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Topics

» Review of basic operations of a broadband
probe
— Frequency response
— Linearity
— Isotropic response
* Calibration

 Application

NETS-LINDGREN™

Resistively loaded dipole

4

“Signal Conditioning

Basic Theory of Operation

ADC

Microprocessor

Fiber Optical Line
i‘” s S-LINDGREN

« Broadband antenna elements: 3-orthogonally

oriented antennas (resistive loaded) with high

input resistance. Non-resonant.

Diode rectifier or thermal sensor detectors

— Square-law (proportional to power density)

— Linear region (proportional to E-field)

« DC Filter.

¢ Gain blocks - adjustable for wide dynamic ranges,
such as 0.5 V/m to 900 V/m

« A/D conversion

« Micro-processor, and data communication optical

interface
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Antenna Elements

« 3elements in x, y and z to achieve istropicity.

« High-value resistively-loaded, non-resonant, and
electrically short.

— Broadband

— Minimal disturbance to the field being measured. Do not
couple strongly with incident field or environment, as
compared to an antenna.

— Input impedance is on order of kohm and Mohm, NOT 50
ohms.

— This also means the output from these antenna elsraemt
much smaller than from a typical antenna (high antenna
factors across the frequency range). This seems uaiolesir
but this is by design. Due to the sensitive electroinithe
probes, they are capable of measuring fields as low2as 0.
Vim.
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Diode Detectors

« Diode

— Square law region — true power detector, only foals
fields. For example, below ~10 V/m for HI-6005heT
probe reading is proportional to the total power or
power density.

— Linear region

« Output is proportional to applied E-field, not pavdensity.

« This is not an issue for CW, as is the case fatrBC
measurements. The calibrations are performed in &/he
readings are always corrected for CW. There &gel
uncertainty for reporting power density associatétth
measuring multi-tone or complex signals.
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Nominal Probe Response

uncorrected probe response under varying field
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Do | need to worry about
(non)linear responses?

* Modern probes have correction table built
into the probe. Microcontrollers inside the
probes apply linearity correction. As a
result, probe reading reflects the true field
value for CW signals.

A user need not to correct for this manually.

Linearity should be checked during routine
calibration.
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But is linearity affected by frequency?

} Linearity Changes Little with Frequency (HI-6053) ‘
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DC Filtering

« Signals are turned to DC responses at this
stage. Frequency information is lost.

— Field probes can not distinguish frequency
information.

— Similar to power meter
* Typical filtering scheme is high-impedance
RC network — this is not a peak detector.
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Isotropic Response

* |Isotropic probes consist of three orthogonal
axes. The field are summed based on:

ETotaI = \/ Ei + Ef/ + Ei
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Otho-Angle

Rotating around the
ortho-angle will

align each sensor axis
successively with a linear
incident

electric field
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Isotropic Response of an ideal 3-axis probe
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Calibration

¢ Probe calibration standard: IEEE1309 and
IEC/EN 61000-4-3 new annex.
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Calibration and Facilities

The goal is to generate a standard and traceable
field with which to immerse the probe under
calibration. The standard field needs to be:

— Stable and predictable

— Not disturbed by the insertion of probes-undet-tes
Facilities

— TEM (Crawford) Cell or GTEM

« TEM cell is theoretically calculable up to a upfrequency
limit determined by the physical size

+ GTEM is called a working standard. A standardfiisl
obtained based on a transfer probe calibrated bisew
— Waveguides — similar to TEM cell. Calculable.
— Radiating antennas (horns or open ended waveguides
in anechoic chambers — can be calibrated or cagmlilat
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calibrate same way as end-use?

Pros:

— The effect of non-ideal isotropic responses frben t
probe is minimized

Cons:

— Probes are typically calibrated in the near-fleédause
of the large field strengths needed. ONLY dominant
field vector is guaranteed and traceable.

— Similarly, probes are used in the near-field typacal
immunities setup.

— Near-field behaviors are vastly different fromfelient
antennas.

— Anechoic chamber and probe fixture influencesnate
repeated from calibration to end use.
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calibrate same way as end-use?... Actual Calibration data from a 0. Te peln
Cal Lab

Best practice P ’ /

— Calibrate each of the three axes separately, and g j ’ /\\\’
obtain correction factors for each axis f‘: ) — L ° \/ ]

- Em'ulat'e one of the the calibration orientations x o - ey
during immunities measurement setup, i \/
typically with one axis being dominant. 5 : /

— Apply correction factor to each axis per s | -

Eroa =y (K,E)? + (K E)? +(K,E)? Y e e e e u e o B
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Probe Coupling with
Environment

. Probe Application in an
1/3 rule is not enough for .
calibrations Immunities measurement

« Probes are designed to interact minimally » Power amplifier
. : : .

with the measuring envwonment.s. n + Antennas used in immunities tests
« Some couplings can not be avoided for N / « Modulati

small enclosed test environments, such as Lx\ /“\\ / I odufation

TEM cells and GTEMs. = NS YR e = « Probe orientation with respect to antennas
« Rule of thumb: less than one-third volume. o V)
« For probe calibrations, this is typically not : T

enough — less than 1/5 or 1/6. o we s e w me e s s we

Frequency (MH2)
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Power Amplifier in an Immunity
Setup

— Max output power

— 1 dB gain compression point

— Harmonics

— Third Order Interception Point

— Noise Figure

— Immunity tests (IEC61000-4-3) involve one
tone tests, and harmonic contents can be
significant
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» Correctly size an amplifier for output power based
on the transmit antenna and test environments
— Typically biconical antennas can be quite ineéfiti(and
poor match to 58V) below ~60 MHz. Pushing the amp
hard can mean large harmonics

— Commercial EMC standards start at 80 MHz, buttzan
important for medical devices immunity tests.
» Making sure the spectral purity of the output signa
(may need harmonic low pass filters)

« AM modulation: how would a probe react?

NETS-LINDGREN™

Know Your Antennas
Reflections from Antennas

ETS Model 3109 High Power Biconical Antenna
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EUT is only 1 m from the antenna. Below ~60 MH4)TEs in the
reactive near field (non-radiating quasi-stati¢dfie Most power is

returned to amplifier. SNETS-LINDGREN "

Amplitude

80% AM Modulation

RF carrier

Frequency Domain Carrier frequ;r;cﬂ(
$71.9dB
‘ ‘ Frequency
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Additional Power Requirement 80% AM
U (t) =[L+mcos( f,t)I cos( ft

m ... modulation index = 0.8 for 80% AM
f ... modulation frequency
fo ... carrier frequency

« Modulation index indicates by how much the
modulated variable varies around its 'original’
level.

« For 80 % AM, the max output voltage is 1.8 times
the CW signal. Consequently, the maximum
output power required from an amplifier needs to
be 20 log,((1.8)=5.1 dB more!
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Self-contained vs. Probe on a
Stem

« State of the art self-contained probe, such as HI-
6005 has a upper frequency limit of 6 GHz. The
whole probe is immersed in the field during
calibration and application.

« Probes on stems can be used to as high as 40 GH
For some calibration setups, not all parts of a
probe is in a field (such as in a TEM cell devices).
If this is the intended usage, there will be no
additional uncertainties. Otherwise, additional
uncertainties need to be assessed. Some
orientation of the probe is not recommended.
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Probe orientation

¢ For a probe on stem, it is important to keep
the probe electronics box away from the
incident electromagnetic wave. One way is
to place the probe judiciously. Another way
to minimize the scattering is to cover the
box with RF absorbers.

“DON'Ts” Examples
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“DOs” Examples
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HI-4433-GRE Frequency Response
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Summary

Field probes are broadband devices, similar to RF
power sensors.

Many factors affect probe calibrations and
applications, including signal purities, fixtures,
isotropicity, linearity, test setups etc... Care must
be taken during each step.

Probe calibrations involves more than
characterizations. Linearity is an integral part.
Frequency response correction is applied during
end use
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