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Abstract. This paper shows a new method to determine

the input impedance of RFID transponder antennas with a stworkanalyzer
PNA EB361A g

combination of on-wafer-prober and network analyzer. It is

shown that the results are in a good agreement with FEM Fransponderantenna
simulations (HFSS) for a large part of the examined antenna P pa
structures. substrat v o

1 Introduction

Today RFID technology (Finkenzeller, 2003) allows iden- Metal plate 10 mm
tifying arbitrary objects by implementation of low cost
transponders. Use of RFID transponders to the identification
of different products with different electromagnetic proper-
ties requires the development of new antenna systems which
are able to compensate the detuning effects caused by ma-
terial in the antenna near-field region. For example broad-
band antenna systems or antenna structures with variable
transponder chip positioning on the antenna are promising
approaches (Camp et al., 2006). In the second case the chip is
implemented according to the desired application for an opti-
mal matching between the antenna and the transponder chip.
Numerical simulation methods are suitable for the develop-
ment of the antenna systems (Herschmann et al., 2005). The =
verification of the realized antenna impedances must be car- ¥ : ‘.‘;
ried out by measurement because of a variety of production : Rijif;i;’_%{] |
methods and their specific properties used at present for the -
realization of the antenna structures (Fahlbusch et al., 2006).

Goal of the investigation is the development of a new ig. 1. Measurement setup for the determination of RFID transpon-
procedure to measure the input impedance of planar RFIQjer antenna impedances with on wafer prober PA 200 HBY)S
transponder antennas. A modified on-wafer-prober is used tand network analyzer PNA E8361A (Agilent).
perform the measurement.
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Fig. 4. Comparison of measured and simulated (FEM) antenna
impedances of logarithmic spiral antennas on different substrates
without antenna arms below probe.
ARtenna Table 1. Absorber.
Name Thickness Specification
Fig. 3. Distinction of cases: measurement with antenna arms below c.RaM 32mm  Lossy, Carbon Filled, Flexible Foam Sheet
probe(a) and without antenna arms below pra(g. MT 0.125*  Stock
C-RAM 3.2mm  High Loss Silicone Rubber Sheet Absorber
FF-2 0.125% fur UHF and Microwave Frequencies
2 Measurement setup
C-RAM 3.2mm  High Loss Silicone Rubber Sheet Absorber
For the determination of the antenna impedance of different FDs5s 0.125*  for Supression fo UHF Surface Waves
r antenn new m rement pr r . . i
RFID. tranSponde ante .5?‘5 ane easurement p ocedu C-RAM 3.2mm High Loss Silicone Rubber Sheet Absorber
was implemented. A modified on-wafer-prober (PA 200 HS) GDSS 0.125* for Supression fo UHF Swiface Waves

was combined with a network analysator (PNA E8361A) to

perform the measurement. First the probe level of the on C-RAM — Lomm o o b eetic Sheet Absorber

wafer prober is elevated by means of mechanical spacers ove FLX 0.062™ ]

the Chuck. The Chuck is then covered with absorber mate-

rial of the type C RAM FLX 900 and is fixed by negative

pressure. On the absorber material a styrofoam layer anit has to be taken care that the thickness of the test material

finally the antenna substrate is placed with the transpondeis at least 3 cm or in addition styrofoam is inserted between

antenna to be measured. That way, the antenna impedanesorber and test material to avoid changes of the antenna

can be measured approximately under free space conditionimpedance by the absorber material. With the absorber mate-

Figure 1 shows the principle measurement setup. rial used in this investigation (C RAM FLX 900) a reflection
The styrofoam layer can alternatively be exchanged withloss <-20dB can be achieved in the frequency range from

the desired underground material of the antenna. In this cas&865 MHz to 870 MHz. For other frequency domains absorber
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Fig. 7. Measurement of the antenna impedance with different ab-

Fig. 5. Comparison of measured and simulated (FEM) antennaSorber materials between probe and antenna.

impedances of logarithmic periodic antennas with antenna arms be-
low probe.
ulation results obtained with the programme HFSS (FEM).
The simulation and measurement results are generally in an
materials are also available with high reflection losses. Thegood agreement. Figure 5 show the results of different log-
used styrofoam material has a relative dielectric constant ofrithmic periodic antennas with large areas of the antenna
aboute,~1.03 in the frequency range 10 MHz—10 GHz. Fig- arms below the probes. Due to unwanted coupling effects
ure 2 shows the reflection loss of the absorber material in théleviations between measurement and simulation are visible.
frequency range 500 MHz—1 GHz. Further a resonance appears by the measurement equipment
Antennas with parts of the antenna body directly under theat all examined antennas in the area of 810 MHz.
test probes due to their physical dimensions (Fig. 3) repre- To reduce the influence of the probe, different absorber
sent an essential problem at the measurement of the antenmaaterials were placed between probe and antenna. Figure 5
impedance with the introduced method. The main metalshows the measurement setup with the absorber C-RAM-
body of the currently available probes is only a few millime- MT26/PSA between probe and a logarithmical periodical an-
tres above the test level. This results in unwanted couplingenna with trapezoid base function. Table 1 shows the ab-
effects between the probe and the antenna with deviations gforber materials used.
the measured antenna impedance. The problem using absorber material is the low distance
between probe and antenna of about 4 mm. For this rea-
son only thin absorber sheets can be placed between probe
3 Measurement results and antenna. Further the antenna impedance is affected by
the absorber material due to the close distance. Figure 7
Figure 4 show the measurement results of logarithmic spirashows the change of the impedance of a logarithmical period-
antennas on different base substrates in comparison to sinieal antenna with trapezoid base function e.g. The absorber
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