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Antenna Design

Classic Approach RFID Approach

Antenna in free air Label Antenna on Material background
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Antenna Design

Classic Approach RFID Approach

Antenna in free air Label Antenna on Material background

50 Ohm technology RC series model of RFID chip;
complex Impedance

Farfield operating conditions Near field operating conditions
EM-Field for data transmission EM Field for power supply and data transmissi

Data energy within antenna beam Data energy detected by dRCS ( back scatt
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Antenna Design - Findings

Classic Approach

Classic Calculation via close expression equations
( ,simple“ formulas ) possible

RFID Approach

RFID Calculations no more possible via formulas;
only numerical approach.
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Label antenna design objectives

The RFID label antenna functionality

- recover the power from the EM-field
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Label antenna design objectives

The RFID label antenna functionality

- recover the power from the EM-field

- transfer the power to the chip.

- provide an output impedance that is suited forctme.

- enable data transfer ( AM-modulation in the foravAnk )

- reflect certain portion of the incoming power ahgyireturn link
( backscatter technique )
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Simulation of Label Scenarios

Labels are simulated
on mockups.
=> Defined dielectric block

Label Parameters are }

-shape / size Q

-Target frequency range : @
\\

-Bandwidth of the label
-Parasitic inductance and
capacitance of the chip
attachment

TT—

Material = PEC \
Type

= PEC

CST

.

Parameter runs ™
Design phase with experience: number of runs mdgdsetharl000for a design

Total project time frame of approximateB— 3 monthsincluding testing

and quality assurance in production is required. 1 .
Checlipoint &



Simulation Parameters- Environment

Material properties of the background

permittivity and  dieletric losses
permeability and  magnetic losses
conductivity

Dimensions and volumeof the background (a parcel for example )

Placement

- If the tag is applied on an edge, it has another perfomadhan in the middle of a surface,
as the effective permittivity changes.

-The relative position of the tag on the background object
perpendicular or parallel with own axis towards thesafithe background.
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Simulation issues

What is not included in simulation or difficult to impgment :

nonlinear properties of the chip,
( IBIS model instead of passive RC-model preferred )
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Simulation issues

What is not included in simulation or difficult to impgment :

nonlinear properties of the chip,
( IBIS model instead of passive RC-model preferred )

adaptive capabilities of the RFID chip,

different chip attachment methods
( varying capacitive and inductive stray values).

Permittivity values from tables only given for lowfrequency, not for UHF.
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Design Example

Verified design: a folded dipole type of label antenna

Chip with carrier strap metallic label antenna

Polyethylen carrier foil

Working frequency: 868 MHz ( ISM UHF RFID band in Europe)

Label model placed on a reference mockup of L x B x H240 x 120 x 10 mm

Checlpoint &
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Simulation approach

Zchip =A —JB ohm
A
|B

25 - 50 Ohm
360 Ohm min. 0.5-1.5 pF @ 868 MHz

Antenna provides the konjugate complex impedance

Z'=A+]B ohm jB =360 Ohm 60nH @ 868 MHz
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Simulation results — Frequency

iaRFID Chip{pw).sig
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Simulation without nonlinear effects of the chipdamithout material losses.
Frequency shift ~400 MHz

Mesh cells: 116.000 Ly 4
Rjﬁtirrfgosf Simulation: 5-14 min. c#ec#pﬂlﬂt ‘



Simulation results
Electrical Field and dRCS

Clamp to range: (Min: 0/ Max: 20) Vim

Onpraxination
Homs ot

Type E-Field (peak)

Monitor e-field (£=866) [pul CST
Component = Abs

Maximum-3d = 588.095 V/m at © / —8.75 / ©

Frequency 866

Phase = 0 degrees H
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Measurement setup
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Measurement Results

Folded Dipole - Material Impact
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Frequency in MHz

Delta f of the frequency tester: + 20 to +40 MHz
frequency shift ~ 400 MHz
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RFID - Applications

SHWDIDO HQWRU\ FKHFN LQ TURQWVW REWDH N VO
DUHD /DJHU $OVR $QWL WKHIW 8+) #
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RFID - Applications

SHWDIDO HQWRU\ FKHFN LQ TURQWVW REWDH N VO

DUHD /DJHU $OVR $QWL WKHIW  8+) #
FRILLNAWLLAY  IDSSESAPLIATDW AR

&KHFN RI LQFRPLQJ DQG RXWJRLRUVIRR G V VDN
FHQWHUYV

Authentication $QNWDF\+LIK YDOXH JRRGV

$GPLQLVWUDWLRQ GLEERIRNLHWRFN 0} ®)LEUD

$PERPLLWWLLARR@) FFRRQWVUWHRRM 0+] 5),'
WLFNHWV RI VRFFHU ZRUOG FKDP\SLRQFKLS
6NLLQJ SBVYVWFK ZULVW ZDWEFK LIQLWLRQ
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Label performance

3 Major parameters for label performance:

1) Power consumption of the chip
2) Signal processing of the reader station
3) Material parameters of the backgroung

( permittivity and losses )

Power consumption of a RFID chip:
30 - 120uW eviiagiisen

Read range @ 2 W effective radiated powe
8 — 10 mmax.

Water is the ,enemy* for RFID applications

Checlpoint &



44 boxes a 10kg of rice  440kg c/l e L‘ﬁp 0 Ih t E



When water does not matter...

Frozen materials with high water content

show excellent detection. 0/76'06,00/771 E



,Special effects”

Detuning of closely coupled label antennas within
the Near field.

Asymmetric radiation diagrams through impact of
material properties.

Human body model and human exposure



Antenna Detuning - Model



Antenna detuning E-Field pattern

2 Million mesh cells / 2 h runtime



Antenna Detuning — Frequency shift



Radiation diagram
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Label is placed vertical on 10 liter oil bin
Forward read range: ~ 3m

Backward read range: ~ 7m

The oil acts as a microwave lens.



Human Body Model



Human Exposure
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Because of the many design parameters, RFID antenna
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Conclusions

Because of the many design parameters, RFID antenna
development becomes extremely complex.

Classic design approach would be very time consgpain
lot of try and error needed, including measurement
uncertainties arising.

3D numeric simulation made rapid development pdssib

The shown example is a 2 day ,,quick shot”, thatkedr
very well!



Engineering Wisdom.......

With or without a tool,
a fool
will always stay

a fool!



Ende

The end

FIin



