Asian IBIS Summit 2012, Hsinchu Taiwan

WELCOME FROM MICHAEL MIRMAK, INTEL CORPORATION

On behalf of the IBIS Open Forum, I would like to welcome you to our third Asian IBIS
Summit on Taiwan. The success of our previous two summits means that we are close to
establishing a “tradition” of great events with our IBIS friends and colleagues here.

We are grateful to our generous co-sponsors ANSYS, Agilent Technologies, Cadence
Design Systems, Intel Corporation and IO Methodology. Their assistance makes this
event possible and we hope that you will encourage them to continue their support. Our
thanks also go to our presenters and to you, the attendees, for your interest.

The IBIS Summits are only a part of the regular activities of the IBIS Open Forum. You
are invited to participate in all our efforts, including through e-mail discussions and by
pursuing Open Forum membership.

We hope that you enjoy the Summit and find the presentations and discussions useful.
We wish you luck and success!

- Michael Mirmak
Chair, IBIS Open Forum
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WELCOME FROM DANIEL CHANG, ANSYS

Dear Experts,

On behalf of ANSYS, we would like to welcome you to join Asian IBIS Summit Taiwan
and it is our pleasure can be the primary sponsor this year. We commend and thank you
for taking time from your busy schedule to join us for this seminar.

Like the expectations of most of you, this seminar will help us through information on
how the new technologies of IBIS improved and updated. The materials are designed to
provide accurate and authoritative information. We also would like to extend a very
special thanks to distinguished faculty of speakers who are experienced with the nuances
and application of the IBIS models.

After a full day of new technologies and information update, we are sure that the
experience of taking part in the seminar will be enriching. We eagerly await your
participation in the seminar.

Thanks and regards

Daniel Chang

Regional Sales Director,
ANSYS Taiwan
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AGENDA AND ORDER OF THE PRESENTATIONS

(The actual agenda might be modified)
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IB1IS SUMMIT MEETING AGENDA

SIGN IN
- Vendor Tables Open at 8:30

Welcome
- Lance Wang
(Vice-Chair IBIS Open Forum, 10 Methodology, USA)
- Daniel Chang
(ANSYS, ROC)

Electronic Interconnect Challenges . . . . . . . . . .
Steven Pytel (ANSYS, USA)

IBIS 5.1: An Overview . e e e e e e e e
Mirmak, Michael (Intel Corporation, USA)

BREAK (Refreshments and Vendor Tables)

Using Latency Insertion Method to Handle IBIS Models .
Ping Liu*#, Jilin Tan*##, and Jose Schutt-Aine**
(*Cadence Design Systems, #PRC, ##USA and
**University of Illinois, USA)

IBIS-AMI, Industry Adoption, and Current Challenges
Naijen Hsuan and TingHao Yeh (ANSYS, ROC)

Efficient End-to-end Simulations of 25G Optical Links
Jing-Tao Liu*#, Fangyl Rao*##, Sanjeev Gupta** and
Amolak Badesha** (*Technologies, #PRC, ##USA; and
**Avago Technologies, USA)

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

Chip PDN Model for Power Aware Signal Integrity Analysis .

Jack W.C. Lin# and Raymond Y. Chen##
(Cadence Design Systems, #ROC, ##USA)

IBIS Parser Update . .
Bob Ross (Teraspeed Consultlng Group, USA)

IBIS Validation Method Review . .
Lance Wang (10 Methodology, USA)

BREAK (Refreshments and Vendor Tables)

The Evolution of DDR Memory and Overcoming Challenges of .

DDR3/4 Design
Steven Pytel (ANSYS, USA)

Designing DDR3 System Using Static Timing Analysis in
Conjunction with IBIS Simulations
Taranjit Kukal#, Zhangmin Zhong##, and Heiko Dudek###
(Cadence Design Systems, #India, ##China, ###Germany)
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ANSYS Realize Your Product Promise™

Electronic Interconnect
Challenges

Fluid Dynamics Structural Mechanics Electromagnetics Systems and Multiphysics

Asian IBIS Summit Steven G. Pytel, PhD.
Hsinchu, Taiwan
lioiembents, 2012 S| Product Manager
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Virtual Platform for System Design

Eile Edit Miew Draw Circuit Elements Jools 3D Export Simulation Results Help
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Virtual Platform for System Design
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Extraction of Input Impedance

Tools 3DExport Simulation Results Help
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IBIS 5.1: An Overview

Michael Mirmak (Intel Corporation)
Presented by
Lance Wang (IO Methodology)

Asian IBIS Summit
Hsinchu, Taiwan
November 13, 2012

Expanded from original presented
June 5, 2012

http://www.eda.org/ibis/

Agenda

Why is IBIS 5.1 different?
Major Changes

BIRDs in IBIS 5.1

Technical Changes

Before and After

Next Steps for IBIS

Your Role: Review and Use!

2012 Asian IBIS Summit
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IBIS 5.1 - A Reformatted Document

- IBIS 5.1 was approved Aug. 24, 2012

- IBIS 5.1 doesn’t just add new features and
clarifications
— It's entirely different in appearance and format

- Rationale
— Ease of change submissions (BIRDs)
— Ease of editing
— Improved readability

— Improved usability, with cross-references &
hyperlinks

2012 Asian IBIS Summit 3

Major Changes

- Clarifications for AMI and new non-AMI features
— http://www.eda.org/ibis/birds/
- Appearance based on Microsoft Word*
— ASCIl is no longer used for figures and tables
— Standards document style has been enforced for
headers and body text
- Organization has been unified and improved
— Terminology has been made more consistent

— AMI flow, AMI Executable files and AMI Parameters are
now more clearly explained, in separate sections (6C, 10
and 10A)

2012 Asian IBIS Summit 4
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BIRDs in IBIS 5.1

151  |BIS-AMI Modified Reserved Parameters for Jitter/Noise 9-Mar-12
149.1 Usage Out Syntax Correction 17-Feb-12
148  Allowable Model types with IBIS-AMI 6-Jan-12
146  Clarify sample_interval for IBIS-AMI 9-Dec-11
143.1  Correcting the rules for AMI Close 7-Oct-11
142  Clarification of [Test Data] and [Test Load] scoping 16-Sep-11
141 Composite Current] Clarifications 16-Sep-11
140.2 Format Corner and Range Clarification for IBIS-AMI 6-Jan-12
139.2 Reserved Parameters Order 16-Sep-11
138  IBIS-AMI Section 6¢ Tables Update 16-Sep-11
137.2 AMI parameters in, AMI parameters out, msg Clarifications 16-Sep-11
136  Defining Relationships between Type and Format 16-Sep-11
135.1 Add Boolean to BNF for IBIS-AMI 16-Sep-11
134  AMI Function Return Value Clarification 24-Jun-11
133.1  Model Corner C_comp 6-Jan-12
132  Clarification of the Table Format for IBIS AMI 5-Aug-11
130 Crosstalk Clarification With Respect to AMI 24-Jun-11
127.4 |BIS-AMI Typographical Corrections 9-Dec-11
126  IBIS-AMI New Reserved Parameter AMI Version 18-Feb-11
120.1  |BIS-AMI Flow Correction 22-Apr-11
115  Clarifying Min/Typ/Max in IBIS-AMI 22-Oct-10
114.3  |BIS-AMI Definition Clarifications 10-Dec-10
113.3 Weak tie-up or tie-down resistance and voltage 19-Nov-10
112  IBIS-AMI clock times Clarification 11-Jun-10
111.3 Extended Usage of External Series Components in EBDs 24-Apr-09
2012 Asian IBIS Summit 5

AMI Technical Changes
- Old AMI files generally still work in IBIS 5.1

- Subtle AMI flow changes
— Previous flow did not support non-LTI models in
TX AMI_GetWave
- For LTI models, the results should not change
— AMI_Version identifies .ami files as specifically
supporting 5.1 rather than 5.0

— UselnitOutput has been deprecated
- Avoids "double-counting" equalization in TX models

2012 Asian IBIS Summit 6
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Before and After

Figures and tables have been transformed

Receiver Voltage with Static and Dynamic Ov
<=
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DLver ShOOT_Low— = = = == = = = =

i
D_overshoot_tine—sj [

Tine —s

Figure 4 - Receiver Voltage with Static and Dynamic Overshoot Limits

2012 Asian IBIS Summit 7

Before...

The presentation of AMI Parameters...

Tx_DCD (Transmit Duty Cycle Distortion) can be of Usage Info
and Out. It can be of Type Float and UI and can have Data
Format of Value, Range and Corner. It tells the EDA platform
the maximum percentage deviation of the duration of a
transmitted pulse from the nominal pulse width. Example of
TX_DCD declaration is:

(Tx_DCD (Usage Info) (Type Float)
(Format Range <typ> <min> <max>))

Rx_Clock PDF and Rx_Receiver Sensitivity

These reserved parameters only apply to Rx models. These
parameters are optional; if the parameters are not specified,
the values default to “0”. If specified, they must be in the

following format:

(<parameter_name> (Usage <usage>) (Type <data_type>)
(Format <data £ (Default <wvalues>)
(Description <s

|
I
|
I
|
I
|
I
|
I
|
I
| Rx-only reserved parameters:
|
|
I
|
I
I
I
I
|
I
|

ing>))

2012 Asian IBIS Summit 8
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.. and After

The presentation of AMI Parameters...

Parameter: Tx_DCD
Required: No

Descriptors:
Usage: Info. Out
Type: Float, UL
Format: Value. Range. Comer. List, Increment. Steps
Default: <numeric_literal>
Description: <string_literal>

Definition:  Tx_DCD (Transmit Duty Cycle Distortion) tells the EDA tool the maximum
deviation of the duration of a transmitted pulse as a fraction of the nominal pulse width. Entries are
assumed to be in units of seconds when declared as Type Float.

Usage Rules:
Other Notes:

Examples:
(Ix_DCD (Usage Info) (Type Float)
(Range 2e-12 le-12 3e-12))

2012 Asian IBIS Summit 9

5.1 Parser Now Available!

A 5.1-compatible Golden Parser has been
completed!

— IBISCHKS5, Version 5.1.2, released Oct. 6, 2012

Free executables available
— http://www.eda.org/ibis/ibischk5/
— Source code available under license

5.1.2 checks many more .ami file features

Numerous BUG reports addressed:
— http://www.eda.org/ibis/bugs/ibischk/

2012 Asian IBIS Summit 10
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Next Steps

- Future versions will renumber the sections to
avoid names such as 10A, 6B, etc.

- Current BIRDs are being rewritten according

to the new format

— 16 BIRDs proposed for the next IBIS version

— Package model improvements, repeaters and
backchannel adaptive equalization are
addressed

- The next major version: IBIS 6.0

— Any IBIS 5.2 would be for standardization only

2012 Asian IBIS Summit 11

Your Role: Study and Use!

- Please create and test 5.1 models using the
new specification and parser!

- Suggestions for the parser, including BUG
reports, are welcome

- Review the latest BIRDs proposed for the
next IBIS version

— The schedule for IBIS specification development
is accelerating

2012 Asian IBIS Summit 12
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Q/A

2012 Asian IBIS Summit
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I cadence’

Using Latency Insertion
Method to Handle IBIS models

Ping Liu, Jilin Tan José E. Schutt-Ainé
Cadence Design Systems University of lllinoi

Presented by: Joseph Kao

- E g

Asian IBIS Summit =) ,ﬂ

Hsinchu, Taiwan .‘_ — *'l = _AAae
November 13, 2012 . *"-‘a-

A simple non-linear Circuit

MWWy T

2 ohm
) ID¢ v, How to solve Iy and V,?

'

Solve transcendental equations

5V

IaY

I, =1pA-[exp(40-V,)-1]

5=V, +2-1,

I cadence
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Using Newton-Raphson Method

f(X,)
f(x,)
Newton-Raphson iterative process begins with an initial

guess and terminates when the difference between
successive guesses falls to zero.

I, =1pA-[exp(40-V,)—1]
5=V, +2-1, 2 ohm

X

=X -

n+l n

f
F(v)==5+V,2pafexp(a0v,)-1] PV " Vi

f'(V,)=0+1+80pA-exp(40-V,)

—5+V," +2pA-[exp(40-V," ) ~1]

V(n+1) — V(n) _
‘ ‘ 1+80pA-exp(40-V,")

I cadence’

Newton-Raphson Method- Graphical Interpretation

fx)x

. P
f(xkﬂ) X

fix)

PO [—— o/ [Slove

solution solution

o
£
<
Ed

\

Xk

Convergent Divergent

I cadence’
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Limitations’
e |BIS data can be unpredictable

e Transient response requires solution of nonlinear
system

e Most simulators use Newton-Raphson (NR) technique
combined with modified nodal analysis(MNA)

¢ NR may not converge

* NR may slow down simulation

* J. E. Schutt-Ainé, “IBIS modeling using Latency Insertion
Method," European IBIS summit, Italy, May16, 2012.

. I cadence

.
Why LIM? *

¢ LIM does not iterate on nonlinear problems

e There is no convergence issue

¢ MNA has super-linear numerical complexity

e LIM has linear numerical complexity

e LIM uses no matrix formulation

¢ LIM has no matrix ill-conditioning problems

e LIM is much faster than MNA for large circuits

* J. E. Schutt-Ainé, “IBIS modeling using Latency Insertion
Method," European IBIS summit, Italy, may16, 2012.

. I cadence
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Latency Insertion Method**

* LIM is an efficient time-domain simulator for a large-scaled network
» Uses “leapfrog” scheme to solve node voltages and branch currents

Nodes must have a shunt capacitor

C-V-n_l /2 M;
Dy =30y
At k=1

v‘n+l/ 2 _

i Ci
Zigg,
At

Branches must have an inductor

nrl _gn , AT (a2 nrli2 n n+l/2
I = I (Vi v Ryt 4 )
ij

In ]J7+l In+2
if \ /' ij \ /’ if\
n+l/2 n+3/2 n+5/2
v, ey

n: time

** J. E. Schutt-Ainé, "Latency Insertion Method for the Fast Transient Simulation of Large Networks," IEEE
Trans. Circuit Syst., vol. 48, pp. 81-89, January 2001. I

cadence’
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LIM is fast and get faster as circuit size increases

Number of | HSPICE LIM
Cells Memory | Time Memory | Time
200X 200 Memory | abort 102M 1156 s

cells | overflow

LIM vs. HSpice

£ | [~ Tmewed 100X200 | 320M 9361s | 54M 573 s

o colls

E / 100X100 | 108M 2176s | 28M 281s

£ cells

2, / , 50X 100 53.3M | 675s 16M 132s

£ / cells

¢ 10

& :_/;;’ » 50X 50 12.4M 244s 9M 47s
%0 05 1 15 cells

Log Size (normalized to 5000 nodes)

] I cadence’
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LIM has NO Convergence Issues

I v,

Introduce latency in diode circuit through a small L

1 n+l n
'Id —1;

V=
L At

Use Leapfrog:
11

1
vieop.ta "% At T .
Ll At [::;> hl=*z{5—24a—V12J+h

1
n+—
2

V. 242 14V, 2 =5

1 1 n
1:“=1pA~[exp(40-vj*2J—1} ) vd"+2=i-1n( Ly +1J
1pA

40

. I cadence’

Application LIM to IBIS

» Ku/Kd extraction

» LIM-IBIS formulation

» LIM-IBIS simulation results
» Extension to Bird98

> Extension to Bird95

» Conclusion

w0 I cadence’
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y

IBIS Ku/Kd Extraction

Pwr pin Pwr_clamp pin

K OL, (V

pulV_comp) eV _comp)

v comp AR focture

— \

I gie | c 41—

< out fixture
Ky®lpg(V comp) lgc(V_comp) —_l__ comp

Gnd pin Gnd_clamp pin

e
In — V V,cump +V,mmp /

out _ fixture 2 R, Sfixture

Find closest corresponding
o currents in static IV data

V 2 _V 2
"o o~V _comp
Loy =Coeom =

V_comp1 '>Ipd11 Ipu1! Igc1 and Ipc1
V_comp2 '>Ipd21 Ipu2! Igcz and Ipcz
r =1 -

die

_comp out

; I cadence’
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IBIS Ku/Kd Extraction™

Two Equations Two Unknowns
n  _ pngn nyn n
_Idiel - Kurlpul + Kdrlpdl + Ipcl

—1 =K' + KM 41"

ur™ pu? dr” pd2 pc2

n
+1,,

n
+1,.,
The solution is

-1
n n n n n n
Kur Ipul Ipdl _Idiel - Ipcl - Igcl

n n n n n
K:ilr IpuZ Ide _Ia'ieZ - Ich - Igc2
The extraction of K; and K is similar.

***Ying Wang, Han Ngee Tan "The Development of Analog SPICE Behavioral Model Based on
IBIS Model", Proceedings of the Ninth Great Lakes Symposium on VLSI, GLS '99.

" I cadence’
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y

. = Pwrpin  Pwr_clamp pin
LIM-IBIS Simulation
Ku(t)lpul\’comp) 'pc(chmp)
<_ldei wuvv_' j_
K, (01, 4(V, ) CCD""P Gcomp Iaul Cexl Gm
dPed' Y comp lgc(vcomp)I 1 T {
Gndpin  Gnd_clamp pin
Calculate Vi, . (C. G\t
4| et Zext |y 2
"+i out At 2 ext
V=
e Cext Gext
7.,.7
controlling signa At 2
to Obtaln KU and Kd Idrv = Ku Ipu (‘/comp ) + Kd Ipd (‘/wmp ) + Ipc (‘/comp ) + Igc (‘/wmp)
C -t
n n comp comp
dev b _Ioul_ldﬂ\'+[ At - 2 j‘/a»n?)
T Vo = C. G
Explicit ( cop w]
comp equations 1 Al’ 2
A P T
n+l _ At 2
out
Pkg + Rﬁkg
At 2 )
N cadence
- - - *
Transient Simulation Results
NR and LIM give the same results
: ) s
In some cases NR fails to converge
or L s wa s S,
2 . i
E 04 Ens ='|
é 03 é.u' E
g 02 %‘os |‘
o v {
A o1 |‘
01 ‘-
WO gy 7= S
*J. E. Schutt-Ainé, “IBIS modeling using Latency Insertion Method," European IBIS summit, Italy, may16, 2012.
I cadence
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Comparison between LIM and HSPICE

0.0010hm

9 1 A A

T
|

-
3

L input puise ————  Hspice

AMI_TX model in ibisamiv2nodiff.ibs file

I cadence’

Extension to Bird98

@ LIM-IBIS formulation can easily be modified to
handle SSN problems
Procedures:

1. use [ISSO PU] and [ISSO PD] tables (IV table) to
generate Ksso_pd and Ksso_pu vectors as follows:

Ksso_pd(Vtable pd) = Isso_pd(Vtable _pd)/Isso_pd(0)
Ksso_pu(Vtable pu) = Isso_pu(Vtable _pu)/Isso_pu(0)

2. Add Ksso_pd and Ksso_pu coefficients to the
equations:

Ku(t)lpu 2 Ksso_pu(Vtable _pu) *Ku(t)lpu
Kd(t)lpd 2 Ksso_pd(Vtable pd) *Ku(t)lpd

I cadence’
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Extension to Bird95

Procedures:
1. Obtain composite currents |_composite from IBIS 5.0 file;
2. Obtain I_B from regular IBIS simulation during pre-simulation;
3. Obtain the pre-driver current IvsT", using
IvsT" () = |_composite(t) — |_B(t)
4. Add IvsT’ (t) as a voltage controlled current source (VCCS) in
parallel with IBIS B element model.

vDDQ
z_vnl?o | Pwr pin Pwr_clamp pin
r= KLY comp) L eV comp)
>11
“ f{ My s P Ve R
ci ] e _I_ VYWV %
el IC ~ <
ssa! f ] qi ( KOl comp) [C o™ comp) —_I_—( comp I out fcture
b Ond pin Gnd_clamp pin = =
GND L
. I cadence
Conclusions

«» LIM can be used to simulate IBIS based circuits
accurately;

% LIM does not suffer from convergence problems in
handling nonlinear circuits;

«+» LIM can be extended to handle IBIS 5.0 models;

% LIM is expected to be several orders of magnitude
faster for large circuits containing a multitude of IBIS
models.

I cadence
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Realize Your Product Promise™
IBIS-AMI, industry adoption,

and current challenges

Fluid Dynamics Structural Mechanics Electromagnetics Systems and Multiphysics
Naijen Hsuan

naijen.hsuan@ansys.com

TingHao Yeh

Tinghao.yeh@ansys.com

ANSYS Taiwan

Asian IBIS Summit Hsinchu, Taiwan November 13, 2012

AMI Challenges Today

AMI models are compiled libraries and text files
* No graphical representation

Package model standard not finalized
* User needs to manually add IC/package parasitics to channel model
* Large S-parameter issue

Each IC vendor has different parameter set
* No standards set
* Each vendor must document their models

AMI simulations depend on accurate channel modeling
® Passivity and causality problem

No standard way to sweep parameters and channel corner effect
* Need to create multiple .AMI files

* EDA tools need to parse arbitrary .AMI parameters

* Six-Sigma design at one flow

2 © 2012 ANSYS, Inc.
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S| Challenges Today

High Speed Serial channels are pushing the current limits of simulation.
Models/Simulator need to handle current challenges:

* Need to accurately handle very high data rates

* Simulate large number of bits to achieve low BER

* Non-linear ,Time Variant Systems

* TX/RX equalization and vendor specific device settings
* Specific Data patterns and coding schemes

¢ All types of jitter: RJ, DJ, UJ, PJ, etc.

* XTLK

* Clock Data Recovery circuits

* TX and RX may come from different vendors

® Corner and Manufacturing Variations

3 © 2012 ANSYS, Inc.

IBIS AMI

AMI stands for Algorithmic Modeling Interface

It allows users to specify their own transmitter and receiver models as C-
interface compiled libraries

¢ EDA tool supports Matlab as well as compiled DLLs

¢ faster signal processing algorithms

¢ intellectual property protection

Mainly used in convolution (fast) transient engines for channel simulation
* Designed to be used with fixed time step data

Introduced in IBIS 5.0 specs
* http://eda.org/pub/ibis/ver5.0/ver5 0.txt

* IBIS stand for “I/O Buffer Information Specification”; high-level buffer specification for circuit
modeling

* In these specs the library is specified inside the IBIS wrapper and the interface is called IBIS-
AMI

¢ In fact, AMI concept is independent of IBIS

4 © 2012 ANSYS, Inc.
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AMI Circuit Example, time domain

AMI Source
V] m
Random bit |101000101 | Piece-wise linear \_ﬂ/_\_/ . - ,_‘
generator source, noise User’s TX library

Signal after AMI receiver (probe) liorary

AMI probe

I

—1+——>| User’s RX library

ALY

.ami parameters file

5 © 2012 ANSYS, Inc.

Data Processing

ASUC Signal after the channel (Defore receiver) Nenum!

Impulse responses
¢ Before and after AMI initialization
¢ frequency domain is also available

Transient data

Eye diagrams
¢ Bathtub plots
* Contour plots
* Bit-error-rate
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Comparison of Simulation Types

Traditional IBIS Transient Fast Not accurate
Transistor Level Transient Potentially Accurate Very Slow
Handles Non-Linear No Rx Eq
IP Liability
Not interoperable
Fast Convolution Quickeye Very Fast Not Silicon Specific
Handles EQ LTI Assumption
Includes Bit Patterns
Statistical Verifeye Very Fast Not Silicon Specific
Handles EQ No Bit Patterns

LTI Assumption

IBIS-AMI AMI Fast Implementations vary
Handles Vendor EQ
Includes Bit Patterns
Not LTI limited

WSS AMI simulations depend on accurate channel
modeling

What can we do about non-passive, non-causal models?

Bypass them
* Connect inputs to outputs directly and leave S-parameter model out of the simulation

Leave them as-is

* The source S-parameter data is non-passive, but the circuit simulation model is
sufficiently passive to simulate without problems

Enforce passivity and causality

* Built-in enforcement algorithms to generate passive and causal models

8 © 2012 ANSYS, Inc.
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WSS AMI simulations depend on accurate
channel modeling

XY Pt !

Channel ? passivity ? causality ?

9 © 2012 ANSYS, Inc.

WSS Corner and Manufacturing Variations

* Usually SI engineers extract only the package or the
pcb due to the trade-offs between capacity and
simulation time

* For high speed channels, it is important to combine
the package and pcb to capture the transitions in 3D

* Merging multi-layer package and pcb in 3D can be
cumbersome

10 © 2012 ANSYS, Inc.
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| DesignData Comer Cates Zo-4in | Parametic | Staisical | Tabular | Queue | Ul NMF Packer

WSS Corner effect information

11 © 2012 ANSYS, Inc.

Degrees of Freedor [Cases]
O 3-Level Comer 5] O 5-Level Comer [3] © 7-Level Comer [13]

Materials 7point- - | Nominal | 3 point + Tpoint + | [ Single Nominal
DiksticConstnt | 065 65 | 100 [ 105 115
Loss Tangent 070 0.90 1.00 1.30
FMS Copper Roughness 025 175 1.00 175 .
Copper Conductivty 080 047 || 090 1.00 Meaation
Stack-up
Copper Thickness 085 095 1.00 115
Dielectic Thickness 0385 095 1.00 115
Geomefry
Trace Widh 0385 095 1.00 115

Assigning Variables — Layout Approach

12 © 2012 ANSYS, Inc.

* Dielectric Thickness
(lalalalwlolalal N [ Tge | Weoid | Tokess | Eib | Pough | Sobr | Lower | Uoper |
DU d/njd)t)o] te |G| b N 25 RS be by poeR 1 4 T T 0 20k
o PR Wl Uil : >
W oy Orn Voo T bl 1
‘ B ks
CORFER 1 4éni OO0 T 5wl 167
Y Y4t C e 155
(CPPER 1 4 O T 10 123
R b T
(OFPER 14 C T T dd Sbnd
R {4 [l A
COPPER 1 4 CF T ol
AR il ol
plic o Lo P i
d pefectoonduclor Ol rir [ Wl

Page 31 of 105




Asian IBIS Summit 2012, Hsinchu Taiwan

[TET@® [ & [ w [ @ [ e [ @ [ Neme | Typa |  Maeisl | Thekness | Eich | FRough | Sover | Lower | Upper |
o ¥ ¢ R ToP signal COPPER 1 4kl r [N T 1964ml 21 06mi
W~ [ W Signal signal copper fimm 3 ¥ [ 196mil 1964mil
v v v v UNNAMED_ 2 dislectic AR ihick ["  1632mil dthick+ 15.
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r UNNAMED_ 4 dielectic  FRed Atdm| I i08mi )53m0
HFSS Etch Factor e signal COPPER 1,44 r [mi - osm 123w
¥ UNNAMED_ 6 dilectc  FRed b ddmi| [ Ademl 1086mi
LI ¥ oo signal COPPER 1 44mi r r I ddml  [586mi
Thickness: 3.65764-005 ¥ UNNAMED_ ) dilectic  FRed A4dmi| r oo 4 ddmi
Eich factor: (2173913003478 D P BoTTOM COPPER 1. ddmil r [mi T om 1.4mi
UNNAMED_ 10 AR il r o om ol
¥ DELPI_SBALL ai 25l el i
2 perectconductor il r [n] r mi 25mil
Caleulator
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Top 00001126340
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13 © 2012 ANSYS, Inc.

Roughness model : Huray model

W1 Edit Layers - bga_wb,_final3
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Assigning Variables

* Trace Width

© O

Plg_193 Properties: package_on_board_compiete - bga_wb_final3 sl
Footprint | Layout Displays |
Name | Value [ Unit [EvaluatedV-| _ Description |
[ [Type Cadence APD/Alle
| |Name Plg_193
LockPosiion r
|__|Placement... TOP_COND
Net AS /
Pathictr _[Swict N i _ 29526l || Ve
P 127762 mm 127mm. 76. &
[len 115824 .762 mm 115824mm o O
e 911016212, 51477 /mm 911016212 |7
s 911016212 51213 [mm _ 9.11016212.. V74
[Jpu 873385096 50617 mm 873385096 7
| —— O
E—
[~ ShowHidden
L
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CSV Import for Parametric Analysis

Parametric Batch Mode

1l Design Verficaton

ST — B csVimport.csv - Notepad
f@m‘g\;esl’ : Fle Edt Fomat View Help
T {E D'::“ Rpad, Cpad,Zt1ine, PropDelay,Rout, Cout
@) Excastons 10, .5pf, 10, .5ns,40, 1pf
%:::;_ 25,.75pF,75,1ns,10, . 5pF

50, 1pf, 50, 2ns, 90, 2pf
75,2pf, 25,3ns,60,1. 5pf

+ [ Results |
* E?pwwuliw w
i e Analyze » [ Parametric From File...
+ (2] Definitions |, .
% Tuing... 4 Qptimization...
3L gensiivity...
Prgject | Components | SBECT— gl Statistical...

16

Close. Al

rcircuit_translated_17-Apr-2007_08_00_18 )
T e T e D TR Rpad Cpad Ztline PropDelay Rout Cout
Sim Setups Tune £l Ol
r Ja 10 .5pf 10 .5ns 40 1pf
Cap o Ind nH
3 ‘ 2 25 .75pF 75 1ns 10 5pF
W st iiors. | oot 7T | it 50 1pf 50 2ns 90 2pf
" Snap changed vaiisble = " s P P
& Snap all varisbles -
(v | | 4 75 2pf 25 3ns 60 1.5pf
’_ - ’_ H
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w Handle all of geometric project and tune for
| ANSYS | . .
8 Prbs31 at Tool and Design of Experiments

analvsis

PRBS31

- n -

oo Pt |, Port3 | p1 T p2_T1 | p1 T p2| T4 \
Port2 Portd. L p1T2 p2 T2 L p1.T2] . 3. T1 J
=] = | ] i

— p1T1 . p2_T1
Tune - EYE [BEET
¥ Real time [ Accumulate  Variation: | Available
Sim. Setups Tune x| x| x| X X
QuickEyeAnalysis r Ini Ji r r
$MS_W mil $MS_S  mil $MS_L - mil $SL W mil $5LS  mil
Tz - [T = [T 3~ | T ]
¥ Browse available variations (14) Norminak Norinal: Morninak Morminal: Norinak:
* Snap changed variable | 475 [ 65 50 [ 5.75 | 65
" Snap all variables
TP ¢ R ~
v e _ e | e |4 o

Channel “V” Design for AMI solution

Requirements & System
Specifications Validation

Sub-System Integ.

System Functional
& Verification

Design

Component

Subsystem Integration &
Design Verification

etailed Design
& Optimization

18 © 2012 ANSYS, Inc.
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19

Simulation Approaches :DOE way

*  we showed how we can use DOE way to investigate surface responses of a
channel design with hundreds parametric variations. But we still had to break

down the 3D component designs to small chunks of the board or package to keep

simulation times reasonable

PCle Channel Example NNSYS =
: ;

@\\\:\\

12 components consisting of multiple
design parameters varying from material
specific to physical.

LT T ANSTS. . Propreary

© 2012 ANSYS, Inc. A Py /
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AMI Analysis flow

(1) Compute impulse response of the channel (as well of aggressor impulse
responses)

* Regular transient analysis

(2) Initialize AMI libraries with the channel response
* Libraries can modify impulse responses

In a loop:

* Generate a block of transmitted bits

* Convert a list of bits into a piecewise-linear rise-fall signal
* Push the signal through the transmitter

® Convolve the signal with the channel

® Push the signal through the receiver

* Post-process the results (eye and bit-error-rate plots)

© 2012 ANSYS, Inc.
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AMI Analysis flow

(3) Add FFE weight parameter
(4) Add Corner and Manufacturing Variations

(5)Uses the final impulse response from AMI analysis to run VerifEye
(statistical eye) analysis

(6) Use DOE way to investigate surface responses of a channel design with
hundreds parametric variations and find root cause with min-eye

(7) Six-Sigma Report

21 © 2012 ANSYS, Inc.

WSSl Conclusions

Today, It is not easy for Sl engineer to take care AMI parameters and
high Speed Serial channels manufacturing variations. We need to
enforce passive and causal models for channel .By using channel V
design , we can do large capacity simulation , and get the best solution

for AMI Channel model.

22 © 2012 ANSYS, Inc.
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Outline

»Challenges in end-to-end optical link simulation

Anticipate __Accelerate ___Achieve

Agilent Technologies

3

Bandwidth of traditional electrical link is increasingly limited by
channel loss above 25G.

Advantages of optical channels:

* Much smaller loss and superior bandwidth
» Flawless connectivity between digital boards and backplanes
» Small footprint

* Reduced EMI

« Promising candid&W

Anticipate —Accelerate __Achieve

. Agilent Technologies

4
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Optical Link System

— optical fiber

ASIC
SERDES

<«— optical fiber

Inside SerDes Tx & Rx Inside optical module
» Equalization (FFE, CTLE & DFE) « Input voltage signal drives VCSEL to emit photons

 Clock-data recovery (CDR) + Photons pr

agate along optical fiber

« Photons are converted into
« TIA converts current into output voltage

Anticipate __Accelerate ___Achieve

- Agilent Technologies

5

Challenges in Full Channel Simulation

* Need to model both electrical and optical portions of the link
* Take into account SERDES equalizers and CDR
» Capture behaviors of optoelectronic devices

Thermal effects

Nonlinearity

Optical dispersion and loss

Device bandwidth

Laser and electrical noise

+ Implementation details are proprietary for SERDES and optical Vendors

* Information typicall e to external s

Anticipate __Accelerate __Achieve

gilent Technologies

6
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Outline

»AMI Modeling and Simulation Approach for Optical Channel

/""'—\*\

Anticipate __Accelerate ___Achieve

Agilent Technologies

Algorithmic Modeling Interface (AMI) Overview

* AMI is introduced in IBIS 5.0
* Defines SERDES behavioral modeling interface
* An AMI model consists of analog model and algorithmic (AMI) block

 Analog model: regular IBIS model, represents rise/fall edge and
impedance/load.

* AMI bock: SW executable, models Tx/Rx logics including gain control,
equalizers and CDR

» AMI block implements three standard functions
AMI_Init. performs model initialization and initial EQ optimization

AMI_GetWave: ta rm as input, ns a ified
waveform

AMI_Close: release model

Anticipate —Accelerate __Achieve

. Agilent Technologies
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AMI Simulation Methodology

A
o110 - N
|
Tx +
-------- - F1-> |
T
i Analog | Analog
; model | model
E I
L L
Tx model Rx model

» Assume Tx analog model, channel and Rx analog model are linear and can be
represented by a combined impulse response, hye.

« Assume high impedance interface between analog model and AMI block so they are
electrically decoupled.

» Simulation steps:
1. Square wave representing bit
2. Tx output is convolved with hy
3. Resulting waveform is sent into Rx AMI
4. Rx output is used to calculate eye diagram and BER

Anticipate __Accelerate ___Achieve

- Agilent Technologies

9

Advantages and Limitation of AMI

Advantages of AMI
* Models capture SERDES internal functionalities

* |P protection: models are delivered as DLL or/and shared object,
concealing implementation details.

* Interoperability between models from different vendors

+ Highly efficient link simulation, capable to process millions of bits in
minutes

Limitation
» Assumes linear channel
* Optical channel is

Anticipate __Accelerate __Achisve

gilent Technologies

10
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Extending AMI to Optical Channel

* Treat the entire optical module as a mid-channel repeater
» Encapsulate all optical behaviors inside the optical model
» Extend AMI simulation to include repeater

PCB PCB
Connector Connector SerDes
etc etc Rx

Laser VGSEL Photo TIA Amp

driver Idetector

Anticipate __Accelerate ___Achieve

Agilent Technologies

1

AMI Modeling for Optical Channel

» Model comprises input analog model, optical AMI block and output analog model
» Analog models represent load at input end and impedance at output end

» Optical AMI block encapsulates electrical-optical conversion and photon
propagation inside the fiber.

Optical model is defined in electrical domain. AMI_GetWave takes input voltage
waveform, and returns output voltage waveform (same as regular AMI models).

* Interoperable with regular SERDES AMI models.

« Protects optical IP
E pticar :_
I ’ AMI ’
E nalog model Analog modew_

Optical AMI model

Anticipate __Accelerate __Achieve

Agilent Technologies
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Full Channel Optical Link Simulation Flow

« The link includes SERDES Tx and Rx AMI models and optical AMI model.
+ SERDES and optical models are connected by two electrical channels (package, PCB, connector, ...)
« Tx analog model, 15t electrical channel and optical input analog model are represented by hpc,
« optical input analog model, 2" electrical channel and Rx analog model are represented by h,c,
« Simulation steps:
1. Square wave representing bit sequence is sent into Tx AMI
2. Tx output is convolved with hpg;
3. Resulting waveform is sent into optical AMI
4. Optical output is convolved with hpc,
5. Resulting waveform is sent into Rx AMI
6. Rx output is used to calculate eye diagram an BER
» Both SERDES and optics are taken into account w/o exposing SERDES or optical implementation details

hACl hACZ

100110

1 model

Tx model Optical model Rx model

Anticipate __Accelerate ___Achieve

gilent Technologies
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Outline

»Optical Models

Anticipate __Accelerate __Achieve

gilent Technologies

14

Page 43 of 105




Asian IBIS Summit 2012, Hsinchu Taiwan

VCSEL Model

LI characteristics

5
45 AT
4 4 st « Strong thermal dependency

» Temperature dependent |
\ » Output power rollover

Output power (mW)

39 78 17 15.6 195 234 213 312 351 39
Input Current (mA)

Anticipate __Accelerate ___Achieve

Agilent Technologies

15

VCSEL IV Characteristics

325 = e
31 /
205
28
265 7
25
23
22
o
"
29 48 67 86 105 124 143 162 181 0
Input Cusrent (mA)
« IV curve is temperatu ent \*\

Anticipate __Accelerate __Achieve

Agilent Technologies
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Laser Rate Equations

dv _nd-1,;T) N _G,(N-Ny)S

dr q T, 1+&S
ds__S PN G(N-NpS
dt T, T, 1+&S

P n

N: carrier number

Thermal Rate Equation S: photon number

I: injection current

T=T+ AV =F)R, =7, [f% 14 threshold current
Py=kS T: temperature
T,: ambient temperature
IV Characteristics P: optical power
V=fUT)

* ly(T) and f(1,T) functions can be fitted from measured LI and IV curves

« Equations are simplified to improve simulati
ain compression and laser driver bandwidth are also inclu

« Spontaneous emission noi
model.

Anticipate __Accelerate ___Achieve

Agilent Technologies

17

Fiber Model

Master Equation

1
&(x,y)

[VL g(x%y)]x[(m ik 2P H ey |-V ) K (5, ) = [%’]H(x »
Dispersion

+ Determined by eigenvalues of o(k,)

« Waveguide dispersion: photon confinement in fiber

+ Material dispersion: frequency dependency of £(w)

« Small pulse spectral width expansion

k. (@, +ow) = B, + ia+ﬂ,5w+%ﬁ2§a)2 I y:center frequency of laser spectrum
k() = Bo + 1ot

Nonlinear Schrodinger Equ

0A 0A i
2 ioA oaLt
o TAThG o h

aazt? =ipja’|a

Anticipate __Accelerate __Achisve

Agilent Technologies
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PIN Diode and TIA Models

Photon absorption in PIN creates electron-hole pairs and
photocurrent

I — ﬂq CI) n:quantum efficiency

ph h ) ®: laser power

Other factors considered in the models
* Optical and electrical bandwidth

- Nonlinear transimpedance \-*\
* Thermal noise and shot noise ,

Agilent Technologies

Outline

» Simulation Results and Discussion

Anticipate __Accelerate __Achisve

. Agilent Technologies

20
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25G Optical Channel

PCB | PCB
& pkg & pkg

» Tx is a pass-through
» Rx implements voltage-gain control, CTLE, 5-tap DFE and CDR

Rx
model

+ SERDES and optical module are connected by Tx/Rx package, PCB and optical package

Insertion loss of PCB + Pkg

dB(S(2,1))

T
5 10 15 20 25
freq, GHz

Anticipate __Accelerate ___Achieve

Agilent Technologies

21

Eye Diagrams at Room Temperature

Optical module input Optical module output

T=27°C

Anticipate __Accelerate __Achieve

- Agilent Technologies

Fiber length = 50m
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Bathtub Curves

Rx output

Timing bathtub Voltage bathtub

2 2
4= -4--
o] o]
o] ]
10 »lli;
-2+ -II--
14 18]
18
T

LR RN R AR R R R e Ry LR RS ARR R ERRR) T T T T T T
L 03 02 01 00 01 02 03 04

WM N 40 B 0 W 04
time, psec witage

Anticipate __Accelerate ___Achieve

Agilent Technologies

Optical Noise Effects

Eye at optical output

T T T
0 0

time, psec time, psec

with optical noi

Anticipate __Accelerate __Achieve

Agilent Technologies
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Temperature Effects

Eye at optical output

time, prec

» Output level of long consecutive logic-1 sequence drops as temperature increases
» Caused by VCSEL output power rollover

Optical module input

Optical module output
0s] os] =
02-] 02|
00 00
—
02 02
— 27°C
04 FYS
65°C
IR EEE RN I EEEEREEEREE
5 = B R B R B & B B o828 2 R 8 % & 8388282 3332

time, nsec

Anticipate __Accelerate ___Achieve

25 : Agilent Technologies

Nonlinear Effects

Eye at optical output

time, psec

time, psec
» TIA 1dB compression at 0.4V * TIA 1dB compression at 2V
+ Output amplitude: 1V « Output amplitude: 1.8V

P

Anticipate __Accelerate __Achieve

" Agilent Technologies
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Fiber Length Effect

Bathtubs at Rx output

Timing bathtub Voltage bathtub

—— 50m  —— 100m

Due to low optical loss, length effect is unnoticeable.

Anticipate __Accelerate ___Achieve

gilent Technologies

Summary

» AMI methodology is applied to model and simulate optical channel
« |P protection to optical vendors
« Interoperable with SERDES models by supporting the same interface

» Enable co-simulation in electrical and optical domains to account for
SERDES and optical effects

 Optical models are developed to describe behaviors of laser driver, VCSEL,
fiber, PIN and TIA.

* Thermal effects, nonlinearity and optical noise are demonstrated in
simulation results

» The approach provides a i i r end-te-en
optical link analysis-

Anticipate __Accelerate __Achisve

gilent Technologies
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I cadence’

Chip PDN Model for Power Aware Signal
Integrity Analysis

Jack W.C. Lin
Raymond Y. Chen
Presented by: Jack W.C. Lin

Asian IBIS Summit
Hsinchu, Taiwan
November 13, 2012

Outlines

Traditional SSO analysis

Chip PDN impact

Limitation in current IBIS SSO simulation
Chip PDN contribution to capacitance

How to generate chip PDN model

Case study—Using chip PDN in SSO analysis
BIRD proposal to add chip PDN in IBIS

I cadence
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Traditional SSO analysis

cTL ] Pkg1 PCB Pkg2 Dz MEM
1

PCB/Package model is extracted by EM solver with signal and
power/ground information.

IBIS without power/ground current and package [Pin]/[Package Model]
model are used.

"Artificially large" power ground fluctuations is observed in SSO analysis
due to the lack of PDN model.

“What if “ RC on die model to mitigate power/ground noise till reasonable

level. _
I cadence

Traditional SSO analysis

1. Driver:1.3nF/0.3 ohms ; Receiver: 1.0nF/0.3 ohms

2. Driver:2nF/0.3 ohms ; Receiver: None

3. Driver:0.5nF/0.3 ohms ; Receiver: 0.5nF/0.3 ohms
wens  Waveform with different on-die decap value

e 4 \ﬁ o \ A [ \ Al M \ A \ A M
f 11/ i 4 | ' _. | ’. i 1 i :
e

\ \ \

o % 'A 4]

NI W I 7 - LM ] 72 SN, AR N0 . -
- TP_DQ26/TP_DQS3 from type3 déggg value
— TP_DQ26/TP_DQS3 from type2 decap value C ad enc e"
— TP_DQ26/TP_DQS3 from type1 decap value
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[ J Chip PDN impact

2 hmplivude (Ohw)
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Chip only impedance profile

el

2e-4 le-3 Ze-3 0.01 0.02 0.1 0.2 1 z
Frequency (GHz)

« Chip PDN will help to identify the mid-frequency resonance of the whole

system
» This will enhance the power/ground noise if working frequency meet the

resonance = "

I cadence
—I Chip PDN impact
e i e M N R I' i “ ”"‘ e M Y ) -
‘ l
. 'L‘ﬁ Lﬁ-L"HL " “”L

I [k " il
i

il r‘fm;t L

00

L

»  While performing SSO analysis with random bits pattern,
lower frequency transition bits may meet the middle-
frequency resonance and lead to larger power/ground noise
and worse signal quality.

—

._||

f
3 =

I cadence
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Limitation in current IBIS SSO simulation

IBIS v5.0 is more accurate to simulate the power/ground current
with pre-driver/crowbar current and |-V adjusted with Vgs. But IBIS
v5.0 only can't still get reasonable power/ground noise.

Feasible on-die RC model still play a dominant role that impacts the
accuracy of the SSO analysis

On-die RC model is not available from IBIS file.

On-die capacitance is just estimated from IC designer by how much
of MOS caps they placed around I/O cells or estimated by average
power dissipation (eq.1)?

From chip point of view, what are the factors that contribute total on-
die capacitance?

C: capacitance of core P

P: average power dissipation C ~ Eq.1
f : clock frequency Vv 2 f

V: power supply voltage

I cadence’

Chip PDN contribution to capacitance

Parasitics from transistor

— Parasitic capacitance exists between all MOSFET terminals

— For the I/O pin, this is modeled in IBIS by C_comp

— A new compensation capacitor is needed for the power and ground
parasitics which is frequency and voltage dependency (first propose by
Sigrity in DesignCon 2005)

Gate
T Capacaance ve. Vbias and Fraguency P

N

vgs vgd cgd

Source TS ;_ —|_ - ]ﬁ'?{ - T o
Ny

s oo ibd | cbd |

cbs - . Q
vbs vbd
+

idb

Substrate

MOS Capacitors

— Like n-MOS capacitors that distributed around 1/O circuits
cadence

Page 54 of 105




Asian IBIS Summit 2012, Hsinchu Taiwan

Chip PDN contribution to capacitance

» Qutside of the transistors

10 cell circuits

—Power/ground metal grids outside transistors
that contribute capacitance.

—Except MOS caps around I/O cell, MIM caps
are distributed on interposer that contributes
larger capacitance in current 2.5D IC design

I cadence’

How to generate chip PDN model

»  We need to categorize chip PDN model
into 2 parts, one is transistor itself, the
other is outside the transistor

+ IBIS buffer model part only includes
circuits and intrinsic parasitic.

+ Chip PDN includes GDS layout and MOS
capacitors of I/O region.

+ Silicon interposer chip design becomes
popular and MIMCAPSs on interposer
contribute sizable capacitance which need
to be consider in chip PDN extraction

MIMCAPS inside
metal layers

Silicon
Interposer

Package B }
I cadence
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y

How to generate chip PDN model—transistor

» The IBIS Plus model proposed by Sigrity that dynamic
capacitance is included while performing Y admittance
extraction between power and ground.

» The equivalent circuit is extracted and added to
power/ground pins through [External Model] circuit call
in IBIS.

Sweep Vout

| Small-signal analysis |

+

Extract pg/pu/pd part
from Y Matrix

4

Fit the Admittance
with voltage controlled
R/C

@ cadence

—I How to generate chip PDN model—outside

transistor
» To extract chip PDN by 1/O bus group. Same bus group share
the same PDN model.

» To set power to ground ports on bumps by different bus group
for model extraction

» Capacitance outside the transistor with MOS capacitors can
be extracted through chip level extractor.

* The model can be lumped as simple RC value or distributed
as SPICE circuit by the concern of frequency bandwidth.

Bus group1 Bus group2

1/0 circuits /O grouits _ =
cadence
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—l Case study—Using chip PDN in SSO analysis

VDD
VDD 10 IQ VODQ ;

:>_,WMI_ OR

R_die C_die

FRiA

Distributed Broadband
SPICE circuits

* Lump RC and distributed broadband model will be
applied for SSO analysis with PRBS patternsl cadence

—I Case study—Using chip PDN in SSO analysis

/O circuit

Pwr
clamp
Sig Pin
Gnd
clamp

7,-':“‘1 "X

» /O circuit is converted into IBIS/IBIS plus model
» Chip is extracted by chip level extractor which include RLCK elements.

» PCB and package are extracted by EM solver and converted into
broadband SPICE.

+ Only 1 group DDR data is considered for this test I cadence
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" N case study—Using chip PDN in SSO analysis

Voltage (V)

________________________

1
i Al

Uil

""""""""""""""""""""""""

S
' Diff: 0.146426 (V)

,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,

~ RED: without Chlp PDN
'] Green: with on-die RC 7
i Blue W|th dlstrlbuted broadband model

H ' L L
—————————————————————————————————————————————
H H H

| i
———————
i |

125 130 135 140 145 150
Time (ns)

* On-die RC or better distributed chip PDN model can
yield realistic power/ground noise analysis.

» Chip PDN is responsible to filter high frequency noise
cadence

—I Case study—Using chip PDN in SSO analysis

Voltage (V)

160 165 170

RED: without chip PDN
Green: with on-die RC
Blue: with distributed broadband model

mmmmm

» Without Chip PDN model, art|f|C|aIIy Iarge power/ground

noise impact the signal waveform significantl
i cadence’
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—I BIRD proposal to add chip PDN in IBIS

» Chip PDN model can be lump RC or SPICE distributed model.

» The chip distributed model is generated by different bus group.

» The bus group is mapping to the bus group in [Pin Mapping]
section.

» [Chip PDN Model] can be included in IBIS by [External Model] call

Controller  OnDie Parasitics | Package Parasitics |

(? wone @ OnDie RC

File [controller_omem:o_tsmc.sp ] Sub-circuit Controller_TSMC_PMEMIO | ¥
-— —~Parameters-

Short Reastnr:ohm PDS Ohm FDS Capacitur:F Edit Default

.subckt Controller_TSMC_PMEMIO_Driver_OnDie_RC

DQ1 +in_1 in2 in3 in4 inS5 in6 in7 in8 in9 in_10
+in_11 in_12 in_14 in_16 in_18 in_20 in_23 in_25 in_27
+in_29 in31 in_33 in_13 in_15 in_17 in_19 in_21 in_24
+in26 in_28 in_30 in_32 in34 outl out2 out3 outd
+out 5 out6 out7 out8 out9 out10 out 1l out 12
+out_14 out 16 out 18 out 20 out 23 out 25 out 27 out_29
+out 31 out 33 out 13 out 15 out 17 out 19 out 21 out 24
+out_26 out 28 out 30 out32 out34
* User-specified OnDie parasitics parameters
+ rshort = 0,001 $ Short Resistor
+rpds = 0.3 $ PDS Resistor

I cadence’

—I BIRD proposal to add chip PDN in IBIS

[Package Model] DDR3_WBGA_PKG
[Chip PDN Model] DDR_Chip
[Manufacturer] Cadence

[Package]

[Pin Mapping] pulldown_ref pullup_ref gnd_clamp_ref power_clamp_ref ext_ref
B2 GNDBUS2 NC

B3 GNDBUS2 PWRBUS2
B7 GNDBUS2 PWRBUS2
B8 GNDBUS2 NC

B9 NC PWRBUS2

Cc2 GNDBUS2 PWRBUS2 GNDB!
Cc3 GNDBUS2 PWRBUS2
[Define Chip PDN Model]
[Manufacturer] Cadence
[Description] 3mmx3mm Flip-Chip
[External Model]
Language SPICE
|

| Corner corner_name file_na circuit_name
Corner Typ chip_PDN.ckt vddq_pdn

|

| Ports List of port names (in same order as in SPICE)
Ports A_puref A_pdref

GNDBUS2 / PWRBUS2

PWRBUS2 |GNDBUS2 is VSSQ
PWRBUS2 [PWRBUS2 is VDDQ

bus name is mapping to sub-circuit nodes

I cadence’
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Outline, Specifications
and Parsers

* IBIS through Version 5.1
— ibischk5

* Touchstone Version 2.0
— tschk2

* Conclusions

TERASPEED
© 2012 Teraspeed Consulting Group LLC CONSULTING
GROUP
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Valid IBIS Versions
and Latest ibischk Versions

1.0 2.0 3.0 4.0 5.0

L |21 3.1 4.1 [5.1]
[32]

ibis_chk ibischk2 ibischk3 ibischk4 ibischk5

Vli.la V2.1.17 V3.29 V4.2.2 V5.1.2

TERASPEED
Page 3 © 2012 Teraspeed Consulting Group LLC CONSULTING
GROUP

IBIS Parser Major Version Logic

* Subversions upgraded to last major version
— V5.1 upgrades V5.0
— V4.2 upgraded V4.0 and V4.1
— V3.2 upgraded V3.0 and V3.1
— V2.1 upgraded V2.0
— V1.1 upgraded V1.0

e V5.1 checks VI.1, V2.1, V3.2, V4.2, and
V5.1 levels for features and corrections

TERASPEED

Page 4 © 2012 Teraspeed Consulting Group LLC CONSULTING
GROUP
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Downward Compatibility

* Current IBIS downward compatible
with all earlier features and syntax
— Prior EDA implementations supported
— Existing models remain valid
— Specification includes all features

— Earlier specification mistakes corrected

* Specification well tested and corrected

Page 5 © 2012 Teraspeed Consulting Group LLC

TERASPEED

CONSULTING

GROUP

IBIS-AMI Version Exception

* |BIS-AMI subversions supported by the .ami format
* AMI_Version required for “5.1” files and later

— First Reserved Parameter

— Use_Init_Output not legal
* Omission of AMI_Version implies “5.0” level

— Use_Init_Output legal

— All other AMI_Version “5.1” rules apply

* Later AMI_Version levels will have more features and

possible deprecation at the subversion level

* Later Specification will track all subversion changes

Page 6 © 2012 Teraspeed Consulting Group LLC
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“ibischk5”’ Parser

Ibischk5, Version 5.1.2

— Free executables:
http://www.eda.org/ibis/ibischk5/

— Bug reports:
http://www.eda.org/ibis/bugs/ibischk/

1993

Checks all [IBIS Ver]s of IBIS files
Over $117,000 of contracted work since

Supports .ibs, .pkg, .ebd, and .ami formats

— directly or through higher level linkages

© 2012Teraspeed Consulting Group LLC CONSULTING

Page 7

TERASPEED

GROUP

Flags in ibischk5

Usage: ibischk5
: ibischk5
: ibischk5
: ibischk5
Usage: ibischk5
: ibischk5
: ibischk5
: ibischk5

<IBS filename>
—ebd <EBD filename>
—pkg <PKG filename>

|—ami <AMI filename>
=caution|-n ere

—caution |-numbered
—caution |-numbered

J <IBS filename>
-~ebd <EBD filename>
-pkg <PKG filename>

—caution |-numbered

ami <AMI filename>|

The flags prior to the file name can

and the -caution and/or -numbered flags are optional.

be 1n any order,

e —ami for <file_name>.ami (algorithmic model
interface control file)

* —numbered for numbered Error, Warning,
Notes and Caution messages

Page 8
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ibischk5 {~-numbered} —ami file4.ami

ERROR
ERROR
ERROR
ERROR

Errors

H )

File Failed

Checking file4.ami for IBIS 5.0 Compatibility...

Illegal Usage value A specified for Paraml
Illegal Type value B specified for Paraml
Illegal Format value C specified for Paraml
No Reserved_Parameters found

E4627
E4627
E4627
E4622

Errors

: 4

File Failed

Checking file4.ami for IBIS 5.0 Compatibility...

Illegal Usage value A specified for Paraml
Illegal Type value B specified for Paraml
Illegal Format value C specified for Paraml
No Reserved_Parameters found

TERASPEED

Pag 2o roTerTepeEeTTT AT e CONSULTING
GROUP
Message Number File Being Updated
(Over 1150 unique message strings)
1 Number Symbol in Code |Me Parameters Comment. Category Clasification
100 MDLERRO |Unsble to Allocats Mamory 56 50 iansme, line = g
2 number <linenumber>
3 | 101 MOLERR1 |Unabiato getiBIS structura Program ata structures ara corrupt Intarnal Error 3
102 MOLERR2 [OrphanModel keyword Vodel keyword found but not within a Model Error with IBSfile Line number ¢
4 declaration
103 MOLERR 3 |iegal Digital Port s> (not allowad portname Impropar use of Digital port <portnama> Errorwith IBISfila Ling number 3
5 in SPICE Ports section)
104  MDLERR_& |D_switch notallowed with Improper use of D_switch Errorwith IBISfile Line number E
6 [D_arive,D,_racaive,oc 0_snabialin
105 MDLERRS s notallowed with D_switchin Errorwith 18IS ile Line number 3
7 Ports/A2D/D2A Section
8| 106 MOLERRS [ReservedDigital Port <s>usedas portname irpropar e o Razarved Digital port Sporiname> | Ervorwith IS AIS Line rurmiber ¢
107 MDLERR7 |Orphandata line keywerd A line was found Error wit Line number £
S expected
10| 108 MDLERRS [MgndTypicalvalve shouldbe>o Improper TTgnd typical value Error with IBIS file Line number 0
11 109 MDL_ERR 8 |TTgnd Min value should be >0 Improper TTgnd minimum value Error with IBIS file Line number E
12| 110 MDLERR 10 [TTgnd Maxvalue should be >0 Improper TTgnd maximum value Error with IBISfile Line number 3
13 111 MOUERR 11 [TTgnd typvalue isnotinbetween Improper range for TTgnd Warning w
14 112 MDLERR_12 [TTpowerTypical value shouldbe >0 Improper TTpower typical value Errorwith IBIS file Line number E
15| 113 MDLERR13 |TTpowarMinvalue should be>0 Impropar TTpowar minimumvalus Error with IBSfila Line number ¢
16 114 MOLERR 15 [MTpower Maxvalue should be>0 Improper TTPower maimum value Error with IBISfile Line number e
17 115 MDLERR_15 [TTpower typ value isnot in between Improper range for TTPower ‘Warning w
116 MDLERR_16 |[ModelSpec] should be specified Impooper positioning of [Model Spac] Errorwith IBISfila Lina number
immediately after all the
18 subparameters ofa model and
117 MDLERR_17 |[Receiver Thresholds]should notbe modeltype not 1BIS file Line number w
13 specified for model type 5. <modeltype>which is not an Input or 1/0 model type
118 MDL_ERR_18 |[Add Submedel]should be specified Improper 1 0 Line number €
20 or othre syt o emodl
119 MDL_ERR_13 |%s Already Defined For Model Hs'  sub Amodel <sub-p or Error: Line number E
parameter/keywo defined for <modeiname>
21 19, modelname
120 MDL_ERR_20 |[Receiver Thresholds] should be Improper pasitioning of [Receiver Threshalds] Errorwith IBISfile Line number E
spacified immediataly after il the Keyword
subparameters of a model and
22 before the other keywords of a
121 MDLERR21 [ExpectingKeyword. InvalidLine Aninvalid ine . rror Line umber ¢
23 expected
TERASPEED
Page 10 © 2012 Teraspeed Consulting Group LLC CONSULTING
GROUP
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Recent ibischk5 Version 5.1.2

Major IBIS-AMI syntax implementation
— IBIS Version 5.1 — rules clarified and CHECKED
— Table-syntax defined and now parsed

— Major Errors now detected (versus not being checked in the
older Version 5.0.7)

23 BIRDs on IBIS and IBIS-AMI syntax

I3 BUG reports on file testing for specification
compliance closed through BUG 38

* Source code checked with 44 new test files since V5.0.7

* Unfortunately, some new BUGs may be discovered with

B - -4

TERASPEED

Page 11 © 2012 Teraspeed Consulting Group LLC CONSULTING
GROUP

‘“¢.schk?2” Parser

Checks Touchstone Version 1.0 (TSI) and
Version 2.0 (TS2)

— Error and Warning numbers
— Free executables: http://www.eda.org/ibis/tschk2/

Converts TSI to TS2, TS2 to TS| where practical
with -canonical* flags

Provides comment headers and real, imaginary
format (RI) with -describe flag

Source code package includes 440+ test cases
C++, well documented
* Only one mixed mode BUG found so far

TERASPEED

Page 12 © 2012 Teraspeed Consulting Group LLC CONSULTING
GROUP
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tschk2 {-canonical*} FILE

{-canonical | -canonical-v2}
TSI, TS2 > TS2
— Provides number of ports, frequencies and other information
Un-normalizes TS| Y-, Z-, G- and H-parameters and effective
noise resistance
{-canonical-vl}
TSI, TS2 > TSI where practical

— Applies column formatting rules and 2-port 21_12 ordering

— Normalizes TS2 Y-, Z-, G- and H-parameters and effective noise
resistance

— No mixed mode or selectable reference resistance processing

TERASPEED

Page 13 © 2012 Teraspeed Consulting Group LLC CONSULTING
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71 tschk2 Messages

alolxi

o 20 0focks M- 5

x o

2 Mot visied @) Gettrg Starind . Latest Headines
I LT

Fain Pagn | Walatod Pages | Mamespaces | Classus | Files

Notes on error and warning messages
FILE_ERROR_CATEGORY (1000}
Erars in opening or reading the Touchtone fi.
» FILE_NOT_FOUND (1001) - Raised when the file cannot be opened mwuuh the path provided. Alsa raised when the flename is empty.
+ UNEACASLE FLE (1007 RiSad whn th fo ' Tound, b canot b opened fr rasding
» EMPTY_FILE (1003) - Raised when the file is found to be emp!
FORMAT_ERROR_CATEGORY (2000)
Errors in the structure of the Touchstone ile format
* NO_USEFUL_CONTENT (2001) - Raised when the file is found to contain only comments and blank ling
NOT. LVOUCNS"}NF FILE (2002) - Raised when the fila does not start in Mb‘z’;e"'. Toudhstone v\ lmnwll of the Touchstons v2 format.
200 Raised int

e an invalid character is found in
e termination s expects

hen a space or tab is expect

30091 - Raised when whitespace is found on 2 na pracadieg o keywore
(2010) - Raiged whén whitespace is found on  Ine preceding
feurd on 4 i 2 requency valus,

e [Humber rgument is not a positive integ
. |~vum Two pam DATA Shoer | x;vwem (mm Raisad when the {Two-Port ata Order kevword 5 owven for a fle that does nat describe 2-port data.
ORDER_KEYWORD (2018) - Raised when the [Tw rder] keyword s not found in 3 fle that deseribes 2-port data
P DAY GRDER (201 - Aatoad when an e cooLat argument s toune for e [Two.bert bata Ordes] Kevwron
OF FREQUENCIES (2020) - Raisad whan the [Rumbiy o FIeUences] MOUTNG i Nt & posve Megar
OF NOISE_FREQUENCIES (2021) - Raised whien the [Number of Noise Frequencies] argument is nat a poskive integer,
OF REFERENCE_MPEDANCES (2022] - Raised when the mumber o referance impedances does not match the number of ports.

beschip 024) - Raised wi nznlnuzhdmlxsd-mn s ot descror s foun

G POR 22 mo s grver o dat
ONLY_DEFINED_FOI SENTS (1036] - Raae] whet, -parameters svs Oves 1o 3 e at does ok descrbe 2-port data
+ H_PARAMETERS_ONLY_DEFINEG_FOR_TWO_PORTS (2027) - Raised when H-parameters are given for a file that does not describe 2-port data.
DISE_DATA ADVERTISED (2020) - Rined han [Numoar of Neiss roqusncies]  ovan but o [Nose DIta) i ound.
RANGE (2029) - Raised is greater
GUN EXTRALINES AT ENGS (2030) - Réised whan X Mes are found at the end of 1 f.

OPTIONS_FORMAT_ERROR_CATEGORY (2100)
Errors in Touchston options line.

Done
frsu| |0 & ® @@ ol 5l [fw@@EREE a0 wmm
TERASPEED

Page 14 © 2012 Teraspeed Consulting Group LLC CONSULTING
GROUP

Page 67 of 105




Asian IBIS Summit 2012, Hsinchu Taiwan

Conclusions

* ibischk5 and tschk2 parsers - officially
check files for specification compliance

* Parsers helps test specification rules for
clarity and accuracy

* BUG process continues to improve the
parsers and eliminate mistakes

* Parsers are critical to IBIS success

TERASPEED

Page 15 © 2012 Teraspeed Consulting Group LLC CONSULTING
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Useful Links Under IBIS
Home Page: www.eda.org/ibis/

ver5.1/ IBIS Version 5.1 (August 24, 2012)

ibischk5/ ibischk5 Version 5.1.2 (October 2012)
touchstone_ver2.0/ Touchstone Version 2.0 (April 24. 2009)
tschk2/ tschk2 Version 2.0.0 (December 2009)
quality_ver2.0/ IBIS Quality Specification (Oct. 30, 2009)
ibis-iss_verl.0/ Interconnect SPICE Subcircuit Specification

Version 1.0 (October 7, 2011)

editorial_wip/ Editorial Task Group (wip)
interconnect_wip/ Interconnect Task Group (wip)
macromodel_wip/ Advanced Technology Task Group (wip)
quality_wip/ Quality Task Group (wip)
&

(wip: work in progress) ? s n

’ ’\\\ TERASPEED
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IBIS Model Validation Review

Nov. 13, 2012
Hsinchu, Taiwan

Lance Wang ] L ( ~ ™
Iwang@iometh.com
IBIS Asian Summit 2012 < 8 1"’&

\Outlines

Motivation

History

Method Review
Common Mistakes
Conclusion

© 2006-2012 10 Methodology Inc. 2
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Motivation

= Why model validation is the MUST?

* Models are artificial representations of the real devices. This applies to
all the models including our Sl simulation models

» System design engineers need the validated models to analyze their
High-Speed system designs through simulations

» “Garbage in, Garbage out” is true for all the simulations
= Proper IBIS model validation method is required

» IBIS is the behavioral model which is no way to verify internal structures
or monitor internal signals

= Common mistakes for IBIS validation and correction methods

Note: this presentation is focusing on “traditional” IBIS buffer model
validation methods only.

© 2006-2012 10 Methodology Inc.

History

» 1997 —the IBIS Accuracy Subcommittee (IAS) was
established

+ 1998 - IAS release their initial version of the IBIS Accuracy
Specification, which later becomes the I/O Buffer Accuracy
Handbook.

= 2007 - the IBIS Quality Task Group (IQTG) was formed
+ ltis still ON in the regular teleconference basis

+ Several IBIS Quality Specifications have been released as the
IBIS Standard Specification documents

» A Quality Checklist also has been release from IQTG

» In the past few years, many system companies start to
ask their device vendors to have their specific IBIS
model quality control documents to be filled before the
devices used in their high-speed designs

© 2006-2012 10 Methodology Inc.
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'Method Review

IBIS Validation Goal

Correlate IBIS model simulation results with the desired Golden
sources (measurements and simulations) for specific test loads

» Common Used Correlation/Comparison Methods

From IQTG

» Quality Checklist

From the Accuracy Handbook
» Curve Overlay Metric

» Curve Envelop Metric

From Xilinx and Huawei

» Threshold based Metric

From 10 Methodology

» Differential Index based Metric

© 2006-2012 |0 Methodology Inc.

'Quality Checklist from IQTG

Great start! A lot of good suggestions

Simply follow the list for the check items

Too many items asking for “reasonable” and “visual” checking
Not easy to implement by using a computer program
Incomplete especially for correlations

PASS/FAIL [Comments

© 2006-2012 10 Methodology Inc.
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Curve Overlay Metric

4.3  Curve Overlay Metric

= Relatively simply
he Curve Overlay Metric applies to cases in which the measured and simulated data should theoretically
method !Iiu nli(n:c\]} :fn mp'u;m.lun (J\::Sr F:»r cxmnp]u,a\mltluml simulation of a mlu ]n.l:l z\lldAhulIu|\1¢!rlul .
. simulation of the same load sheuld theoretically yield identical results. Another example is the
- Easy to Implement by meass ofak pical sample component and a structural simulation of the same netuvork under
using a computer e e i
prO g ram {m\;-m (ht;h[\\n;l(j\!a points, weighing the sum against the range of data points along that axis, and dividing
= Large error occurs 37 | (golden) - x,(DUT)
when the most points FOM =100-| |- =
are not perfectly
aligned up even visual
check seems to be i A
good -
v m—
= Do not count the error 1 =
due to waveform / /
shifting /
* Not a great reference v =
for automation o - L= -
purposes
© 2006-2012 10 Methodology Inc. 7

\Curve Envelop Metric

44

Curve Envelope Metric

The Curve Overlay Metric applies to cases in which the measured da

= Good to be used
. in theory, bounded by two fOI’ measurement

curves (or waveforms) that represent process-voltage-temperature extremes. In general, this metric is useful

when the processing conditions of the sample component are unknown. The Curve Overlay Metric returns Correl atio n cases
a yes'no value depending on whether or not every one of the data points falls within the envelope

boundaries defined by the min and max curves. The plot below demonstrates a lab pull-down curve (solid n Appl IeS a good

line) that is slightly stronger than the typical curve (middle dashed line) and lies well within the (outer

dashed lines).

Envelope Metric

estimate for
unknown/hard to_
control operation

conditions

= = No result that

e indicates how

accurate the

model is

- T 1]
= =TT T
< =
£ 5
= #
= Z
43
-150
5 0 5
Vout (V)

The Curve Envelope Metric presents a difficulty in the case of unterminated transmission line loads.

Beca

e these waveforms overshoot normal logic levels and ring back, the min and max wa
ach other and do not define an envelope. Therefore,

eforms

he Curve Envelope Metric may not be

applied to the Open Transmission Line load or the Transmission Line and Receiver load.

© 2006-2012 10 Methodology Inc. 8
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Threshold based Metric from Xilinx

= Uses 5 the most

important thresholds

to measure the
correlation result

= Simple and easy to
use a computer
program for the
results

= Ignores some
transition effects

= Difficulty to be used
for some abnormal
waveform
correlations

5 Metrics Defined

» We propose the following 5 metrics/features for
waveform comparison:
- high level, low level, rise time, fall time, and duty cycle

IBIS-to-Spice Correlation 10

© 2006-2012 10 Methodology Inc.

Threshold based Metric from

Huawei

BHERE

B UER
st Rk

1 BOFREQF (V)
2 BRFREQLE (V) roy

CRELE 5 MeFRN RS

D A

[ WENRAEA

FOM: )
ronssroa [+ Eofate x|
lfoMzrlnn-l-

max |1, = ¥2,|
b

FOAM3 = max|v1, - v2,|

Page 7

HUAWET gfé HUAWEI

TECHNOLOGIES CO., LTD.

= Uses more thresholds to measure the correlation result including
overshoots, monotonicity and eye measurements, etc. Plus FOM and

customized FOMs

= Getting more difficult to use a computer program for the results but kind of

manageable

= Siill difficulty to be used for some abnormal waveform correlations

© 2006-2012 10 Methodology Inc.
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Differential Index based Metric
from 10 Methodology ™" =™™"  uen

= Timing Differential Peak*(TDP)

1l"l‘h TP- 0= it
J 7

Waveform Comparison

« Differential Peak" (DP) and Differential Peak Index (DP1)

+ The DP is defined as the following
Dp=  Ma

Where, [TstartTend] is the comparison ‘ 7 TDA
window which the user defined
DP can show the largest difference in
the comparison window between the two
waveforms.

+ Timing Differential Average* (TDA)

Wt + of fset) = W(eH)

S ias e Ty = Tyiy Ay
T

oL Y [V -%
=iTs.

sy 28,308 [ T ——

+ The DPI is defined as below
DP

= Brings 3 differential indexes (peek,

Mot average and timing) measuring together
= Differential Average* (DA) and Differential for the result (generic waveform

Average Index* (DAI) :

« The DA is defined as the following Comparlson approaoh)

oa - Enee ST Sorfe e = Close to human visual predictions
et T = No dependency for threshold settings
= The DAl is defined as below .
Mo = Works find even for abnormal waveforms

= Must use a computer program to calculate

© 2006-2012 10 Methodology Inc. 1

Common Mistakes

= Syntax Check
+ IBIS Golden Parser is a good first-pass tool for legal IBIS syntax

check

+ The most of simulators will stop if your IBIS file contains syntax
errors

» No error and warning doesn’t mean it is a good IBIS model for
simulations

+  With warning messages, the IBIS model might still produce the
accurate results against golden sources
= Test Circuit

» Proper test circuit is important to get meaningful validation results

» Your IBIS model might not be operable for certain conditions. It might heavily
depend on your extraction conditions

+ Use application level test circuit for your correlations

© 2006-2012 10 Methodology Inc. 12
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Common Mistakes (continue)

= |-V /V-T Curves

» Individual |-V might not within your expectations. Need to check the
combined curves instead

» IBIS Spec only accepts 100 data points for |-V curves
» A number of system vendors asked for 1000 I-V points

» Do not always use/ask 2 sets of V-T curves with 50 ohm +
V_fixture=VCC/GND
» Some buffers are only working properly for high-impedance load

» Some buffers will produce a straight line for V_fixture=VCC or GND. e.qg.
OPEN type buffers

» For some differential buffers, you might have to set
V_fixture=Common_mode_voltage
» Be careful about |-V / V-T mismatch error/warning

» The most of times, this mismatch indicates your IBIS extraction settings are
improper or inconsistent

» Be aware of fixing
» Don't fix it if it is not just a numerical error. It might have to be extracted again

© 2006-2012 10 Methodology Inc. 13

Conclusion

= Validation is better to be done by IBIS model
vendors

= Comparison methods are vary. Use them wisely
to fit your buffer model needs

= |BIS user should ask for the vendor for
reasonable validation report and/or test bench
files

+ |/O buffers are vary. Be sure the contents you asked
are reasonable

» The different simulators could give out different IBIS
simulation results

© 2006-2012 10 Methodology Inc. 14
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The Evolution of DDR Memory and

Realize Your Product Promise™

Overcoming Challenges of DDR3/4 Design

Fluid Dynamics Structural Mechanics Electromagnetics Systems and Multiphysics

Asian IBIS Summit Steven G. Pytel, PhD.
Hsinchu, Taiwan
November 13, 2012 SI Product Manager

Memory Speeds Over Time
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YS DDR4

* JEDEC recently announced the DDR4 standard
— September 25, 2012
— JESD79-4

* Major Implications:
— Point to Point Architecture
— x4, x8, and x16 supported
— 2GBto 16 GB SDRAMs
— 1.2 Vsystem
* Vrefdq — on die reference voltage for DDR4
* Up to 40 % reduction in power

*  Pseudo Open Drain Silicon architecture vs. push/pull
— Pulled to Vdd thereby only drive low to zero

— Data bus inversion
* Limits # of SSO at a single time to improve Sl and reduce power
— Write leveling for CMD/ADD, CNTL and CLKs to control skew due to Fly-by topology
— Server design
« Distributed buffers for each byte lane compared to single buffer for all 64 bits
* Point to Point topology requiring a switch between DIMMs
— Support for Chip Stacking
* TSV Supported architectures for SDRAMs

3 © 2012 ANSYS, Inc.

T-topology vs. Fly-by topology

DDR2 T-topology DDR3 Fly-by topology

2l 2l (o[ o] 21| 2/8%

LTy YT VT e VTV Yy TE Ve T UL T YV VT AT VR TI AT E VYWY AV VTV PR VYUY I

DDR3 UDIMM

DDR2 RDIMM
Mol sl a1l ol 5 i

Clock arriving time to all DRAMS
on a DIMM are expected to be the same H| E| Elﬂl El E| ﬂ|ﬂ| E|

(WL kil LT

DDR3 RDIMM

Clock arriving time to each DRAM
on a DIMM are different

4 © 2012 ANSYS, Inc.
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ANSYS Point to Point vs. Multi-Drop
Multi-Drop Bus I_ Memory Channel

DDR3

Memory
Controller

Point-to-Point

DDR4

Memory
Controller

5 © 2012 ANSYS, Inc.

Server Architecture with Switches

DDR4

Memory
Controller

6 © 2012 ANSYS, Inc.

Page 79 of 105



Asian IBIS Summit 2012, Hsinchu Taiwan

DDR 3 Key Spec

Setup Margin & Hold Margin

200 R ARy

Jlittelr D QS

125 V hiacy

4
Wi

S
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Setup Margin 018 Hold Margin

7 © 2012 ANSYS, Inc.

DDRX Technology & Challenges

* Design challenges?
— Validation
* Prototype
* Measurement

* Interpret and implementation(calculation) of Design Spec such as DDR3/4,
LPDDR2/3 and more...

* Large amount output data report of results

— Capacity or Complexity and Time
* Chip to Chip or Chip to PKG
* Chip + Package + PCB + Connector/Cable + PCB + Package + Chip
e Full System -

s
STANDARD.

AL S

227 pages of DDR3 spec—
214 pages-of DDR4 spec
199 pages of IBIS v5.1 spec

8 € 2012 ANSYS, Inc.
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timings

* DDR 400 has a window of 2.5 ps
* DDR4 3200 has a window of 312.5 ps

2. Changes with design topology
— DDR2 started ODT support
— DDRS3 started Fly by topology vs. T topology

DDRX Technology & Challenges

1. Higher Speeds
— 66 Mbps to 3200 Mbps and beyond

— Higher speed and edge rates cause more problems
with skew, coupling, radiation, etc...

— Timing margins become tighter; Setup and Hold

— DDR3 uses only differential strobes
— DDR4 architecture is point to point

* One controller to 1 DIMM

9 © 2012 ANSYS, Inc.

— DDR4 is Psuedo Open Drain vs. Push/Pull

10 © 2012 ANSYS, Inc.

DDRX Technology Challenges
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11

DIMM

DDR3 1.5V PDN with VRM

Controller

© 2012 ANSYS, Inc.

£ XILINX.

12

Without Connector

© 2012 ANSYS, Inc.

DDR3 Connector Impact (Reflections)

With Connector
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DDR3 1.5V PDN with VRM
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13 © 2012 ANSYS, Inc. t: XILI NX;,

ANSYS DDR3 1.5V PDN with VRM
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ANSYS System Level Memory Analysis
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Recall Chip Impedance

© 2012 ANSYS, Inc.
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AASNEE Impedance Results with & without Chip
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21

ANSYS Conclusion

* DDR4 Standard was recently released

— Interconnect challenges due to Chip, PKG, & PCB
* Reduced Voltage (1.2V -> 1.05V expected)
* Increased Data Rates (1600 Mbps -> 4266 Mbps expected)
* Future stacking of SDRAMs expected with TSV technology

* System level performance must include:
— Accurate PKG/PCB extractions including connectors
— Accurate Die Models: IBIS + current?

© 2012 ANSYS, Inc.
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I cadence’

Designing DDR3 system using Static
Timing Analysis in conjunction with
IBIS simulations

Taranijit Kukal, Zhangmin Zhong, Heiko Dudek
Cadence Design Systems, Inc.

Presented by: Kent Ho

Hsinchu, Taiwan -
November 13, 2012

;!:enda

Key Design Challenges

— DDR3 Timing and Sl specifications

Problem Statement

— Piecemeal simulations do not guarantee optimal design
Solution

— Static Timing Analysis in conjunction with IBIS
simulations

Use-cases
— Step-by-step method to optimally use EDA flows
Summary

I cadence
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;!)enda

» Key Design Challenges
— DDRS3 Timing and Sl specifications

I cadence

Key Design Challenges

Timing Budget Signal Quality

DDR3
Board design

arge solution spac
To be explored

Component
selection

Stack-up and
Layout

I cadence
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Eey Design Challenges: Timing Budget

» Set-up/ Hold Times
— Data write w.r.t strobe
— Data read w.r.t strobe
— Addressing w.r.t clock
+ Strobe w.r.t clock
— Data w.r.t Address
» Account for
— Clock/Strobe Jitters and Interconnect Jitters
— Slew-rates and hence derating of setup/hold

I cadence’

aey Design Challenges: Signal Quality

Thresholds
— DC and AC
— Noise-Margins
+ Overshoots/Undershoots
— Magnitude
— Area
+ tVac
— Minimum time for signal to stay above threshold
* Eye
— Data-Valid Window after accounting Jitter
Slews that in-turn affect timing
— Rise/Fall times

I cadence’
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Eey Design Challenges: Component
Selection

* Memory-Buffers

— Trade-off between read-write cycles
» Controller Driver strength

— Trade-off between read-write cycles
» Connector

— Insertion loss
» Strobe/Clock differential buffers

— Should satisfy tDVac and overshoot/undershoot area
requirements

I cadence’

aey Design Challenges: Layout
Constraints

+ Trace-lengths

— Relational Propagation-delays Data-Strobe for balanced setup/hold

— Relational Propagation-delays Address-Clock for balance setup/hold

— Relational Propagation-delays Strobe-Clock for successful write-leveling
» Topology schedules

— Point to Point for Data

— FlyBy for Address
» Trace Impedance

— Example: Lead-in section (45 ohm) to Load-in section (60 ohm) through
neck-down (~5 to 10 mm) for clock

— Percentage variation that can be tolerated
+ Differential matching (CLK, STROBE)
— Maximum unparallel length

I cadence’
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—A!)enda

» Problem Statement
— Piecemeal simulations do not guarantee optimal design

I cadence’

;lroblem Statement: Multiple constraints
across Timing / SI

* DDR3 has several Sl and Timing constraints and
getting all of them to meet is a big solution-space
to explore.

» Designer tries to fix a few; and in the process puts
other measurements-of -interest out of
specifications.

I cadence’
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;’lroblem Statement: Timing Closure
across read/write/address

+ Timing-Closure is time-consuming as there are too many
constraints to be met

— Etch delays needed for timing-closure during Read cycle may not
work during Write cycle.

— It is not enough to get just positive Setup/Hold margins; optimal
design needs setup and hold margins that equally distributed.
* Requirement of relative delays between Data (Strobe) vs
Address (Clock) brings additional challenge.
+ ltis also important to budget for signal and interconnect
jitters on various signals.

— What may look to be meeting the constraint is likely to fail due to
jitter causing uncertainty in the signal.

. I cadence’

;lroblem Statement: Sl affects timing

» Slew-rates affect Setup/Hold time-constraints.

— Sl simulations provide slew-rates of signals that in-turn need to be
considered for timing constraints. For example, hold-time constraint could
be 160pS for slew-rate of 1V/ns while it could be 200pS when the signal
slew-rate is 2V/ns

» Eye-shape could indicate a need for different relative etch-
lengths for equal setup/hold margins.

— While Static Timing Calculations would provide one set of readings for
etch-delays, the eye-shape (that could be narrow on one side) may force
the designer to refine the relative delays for balanced setup/hold times.

» Stack-up variation and Cross-talk causes interconnect jitter
that needs to be accounted for in the timing-checks.

— Itis important that such jitter is estimated through S| simulations and then
annotated to the Timing-models for timing closure.

" I cadence’
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;’lroblem Statement (Current approach):

Ad-hoc analysis and verification (eading to Non-optimai
design)

« Timing-checks are done using hand-calculations
at times and then the focus is to do post-layout
verification using S| simulations to ensure
correctness.

e Limitations:

— Goal is to just meet constraints as against optimal
design with enough margins on all constraints.

— Manual timing-budget calculations are time-consuming
and inefficient

— No way to include Sl effects into timing-calculations

" I cadence’

;lroblem Statement (Current approach)
. Ad-hOC ana|y5|s and Vel‘ification (Leading to Non-optimal

design)

» Designers use layout rules provided by device
manufacturers

 Limitation:
— Limits flexibility. PCB designers refrain from trying variations in

terms of component selection from different vendors and in trying
different board dimensions and circuit configurations.

— Over-design at times as layout guidelines are usually on the
stricter side to ensure working of system

) I cadence’
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;’lroblem Statement (Current approach)
: Ad-hoc analysis and verification (eading to Non-optimai

design)

« Sl simulations are usually done as audit at verification
step following a piecemeal approach
+ Limitations:
— Use of real-time simulations to do exhaustive timing-verification is
too time-consuming and difficult.

— ltis very difficult to manage optimal parameter selection across
constraints spread across read/write and address cycles.

" I cadence’

—A!;enda

« Solution

— Static Timing Analysis in conjunction with IBIS
simulations

I cadence’
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Unified SI/STA flow for DDR3

Pre-layout Signal-
Integrity to
Timing-closure

cucum A e
o Gy SE ey
m.;m— estimation for

timing

]
z
= j

sta_vrn

Signal-Integrity
I checks using
8 estimated etch-

§ Genetation of layout

Post-layout Bus

Etch-length
strength (ODT) simulations and
refinement for better eye Timing closure
" ” I cadence

—Slolution: Static Timing analysis

Static Timing exploration independent of time-expensive
Sl simulations can provide seed for etch estimation.

» Automatic update of constraint limits based on data-rate,
slew-rate of signals, threshold-values selected for design
can make easy computation.

» Automatic calculation of relative etch-delays for balanced
setup/hold times while accounting for uncertainty in
signals due to jitter can save multiple iterations.

® I cadence’
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—Slolution: Timing analysis feeds Sl
simulations

* Results of STA feed into Sl simulations.
— Estimated etch-delays (flight-time) of data, strobe, address, clock
map to interconnect flight-times
— Estimated jitter becomes constraint for cross-talk (interconnect and
data-dependent)

« Sl Simulations with IBIS buffers

— Building on interconnect details (vias, trace-lengths, stack-up)
keeping the flight-time constraint from STA

— Improving on interconnect topologies to meet Sl constraints and
better centering of strobe w.r.t data

" I cadence’

—Slolution: Sl simulations that
feedback STA

* Feed-back updated flight-times (switch-delays), worst-jitter
and slew-rates from real-time Sl simulations to timing-
models to close timing-constraints.

» Generation of layout constraints from interconnect
topologies
— Routing the board based on layout constraints

» Post-route Sl simulations followed by timing-closure.

» I cadence’
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:\!)enda

» Use-cases
— Step-by-step method to optimally use EDA flows

cadence

—L'se-case

cadence
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—JSG-CﬂSG

cadence

Euilding Project <

Frequency of operation and AC threshold levels

— Configures TD models

— Configures custom measurements

Address (1T /2T)

— Configures TD models

New DIMMs (Or On-board) vs Existing DIMMs

— Pre-created Topologies vs Extracted DIMM
topologies

DIMM Card Type

— Configures topologies and ECSets

I cadence
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;‘Ilming estimation Al
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» Address-Clock ::
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» Decide etch- vv-;::-
delays that can —
meet timing
specifications

cadence’

T!)-model selection/Exploration <

- For best noise-margins and Eye for read/write

DDR2/3 Module On-Board DDR2/3
+ Controller
— Impedance
* Memory Model b 5
5
Configuration Slot 1 Slot 2
Slot 1 Slot 2 DRAM
{DIMM 1) (DIMM 2) Write To | Controller Rank 1 Rank 2 Rank 1 Rank 2
L) Con nector Dualrank Dual rank Slot 1 ODT off 1200 ODT of f ODT off 300
Slot 2 ODT off ODT off 300 1209 ODT off
Model Dualrank | Singlerank | Skot1 GO off 2002 GO off 200 i
Slot 2 ODT off ODT off 2000 1200° nia
Single rank Dual rank Slot 1 ODT off 1200° nia ODT off 200
Slot 2 ODT off 2000 nia 1200 ODT off
Single rank Single rank Slot 1 QDT off 12007 n/a 300 nfa
(] Strobe Slot 2 ODT off 300 nia 1200° nia
Dual rank Empty Slot 1 ODT off 4002 QDT off nia nfa
— - Empty Dual rank Slot 2 ODT off wa nia 4002 ODT off
tVaC, ShOOt Single rank Empty Slot 1 ODT off 4002 n/a nia nia
area Empty Single rank Slot 2 ODT off na nia 4000 nfa

I cadence’
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y

Sl Solution Space for Relational Topologies
- Explore data w.r.t strobe; address w.r.t

STROBE
01 STATE

MTRILLER STRIEE
s

TIISTATE

¢ GONCTi G

( CENCRIC febafeD
S

Setup E Held
Time | Time
f

i i
Setup Margin Hold Margin

I cadence’

;‘Ilming Verification after Sl- <
annotation

* Re-verify timing after import of flight delays and jitter
from Sl simulations

Hare | Fommta | mn | Mem | max | mapn |

I cadence’
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—Sletting up Layout constraints <
depending on Sl exploration

L ———— =,
1 Hax Parallel | Wiring i User-Defined I Siqnal Inteqrity | Usaqe |

Propagatlon Switch-Settle | Prop Delay | Impedance | Rel Prop Delay Diff Pair
Delays Differential Values
I d Prinary Gap: [6.00 MIL L
mpe ance Line Width: [s.00 MIL

Neck Gap: [4.00 MIL

Neck Wadth: |D.J.U MIL

. Coupled Tolerance (+): [0.10 MIL
Relative Coupled Tolerance (-): [0.10 HIL

Minimum Line Spacing: [11.81 HIL

Propagation N &
delays Max Uncoupled Length: [100.00 NIL

Static Phase Tol: [100"00 ¥IT Type: [Length v|
Dynanic Phase Tol: I Type: IDclay LI \
Phase Max Length: | r

Max Parallel oy

Apply Cam:e.l_l Help l 1
I cadence

L Post-layout verification and Timin’
closure

in hgh impadance state
Sub1HZ_DQS in in hgh impadance state
Sub1RPRE(R

tRPST SMarmLit Bin sub RPST(p

strollers regrster

ack ingut
e

ster

Overshootighvalue
M

1|
A5 T1asseon A 85109 031 ST 00 1037198-008 102624009

1

1 |-0268% 1831016009 -183TTe009 0280615 1.184526-008. 1.28726-008 1.026848-009
1 2619 18251564009 |-1.93633:009 0250835 1434532008 153719008 1.02657e-009
1|07 18207009 -1933Hex009 0250513 168455008 1.78718e-008 1.02635e-009
1 |-026808 1821176009 193346009 0250546 1.93485-008. 20371008 1.02638-008
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—l.!se-Case: Reverse-engineer a board

iming Closure agains
1333 Mbps data-rate
Timing model

Pick DDR3 board
Designed at
800Mbps

ECset
generation

Extract
topology

Sl verification
and exploration
For 1333 Mbps

Bus-Analysis on
Updated board

I cadence

—l.!se-Case: Correcting IC-PHY given
board

DDR3 reference
board

Timing Exploration
for Buffer

-TCO delays
-Write-leveling delays

Extract routed nets and -PLL jitter / DCD

Do Sl simulations

-Find Propagation delays
-Estimate jitter that can be
tolerated for given DDR
measurements

Sl verification using
SPICE 10-buffer
models

I cadence
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—A!Jenda

« Summary

I cadence’

—Slummary

+ DDR3 compliance requires multiple specifications to be
met, covering timing and signal-integrity measurements.

 Just using Sl simulations to meet all specifications and
explore solution space is difficult.

» Use of tools in a piecemeal approach can validate
specifications but may not result in the most optimal
IC/package/board design
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—Slummary

» Use of STA in conjunction with SI simulations in a
methodical manner is needed to achieve optimal design.

« Timing models should be able to handshake data with
IBIS simulations at pre-route exploration and post-route
verification stages to ensure that both Sl and Timing
constraints are met.

I cadence’
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