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This obviously isn’t a fair comparison, as the standalone AFE would need an additional
microcontroller to match the capabilities in the SoC, and the multichip solution has some
additional board-level design requirements that the SoC would avoid (like the security
implementation). While it may be less accurate, some applications will be completely sat-
isfied with the analog capabilities of the SoC, and the ease provided by the integration may
outweigh any performance improvement from a dedicated analog AFE.

Discrete Solutions: When There’s No AFE

In addition to those integration tradeoffs, many applications benefit from or require com-
pletely discrete solutions for signal conditioning. One example is an on-board charging
(OBC) circuit. This is a common module in electric vehicles that takes power from a typical
residential 120- or 230-V AC outlet and converts that to DC to recharge the battery.

That's separate from, and lower power than, a charge pile (fast-charging station) that
provides DC power directly to the battery charging circuit. However, despite being “lower
power,” a typical module converts more than 10 kW of AC power to a ~800-V DC output.
Sometimes, it's even desirable to create OBC modules capable of bidirectional power
conversion. Therefore, the battery energy can be used to provide AC power back to the
residence, which significantly complicates the power conversion.

The input AC voltage and battery voltage need to be properly isolated from each other,
and from everything else as well. Still, the controller requires measurements on these
analog signals to provide regulated outputs. The input voltage, output voltage, current,
and temperature all must be measured and the sensors need to be galvanically isolated.

In the case of the Microchip reference design (Fig. 4) for this application, there’'s a

3. The MCP3910 can be used to build a class 0.1 meter (0.1% accurate meter) solution.
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4. This block diagram shows the PFC stage for an on-board charging system.

measurement circuit that uses resistive dividers and amplifiers to condition the voltage
signal for a DSP, on a physically separate board from the other control circuitry. In addition,
opto-isolators are used on the digital communications between the measurement board
and the control circuitry.

The current-sense circuit is also in a different place, directly in the current path on the
main circuit board. Even the communication out of the module is implemented with an
isolated CAN bus. In this application, it would be very difficult to make an AFE to handle
such signal conditioning—the voltages are high enough to require physical separation and
the isolation capability is difficult to integrate.

Summary

There’s undoubtedly a trend in the semiconductor industry toward increasing levels of
integration. For many applications, SoC solutions can be cost-effective or easy to design
with. In other cases, system designers may prefer to use discrete components and man-
age every signal at every stage across the board. In between those two extremes, many
applications can apply AFE-based implementations that offer a balance of performance,

size, and flexibility.
to view this article online,  Elick here
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CHAPTER 4:

Adopting Al-Based Circuit
Optimization and Migration

TOBIAS BJERREGAARD, Sr. Director of Al, Synopsys EDA Group

he use of artificial intelligence (Al) has gained significant traction in many domains of
EDA, and for good reason. Al learns from experience, adapts, and converges on a
solution while considering conflicting goals with complex tradeoffs.
Such characteristics make Al highly valuable in tackling many of EDA's hardest
challenges, where traditional optimization approaches—either manual or algorith-
mic—are either sub-optimal, too slow, or fail altogether. Al has the potential to revolution-
ize the way we design, optimize, and, in particular, migrate analog designs.

Traditional Optimization Approaches Fall Short

Advances in EDA algorithms have made it possible to scale digital chips to the size of
billions of transistors. The scaling of digital design automation builds on abstractions of
digital signal levels (1s and 0s) and synchronous operation (discrete time), allowing for a
divide-and-conquer approach.

Analog design, on the other hand, doesn't benefit from such abstractions. Individual
elements of the design influence each other in complex interactions, making it impossible
to optimize one part of the circuit without affecting others. Also, the design metrics are
complex, as designers need to consider dozens of metrics, such as supply current, signal-
to-noise ratio, jitter, hysteresis, slew rate, CMRR, DC gain, and more across hundreds of
process corners.

Due to these inherent complexities, analog design has remained a largely manual
process. This puts severe limits on the potential to exploit the multitude of specialized
sub-nodes made available from foundries to take advantage of market opportunities. To
understand why this is so, let's look at where traditional optimization approaches fall short.

The purpose of optimization is, in essence, to deduce circuit characteristics (e.g., tran-
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sistor sizes, layout placement, routing topology, etc.) that fulfill a desired outcome in terms
of circuit behavior or performance (i.e., power consumption, noise margin, signal duty
cycle, slew rate, etc.).

If the desired outcome can be modeled in a simple manner, with a model that's at least
rank order correct, then a traditional optimization algorithm can be created. This has been
done successfully in many of the individual steps of the digital implementation flow, leading
to a highly automated optimization process.

For example, digital circuit performance can be modeled because circuit behavior is able
to be simplified to timing delays—that is, optimization of static timing delays is essentially
a linear problem. Analog circuits contain much more complex behavior. They build on
nonlinear device models, with no simple proxy function.

Physically accurate models of analog circuits will simulate the exact behavior across
all metrics, given the detailed circuit topology and parameters. However, due to the com-
plexity of the underlying models, and of the interactions between the various elements in
a design, even the simulation itself is an iteratively converging process. There’s no suffi-
ciently accurate, simplified way to emulate the outcome, and no way to move backwards
from desired outcome to circuit characteristics.

Hence, analog design optimization has remained a largely manual process, which
requires advanced designer expertise, time, and patience. Figure 1 illustrates how the
optimization step is a manually intensive and key step in a traditional analog design flow
for migrating an analog design.

Al-Based Analog Optimization

Al-based approaches do well in addressing optimization problems where traditional
algorithmic approaches fall short. Al holds the potential to automate the manual loops
in the design process. Much like a human designer, Al performs and learns from experi-
ments, combining learnings across each of the experiments to understand and navigate
in the solution space. In general terms, this approach is called sample-based optimization.

Sample-based approaches such as grid search, i.e., parameter sweeping, and random
search, i.e., Monte Carlo simulation, have traditionally been used to aid designers during
the analog design process. However, these approaches don't scale well. The number of
samples required for sufficient solution space coverage scales exponentially with design
complexity.

More efficient general methods do exist, such as Bayesian Optimization, which is widely
used in machine-learning applications. A Bayesian Optimizer builds a probability model
of the objective function and uses it to select new sample points with high probability of
scoring well in the metric space. As such, it takes learnings from previous samples to build
a model that helps select future samples.

An Al-based approach represents an even more focused, intelligently directed way to
navigate a large and complex solution space to find sample points that meet the spec-
ification. An Al capability can be devised as a sample-based optimization system that
dynamically learns about the problem it’s tasked to solve.

Such an Al approach can use actual, multi-corner/multi-testbench simulations to drive
exploration of complex corner and testbench dependencies. It can dynamically navigate
process corners to reduce the number of simulations required, while converging across all
corners. Through this process, the Al tool learns from its simulation experiments, using a
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1. The optimization step is a manually intensive and key step in a traditional analog design
flow for migrating an analog design.

live feedback loop to converge toward a solution that meets the specification.

A key advantage of such an Al system is that it doesn’t depend on any specific form of
the problem it's optimizing. However, unlike less efficient sample-based approaches, it will
more efficiently self-adapt to the underlying objective. It also doesn’t optimize a proxy, but
rather is driven by the actual circuit simulation.

Such a system is possible because the Al system makes informed decisions based on
the experiments that it runs, reinforcing its internal perspective of the problem and objec-
tives, which enables fast convergence.

Al-Based Analog Migration

Macro trends, including the slowing of Moore’s Law, manufacturing capacity constraints,
and a challenging geo-political climate, are driving the need for newer capabilities to rap-
idly move designs between process nodes.

To take advantage of market opportunities and be resilient to supply-chain challenges,
it's essential for semiconductor companies to maneuver the supply-chain landscape with
agility, including porting products from one foundry to another and from one technology
node to another. While Al can help accelerate and automate circuit optimization in general,
it holds a particular advantage during design migration.

As illustrated in Figure 1, the analog design migration process starts with a reference
design, with specification, schematic, and layout in a given technology node, and ends
with a completed and functional layout in the target node. The challenge of migrating an
analog circuit from one node to another differs from general analog circuit design, in that
the circuits are based on a prior version of the design.

This is good news for Al: Any design that's been optimized in one context holds valuable
learnings which are useful, even if the context, such as the technology node, has changed.
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Figure 2 illustrates an Al-driven, automated design migration process. The first step is
to migrate to the target node. Circuit elements and transistors are mapped to equivalent
elements in the target node, the specification is adapted to the target, and the design is
parametrized with parameters required to adjust the circuit to the specifications.

After the basic migration to the target node, the circuit typically isn’t functioning accord-
ing to the specification. The migration process has moved it off center. The next step is for
the Al-driven optimizer to tune the design parameters to recenter the circuit to meet the
specification in the target node.

In addition to recentering a schematic, Al can be used to recenter a circuit as it moves
through the design phases, from schematic optimization to layout and ECO. The Al doesn'’t
have to start from scratch at each stage. When adding estimated layout parasitics, the
design will be off again and needs recentering, which the Al can do. This can also be
handled at the final stages of optimizing with extracted layout parasitics in the optimization
loop.

Used properly, Al can significantly accelerate the design process, with fast recentering
of a new or incremental design version, the same design in a different technology node,
or at later stages of the design process.

How EDA Algorithms Are Enhanced Using Al Optimization

As advances in EDA algorithms have enabled tremendous scaling of digital design com-
plexity and designer productivity, via optimization algorithms, analog design has remained
a largely manual process. This is due to the complexity of the circuit functionality and
characteristics together with limitations of traditional optimization approaches. It places

Reference Design Optimized Design

Synopsys Analog Design Migration Flow

Automated Al-powered
Design Design
Migration Parametrized Optimization
Design

Layout Finishing
and Signoff

2. This diagram highlights an Al-driven, automated design migration process. The first step
is to migrate to the target node.
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limitations on the potential for design companies to quickly take advantage of market
opportunities.

The use of Al has gained significant traction across EDA. In turn, Al-based optimization
has emerged as necessary to address the complexity of the analog design challenge.

As mentioned, Al-based circuit optimization uses actual, multi-corner/multi-testbench
simulations to drive exploration of complex corner and testbench dependencies. It learns
from its simulation experiments, using a live feedback loop to converge toward solutions.
Thus, it's ideally suited to automate the analog circuit design process.

While Al offers clear value during optimization in general, it also enables advanced new
use-models. Recentering during node-migration of analog circuits is fast, as the learnings
from the prior design implementation can be retained and exploited. Similarly, Al can
quickly recenter a design as it moves through the design process, from schematic to layout
and ECO.

to view this article online, click here
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CHAPTER 5:

The Building Blocks
of Smart Factories

ALEC MAKDESSIAN, Marketing and Business Development Director, NXP

n the 21st century, the industry entered its fourth revolution: Industry 4.0. While this is
an incredible improvement over previous industrial revolutions, it's still inefficient and
fragile.
For example, nearly half of global waste is caused by manufacturing inefficiencies:
building the wrong mix of products; building products too early, expiration of products or
components; lack of connection between supply chains, manufacturing, and ordering; and
even inefficient delivery routes. The World Economic Forum estimates that up to 15% of
trucking miles are currently driven with no load, wasting fuel and time.

Inefficiency isn’t the only issue facing the manufacturing industry. Ransomware remains
a top threat for all companies. These attacks have increased 278% since 2019, with both
costly and deadly consequences.

Global supply chains are bearing the brunt of ransomware attacks, according to a new
report that found manufacturing was the most targeted industry during 2021. For example,
when attackers went after the largest pipeline system for refined oil products in the U.S.
in 2021, it caused a five-day shutdown and $4.5 billion ransomware payment, wreaking
havoc across the supply chain.

Safety is another concern. Ensuring workers go home safely each night, and want to
return to work the next day, is essential for any industry. The National Safety Council esti-
mates the total cost of work injuries in 2022 to be $167.0 billion. This figure includes wage
and productivity losses of $50.7 billion, medical expenses of $37.6 billion, and administra-
tive expenses of $54.4 billion.

Factory downtime and inefficiencies create additional costs for the manufacturing indus-
try. A report from Siemens estimates that the cost of downtime for an average large plant
is $129 million per year.
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Key Enablers of Smart and Efficient Factories

It's no surprise that the above challenges are driving the need for more intelligence at

the factory. Flexible and smart factories are the path to resiliency and efficiency.

What do we need to build intelligent automation? To enable a smart factory, some of the

basic required elements include:

» Edge computing: Scalable platforms that can be deployed in different applications that
enable real-time analytics and decision-making at the edge, unhampered by network
latency and reducing data center and network cost.

* Machine learning: Ability to teach machines to take on more complex tasks under
changing conditions.

» End-to-end security: Required to protect data and assets from external attack, as
everything will be connected to allow for collaboration across and between manufac-
turing sites.

* Real-time communication: Separating operational technologies that need real-item
control, while enabling larger datasets to be exchanged between machines at the
edge.

Though the above features are a necessity, they don’t solve the problem of reconfiguring
the factory floor every time the market’s or the customer’s requirements change. To deal
with the high level of end-product variance, it's highly desirable that the manufacturing
equipment be flexible and configurable.

While flexibility and configurability are achievable at the higher levels of the smart factory
hierarchy (Fig. 1), which are already designed to be modular (e.g., servers, routers), it's
much more complicated when going to the physical resources layer. There- the factory
equipment need to interface with the sensors that collect the real world physical quantities.

For example, one requirement for flexibility is the possibility to accept any sensor output
without having to change the analog front-end that converts the analog sensor signal into
the digital processing world.

THE SMART FACTORY
HIERARCHY

Terminal Layer

Cloud Application Layer

Servers, Data Centers

@ )
N\ Network Layer

Ethernet, Wireless AP, Industry Switches, Routers

Physical Resources Layer

Sensors, PLC, Energy Measurement, Robots

1. Sensors and analog front-ends provide the base of a smart-factory hierarchy. (Credit:
NXP)
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In every factory, there are hundreds, if not thousands, of sensors with their associated
analog front ends (AFEs). Each AFE is optimized to its sensor and could be measuring a
voltage, current, or resistance. For instance, an AFE could be measuring a temperature,
with its very small millivolt signal, while another AFE could be measuring a +25-V large
voltage.

When some of the sensors need to be replaced, say, due to reconfiguring the factory
floor, the measurement unit that includes the AFE will also need to be replaced. This
means halting the production process while the factory floor is being reconfigured.

The obvious solution to the problem of replacing the AFE for every sensor change is to
have software-configurable universal AFEs. Such an AFE can measure a voltage one day
and then, if the sensor output is a current, the AFE can be reprogrammed to measure a
current.

Reconfigurable Analog Front-Ends Lead to a Smarter Factory

How does this work in practice? NXP’'s NAFE family of analog front-ends illustrates
one example. With its universal reconfigurable inputs, the AFE can be connected to most
available sensors, whether the measurement is a voltage, current, or resistance. In addi-
tion, the wide 180-dB dynamic range means that the AFE can measure voltages as low as
nanovolts and as high as £25 V with the same 0.01% accuracy.

Not only does the AFE measure a variety of sensor signals with 24-bit resolution and
0.01% accuracy, it includes many of the discrete components that are usually on the
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2. Shown is a block diagram of NXP’s analog front-end. (Credit: NXP)
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measurement board. These include high voltage protection, high-voltage fast multiplexers,
sensor voltage and current excitation, and low-drift voltage references, in addition to a
slew of diagnostic and supply supervisory circuitry for condition monitoring and anomaly
detection (Fig. 2).

Because the inputs of the NAFE are software-programmable, reconfiguring the factory
floor is as simple as reprogramming the measurement unit remotely. This eliminates the time
needed to replace the various measurement units, as well as the downtime of the factory.

NXP Smart Sensors Support Predictive Maintenance

The advanced diagnostic features integrated within the NAFE family enable factory
operators not only to detect small anomalies, but also to predict and prevent any issues
before they occur to avoid unexpected downtime and plan timely maintenance. Some of
the advanced diagnostic features include open and short detection, cable and mounting
degradation, temperature, power supply, reference clock, input signal anomalies, compo-
nent aging, reference drift, and others.

Detecting the small anomalies in the presence of large signals is only possible due to the
wide dynamic range of the NAFE family, in addition to its high accuracy. These advanced
diagnostic features also facilitate the implementation of functional safety.

Predicting failure requires the diagnostics features mentioned above, as well as powerful
edge processors with the right algorithms, models, and artificial intelligence. The NAFE
family of AFEs, coupled with NXP’s crossover MCUs such as the RT1080 family, or MPUs
like the i.MX family, address reliability, security, and safety concerns.

Conclusion: Smart Manufacturing Efficiency Improved by Flexible AFEs

Spending on smart manufacturing is expected to grow from $345 billion in 2021 to more
than $950 billion in 2030, according to ABI Research. Flexible automation offers man-
ufacturers much-needed resilience in an ever-changing environment. The right analog
front-end can help increase efficiency by allowing quick reconfiguration of the factory floor
based on shifting needs.

On this front, the NAFE family of AFEs featuring fully software configurable inputs allows
the measurement of various sensors without hardware changes. Coupled with NXP’s
processors, security, and functional-safety solutions, the built-in diagnostic features of the
NAFE family help facilitate implementation of predictive maintenance, anomaly detection,
and failure prediction, in addition to the required safety and security.

Alec Makdessian is Marketing and Business Development Director at NXP, managing
Analog ASSPs for industrial applications. He has 20 years of experience in the semicon-
ductor industry as an applications engineer, as well as various marketing and manage-
ment roles. Alec holds a BSEE and MSEE from the University of Texas at Austin.
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Many of the latest
advances in remote
monitoring for digital
healthcare revolve around
non-invasive devices and
innovative technologies
that reduce patient care
costs while improving
health outcomes.
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CHAPTER 6:

What's Next in Remote
Monitoring for Digital Healthcare?

ENRICO ALESSI, Research and Development Application Manager and Senior Member
of technical staff, and LUCA GUBELLINI, Product Marketing Manager, STMicroelectronics

igital transformation puts the roles of the user and the patient at the center of the
healthcare revolution. In digital healthcare, remote patient monitoring is intended
to measure vital signs and other key parameters with non-invasive devices that
wirelessly transmit patient information to their healthcare providers or other health
stakeholders, while guaranteeing confidentiality (Fig. 1).

Monitoring of vital signs is the process of measuring and tracking important physiological
parameters to assess the overall health and wellbeing of an individual. It's paving the way
to new opportunities for both wellness/fithess and medical applications, ranging from heart
analysis, respiration rate, and oximetry to blood pressure and body temperature.

Nowadays, common practice is to sample periodic snapshots of vital signs by electro-
cardiograms, glycemia level, oximetry, and blood pressure through examinations using
bulky devices. New technologies enable continuous measurement of the different health
parameters to infer and predict malfunctions of organs/tissues and metabolic pathways.

The new technologies help healthcare providers detect and manage health conditions
remotely. This can save time and costs as well as increase success in predicting and man-
aging emergency cases. Use of medical-grade devices such as cardiac bands, electronic
skin patches, and other wearable devices is increasing to accelerate de-hospitalization
without compromising patient safety. This benefits national healthcare systems significant-
ly by reducing costs while maintaining the high quality of healthcare services.

Smart watches and wrist bands, smart hearables and headsets, smart rings, fithess
trackers, cardiac bands and other wearable personal electronic devices embed new
technologies for monitoring and improving user condition and performance. People can
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1. This an example of a remote monitoring system based on ST components. (Credit: STMicroelectronics)

2. Smart watches and wrist
bands, smart hearables and
headsets, smart rings, fitness
trackers, cardiac bands, and
other wearable personal
electronic devices provide
information to improve user
condition and performance.
(Credit: Dreamstime)

become aware of their health status in different
contexts, and athletes’ performance can improve

since the devices provide insights into factors such
as heart rate, hydration levels, and muscle activity
‘ (Fig. 2).
These wearable products represent a point of
convergence of multiple technologies such as mate-
rials science, sensing and sensors, hiosensors,

electronics, microfluidics, and artificial intelligence.
They're revolutionizing the consumer healthcare
segment by providing real-time monitoring and data
collection in a non-invasive and convenient way.

Technical Challenges in Developing Remote
Monitoring Systems

Beyond the well-known technical challenges such
as ergonomics, user convenience, patient safety,
data security, and connectivity, semiconductor man-
ufacturers should address other critical aspects. Critical points are power consumption and
battery life, big-data management, and medical reliability of extracted health indicators.

By addressing these critical points, the development of health monitoring technologies
can lead to reliable, user-friendly, and medically approved devices that can play a sig-
nificant role in preventive healthcare, chronic disease management, and overall health
and wellness.

For instance, continuous monitoring of the heart—electrocardiography (ECG)—is a
power-consuming process. It produces a large quantity of data that commonly needs to
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be managed, processed, and transmitted to the cloud for analysis. Moreover, the extracted

data must be transmitted back to the wearable device for advising or alerting the user.
All of these factors represent technical challenges that the semiconductor industry needs

to address to ensure devices’ on-field efficacy and deliver satisfactory user experiences.

Semiconductor and Biosensor Solutions for Healthcare Wearables

A variety of medical and consumer biosensors is now available to enable the design
of wearable devices. Most of these sensors come with analog front-end components to
simplify signal conditioning. However, they’re usually driven by an external microcontroller
to perform data processing and health-indicator extraction. System complexity increases
with the incremental use of multiple sensors for deducing more health-related outcomes.

STMicroelectronics (ST) is approaching this market with a new family of biosensors that
offer on-chip analog sensing, the vertical analog front-end (VAFE) for ECG and electro-
neurography (ENG), a highly sensitive motion sensor (accelerometer and gyroscope) for
seismocardiography (SCG), analog-to-digital conversion, features for human-body motion
tracking, and embedded digital processing with artificial-intelligence resources that offload
the microcontroller.

These unigue semiconductor chips combine motion and bio-signal sensing in one
device. They create multipurpose platforms where, for instance, ECG signals can be
extracted and processed for computing heart rate and heart-rate variability, SCG signals
can be extracted for computing the diastolic and systolic period to verify the opening and
closure of the aortic and mitral valves (valvular heart-disease detection), and where both
ECG and SCG signals can be processed for deriving further health indicators with the
great advantage of full time synchronization. In other applications, ENG signals can be
used for cognitive-readiness analysis, e.g., for athletes after concussion.

ST's new biosensors, exploiting the integration of motion and bio-signal sensing, can
enable novel features such as motion-artifact compensation and context-aware bio-sig-
nal measurements. The latter is valuable for increasing battery life since the biosensor
understands the user context and activity, and the system can thus adapt the bio-signal
acquisition setting and frequency accordingly.

ST MEMS biosensors are helping enable the following applications in the field of health-
care wearable devices:

* Home monitoring: ECGs and SCGs can be used by individuals to monitor their heart
health at home. This can help identify potential problems early on and seek medical
attention if necessary.

« Activity tracking: ECGs and SCGs can track heart-rate variability (HRV), which is a
measure of how well the heart responds to stress. HRV can be used to assess overall
health and fitness, as well as to detect early signs of stress and anxiety.

* Athletic training: ECGs and SCGs can monitor athletes’ heart health during training and
competition. This helps prevent overtraining and identifies potential cardiovascular prob-
lems. In addition, ENGs can monitor the readiness to play sports again after a trauma
event like concussion.

* Remote patient monitoring and telehealth: ECGs and SCGs can be used for telehealth
appointments, allowing patients to have their ECGs taken remotely by a healthcare
provider.
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Future Trends in Remote Monitoring Systems

Recent studies!2 have demonstrated how the combination of these two sensing chan-
nels, ECG and SCG, can enable the indirect measurement of blood pressure. Further,
more connectivity functionalities are able to be added, such as NFC, NB-IoT, and secure
connections. On that front, ST offers low-power and high-performance STM32 microcon-
trollers, high-precision operational amplifiers, and a variety of AC-DC and DC-DC pow-
er-management and supply ICs, in addition to wireless-connectivity solutions.

In the semiconductor industry, there’s a growing trend toward developing more sophis-
ticated biosensors. These sensors are specialized in detecting and measuring vital
human-body analytes, including glucose, sodium, lactate, and calcium. Such advances
are significant for healthcare, as they promise to enable continuous monitoring of these
analytes in a less invasive way, which is essential for managing various health conditions
and improving patient outcomes.

The semiconductor sector is also seeing investment and research efforts directed
toward the next generation of low-power sensors that can continuously monitor human
body temperature, which is a critical vital sign. The development of such technology is part
of a broader initiative to enhance sensor portfolios for health and wellness applications,
enabling more comprehensive and non-invasive monitoring of vital signs.
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