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INTRODUCTION RS

The research effort durmg the ﬁrst year accomphshed two lmportam goals; (a) the under-
standing of the problem ‘of swuchmg noise’ as it is vnewed ‘by the printed circuit board
designer and (b) the development of a comprehensive. plan of study. A brief discussion of
the conclusions drawn from the: vﬁrst part of the study and a detailed description of the
developed plan of study with the up.to date accomplishments will be given below. This
report will be concluded with a-diScussion of next years proposed effort.

SWITCHING NOISE - OVERVIEW OF RELEVANT WORK

Ground bounce or simultaneous switching noise (SSN) are names used by the circuit
designer to indicate the same noise mechanism. This noise is observed at the output termi-
nals of switching drivers as a substantial potential(voltage) variation which is due to the
uncontrolled parasitic inductances between the chips and the board [1],[2], [12]. This
noise can effectively propagate through the circuit interconnects to the quiet drivers and
can be augmented due to local reflections to lead into substantial input level shifts which
in turn can cause a loss of stored data (see Figures 1 and 3). In the literature, the switching
noise seen at a chip output is expressed as the product of

AV = Le”xNxﬂ
dt

the number of drivers N, the effective inductance L seen at the chip output and the rate
of change of the current dl/dt (see Figure 2).

The effective inductance shown in the above equation has the following characteristics:




« Itincorporates the effects of the chip-package inductance, the chip lead inductance and
the mutual inductances between the chip and the printed circuit board.

o It varies from chip to chip and pin to pin even if the chips are identical and connected
to the same printed circuit board.

o It depends on the number of drivers and their relative position on the board.

As a result of the above observations, the effective inductance seen by a single chip at the
ground leads can be given by the following equation:

chf = Lg,lcad + LPCB + Mchip,packagc+ Mchip, PCB
where
Lg jead = inductance of ground lead
Lpcp = effective inductance of printed circuit board

Mchip package = Mutual inductance between the ground lead and the rest of the
chip leads.

Mchippcg  =mutual inductance between ground lead and printed circuit
board.

Depending on the application some inductance terms may be more important than others.
For example, for specific PCB designs, the inductance of the printed circuit board may
have secondary effects as compared to the inductance of the chip ground lead. As a result,
the second and fourth term in the above equation can be ignored. In the most general case,
however, all of the above terms need to be kept and evaluated with sufficient accuracy.

Another important issue in the evaluation of switching noise is the level of system hierar-
chy at which this noise needs to be investigated. The need to study switching noise effects
at a system level has led historically to a macroscopic treatment of the problem. However,
the in-depth understanding of the sources which generate this noise calls for more precise,
microscopic, treatment. A discussion about these two treatments is given in the following
section.

MACROSCOPIC VS. MICROSCOPIC

Most of the work performed in the literature has been performed at the chip level with the
major assumption that the PCB inductance plays a secondary role. As a result, the fine
structure of the board was ignored and the chip pin inductance was considered as the
prime source. Furthermore, the geometrical shapes of the power and ground chip pins
were not considered important in determining noise levels but it was the number and rela-
tive location of the pins that played the most important role [7], {13]. The treatment of
switching noise at that level of hierarchy has given a lot of qualitative understanding but
has led to unnecessarily conservative and expensive solutions without providing suppres-
sion of the noise to desired levels.

On the contrary, very little work has been performed on PCBs or Chips at a microscopic
level. In the case of SSN on printed circuit boards, simple cases of two- and three-plane
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combinations have been considered which have led to inconclusive results [4], [10]. In
these studies, the effects of specific ground geometries on the noise levels were studied but
the results were never extended to higher levels of hierarchy thus leaving a rather vague
understanding of the importance of these effects on the overall noise level. In the case of
SSN on the chip-level, the size of the chip pins has been extensively considered and the
pin‘inductance has been evaluated both statically as well as dynamically in the frequency
and time domains. However, as with the microscopic analyses discussed earlier, these
findings were never implemented into a study of noise as seen at higher system levels and
the effort was never extended beyond the level of an academic exercise.

Despite the existing research effort the problem of simultaneous switching noise is still as
incomprehensible as it has ever been. The macroscopic as well a microscopic treatments
never really converged to the same point thus making the coordination between the two
approaches a very much needed effort and necessary for the realistic treatment of the
problem.

It is the coordination between the two efforts that we emphasize in our design methodol-
ogy as it will be described in the next section.

DESIGN METHODOLY: PARASITIC EXTRACTION

Figure 4 shows the majar steps of a design methodology necessary for the characterization
of the switching noise. This design methodology starts with the layout of the printed cir-
cuit board and splits the effort into three different directions: (a) The package modeling,
(b) the power/ground plane modeling and (c) the chip driver modeling. These three efforts
are then combined to provide an equivalent circuit for the entire printed circuit board
which will then be analyzed with an asymptotic waveform approximation to provide a
characterization of the existing noise (see Figure 4). Then given this noise signature, an
appropriate noise analysis will be performed to specify the appropriate positions and val-
ues for the decoupling capacitors. This new circuit arrangements will then be analyzed to
verify the effectiveness in noise suppression (see Figures 5,6).

DESCRIPTION OF EFFORT PERFORMED DURING THE FIRST YEAR

During the first year our effort concentrated on the package modeling which involved the
exact characterization of specific pin and via geometries and the derivation of equivalent
circuits. Through this process we developed a static and dynamic finite element code
which can evaluate the field distribution for any open or shielded geometry. With this field
distribution known, scattering parameters and equivalent circuits as functions of a number
of parameters can be computed. Via inductances in a variety of environments were com-
puted and compared to Finite Difference Time Domain data for validation purposes. Up to
now this work has resulted into two symposia presentations {see Publ.1 and 2} and into
one journal paper {see Publ.3}. Details of the results from this effort are given in Appen-
dix A.
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Also during the first year, the problem of potential variations on the ground was addressed
and results were generated for some geometries. This effort has led to the following two
interesting observations:

The computational intensity of the analysis, either static or dynamic, results from the
application of the finite elements approach and the discretization of the structure. Such
an analysis, though necessary for an accurate microscopic treatment, can only treat
small to medium size geometries.

As a result of the above, an extension of the static or dynamic microscopic treatments
to more complex printed circuit board geometries with hundreds of vias and chip pins
connecting to multiple power and ground planes is considered as practically impossi-
ble.

In view of the above, a tile approach described in the next section is strongly proposed for
development during the next phase of this study.

2nd YEAR'S PROPOSED EFFORT-TILE APPROACH

This year’s effort will be centered around the previously mentioned Tile Approach. This
approach is briefly described in the following few steps:

The original printed circuit board geometry will be divided into tiles corresponding to
basic primitive structures.

The finite element method will then be applied to provide appropriate equivalent cir-
cuits which will include all the underlying electromagnetic effects, such as propagation
and electromagnetic interference.

These equivalent circuits will be included in a library of primitive components in order
to be used at later stages for the analysis of the whole printed circuit board.

For a given printed circuit board geometry, the appropriate equivalent circuits for the
various primitive geometries will be retrieved from the library and will be intercon-
nected to create an appropriate SPICE/RICE circuit which will be analyzed by asymp-
totic waveform approximation techniques.

Some example primitive structures with their equivalent circuits are given on Figures (7)-

(11).
DELIVERABLES FOR YEAR 2

The deliverables for the second year are outlined below:

A library of equivalent circuit generators for primitive structures using the codes
developed during the first year of this effort.

* Chip Leads
* P/G Tiles
Perform PCB-wide electrical simulation using RICE.
* Aurora-II daughter board
* Intel test board
*Switching configurations assumptions
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* Interactive decoupling capacitance insertion.
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FIGURE 1. A Representation of Simultaneous Switching Noise
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FIGURE 2. Ground Bouvnce as Seen from the Chip’s Side
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FIGURE 3. The Effects of Ground Bounce on Qutput Voltages
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FIGURE 4. Design Methodology:Parasitic Extraction
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FIGURE 5. Design Methbdology: Noise Containment
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FIGURE 6. Design Methodology: Electrical Simulation
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FIGURE 7. Equivalent Circuits: Power/Ground Configuration
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FIGURE 8. Equivalent Circuits: P/G/P Configuration with a PTH
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FIGURE 9. Equivalent Circuits: Via/Ground Configuration
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FIGURE 10. Equivalent Circuits: Interconnect/ Via/Ground Configuration.
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APPENDIX A

APPENDIX A
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Potential Distribution on the Ground Plane : f = 0.5 GHz
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The University of Michigan / Finite Element Method

Potential Distribution on the Ground Plane : f = 1.0 GHz

Potential Distribution on the Ground Plane Around Via

Figure 8

Hole at 1.0 GHz. The maximum correspond to 3.7 x 1072V
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