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Annex 1: Broadcast receiver information  PL 600

Annex 2: Detailed measurement results

0 Executive summary

The aim of these measurements was to provide data upon which tentative protection distances between RFID systems operating around 13.56 MHz and the HF broadcasting reception may be established, especially when the RFID spectrum mask is released considerably as currently discussed in SE24.

A series of field and laboratory measurements were carried out to

· Characterize the spectrum emitted by RFID systems around 13.56 MHz

· Determine the interference effect and required distance at which interference-free operation of HF broadcast receivers is possible.

Three different RFID systems were available for the tests:

· A long range, low bandwidth and low data rate reader system with small and large external loop antennas 
· Two low-power, wideband card readers/writers with transmission speeds of 1.7 and 6.8 MBit/s
The main findings were:

· The interfering range of the low-power, wideband systems into the broadcast service is less than 5 meters, even if their sideband emissions follow the less restrictive planned spectrum mask.

· The interference range of the long range low bandwidth and data rate reader system strongly depends on the used antenna and exact broadcast frequency being received.  When the BC frequency coincides with a peak of the RFID sideband spectrum, the larger antenna is used and the signal follows the old spectrum mask, the interference is harmful up to 25 m. When the new RFID mask is applied, the worse case interference range increases to 190 m.
1 Introduction

CEPT PT SE24 currently discusses the impacts of a less stringent spectrum mask for RFID systems operating around 13.56 MHz on adjacent radio services. The following figure illustrates the old and new spectrum masks for these RFID systems.
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Figure 1: RFID spectrum masks near the carrier frequency

The frequency range with most relaxation is up to 100 kHz offset from the RFID carrier of 13.56 MHz, relating to absolute frequencies between 13.460 MHz to 13.660 MHz where the limit is raised from 9.5 dBµA/m to 27 dBµA/m. In this frequency band, the primary user is the broadcast service ranging from 13.570 MHz to 13.870 MHz, which is expected to be most affected service by the introduction of the new mask.

To understand the interfering effects into the victim service, various measurements of the different available RFID systems were made in a lab of the BNetzA Munich leading to a characterization of the RF components of the signals in both frequency and time domain.

The expected interference distances of the RFID systems ranged well below 100 m which at a wavelength of 22 m may be in the near field where the field strength doesn’t necessarily drop at a rate of 20 dB per distance decade. Therefore, both magnetic and electrical field strength of all three available readers were measured at different distances between 5 and 100 m.
Using the knowledge gained by the measurements above, the interference of the most critical RFID system (high power, low bandwidth) into a common portable HF broadcast receiver was measured at different distances in the field. This was done using a generated RFID signal that had the same properties in the time and frequency domain as the signal from the “real” reader, but modulation levels resembling compliance with the old and the new spectrum mask.
The measurements were conducted on 13th and 14th August 2012 in a laboratory of the BNetzA in Munich and at a suitable test site 20 km south of Munich.
The participants of the measurement were:
	Name
	Company / Organisation
	Remarks

	Mr. Hasenpusch
	BNetzA Munich
	

	Mr. Beckert
	BNetzA Munich
	

	Mr. Schwarzwald
	BNetzA section 412
	

	Mr. Schürmann
	Expert / Consultant
	

	Mr. Meissner
	Feig Weilburg, Germany
	Supplier of Reader 1

	Mr. Raggam
	Infineon Graz, Austria
	Supplier of Reader 2 and 3


Table 1:
Participants during the measurements

2 RFID Readers used in the measurements

Three RFID readers were available for the measurements:

Reader 1 (Feig): This is a long range, low bandwidth and low data rate reader to be used with external loop antennas of different sizes (around 30x30 cm and  80x60 cm ). The larger antenna produces a stronger signal extending the usable range to about 1.5 meters. However, the achievable data rates are relatively low (below 50 to 100 kBit/s). It is the same reader that was used for the measurements described in M65_24R1_SE24, but there it was used in connection with the small 30x30 cm antenna only.

Reader 2 (Infineon): This is a low-power, wideband reader with a small internal loop antenna. It is intended to communicate with smart cards according to ISO 14443 at distances around a few centimeters. It uses a data rate of 1.7 MBit/s, making the sideband emissions rather wide compared to Reader 1.  
Reader 3 (Infineon): This reader is equal to Reader 2, except that its data rate is 6.8 MBit/s, producing the widest sideband emissions.
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Figure 2: Reader 2 and 3
3 Characterization of the RFID signals

In principle, the RFID Reader emits a carrier at 13.56 MHz that supplies the passive RFID Tags with energy. At certain time intervals, the carrier is modulated (AM) with pulses that carry the information (data) to be transmitted to the Tags. The pulsed nature of the modulating signal results in a number of “peaks” in the frequency domain. The exact frequencies of these peaks depend on the transmission speed determining the pulse length and repetition rate. The amplitude of the peaks relative to the carrier depends on the modulation depth.
The spectrum masks as in Figure 1 are defined as magnetic field strengths in 10 m distance from the reader, measured Quasi-Peak (QP) in 9 kHz bandwidth. The carrier level may be as high as 60 dBµA/m but most systems do not reach this value.
The following figures show the spectra of the three readers in a measurement bandwidth of 10 kHz, recorded with a very fast FFT analyzer. The topmost (yellow) line is a MaxHold line of the spectrum. Below this line, the probability that a certain level occurs is represented by different colours (temperature scale): from red, representing levels that are always present down to blue, representing levels that only occur for short times (pulses).
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Figure 3: DPX spectrum of Reader 1 (high power, low bandwidth)
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Figure 4: DPX spectrum of Reader 2 (low power, 1.7 MBit/s)
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Figure 5: DPX spectrum of Reader 3 (low power, 6.8 MBit/s)

To compare the sideband emissions with the spectrum masks it is necessary to plot the Quasi-Peak (QP) values instead of the peak (Pk) values. To save time on the measurement process, the difference between Pk and QP for some peaks in the sideband emission range were measured individually. This difference was nearly equal for all peaks of one reader. 

	Reader
	Difference between Pk and QP

	1
	2 dB

	2
	4 dB

	3
	9.5 dB


Table 2: Differences of the detectors for sideband peaks

On the carrier frequency itself, both Pk and QP detectors showed the same value. The detailed results of this measurement can be taken from the Annex 2.

Using the average correction values from the tables above, the following figures show the Reader QP spectra held against the old and new spectrum masks.
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Figure 6: QP spectrum of Reader 1 and spectrum masks
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Figure 7: QP spectrum of Reader 2 and spectrum masks close to the carrier
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Figure 8: QP spectrum of Reader 2 and spectrum masks far from the carrier
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Figure 9: QP spectrum of Reader 3 and spectrum masks close to the carrier

[image: image12.emf]Reader 3 (6.8 MBit/s): spectrum in10 kHz measurement bandwidth

-80 dBµA/m

-60 dBµA/m

-40 dBµA/m

-20 dBµA/m

0 dBµA/m

20 dBµA/m

40 dBµA/m

60 dBµA/m

-7500 kHz -5500 kHz -3500 kHz -1500 kHz 500 kHz 2500 kHz 4500 kHz 6500 kHz

Offset

Field strength in 10m distance

Peak

QP (calculated)

New Limit

Old Limit


Figure 10: QP spectrum of Reader 3 and spectrum masks far from the carrier

It can be seen that the sideband emissions of the high-power Reader 1 reach up to the new mask at the frequencies of the first peak next to the carrier and even exceeds all masks at certain peaks above 200 kHz offset.
The spectra of the wideband readers 2 and 3 fall well below all limits (even below the old mask) at all frequencies.

To visualize the interfering effect of the sideband peaks to analogue reception such as AM broadcast, the following figures show the amplitude vs. time diagram of the reader signals on the frequency of the first peak next to the carrier, with a measurement bandwidth of 10 kHz.
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Figure 11: Time analysis of the Reader 1 signal
The upper left window of Figure 11 shows the total RF power over a time of 50 ms. It can be seen that this power is nearly constant as it lies in the carrier on 13.56 MHz.

The lower left window shows the power on the frequency of the first sideband peak on 13.6149 MHz (position of the marker in the spectrum window lower right) with a bandwidth of 10 kHz. This is the signal that a broadcast receiver would “see” if it was is tuned to that frequency. It shows as a series of short pulses appearing roughly every millisecond with a length of about 1/3 ms.
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Figure 12: Time analysis of the Reader 2 signal for a 10 ms time interval

The lower left window of Figure 12 shows the signal as seen by a broadcast receiver tuned to the frequency of 13.64492 MHz which is the first sideband peak of Reader 2. It can be seen that the duration of the pulses is about 1.5 ms.
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Figure 13: Time analysis of the Reader 2 signal for a 1 s time interval

In the lower left window of Figure 13 it can be seen that Reader 2 emits double-pulses occurring every 100 ms. The pulse/pause ratio of Reader 2 is much lower than of Reader 1, hence the larger difference between peak and QP (4 vs. 2 dB, see Table 2).
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Figure 14: Time analysis of the Reader 3 signal for a 5 ms time interval

The lower left window of Figure 14 shows that the lengths of the pulses from Reader 3 are even shorter (about 330 µs) than of Reader 2.
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Figure 15: Time analysis of the Reader 3 signal for a 1 s time interval

Finally, the lower left window in Figure 15 shows that Reader 3 also emits one double-pulse every 100 ms. The pulse/pause ratio is nevertheless even lower than that of Reader 2 due to the shorter pulse length, hence the even higher difference between Pk and QP levels (9.5 vs. 4 dB, see Table 2).

4 Field strength vs. distance measurements

The expected interference range of RFID readers is at least partly in the near field, where the vectors of magnetic and electrical field strength are not necessarily orthogonal and the field strength may not drop at a rate of 20 dB per decade with distance, even under free space propagation conditions. Therefore, both electrical and magnetic field strength were measured for Reader 1 and Reader 2 at different distances between 5 and 100 m in an open test site near Munich. It was a lawn near Kloster Schäftlarn, Koordinates 47N58’27” / 11E28’09”.

The measurement antenna for the magnetic field was an active loop (EMCO 6502), mounted at 1.5 m height on a tripod and turned to the direction of maximum field strength. Its antenna factor is given by the manufacturer as 10 dB, so the calculation of the magnetic field strength from measured receiver input voltage can be made as follows:
H = Urx + 10 dB – 51.5 dB
(1)
With
H = magnetic field strength in dBµA/m
Urx = voltage at the receiver input in dBµV
51.5 dB = conversion between electrical and magnetic field strength
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Figure 16: Magnetic loop measurement antenna

The measurement antenna for the electrical field strength was a short vertical monopole (R&S HFH2-Z2) with rods as a ground plane. Its antenna factor is given by the manufacturer as 20 dB, so the calculation of the electrical field strength from measured receiver input voltage can be made as follows:

E = Urx + 20 dB
(1)

With
E = electrical field strength in dBµV/m
Urx = voltage at the receiver input in dBµV
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Figure 17: Electrical monopole measurement antenna
The measurements were done with a spectrum analyzer on the carrier frequency 13.56 MHz, RBW = 10 kHz, Detector = RMS. The following graphs show the resulting dependencies between field strength and distance. The detailed numerical results can be taken from Annex 2.
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Figure 18: Magnetic field strength vs. distance
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Figure 19: Electrical field strength vs. distance

It can be seen that especially the graphs for the magnetic field strength plot nearly as straight lines when the x-axis is scaled logarithmically. 
This means that far field conditions may be applied as a good estimate even for distances as short as 5 m because the near-far field transition point is close to 3.52 meters distance from the reader Antenna.
The curves for electrical field strength bend slightly at a distance around 20 m, while the decay curves for the magnetic fieldstrength are almost straight lines.

The magnetic field strength attenuation (e.g. from 5 m to 50 m points) in the measured distance range is approx. 23 dB /decade (5 m to 50 m points) being only 3 dB more than under free space conditions.

The electric field strength attenuation (5 m to 50 m points) is approx. 25 dB/decade thus 5 dB higher than under real free space conditions, the slope of 20 dB/decade however extends from 20 m onwards. The reason between the 25 and 20 dB/decade difference is the soft transition between the near to far field.
5 Interference Measurements

5.1 Receiver

It was agreed that the only component of the RFID signal contributing to interferences into the broadcast band are the sideband emissions falling directly into the BC receive channel. In so far, it could be seen as a co-channel interference situation where the C/I usually depends on the properties of the victim radio system rather than on the performance of the specific receiver. 
It was therefore also agreed that using only one common HF broadcast receiver for these measurements already provides a good estimate of the situation in general.
The portable receiver TECSUN PL600 was used for the measurements. This receiver was also used in the preliminary measurements documented in M65_24R1_SE24. Annex 1 provides the available broadcast receiver information.
The receiver was battery-operated and placed at a height of approx. 1.2 m above the ground. The telescope antenna was fully extended and oriented vertically to provide an Omni-directional pattern in the horizontal plane.

The maximum achievable undistorted audio SINAD of the receiver was 28 dB.

5.2 Wanted signal

The wanted signal consisted of an RF carrier 100% AM modulated with a 1 kHz sinewave tone. It was transmitted by a signal generator (HP 8648C) via a vertical rod antenna positioned at a distance of 20 m from the victim receiver. 
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Figure 20: Broadcast transmitter and antenna

The wanted signal level was set to provide a field strength of 54 dBµV/m. This enabled the receiver to achieve an undistorted SINAD of 20 dB.
The frequency range around 13.700 MHz was the nearest range where during the test time, 3 adjacent broadcast channels were “free”. The frequency 13.700 MHz was therefore used as the wanted test frequency. This way it could be achieved that the receiver is not influenced by skywave signals on the tuned and/or adjacent channels.
5.3 Unwanted signal

The field strength measurements under (4) have shown that the signal strength of the carrier from Readers 2 and 3 were far below the values from Reader 1,therefore  it was  agreed to perform the interference tests only with a signal comparable to that of the high-power, narrowband Reader 1.

The field strength of the carrier of Reader 1, even in 5 m distance to the victim receiver, does not create an input voltage driving the receiver into overload. Especially in the HF bands, broadcast receivers must be able to perform even in the presence of very strong signals on adjacent frequencies. 
A measurement has shown that from a distance of 10 m on, the carrier from the reader was not even the strongest signal in the 22 m band. It could therefore be assumed that the only interference potential comes from the RFID sideband emissions.

To be able to adjust the interfering RFID signal freely in level and frequency, the actual signal from Reader 1 was recorded with a fast FFT analyzer (Tektronix RSA6114) and re-transmitted repeatedly with a vector signal generator (R&S SMU200A) over the large external loop antenna belonging to Reader 1. The level of the second peak of the sideband spectrum (offset +107 kHz, see Figure 6) was adjusted so that it produced a QP level of 27 dBµA/m in 10 m distance (matching the new mask) and 9.5 dBµA in 10 m distance (matching the old mask). This situation was reached at an indicated output reading at the generator of +15 dBm for the new mask level and -3 dBm for the old mask level.

The frequency of the RFID signal was slightly “mistuned” to 13.593 MHz to shift the second sideband peak exactly on the measurement frequency 13.700 MHz. This produces the maximum interfering effect as can be expected in reality.
Figure 21 shows the Pk and QP spectra of the RFID signal used for the interference measurements.
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Fig. 21 Interfering RFID signal used for the measurements

Note: Although the measurement frequency 13.7 MHz with its offset of 140 kHz from the RFID carrier is already in the range of the “slope” of the new spectrum mask (see Figure 1), it was treated as if it were inside the offset range of 100 kHz. This produces equal C/I results under the assumption that the RFID carrier itself does not contribute to the interference.

5.4 Failure criterion

To have an objective measure for the quality of the broadcast reception, the SINAD measured at the audio output of the receiver was taken. A minimum of 20 dB SINAD was used as the failure criterion. This value is in accordance with ITU and CEPT Recommendations for various narrowband radio services transmitting audible signals. It is assumed to be the lowest value providing a reasonable copy of the speech transmitted.

The audio input of a communication tester (R&S CMS48) was connected to the audio output of the broadcast receiver in order to directly measure the SINAD.

Since the undistorted SINAD was adjusted to 20 dB, reception was regarded as distorted when the SINAD value drops to 19 dB or below. Subjective tests verified that this degradation was clearly audible even using the built-in speaker of the receiver.

5.5 Measurement setup and procedure

The broadcast receiver was set up at a fixed location on the test site. 
The wanted signal generator and antenna was also placed at a fixed location in 20 m distance to the victim receiver to ensure a constant receive level of the wanted signal (54 dBµV/m).

The interfering signal was emitted from the large loop antenna belonging to Reader 1 and located at varying distances from the victim receiver (10, 30 and 100 m) and with varying level.


Figure 22: Measurement setup
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Figure 23: RFID reader antenna at 30 m distance to victim receiver

At each of the three measurement distances, the level of the interfering RFID signal was raised until the SINAD from the victim receiver just dropped to 19 dB. Using the results from the field strength propagation measurement (Section 4) and knowledge of the required generator output setting to reach a sideband level matching the new and old mask (see Section 5.3), the resulting interference distance could be calculated for each of the measurement points. 
5.6 Measurement results

Table 3 shows the results of the interference measurements described above.
	
	RFID level
	
	

	
	SMU-output 
level at
	x dB below 
output level required for:
	Calculated 
interference range with:

	Distance
	interference begin
	new mask
	old mask
	new mask
	old mask

	10 m
	-14 dBm
	29,0 dB
	10,5 dB
	190 m
	25 m

	30 m
	-3 dBm
	18,0 dB
	-0,5 dB
	190 m
	27 m

	100 m
	8 dBm
	7,0 dB
	-11,5 dB
	180 m
	26 m


Table 3: Results of the interference measurements

5.7 Subjective test with skywave reception

To gain a subjective impression of the interference to true HF reception where the wanted field strength varies with the skywave propagation, the broadcast receiver was tuned to a station on 13.635 MHz. Reception was already impaired by the fact that more than one station was operating on that frequency, but this resembled a realistic situation. The total field strength of this signal was recorded over a sample time of 50 s.
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Figure 23: Field strength vs. time of the wanted broadcast signal on 13635 kHz

The average field strength was 64.5 dBµV/m.

The RFID antenna with the interfering signal was placed at a distance of 100 m and its level was adjusted at a generator output of 8 dBm which simulates a sideband level that is still 7 dB below the new mask (levels according to the last row in Table 3). The interfering RFID signal was repeatedly switched on and off (for about 1 s each) and its interfering effect was clearly noticeable in the built-in speaker of the broadcast receiver as a humming noise. An audio sample this test was taken and is available below. 
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6 Conclusion

The measurements have shown with a remarkable reproducibility that the interfering range of the long range, low bandwidth and low data rate RFID systems making use of the sideband limits according to the newly proposed mask to the adjacent broadcast reception is at most 190 m, under worse case conditions e.g. provided the path between interferer and victim is unobstructed and the victim frequency falls on one of the peaks in the sideband spectrum. Under the same conditions, the interfering range is around 25 m when the RFID signal complies with the old, more restrictive mask.
Compared to this, the interference range of the low-power, wideband RFID readers is not relevant, regardless of the mask applied.


Annex 1: Broadcast Receiver Information 

PL-600(English Model) FM / LW / MW / SW /PLL SYNTHESIZED RECEIVER MAKES BY Tecsun COMPANY, 
[image: image27.jpg]



Specifications:
· FREQUENCY RANGE
FM: 76MHz-108MHz 
AM: 100KHz-29999KHz
SW: 1710KHz-29999KHz 
120m:2.25MHz - 2.55MHz
90m:3.150MHz - 3.450MHz
75m:3.850MHz - 4.050MHz
60m:4.700MHz - 5.100MHz
49m: 5.800MHz - 6.300MHz
41m: 7.100MHz - 7.500MHz
31m: 9.400MHz - 10.000MHz
25m: 11.500MHz - 12.150MHz
22m: 13.500MHz - 13.900MHz
19m: 15.000MHz - 15.900MHz
16m: 17.450MHz - 18.000MHz
15m: 18850MHz - 19100MHz
13m: 21.450MHz - 21.950MHz
11m: 25.600MHz - 26.100MHz

· NOISE LIMIT SENSITIVITY
      FM  
 ≤  3μV
      MW  
≤  1mv/m
      LW  
≤   1.2mv/m
      SW  
≤  20μV

· SW SELECTION:   
     @ 5K 
≥ 28dB;       @  7K
 ≥ 45dB 
 

·  POWER SUPPLY:
Battery : 4 AA batteries
AC adapt : Input 220V 50Hz    Output 6V 300mA
Annex 2: Numerical Measurement Results
A)
Differences between Pk and QP detectors on sideband peaks

	Reader:
	 Reader 1
	
	
	

	
	
	
	
	

	Frequency
	Pk
	QP
	Difference
	Remarks

	13560,0 kHz
	106,0 dBµV
	105,8 dBµV
	0,2 dB
	Carrier

	13614,3 kHz
	81,2 dBµV
	78,3 dBµV
	2,9 dB
	1st peak

	13667,5 kHz
	73,8 dBµV
	72,3 dBµV
	1,5 dB
	2nd peak

	13773,8 kHz
	67,7 dBµV
	66,0 dBµV
	1,7 dB
	3rd peak

	13880,0 kHz
	56,0 dBµV
	54,2 dBµV
	1,8 dB
	4th peak

	Average (sidebands only):
	 
	2,0 dB
	 


	Reader:
	Reader 2
	
	
	

	
	
	
	
	

	Frequency
	Pk
	QP
	Difference
	Remarks

	13560,0 kHz
	89,3 dBµV
	89,0 dBµV
	0,3 dB
	Carrier

	13625,0 kHz
	57,3 dBµV
	52,7 dBµV
	4,6 dB
	1st peak

	14322,4 kHz
	68,8 dBµV
	65,1 dBµV
	3,7 dB
	 

	14492,5 kHz
	66,5 dBµV
	62,7 dBµV
	3,8 dB
	 

	 
	 
	 
	 
	 

	Average (sidebands only):
	 
	4,0 dB
	 


	Reader:
	Reader 3
	
	
	

	
	
	
	
	

	Frequency
	Pk
	QP
	Difference
	Remarks

	13560,0 kHz
	88,2 dBµV
	88,0 dBµV
	0,2 dB
	Carrier

	13222,5 kHz
	53,3 dBµV
	44,3 dBµV
	9,0 dB
	1st peak

	14910,0 kHz
	47,6 dBµV
	38,1 dBµV
	9,5 dB
	 

	19662,5 kHz
	22,7 dBµV
	12,9 dBµV
	9,8 dB
	 

	20339,5 kHz
	34,8 dBµV
	25,3 dBµV
	9,5 dB
	 

	Average (sidebands only):
	 
	9,5 dB
	 


	B)     Field strength vs. Distance

	
	

	Date:
	13.08.2012

	Location:
	Field near Schäftlarn

	Cable loss:
	0,5 dB


	Reader:
	Reader 1
	
	
	
	
	

	Antenna:
	Small ext. Loop
	
	
	
	

	
	
	
	
	
	
	

	Meas.-Ant.:
	Magnetic loop (EMCO)
	Electrical Monopole (HFH2-Z2)

	Distance
	Reading
	Reading
	Magn. field strength
	Reading
	El. field strength
	Corresp. Magn. Field

	5 m
	86,3 dBµV
	52,3 dBµA
	45,3 dBµA/m
	81,2 dBµV
	101,2 dBµV/m
	49,7 dBµA/m

	10 m
	79,3 dBµV
	45,3 dBµA
	38,3 dBµA/m
	73,0 dBµV
	93,0 dBµV/m
	41,5 dBµA/m

	15 m
	75,5 dBµV
	41,5 dBµA
	34,5 dBµA/m
	67,8 dBµV
	87,8 dBµV/m
	36,3 dBµA/m

	20 m
	72,5 dBµV
	38,5 dBµA
	31,5 dBµA/m
	64,7 dBµV
	84,7 dBµV/m
	33,2 dBµA/m

	30 m
	68,3 dBµV
	34,3 dBµA
	27,3 dBµA/m
	60,9 dBµV
	80,9 dBµV/m
	29,4 dBµA/m

	50 m
	63,3 dBµV
	29,3 dBµA
	22,3 dBµA/m
	56,4 dBµV
	76,4 dBµV/m
	24,9 dBµA/m

	75 m
	60,1 dBµV
	26,1 dBµA
	19,1 dBµA/m
	52,7 dBµV
	72,7 dBµV/m
	21,2 dBµA/m

	100 m
	57,6 dBµV
	23,6 dBµA
	16,6 dBµA/m
	50,3 dBµV
	70,3 dBµV/m
	18,8 dBµA/m


	Reader:
	Reader 1
	
	
	
	
	

	Antenna:
	large ext. Loop
	
	
	
	

	
	
	
	
	
	
	

	Meas.-Ant.:
	Magnetic loop (EMCO)
	Electrical Monopole (HFH2-Z2)

	Distance
	Reading
	Reading
	Magn. field strength
	Reading
	El. field strength
	Corresp. Magn. Field

	5 m
	100,0 dBµV
	66,0 dBµA
	59,0 dBµA/m
	95,0 dBµV
	115,0 dBµV/m
	63,5 dBµA/m

	10 m
	94,6 dBµV
	60,6 dBµA
	53,6 dBµA/m
	87,5 dBµV
	107,5 dBµV/m
	56,0 dBµA/m

	15 m
	90,3 dBµV
	56,3 dBµA
	49,3 dBµA/m
	82,5 dBµV
	102,5 dBµV/m
	51,0 dBµA/m

	20 m
	87,7 dBµV
	53,7 dBµA
	46,7 dBµA/m
	79,0 dBµV
	99,0 dBµV/m
	47,5 dBµA/m

	30 m
	83,5 dBµV
	49,5 dBµA
	42,5 dBµA/m
	75,0 dBµV
	95,0 dBµV/m
	43,5 dBµA/m

	50 m
	78,5 dBµV
	44,5 dBµA
	37,5 dBµA/m
	70,0 dBµV
	90,0 dBµV/m
	38,5 dBµA/m

	75 m
	75,0 dBµV
	41,0 dBµA
	34,0 dBµA/m
	66,5 dBµV
	86,5 dBµV/m
	35,0 dBµA/m

	100 m
	72,6 dBµV
	38,6 dBµA
	31,6 dBµA/m
	64,1 dBµV
	84,1 dBµV/m
	32,6 dBµA/m

	200 m
	66,6 dBµV
	32,6 dBµA
	25,6 dBµA/m
	58,1 dBµV
	78,1 dBµV/m
	26,6 dBµA/m

	500 m
	58,5 dBµV
	24,5 dBµA
	17,5 dBµA/m
	50,0 dBµV
	70,0 dBµV/m
	18,5 dBµA/m


(red italics: extrapolated values)
	Reader:
	Reader 2
	
	
	
	
	

	Antenna:
	internal
	
	
	
	
	

	
	
	
	
	
	
	

	Meas.-Ant.:
	Magnetic loop (EMCO)
	Electrical Monopole (HFH2-Z2)

	Distance
	Reading
	Reading
	Magn. field strength
	Reading
	El. field strength
	Corresp. Magn. Field

	5 m
	46,0 dBµV
	12,0 dBµA
	5,0 dBµA/m
	40,8 dBµV
	60,8 dBµV/m
	9,3 dBµA/m

	10 m
	39,5 dBµV
	5,5 dBµA
	-1,5 dBµA/m
	32,9 dBµV
	52,9 dBµV/m
	1,4 dBµA/m

	15 m
	35,4 dBµV
	1,4 dBµA
	-5,6 dBµA/m
	27,7 dBµV
	47,7 dBµV/m
	-3,8 dBµA/m

	20 m
	32,3 dBµV
	-1,7 dBµA
	-8,7 dBµA/m
	24,5 dBµV
	44,5 dBµV/m
	-7,0 dBµA/m

	30 m
	28,3 dBµV
	-5,7 dBµA
	-12,7 dBµA/m
	20,8 dBµV
	40,8 dBµV/m
	-10,7 dBµA/m

	50 m
	23,1 dBµV
	-10,9 dBµA
	-17,9 dBµA/m
	16,2 dBµV
	36,2 dBµV/m
	-15,3 dBµA/m

	75 m
	20,4 dBµV
	-13,6 dBµA
	-20,6 dBµA/m
	12,8 dBµV
	32,8 dBµV/m
	-18,7 dBµA/m

	100 m
	17,5 dBµV
	-16,5 dBµA
	-23,5 dBµA/m
	10,2 dBµV
	30,2 dBµV/m
	-21,3 dBµA/m
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