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RADIO FREQUENCY METROLOGY
EVALUATION

Aim of Evaluation
The aim of this examination is to prove that Radio Frequency calibration technicians and metrologists have
sufficient theoretical and practical knowledge to understand and perform measurements and calibrations in
a Radio Frequency calibration laboratory. To complete the examination, learners should have a thorough
understanding and knowledge of Radio Frequency terminology, measurement and calibration techniques,
measuring equipment, uncertainty of measurement, etc. specifically in RF attenuation, RF power and RF
impedance. (See page below for further details)

Pre-Requisites for writing the examination





Method Validation (Calibration) (recommended)
Uncertainty of Measurement – GUM (Physical Measurements) (strongly recommended)
Electrical (DC/LF) Metrology Part 1 (recommended)
Extensive knowledge of Radio Frequency metrology (as described in the evaluation guidelines)

Overview





RF impedance: basic theory, measuring equipment and techniques
RF power: fundamentals, power measuring equipment, measuring and calibration techniques
RF attenuation: basic definition and equations related to attenuation, types of attenuators, attenuation
measurement techniques
Uncertainty of measurement in RF measurements, RF attenuation, RF impedance and RF power

Who should apply?
The examination is applicable to Radio Frequency Calibration Technicians and Metrologists.

Examination Duration
3 hours

Evaluation
Closed book examination
Bring your own scientific calculator
A formula sheet will be provided
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RADIO FREQUENCY METROLOGY
EVALUATION GUIDELINES
Knowledge of the following will be evaluated in the examination:

General
o The mean value, standard deviation, estimated standard deviation of the mean and
standard uncertainty of a set of results.
o Application of uncertainty of measurement in the field of RF measurements to obtain a
result that is compliant with the requirements of ISO GUM and ISO/IEC 17025.

Radio frequency impedance
o Voltage reflection coefficient (VRC) in radio frequency and calculation of VRC from the
impedance of a load, Z and characteristic impedance Z0.
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Directional devices (autotester, directional bridge, directional coupler)

Definitions of: directivity, test port match error, source match error, system
repeatability

Procedure to set a reference level on a scalar analyser for measuring a directional
device and the benefit thereof
Sources of uncertainty contributors and the probability distributions for measuring
directional devices
A measurement setup for measuring impedance on a directional device (should be able
to sketch and label)
Calculation of the effective test port match when a certified test port match value (a
measurement and uncertainty) and return loss of an offset termination are given
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Computation of return loss, RL, or the reflection coefficient of a termination

𝑅𝐿(𝑑𝐵) = −20𝑙𝑜𝑔 𝜌
Compiling an uncertainty budget that contains the estimated uncertainties, probability
distributions and calculations of a practical example given, e.g. calculation the VRC of a
termination using a directional device.
Radio frequency power
o Calculating and converting between power units, Watt and dBm
Relative power level, log of ratio of a power to an arbitrary power
o
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Absolute power levels are referred to 1 mW
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The applications, use and benefits of two- and three-resistor power splitters
Calculation of the calibration factor of a power sensor
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Definition and description of effective efficiency (𝜂 ) due to imperfect matching and
calibration factor (𝐾 ), the overall ratio of absorbed power

𝐾 = 𝜂 (1 − |Γ | )
o
o
o

o

The sources of uncertainty contributors and their associated probability distributions
relating to power sensor calibrations
The advantages and disadvantaged of the three types of RF power sensors,
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RADIO FREQUENCY METROLOGY
EVALUATION GUIDELINES (Cont.)


Radio frequency attenuation
o Terms: Residual attenuation, incremental attenuation, non-insertable device, insertable
device, mismatch error.
o The three methods that can be used to reduce mismatch uncertainty for an attenuation
measurement: tuners, matching pad, source match improvements using signal dividers
for source leveling (directional couplers, two-resistor power splitter)

Calculation of a mismatch error
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The three types of attenuators, T- section, Pi-section and L-section.
Procedure to construct a matching pad / minimum loss pad using L-section as it
provides the lowest attenuation

Calculation of the attenuation given the transmission coefficient of an attenuator, or
calculate the transmission coefficient given attenuation
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Calculation of the effective source match (Γ ), effective load match (Γ ) when using a
matching pad
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The parts of substitution loss: Residual attenuation and Incremental attenuation.
Calculation of incremental attenuation for a step attenuator
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The measurement setup for measuring an attenuator, e.g., transmission and reflection
S21, S11, S22, S12, load, source (should be able to sketch, label and discuss).
The methods available to measure non-insertable devices accurately, e.g. connectors,
fixed attenuators, step attenuators, cables, etc.
The sources of uncertainty contributors and their associated probability distributions
relating to an attenuator calibration.
Leakage is also a source of error for attenuation, the maximum error Δ𝐴 is

Δ𝐴 ≈ ±8,69 10

𝑑𝐵 where 𝐴 is the attenuation through the UUT

attenuator in dB and 𝐴 the attenuation through the leakage path.
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