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Figure 1 — Simplified view of SSO noise. A voltage V.., is observed as

swirch “C” closes. (Figure courtesy of Dr. Howard Johnson)
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Figure 2 — We used a design flow that combines package/board electromagnetic
extraction with advanced transient circuit simulation.

Figure 3 — We performed measurements and simulations on a BGA plus printed
circuit board: (a) measurement set-up; (b) electromagnetic field simulation model.
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age and pin assignments, and their efficacy
was determined by EM simulation.

Package and PCB Configuration

The FF1148 package for the Virtex-4
FPGA uses a SparseChevron pinout style.
The SparseChevron pinout style is tessellat-
ed with a regular array of power and
ground pins to minimize power delivery
system (PDS) inductance and to keep I/O
signal return current paths very closely cou-
pled to their associated I/O signal.

The via structures of the PCB and the
package are the main sources of inductive
crosstalk. The PCB is the primary source,
as the board thickness is 3,635 pm and
thus the current return loops are larger.
The package is the next most significant
source, with a thickness of 1,068 pm. The
50 Ohm transmission lines are not a sig-
nificant contributor to inductive crosstalk
in this design.

EM Simulations

Figure 2 depicts the simulation flow that
we applied to complete this SSO analysis.
Our goal was to perform transient simula-
tion on a circuit that includes electromag-
netic accuracy coupled with standard
models for transistor drivers. We per-
formed electromagnetic field simulation
on the BGA package and PCB to extract
equivalent circuit models for the three-
dimensional effects.

Figure 3 provides views of the test
board used for the measurements and the
CAD model we used in the electromag-
netic simulations. The models include an
8-layer BGA package and a 24-layer test
board. Test points were included on the
board and are brought out to the test
equipment using SMA connectors. The
BGA is a 34 x 34 mm package, with
1,148 solder balls.

Design automation is required to
import the complex layout files into the
EM simulator. Ansoftlinks provides the
translation and editing functionality to use
the data from third-party layout tools. For
our simulations, the package layout was
imported from Cadence APD and the
board was imported from Mentor Graphics

PADS (formerly PowerPCB).
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We performed electromagnetic field
simulations on 20 I/O interconnects
(including test board and package), along
with the nearest power and ground pins
and their associated decoupling capaci-
tors. We performed two simulations using
the Ansoft SIwave full-wave field solver,
characterizing the coupled behavior of
package nets, board nets, and PDS in the
frequency domain.

The package simulation results in a 49-
port S-parameter file comprising 40 1/O
ports, 5 “spy-hole” test-point ports, 2
VCCO_9 power supply ports, and 2
decoupling capacitor ports. The board sim-
ulation results in a 28-port S-parameter file
comprising 23 1/O ports, 3 “spy-hole” test-
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creation of solder balls and solder bumps,
grouped electrical nodes from component
pins, and ports. The focus of our investiga-
tion was on correlating measured versus
simulated SSO noise levels on VCCO_9
and one victim net (driven low) when 20
I/Os switch simultaneously. The full-wave
EM extraction of the package and board by
Slwave captures the complex coupling
behavior and ensures the accuracy of results

during transient simulation.

Transient Simulation

We obtained the SSO effects by coupling
the EM simulation data with transient cir-
cuit analysis. The extracted package and
board models are excited by the IC driv-
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Figure 4 — Transient simulation results as computed by Nexxim: (a) simulation set-up
and extracted S-parameters and IBIS drivers shown in schematic; (b) crosstalk caused by
neighboring aggressors observed on victim pin; (c) measured results at L34 spy-hole compared
to EM and transient simulation; (d) results at VDO spy hole.

point ports, 1 VCCO_9 power supply
port, and 1 port for the voltage regulator
module (VRM), the 2.5V power supply
connection to the printed circuit board.
The board simulation in Slwave includes
all passive capacitor, resistor, and inductor
components used for decoupling, termina-
tions, and other functions.

To properly define the structure, SIwave
allows easy editing of the imported layout
database. Correct values from fabrication
are entered for layer thickness and material
properties (including frequency-dependent
dielectrics). Automation allows for quick
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ers, which in this example were imple-
mented using Xilinx Virtex-4 IBIS v3.2
models (LVCMOS 2.5V, 24 mA fast). We
imported the S-parameters and IBIS mod-
els into Ansoft Designer and ran transient
simulation on the full circuit using
Ansoft’s Nexxim circuit simulator. Figure
4(a) shows the final circuit with IBIS driv-
ers at the package die side, on-package
decoupling capacitors, package/board
connection, board DC power, and board
spy-hole terminations.

We observed the aggressor/victim
crosstalk by clamping the die side of the

victim trace to a fixed value (high or low)
while examining the simulated transient
voltage waveform appearing across the vic-
tim test node caused by changing signals
on one or more neighboring terminals.
The Nexxim circuit simulator performed
transient simulations; it is specifically
designed to address frequency-domain
models such as S-parameters accurately in
the time domain without introducing
causality or passivity errors.

We conducted a range of transient tests
to demonstrate the proper transient behavior
of the EM models from the SIwave simula-
tion. Figure 4(b) shows one test result on the
package model that validates expected vic-
tim net crosstalk behavior. The crosstalk’s
inductive nature is confirmed by the victim
noise spike, which is the inverse of the
aggressor edge. The multiple crosstalk wave-
forms demonstrate the cumulative effect of
adding more neighboring aggressors based
on current return loop proximity.

Figures 4(c) and 4(d) show the correlat-
ed data for the victim net and VCCO_9,
respectively. Replicating the test board in
the EM simulator allows for a direct com-
parison of the measured results with the
simulated SSO noise magnitudes at two
different spy-hole locations. We achieved
excellent agreement between hardware
measurements and the simulation results

for SSO noise magnitude.

Condusion
Working together, Xilinx and Ansoft
demonstrated a methodology to accurately
predict SSO noise using advanced simula-
tion tools and validated this with measure-
ments. You can also use this powerful
combination of simulation tools, Ansoft’s
SIwave and Nexxim, to develop future sys-
tems and meet specific SSO guidelines
without having to build, test, and iterate.
The demand for high-performance elec-
tronics operating at faster data rates will con-
tinue to drive package and board complexity.
To meet this demand, Ansoft is continually
advancing the state of simulation software
and working closely with leading vendors
like Xilinx to handle larger problems with-
out compromising accuracy. For more infor-
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mation, visit www.ansoft.com. ®
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