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Traditional NFC Applications
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What else we can do with NFC?
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Pushi ng beyond nt
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Pushi ng beyond nt

Implantable Sensing (
Glucose monitoring
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Sense without
wires and battery
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Unique Features

User Interfaces Implanted Sensors

A Wireless power transfer
A Ultra -low power  communication
A Simple architecture & cheap
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Motivation

A Opportunity
I Ubiquitous handheld readers
I Pervasive NFC tags

A Challenges

I High barrier to entry “ Y 4
i Expensive custom IC design cycles fiC Desigv
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Motivation

Tools to explore next generation of
Near -Field RFID Antenna

Sensors & Interface

IC/Chip

before IC design
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NFC-WISP

Near-Held Communication Wirelessldentification andsensingPlatform

A Fully programmable
€ protocol & application (

A Passive (without battery) /
Semi - passive (battery assistant) /
Active (battery powered)

A Wireless charging

A Design for easy integration of
peripherals and testing

A Build -in Sensors & User interface
A 1SO-14443 Type -B protocol
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Hardware Overview

A MSP430

A User interface ¥
Buttons & LEDs

view

E-ink display
A Energy Storage ¥

Ceramic cap
Battery / Super cap

A Sensor & Memory

3D Accelerometer
2MB FRAM

A Header:

ADC , SPI, UART, 12 C

2.5V Supply

Real time clock
Rectified DC voltag es

% Test points

Bottom
view
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System Architecture

Battery A I3D .
optional ccelerometer
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Challenge 1: Clock and Data Recovery

A Signal amplitude and Bit  -width vary with distance
and load

A 10% AM modulation
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Challenge 1: Clock and Data Recovery

A Signal amplitude and Bit  -width vary with distance
and load

A 10% AM modulation depth

""" Bit-line
Reference
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Challenge 2: RF bandwidth

Power harvesting efficiency
V.S.

Communication bandwidth
(ISO 14443 Type B require 847.5kHz)

Bandwidth
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Challenge 3: Power Management

Li-ion battery 2.7~4.2V Reaulated vol
| egulated voltage
E-ink 2.3~3.6' V 25V
MSP430 1.8=3.6'V
Others 2.0~6 V
Rectified
Voltage 4

;.g/z L Max Voltage PO@ Sgﬁw@
Semi-passive
Active

Disconnect battery

MSP430 powered off

’.
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Challenge 4 Firmware

Initialization
v
NFC Reading Waiting NFC
A Low power Steep Event
A Software defined NFC
protocol

A Eadly extendable

——»| Low Power Sleep

User Application

% User Application Tasks T
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How about its performance?
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Performance: Reading Distance

TxPower Distance

Category  Mode Reader Type (MW) (cm)
TI TRF7970AEVM 200 3
Passive
Read Nexus 5 <200 0.5
Distance Semi TI TRF7970AEVM 200 11.5
Passive/Activi Nexus 5 <200 1.2
Limited by
A Up-link € tag to reader
A Protocol

7% .
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Performance: Energy Harvesting

Charging Chargehoursfor

Category Mode Reader Type  Current 10mAhbattery
(mA) (20% loss)
- ; TI TRF7970AEVI 4 3
eep mode
Extra . Nexus 5 1.9 6.3
harvested
current NFC Readin T! TRF7970AEVI 3.7 3.2
mode Nexus 5 1.6 7.2
A Limited by

I Antenna design (Q)
I Bandwidth of analog front end
I Max Battery charging current

7% .
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Performance: Energy Consumption

Sleep Mode
(disable FRAM)

Sleep Mode
(Enable FRAM)

Demodulation
(REQB command)

Modulation
(ATQB command)

Singleread of Accelerometer

Singleread of Temperature
sensor (ADC)

Temperature sensing and
Eink updates 1 line

Eink Update 1 frame
% Eink Update 4 frames

9.7uA
12.7uA
2.6ud /83uUS
Estimate power

11.4uJ 1.6ms consumption
267nJ 45us for ){OU;
369nJ 94us applications

0.57s

0.57s

0.98s
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NFC-WISP vs.
UHF WISP

D0 sowsspes epcoen:asom

Memory 64K FRAM +
2KSRAM
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