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Traditional NFC Applications

Secure Payment Access Control

Information Retrieval Item Tracking
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Tap to 
exchange 

ID



What else we can do with NFC?
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Itôs not only about the ID anymoreé



Pushing beyond ñtap to activateò

User Interfaces
(Antenna modification)

N. Marquardt, etcΣ άRethinking RFID: 
Awareness and control for 
ƛƴǘŜǊŀŎǘƛƻƴ ǿƛǘƘ wCL5 ǎȅǎǘŜƳǎέΣ 
SIGCHIΩнлмл. 4

Battery-free
human-to-computer 
interaction device



Pushing beyond ñtap to activateò

Implantable Sensing ζ
Glucose monitoring

(Fully custom ASIC) 

A. Dehennis, etc, άA Near-Field-Communication (NFC) 
Enabled Wireless Fluorimeter for Fully Implantable 
BiosensingApplicationsΣέ L999 LƴǘŜǊƴŀǘƛƻƴŀƭ Solid-State 
Circuits Conference, 2013
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Sense without 
wires and battery

Expensive long 
IC design cycles



Unique Features of NFC
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Implanted SensorsUser Interfaces

ÅWireless power transfer

ÅUltra - low power communication

ÅSimple architecture & cheap



Motivation

ÅChallenges
For research & fast prototyping

ïHigh barrier to entry

ïExpensive custom IC design cycles 
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Researchers

IC Design

ÅOpportunity 

ïUbiquitous handheld readers

ïPervasive NFC tags



Motivation

8

Tools to explore next generation of

Near -Field RFID

before IC design

Sensors & Interface

Research area

Χ



NFC-WISP

Å Fully programmable

εprotocol & application ζ

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

ÅWireless charging

Å Design for easy integration of 
peripherals and testing

Å Build - in Sensors & User interface

Å ISO -14443 Type -B protocol

Near-Field Communication - Wireless Identification and Sensing Platform
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ÅMSP430

Hardware Overview
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Top
view

ÅUser interface χ
Buttons & LEDs
E- ink display

Bottom     
view

ÅEnergy Storage χ
Ceramic cap 

Battery / Super cap

ÅHeader:
ADC , SPI, UART, I2 C  

2.5V Supply
Real time clock
Rectified DC voltag es
Test points

ÅSensor & Memory 
3D Accelerometer  

2MB FRAM

Thin-Film Li-lon
battery



System Architecture 

11

ISO 14443 Type B 
ISO 14443 Type A
ISO15393 

Rectified 
voltage monitor 
& Li-ion battery management

Q å20 Optional



Challenge 1: Clock and Data Recovery

ÅSignal amplitude and Bit -width vary with distance 
and load

Å10% AM modulation
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Challenge 1: Clock and Data Recovery

ÅSignal amplitude and Bit -width vary with distance 
and load

Å10% AM modulation depth

Envelope of received signal

Bit-line

Bit-line
Reference

Data 
ñb000..ò

Data 
ñb11ò
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Challenge 2: RF bandwidth

Power harvesting efficiency 

v.s .

Communication bandwidth
(ISO 14443 Type B require 847.5kHz)

Q=f0f2 - f1
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Challenge 3: Power Management
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MSP430 start up

Rectified
Voltage 
εVζ

4.2

2.7

1.8

5.6

Item Operation Voltage

Li- ion battery 2.7 ~4.2 V

E- ink 2.3~3.6 V

MSP430 1.8~3.6 V

Others 2.0~6 V

MSP430 powered off

Max Voltage

Disconnect battery

Connect battery

Regulated voltage
2.5 V 



Challenge 4̔ Firmware

ÅLow power
ÅSoftware defined NFC 

protocol
ÅEasily extendable
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How about its performance?
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Performance: Reading Distance

Category Mode Reader Type
TxPower

(mW)
Distance

(cm)

Read
Distance 

Passive
TI TRF7970AEVM 200 3

Nexus 5 <200 0.5

Semi-
Passive/Active

TI TRF7970AEVM 200 11.5

Nexus 5 <200 1.2

Limited by 

ÅUp- link εtag to reader ζ

ÅProtocol
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Performance: Energy Harvesting

ÅLimited by 
ïAntenna design (Q)
ïBandwidth of analog front end 
ïMax Battery charging current

Category Mode Reader Type
Charging
Current
(mA)

Charge hours for 
10mAh battery 

(20% loss)

Extra 
harvested 
current 

Sleep mode
TI TRF7970AEVM 4 3

Nexus 5 1.9 6.3

NFC Reading 
mode

TI TRF7970AEVM 3.7 3.2

Nexus 5 1.6 7.2
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Category Current/Power Duration

Sleep Mode
(disable FRAM)

9.7uA

Sleep Mode
(Enable FRAM)

12.7uA

Demodulation
(REQB command)

2.6uJ 783uS

Modulation
(ATQB command)

11.4uJ 1.6ms

Singleread of Accelerometer 267nJ 45us

Singleread of Temperature 
sensor (ADC)

369nJ 94us

Temperature sensing and
E-ink updates 1 line

3.6mJ 0.57s

E-ink Update 1 frame 8.4mJ 0.57s

E-ink Update 4 frames 9.72mJ 0.98s

Performance: Energy Consumption

Estimate power
consumption
for your
applications
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NFC-WISP vs. 

UHF WISP

Feature NFC-WISP UHF WISP
Physical layer Near-field (13.56MHz) Far-field (915MHz)

HarvestablePower ~10mW ~0.010mW

ReadingRange 0.03m 8.0m

Mode Passive orSemi-passive Passive

Protocol ISO14443 Type B EPC Gen 2 (18000-6c)

MCU MSP430F5310 MSPFR5969

Memory 2MBexternal FRAM 
+ 32KB FLASH + 2k RAM

64K FRAM + 
2K SRAM

Feature Ultra lowpower sensing &  
display

Ultra low power sensing

21


