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Goal of the

SoC-WiMed o
. Develop a SoC for vital signs monitoring with 3
PrOJeCt subsystems:

- biomedical signal acquisition

- digital signal processing, including Al-based
processing and encryption

- data transmission using Bluetooth Low Energy (BLE)

| smart watch _
s/ « Balance between performance, security, and power

consumption
77 7 « EnSilica proposed the SoC-WiMed project and has
smart ring o an interest in the technology transfer of the
N solutions developed within the project



Overview of the SoC-WiMed

S
Sensor Fillro aADC | »
] T i ek 1
! ! e O -
% GPIO
. GPI
- oo RISG-V—- |/
- ) ) - e 1 N e e A Y I ! partt
Sinal analogico Sinal digital " P
- I+
1 e
it - RAM.
o 3] o
unipampa IE| ==
5
s =
b - a4 .. | p
[
IS =
"~ MemLoader
— —— e
]
i
............................................................. e i
' | AFE UART "
' H = . K and TX T
; : gl | = . Py i gwa s
' Transmissor H i - e 116 1 et o v
' Camada H T LL LN
H de '

£y
: s d 4 Camada acesso E
erador de fisica 4:V'\ao meio M—E
|_®. frequéncias (PHY) (MAC) A

+

| i w 18 PUCRS

<

U unisINOs




SoC-Wimed =

* integration of different technologies — analog, digital, and RF

« Hardware fully developed within universities, with no use of third-party
IPs

* Training of human resources in microelectronics

* Innovative solution featuring low power consumption and enhanced
security for loT

« Potential for technology transfer to the industry



SoC-Wimed =

- Project team, including students and faculty: = 30 people involved
- NDA signed with TSMC — 28nm technology
- PDK configured and synchronized across the three institutions

- Defined acquired signals: PPG (photoplethysmography) and ECG
(electrocardiogram)

- First tapeout planned for August 2025

36-month project

2-3 planned tapeouts




Bloco Digital (PUCRS)

RISC-V processor — RS5 — RV32IMAC + Zkne + Zicsr + U/M Modes

https://qgithub.com/gaph-pucrs/RS5
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Software - Zephyr RTOS

Deployment of the open-source Zephyr OS
Low memory requirements (< 20 KB)
Configuration and development of drivers

Bluetooth support

Multitasking capability

° Zephyr



Integration with the analog system

 Peripheral specification defined

» Hardware and software implemented

 Testing through emulation of data transmitted via SPI

clock domain
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FPGA Prototyping

\ucas.damo@gaphs 23 portaslegre. pocrsnet br fb_recursive.tat (Tue Apr 2213

) ewrn> [led_tid] Wined: sudanas LED: 936460

FPGA Artix7 (@100MHz

« Arduino — simulates low-
frequency ADC data

<urn> [led tic] Wined: mudancas LED
aurn> [led_tig) Wined: mudancas LED.

wrn> [led_tid] Wined: nuda
<urn> [Led tid] Wined:

[print tid) Wined
f> [print_tid] Wined
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ASIC Implementation

» Post-synthesis simulation with physical memories @256MHz in the 3
corners - signoff ok (setup/hold)
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ASIC Implementation

* Analog on top — integration with the pad ring
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Electrocardiogram (ECG)
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Instrumentation amplifier e

3 electrodes (2 inputs and 1 output)

Requires high common-mode
rejection ratio

Integrated high-pass filter to eliminate
body potential

Requires the design of 5 operational
amplifiers e

vrl

— current status: layout verification




PGA - programmable gain amplifier

« Amplify the signal acquired by the INA. “

« The PGA is controlled by the processor that
adjusts the gain of the inverting amplifier upon
detecting saturation in the ADC output signal

» The gain adjustment is performed by a circuit that
modifies the state of switches, allowing the
amplifier gain to be changed.
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Low-pass filter
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» Fourth-order biquadratic Butterworth low-pass filter (250 Hz)
» Sallen-Key low-pass topology

Objective: minimize aliasing effects and ensure proper ADC operation by filtering out all
unwanted frequencies from the analog signal before sampling

— current status: layout verification 16



ADC - Incremental Sigma-Delta

¢ Design and simulation validated in Matlab
® Fourth-order modulator with >22 bits of ENOB
® Target: 16-bit ENOB and 500 samples per second (sps)
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ADC - Incremental Sigma-Delta

¢ Design and simulation validated in Matlab
® Fourth-order modulator with >22 bits of ENOB
® Target: 16-bit ENOB and 500 samples per second (sps)
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Photoplethysmography (PPG)

Sensor used to detect changes in blood volume through optical signals

Composed of three parts:

LED Driver

» Controls the current through the LEDs
* Adjusts the minimum saturation level of the ADC

ADC ]

LED Dagrial
Sy, | Dreves L]

Feedback Resistance

» Adjusts ADC saturation by selecting the

feedback resistance.

<=
Cantrod

+lpp-

Current Compensation

» Controls the current injected into the

transimpedance amplifier.

* Adjusts the maximum saturation level in the ADC

O (Jpj) oG e




Photoplethysmography (PPG)

* Simulation of the acquired optical signal

® Red: ideal signal

® Blue: signal acquired with saturation compensation

|

— status : MATLAB simulation
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Bluetooth Module . lJ UNISINOS

RF Receptor
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2 - Digital Demodulator

odulated BPF + Limiter
Signal

FM-Discriminator

§'—— FM Discriminator LIMITER - 64 samples per symbol

— FM Discriminator LIMITER - 32 samples per symbol
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3 Frequency Generator
-> ADPLL - All Digital Phase-Locked Loop

Operating frequency range: 4.3 to 5.2 GHz
In-band phase noise: < -91 dBc
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— module to be include in the first tapeout
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