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BEYOND DESIGN

When Legacy Products
No Longer Perform

by Barry Olney
IN-CIRCUIT DESIGN PTY LTD / AUSTRALIA

As IC die sizes continue to compact due to
demand for smaller and faster technology, and
as switching speeds continue to improve, rise
and fall times are creeping down into the sub-
nanosecond realm, a territory previously re-
served for microwave engineers. This relentless
shrinking trend that perpetuates Moore’s Law
can create a huge problem for legacy designs as
tfaster switching intensifies signal integrity is-
sues. Over the years, as logic drivers have con-
tinued to switch faster and faster, problems with
ringing, crosstalk and electromagnetic emis-
sions (EMI) have become progressively worse.

It is a common quandary that established
products that have worked flawlessly for years
suddenly stop performing reliably, due to a new
batch of ICs that is used in the latest produc-
tion run. The cause of this problem is rise time
shrinkage. Figure 1 illustrates the consequences
of three different rise times for the same clock
frequency.

This example brings home two very impor-
tant points. Firstly, for a given layout, faster
switching produces spurious signals exhibiting
excessive overshoot and ringing. This prob-
lem is unavoidable. It can only be prevented,
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Figure 1: Increased ringing with faster rise times (simulated in HyperLynx).
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to some extent, by improving the layout and
routing, reducing the number of loads and/or
adding terminators. Secondly, IC manufacturers
are not always doing us a favor when they begin
shipping “new and improved” logic circuits.
When substituted into a legacy design, the in-
crease in speed may buy nothing but headaches.

From the perspective of an IC manufac-
turer, shrinking a die is a winning proposition
because the new chip is almost certain to meet
or exceed its published specifications at a lower
cost. However, from the perspective of the de-
signer, shrinking a die, in an existing product
design, can be a daunting prospect, because the
new rising and falling edges are almost certain
to switch considerably faster.

Faster edge rates mean reflections and sig-
nal quality problems. So, even when the pack-
age hasn’t changed and the clock speed hasn’t
changed, a problem may exist for legacy de-
signs. The enhancements in driver edge rates
have a significant impact on signal quality, tim-
ing and crosstalk. This also has a direct impact
on radiated emissions.

Figure 2 shows the massive increase in emis-
sions from the slowest to the fastest rise time
previously discussed. When dealing with sub-
nanosecond rise times, the emissions can eas-
ily exceed the FCC/CISPR Class B limits for an
unterminated transmission line.

The ratio of signal rise time to physical de-
lay of an interconnect determines how the cir-
cuit behaves. A small ratio, meaning a short
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rise time compared with the innate time delay
of the interconnect, produces distributed be-
havior. Whereas a large ratio invokes lumped-
element behavior that requires little attention.
When considering any aspect of your circuit
geometry, the relationship between physical
size and rise time determines the relative im-
portance of that object in the overall scheme of
the circuit. The signal rise time, rather than the
signal clock frequency, determines the critical
signal speed. Basically, any rise time of 1ns or
less may be of concern.

An ideal square wave clock signal with the
spectrum of a 50% duty cycle, and a zero pi-
cosecond rise time, has frequency components
(harmonics) only at multiples of the clock fre-
quency. The Fourier Transform converts a time
domain waveform into its spectrum of sine
wave frequency components. The amplitude of
the even harmonics is zero, as they cancel out
in the Fourier Transform due to the even mark-
to-space ratio. The amplitude of the odd har-
monics is given by:

V (harmonics) = -

where n is the odd harmonic number

For example, the amplitude of the 1% har-
monic, wheren =1, is 2/(3.14 x 1) = 0.64V. The
amplitude of the 3rd harmonic, n = 3 is 2/(3.14
x 3) = 0.21V. The amplitude of each harmonic
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Figure 2: Radiated emissions from the 30ns edge rate (left) and 1ns (right).
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est sine wave frequency
that can be transmitted
by the interconnect with-
out significant loss. For
our 1GHz example, the
maximum bandwidth to
consider is the 5™ har-
monic at SGHz if the rise
time is unknown.

FR-4, the glass epoxy
material commonly used
for multilayer printed
circuit fabrication, has
R negligible loss at frequen-
(A R R cies below 1GHz. But

fie since the dielectric loss
is frequency-dependent,
at higher frequencies,
the dielectric loss of FR-4
increases. So, for high-
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Figure 3: Odd harmonics of a 1GHz fundament clock.

drops off with the inverse of frequency, since
each harmonic is a higher frequency. Figure 3
shows the calculated harmonic amplitudes of
an ideal 1GHz clock signal for the odd harmon-
ics up to 100GHz.

However, in practice, the signal rise time
has an impact on the maximum signal band-
width. Understanding the frequency band, that
really matters, for digital design is very impor-
tant. Traditionally, we used 0.35/Tr (where Tr is
the rise time in ps) for the upper bandwidth.
However, a more accurate approach is to use an
upper knee frequency of 0.5/Tr, which forms a
crude but useful translation between time and
frequency domains. If, for instance, the rise
time is 500ps, which is typical these days, then
the upper bandwidth is actually 1GHz regard-
less of the clock frequency. It is possible to have
two different waveforms, with exactly the same
clock frequency but different rise times and
therefore different bandwidths.

When selecting the most appropriate dielec-
tric materials for a design, one should consid-
er the bandwidth up to the 5" harmonic. The
bandwidth of an interconnect refers to the high-

s frequency digital, RF and
microwave designs, al-
ternative materials that
exhibit lower losses need
to be considered. (To

make this selection process easier, over 31,000

rigid and flexible materials, up to 100GHz, can

be sourced from the iCD dielectric materials
library.)

Electromagnetic emissions arise from each
frequency component of the signal. For the
worse offender—the common-mode currents—
the amount of radiated emissions will increase
linearly with frequency. Although the amplitude
of each harmonic drops off with the inverse of
frequency, the ability to radiate increases linear-
ly, so all harmonics contribute equally to EMI.
To minimize EMI, the design goal is to use the
absolute lowest bandwidth possible whilst still
maintaining the specified data throughput.

Any ringing in the circuit may increase the
amplitude of higher-frequency components
and thus increase the magnitude of radiated
emissions. High-frequency harmonics can also
beat with the resonant frequency of the plane
pairs, as they approach half wave length, creat-
ing a rough wave effect which, in extreme cases,
can cause total system failure. This is the reason
why solving signal integrity issues is always the
best starting place to minimizing EMI.
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Figure 4: Series terminator value determined for an FPGA clock (source: iCD Design Integrity).

To improve signal integrity, hence EMI, one
needs to slow down the rise time of the signal
to reduce the high-frequency components. This
is easily achieved by placing a termination re-
sistor in series with the transmission line at the
source. The value of this terminator is deter-
mined by extracting the IV curves from the IC
IBIS model, and then the required series termi-
nation resistance is calculated, based on a dis-
tributed system, to match the transmission line
for the selected layer as shown in Figure 4. So,
to fix that legacy product that now exhibits in-
termittent operation, simply add a series termi-
nator. In fact, it is always good design practice
to allow space for a series terminator by adding
a zero-ohm resistor to the critical interconnects
to future-proof the design.

Points to Remember:

¢ Faster switching intensifies signal integrity
issues by producing spurious signals exhibiting
excessive overshoot and ringing. This also has a
direct impact on radiated emissions.

e Established products can suddenly stop
performing reliably due to a new batch of ICs.
The cause of this problem is rise time shrinkage.
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e Even when the package hasn’t changed
and the clock speed hasn’t changed, a problem
may exist for legacy designs.

¢ The emissions from sub-nanosecond rise
times, can easily exceed the FCC/CISPR Class
B limits for an unterminated transmission line.

e The ratio of signal rise time to physical
delay, of an interconnect, determines how the
circuit behaves.

¢ An ideal square wave clock signal has fre-
quency components only at odd multiples of
the clock frequency.

e In practice, the signal rise time has an im-
pact on the maximum signal bandwidth.

* The upper knee frequency of 0.5/Tr, forms a
translation between time and frequency domains.

e When selecting the most appropriate di-
electric materials for a design, one should con-
sider the bandwidth up to the 5" harmonic.

e For high-frequency digital, RF and micro-
wave design alternative materials that exhibit
lower losses need to be considered.

¢ Although the amplitude of each harmon-
ic drops off with the inverse of frequency, the
ability to radiate increases linearly—so all har-
monics contribute equally to EMI.
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e High-frequency harmonics can beat with
the resonant frequency of the plane pairs creat-
ing a rough wave effect which can cause total
system failure

¢ Solving signal integrity issues is always the
best starting place to minimizing EMI.

e To improve signal integrity, hence EMI,
one needs to slow down the rise time of the sig-
nal to reduce the high-frequency components.
This is easily achieved by placing a termination
resistor in series with the transmission line at
the source.

e [t is always good design practice to allow
space for a series terminator by adding a zero-
ohm resistor to the critical interconnects to fu-
ture-proof the design. PCBDESIGN
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Simultaneous Design and Nanomanufacturing
Speeds Up Fabrication

Design and nanomanufacturing have collided in-
side a Northwestern University laboratory.

An interdisciplinary team of researchers has used
mathematics and machine learning to design an
optimal material for light management in solar cells,
then fabricated the nanostructured surfaces simulta-
neously with a new nanomanufacturing technique.

“We have bridged the gap between design and
nanomanufacturing,” said Wei Chen, the Wilson-
Cook Professor in Engineering Design and professor
of mechanical engineering in Northwestern’s Mc-
Cormick School of Engineering.

“The concurrent design and processing of nano-
structures paves the way to avoid trial-and-error
manufacturing, increasing the cost effectiveness to
prototype nanophotonic devices,” said Teri Odom,
Charles E. and Emma H. Morrison Professor of
Chemistry in Northwestern’s Weinberg College of
Arts and Sciences.

Researchers are currently in-
terested in nanophotonic mate-
rials for light absorption in ultra-
thin, flexible solar cells. The same

principle could also be applied to implement color
into clothing without dyes and to create anti-wet
surfaces. For solar cells, the ideal nanostructure sur-
face features quasi-random structures, meaning the
structures appear random but do have a pattern.

To bypass the issues of nano-lithography, Odom
and Chen manufactured the quasi-random struc-
tures with wrinkle lithography, a new nanomanu-
facturing technique that can rapidly transfer wrinkle
patterns into different materials to realize a nearly
unlimited number of quasi-random nanostructures.

“Importantly, the complex geometries can be
described computationally with only three param-
eters — instead of thousands typically required by
other approaches,” Odom said. “We then used the
digital designs in an iterative search loop to deter-
mine the optimal nanowrinkles for a desired out-

Next, the team plans to ap-
ply its method to other materi-
als, such as polymers, metals,
and oxides, for other photonics
applications.
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