

<Terminal lines> Syntax

a All column entries on one line:

<Terminal_number> <Terminal_type>
<Terminal_type_qualifier> <Qualifier_entry>
[Aggressor_Only]

o <Terminal_numbers is IBIS-ISS node position or
Touchstone port number

o Allowable <Terminal_type> names and associations next

Asian IBIS Summit, November, 2017 14

Page 22 of 129




Asian IBIS Summit 2017, Shanghai, China

Allowable <Terminal_type> Associations

<Terminal_number> <Terminal_type> <Terminal_type_qualifier> <Qualifier_entry> [Aggressor_Only]

—

4

v

Terminal_type

Terminal_type_qualifier

pin_name

signal_name

bus_label

Aggressor_Only
pad_name

Pin_I/O

X

A

Pad_I/O

Buffer_I/O

Pin_Rail

X
X
Y

Pad_Rail

Buffer_Rail

Pullup_ref

Pulldown_ref

Power_clamp_ref

Gnd_clamp_ref

Ext_ref

IR A R

<Qualifier_entry>: "X I/O pin_name; “Y,” or “Z”: POWER or GND name. Optional “A”: “Aggressor_Only”

Asian IBIS Summit, November, 2017 15
Example Showing Connections
vDDQ
@ —@ | C1VDD POWER
@—=====-—@  A1DQ1 DATA_MODEL
VssQ
o —0— ~—@ | (2VsS GND
|
@—=====—@ | 7> DQ2 DATA_MODEL
o
oi
Buffer e Pins
Terminals Pad
Terminals
Asian IBIS Summit, November, 2017 16
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[Die Supply Pads] for pad_names
Shown in Example

The [Die Supply Pads] keyword establishes pad_name
<Qualifier_entries> for rails, and associates them with
signal_name (and optionally with bus_label entries)

[Die Supply Pads] signal_name bus_label

| pad_name
VDDQ VDD
VSSQ Vss

Asian IBIS Summit, November, 2017 17
ff = -
Buffer-to-Die Pad Side
[Interconnect Model Set] Full ISS_PDN woa 1
| { 3 —@
[Interconnect Model] Partial ISS buf_pad
| [ ] L ] R
File IBIS-ISS buf_pad.iss buf pad 2_typ vssa
Number of terminals = 10 ..
|
1 Pad I/0 Ppin_name Al | DQ1 (DQ signal)
2 Pad_I/O Ppin_name A2 | DQ2 (DQ signal)
|
| POWER and GND terminals with pad_names and pin_names
3 Pullup_ref Ppin_name Al | VDD (POWER connection) .'
4 Pulldown_ref pin_name Al | VSS (GND connection)
5 Buffer I/0 pin_name Al | DQL (DQ signal) [ @
6 Pullup ref pin_name A2 | VDD (POWER connection)
7 Pulldown_ref pin_name A2 | VSS (GND connection) @
8 Buffer I/O pin_name A2 | DQ2 (DQ signal) b
| .
| POWER and GND terminals with signal names Buffer Die
9 Pad Rail pad_name VDDQ | VDD POWER Terminals Pad
10 Pad_Rail pad_name VSSQ | VSS GND Terminals
|
[End Interconnect Model]
Asian IBIS Summit, November, 2017 18
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[Interconnect Model] for

Buffer-to-Die Pad Side (Expanded)

[Interconnect Model Set] Full_ ISS_PDN

[Interconnect Model] Partial ISS buf pad

|
File IBIS-ISS

Number_ of_ terminals = 10

Pad_I/0
Pad_I/0

|

1

2

|

| POWER and GND
3 Pullup_ref

4 Pulldown_ref
5 Buffer I/0

6 Pullup_ref

7 Pulldown_ref
8 Buffer I/O

|

|
9

POWER and GND
Pad_Rail

10 Pad_Rail

|

[Interconnect Model]

buf pad.iss buf pad 2 typ Flle and SubCiI’CUit
—

pin_name Al | DQ1 (DQ signal)
pin_name A2 | DQ2 (DQ signal)

terminals with pad _names and pin_names <Termina| |ines> for
pin_name Al | VDD (POWER connection) . h
pin_name Al | VSS (GND connection) Conn_eCtl_ngt e
pin_name Al | DQl (DQ signal) - subcircuit nodes (by
pin_name A2 | VDD (POWER connection) position) to the
pin_name A2 | VSS (GND connection) interCOnneCt
pin_name A2 | DQ2 (DQ signal)

terminals with signal_names
pad_name VDDQ | VDD POWER
pad_name VSSQ | VSS GND

[End Interconnect Model]

Asian IBIS Summit, November, 2017
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[Interconnect Model] for
Die Pad-to-Pin Side

[Interconnect Model] Partial ISS_pad pin 2

vbDQ
—— e !
C1VDD POWER File IBIS-ISS pad_pin.iss pad pin_2_typ
Number_of_ terminals = 8
@ ® | A1DQ1 DATA_MODEL
VSS

Y Pin_I/O Ppin_name Al | DQ1 (DQ signal)
Pin_I/O Ppin_name A2 | DQ2 (DQ signal)

o @—mmmmm—€@) | A) DQ2 DATA_MODEL

|
o +®  C2vss GND ;
|
|

3 Pin_Rail signal_name VDD
4 Pin_Rail signal_name VSS
5 Pad_I/O  pin_name a1
6 Pad_I/O  pin_name A2

Pad _Rail pad_name VssQ

|
|
7 Pad_Rail pad_name VDDQ
8
|

Die .
BUffer pad Pins [End Interconnect Model]
Terminals a |
Terminals [End Interconnect Model Set]

Asian IBIS Summit, November, 2017

POWER and GND terminals with signal names

| VDD (POWER connection)
| VSS (GND connection)

| D1  (DQ signal)

| DQ2 (DQ signal)

POWER and GND terminals with pad names

| pad_name with VDD
| pad_name with VSS

20
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[Interconnect Model] for
Die Pad-to-Pin Side (Expanded)

[Interconnect Model] [Interconnect Model] Partial ISS_pad pin_2

File and subcircuit File IBIS-ISS pad_pin.iss pad_pin_2_typ
Number_ of_ terminals = 8

|

1 Pin_I/O pin_name Al | DQ1 (DQ signal)
2 Pin_I/O pin_name A2 | DQ2 (DQ signal)

: : |
<Te|’m|n.a| ||neS> for | POWER and GND terminals with signal names
ConneCtmg the 3 Pin_Rail signal _name VDD | VDD (POWER connection)
SUbCiI’CUit nOdes (by 4 Pin_Rail signal_name VSS | VSS (GND connection)
position) tO the - 5 Pad_I/O pin_name Al | DQ1 (DQ signal)

6 |

|

|

. Pad_I/O pin_name A2 DQ2 (DQ signal)
interconnect
StrUCtUre POWER and GND terminals with pad names

7 Pad_Rail pad_name VDDQ | pad_name with VDD

— 8 Pad_Rail pad_name VSSQ | pad_name with VSS

|

[End Interconnect Model]

|

[End Interconnect Model Set]

Asian IBIS Summit, November, 2017 21

Complete [Interconnect Model Set]
With Both [Interconnect Model]s

[Interconnect Model Set] Full_ ISS_PDN [Interconnect Model] Partial ISS pad pin 2

| |

[Interconnect Model] Partial ISS buf_pad File_ TBIS-ISS pad pin.iss pad pin_2_typ

| Number_of_terminals = 8

File IBIS-ISS buf_pad.iss buf_pad_2_typ |

Number_of_terminals = 10 . . .

| 1 Pin_I/O pin_name Al | DQLl (DQ signal)

1 Pad_1/0 pin_name Al | DQl (DQ signal) 2 Pin 1/0  pin_name A2 | DQ2 (DQ signal)

2 Pad_1/0 pin_name A2 | DQ2 (DQ signal) !

| | POWER and GND terminals with signal names

| POWER and GND terminals with pad_names and pin_names 3 Pin Rail signal name VDD | VDD (POWER connection)
3 Pullup ref pin_name Al | VDD (POWER connection) 4 Pin Rail signal name VSS | VSS (GND connection)
4 Pulldown_ref pin_name Al | VSS (GND connection) 5 Pad_I/0  pin_name Al | DOl (DQ signal)
5 Buffer I/0 pin_name Al | DQ1 (DQ signal) 6 Pad I/0  pin_name A2 | DQ2 (DQ signal)
6 Pullup_ref pin_name A2 | VDD (POWER conmnection) |

7 Pulldown_ref pin_name A2 | VSS (GND connection) | POWER and GND terminals with pad_names

8 Buffer 1/0 pin_name A2 | DQ2 (DQ signal) 7 Pad Rail pad name  VDDQ | VDD is signal name
! . ) ) 8 Pad Rail pad name  VSSQ | VSS is signal name
| POWER and GND terminals with signal names

9 Pad Rail pad_name VDDQ | VDD POWER !

10 Pad_Rail pad_name VSSQ | VSS GND [End Interconnect Model]

| |

[End Interconnect Model] [End Interconnect Model Set]

A

[End Interconnect Model Set]

Asian IBIS Summit, November, 2017 22
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[Interconnect Model Set Group] (New) for
a Selected Group

[Interconnect Model Set Group] Al_A2_ PDN

|

| Interconnect Model Set Name File_reference
Full_ISS_PDN NA

|
[End Interconnect Model Set Group]

[Interconnect Model Set Group] is at same level as [Package Model] for
selected group of Buffer_IO pin(s)

Name should be descriptive for easy selection (e.g., A1-A2_PDN)
Can contain several references to [Interconnect Model Set]s
Sets can be in the .ibs file (NA) or in a separate directories

[Interconnect Model]s within a Group must be connected

Asian IBIS Summit, November, 2017 23

File_TS, File_TSO (New) Issue

o Touchstone files can now be documented with a single
reference (File_TS) or ground “Node 0” reference
(File_TSO0)

— Offering both choices eliminates issue about which is better
— File_TSO0 would not be used for power-aware simulations

o File_IBIS-ISS with S model can be used for more

references, if needed

Asian IBIS Summit, November, 2017 24
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Touchstone Unused Port Termination

o Not an issue with IBIS-ISS — all terminal connections are
required

o For Touchstone files
— Unused_port_termination <Open | Reference>

— Reference: reference impedance reduces the number of
Touchstone ports through matrix reduction

— Open: represents the physically disconnected port
— EDA tools might still provide an interface to override the choices

o Other options still being discussed

Asian IBIS Summit, November, 2017 25

Summary
o BIRD189.x improves IBIS package modeling

o Links IBIS, IBIS-ISS and Touchstone for package models

— Adds flexible support for package loss, crosstalk and partitioning

o Formalizes and separates Die pads and Buffers

o Other extensions (not covered here) included

New advanced Interconnect format for IBIS Version 7.0!

Asian IBIS Summit, November, 2017 26
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Signal Integrity Analysis for 56 G-PAM4
Channel of 400G Switch

Sophia Feng/Vincent Wen of Celestica
sopfeng@celestica.com

Asian IBIS Summit

Shanghai, PRC

November 13, 2017

.:Celestica‘"

Think Bigger. Reach Furlner.

Agenda

» Background

200GBASE-KR4

400GAUI-8 C2M/200GBASE-CR4
CEI-56G-VSR-PAM4

« Conclusion
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Think Bigger. Reach Furlher

r Background

 Celestica focuses on advanced switches, storage and server.

+ The switch bandwidth is moving from 100G to 400G.

+ Data rate is moving from 25 Gbps to 56 Gbps.

« 56G PAM4 SERDES

« 25G NRZ SERDES

Think Bigger. Reach Furlher
r Agenda

» Background

« 200GBASE-KR4

* 400GAUI-8 C2M/200GBASE-CR4
« CEI-56G-VSR-PAM4

« Conclusion
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200GBASE-KR4- Channel Topology

 This channel is between switch chip and PHY chip.

Think Bigger. Reach Furlner.

oI Y h
: SW Card = /0 Card i
1 | — 1 g)l 1 :
H I = ! I !
! Switch Chip Routing 1: 117 P Routing 2: 7" PHY chip |
g g g g g g S S

* Megtron 4 level material is used for the analysis.

Think Bigger. Reach Furlner.

200GBASE-KR4- Frequency Domain Simulation Results

m1

freq=13.28GHz
dB(0.5%(S(2,1)+S(4,3)-5(4,1)-5(2,3)))=-25.660
SDD21_Mask=-30.004

m1

@ 1 & 1
o . = 40—
g % 10
= b a ]
2T an M= 20
g% i oy
=& TE
s T 20
o™ o™

a? 1 28
[l o0
m@: 80— g—ﬁ’) -40-
20 1 2

b £
400 i 50
= =2

[us] T [1s]

= amn = 50

e N EAE B EEE s e BRI o
[\ 5 10 15 25 35 4D [} 5 15 25 35 40

freq. GHz

freq. GHz

» The simulation results are shown above. The channel includes an 11 inch trace on the
Switch Card, a 7 inch trace on the 1/0 Card and one connector. The channel can meet the
200GBASE-KR4 specifications of the passive channel requirements.
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Think Bigger. Reach Furlher

200GBASE-KR4- COM Simulation

¢ Consideration of the 9 FEXT and 8 NEXT crosstalk models to run the COM.

* The crosstalk considers the crosstalk in BGA area and the crosstalk in connector area.

B COM results

» Simulation results show that the 11 inch trace in Switch Card and 7 inch trace in I/O Card
can pass the COM specification with default package model.

Think Bigger. Reach Furlher

200GBASE-KR4- Time Domain Simulation Results(1

» The simulation settings and results are shown in the Table and Figure below. The channel is from switch chip to PHY chip.

11inches in Switch 4.52ps/96mV 4.33ps/95mV 4.33ps/141mV
Card and 7inches 4.71ps/142mV 4.71ps/141mV 4.71ps/141mV
in /0 Card 4.52ps/91mV 4.52ps/90mV 4.52ps/90mV

Density

time, psec

time, pse

Summary

measurement Summary Summary
‘WidthABERD 4.518E-12 WidthAIBERD 4 320E-12 WidIhAIBE RO 4 329E-12
‘WidthABER1 4 TOBE-12 WithAIBER1 4.T0BE-12 WidthAIBER 1 4 706E-12
‘WidthAtBER2 4 518E-12 WiIhAIBERZ 4518E-12 WidthAIBER2 4 518E-12
HeightAIBERD 0086 HeightAIBERD 0091 HeightMBERD 0,085
HeightAIBER 1 0.142 HEIgNAIBER 1 0141 HeighlAIBER] o141
HeightABER2 0.091 HeightABER2 0.090 Height ABER2 0.060
Eye Diagram of Worst corner

Eye Diagram of Best corner Eye Diagram of Typical corner
Simulation results show that the channel including total 18 inches of trace can support 53.125 Gbps data rate.
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Think Bigger. Reach Furlher

200GBASE-KR4- Time Domain Simulation Results(2

» The simulation settings and results are shown in the Table and Figure below. The channel is from the PHY chip to switch chip.

04
03
z
i
(=
&
2.64ps/5mV
11inches in Switch Card
and 7inches in I/0O Card 2.64ps/14mvV
DA~ T O T
o 10 0 30 40 50 &0 0 80
2.45ps/5mV
time, psec
measurement Summary
WidithAIBERD 2 BI5E.12
WidthAIBER1 2 B35E-12
e e
Hmsﬁm 0.014
HelgMAIBER2 0.

Eye Diagram of Worst corner
There is some issues with the time domain simulation of PHY TX and switch chip RX. Celestica is working with the chip
vendor.

Think Bigger. Reach Furlher

Background

200GBASE-KR4

400GAUI-8 C2M/200GBASE-CR4
CEI-56G-VSR-PAM4

« Conclusion

Page 33 of 129




Asian IBIS Summit 2017, Shanghai, China

Think Bigger. Reach Furlher

400GAUI-8 C2M/200GBASE-CR4- Interconnect Modeling

+ The 400GAUI-8 C2M specification has defined the requirement from the host transmit to the test fixture. The
topology is shown in the Figure below. Megtron 7 PCB material has been used in this channel.

]
! PCB Board o

 —
! L :g TF
: Routing: 11.4” =
:Transceiver :

11

Think Bigger. Reach Furlher

400GAUI-8 C2M/200GBASE-CR4- Host Channel Analysis in Frequency Domain

1
:ﬂ =13 28GHz.
B0 5521 514 3)-54, 1152 30,

[SDD21-400GAUIS_D3p2]1, - J=-10.200
[SDD21-400GAUIG_D3p2{2, ~[=-10.200
SDD21_400GAUIS_D3p2(3. ﬁ

5DD21_400GAUIS_D3p2(4, - J=-1

ISDD21 UI8_D3p2(5, -
SDD21-400GAUIS~D3p2|
[SDD21 J15_D3p2|

(6.
7.

sDC2

aB{0 5*(8(2,2)+8(2 A} S(4,

» Simulation results show that the channel, including 11.4 inches of trace, can meet the 400GAUI-8 C2M
specification passive requirements.

12
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400GAUI-8 C2M/200GBASE-CR4 o Rilre
- Loopback Channel Analysis. Topology and 2.5m Cable)

» The copper cable loopback channel topology with 200GBASE-CR4 is shown below.

1
1 1
I PCB Board 3 ~i| PCB Board !
' 1 b & — '
| ] 2 (cabis )| £ 1 |
| Routing: 11.4” : 1 Routing: 11.4" :
1 . 1 .
1 Transceiver ! L Transceiver !
m1
0 A .
_\\ &
20 \ >
\.\‘ i
“] s 2%
F=E
= &0mq \\‘/\ ;ﬁ‘
freq=13.28GHz| 28
aqlli=-26.621 ag
i &
100 in
(=3
3
R B
5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
freq, GHz freq, GHz

» Simulation results show the IL/RL of two 11.4 inch channels with a 2.5m 28AWG cable loop back can meet the
200GBASE-CR4 specification passive requirements.
13

4OOGAU I"8 C2 M/2OOG BAS E“C R4 Think Bigger. Reach Furlner.

- Loopback Channel Analysis. 3 Cable

m1

.20_: .
- (Tl

a
A
%2
2
N
e 28
T=
= s 5N
freq=13.28GHz 28
aqll=-28.001 a3
-100— b I.D
=2
2
B o e L s B B R
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
freq, GHz freq, GHz

» Simulation results show the IL/RL of two 11.4 inch channels with 3m 28AWG cable loop back can meet the
200GBASE-CR4 specification passive requirements.

14
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400GAUI-8 C2M/200GBASE-CR4 e Firh
- Loopback Channel Analysis, COM, 3m

« The channel margin shall be greater than or equal to 3dB after COM calculation for 200GBASE-CR4 Channel.

» 9 aggressor FEXT channels and 8 aggressor NEXT channels on both side of the victim channel are considered
for the COM crosstalk analysis. The major contributors to crosstalk such as traces, vias, cable paddle card are
considered for the crosstalk modeling. The detailed trace modeling with crosstalk is shown below.

B COM results L=l

 Simulation results show that the channel including two 11.4 inch traces with 3m 28AWG
QSFP-DD cable assembly, Case1 can pass and Case2 cannot meet the IEEE802.3cd
Specification COM requirement for 200GBASE-CR4 based on the default package S
parameters.

15

Think Bigger. Reach Furlher

|_—400GAU|-8 C2M/200GBASE-CR4- Loopback Channel Analysis (COM, 2.5m)

B comresuts 0 Il

« Simulation results show that the channel including two 11.4 inch traces with the 2.5m
28AWG QSFP-DD cable assembly, can meet the IEEE802.3cd/D2.2 Specification COM
requirement for 200GBASE-CR4 based on the default package S parameters for both
cases.

16

Page 36 of 129



Asian IBIS Summit 2017, Shanghai, China

400GAUI-8 C2M/200GBASE-CR4

- | oopback Channel Time Domain Analysis

» The simulation settings and results are shown in the Table and Figure below.

Think Bigger. Reach Furlher

11.4inch

3m
28AWG

4.52ps/14mV

4.52ps/14mV

4.52ps/14mV

4.71ps/22mV

4.71ps/22mV

4.71ps/22mV

4.33ps/12mV

4.33ps/12mV

4.33ps/12mV

S RARAREASRAmmsEs s ERy SRERE SEUS) Rmsmaman s s e e ey e
20 20 £ 50 0 70 o

S
80 o 10

time, psec time, prec
Summary measurement Summary Summary
WidthAtBERO 4.51BE-12 . WidthAtBERD 4. -12
WidthAtBER 1 4 TOBE-12 W.‘SMEEE? ‘.‘2}%}3 thABER1 4518E-12
WidthAtBER2 4.320E-12 WidthAtBER2 4 518E12 WidthAtBERZ 4.51BE-12
HeightAtBERD 0.014 HeightABERD 0015 HeightAtBERD 0015
HeightAtBER 1 0022 HelghAIBER1 0023 HeightAtBER 0025
HeightAtBER2 0.012 HeightAtBER2 0013 HeightAtBER2 0013

Eye Diagram of Best corner Eye Diagram of Typical corner Eye Diagram of Worst corner
Simulation results show that the channel including two 11.4 inch traces can support the 3m 28AWG QSFP-DD cable for

7 53.125G rate.

Think Bigger. Reach Furlher

Background

200GBASE-KR4

400GAUI-8 C2M/200GBASE-CR4
+ CEI-56G-VSR-PAM4

« Conclusion
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CEI-56G-VSR-PAM4

- Interconnect Modeling

Asian IBIS Summit 2017, Shanghai, China

19

Think Bigger. Reach Furlner.

» The CEI-56G-PAM4-VSR specification defines the requirement from the host transmit to the external 10
connector. The topology is shown in the Figure below. Megtron 7 PCB material has been used in this channel.
Note that from Host PCB to Connector insertion loss is up to 8.5 dB.

HCB

1

| PCB Board | o

1 — | o

1 L '3

: Routing: 11.4 13
. 1

:_Transcelver '

20

CEI-56G-VSR-PAM4 S

- Host Channel Analysis in Eregliency Domain

AFS(24)514.2))

dB(0.57(5(2.2)+
! sn&z

SCD2%_SDC22

AB(0.5(S(2,2)+6(2 A5 (4,41 S(4,2))
dB(0.5(5(2,2)-5(4.4)5{24) +

S8CC22_mask
dB(0.5°(S(2,2)+5(4 AWS(2.4#5(4,2)))

T T
] 5 0 15 20

treq. GHz

Think Bigger. Reach Furlner.

dB(0.598(2,1)+S(4,3)-8(2,3)-8(4,1)))

] s 10 18
freq, GHz

1
E? 5'(862 1]+S(4 3)-S(2,3)5(4, 1)))[0 ]=7.992
-5 B(0.5%(S(2,1+S(4,3)-5(2,3)-S(4, 1)1, 992
B(0.5 071
BEO 5% 5S 1{:SE4 3;:\52% 33-854 1 ; 069
B ﬂ 5% S S(4,3)-S 4, 398
| .5*(SH d 3 4 1) 5, 400
B .57 S 1 S 4.3 4 1) |
B{0.5"(S(2.1)+5(4.3)-S(2

» Simulation results show that the channel including an 11.4 inch trace with one connector can meet the passive
requirement of the CEI-56G-VSR-PAM4 specifications.
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C E I '56G"VS R" PAM‘4 Think Bigger. Reach Furlner.

< Host Ghannel Analysis in Time Domain

* The simulation results are shown in the table below.

Trace Eye Width/Eye Height Eye Width/ Eye Height
Length (@BER=1e-6 in Sim) (@BER=1e-6 in spec) 5
g
11.48ps/51mV
1.4
. 11.11ps/52mV >=8.28ps/35 mV
inches R
0 10 20 30 40 50 0 70 80
12.05ps/51mV -
measurement ; ; Summaw
WidthAIBERO 1.148E-11
WidthAtBER 1 1111E-N
WidthAIBER2 1.205E-11
HeightAtBERO 0.051
HeightAIBER 1 0.052
HeightAIBER2 0.051

» Simulation results show that the channel including a 11.4 inch trace with one connector can meet the eye height
requirement of the CEI-56G-VSR-PAM4 specification at TP1a.

21

Unlock the Potential of the Future
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Think PAM4

Serdes

Author / Email: Xiaojun Zhou (Bl/N%E) / steve.zhou@huawei.com
Asian IBIS Summit

Shanghai, PRC

November 13, 2017

HUAWEI TECHNOLOGIES CO., LTD.

www.huawei.com

S

HUAWEI

Outline

o Introduction of loss TL

o PAM4 Serdes Architecture

o CTLE characteristics and response

o FFE characteristics and response

o FFE parameter optimization and taps selection
o FFE defects and the advantages of DFE

o PAM4 Serdes Simulation with IBIS-AMI

e Summary

HUAWEI TECHNOLOGIES CO., LTD. Page 2

2 Huawer
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Lossy TL and ISl

» Characteristics of Lossy Transmission Line

iz 1) i(z+Az, 1) ! e
— —_— 1 [m2
o] e freq=105.0MHz
freq=100.0MHz o w20 roup_delay*1e12=4.653E3
o dBsC2)=1208 g2 2 o 3
vz, 1) GAz CAz  viz+Az 1) o g ] ind Delta=1.240E 10
& 2 3 ] dep Delta=-125.042|
_ T _ g 0 froq=12.57GHz . g o Delta Mode ON
° dB(S(1,2))=-19.253 8 ol
R « 1
Az L = Group Delay
y=a+j8=vR+ joLl)(G+ joC) "= ks W we o ,E‘n' R
frea He req, He
RLGC are frequency dependent IL and Group Delay are frequency dependent
« ISI: Channel is band limited, pulse width expands
Input waveform, 1, (1) Individual pulse response. Received waveform, w0, (t)
A Gl
Am:_wualndmd 1 0o 0 o0
Erangle Backpone: L=
N Tronsmitted § ) */\‘ !
£ pha T ] g T =
7 e bol inte
|:> L e et /\
INEREVA -
‘ 7, 7,
Tie ] T N e Sampling points L simptinggoiats .1 L Sampling points |
e, e Sl o ampling poin Sunpling poi
HUAWEI TECHNOLOGIES CO., LTD. Page 3 @VL HUAWEI
<
.
PAM4 Serdes Architecture*
Transmitter Receiver
Equalization Equalization
Pre-emphasis
TX&RX Analog Eqz Digital Eqz
« Linear Equalizer * FFE
« DFE » DFE
* MLSE
oS TTTTTTTT T T T T T T T TR N < = N
1 7
: ] [ o ‘.
! Rxsional m p:ﬁt:r.g Data out: I re sticer Data m:
1 I 1 '
: Variable ! : Variable Analog-  Feed- !
1 Gain L Gain Digital Forward 1
1 Amplifier Ll Amplifier Converter Equalizer !
1 Feedback Lt Feedback !
: Equalizer I i Equalizer :
1 Y
N Analog Based RX S Digital Based RX 0
~ - N e e e e e e e e e e e e e, e, e, ——————— -
[*: Vivek Telang, Equalization for High-Speed Serdes Systems — A System-level Comparison of Analog and Digital Techniques,
IEEE SSCS Technical Seminar, Friday, August 10, 2012]
HUAWEI TECHNOLOGIES CO., LTD. g@ HUAWEI
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CTLE Frequency Response

e CTLE: High-Pass Filter
o The locations of Zeros and Poles determine frequency response
o Zero: Rise at 20dB/decade

CTLE Magnitude Response

o Pole: Drop at 20dB/decade
L I I O R A O R | B R R e St
5 Z1:High Freq Zero ~ 'P1:H.igh “req Pole 1
TS T \
(s+p) -
SionalIn — Sigral . PLF:Low Frefq Pole "," 7
§ 3 ; P2:High Freq\Pole 2
£ L LT ’
H S B 1R
—10 i ZLF:Low Freq Zero
G:Low Freq Gain
=12
Hep = Sl i2n/+ 2, 27+ Zyy
“u N = =22, G+ PGPy 2nf = Puy
-16
Frequency o Frelscency [GHz] ! h
Typical CTLE Reference CTLE in 802.3bs
HUAWEI TECHNOLOGIES CO., LTD. Page 5 g@ HUAWEI

Lossy Channel with CTLE-Time Domain

TX(NO EQ) =) Channel(Loss=13dB) =) RX(CTLE Gain=9dB)

TX signal RX Signal Before CTLE RX Signal After CTLE
04 L 015
o u
Q & 01 0.05
o}
.g z oo z oo z oo
@ i 2u58 Q
o e 3
= o
§ o 03 015 _g)
[%2] w0 365 30 315 330 33 30 315 3% 335 3% 3% 300 305 310 315 330 335 330 o]
S e Tos P s =1
S X Eye RX Eye After CTLE m
R 3
o .
3
c 02
Q
g. z o0 "
=
HUAWEI TECHNOLOGIES CO., LTD. Page 6 2 Huawer
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Lossy Channel with CTLE-Frequency Domain

Magnitude Response

Magnitude Response

Magnitude Response

0 —— Channel 6 _\cns —— Channel+CTLE
B -2
g0 34 3
g B € -16More flat respanse
8 3 N
15 + - —
20
-8
20 -2
0 5 10 15 20 25 0 5 10 15 20 25 5 10 15 20 25
Freq(GHz) Freq(GHz) Freq(GHz)
Group Delay Group Delay Group Delay
3140 2080
—— Channel 10 — CTLE —— Channel+CTLE
120 2070
o
3100 3060
Q 7 -10 @
a & £
> 3080 B 3 3050
© v —20 K
A S H More flat response
5080 g -0 g 040 P
5 & 5
3040 =+ -0 ==3030
2020 -s0 3020
60
o 5 0 5 B 2 0 3 ) 5 B 2 s 0 5 B 2
Freq(GHz) Freq(GHz) Freq(GHz)

CTLE makes in-band response more flat

HUAWEI TECHNOLOGIES CO., LTD.

Page 7
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FFE and Its Response

1ns

BOOmVﬂ(D ﬂ_® ﬂ® J‘f [Stephen h. hall]

Typical 4-Tap FFE

s nid

C-1=-1/12

C0=2/3

C1=-1/6

C2=1/12
as co o
o c2 :é"‘

' H

[ 6
Lt Jc1

Impulse Response

HUAWEI TECHNOLOGIES CO., LTD.

FFE Magnitude Response

FFE Group Delay

Group Delay [picoseconds]

"
5
3

140

120 4

100 4

2 4 6 8 10 12
Frequency [GHz]

4 6 8 0 12
Frequency [GHz]

Frequency Domain Response

Page 8
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Post Tap versus Pre Tap

o Post Tap FFE: [0.65, -0.35], Pre Tap FFE: [-0.35, 0.65]

o Gain=20*l0og(1/0.3)=10.4dB to reach peak gain at Nyquist
frequency

« Different phase response and group delay

FFE Magnitude Response FFE Phase Response FFE Group Delay

5 | - —— Post Tap FFE 300
! " L —— Pre Tap FFE
-2 : } o ] . 200
5 ok % t 7@ =2 ;: 100
B ‘. i
B : -5
| ‘ -100
-10 —— Post Tap FFE 5 —— Post Tap FFE
—— Pre Tap FFE —— Pre Tap FFE
] 5 10 15 20 25 ) 5 10 o 20 25 0 5. 10 15 20 25
Frequency [GHz] Frequency [GHz] Frequency [GHz]
HUAWEI TECHNOLOGIES CO., LTD. Page 9 @@ HUAWEI
o Same TX and Channel but different RX FFE
RX Eye After FFE RX Eye After FFE RX Eye After FFE
FFE=[0.65, -0.35] FFE=[-0.35, 0.65] FFE=[0.65, 0, -0.35]
RX Eye After FFE RX Eye After FFE
N How many taps are enough?
’ How to choose tap values?
FFE=[-0.1, 0.65, -0.25] FFE=[0.65, -0.3, -0.05]
HUAWEI TECHNOLOGIES CO., LTD. Page 10 g@ HUAWEI
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Single Pulse Response of Channel

1L=13dB
Pulse Width=13U1

’ T‘TT‘Trr“"("frrvr ........... SR

IL=26dB
Pulse Width=31U1

i

« The greater loss of the channel produces a lower pulse
response amplitude and a greater pulse width
o When Z(|pre cursor|+|post cursor|)>main cursor, eye closed

%
~

HUAWEI TECHNOLOGIES CO., LTD. Page 11 % HUAWEI

How to choose FFE tap values?

o Adaptive FFE
o ZF: Zero-Forcing
o LMS: Least Mean Square

FFE Taps Convergence Single Pulse FFE Response Single Puise FFE Response

o7

0

os
5 o 0 pre tap+ " 2pre tap+ 2 pre tap+
L 2 post tap 3 2 post tap 5 post tap

02

o1

00

b e - -
FFE coefficient convergence Different number of taps
HUAWEI TECHNOLOGIES CO., LTD. Page 12 Q_!’é HUAWEI
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Time-frequency Response of Optimized FFE

RX signal After FFE RX Eye After FFE

The optimal taps coefficient
produce the best received eye

015
100 075 0s0 025 000 025 030 o075 100
u

Time Domain Simulation

1es
Croup Detay

Multi-Taps FFE can do fine
tuning of gain and phase

Flat Response

[L——

Frequency Domain Simulation

e

Page1s &4 HUAWEI

HUAWEI TECHNOLOGIES CO., LTD.

Digital Based FFE
TX(NO EQ) ESS) Channel(LOSS=190B) =) RX(ADCHFFELT presd post)

TX Signal RX Signal Before ADCANAI0GI Digital Ry signal After ADC RX Signal After FFE
= o7 015
03 03]e
04
7 ° 010
02 2P
L4
02 o, 005
01 011,® e
[
2 00 00 00 b 000
0.1
02 -0l . -0.05
0
3 02 d
04 Los 010
-03
Continuous Wave' 0.4 Sampled Point o1s
365 370 375 380 385 36 38 40 100 170 1800 1850 o 1000 2000 3000
s le-8 oS le-8 Number Number
TXEye RX Eye Before ADC RX Histogram After ADC RX Histogram After FFE
. 015
— . —
0.4 Lo
02 005 1
2 oo 000
02 0,05
=04 —0.10
=t o—
I —0.15
10 05 oo 05 10 -lo 05 oo 05 10 o 1 2 3 4 o 5 100 10 200
u u Count Count
TX Signal RX Input Signal ADC Sampled Signal  Equalized Signal

HUAWEI TECHNOLOGIES CO., LTD. Page 14 g@ HUAWEI
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How many FFE taps are enough?

TX(NO EQ) EEEEEE) Channel(LOSS=26dB) =) RX(ADC+Digital FFE)

Single Pulse Response.

Single Pulse FFE Response

ISI>20U1

Single Pulse FFE Response

single Pulse FFE Response

Frequency Response Compare

Rt signal afer i

HUAWEI TECHNOLOGIES CO., LTD.

Bad Signal

Equalized SPR with Different FFI§

R signa e e

005 .
003
o025
FFE1 FE2 FFE3
| Pre=1,Post=1 eos|  Pre=p,Post=3 eo1 Pre=10,Post=10
>
o
220 » 44 1 20 30 40 50 20 a0 60

X Signa Ater FrE

Better Signal

Page 15

Best Signal

&2 Huawe

The Unique Value of DFE

FFE Impulse Response

Mirrored FFE Impulse Response

Single Pulse Channel Response

single Pulse FFE Response

0.382 0s ors 0.035¢———Smaller
o3 0.150 0.030
Mirroring Con\;olve 0025
0.091
— T * . 00 (] I 3 0075 oot
{ { 1 o050 o010
o0
.0.188 ¢-0.222 | ¢ 0000 0000
Without DFE: smaller main cursor value
FFE Impulse Response Mirrored FFE Impulse Response Single Pulse Channel Response Single Pulse FFE Response
0.412 04 s (0.05 ~Bigger
03 o150 Up 50%
00
" ous
0.098 0100 003 0.032
01
- I '.011 . . 00 fu—t 2 T * o 002 \
1 1 0050 Reserved for
01 002 oo 1 Tap DFE
.0.504 -0.162 02 0.000 000
o 2 4. 6 8 10 0 2 4 6 8 10 o 10 20 30 40 50 10 20 30 40 50
With 1 Tap DFE: bigger main cursor value
HUAWEI TECHNOLOGIES CO., LTD. Page 16 @@ HUAWEI
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The Dead Zone of FFE

RX Signal After FFE

Reflection cause single pulse
ponse tail part distortion

i

hﬁmm;mm

SPR Co

500

1000 1500 2000 2500 3000 3500

mpare
FFE Impulse Response Mirrored FFE Impulse Response Single Pulse Channel Response Single Pulse FFE Response
015 015 0175
0.008
010 010 o150
0125 0.006
005 I I I 005 I I I
T T T T 0100
bt 1 S
| TTT ™ ITTT [T PR don't
~0.05 -0.05 0.050 0.002 converge
Coefficients 0025 /"\
-0.10
don’t converge 0,000 4 e T‘*:
5 10 15 20 o H 10 5 20 0 10 20 30 4 50 60 0 10 20 30 4 50 60

HUAWEI TECHNOLOGIES CO., LTD.

FFE Can ‘t Recover Signal from Resonant Channel

Page 17

&2 Huawe

Multi-Tap FFE + 1 Tap DFE Simulation

RX Signal After FFE

RX Signal After DFE

04 0175 0.03
03 0150
,,| FFEimpulse o125] Channel
response single pulse
0100
01 response
0075
00
0050
-01 0.025
0000 r
13 5 o P B T 1 2 % 4 s 6 7w o w0 a0 oo 00 a0
Number umber
RX Histogram After FFE RX Histogram After DFE
prs
00s 00s -
J—— 0.02
0.04 004 Y
[
00s{  FFEEQ 003 FFE+DFEEQ m%
response response [ —————.
002 002 o1
002
_
001 oo1 —_— 002
L —
000 000 003
) B3 %m0 O
° w2 % w W e 7w T 1 2 % @ % @ 7w i ot
Single Pulse Response Full Channel Simulation

By adding1-tap DFE, the amplitude of equalized signal increases by 50%. For high-loss long-
distance channel, RX with DFE is very important.

HUAWEI TECHNOLOGIES CO., LTD. Page 18

2 Huawer
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PAM4 Serdes Simulation with IBIS-AMI

AMI GetWave (double *yave

Time Domain Waveform

long wave size,

double *clock times,

char **AMI parameters out,

void *AMI memory) Rl
IBIS-AMI API \ e s k|
Sampted-Signal(1Point/Ul)} Histogfam
Pl Dl |
R

Digital Based RX

HUAWEI TECHNOLOGIES CO., LTD. Page 19 &'3

~

HUAWEI

Summary

o With the arrival of the PAM4 Serdes, more receivers change
from analog architecture to digital architecture

« Digital based RX can leverage DSP technology, but RX
becomes more complicated

« The current IBIS-AMI specification is suited for analog based
RX, but lacks support for the digital architectures

« IBIS-AMI is a type of “black box” model that hides the signal
of the internal nodes

+ Need a more general PAM4 simulator to support digital RX
(adc, adaptive dsp, cdr, snr, ser, ber, fec, etc.)

« This presentation illustrates the need

HUAWEI TECHNOLOGIES CO., LTD. Page 20 g

-~

HUAWEI

Page 49 of 129




Asian IBIS Summit 2017, Shanghai, China

Thank you

www.huawei.com
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Comparison of Time Domain
and Statistical IBIS-AMI Analyses

Mike LaBonte
SiSoft

Asian IBIS Summit 2017
Shanghai, PRC
November 13, 2017

%\ SiSoff

We Are Signal Integrity

9 Combinations of TX and RX Model Types

* AMI file has:
* GetWave_Exists = True Best for bit-by-bit simulation
* Init_Returns_Impulse = True Best for statistical analysis
* 3 types: “Init-only”, “GetWave-only”, “Dual”
* 3TX * 3 RX =9 combinations

Case # X RX Convolution Input ‘Staﬂsﬂca\ ‘Time Domain
Exists |Init_Returns_Impulse i Exists | Init_Returns_lmpulse i

1] FALSE TRUE Init-Only FALSE TRUE Init-Only 3 Static TX EQ, Static RX Eq
2| FaisE TRUE Init-Only TRUE FALSE Getwave-Only [10r2 Static TX EQ, Dynamic RX Eq
3] FALSE TRUE Init-Only TRUE TRUE Dual 2 Static TX EQ, Dynamic RX Eq
4 TRUE FALSE Getwave-Only FALSE TRUE Init-Only 3 No TXEQ Dynamic TX EQ, Static RX EQ
5 TRUE FALSE Getwave-Only TRUE FALSE Getwave-Only [1,2,0r 3 No TX or RX EQ.
6|  TRUE FALSE Getwave-Only TRUE TRUE Dual 1 No TX EQ
7| TRUE TRUE Dual FALSE TRUE Init-Only IFFT(FFT(3)/FFT(2))
8| TRUE TRUE Dual TRUE FALSE Getwave-Only [1
of  TRUE TRUE Dual TRUE TRUE Dual 1

We Are Signal Integrity

q s i s F ;
' 1wO0rt
Nov 2017 IBIS-AMI Analysis Comparison 2
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Simulation limitations
_Correct equalization of TX and RX modeled

Correct equalization of TX and RX modeled: Assumes no adaptation in TX
Assumes Static RX Equalization is a good representation of the RX: No adaptation
Assumes Static RX EQ is a good representation of the RX: No Adaptation, Requires advanced math capabilities in Simulator

Equalization data is missing

Case # X RX Statistical Time Domain
1 |Init Model Only Init Model Only Static TX EQ, Static RX EQ
2 |Init Model Only Getwave Model Only Static TX EQ, Dynamic RX EQ
3 |Init Model Only Dual Model Static TX EQ, Dynamic RX EQ
4 |Getwave Model Only |Init Model Only No TX EQ Dynamic TX EQ, Static RX EQ
5 |Getwave Model Only |Getwave Model Only [No TX or RX EQ
6 |Getwave Model Only |Dual Model No TX EQ
7 |Dual Model Init Model Only
8 |Dual Model Getwave Model Only
9 |Dual Model Dual Model

\ Nov 2017

IBIS-AMI Analysis Comparison

A\ SiSoft

We Are Signal Integrity

Time-Domain Simulation

* Inputs:
* Channel and buffer Impulse responses
¢ User-defined input stimulus
¢ Algorithmic models (AMI_GetWave)

Analog Channel

Impulse Response

Stimulus

User Settings

* Analysis Method:
¢ Waveform processing & convolution

* Outputs:
* Bit pattern waveforms
Persistent eye diagrams
Eye height / width measurements
Eye contours @ probabilities

|
!

Time-Domain
Engine

I

AMI_Getwave
AMI_Init

X

N

I

AMI_Getwave
AMI_Init

RX

Equalized / unequalized responses

\ Nov 2017

IBIS-AMI Analysis Comparison

N SiSoft

We Are Signal Integrity

Page 5
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Statistical Simulation

° Inputs: Analog Channel

* Analog channel impulse response :
* User selections for model parameters I
* Algorithmic models (AMI_Init / impulse &

response processing) Impulse Response User Settings

| | ‘
* Analysis Method: : - ' s
+ Convolution engine (pulse response) RN
Engine — —
* Outputs: I I o —
* Statistical eye diagrams b -
* Eye height / width measurements |
* Eye contours @ probabilities AMI_Init AMI_Init = —
* Equalized / unequalized responses

IBIS-AMI Analysis Comparison We Are S/gna! lnfegrf!y

e 4 SiSoff

Which IBIS-AMI Model Type is Best?

* Need to evaluate suitability for modeling:

* Impairments: The factors that harm the signal
* Mostly in the channel
* Statistical analysis has advantages

* Corrective measures: Signal improvements
* Mostly inside the SerDes

* Time domain has advantages

IBIS-AMI Analysis Comparison We Are S/gna! lnfegrf!y

e 4% SiSofy
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Impairments To Be Modeled

» Inter-symbol interference (ISI) Signal distortion (linear and nonlinear)
Crosstalk Electromagnetic coupling in passive interconnect
Receiver sensitivity Low signal amplitude causes decision latch to fail clock-data timing
Additive White Gaussian Noise (AWGN) Shot noise in receiver amplifiers

Clock Impairment Physical Cause

» Random Jitter (RJ) a. Shot noise in oscillator gain element
b. Power supply noise modulating gate delays

Duty Cycle Distortion (clock) (DCD) For half rate clock, duration difference between positive and negative
half cycles

Duty Cycle Distortion (data) Difference between data rise and fall times

Sinusoidal Jitter (SJ) Clock noise on power supply modulating gate delays

a SiSoff
\ Nov 2017 IBIS-AMI Analysis Comparison 7

We Are Signal Integrity

Corrective Measures To Be Modeled

Corrective Measure Time Domain Behavior

» TX FFE May adapt in time domain, but this is rare
RX CTLE Linear, time-invariant (LTI)
RX AGC Adapts in time domain
RX Saturation Not adaptive, but not time-invariant either
» RX DFE Adapts in time domain
Others...

a SiSoff
\ Nov 2017 IBIS-AMI Analysis Comparison 8

We Are Signal Integrity
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Inter-Symbol Interference (ISI)
Impairments

We Are Signal Integrity

a SiSoff
\ Nov 2017 IBIS-AMI Analysis Comparison 9

Step Response Analysis

T

sisoft_serd
iSOf_AMI_Tx x
iSoft_AMI_Tx isoft_serde:
00.0ps - SerDes. w4 iSofi_AMI_|
one stripl p iSoft_AMI_|

0 SSoR oo, S s
e
// rolloff
/
\/
T T

7 4
T T T T T T T T T T T T T T T T
o o o 150 1 Ymm ato 20 EA a0 (hq sisort..
\ Nov 2017 IBIS-AMI Analysis Comparison 10

We Are Signal Integrity
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Pulse vs. Step Responses

Tx

sisoft_serdes

SiSof_AMI_Tx R
SiSof_AMI_Tx ft_serdes
100.0ps - SerDes. w4 SiSofi_ AMI_R:
None stripline_bp92 SISOft_AMI_R:

SW4:Length

—

107, 10 Gb/s

8 SiSof

+—_ Reduced

height
¢ .| Sharp

attack
T T T T T T T T T T g
\ Nov 2017 IBIS-AMI Analysis Comparison 11

We Are Signal Integrity

RC

/ rolloff

Channel Pulse Response

(Relatively) short rise time

\ Peak voltage < Step response voltage

—

Long tail

/ Ringing

/

T T T T
00 100 00

* Requires accurate Tx/Rx analog models to correctly
predict ringing impairment due to reflections

a SiSoff
\ Nov 2017 IBIS-AMI Analysis Comparison 12

We Are Signal Integrity
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Aligned Pulse Response and IS

Hula hoop algorithm determines clock sampling time and main cursor height.
This is the maximum possible inner eye height.

zzzzzz

Voltages at these points subtract from
] the eye height at the sampling point. Inner Eye Height =

main_cursor — Z |ISL_voltages|

* Voltage and time scales show ISI contributions
* Useful in evaluating EQ & predicting eye opening
1 Q. 4
D W SiSoft

\ Nov 2017 IBIS-AMI Analysis Comparison We Are Signal Integrity

Statistical ISI Inner Eye Quick Calculation

i SiSof Pulse Response
s SISof_AM R S AML_TX i SiSof Bathtub Curve Set
- - SISO_AHI_Rx, SISoft AM_Tx

500.0— \

\
\

4000
3000 {
20007 / yi:(113.199mY)

1000

Volts (V)
Volts ()

Pronatilty

72V, 1.085E15)
8V, 5.874E-6)

0 0550V, 5.874E.6

y1: (33430mY) y1- Q16.850my)

o winin T T
I B B B e e e e s S e e P
10 0 10 20 20 40

Time WD Time (D,

Prediction: 580mV Simulated Actual: 550mV

Inner Eye Height = main_cursor — X |ISI_voltages|

A quick calculation gets us close, but small amounts of energy in the tail add up

y SiSoft
— W SiSoft
Nov 2017 IBIS-AMI Analysis Comparison 14 We Are SJ’gna! !nfegrity
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Time Domain ISl

* Time domain waveform i oo b
from impulse response

* Bit pattern modulated

Data Multiplier

SR

* Linear superposition

1 x 0
* LTI assumed 1 ox 0
0 x -0

Example bit pattern: 11010

W SiSoft
\ Nov 2017 IBIS-AMI Analysis Comparison 15

We Are Signal Integrity

Statistical IS sy 5 -

8 SiSof

040 ‘ Probability -

Inverted pulse response » Mf'

Pulse response

"
W SiSoft
\ Nov 2017 IBIS-AMI Analysis Comparison 16

We Are Signal Integrity
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All Possible LTI Combinations Evaluated
(e

A
Each possible A “ e i
A amplitude is the A = dfzrﬂ .
convolution of the data® & “* A 4 “‘
stream d_ with the L) d = {_1 1} ——
cursors r, > —\-b-

& Probubuifju
2 A A A A A Al A 4 g
£ .
< ;

*1] - T
All equal probable combination of cursors

a SiSoff
\ Nov 2017 IBIS-AMI Analysis Comparison 17

We Are Signal Integrity

Short channel, i
Minimal IS <]

Medium channel, | - | R —
Moderate IS \ - Q

Long channel,
Extreme ISI

a SiSoff
\ Nov 2017 IBIS-AMI Analysis Comparison 18

We Are Signal Integrity
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Accounting for All ISI Scenarios

* A 28Gbps link may have a bit every 0.2 inches

* Many bits can be on the channel at once

* With reflections that number is multiplied

* Required impulse response may be many Ul in length
* The bit pattern affects how these interact

To completely model all possible ISI scenarios we must try
every possible bit pattern for the number of Ul needed to
capture all significant ISI

q s i s F ;
' 1wO0rt
Nov 2017 IBIS-AMI Analysis Comparison 19

We Are Signal Integrity

Can We Account for All ISI Scenarios?

* Theoretically need to try 2N patterns, where N is the
number of Ul before ISI becomes insignificant

* Example: 24 Ul NRZ impulse response must simulate
224=16,777,216 patterns, each 24 Ul in length, total of
402,653,184 bit computations

* Time domain simulation

* N-length patterns tested sequentially =1 - ‘ el

* PRBS helps reduce redundancies

* Often able to simulate only a fraction of cursor combinations

~ » Statistical analysis
* Able to directly calculate all 2N cursor combinations
* Efficient computation of channel response, not a circuit

\°MayNOsvtle1I7have a practical upper limit for N 20 h\q slsoﬁ

IBIS-AMI Analysis Comparison We Are S/gnaf !nfegrf!y
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Jitter and Noise Impairments

a SiSoff
\ Nov 2017 IBIS-AMI Analysis Comparison 21

We Are Signal Integrity

Jitter and Noise in IBIS-AM|

* IBIS 6.1 provides multiple TX & RX impairments

* TXjitter directly modulates the TX output

* Simulators jitter the stimulus pattern sent to the TX in Gaussian Voltage Noise
time domain simulations

* Statistical analysis convolves jitter with eye diagram

* RXjitter affects recovered clock behavior

* Simulators combine jitter data with clock
information returned by the RX

« Statistical analysis convolves jitter with eye diagram

i H i TX Jitter RX Jitter
* RX noise affects sampling latch data input DL R). . Si_Freq, DCD DL, Rj. i, DCD

* Jitter and noise are handled by the simulator,
not by the models

a SiSoff
\ Nov 2017 IBIS-AMI Analysis Comparison 22

We Are Signal Integrity
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Time Domain Eyes With and Without Tx Jitter

8 SiSofy Persistent Eye Diagram

Only Impairment is
Inter-Symbol
Interference (ISI)

Random litter
(Tx_Rj)=0

le-3

8 SiSofy TD Persistant Eye, Tx Rj-0.05U1

ISI + Jitter
Tx_Rj =0.05UlI

le-3

o] Bk ; : o
W SiSoft
\ Nov 2017 IBIS-AMI Analysis Comparison 23

We Are Signal Integrity

Time Domain: How Many Bits to Simulate?

1,000 Ul 10,000 Ul

s Persistnt e TeRj-00501 s

00 — had o = - - ‘ he-s
W SiSoft
\ Nov 2017 IBIS-AMI Analysis Comparison 24

We Are Signal Integrity
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What Maximum BER Can We Tolerate?

* |EEE-802.3bj-KR4 FEC on le-5

* |[EEE-802.3bj-KR4 FEC off le-12 if low latency required
* OIF-CEI-56G FEC on le-4

* OIF-CEI-56G FEC off le-20

* PCle-G3 le-12

* PCle-G4 le-12

* DDR4 le-12 eye mask rules

* DDR5 TBD

a SiSoff
\ Nov 2017 IBIS-AMI Analysis Comparison 25

We Are Signal Integrity

How Many Error-Free Bits for 1e-12 BER?

It’s Not 1e12

Maximum BER le-12 le-12 le-12
Error-free Bits Simulated *[2] 3.00e12 3.69e12 5.30e12
4 Sisofy 3.69e12 Bit Wavefor: m
s 3.69TUI

1 million bits

73 |—"] (you are here)

keep going ...

rrrrrrrr

L A SiSofy

IBIS-AMI Analysis Comparison 26 We Are Signa! lnfegrity
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Statistical Eye With ISl and Jitter

BER = le-6 BER = le-12

Contour Contour
M SiSofi Statistical Eye

00000

E 0.0 100.0 150.0
" Time (o)
\ BER = 6.44e-21 =
‘ aw SiSofi
\ i 100rt
Nov 2017 IBIS-AMI Analysis Comparison 27

We Are Signal Integrity

Tx Corrective Measures

7
’ W SiSoft
\ Nov 2017 IBIS-AMI Analysis Comparison 28

We Are Signal Integrity
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Desired Pulse Response for Low ISI

i SiSof Pulse Response

- Sampling clock position
Pulse energy should be confined here

Any energy here causes
Inter-Symbol Interference (ISl)

e

,,,,,

T
20

0wl 10w
T T T T T T T T T
20 00 1.0 30 a0
Time WD
a SiSoff
\ Nov 2017 29

IBIS-AMI Analysis Comparison We Are S/gnaf lnfegri!y

Tx Feed-Forward Equalization (FFE)
x[n] -1 1
* Usually implemented as taps spaced I 8 1
at the signal data rate Yba b, b VL
@—w

* Can precede the signal (pre-cursor),
follow the signal (post-cursor), or both

* Typical configuration is 1 pre-cursor, 2 post-cursor taps

IBIS-AMI Analysis Comparison We Are Sagnaf lnfegn!y

\ % SiSoff
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TX FFE Equalization (1%t post-cursor)

. i SiSofi” Step Response
* Goal: boost high frequency e R ST
content .
* Transition occurs at full strength, \;i
then driver “pulls back” for Increasing EQ
subsequent bits 1o

* TX EQ is often referred to as de-
emphasis

* TX EQ always reduces the energy
sent into the channel

\ Nov 2017

A\ SiSoft

IBIS-AMI Analysis Comparison We Are S/gna! lnfegri!y

AMI_GetWave Models Can Process
Equalization Directly in Time Domain

i SiSofi Time Dom, X_a2_
Waveform:

AMI_GetWave can be used only for time domain analysis of equalization

T T T T T T T T T T
1.0 150 2.0

Time (ns)
eeeeee

N I\ SiSoff

IBIS-AMI Analysis Comparison We Are S/gna! lnfegri!y
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AMI_Init Can Return Impulse Response for
Equalization

b 5iSof¥ Statistical: 02TX_a2_s
Step Respanse: VTX1to ARX1_Prabe

Vs ()

Assuming an LTI system, the impulse response can be used
-030 for both statistical and time domain analysis of equalization

0.20 0.40 0.60 0.80

L
W SiSoft
\ Nov 2017 IBIS-AMI Analysis Comparison 33

We Are Signal Integrity

EQ Example: 20 inch channel, 10 Gb/s

8 SiSofy

153700

s
E

-s00-]

100
00 B —
AL
0 20 w0 wo 20 e 40 20 00 20

1
T T
0 60 a0 100

ra

15.3 dB loss 12+ bits of ISI No EQ = No eye

W SiSoft
\ Nov 2017 IBIS-AMI Analysis Comparison 34

We Are Signal Integrity
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Sweeping the 1% Post-cursor Pulse Response

Case Cursor 1stPost
1 1.0 0.0
2 0.9 -0.1
3 0.8 -0.2
4 0.7 -0.3
5 0.6 -0.4

* Which case will give us the
best eye?

\ Nov 2017

il SiSoft Pulse Response
SiSof_AMI_Rx, SiSof_AML_Tx
400.0—
0.0
< 2000
B ]
E ]
= |
1000
B \/
noul
T T T T T — T T
20 o 20 40 60 0
Time (U

IBIS-AMI Analysis Comparison

_ i\ SiSofi

We Are Signal Integrity

Using Pulse Responses to Find TX Equalization

E Row Txtap_filter.0 !I Txtap_filter.1 !I Stat Eye Height (V) !I P
i Statistical Eye Di
e [rie) Yie s oot Ao, S0t A Tt

L ! [ g 200.0°

2 9 -1 0 1,962
K g -2 0 070R985 I

4 7 -3 0166147

5 6 1 0.126204 - ' e
I

it SiSof \sn:i‘:r ------- - % o o %
1.3E-T

.

Tima b

\ Nov 2017

2000

1.4E-45

0 020 040

Time (U

Full Time Domain analysis not required ‘

IBIS-AMI Analysis Comparison

0.60

W\ SiSoff

% WeAre Signal Integrity
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AMI_GetWave Can Also Model Time-Variant
Effects

el veamwmon

RX DFE action visible in eye diagram

RX Decision Feedback Equalizer (DFE) taps

» Adaptive corrections
* DFE
* CTLE
* AGC

* Non-Linear Impairments ;
* Saturation = oSS osssssssssmsm., ¢

y SiSoft
— W SiSoft
Nov 2017 IBIS-AMI Analysis Comparison 37 We Are Signa! !nfegri!y

Using Both Time Domain and Statistical
Analysis

* No single analysis method
models all impairments and all
corrective measures well
enough

* Many helpful techniques, eg.:
* Statistical extrapolation of time
domain
* Get adapted settings from time
domain and apply to statistical
(can reduce Ignore_Bits)

* Approximate adapted DFE in RX
AMI_Init

W SiSoft
\ Nov 2017 IBIS-AMI Analysis Comparison 38

We Are Signal Integrity
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Conclusions

* IBIS-AMI time domain simulation with AMI_GetWave can precisely
model non-linear effects such as DFE and saturation.

* But it can be impossible to simulate enough bits in time domain to prove the
low BER requirements of some technologies.

* IBIS-AMI statistical analysis can quickly evaluate very low BER.
e But it can not precisely model time-variant effects such as DFE and saturation.

* |t is good practice to use both analysis methods.

y SiSoft
— W SiSoft
Nov 2017 IBIS-AMI Analysis Comparison 39 We Are S/gna! lnfegri!y

Thank You

* Much content copied from:

* Pragmatic Signal Integrity Boot Camp
* Donald Telian, SiGuys
* Michael Steinberger, SiSoft
* Tripp Worrell, SiSoft
* Todd Westerhoff, SiSoft
e Graham Kus, SiSoft
* Eric Brock, SiSoft

* DesignCon 2017, Santa Clara, CA

* References
[1] Anthony Sanders, Mike Resso, John D’Ambrosia, Channel Compliance Testing Utilizing Novel

Statistical Eye Methodology, DesignCon 2004
[2] Jeruchim, Michel C., Philip Balaban, and K. Sam Shanmugan, Simulation of Communication

SyStemS, Seco d Ed|ti0n, NeW YOI k, KluWe Acade |iC/F |enu n, 2000
40
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ZTE

A Way to Evaluate post-FEC BER based on IBIS-AMI Model

Yu Yangye, Guo Tao, Zhu Shunlin

Asian IBIS Summit, Shanghai, China, November 13, 2017

Agenda

B Introduction

® Error Propagation Theory
B A Simulation Case

B Summary

............ N ZTE
2 - i
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Introduction

200/400&800 Gigabit Ethernet is urgently needed in carrier network
Higher data rate requirements for 56Gb/s,even 112Gb/s

| seebss |

[ 25Gb/s ] IEEE802.3bs/OIF CEI 56G

IEEE802.3bj/OIF CEl 25G

[ 12.5Gb/s ]

[ 10Gb/s ]

v

2010 2013 2015 2018 2020

3 P — ZTE

Introduction

Besides equalization techniques, some new techniques have been used for
SerDes systems in order to meet 100GE- 400GE-800GE specs

Higher Data Rate: 25Gb/s to 56 Gb/s to 112 Gb/s

A

Equalization:

De-emphasis+CTLE+DFE  Fanny Modulation: NRZ or PAM4
Forward Error Cgrrection: FEC

IC Architecture: (optional vs. forced) ©

Analog based architecture

DSP based architecture How to use it

in simulation?
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Introduction

The Forward Error Correction (FEC) has been used to Increase serial link
system budgets and relaxing BER requirements

it (6.7%) 1]
: ——G.709 - RS8(255,239)
. COde Ga|n ~—— KR4 - R$10(528,514)
107 || = KP4 - RS10(544,514)
~—— BCHXBCH(1020,988)

Gain vs Higher Frequency

® Time
Serial Link Latency

Oulput BER—
3,

S,

® Complexity ‘,

Area and Power

10° 10° 10* 30" 10° 10°
Input BER —

Target (OIF-56G-LR)
2.2e-4 without FEC
1le-15 with FEC

Introduction
® Important FEC codes
E. Low
S Density
% Parity
45 Check  Reed
g Bose Solomon
= Chaudhuri
5 .
° Hocquenghem ire
o
@ Hamming
Random Errors Burst Errors

Recently adopted FEC

® Fire Code (1604, 1584) — OIF CEI-P

® QC Code (2112,2080) — 10GBASE-KR

® RS (528,514,7) over GF(2'%) — 100GBASE-KR4
® RS (544,514,15) over GF(2'%) — 100GBASE-KP4
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Introduction

® What can we get from simulaiton based on IBIS-AMI model?

Available

Eye Diagram
Waveform
Contour
Bathtub

Absent

BERCOntour

VoltageBathtub 4
SR P YO
i |

® postFEC BER

Height 0245
Width 2.286E-11
SNR 6811
1482611

0210

WidhABER
HelghtABER

Introduction

® Current Problems
» FEC is a forced function in 400GE and 800GE system
» There is no FEC function model in the IBIS-AMI yet

® System Vendor Requirements

» IBIS-AMI models can be used for FEC simulations
» postFEC BER

We proposed a new solution evaluated the postFEC BER using FEC model
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Introduction

® Suggested Solution Process

Random model

BER,,,,
AMI Model
I Eye SNR=EA/0 |
“|__diagram “
Passive
Channel P
FEC Model — BER s
Mixed model
Agenda

B Introduction

B Error Propagation Theory
B A Simulation Case

B Summary
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Error Propagation Theory

® Random Error

* The presence and the location of the error satisfy the random distribution
* The errors are independent of each other

* Usually caused by the random noise of the channel, AWGC channel

* Random errors are generally single bit.

® Burst Error

* The error contains a series of bits, the first and last bit in an error are always wrong
* There is a certain relationship between the error bits

* Caused by some structures, such as DFE, Scrambler

* The length of the error is called the burst error length

® Mixed Error

* Channel contains random error and burst error
* We consider the channel as random error channel without DFE, otherwise the channel
is a mixed error channel

11 P — ZTE

Error Propagation Theory
® DFE diagram

« If all DFE state registers were
right, error probability is
decided by slicer SNR

« If ith-cursor were wrong,
generate a (2*Posi) voltage

deviation

- * The output of DFE is associated

with the previous N-bits

information, where N is the
number of DFE taps

Before

1%

DFE

Output l After

V= 2%Posi
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Error Propagation Theory

® Many methods are used to analyse the error
propagation such as

» Monte-Carlo simulation

» Markov chain model

> Error Propagation theory

@ Decision feedback equalizer (DFE) is
widely used to reduce ISI

@ However, this structure induces burst
errors in channel

@ The increased input BER performs a
penalty on FEC coding gain

, @ Trade off between n-Tap DFE and high

LT v 4 b5 i 05 U | coding gain FEC

Pos1/Main

Error Propagation Theory

® FEC analysis for random error channel
» Raw BER is decided by the channel SNR

VSNR
V2

» Every RS-FEC symbol has m-bits, thus the error symbol rate is

1
BER,, = Q(/SNR) = Serfe( )
SER ., =1-(1-BER,)"

» RS-FEC can correct t-symbol, the Probability of un-correction in
FEC symbol is

=1

» The output BER is

BER,m.n =1- (liPUE)%V = Puu/m
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Error Propagation Theory

® FEC Gain for Several RS Codes

w m— ® Without FEC, ~18dB SNR is needed to
ReiTs722) get 1e-15 BER

N T 752?5%5%3 ® Code with larger t can get higher net
TS coding gain (NCG)

g B ® At BER 1e-15, t=2, 3, 4, 6 RS codes can
B ™ get 3.6dB, 4.4dB, 4.8dB, and 5.5dB NCG,

respectively
- \ ® The result is too idealistic because the

model just considers the random error

10 1" 12 13 14 15 16 7 18 19 20
SNR of slicer(dB)

Error Propagation Theory
® FEC analysis for 1-tap DFE channel
» Raw BER is decided by the channel SNR
1 \SNR
BERW:Eerfc( N )
» The error propagation probability (Pep) is
_ 1| ((+2b,/b,WSNR [ (1—2b, /b, W SNR
pr = 4{6}7&[ «/E ]+erfc[ \/E ]:|
b1/b0 is the ratio of Pos1 to main
» Error propagation follows the Markov chain probability of
(k+1) consecutive errors and is
» Calculate the postFEC BER
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Error Propagation Theory

® Coding Gain Vs. Tap coefficient

® When Pos1/Main increase, FEC
coding gain decreases

® RS codes with larger t can get
higher gain

® Gain drops more rapidly for RS
codes with small t because they
cannot correct the long errors
effectively

® RS(528, 514, 7) can get about

* postiain 5.8dB gain for random error
channel, consistent with 802.3bj ad
OIF-25G standard

Coding Gain at BER 10e-15

Agenda

B Introduction

B Error Propagation Theory
B A Simulation Case

H Summary
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A Simulation Case

® Acquisition of SNR

Eye Probe
Eye_Probe1

Sap
ComponentName="xilinx_7gbx.tx" e
bt Type<Tolchstofe
ModelNeme="li_Tabe 1"

SetAlDat=yes

DatalypeSelector=Typ

UsePkg=yes

BitRate=10 Gbps;

01) (Dot 0)
)

(@esasis 1)
o T
)

T T mteue )

Simulation with IBIS-AMI model

Using the optimal tx emphasis parameters
Using the optimal rx equalizer parameters
Getting the best eye diagram

19 e e R 0 e 35634 s S AT ZTE

A Simulation Case

One level ‘ 40-60% Region . N
histogram 15 :
mean

Upper half

Eye Amplitude
. Eye Height;

!

Zero level
histogram
mean

Lower half

® SNR=S/N=S_amp/(N_sigmal+N_Sigma0), where S_amp=signal amplitude
® S_amp: 1 level histogram mean - 0 level histogram mean
® N_sigma: 1 sigma value

20 — .
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A Simulation Case

® Comparison
el
2
5
[a]
R e R R R e RN RERER EEES
o 10 20 30 40 50 60 70 80
time, psec
2
B
2
&
a]
R e NN s EEEEs e ES e e
o 10 20 30 40 50 60 70 80
time, psec

©ZTE Allights reserved
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® DFE impacts
are obvious on
eye diagram
quality

ZTE

A Simulation Case

® Results for RS(528, 514, 7)

Pos1/main=1

® The BER increases with the tap coefficient

of error floor

©ZTE Allights reserved

22

_ SNR=12dB SNR=13dB SNR=14dB SNR=15dB
BER

post

BERpre 3.43e-5 3.97e-6 2.70e-07 9.36e-9
Random (Pos1/main=0) 3.53e-14 1.30e-21 5.98e-31 1.27e-42
Pos1/main=0.5 3.82e-14 1.41e-21 6.48e-31 1.70e-42
5.29e-14 2.06e-21 7.13e-24 2.48e-25

® The error propagation probability increases while the DFE tap coefficient becoming larger

® Larger SNR shows more obvious change as shown by the relatively low BER and the effect

ZTE
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Agenda

B Introduction

B Error Propagation Theory
B A Simulation Case

® Summary

23

Summary

® We proposed a method to evaluate the postFEC BER for a system
® To achieve the simulation in the common EDA Tool based on IBIS-AMI model, we
appeal to all the members to solve the problem together.

System
vendor
* Channel
parameters//'
postFEC BER
simulation:
reliable
hi accurate
Chip Eda tool
vendor speed Rler
« FEC Model | vV
basediC - N
architectur “_BER /
e ’ Lhpe -

24
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Summary

3

» An analysis method is performed combining AMI model and FEC function

» FEC function modeled based on error propagation theory
» SNR calculated through EDA tool with IBIS-AMI model
» Calculate the postFEC BER

» Advantages: SNR contains multiple effects of chip and channel; each part

can be optimized separately

» We appeal to all the members to solve the problem together

=~ ©ZTE Allrights reserved

ZTE

Thank you
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-~ x 1

Characterizing and Modeling of a
Linear CTE

Skipper Liang
Asian IBIS Summit
Shanghai, PRC
November 13, 2017

cadence

To Divide a RX Circuit:

For modeling a RX circuit, we usually need to separate the whole design into buffer part and
algorithm part: t ,J T
PC

e s
1777

PC
AGC +

°__|_GTCZ'1 N 21| cte [°
13 !

Modeling to IBIS model Modeling to AMI model

1. Question 1: What'’s the value of Z1 and Z2?
2. Question 2: What if the whole design is described in an encrypted netlist?

cadence
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IBIS model

- generated from AMI generation tools

Name | Date modified | Tvpe sze
SRC 8/11/2017 423PM  Fie folder

&) buid_ami.log 8/11/2017 4:24PM  LOGFile 5KB
&) edns_tx_rx.ibs o= 8/11/2017 4:24PM  IBS File 3KB
(2] Rx L.ami = 8/11/2017 4:23PM AMI File 3KB
(%) Rx1.dl 4— 8/11/2017 4:24PM Application extension 3,321KB
|| RxL.module 8/11/2017 4:23PM MODULE File 1KB
0% R Lmodule.wiz 8/11/20174:23PM  Microsoft Word Wiz... 1KB

Many AMI generation tools will generate an IBIS model along with the AMI models
generation:

1. Question 1: Can we use this IBIS model? YES
2. Question 2: If yes, is there any requirement of the circuit while modeling this
circuit in this way?

The circuit should be a RX one composed of linear components.

3. Question 3: If my circuit could meet the requirement list above, how to do the

modeling?
Detailed in the following pages
cadence
H H
Thevenin’s Theorem
Thévenin's theorem
From Wikipedia, the fee encyclopedia
e and current sources and only resstances can be replaced at lerminais A.8 by an e 5 Vi n series an = e ] o

70|+

the network with terminais A8 open circused
circut between terminals A and B wouid have if all

o N A R R BRSNS 0 8 0800 1O

e ancther, he current foming from A10 B wl be Ve, Thi that Ry could y be calculated a5 Va, v <ircut
connected togemner

In €12t theory terms, the theorem allows any one-port Network 10 be reduced 1o a single VOIAge SourCe and a sgie Impedance.

The thearem aiso. aG reactive and e 1 means the theor ACIn ¥ 10 DG except that
resistances are generaized 1o mpedances.

In short: V- = The voltage across the Port — “node A and
B” while treating the Port — “node A and B”
as OPEN

Isc = The current goes into node A and leaves
node B while treating the Port — “node A
and B” as SHORT

RTH = VTH/lSC

cadence
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Thevenin Equivalence

Typically, an RX test topology

Vstimulus

DUT

cadence

Thevenin Equivalence(Cont’d)

You can do a small experiment — the following 2 netlist will give the same

waveform result at the EQ’s output

.INCLUDE "/rx_model.sp'
_PARAM parai=0 para2=0

X_DUT neg pos rx_comp_m rx_comp_p ref_eq
+ paral=paral’ para2='para2’

erxnode rxnode ngnd volt='v(rx_comp_p.rx_comp_m)’

f=—O rx_comp_p

L e e e == 1
e
1

I 500hm pos +O
1

I —_

! 8

1| Vstimulus [} Vrem
I 3

1

1 -

! 500hm =l o
1

=0 rx_comp_m

R100 pos neg 100
E1 intp intn volt=2"v(pos.neg)’

R50p intp intp_c 50
R50n intn intn_c 50

INCLUDE "./rx_model.sp'
PARAM paral=0 para2=0

X_DUT intn_c intp_c rx_comp_m rx_comp_p ref_eq
+ paral="paral’ para2="para2"

erxnode rxnode ngnd volt="v(rx_comp_p,rx_comp_m)"

O rx_comp_p

=0 rx_comp_m

cadence
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Thevenin Equivalence(Cont’

Hard to tell the difference

——O rx_comp_p

f=—O rx_comp_m

d)

O rx_comp_p

DUT

——O rx_comp_m

Lo e e m e m = 1
Tt TTTTT T T T T T T T T T T T ':
1
X 500hm A ip 1 800hm_ g
1
1 R :
1 o

o
1| Vstimulus o] Vrem :
X 3 - !
1
| I

- int 1 Int

! 500hm_|—2 T s00hm =
1
L e o e e e

cadence

Alternative RX

Alternative RX
Y I : CoTT Tt TTT T T TR
: o s J—— |
+ 1
i RPN ’
1| Vstimulus :I § VTe'”‘I 1 DUT :
1 N EE | ém "
| nP Y |
1 1! | I 1
e e e e e e e e - = al o oo o e e e e e e e e e - F]
Source Stimulus Dummy Treat as an “Whole DUT”

Buffer

Modeling Modeling

in IBIS in AMI

cadence
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IBIS of the Dummy Buffer

Check the RX IBIS model, which is generated along with the AMI model, to see if
it's a 1000hm terminator between positive node and negative node:

Neme = | pate modified [ 7ype | sz |

SRC 3/17/2017 3:30PM  File folder
=] build_ami 3/17/2017 3:30PM  LOGFie 5K8

3/17/2017 3:30 PM IBS File

For example, some AMI generation tools generate RX IBIS model with 900hm
terminator between positive node and negative node — tell from the [Power Clamp]
and [Ground Clamp]:

Cument (mA) edns_b_ncibs

cadence
Alternative RX for a 900hm terminator
Alternative RX
e e ! mTTTT Tt T
: Lo ! !
1 1 1
| i - AN ’
1| Vstimulus : | VTe'ml 0):(\/ DUT :
1 1 Y Term
| 1L S :
! w—lo! : l
1 | 1
e e e e e e e - - al o e e e e e e e e e e = a
Source Stimulus Dummy Treat as an “Whole DUT”
Buffer
Modeling Modeling
in IBIS in AMI
Or......
cadence
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IBIS model of 1000hm terminator

Vstimulus

Source Stimulus

1! :
1! o
5 |
I +
1! |
LI N
18 !
II gVTeva
13 "
1! "
N -
1 o!
1! !
—alo oo !
Dummy

Buffer

{

Modeling
in IBIS

Alternative RX

! 1
! 1
I 1
I 1
I 1
1 1
1 DUT |,
! 1
I 1
I 1
I 1
1 1

And now, you don’t need to model the
IBIS part or use the non-1000hm
terminator IBIS model. You just use the
files here attached:

rx100term.ibs R_100.ckt

cadence

IBIS model of 1000hm terminator (Cont’d)

The content of these files:

rx100term.ibs

R_100.ckt

{Model] RX

Model type Input diff

[Voltage Range]
[Ranmp]

| variable typ
av/dc_r 0.120/0.001n
av/dc_g 0.120/0.001n
R_load = 50.000

I

(External Model]
[Language SPICE

1
| Corner corner_name
Corner  Typ

Corner  Min

Corner  Max

I
| Ports List of port names (in same order as in SPICE)
Ports A_puref A pdref A_signal_pos A_signal_neg

(End External Model]
[Algorithmic Madel]

Executable Windows VisualStudic_64 RX_HyperCore.dll RX_HyperCore.ami
[End Algorithmic Model]

(End)

A_to D d_port portl port2 vlow vhigh corner name
D D_receive A signal_pos A _si R

D D _receive A signal pos A _signal neg -0.0 0.1 Min
D D_receive A_signal_pos A_signal_neg -0.0 0.1 Max

1.000V 1.0v 1.0v

min
0.120/0.001n 0.120/0.
0.120/0.001n 0.120/0.001n

file_name cizcuit_name (.subckt name)
R_100.ckt R_100
R_100.ckt  R_100
R_100.ckt R_100

1 _neg -0.0 0.1 Typ

1
3
4
5
6
T

fisitisleliqd R 100 DVDD DVSS pos neqg

Rp pos gnd le+l5
Rn neg gnd 1le+l5
RAiff pos neg 100

cadence
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Characterizing:
Alternative RX

T T TTTTT T TR

500 | |

l :

Vstimulus : DUT ||

l :

500 | |

Now, you use the same stimulus to e il L 4

characterize the circuit inside the Blue  Treat as an “Whole Equalizer”
Dashed Box, that is:

1. The same voltage swing ﬂ
2. Fastrising time — 1e-21sec (1e- Modeling
9ps) in AMI

3. Small time steps, no more than 1ps

Which we use to characterize the
channel.

cadence

Characterizing - Normalizing:

( RX_HyperCore
( CTE
( csvilt

(me D:\Case_CDNS_20160616_IBIS_AMI\Modelize RX\CTLE_TRAN_0_§

(sel 0)

(input 0.57 )

( module_off Q )

( csvid_file cSVid.txt )
(ta_fiter_out Cte td out.txt)
( adapt_cte_sel_file cte out.txt)

TX_500UT pos neg pwr in ngnd

El pos ngnd volt-'0.4740.57
E2 neg ngnd volt-'1.04--0.57

Normalize to the voltage swing you use to characterize the
channel and the equalizer.

cadence

Page 90 of 129




Asian IBIS Summit 2017, Shanghai, China

Characterizing — Normalizing (Cont’d):

Beware!!:

( RX_HyperCore
( CTE

( csvitt
(e D:\Case_CDNS_20160616_1BIS_AMI\Modelize RX\CTLE_TRAN_0_§
tset 0)
( input M )

( module_oft 0 )

( csvid_file CSVid.txt )
(ta_fiter_out cte td out.txt)
( adapt_cte_sel_file Cte _out.txt )

TX_500UT pos neg pwr in ngnd

El pos ngnd volt '0.474+0.57

E2 neg ngnd volt-'1.04--0.57
You may wonder the input

stimulus is 2x0.57=1.14V,
0.57v
| 1.14v Why do we
mmm—)  normalize it
l to 0.57v?
-0.57v

cadence
Characterizing — Normalizing (Cont’d):
The answer is:
Alternative RX
| ! |
| 11 |
I NN 1
: Vstimulus : : g DUT :
1 1 I 3 1
| 1! |
i ¥ l
1 1
e o e e e - = alo o o e e e e e e e - = 1

Source Stimulus

HERE!!

Question: What if you are using an IBIS model which is equivalent to a 900hm
terminator instead of a 1000hm? _
cadence
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Correlation — Channel Analysis
between the IBIS-AMI and the Transistor Netlist
Under a simple test environment:

AVDD AVDD
TXTesl g:f::( RX EQ Data_out TXTest RX AMI Data_out
Circuit Circuit Circuit Model

AVSS AVSS

T 1 i

paral[0:7]  para2[-2:2] 40 levels of strength: PO, P1, P2, ....P39
o S i =<1
e = =
,/’
- _
N e
S N S

==z Red: Eye Contour ¢;f~Transistor Netlist under Channel Analysis
Blue: Eye Contour of IBIS-AMI model under Channel Analysis

cadence
Correlation — Mid Length Channel
Transient Analysis:
AVDD AVDD
Data_i FFE TXPKG(wb) + L PCB . . Data_out
= Circuit Routingw+)R§<P0Krg(wb) et RX EQ Circuit ’
Para[0:2] AVSS AVSS
Channel Analysis Probe PaL Plaz Probe 2
Channel Analysis:
AVDD AVDD
Data_in T TXPKG(wb) + L PCB Data_out
—_— wb) + Long |Data_ou
AMI Routing + RXPKG(wb) RX AMI Model
Model
1 certain AVSS AvSS
preset tap
among 64

combinations

1 certain level
among 40
combinalioe

adence
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Correlation — Mid Length Channel (Probe 1)

votage () Eye Diagram

cadence

Correlation — Mid Length Channel (Probe 2)

- Eye Diagram

history\3\7Wran_Typ_Typ\Probes\Rox L RX_EQ_OUT_Ruxt_rimode_ngnd.cur

cadence
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Correlation — Long Length Channel

Transient Analysis:

AVDD AVDD
’ FFE TXPKG(wb) + Long PCB . . |pata_out
Data_in . . Routing + Long Cable + RX EQ Circuit oo
Circuit RXPKG(wb)
Para[0:2] AVSS AVSS
Probe 1 pa,[,, plaz Probe 2
Channel Analysis:
AVDD AVDD
Data_in X TXPKG(wb) + Long PCB Data out
— AMI Routing + LoGng Cable + RX AMI Model —
RXPK
Model wo)
1 certain AVSS AVSS
preset tap
among 64
combinations 1 certain level

among 40
comblnatloes—
d

dence

Correlation — Long Length Channel (Probe 1)

P Eye Diagram

03

23

——— history\38\ran_Typ_Tyo\DiePad\RxL_pos meg.cur

cadence
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Correlation — Long Length Channel (Probe 2)

voltage (V) Eye Diagram

history\3181Tran_Typ_Typ Probesx L RX_EQ_OUT_Rix1_pumode _ngnd. aur

cadence

Limitation
This method is only valid while being applied to a pure CTLE which is composed of linear
components, such as R, L, C, Linear E(VCVS), Linear F(CCCS)...etc.

Or in short, a CTLE which satisfies:

x(tH)— CTLE |F——y(®

n-x(t)—» CTLE >n-y(t)

cadence
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Limitation (Cont’d)

There're still lots of circuits not suitable for this method. For example:

A
JAN

— CTLE ——

JAN

— CTLE —»O—- AMP (>
SLICER

cadence

Conclusion

» Cutting/Dividing the whole design is a necessary process during RX IBIS-AMI modeling.
This slides provides a method which guarantees the combination of the sub-designs so-
divided is exactly equivalent to the original whole design.

» Also, the method in this slides benefits modelers that they will no longer need to model a
RX IBIS model. Adummy IBIS will be used for all cases while the buffer characteristics
has been modeled into the AMI model. No cutting/dividing is needed any more.

» This slides provides a method to generate IBIS-AMI simply by characterizing the V/T of
the netlist — away more accurate than generating IBIS-AMI by inputting parameters
values.

» However, this method is only valid while being applied to a purely linear equalizer, that
is, there exists a purely linear relationship between the input and output of the
equalizer.

» What else? Can a TX FFE be modeled simply by characterizing? Can an non-linear RX
CTE be modeled simply by characterizing?

cadence
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Correlation — Mid Length Channel

In fact, now we’ve even developed a flow which can successfully model a hon-linear DFE-
free RX EQ with very good accuracy simply by characterizing: Example 1

AVDD AVDD
n| FFE TXPKG(wb) + Long PCB  oataou
Data In, . . Routing + Long Cable + (B:i”r:::i't RX EQ Circuit e ou
Circuit RXPKG(wb)
Para1[3:0] AvVSs AVSS
Para2[3:0]
Para3[2:0] Probe 1 . Probe 2

Probe 1 - Probe 2

cadence

Correlation — Long Length Channel

In fact, now we've even developed a flow which can successfully model a non-linear DFE-
free RX EQ with very good accuracy simply by characterizing: Example 2

AVDD AVDD
Data i FFE TXPKG(wb) + Long PCB = |ostaou
aadnf | . Routing + Long Cable + (B:i”rgzir‘ RX EQ Circuit —
Circuit RXPKG(wb)
Para1[3:0] AVSS AVSS
Para2[3:0]
Para3[2:0] P
robe 1 . Probe 2
Probe 1 Probe 2 Para4[2:0]
=== E===r==s

- -

&

(Y
N

O

olﬁ :.
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See you on IBIS Summit 2018

cadence
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SystemSl, and T2B are trademarks of Cadence Design Systems, Inc. in the United States and other countries.. All rights reserved. All other
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Using DATA Files
for IBIS-AMI Models

Lance Wang L ( eth
Asian IBIS Summit —N
Shanghai, PR China
November 13th, 2017

‘Outline

This was originally presented in 2017 DesignCon IBIS
Summit, and it is with updates.

= Motivation
= Platform/OS dependent DLL, SO
= Using DATA Files for AMI models

» The advantages using DATA Files for AMI
models

= Test case for AMI models with DATA Files

= Summary Special thanks to ANSYS
for providing some images
in this presentation

© 2006-2017 10 Methodology Inc.
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Motivation

When we make and use AMI models:

= Who makes AMI executable:

» Did | write the code that is compatible with all
platform/OSs and compilers?

= Who puts everything together into an IBIS file:
+ Did | mess up 64bits and 32bits dll/so files in the IBIS
file?
= Who uses AMI models:

» Why doesn’t this AMI model support my OS? Did | do
anything wrong with them?

© 2006-2017 |0 Methodology Inc.

Motivation

= Of course, everyone will blame EDA vendors

© 2006-2017 10 Methodology Inc.
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‘ Motivation

Can we make everyone a LITTLE happier?

I © 2006-2017 |0 Methodology Inc.

\ Platform/OS/Compiler Dependent

» We have so many platform/OS/Compilers to cover:
* Windows, Linux, Unix, Mac OS, etc.

< WinXP, Win8, Win10, Ubuntu, Debian, Fedora, CentOS, Red
Hat, etc. Solaris, Solaris 10, HP-UX, OSx, etc.

» Visual Studio 8 — 11, CC, gcc, etc.

= We also have 32 bit, 64 bit and maybe 128 bit in the
future to cover.

This is not all!

I © 2006-2017 10 Methodology Inc.
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\ Platform/OS/Compiler Dependent

» This makes Designers/Modelers have many
headaches:

» Can my programmed source code be compiled
successfully in all platforms?

* How do | compile and debug my code in all
platforms and compilers?

* Do I need to support all of them?

© 2006-2017 |0 Methodology Inc.

‘ Using DATA Files for AMI models

S (2]
— @ &
(2] =
s8¢
—2 g2 2
22 3
2] (0] =
S = 3 g S~ File
2| 9 S
o} o} Q@
— @ < i
= =
S | < = 4
< () <
(@]
DLL/SO File

© 2006-2017 10 Methodology Inc.
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Using DATA Files for AMI models
= |n DLL/SO

» AMI standard functions

> AMI_Init(), AMI_GetWave(), AMI_Close(). Etc.
» DATA process functions

» Process the DATA for algorithms

» Take inputs from AMI standard functions

» Apply algorithms

» Put results back to AMI standard functions
» DATA File process functions

> Read DATA File

» Decryption (Optional)

© 2006-2017 10 Methodology Inc.

Using DATA Files for AMI models

= |n DATA File

» Software code, and/or
Behavioral data, and/or
Parameters, or/and
Other data
Encrypted contents (Optional)

© 2006-2017 10 Methodology Inc.
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Using DATA Files for AMI models

= The DLL/SO file

» Could be made by professional software
programmers for model vendors or EDA vendors

* One time job! It can be used for many different
DATA Files

= The DATA File
» Can be created by Designers or Modelers

* No compilation needed.
Platform/OS/Compiler/Bits independent.

© 2006-2017 |0 Methodology Inc. 1"

The advantages using DATA Files

for AMI models
= DATA File is Platform/OS/Compiler/Bit INDEPENDENT

= Although we will still have to build
Platform/OS/Compiler/Bit dependent DLL/SO files to
fulfill current IBIS specification, they only need to be built
ONCE for model vendor and/or EDA vendor since it can
be used for different DATA Files

= The DATA File will be easier to build. And it can be used
for different data types that the Model or EDA vendor
defines

= The DATA can be securely encrypted with advanced
encryption algorithms. It is even more secured than
software executables.

© 2006-2017 10 Methodology Inc. 12
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‘ Generic Test case for AMI models
with DATA Files

[sterved_?an.n
(Init_Retuy
(GetWave Ex

i} (TestEwphasis M
0 -

(Use_Init_ - " "
(Max_Init_ ks
(Ignore Bi i)

]

{Model_Specific
(DATA_File

(Usage In) (Type String)
- {Format Value "/data/ANI_Test/AMI_SPICE_ENC.dat")

(Description "AMI DATA file for Spice preemphasis Tx)
)
(NumBitsToAvyg (Usage In) (Type Integer) (Format Value 200)
(TargetV (Usage In) (Type Float) (Format Value 0.15) (Defs/

(ThresholdV (Usage In) (Type Float) (Format Value 0.015) |

© 2006-2017 10 Methodology Inc. 13
USB3 TX Test case for AMI models with
DATA Files
Channel S-parameters
USB 3 Tx @ Dummy AMI Rx
& io Port1 Port3 io d
/\T\J Port2 Port4 L/T/\
< inv_io ﬁ inv_io 4\\]
ID=32 ID=30
output input
> © 2006-2017 10 Methodology Inc. 14
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USB3 TX Test case for AMI models with
DATA Files — AMP 105 No EQ Applied

k Impulses
\

KiPel3

Steps

Bathtub

\
y \k&_— T ——TT

© 2006-2017 |0 Methodology Inc.

‘ USB3 TX Test case for AMI models with
DATA Files — AMP 105 No EQ Applled

L m' M“ i ‘M

mmmmmmmmmmmmmmmmmm

uuuuuuuuuuu

© 2006-2017 10 Methodology Inc.
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‘ USB3 TX Test case for AMI models with
DATA Files — AMP 105 EQ 30 Applied

e
[ i it
| g "

e — bt e
(el
AR b e
el
Impulses \
i
T
xHI A
e
R
e
iz H
Ak _V!I gl
8 I

Steps - Bathtub
N =
© 710 M g

‘ USB3 TX Test case for AMI models with
DATA Files — AMP 105 EQ 30 Applied
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‘Summary

» This presentation introduces a DATA File
method for IBIS AMI models
» The DATA File is easier to be created by modeler

» The DATA File can be very secure through
advanced encryption technologies

» The DLL/SO will only be made by software
professional ONCE and used for different DATA
files

= This method is currently supported by IBIS
specification and works with multiple EDA

AMI tools

>
© 2006-2017 |0 Methodology Inc. 19

L '/ Oﬂiﬂ

The Modeling Specialist

Developing the methodologies
to make IBIS modeling easy and
accurate

http://www.iometh.com

© 2006-2017 10 Methodology Inc. 20
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IBIS-AMI Modeling Using
Scripts and Spice Models

Asian IBIS Summit
Shanghai, China
November 13th, 2017
(Previously presented October 18, 2017)

Wei-hsing Huang, SPISim

Wei-hsing.Huang@spisim.com

Agenda:

« Motivation

« Background

« |BIS-AMI Modeling Flow

« Modeling with Scripts

» Modeling with Spice models
e Summary

« Q&A

(S
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Motivation

« Channel analysis usually requires IBIS-AMI:
o Forinternal analysis and/or external model release

« AMI Modeling is technically challenging
o Requires cross domain expertise
o Take longer to ramp-up and develop comparing to IBIS

« (Can we lower the AMI modeling barriers?
o Use scripting languages
o Use existing spice models

(S

Background 1/3

« Channel analysis: i

o Mostly have stages beyond traditional IBIS (e.g. Tx/Rx EQ)
o Analyis methodologies p;

= Statistical: for LTI (Linear Time Invariant) Circuit, using superposition
= Time-domain: for NLTV (Non-Linear, Time Variant) Circuit, using convolution

6Gb/s Eye - Refined BP Channel w/NoEq  6Gb/s Eye - Refined BP Channel w/ TX FIR Eq
0 0

« 0.4]

@ 0.3

Voltag

32401 23456780910
Time (UI)

(S
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Background 2/3
« AMI Model: 4

o Includes an .ibs, .ami and .dll/.so files 7
o .ibs specifies .ami and .dll/.so files : ic s

pE-mo

o .amiis a plain text file This part is TOrSIMEES
This part is for AMI model, passed

into .dll/.so as name-value pairs

(Rx_model
( (Reserved Paramsters \
(Resolve_Exists (Usage Info) (Type Boolzan) (Valus Trus)
(Description " cates whether the executable model implements

_Name (Usage In) (Type String) (Value “ignore_me")
(Description BIS model name”))

itivity (Usage Out) (Type Float) (Range 0.0 0.0 0.01)
1 "Value depends on OP_mode and data rate”)) )

Model_Spsci
(Tstonefile (Usage Dep) (Type String) (Value “ignore me.sdp”
(Description “Rx anal el. Value depends on OF_mode”)
(Usage In) (Typs String) (Cornsr “Typ” “Min” “Max")
ion “Informs the executable model what corner is selected H

model(Tstonefil
(my_corner "Type"

(OP_mode (Usage In) (Type Integer) (List 0 1 2 3)
\ (Description “Operation mods”)) )

)
)

Background 3/3
« AMI Model:

o .dll/.so may implements these API functions

== For LTI processing, when AMI_GetWave does not exist
== For LTl or NLTV processing, when AMI_GetWave does exist

AMI_Resolve These arrays se&ve as both waveform data inp’L(Jt and output!

long AMI_Init

AMI_Resolve_Close T

long aggressors,

long AMI_GetWave [(double *wavse,

long wave_s

) double *clock times,
double sampls interval, -

char **EMT para -
double bit time char **AMI_parameters_out,

AM' Close char *AMI_parameters_in, void *AMI_memory)

char ** para s_out,

void **AMI_memory handle,

char **msg)
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AMI Modeling Flow

» Identify model behavior(s)

o From mathematical equation, simulation or measurements

» (Code the behaviors and IBIS-AMI API
o APl implemented MUST follow IBIS spec. and in C
o Core processing can be in written other languages

» Compile and link as .dll or .so
o Check library dependencies, different OS bits & linux distros

With Script and/or Spice models for core processing, this AMI model is very reuseable!

(S

Modeling with Scripts: Flow

AMI_Init

Your Existing
Link Tool

AMI_GetWave
[If Get Called]

AMI_Close

A Proxy
Class

Your AMI_GetWave Script: Only deal with plain text file(s)

Read data to form response and pass back to Link Tool

Your AMI_Close Script: actually is not needed

Similar flow for AMI_Resolve and AMI_Resolve_Close

Script path and arguments are passed via .ami file

4

(S

Page 112 of 129




Asian IBIS Summit 2017, Shanghai, China

Modeling with Scripts: Example

Store calling arguments into text file

Call external scripts for processing

Parse resulting text file and return

An implement neutural AMI_Init() function in C

; (O
Modeling with Scripts: Consideration
« Performance and distribuability:
o Intepretor performance.
o Redistributable (license)?
o Does it require model user to install intrepreter?
« Consider Python! 4
o SciPy, NumPy etc for numerical analysis.
o Embedded python: a single zip file together with AMI models.
o Performance and extendability.
10

(S
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Modeling with Spice: Concept
* Dynamically generated PWL mputs

o High-Z assumption
o Simulate

= Circuit may need to provide GND.
o Retrieve waveform and return

EXEEln)

Highz_Assumgption

&.Rp i
, Ideal peakgain =g R,
1+g,R;/2 ? Ear'o

s Ideal peak gain _ @,
5 DC gain @,

—1+%

No need to code circuit behavior!

(S

Modeling with Spice: Flow

AMI_Init

Your Existing
Link Tool

AMI_GetWave
[If Get Called]

AMI_Close

A Proxy
Class

(S
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13

Modeling with Spice: Example

. . . . 1ce aec
Generate a spice file with given waveform .
. e

VCINPP)-V(INPN) ")
ct

= Fo11ow:ng two Tines are for HSpice compatibility
. -OPTION POST_VERSION=9601
Call external or embedded simulator ;OPTION PROBE POST
VINP INPP INPN PWL(

+ 1.998e-08 -0.499034
+ 1.999e-08 -0.499035
+ 2e-08 -0.499035)

Parse resulting waveform and return KANE 2UPPCINP OUTP O RC_CTLE  CTLE_R1=0.01234 CTLE_C1=5 678612

* High Z Load
RHIZ OUTP OUTN 1E6
.end

An implement neutural AMI_Init() function in C

(S

14

Modeling with Spice: Consideration

« Performance and distribuability:

o Availability of device models?
o Redistributable (license)?
o Does model user need specific simulator?

» (Consider open source simulator!

o NgSpice, QUCS etc all supports API/Shared library

o The AMI model is basically a circuit simulator
= Implement once, use many times!

o Performance vs Accuracy

(S
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15

Summary:

e AMI model using scripts and spice circuit:
o Doable! (Has been implemented! Example included.)
o Can reduce AMI modeling time significantly

o Can serve as an intermediate step toward full C/C++
implementation.

e (Considerations:

o Performance:
m Not a concern if only AMI_Init is needed (called only once)
o Model release:
m Can the model be distributed and used easily?
o A simple wrapper IBIS-AMI model is needed as a proxy.

(S

16

References:

High-speed Links Circuits and Systems http://www.ece.tamu.edu/~spalermo/ecen720.html
Simulating High-Speed Serial Channels with IBIS-AMI Models
http://literature.cdn.keysight.com/litweb/pdf/5990-9111EN.pdf?id=2095655

IBIS V6.1 Spec. Section 10 http://ibis.org/vers.1/

AMI Analysis Using a Proxy Class http:/ibis.org/summits/feb17/

Embedding python in another application https:/docs.python.org/3/extending/embedding.html
NgSPice as a shared library nttp:/ngspice.sourceforge.net/shared.html

oL M
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Q&A

(S

17
EDA Expertise in Signal, Power Integrity & Simulation
SYNOPSYS.
Integrated with
HSPICE'

18  spisimisan nSync member.

(S
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Leveraging IBIS Capabilities for Multi-Gigabit
Interfaces

Ken Willis - Cadence Design Systems
Asian IBIS Summit,

Shanghai, PRC

November 13, 2017

cadence

Overview
* In writing EDI CON paper “Signal Integrity Methodology for Double-Digit Multi-

Gigabit Interfaces”, different IBIS modeling techniques were applied
« Wanted to share some of the IBIS modeling methods we’ve been using

cadence
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Agenda

* [External Model]

* AMI equalization adaptation

» Backchannel training

* Applying IBIS-AMI to DDR applications

cadence
Agenda
- [External Model]
* AMI equalization adaptation
» Backchannel training
* Applying IBIS-AMI to DDR applications
cadence
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Preliminary IBIS Modeling

» Can get started with:
— Voltage swing
— Pad capacitance
— Output impedance
— Rise time

» Even easier to model using
[External Model] syntax

1

[Mode1] peied_out
Model type Output
Polarity Non-Inverting

Vmeas = 0.5
1
1
| variable tvp min max
C_comp 0.50pF 0.50pF 0.50pF
[Tenperature Range] 20 80 -50
[Voltage range] 1.0 1.0 1.0
1
...............................................................................
[Pulldown]
1
1 Voltage I(typ) I(min) I(max)
1
-1.00002+00 -2.0000e-02 -2.0000e-02 -2.00008-02
0.0000e-00 0.0000e-00 0.0000e-00 0.00008-00
1.0000e+00 2.00008-02 2.0000e-02 2.0000e-02
1
...............................................................................
[Pullup]
1
1 Voltage I(typ) I(min) I(max)
1
-1.00002+00 2.00008-02 2.0000e-02 2.0000e-02
0.0000e-00 0.0000e-00 0.0000e-00 0.00008-00
1.0000e+00 -2.0000e-02 -2.0000e-02 -2.00008-02
1
R R
[Ramp]
1
| variable tvp min max
av/de_r 0.60/0.020n  0.60/0.020n  0.60/0.020n
av/de_f 0.60/0.020n  0.60/0.020n  0.60/0.020n

1
R_load = 50
1

cadence

External Model

¢ Originally introduced in IBIS 4.1 !

» Enabled VHDL, Verilog-A, and Spice
syntax to be used for buffer models

instead of VI/VT table syntax

 Spice syntax has proven very useful

to us

[ DAkenw\Working\sl_testsla_example._em.bs - Notepad++ =
Fle Edt Seorch View Encoding Language Settings Tools Macro Run Plugins Window 2 x
S o le B |agl2x BRI 1EzEHa 2@ ]
Eldla_exanple_emibe (3|
2 | Example SerDes Rx [External Model] using SPICE:
Normal tactfile length 5777 _lines 189 Lni1 Colil Sel:00 Ui (F) uTFs s

cadence
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Spice [External Model]s Convenient for Early Feasibility

« Sometimes the IBIS model
you want is not available for
preliminary / pre-design
analysis

 Easy to write (or use) simple
parameterized Spice
subcircuits for 10 buffers
when IBIS availability does
not align with your project
schedule

+ Can sweep parameters and
cover a big portion of the
design space quickly and
easily

test\n_spice_simple.sp pa
File Edit Search View Encoding Language Settings Tools Macro
L L LB L ]

Hsis_exar

Bun Plugins Window 2

o spice_smplesp 3 |

[E=RiEcE =)

x

S1ECEAD = @&

o nna pos outer_ox

« BERAVIORAL CIRCUIT MODEL FOR SERDES RECEIVER

10+ Developed by Cadence using SystemsSI

5« MODEL NOTES
* This is an example Rx circuit model.

17  « Intended for use with algorichmic model amirx.ami/amirx.dll.
18+ Tnis DIL is parc of Cadence's SystemSI product.

* MODEL PARAMETERS

is model takes the following p

length: 2013 lines 107 Lnil Col:24 Sel:0]0 Unix (LF) UTF8

cadence

Analog Buffer Model Extensions

* Incorporated into IBIS 6.0

[External Model]
Language IBIS-ISS
|

| Corner corner name file name circuit name (.subckt name)

Corner  Typ cdnstxrx.cir
|

| List of parameters

tx_subckt

Parameters TSFilel

= cdns_tx.param(CDNS_Tx(Model Specific(Tstonefile)))

+Replaces the VI/VT curves

«Can now be parameterized
when Language ‘IBIS-ISS’
is used

Tx/Rx Model
described in
external file

[pazamecezs  Tx Rseries

= cdns_tx.pazam(CDNS_Tx (Model_Specific (Tx_R}))|

*Similar to AMI Parameters

List of converter parameters
Converter Parameters Vtx h|= cdns_tx.param(CDNS_Tx (Model Specifie(Tx_V)))

T

| Ports List of port names (in same order as in SPICE)
Ports A_signal _pos A_signal_neg my_driveP
|

| D to & d port portl port2 vlew vhigh trise tfall corner name polarity
D to A D drive my driveP A pdref 0 0.051 0.03n Typ

|
|
[End External Model]

& pdref & _puref

Parameter =Can be in .ami or any other
Definitionis in a file
«User Selects Parameter
Values from GUI

separate file

»Using.param, the
parameter value is passed
to the simulator

«Converter_Parameters are
used appropriately in the
stimulus/D_to_A

Parameter
Value is passed
to Simulator

cadence
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Agenda

* [External Model]

« AMI equalization adaptation

» Backchannel training

* Applying IBIS-AMI to DDR applications

cadence

Anatomy of a Receiver AMI Model

* These different
modules typically
adapt at different
rates

¢ |nitial modules
usually adapt
more slowly than
later ones

AMI

RX_PRIMARY

AGC

« Curve-based function to boost
the incoming signal so that it could
be detected at the output.

« Noise also gets boosted.

. Salective b ing at freq
interest (high freq channel loss
cancellation)

« Better for Area/Pwr considerations

y of

- Noise and xtalk also gets boosted.
« Usually first order filter only

EIN

« Feeds back previous bit decisions to cancel
post cursor ISI caused by them

« Can model non-linearity

« Adaptively tunes tap coeff.

« Level sensitive

« Cannot cancel pre-cursor

+ Needs ‘something’ to work with > AGC/CTLE

cadence
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Rx With Default Adaptation

* Note that adaptation coefficients don’t converge

cadence
With Faster AGC Adaptation
« Coefficients converge, but after 150k bits of traffic are
passed
e
s o
cadence
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Ignoring the First 150k Bits

» Default was to ignore the first 40k bits
 Eliminates the noise from before coefficients converged
 Very important to be able to visualize how the adaptation is converging

cadence

Original Eye Contour vs. Final

+ Adjusting AGC adaptation time and Ignore_Bits made a
significant difference in eye height

Vekege (V)

cadence
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Agenda

* [External Model]

* AMI equalization adaptation

» Backchannel training

* Applying IBIS-AMI to DDR applications

cadence
Backchannel Training (IBIS BIRD 147, in IBIS 7.0)
* Rx feeds back EQ
adjustments to Tx
during training
« Then data is passed T"t‘:;‘ds ) Tx
with adjusted Tx pattern - adjusts EQ
settings in place l Y
Rx evaluates
test
? pattern
Standard Training Rx
Serial Link phase @ recommends
S| Flow complete | 'F° No | EQ adjustments
cadence
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With and Without Backchannel

» Backchannel turned down Tx FFE settings
somewhat

» Leaves more “heavy lifting” to Rx and its
advanced adaptation

 Improves overall signal quality significantly

Voliage ()

AVl

cadence
Agenda
* [External Model]
* AMI equalization adaptation
» Backchannel training
- Applying IBIS-AMI to DDR applications
cadence
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DDR4 Brought Some New Requirements

* Specified DQ mask compliance
checking at a particular BER

» BER analysis requires extrapolation
(bathtubs)

TdIVW_total

= Rx Mask

 Extrapolation requires a lot of traffic to
be passed (need a lot of samples) Totat

ongmapinavg) . _ . | i _ Ivaivw_av

Random
Deterministic

VIHL_AC

— Channel simulation can be applied

- Started to see equalization used at
Controller side
— AMI modeling can be applied

» Worked with IP division to develop AMI
model for DDR4 |IP

TdIVW_dj

cadence
Simulation Testbench
M M
Memory1 Memory
U P
AL DDR4_DRAM_PKG1 DDR4_DRAM_PKG VRM_mem
= S DIMM1 DIMM
VRM_soc
S CONNECTOR_POPULATED
Controllerlo soc CONNECTOR_POPULATED1 L
S
pcb
P
cadence
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CTLE Correlation: 3200Mbps

Input of receiver @pad Output of CTLE

IBIS-AMI
channel sim

Transistor-
Level
circuit sim

cadence
CTLE + DFE Correlation: 3200Mbps
Transistor-
omo Level
- circuit sim
IBIS-AMI
channel sim
cadence
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Summary

+ External Model syntax can be very useful for pre-design modeling, when detailed
IBIS models are not available, and has had some recent additions in capability

* Building IBIS-AMI models is not the obstacle it used to be

» Adaptive equalization often has interplay between multiple sub-modules in real
devices, and therefore also in AMI models

- If adaptive, understand if your EQ coefficients converge during simulation

 Backchannel training enables interplay between the Tx and Rx in simulation, and
can produce more realistic results for devices that use backchannel

« Channel simulation and AMI modeling has been successfully applied to DDR4 IP
(and more of this is expected with DDR5)

cadence
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