
23 January 2006 Evolution of RFID systems 1
1

Evolution of RFID 
Systems
Peter H Cole

Adelaide Auto-ID Laboratory



23 January 2006 Evolution of RFID systems 2

Objectives

• Title is to capture notions of

• How RFID systems have evolved under constraints

• How they might evolve under research

• If desired, some details of research at Adelaide
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Topics

• RFID regulations 

• Antenna issues
• Propagation studies
• Protocol issues 

• Higher functionality tags
• Signalling waveform design
• Security and authentication



23 January 2006 Evolution of RFID systems 4

RFID regulations

• Regulators
– ITU Regions
– ]FCC, EN, Other national bodies

• Usage of radio spectrum and bands
• Regulatory standards

– ISO ETSI 
• Australia experimental licence
• Listen before talk regulations
• Synchronisation
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Antenna issues

• Electromagnetic theory
• Coupling calculations
• Bode Fano Limit
• Antennas for dual frequencies
• Antenna size and frequency constraints
• Antennas in or near metal
• A small antenna example.
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Propagation studies

• Electromagnetic theory
• Near and Far fields
• Near and far field coupling theories
• Some fundamental constraints
• Dense RFID reader studies.
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Protocol issues

• Concept of a protocol
• Tag talks first and reader talks first protocols
• Constraints on protocols

– UHF signalling
– HF signalling

• Adaptive round concepts
• EPCglobal C1G2 protocol
• Approaches to advanced HF protocols

– Can HF sustain heavy signalling?
– Ways it might
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Higher functionality tags

• Autonomously networking tags
• Merging of EAS and data tags 
• Trigger circuits for battery tags

– Low power approach
• Issues and experiments

– Zero power approach
• Application to theft detection
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Security and Authentication

• Methods for providing security
• Levels of security
• Burdens on chip design
• Burdens on signalling systems
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Overview of Adelaide research

• Personnel
• Classification of projects
• Detector research 
• Data logging reader research
• Dense reader environment research
• Privacy and security research
• Trigger circuit research
• Publications
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Antenna Issues

Peter H Cole
Adelaide Auto-ID Laboratory
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Outline

• Electromagnetic theory

• How antennas work (approximately)

• Near and far fields

• Near and far field coupling theories

• Significant conclusions about performance

• Bode-Fano limit for efficiency

• Some simple tag designs
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Laws in differential form
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Boundary Condition: electric field

Charge

Conducting surface

Electric field
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Boundary Condition: magnetic field

Conducting plane
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displacement
     current  

Magnetic field
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The basic laws: how they work

• Gauss’s law
–Electric flux deposits charge
–Electric field cannot just go past a 
conductor, it must turn and meet it at 
right angles

• Faraday’s law
–Oscillating magnetic flux induces 
voltage in a loop that it links
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Fields of a Magnetic Dipole
(oh dear)
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Near and far field coupling 
theories

• Common feature: a label driving field is created, how much 
signal can be extracted?

• In the near field of the interrogator, the driving field is 
mostly energy storage, and the amount radiated does not 
affect the coupling, but does affect the EMC regulator. 

• Various techniques to create energy storage without 
radiating are then applicable.

• Some theorems on optimum antenna size are of interest.

• In the far field of the interrogator, the relation between what 
is coupled to and what is regulated is more direct, and 
such techniques are not applicable.
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Far field coupling theory
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Near field coupling theory
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Measures of exciting field

rv SW β=

In the far field
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Significant conclusions

• Coupling volumes for well shaped planar electric and 
magnetic field labels are size dependent and similar

• Radiation quality factors for both types of label formed 
within a square of side L are size dependent and similar

• These are calculated results for sensibly shaped 
antennas
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Optimum operating frequency

The optimum frequency for operation of an 
RFID system in the far field is the lowest 
frequency for which a reasonable match to 
the radiation resistance of the label antenna 
can be achieved, at the allowed size of label, 
without the label or matching element losses 
intruding.



23 January 2006 Evolution of RFID systems 24

Bode-Fano Limit
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Bode-Fano Limit (cont)
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Bode-Fano Limit (cont)

• Allocated bandwidths for RFID:

• Others:
China:  917 – 922 MHz (Temporary license can be 
applied)
Australia:  918 – 926 MHz
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Bode-Fano Limit (cont)

• 3 different cases considered:
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Bode-Fano Limit (cont)

• Assume R = 1 kΩ, C = 1 pF

• R = 10 kΩ, C = 1 pF (for less power
consuming tag chip in practice)
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A Simple RFID Tag

• Consists of a circular loop antenna with a very simple 
matching network

FRONT REAR
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Higher Functionality 
Tags

Adelaide Auto-ID Laboratory
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Interesting questions

• Merging of EAS and Data tags 

• Turning on battery operated tags
– Low power consumption
– Zero power consumption
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Transmitter operated systems

• Some small voltage is generated form transmitted power

• A low power consumption circuit detects that event

• Quality factor issues arise
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Experiments on detuning

1MΩ

10kΩ 11.5pF

Rectified voltage to 
Oscilloscope using 
a BNC connector

RF IN through an     
SMA connector
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Low and high power sweeps
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A low voltage turn on circuit

• Sensitivity about 5 mV

• Power consumption few nA
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Zero power turn on concept

• Low frequency magnetic field vibrates a magnet

• Piezoelectric converter generates about a volt
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Electroacoustic conversion modelling

• Variables are 
– Torque and angular displacement, 
– charge and voltage

• Electroacoustic parameters for substances known

• Parameters for structures are calculated therefrom
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Eletroacoustic conversion

• Structural parameters appear below
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Structure analysed
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Result

• Turn-on voltage depends on
– Driving magnetic field
– Electroacoustic parameters
– Some resonance quality factors 

effJ
SmeffTO CC

CMvQkV
22

2
22

22
0

22 1H)( µ=


	Evolution of RFID Systems
	Objectives
	Topics
	RFID regulations
	Antenna issues
	Propagation studies
	Protocol issues
	Higher functionality tags
	Security and Authentication
	Overview of Adelaide research
	Antenna Issues
	Outline
	Laws in differential form
	Boundary Condition: electric field
	Boundary Condition: magnetic field
	The basic laws: how they work
	Fields of a Magnetic Dipole(oh dear)
	Near and far field coupling theories
	Far field coupling theory
	Near field coupling theory
	Measures of exciting field
	Significant conclusions
	Optimum operating frequency
	Bode-Fano Limit
	Bode-Fano Limit (cont)
	Bode-Fano Limit (cont)
	Bode-Fano Limit (cont)
	Bode-Fano Limit (cont)
	A Simple RFID Tag
	Higher Functionality Tags
	Interesting questions
	Transmitter operated systems
	Experiments on detuning
	Low and high power sweeps
	A low voltage turn on circuit
	Zero power turn on concept
	Electroacoustic conversion modelling
	Eletroacoustic conversion
	Structure analysed
	Result


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents suitable for reliable viewing and printing of business documents. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


