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Abstract: - The ISO/CEI 17025 standard requires to validate the testing and analytical methods when they are
standardized or after amplification or modification of these methods. A measurement uncertainty must also be
associated with the results.

In High Frequency, All measurement devices must be linked with a reference called standard. In high
frequency attenuation, there is no physical standards in this area for most of the national metrology laboratories
Thus, a large number of theoretical measurement methods are adopted for the attenuators calibration.
This publication describes the feasibility of a computable method HF attenuation made by the laboratory of
electrical metrology to ensure traceability to the SI(The international system of units).The method has been
completely studied in order to determine its characteristic parameter: attenuation A’. All comparative results
between classical method and adopted method are presented here.

Key-Words: - Variable attenuation, Intermediate Frequency (IF), Bolometric bridge, Power sensor, Power
variation (PV), Reflection Factor.

1 Introduction directly, but an intermediate amount, which itself is
Metrology is the science of measurement, including measurable. A sensitive element placed inside to
all theoretical and practical aspects of measurement. absorb the power and turn it into a measurable
Measured, it is compared, using a reference. Is to amount. This is the bolometric mount which
express the result of this comparison with a measures the power via a DC.
numerical value associated with a unit that reminds i .
the nature of the reference, and with associated At high frequencies, the power becomes the
uncertainty that depends on the quality of the reference value. The International System of Units
experiment performed and the knowledge that one (SI) has defined the watt (W) as the power unit. In
has on the reference and conditions of use [1]. our case, to quantify the relatlve_ levels of powver, the
At present, the role of metrology is undeniable and decibel (dB) and decibels relative to one milliwatt
its application areas in life are many. Indeed, the (dBm)canbeused.
company relies on a vast infrastructure, and often These units are dimensionless and have an
invisible, services, foodstuffs, transportation and advantage in the calculation of gain or attenuation
communication networks whose presence we are measurement systems. _ _
familiar and whose functioning is essential for daily The high frequency attenuation (HF) is usually
life. measured using a heterodyne receiver intermediate
Metrology also occurs at different levels as the frequency. The most used frequency is 30MHz
manufacture and trade of products, medical because it is the most commonly used.
diagnosis, control of communication flows, and The idea is to achieve in a linear manner, the
analysis of physical and chemical phenomena transpogltlon of attenuation in high frequency to
tracing systems, the definition and control of safety attenuation at a lower frequency. N
rules. As part of our work on traceability of
In the area of high frequency (HF), the wavelength measurem_ents of attenuatlon. We propose a method
is small compared to the physical dimensions of a to determlne_ the deswed_attenuatlon by measuring
transmission line length; current and voltage are not HF power using bolometric method.
constant. This is the power that is measured. In all HF power measurement presents a major interest for
civil and military applications, we need to know the several reasons; first, the heterodyne receiver
power input and output levels. The device used is requires annual calibration expensive and generates
the power meter. It does not measure the RF power instrumentation and drift problems. Second, it is

necessary for a metrology laboratory, according to
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the ISO / IEC 17025 [10], possess several references
to the same size. And finally, some types of
commercial receivers used in the tester have seen
their production stopped (evanescent wave receiver
VM3). All these causes, pushing us to move towards
the other calibration methods.

2 METHOD LINEAR
SUBSTITUTION WITH
INTERMEDIATE FREQUENCY

The concept of attenuation corresponds to a
reduction of amplitude and a phase change of the
voltage or current at the terminals of a load when a
circuit element inserted between the source and the
load.

Note that it confuses definitions related to the
attenuation such as insertion loss, attenuation
constant and intrinsic attenuation. It is therefore
necessary, first of all, to establish a precise
definition of the relevant size.

Among the different variables that can be
defined to characterize a measure of attenuation, we
will retain, for reasons of simplicity, the two that
seem most important and whose definitions are:
-loss of inserting an attenuator
-Notion of attenuation

BY

2.1 Insertion loss of an attenuator

If a source of any impedance delivers power P1
also to any impedance load, and if the power
delivered to the same load is reduced from P1 to P2
when the attenuator is inserted into the line, the
insertion loss expressed in dB, is set to:

Insertion loss =10 Iog(% )@

Thus defined, the insertion loss is not an
exclusive characteristic quantity of the attenuator
because it depends on the source and load
impedances, it can be a positive or negative amount.

2.2 Definition of Attenuation

Attenuation is a special case of the insertion loss
.By definition, attenuation in dB, is the correlation
between power P1 and power P2[16].

Along with:

-P, : The power delivered to a load perfectly
adapted from a source perfectly adapted.
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- P, : The power delivered to the same charge from

the same source when the attenuator is inserted
between them.

In contrast to the insertion loss defined above,

the attenuation is a specific amount that is
characteristic of the attenuator.
It is important to note that a transmission line
element can produce an attenuation without power
dissipation produced in this element. For example, a
purely reactive component inserted in a line will
change the power delivered by a source to a load. If
the load and source are unsuitable, this change can
be either a decrease or an increase in the power
delivered to the load. On the contrary, if the source
and load are adapted, attenuation can only be a
positive quantity; since the condition for a source
delivers maximum power to a matched load is that it
is itself adapted. The attenuation produced by N
purely reactive elements is sometimes called
reflection losses.

In this case, the reflection losses are different
depending on the direction in which it is used and
therefore, the attenuation of this element will be
different according to the direction of propagation.
2.3. Principle
Attenuation Radio Frequency is often measured
using a heterodyne receiver. This receptor is an
attenuator operating at a standard intermediate
frequency (IF). The IF method is used as an
intermediate frequency of 30MHz frequency
because there are commercially for this first
frequency-selective amplifiers, attenuators and other
standards evanescent wave.

The IF calibration method is based on the
determination of attenuation using a standard
attenuator (heterodyne receiver). In this way, fixed
attenuators, variable attenuators and customer
equipment are calibrated by IF.

As part of our work on traceability of attenuation
measurements. We propose a method for
determining the desired attenuation by measuring
the HF power using the bolometric method [10][11].

This method performs, in a linear manner, the
transposition of attenuation in very high frequency
(HF) to a lower frequency; it uses a heterodyne
detector (Intermediate frequency attenuator).

The block diagram of the substitution is
illustrated in series in Fig.1 and comprises:
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* An RF source for the frequency measurement
FO.

* A local oscillator frequency Fo = 30MHz.
*A standard 30MHz Heterodyne receiver (VM7)
* A diode Mixer (Intermediate frequency mixer).

The principle of this method is shown in Fig.1:

Source HF

(Frequency

Generator)

Unknown Intermediate Standard
Frequency Attenuator

Attenuator Mixer

Local
oscillator

Fig.1: Substitution intermediate frequency

Thus, we realized this manipe in the
metrology laboratory as shown in Figure 2

Mixer

| Standard Attenuator ke
30MHz

Local
oscillator

Fig. 2: Realization of the Substitution intermediate
frequency

According to Fig.1, when two signals el and
e2 are applied to a quadratic element (mixer),
the output signal is set to:

From Eq.1, for output of the crystal; the
following signals are:

-A continuous component proportional to a?+h?

-A frequency signal fO-f1 proportional to ab
(useful signal).

-Signals at frequencies f1+ f2, 2f1, 2f2. (**)
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These signals (**) are eliminated by the
provision of a low-pass filter incorporated in the
output of the crystal, there is only the DC
component and the useful signal.

The method of substitution intermediate
frequency has a span of about 60 a80dB
according to the characteristics of the equipment
used.

As part of validation of calibration methods,
substitution method requires, firstly, annual
calibration expensive and generates instrumentation
and drift problems. In practice, as soon as the
measurement frequency exceeds about 1GHz,
oscillator stability is not sufficient for this difference
is maintained 30MHz function of time. The
attenuation values are unstable. On the other hand,
the heterodyne receivers used in the tester saw
output arrested. So all these reasons lead us to
design other calibration methods according to the
ISO / IEC 17025 part 5.6 measurement traceability
page 18 [10].

3 FIXED ATTENUATION
VARYING POWER

The power variation method is based on a physical
model to generate a standard computable; it can be
adopted as a reference method in the range of 0 to 20
dB [3].

3.1. Principle

The RF power is typically measured by
converting continuous form (DC) as a voltage,
current or resistance change. The idea is to measure
the power dissipated in a power meter before and
after insertion of the attenuator calibration.

We measure the power loss in a meter before and
after insertion of the attenuator to be calibrated,
Denoting by Pjand P, respectively the powers that
be dissipated in a matched load before and after
insertion of the attenuator, then the introduced
attenuation A is expressed by Eq.4:

The value of attenuation is obtained by power
ratio:

BY

P1
Agg =10lo —.
dB 10 P2

3.2 Diagram measurement
The corresponding measurement setup is shown by
Fig.2:
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Fig.3 Measurement by DC power variation for fixed
attenuator

**P.: incident power; P;: lateral power; P: power
of the source.

plzg(Without attenuator) and PZ:E'—Z(With
il i2

attenuator)
In terms of the absence of mismatches:

P

10 log( %) +10log L

12

J= A Q) (4)

il
With

Vs =V 4R K, =P, () (5)

V,=RF voltage of the mount with power HF (without
attenuator).

V3= RF voltage of the mount without power HF
(without attenuator).

R1= Resistance of balance of the mount (without
attenuator).

K1= calibration factor of the mount (without
attenuator).

2V1comp ((AV]-_ AV 01) - AV:LZ + AVOZ:L) /(4R2 Kz) = Pi2 (6)

The Voltage Vi (1)and Veomp (2)are shown in the
power meter as shown in Figure 5:

e e

Vrf

Vcomp

Fig.4 Power meter 432A
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Then Vge Input. Connected directly to RF bridge
and  Vcomp Input. Connected directly to
compensation bridge. Also used for precision power
measurements.

The power P;, is measured when we insert the
attenuator.

Vicomp= COmpensation voltage of the mount (with
attenuator).

AV,= voltage (Vcomp-Vre) Of the mount with
power HF.

AVg= voltage (Vcomp-Vre) Of the mount without
power HF.

R, = Resistance of balance of the mount (with
attenuator).

K,= calibration factor of the mount (with
attenuator).

The realization of the method adopted is as
shown in Figure 5:

it /
Fig.5. Realization of the power variation
According to the figure5, to determine the power
substituted DC measurement two cycles are needed:
a first cycle done without power HF (High
Frequency) followed by a second with HF power.
The Wheatstone bridge is used to hold the
thermistor bolometer bridges the same value from
one cycle to another.
After determining the powers without HF and
HF, one makes the ratio of powers in order to
identify the desired attenuation.

4. MEASUREMENT RESULT

The measurement is the set of operations designed
to determine the attenuation value specified
experimental conditions.

In the laboratory, we made a series of
measurement for fixed attenuators 10 and 20dB,
every time we simulate the reflection factor of the
attenuator by exploiting the vector network analyzer
and each time the corresponding curves are traced
by comparing with all the usual method FI.
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Fig.7: Attenuator 20dB
The figures (fig.6 and fig.7) show that the
maximum deviation between the values
measured by VP (power variation) and the
values obtained by the IF method does not
exceed 0.05. It is found that the results are
acceptable compared the IF method.

To determine the uncertainty of such an
attenuator, we must to determine the reflection
factor using the software network analyzer:
IntU|I|nkVNA

Spen Freausncy (Hel

7000000000

- IIYEN A e

N h" I iooooooooa

Times!

Fig. 8: Simulation of the return Loss(RL)for
attenuator 10 dB by sweeping of frequency of 1GHz
until 10GHz

Where

E-ISSN: 2224-266X

Nadia Fezai, Abdessattar Ben Amor

—20log(|r|)=RL,, (6)

The Fig.8 shows that the values of the reflection
factor will be important from 7 GHz which affect
the measurement attenuation.

Therefore, it is essential at all calibration and
whatever the method used to minimize the reflection
factors and the mismatch by the uses of masking
attenuators (usually 2 attenuators 10dB are used).

4.1 Estimation of measurement uncertainty

The uncertainty budget is the process leading
to estimate the measurement uncertainty [10]
[7].

This process takes into account the full
analysis of the measurement process: obviously
measured quantities, taking into account factors
of influence and corrections to the result
announcement. [9]

4.2 Analysis of components of uncertainty

In the absence of mismatch terms, the

expression of the attenuation is:

Ny (AV, = AV, )~ AV +AV2 (4R, K, ) P

H 1comp 1 01) 1 01]( 2" ‘ |1

! (\/42 _VSZ )/(4R1K1) ‘
()

apport (7)

w{sv \

The term (P1/Py;) is very near to unity (lateral
power), it determines the power side, and the only
term uncertainty is to consider the fluctuation of the
voltmeter is statistically estimated uncertainty (type
A).

The first term corresponds to incident powers;
Applying the partial derivatives :

%+A(R1/ R2) A(KL/K2)  AR,/P,
A (RI/R2)  (KI/K2)  P,IP,
717 (2) ®3)

©)

Where
A([2\/1comp AVl - AV01 ) - AV12 + Avozl) / (\/42 _V32 )]
|.2Vlcomp AVl - A\/01) - AVl2 + A\/021J/ (\/42 _V32 )
:% ©)

(1) Represents the uncertainty on the
measurement reports of tensions.

(2) Determines the change of equilibrium of the
bridge resistance as a function of the RF power.
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(3) Represents the uncertainty due to the linearity
of the calibration factor of the frame according to the
RF power

And considering all the uncertainty due to the
influence of mismatch for the case of a fixed
attenuator, the expression of the standard deviation
is:

[2 A+1/ A))? +2(0; + T2 =0 (10)

Besides, measurement is repeated to generate
uncertainty due to stability, repeatability and
reproducibility (all by changing the operator).

The final result to estimate the measurement
uncertainty:

JAZ + AZ + A2 +BL? +BL2 +BL% + BL2 =U_ (11)
With:

of measurement
component  of

Ai: Type A evaluation
Uncertainty(evaluation of a
measurement uncertainty

by a statistical analysis of measured quantity
values obtained wunder defined measurement
conditions[5])

BLi: Type B evaluation of measurement
Uncertainty(evaluation of a component of
measurement uncertainty determined by means
other than aType A evaluation of measurement
uncertainty[5]).

In fact, we found the absolute uncertainty for
fixed coaxial attenuators as illustrated in this table:

Table 1: MAGNITUDE UNCERTAINTIES

Magnitude uncertainties

Frequency
GHz
(e Range(dB) u/:gjftgﬁiy Method
0.017+0.36ar, Measured by
varying the
00lto10 | 0:3:6:10and20 power
0.025+0.410ry | Measured by
the IF
method

Tablel shows that the adopted method was
improved measurement uncertainty compared to the
conventional method for fixed attenuators.

We see an improvement in the uncertainty

calculation method since this power variation is
extremely simple to implement and it returns to the
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original definition of attenuation and its relations to
power.

Thus, we can consider this method a means of
verification  and intercomparison between
laboratories.

4.3 Validation of results

The validation of this method is defined as
"Validation is the confirmation by examination and
the provision of objective evidence that the
particular requirements for a specific intended use
are fulfilled." 1ISO / IEC 17025 [6].

ISO/IEC 17025 requires validation method when
the laboratory uses a non-standard or outside the
scope of the standard.

We must therefore show that the method
implemented by the laboratory is suitable for
intended use.

The performance of a method can be expressed
using features such as selectivity, linearity,
repeatability, robustness.

To interpret the results, a standard deviation was
calculated following the methodology described in
paragraph A 2.1.4.e 1ISO / IEC 43-1 [6] guide [9] to
achieve the selectivity of the adopted method:

X—X

n i 2 2
UIab +Ulref

Where is the U,,, expanded set associated with
the value of the participantX and u,.gis the

expanded uncertainty associated with the X
accepted reference value of the reference laboratory

(71191
Applied to the present case for the 3 dB
attenuator at 10MHz, this formula becomes:

En _ A\/P B AFI (13)

VU +UZ
Where

Ap : Attenuation by power variation.
A, : Attenuation by the IF method.
of the

E (12)

U, Uncertainty variation
method.

U, : Uncertainty of the FI method.

power
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Fig.9. Statistical test for attenuator 20dB
According to the LAB-GTA, E, <1 value

provides objective evidence that the uncertainty
estimate is consistent with the definition of the
expanded uncertainty given in the GUM [7] [9].

This performance statistics allows us to conclude
that the results obtained by power variation can be
validated against the conventional method.

5. VARIABLE ATTENUATION BY
VARYING POWER

In the case of a variable attenuator, one is interested
in the variation of attenuation between a reference
point (generally 0 dB) and a point corresponding to
a read on a scale (the case of continuously variable
attenuator) or position of a switch (if the attenuator
is variable ).

5.1. Principle

We carried the same test setup (Figure 1) and
replaced the fixed attenuator with a variable
attenuator (plot). The same steps of steps are
followed to obtain the substituted powers in
order to achieve the desired attenuation.

5.2. Presentation of results

We have achieved the manipe by using a
variable attenuator (8495b) at different
frequencies (10 MHz, 100 MHz and 1GHz
7GHz):

u

L}
W
LT N

L]
=l W m w\m W wn

A(dB)

w

[
WO W W

i
wm

FREQGHz)

Fig.10. Variable attenuator by two methods
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From Figure 10, the maximum difference
between the values found by VP and the
measures already made by FI does not exceed
0.05. So the results are already found tolerable
compared the IF method.

5.3 Validation of the results

It is often necessary to transform the results
measured performance statistics to facilitate
interpretation and to allow comparison with
known methods (paragraph B.3.1.1 of the
European standard EN ISO / CEI 17043).

One among the performance statistics is used
zZ scores (zeta).

The z-scores are calculated using the
equationl

— X

Z aa)

When
o : Standard deviation for aptitude evaluation
(participant) [6].

x . Attenuation by power variation.
X . Attenuation by the IF method.

Z
1,5
1,0
F i
0,0 : — -
0,1 3 7
frequency(GHz)

mZz

Fig.11.Statistical test for attenuator 20dB
According to the 17043 standard, a value of
|z |<2provides objective evidence that the

"satisfactory" performance and generates no signal
[6].

This performance statistics allows us to conclude
that the results obtained by power variation can be
validated against the standard method FI.
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6 Conclusion

This article deals with the establishment of a chain
of metrological traceability for the attenuation
measurement using bolometric bridge. This method
adopted and increases confidence that the user can
give the results of Measures.

The simulation curves of factor of reflection and
calculating measurement uncertainty show a good
correspondence between the model and the
measurement and statistical treatment of this method
and especially the standard deviation and zeta
shown that the results are validated [5].

Although the results presented are limited to
20dBm since the bolometric mounts cover a very
wide dynamic power: -30dBm to + 20dBm, and the
preparation time is far longer. We can consider this
method a means of verification and intercomparison
between laboratories.

The prospect of this article focuses on several
points. The first point is to eliminate the fluctuations
of the source and the influence of the mismatch of
the generator by using a suitable directional coupler.

The second point is used to eliminate losses in
the bolometric mounts using a recently introduced
in some commercially available power meters
configuration.

The improvement of the uncertainty of the
adopted method will use this method as a method
for cross calibration of fixed attenuators, variable all
by ensuring traceability to SI units[17][15] (Fig.12)

Primary standard attenuation NE (France)

Power variation m@ - M Standard (VII3)
|
Working Standard (intermediate frequency
FI)(VAIT)
Fised aftenuator Variablegffenuator | | customer

Fig.12. Metrological Traceability Chain of the
parameter “attenuation”
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