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Background J

 Higher speed in system interface

e Simulation in printed circuit board design

* Increased requirements for electrical data of components
--> Pioneering standardization activity : "IBIS"

Ground bounce Wave Form EMI
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Environment of PCB Simulation \J
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Issues y

 There are two types of PCB simulator ;
Behavior base and Netlist base.
Which type of I/O data should be supplied by
IC vendors?

 IBIS approaches from behavior type.
Are IC vendors supplying it easily?
Are users satisfied with it?

* EIAJ-IMIC approaches from netlist type.
How and by whom is it converted for behavior base
PCB simulator?
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Requirement to IMIC \J

 To keep description capability of circuits and accuracy
of simulation results comparing with SPICE.

* To protect process and circuits information of ICs.

 To Improve simulation speed.
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Content

2. Overview of EIAJ-IMIC
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Scope \J

To standardize electrical model of input and output signals,

power supply and ground terminals of integrated circuits in
order to provide for analysis of electrical characteristic of
equipment using them.

In the work, the following items shall be considered.

(1) To standardize in order to solve current problems and
In order to extend capabilities of analysis, on the basis
of results of the past standardization activities

(2) To make description rules for electrical circuits more
flexible to solve the problems

(3) To introduce the concept of modelling levels to
exchange relevant data for each application

(4) To enhance electrical modelling for packages and
modules
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Organization J

Electronic Industries Association of Japan (EIAJ)
Technical Standardization Center

— Committee on Semiconductor Devices

_ I/O Interface Model Project Group

— Package Electrical Characterization
Project Group

— Committee on Semiconductor Packages
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Model Overview \J

IC Board IC
Internal Buffer Package

Logic g

{%@0‘1«/» 9 ) mI«mTDc o
{?7 T MNoows] T 1

| |
» A part or all of I/O buffer circuits are described as netlist.

<00

* Netlists of buffer, package and board are merged for simulation.
e Description of power/ground circuit allows bounce analysis.
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Model Description

J

Elements and interconnections are described in SPICE format
l.e.) power/ground lines, packages, memory modules
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MOS Device Model (1)

1-dimensional table model
for such as switch MOS transistor

g
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Vds = variable

Vgs = const.

Vbs = const.
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MOS Device Model (2) \J

2-dimensional table model
for such as slew rate control MOS transistor
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MQOS Device Model (3)

3-dimensional table model
for such as transfer gate MOS transistor
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MOS Geometric Dependence \J
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Model Level \J

Level Object Simulation

1 |Signal Integrity| To analyze signal waveform.
(SI) - Light load to simulator

2 |Power Integrity| To analyze power/ground bounce and

(P1) EM emmision from boards.

- Large size of circuits containing many
parasitic LCRs

- Heavy load to simulator

3 EMI To analyze EM emission from package itself.
(Future Problem)
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Content

3. Application of the model and simulation results

19 Copyright (©) 1999 EIAJ



Simulation Result (1) - Signal Integrity -

Cl = 3pF J
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Simulation Result (2) - Signal Integrity -
Cl = 48pF J
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Simulation Result (3) - Signal Integrity -
Cl : Transmission Line
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Power/Ground Noise

Simultaneous switching of bus line generates noise
through power/ground line.
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Simulation Result (4) - Power Integrity - J

15 Buffers Switched, Package Model without Mutual Inductance
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Simulation Result (5) - Power Integrity -

15 Buffers Switched, 1/4 Package Model
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Simulation Result (6) - Power Integrity -

15 Buffers Switched, Full Package Model
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Simulation Result (7) - Power Integrity -
2 Buffers Switched, Full Package Model

v)

w e

J

-
Y

Computing Time

("Hi" Side )

| | Z}—I

m

Eeeee
FoRNECoo~oas
9]

Input Waveform
(IMIC)

24.5 min (IMIC)

\5
z
S

=

48 pF )
Ll

V)

15
s <
;2 <} 1 Input Waveform
s ) 1 (Hspice)
giDGND Lj‘ GND%
1
ol
I:Ivoc l \L\l
1
e —
DGND L_T‘ GND%
<] =
1A
|:|_4>_J__\F‘ -<§>—l

5 nS/Dev

Copyright (©) 1999 EIAJ



Experiment

PCI buffer TEG
- array of 14 PCI (5volts) buffers
- 160 QFP package

- 47pF load

Netlist
- circuits on silicon; extracted by LVS
- package LCR ; measured

Experiment cases
-1, 5, 10 buffer(s) switched simultaneously
- rise, fall

Signal / noise observation
- measurement
- HSPICE whole buffer circuits
- HSPICE a part protected
- IMIC / Apsim

Monitoring points
- output of a buffer switched
- output of a buffer holded at high and low

Whole Buf.
271 MOSs

Pkg
LCR

=
ATpF

56
PWL | '\
[ | o
Ss

Pkg
LCR

=
ATpF

Data source: YAMAHA
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Slew Rate Control Buffer
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Differential Transmitter
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Content

4. Future work
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Future Work \J

1. Filing of application notes

- Signal integrity of complex buffers
PCI buffers, Slew rate control buffers, LVDS, - - -

- Power/ground bounce

- Package electrical characterization
Too detailed data bring long simulation time.

2. Challenge to new technologies
- Release of EMI model

- Characterization of new types of package
BGA, CSP, - - -

- Modeling of DRAM module
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EM Emission from Board J

(1) Measure terminal current

 Magnetic field prove method Cf
e Simulation of whole circuits of IC 0
\Y
A

(2) Model terminal current
re =V/7iw V(1) q

AR = O

(3) Simulate EM emmision from board
V()
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Flow of I/O Data

Netlist World Behavior World

SPICE IBIS

e P Q

PCB Simulator

Behavior Base
IC Simulator

Netlist Base

PCB Simulator
Netlist Base
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Expansion of IBIS \J

Netlist World <<-- Behavior World

SPICE

-

IMIC IBIS

800 nverter 8 Q

PCB Simulator

Behavior Base
PCB Simulator
Netlist Base

R i

=

IC Simulator
Netlist Base

B it S
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5. Conclusion
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Benefits y

Electronic equipment industry
- can get I/O data more easily without negotiation
or NDA with IC companies.
- can analyze PCB at various levels, from only I/O
data.

EDA industry
- can develop more advanced EDA using I/O data.
- can get more customers in the broader market.

IC industry
- can reduce inconvenience of supplying I/O data.
- can protect information of semiconductor process
and circuits.
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Conclusion

1. IMIC is an I/O interface model whose features are;
- flexiblity in circuits description
- protection of semiconductor process and circuits
Information
- faster simulation than SPICE.

2. IMIC shows good accuracy in experiments

3. Joint work by IBIS and IMIC could improve silicon
Interface in PCB simulation
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