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Discussion within CPMT - TC12

Electrical Design, Modeling and Simulation (EDMS, TC-12) sub-commitee
http://www.ewh.ieee.org/soc/cpmt/tc12/

EDMS sub-committee works on the standardization of
design tools and design methodologies in packaging

K/

< Initiative for “Practical Macromodels for Digital 1/0”

— First meeting @ EPEP, Oct. 2004 in Portland, Oregon, USA.
http://www.ewh.ieee.org/soc/cpmt/tc12/standardization_files/IBIS _TC12a.ppt

SPI (Signal Propagation on Interconnets) IEEE Workshop,
May. 10-13, 2005 in Garmisch-Partenkirchen, Germany
(c.f.p. at http://www.spi.uni-hannover.de/)
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I/O Buffers Macromodeling

 Required Goals:

— IP protection
— Vendor-independent format

Have to capture TX, RX, and package parasitic
essentials

Sufficiently accurate to be useful

Easy to automatically generate from Spice and
Measurements

Easy to verify
Easy and fast to simulate
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I/O Buffers Macromodeling Q

Current status

Circuit-based modeling
(native IBIS)

Black-box modeling

i=F(v,d/dt)

latest technologies and high-order
effects
- LVDS drivers with
pre-emphasis
- DDR memories,
- power supply ports...

E
- standard,
- large data/model libraries,
- EDA tools support...

I
I
I
I
I
I
I
I
: ...aimed at improving the modeling of
I
I
I
I
I
I
I
I

specification and tools from e.g., parametric . Georgia H
http://www.eigroup.org/ibis/ modeling “ig Tech |
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I/O Buffers Macromodeling
The way forward

IBIS-based . IBIS ver 4.1 Black-box

“IBIS multilingual extension”
models (ver. 4.1) allows external models

SPICE, VHDL-AMS,...
user-defined models

}

TOOL for the “AUTOMATIC” generation of
multi-platform (SPICE, VHDL-AMS,...)
computational models
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Black-box modeling @ Politecnico di Torino

MTCIOg© (Macromodeling via parametric identification (x) of logic
gates): Method & Tool

i(t) i(t)
— | vt

Gy 1

i(k) = FO[itk-1)..., i(k-r),v(k), .., v(k-)])

|
2. nonlinear basis functions _..\_ _/.L

Model parameters (®) via system identification methods
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Mrlog features
Single-Ended Differential

Drivers

v

v

Receivers

v

v
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Temperature effects
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Mrmnlog Tool *

) Steps EoE Macromodeling via

File Help J Mpilog - Single-Ended Drivers Macromodeling E”E'E' Parametric Identification
File  Help ~ of LOgic Gates

— Device details

Single-Ended Drivers

CA_rmacromodelingiexamplesibmed1t

— Model type About

Folder
— 1. Port excitation — Pawer supply (DD I:I W Ghuit

Create Switching time (1 0-90%) |:| ns

Tirme step (T)

Macromodel - Implement

— 2 FPortresponses Drriver input signal

— hlodel settings

Collect camplitude

Laad . tize-time I:I
[o]

. fall-time

Maodel name |DRV2

Model format |H5F'|CE j units |1y A sl ©
Bittime ns

ns
ns
Generate oroTT

— 3. Macromodel —

Implement

Tool available on request (igor.stievano@polito.it)
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Mrmnlog Tool

) Steps E“Elb__q

ST transient simulation time: 1.72e-008 s

1.5

> 1t _LI—|/_'-\_r"
> 0.5t :

— 1. Port excitation — O

0 : 1.5

Create

— 2. Portresponses 4

Callect

Lﬂad w
— 3. Macromodel —
1.4

Generate 0 05 1 15
ts x 108

Implement

» RUN YOUR PREFERRED CIRCUIT SOLVER (e.g. SPICE)
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Mrmnlog Tool

) Steps EIE@

File Help Port responses - Load

—Automatic Loading

Format ¥ AS] AUTO LOADING

—Manual Loading and Yerification

— Static response
— 1. Port excitation —
@ H state, ¥DD1 [file dc1H]

2
o
[wh

= = =
2 2
o0 o
[w ] [w ]

Create @ L state, VDD [file dc1L]

@ H state, YOD2 [file dc2H] Transient curves @ H state

— 2. Portresponses 4

v(t), V

@ L state, VDD2 [file dc2L] vdd(t), v

—

Collect

— Dynamic response

Load

Transient @ H state [file trH]

—
=]
o
(=

— 3. Macromodel — Transient @ L state [file trl]

= =
2 =]
o o
o o

—i(t), A
J——idd(t), A

Generate Switching on load (a) [file swa]

Switching on load (b} [file swh]

—

Implement
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Mrmnlog Tool
Macromodel - Generate _ ) Log File

File Help

. size 4, MSE=1 52452-003
—Advanced settings size 5, MSE=3.3998e+000

-= size selection: 4

Dynamlc arder Estirnation of subrmodel fddlL
. ) method: LM + linear constraints
Maximum model size size 2, MSE=1.2323¢-004
size 3, MEE=2.0132e-004
size 4, MEE=8.0552e-003

size 5, MBE=2.7155e-003
-= size selection: 2

[ ]show curves

— 1. Port excitation —

Cormputation of time-varying coefficients (wHwL ...)

Create =+ END MACROMODELING
Closze
— 2. Port responses -

Collect Macromodel - Implement R|
Load

— Model settings

Model name

— 3. Macromodel —

Wodel farmat WHOL-A ternal bit EitrEfE”TI::| l Idnits
Generate VAsh
Bit time e generates the IBIS file {ver. 4.1)

Implement o1
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Conclusions (i)

©© - IP protection
©© - Vendor-independent format

©© - Have to capture TX, RX, and package parasitic
essentials

QOO Sufficiently accurate to be useful

SISI® Easy to automatically generate from Spice and
Measurements

SIS Easy to verify
QE Easy and fast to simulate
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Conclusions (ii)

Black-box models are expressed by equations that are
used as they are, without any interpretation

/7

* no data to model conversion needed
 flexible modeling methods
\J

«* model enhancements do not affect IBIS
and IBIS simulator structures

The distribution of black-box models would be a valuable
complement to the distribution of behavioral data
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