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1 GENERAL

This procedure describes how to calibrate the WaveMon RF-60 Personal Monitor.

The chosen method is the calibration using calculated field strengths as described by the IEEE
Std 1309-2013: IEEE Standard for Calibration of Electromagnetic Field Sensors and Probes
(Excluding Antennas) from 9 kHz to 40 GHz. The unit under calibration is placed in a reference
field that is calculated based on the geometry of the field generator (TEM cell in this case) and

its measured input parameters.




WAVECONTROL

Document Version | Date

WaveMon RF-60 E+H. Calibration Procedure 1.0 15/11/2021

2 CALIBRATION SETUP AND FIELDS CALCULATION

For the calculated field strength method, it is recommended using the net power delivered to
the TEM Cell. Setup and calculations are described in this chapter.

2.1 CALIBRATION SETUP
The recommended setup is shown below:

Power meters

TEM Cell 500

Forward Reverse Load
Signal - . .
Amplifier Directional Coupler
Generator n n

Figure 1. Net power method setup

Laboratory equipment requirements:

Signal Generator:
o Frequency range must include the range [1 — 500] MHz
o Maximum output level > +5 dBm

- Amplifier

o Frequency range must include 100 MHz

o Gain>40dB

o Output Power at 1dB compression > 40 dBm
- Directional Coupler

o Frequency range must include: 100 MHz

o Coupling factor (CF) = 40 dB

o Maximum power CW > Amplifier power at 1dB compression

o Directivity >20 dB

o Insertion losses < 0.5 dB
- Power meters

o Frequency range must include 100 MHz

o Power measuring range:

=  Pmin<-55dBm
=  Pmax>+10dBm

o Pmax (dB) > Pmax amplifier (dB) — Coupling Factor Directional Coupler (dB)
- 50QLoad
o Maximum power (Watt) > Amplifier power (Watt)
o Maximum VSWR: 1.1:1
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Reference devices that need calibration:

- Power meters
- Directional coupler
- TEM Cell: Distance from septum to the plate

2.1.1  Net power calculation
The net power delivered to a transmitting device can be measured with a 4-port dual-
directional coupler. A typical setup is shown below:

Power Meters
-~ -
1 2
H H Antenna
Forward Reverse 4 A

3

).

Input Qutput

Figure 2. Directional coupler ports

The forward and reverse coupling coefficients under conditions of matched-load terminations
at the ports are defined by the following power ratios. These coefficients are provided by the
directional coupler manufacturer or by the calibration laboratory.

LR o R
fwd })l ev Pz

C

The net power delivered to the transmitting device is then
P =C.P-C_P

net fwd® 1 rev® 2

where P; and P, are the power meter readings (linear units).
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2.2 ELECTRIC AND MAGNETIC FIELD CALCULATION

Rectangular TEM cells are designed to have a characteristic impedance of 50 Q.

The fields at the test point (the geometrical center between the septum and the bottom or top
plates) can be calculated from Equation 1 and 2.

E= K _ JPnclz()
b
(eq. 1)
H= E
377
(eq. 2)
Where:

Vv is the voltage at the input or output port of the cell
Zo is the real part of the characteristic impedance of the cell
b is the distance from the upper plate to the center plate

Pret see A.2.2 for determination of this parameter

These field values apply only at the test point for a well-matched TEM cell, and significant
variation will be seen closer to or farther from the septum. Equation 1 gives the field at the
midpoint between the top or bottom plate and the septum. Field probe calibrations shall be
limited to use of this center position.
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2.3 PRELIMINARY CHECKS
Before starting the calibration, the following checks need to be performed:

- Verification of temperature and humidity values in the calibration environment.
Ensure that these magnitudes are between 20 and 262C and between 20 and 70% RH
of humidity.

- Switching on all equipment for warm-up 15 minutes before the start of
calibrations.

- Verification of all RF connections (connectors well tightened by hand).

- Check that the ambient electric field in the calibration area is under 0.2 V/m.

2.4 PROBE POSITIONING
The WaveMon must be placed perpendicular to the E-Field vector and with a 45° to the H-field
vector.

Three positions are used to perform the calibration. The first position is described below. For
the position 2 and 3 the WaveMon must be rotated +120° and -120° from the first position.

The electric and magnetic field sensors will be calibrated using the same positions.

Position 1 Position 2 Position 3
TOP VIEW +120° rotation regarding -120° rotation regarding
position 1. position 1.

TE field
H field

Figure 3. E-Field & H-Field positioning
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The sensors zone must be in the midpoint between the top or bottom plate.

Sensor zone

Figure 4. Sensor Zone
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3 WAVEMON CALIBRATION

3.1 FIELD GENERATION

A linearly polarized electromagnetic field, approximating a plane wave, must be generated at

the WaveMon position.

The recommended levels to calibrate are 100% and 50% of the limit.

FCC Standard at 100 MHz

Power density percentage

Electric Field

Magnetic Field

100 %

61.4V/m

0.1629 A/m

50 %

43.42 V/m

0.1152 A/m

Bellow there is an example of how to calculate the Pt to obtain the desired electric field.

E=61.4V/m
b=0.147m
Z=50Q

(Eb)?
Z

Pnet = =163W

Once the Pt is calculated, the signal generator power must be set to obtain this Ppet.

3.2 FIELD READING

A software is provided to read the measurement data from the WaveMon’s optical interface.

Optical led for transmission

Fiber optic adapter

&

Figure 5. Optical communication

Data frames received by the optical interface:
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Sample of data frame in text format:

Ref_mV:473.380646;

1/WP17/RMS->mVHx:71.399963  FHx:32.910591 mVHy:18.971863 FHy:8.111214 mVHz:9.903564 FHz:4.465232 FHt:45.487038;

3.3 EXPECTED MEASUREMENT
The frequency response of the WaveMon determines the measurement deviation at each
frequency. At 100 MHz there is an adjusted deviation that optimizes the frequency response in

the full range.

0/WP19/RMS->mVEx:23.123322  FEx:4.374778 mVEy:67.537354 FEy:11.672652 mVEz:12.281708 FEz:2.168642 FEt:18.216072;

Acceptance criteria: the measured deviation should be less than + 1.5 dB from the expected
reading (%). The resultant percentage of power density is calculated below:

3.3.1 Electric Field
Frequency RF-60 Generated | Generated Expected
H 0, 0,
(MHz) Re?;’g;‘se Field (%) | Field (v/m) |reading (%)| ™" | Max (%)
100 -0,5 100 61,40 89,1 63,1 125,9
100 -0,5 50 43,42 44,6 31,5 62,9
3.3.2 Magnetic Field
Frequency RF-60 Generated | Generated Expected
H 0, 0,
(MHz) Re?g;;‘se Field (%) | Field (A/m) |reading (%)| ™% | Max (%)
100 +1,1 100 0,1629 128,8 91,2 182,0
+
100 1,1 50 0,1152 64,4 45,6 91,0
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4 SETUP VALIDATION PROCEDURE

A double check of the generated field is recommended every time a new set of calibrations is

performed (on a daily basis).

A reference WaveMon RF-60 unit can be used (always the same unit). The purpose of this test
is to ensure that there is no drift or damage in any of the reference devices: power meters,

attenuator, coupler, etc.

The reference WaveMon should be placed in the calibration area and the measurement
registered. It should be checked that it does not deviate more than + 0.5 dB from the average

of the last 5 measurements.

The following table shows an example of this validation:

CONDITION = dB
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