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“The Typical Evolution of a
Signal Processing Function

Unobserved = Sensed/Observed > Measured = Analyzed = Controlled

Mechanical = Electrical (analog) = Electronic (solid state analog) = Electronic
(fixed function digital) 2 Software
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" Analog and Data Deluge — Seismic Shift #1
Effectively leveraging massive analog data
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Analog Grand Goal is for revolutionary technologies to increase actionable information with less energy,
enabling efficient and timely (low latency) sensing-to-analog-to-information with a practical reduction ratio of
100,000:1
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New Trajectories for Analog Electronics

“Interface to the Real World” Research Themes/Opportunites

. . Analog-to-Information
* Sensing & Processing - _

Sensing to Action

* Energy Efficient Functions

* Communications Sensing to Action goal will not be possible without integrated system
* Com puting/P rocessing solutions with significant increase in design methods and productivity.

* Power Conversion & Management
Trainable neuromorphic signal converters
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* Holistic Co-Design
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Bio-Stimulus Domain Reduction
Holistic View and Inspiration

Eye/Retina Reduction Processing Reduction
“sensor”

Conscious bits

Optic Nerve
P 100 bps

10° light quanta

= 4 8.75 Mbpsit =
9 \ 107 R* quanta photoreceptors

10x sensitivity loss
cone terminals

horizontal cell
4x loss

bipolar terminals

Sensory System Bits per second Processed by the brain (bits/s)
ganglion cell Eyes 10,000,000 40
2.5x loss Ears 100,000 5
Optic Nerve Smell 100,000 1
. . . . Taste 1,000 1
Ref. “Principles of Neural Design:, Sterling and Laughlin
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Figure A2: Human sensory system of data acquisition via sensors



Sensing System Approach - hierarchical

* Trillions” of sensors generate redundant and unused “data.”

e Cloud is not the answer.
e Communication is a bottleneck and requires significant energy
e Power to process redundant data is not efficient
e Latency is too long for local control and action

* Intelligent Sensors are needed to drive Local and Timely action. o
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ﬁ Processing “Chain”

(note— depending on situation requiring action, this may be a “round trip” journey
back to an actuator. . .)
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Sensor igi Central Digital
/ Analog _ A/D . Edge d'g_'tal Transport Processinggand
Actuator Processing  ConversionProcessing storage

(and storage)

FIGURE OF MERIT: VALUE / COST

Value: Data = Information = INSIGHT (modifiers: location, confidence: accuracy, security: trust)

Cost: Power (as a convenient proxy)

8 Concept of “Smart Partitioning” ‘



ﬁ Value and Cost: Technology Dependence

* There are some “physical limits”, but practical
irr?plementations are frequently still far away from
those

* “Crossover” points can shift with technology
(digital often wins this race)

e Confidence: often improved through redundancy:
]gan_ be) homogenous or heterogenous (eg sensor
usion

 Location/Latency in Information often matters

* Security as an emerging issue
= “Data is the new oil” or “Hoarders” ?

* Optimization vs. Flexibility (cost of change)
Also note significant APPLICATION dependence

Digital
Analog

Energy

M. Verhelst and A. Bahai, "Where Analog Meets Digital: Analog to Information

Conversion and Beyond," in IEEE Solid-State Circuits Magazine, vol. 7, no. 3, pp. 67-80, I I
Summer 2015, doi:le.1109/MSSC.2015.2442394 J PP BItWIdth

9




ﬁ Example Research Areas (1 of 2)

* Novel Sensors and Circuits — new devices providing breakthrough
performance and new modalities

* RF/THz, Photonics
* Arrays and Heterogenous sensor fusion
* More intelligence/processing in the sensor

e Advanced Packaging - optimize size, weight, power, performance

* Optimum power management/delivery — control and conversion for
efticient and fast energy response and management

* Security — new modalities create new threats/attack surfaces— system
consideration needs to take security/resilience into consideration,
including authentication in “zero trust” systems.

* Flexible, adaptive, cognitive sensor systems — ability to optimize and re-
optimize, leveraging intelligence (artificial and natural)




Example Research Areas (2 of 2)

Study of holistic solutions - with key applications knowledge and focus on

minimal processing to take action
* Collaborative multi-expertise research projects demonstrator platform(s)
» Effective and Efficient design methods

Heterogeneous integration - to make best use of best technology in an energy,

size, and cost efficient manner
 CMOS platform integration — optimized technologies
* Package platform integration — multi-technology/multi-die from DC to THz

Leverage human systems - as a model for bioinspired, local “sensing to action”
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including efficient machine learning and inference at the edge
* Analog-based ML architectures (compute in memory, synapse, etc.)

* Architectures and algorithms that leverage analog approach and compensate or take
advantage of analog non-idealities

Flexible, scalable, secure platform and technology - including sensors, memory,
and signal representation matched to domain




