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1. Introduction

An analog/mixed-signal PCB design that has been functionally verified via basic SPICE simulation is not
necessarily optimal in performance, nor is it known to be reliable or of sufficient yield to be worthy of production,
because the design components have not been optimized for value, tolerance, and power rating. An integrated
environment that allows the user to make the best design tradeoffs throughout the analysis process is needed.

This paper discusses the reasons to further analyze your designs and shows how Allegro AMS Simulator enables
designers to develop their products in support of faster time-to-market, higher yield, improved reliability, and with
reduced board spins and cost.

2. Previous Work

In the traditional design/simulation flow, a design is iteratively tested at typical values with a SPICE simulator and
sent for PCB prototyping or manufacturing once the circuit operates with the intended behavior. This practice of
prototyping or manufacturing a design that has merely been functionally verified often causes problems in the real
world because it is not fully characterized. Under Harsh operating conditions, for instance, the design can
malfunction due to violation of Safe Operating Limits (SOLs) of one or more components in the design. To prevent
stress failures such as these, designers tend to make tolerances unnecessarily tight and use devices with high SOLs.
This over-designing makes the end product less than optimal in performance and unnecessarily costly.

With traditional simulation tools, there is no facility for the designer to tweak some parameters and immediately
determine whether the design still meets the specification, or to modify the specification and see the impact on the
parameter values. When multiple specifications must be simultaneously met, there has been no integrated way to
solve for the critical parameter values. Use of optimization and sensitivity point tools can help attain design goals,
but in absence of a well integrated environment, the results are obtained piecemeal. Additionally, the resulting
values may not be practically available.



3. Test Case

Figure 1 shows the test case for this paper. It is basically a one-transistor forward converter with an added flyback
winding. The details of the switched-mode power supply (SMPS) are not critical to the subject matter of this paper,
but an SMPS was chosen as the test case because it is an increasingly common target for SPICE simulation.
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Figure 1 - Schematic diagram of the switched-mode power supply

The SMPS schematic was entered using Allegro Design Entry HDL (aka Concept HDL), functionally verified with
Allegro AMS Simulator (which included the creation of the transformer model using AMS Simulator’s Magnetic
Parts Editor), and then analyzed and optimized using Allegro AMS Simulator Advanced Analysis.

4. Software Used

Schematic entry was performed using Allegro Design Entry HDL and simulation/analysis took place within the
Allegro AMS Simulator environment. Below is an introduction to both products.

Allegro AMS Simulator:

Allegro AMS Simulator (Product code PS2200) combines ST e
the classic Cadence PSpice A/D simulator with the powerful °
Advanced Analysis™ tool set. AMS Simulator Advanced
Analysis includes tightly integrated facilities for stress analysis,
sensitivity, ~ Monte-Carlo, automatic  design  parameter
optimization, and parametric sweep, which make extensive use of
measurements. These features are detailed below.




e Measurements

The concept of measurements finds broad use within Allegro AMS Simulator, and especially within the
Advanced Analysis tools. Measurements allow a specific behavior or characteristic of a design (such as the
-3dB bandwidth of a filter) to be captured into a single numeric value. Limits on these measurement results
are then used to implement performance specifications, while the reported values indicate the design’s
current state.

e Smoke

Smoke automatically compares the simulation results from a transient simulation against the stress limits of
the devices in the design and displays the stress information using an easy-to-read, color-coded bar graph.

e  Sensitivity

Sensitivity determines the amount of influence that toleranced parts in the design have on the results of
user-defined measurements. Each measurement can have its own simulation profile, and could thus be
associated with a transient simulation, AC sweep, etc.

e Monte Carlo

Monte Carlo automatically uses the toleranced devices in the design, as well as their distribution types (flat,
Gaussian, etc) to predict yield against the design performance specifications (measurements, and their
associated limits) that you set.

e  Optimizer

The optimizer allows the engineer to identify component parameters that Advanced Analysis can vary, in
order to meet a set of performance specifications. The specifications can be in the form of limits on
measurements, or a set of curves (such as gain and phase plots for a filter) to be considered as targets for
the optimized design. The difference between the specifications and the current measurement results is the
error, which the optimizer attempts to minimize. The optimizer includes a random engine, which will
randomly vary the selected component values, yielding a wide range of potential seed points for a follow-
up optimization run using one of the more deterministic engines, such as Least Squares (LSQ), for the final
result. The random engine circumvents the possibility of optimizing into the wrong local minimum (in
error) by determining error values across the entire value space of the components being optimized. The
user is then free to pick any of those runs as the starting point (seed) for LSQ optimization.

e Parametric Plot

The Parametric Plotter allows you to easily sweep a selection of component parameters (nested) and view
their impact on any number of measurements. Families of curves (plots) can also be generated, based on
these sweep results.



Allegro Design Entry HDL.:

Allegro Design Entry HDL is a complete and
scalable solution for the design of PCB
schematics. Tightly integrated with Allegro PCB
Editor and Allegro Constraint Manager, Allegro
Design Entry HDL provides a robust and highly
customizable solution for constraint-driven PCB
design. It is also completely integrated with
Allegro AMS Simulator, which means that a
single schematic can simultaneously drive the
PCB, signal integrity, and analog/mixed signal
analysis flows.
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5. Analysis: Who cares?

Functionally verifying your analog/mixed signal design via SPICE simulation is a good thing, but thoroughly
analyzing/optimizing it for best performance, reliability and yield should catch the attention of several organizations
in your company. Many companies are guilty of a product development flow in which much of the analysis and
design optimization is “backloaded”. Stress violations are found after initial product has reached the customer and
has failed, yield is determined as product is rolled off of the production line and tested, and
improvements/corrections to the design take a back seat to this timeline. This may be the result of the fact that
analog and mixed signal design often gets less attention than other product design aspects. It’s not unusual to find
that a company invests heavily in signal integrity simulation software for the high-speed digital portion of their
product, but neglects the power supply, filters and amplifiers that they might see as cookie-cutter or too simple to
need analysis beyond what is already provided in the application notes. Ironically, it is often the assumption by
many signal integrity analysis processes that all underlying analog circuitry (e.g. power supply) is operating within
specifications for its results to be valid.

Engineering Verification Testing (EVT) and Design Verification Testing (DVT) are too often seen as the primary
debugging tools for the design before going to production, but it can easily be argued that even large quantities of
tested units will show very little variation in component value and performance relative to their corner cases.
Prototypes are often built using the same lots of components from the same manufacturer. It isn’t until the design
goes to high volume production that significant shifts in resistor values and substitute components come into play,
and the product is showing new behavior. EVT and DVT are essential tools, but are not a substitute for thorough and
early circuit analysis.

The reasons that companies lull themselves into taking their analog designs for granted are probably too numerous
to count, but costs due to rejected and failed product, extended time to market (shortened product lifespan), and poor
performance can be staggering. Those costs can be brought under control by executing timely analysis on your
designs in an efficient manner.



Figure 2 below is a table that lists many of the key product quality areas for electronic equipment, their associated
tasks, and a mapping to the Allegro AMS Simulator Advanced Analysis tools that have some application to those
tasks.

Advanced Analysis
Tools

Smoke, Optimizer,
Sensitivity, Monte Carlo,
Parametric Plotter
Smoke, Sensitivity,
Monte Carlo,
Parametric Plotter

Organization Tasks

WCCA, Electrical Stress

Hardware ENG Analysis & Derating

WCCA, Electrical Stress

Hardware QA Analysis & Derating

— Reliability Prediction Smoke, Sensitivity,
Reliability ENG Analysis, FMEA Monte Carlo
Smoke, Sensitivity,
Test Dev. ENG Test Coverage Analysis Monte Carlo,

Parametric Plotter
Smoke, Sensitivity,
MFG ENG Test Process Optimization Monte Carlo,
Parametric Plotter
Figure 2 - Organization/Tasks/Advanced Analysis Tools table

As the table above indicates, Allegro AMS Simulator Advanced Analysis has applicability across a wide range of
quality areas, allowing you to “go wide” to the various organizations in your company with Advanced Analysis and
the resulting data. In many cases where Advanced Analysis does not complete the picture for a given task, such as
reliability/ MTBF calculation, it can still provide key data, like the “stress ratios” file (produced by Advanced
Analysis Smoke) in tab-delimited form, which can be used by many reliability calculation methods, such as MIL-
STD-217, etc. The following is a brief description of each of the tasks listed above, as well as some of their benefits.

Worst Case Circuit Analysis (WCCA)

WCCA is the pre-production analysis of a design for the identification of weaknesses and their impact on its
operation. It includes Monte Carlo, Root Sum Squared (+/- 3 sigma), and Extreme Value Analysis (EVA).
Benefits include identification of conditions that could lead to immediate or premature failure, and
determination of acceptance test modes and parameters.

Failure Modes & Effects Analysis (FMEA)

FMEA is the analysis of various failure modes and the resulting effects of the failure, and is a method of risk
mitigation. Benefits include identification of design changes, failure warning/recovery systems and corrective
action.

Electrical Stress Analysis

Electrical stress analysis determines a part’s performance under various stresses and environmental conditions,
such as temperature. Induced stresses are commonly derived from the component datasheets and lab
measurements or simulation results. This analysis produces component stress ratios for MTBF calculation,
validation of component derating and correlation of failures of production units.



Electrical Design Component Derating

Electrical design component derating is the reduction of component specifications to decrease its failure rate
with the goal of achieving the desired system reliability. This allows for component variations due to simple
tolerance, aging, and alternate sources and results in improved reliability and customer satisfaction, and reduced
service calls and repair costs. Although the immediate cost is higher, the bottom line (including support costs,

etc) is usually less than without a thorough derating study.

Test Coverage Analysis (TCA)

TCA is the analysis of product functional verification (EVT/DVT) and other testing. It ultimately ensures

sufficient and efficient testing, thus also avoiding redundancy at different stages.

6. Methodology using Allegro AMS Simulator Integrated with Design Entry HDL

Figure 3 shows a hardware engineer’s Allegro AMS Simulator flow and methodology, which takes advantage of the
interactions between the Advanced Analysis tools, including Sensitivity, Optimizer, Smoke and Monte-Carlo. This
is also the process that was followed with the test case. Although the flowchart represents a fairly closed flow, the

stars represent opportunities to involve the other organizations in your company.
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Figure 3 - Allegro AMS Simulator analysis flow diagram for the SMPS test case




The following is a summary of the SMPS design, analysis and optimization process:

i. Basic Design Entry

The SMPS design was entered into Allegro Design Entry HDL using standard components from the install
CDs.

ii. Transformer specification and model creation 3
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conditions (assertions - such as

winding over-voltage), and defining global parameters. Also, measurements were defined for the design.
Examples of measurements include min and max output voltage for control of output nominal and ripple
voltage, as well as output voltage overshoot during startup.

iv. Functional verification and debugging
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v. Sensitivity Analysis

Vi.

Advanced Analysis Sensitivity identified the components that had the greatest impact on the measurements
defined in step ¢ above. The most influential components were ultimately seeded (right-click -> Send to
Optimizer) into the optimizer, as they have the greatest ability to affect the measurement results. The
tolerances of several components with little effect on the design’s performance were relaxed as a cost
reduction measure. Literally no setup was needed for Sensitivity beyond the selection of the measurements,
and the simulation results were
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measurements from step c¢ above).

The “Random” engine was used .

first, so that multiple error minima i "

would be identified if they exist. Once a promising seed point (best run from the random engine) was
identified, the “Modified Least Squares” engine was used from that point to converge on the optimized
design. Finally, the “Discrete” engine was run to meet the same performance requirements while using only
off-the-shelf standard values (e.g. 10% resistor values) for the optimized components. To set up Optimizer,
specifications were entered, and parameters (component values or other parameters to vary/optimize) were
selected from a list.




Vii.

viii.

Parametric Plotter

The parametric plotter was used to verify that the optimized components did not produce unexpected
behavior over their practical range. Monte Carlo also has the ability to produce this type of result, but
Parametric Plot allows us to concentrate on specific components and with more control. Selecting sweep
parameters was straightforward, and plots (graphs) were defined via a wizard interface.

Monte Carlo

Via Monte Carlo, all toleranced components were varied with their distribution types taken into account to
determine design yield against the specifications. Although not the case with this design, it’s conceivable
that yield (against one or more measurements and their limits) is not 100% at this point. Switching to the
Sensitivity tab in Advanced Analysis would reveal the components that most greatly affected a specific
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Smoke Analysis

Several components were found to be
exceeding their stress ratings using Smoke.
Adjustments to the design were made with
regard to these devices. Some very-low-stress
devices were identified and substituted with
less expensive parts to reduce the product
cost  without  negatively impacting
performance, yield, or reliability. The stress
ratings for the individual parts (such as the

transistors) were already included in their
model as part of the Advanced Analysis
libraries on the install CDs. A major strength of Smoke is that with practically no setup, stress information
is nearly immediately available for every component in the design, not just the parts that the engineer may
be concerned about.




X. Export the design to Allegro PCB Editor =
An “Export Physical” was performed on the design from Allegro  * "5
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At this point the SMPS design was complete, and was known to be optimized in performance, reliability, yield, and
cost, and was ready for PCB layout. The physical PCB would be edited and output to manufacturing using Allegro
PCB Editor.

7. Conclusion

A methodology for designing safe, reliable and optimal analog/mixed signal products was introduced and used on an
SMPS design. The example took advantage of an integrated flow (front-ended by Allegro Design Entry HDL) that
supports analog and signal integrity simulation, as well as PCB design from a common schematic. Several reasons
for “going wide” and taking analysis beyond the hardware engineer’s desk were given, and Cadence Allegro AMS
Simulator Advanced Analysis was identified as being an enabler for effectively making that transition. The ability to
quickly jump from one tool to another within Advanced Analysis, in addition to the ease of setup and speed of
results makes Allegro AMS Simulator an easy choice for analog/mixed-signal design analysis, and offers the ability
to reduce short and long term costs, while improving product yield and customer satisfaction.
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