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O IBIS Simultaneous Switching Output Simulations
0 Power Network Model Back-annotation

0 IBIS “Gate Modulation Effect” Criticality and suggested
Solution

0 Results of the identified solution obtained by IBIS-VHDL-
AMS implementation

a Conclusions
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The [IBIS smultaneous switching outputs

simulations ar e not accur ate for two r easons:

1) The power network is not modelled in the
standard | BI'S model

2) Lack of the“ Gate M odulation Effect”
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SSO — Rise Transition SSO — Fall Transition
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The RC equivalent load of the power network plays a key role for recovering the %
correct dynamic behaviour of the Vdd and Gnd pinsduring a SSO simulation I
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Z(f) impedance between Vdd and Gnd nodes

i Zfasecheck Zfasecore

SPICE (AC SIMULATION) R-C equivalent model extracted
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The R-C equivalent model has been extracted by
fitting the frequency-dependent impedance Z(f)
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When the drivers are powered by a dedicated power
supply voltage, the related R-C equivalent load has
to be linked with the one of the control logic+core
Circuit.
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SSO — Rise Transition
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Relative Percentage Error

Max delay = 17% (22% |BI S std)

Max ringing = 18% (25% |IBI S std)

Diff. Power supply = 4% (32% |IBI S std)
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SSO — Fall Transition
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Wor king Point
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The smultaneous switching noise causes a change of the MOS Vgs voltage,
therefore the working point will move along different VVgs characteristics
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N - T Effective working
point evolution
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The IBIS simulation of a ssmultaneous switching noise does not model correctly the MOS Vgs
voltage variation because the wor king point will move only along the same Vgs =VVdd char acteristic.

The higher isthe bouncing noise, the higher isthe mismatching between |BIS and Spice results
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Effective SPICE current IBIS standard current

Vs ﬁ

|eff = Kssn(Vgs,Vds)* I std
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Note: K means constant valuel!!
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The effort has been focused to identify an easy implementation of the Kssn coefficients, which also

guaranteesa good level of accuracy and computational time.
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2(vgs — 0.6)x — 22]u(vgs — = — 0.6) + (vy5 — 0.6)%u(z — vgs + 0.6)
247 — 2?|u(vgs —  — 0.6) + (1.2)2u(z — vys + 0.6)
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Vgs>Vdd == Kssn>1 ==> leff>Istd

i M OS Saturation zone
_———_Wl—ob Linear zone
1 Vgs=Vdd ==> Kssn=1 == |eff=Istd
0.5 | Vgs<Vdd E=> Kssn<l /== |eff<lstd

The Kssn coefficient isindipendent from the Vds voltage in the saturation zone and, approximatively,
alsoin thelinear zone, in the case of small Vgs changes. Might be enough one | (Vgs, Vds=k) table?
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|(Vgs, Vds=K) Table

Kssn - pulldown
Kssn — pullup
| eff = Kssn*|std

VHDL-AMS

K ssn-pu, Kssn-pd,
|eff = Kssn*|std

Asit is not possible to change the EDA tools code which manage the IBI S models, the unique way to
implement the Kssn’s coefficients is to use the IBISVHDL-AMS implementation, adding the Gate

modulation coefficientsroutine.
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SSO — Rise Transition

SSO — Fall Transition

1
24t -
3 Yapice
4 1.8
Output I \ Output
1.6 )
20| i Y
: 14—
1.8]
4 1.2+
1.6
1.4—- 1.0—
e 1.2-] = 0]
5] IBISAMS )
£ 1.0 § 0.6
D e
0.8+ 04| p—
, ~=._ SPICE .
0,6 0.2 e \ s
" ool / \ / \
0.2 i | / % /4 S
o
0.0 o] T —
e IBISAMS
0.0 5.0 150 200 Bon om0 100 S 5 Sl NI B | L PR Ly
ine {5 0.0n 20.0n 25.0n 30.0n 35.0n 40.0n 45.0n 50,00
Time (=)
Y1
6.0 I Tapice w5 n IBIS<d
lams
7% Pulldown Current
. IBISAMS // =1
% / /( & 10.0m | |
4 3 / Y
IBISstd |, \ \ 0.0
/ \\\ ;
s B.0m—|
£ R «
3 5 aon
2.0m—{
h
\ 5 0.0n |
10, Om —| 7 \ -2, 0m —|
I SPICE
o \J Pullup Current o]
B R A RN R R R R R A SR R R A B I T T T T T T T T T T
0.0 5.0n 10,0 15,0 20,0 25.0 30,0 35.0 40.0n 45,0 B0, 0.0 5.0 10,01 19,0 20,01 29.0n 30,00 35.0r 40,01 45,0 50..0]
Time { Time (=}

| Bl S Futures Subcommitte
Special M eeting

I BIS Simultaneous Switching Output Simulations Criticality

-~ _Antonio Girardi - STMicroelectronics

-
4

j July 8,ﬂ 2002 Fl‘



Pulldown I (Vgs, Vds=k) table extraction
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> Vsweep = [-Vdd, Vdd]

» The 1-Vgs Pullup and Pulldown tables are
extracted with Vds = Vdd

» These circuits do not work very well when
the control logic and the final stages are
powered by the same supply voltage: the
behaviour of the control logic and its driving
capability to final stage is not modelled
correctly.

» During the bouncing, gnd and vdd nodes will
change together by the bypasstparasitic
capacitance, but the magnitude and phase of
noise will be different on each one. Therefore, it
IS not correct to extract the 1(Vgs, Vds=Vdd)
tables considering the same Vsweep on both
Vdd and Gnd nodes.

» The best way identified is to disconnect the
stage that is not under investigation

July 8, 2005



Pulldown I (Vgs, Vds=k) table extraction
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These circuits can be used for extracting
Vds=Vdd) tables for either common and separate power
pins of thefinal stage and control logic circuits.

i

1 (Vgs,
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SSO — Rise Transition

Relative Percentage Error

Max delay = 3% (22% std IBIS)

Max ringing = 8% (25% std IBIS)

Diff. Power supply = 1% (32% std IBIYS)

SSO — Fall Transition
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To improve Vgs modulation accuracy in the linear zone, a solution with two
Kssn coefficients for both pullup and pulldown stages, 1s under investigation.

1 Ksn

> K, and K, coefficients are extracted in the saturation and linear zone,
respectively

> V, and V, threshold voltages delimitate the inter polation zone
> the best choice of V; and V, hasnot yet been identified

> the increase of computational time and IBISAMS smulation’s speed
hasto be evaluate
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O Actually the IBIS Simultaneous switching output simulations are not
accurate

0 A power network model back-annotation and a “Gate modulation
effect” implementation are needed

1 RC model for power network isarough solution but enough accurate

J Two modulation coefficients, based on table format, seem the best trade-
off between accuracy and computational time effort for describing the
“Gate modulation effect”

O At the moment, the most flexible way to implement the modulation
coefficientsisto extend the I Bl Sdescription by VHDL-AM S language

O The “Gate Modulation Effect” algorithm might be suggested to CAD
vendors and implemented in the EDA toolswhich manage | BI S models

O A solution with two Kssn coefficients, for both pullup and pulldown

stages, isunder investigation.
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