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Relative measurement

This application note explains the signification of the term “relative” when insertion loss (IL)
and return loss (RL) are said to be relative measurements. In the context of optical testing, a
measurement is said to be relative when the result obtained does not depend on the absolute
power accuracy of the optical detectors used.

Optical detectors typically have a total power uncertainty of +5 % (0.2 dB). Since IL and RL
measurements require two optical detectors—one for power monitoring and one to measure
the transmitted or reflected power—the total measurement uncertainty has to take into
account the uncertainty of both detectors, resulting in an even larger uncertainty.

Relative measurements rely on the fact that when a proper referencing procedure is
followed, the power uncertainty of the detectors can be compensated, greatly improving
the measurement uncertainty. The application note describes further below how this
compensation can be achieved in the case of IL and RL measurements.

Definitions

IL and RL of a device under test (DUT) are defined as follows:

P incident P transmitted

IL (ay = Pincident (@Bm) — Ptransmitted (@Bm) = Sh -
RL (ap) = Pincident (asm) = Prefiected (asm) tm
P reflected

Under this definition, IL and RL are positive numbers. With this sign convention, the pass-
band region of a band-pass filter appears at the bottom of an IL (\) graph, which may cause
some confusion with a band-stop filter.

To remove this potential source of ambiguity, the CTP10 displays transfer function (TF) and
backreflection (BR) results as negative values. The terms TF and BR are defined as follows:

TF(dg) =-=IL (dB)

BR (apy = —RL (4p)

Insertion loss (IL) Transfer function (TF)

s

O ..... .

Band-pass filter

Band-pass filter
0 > A\ - A
Figure 1. Schematic plot of the same passband filter using two different representations: (left)

IL with a positive sign convention; (right) TF with negative results. The CTP10 uses the
TF convention shown on the right.
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application note

Although not explicitly written, transfer function and backreflection are wavelength-dependent
in the case of swept measurement.

Please note that the nomenclature below is followed in this application note:
- The terms denoted IL, RL, TF, BR and Shift are expressed in optical decibels (dB)
- The terms denoted P are expressed in dBm

- Superscripts and subscripts represent the detector and the measurement respectively

For instance:

- P,ZfM represents the power measured on the optical detector after the DUT (OPM) during

the reference measurement without DUT

monitoring

- P,  presentsthe power measured on the monitoring detector during the
measurement with DUT

- PbRk:,ef represents the power measured on the RL detector within the IL RL OPM2 module

during the background noise reference measurement

Insertion loss

Terminology:

- TF Reference measurement without DUT

ef

- TF ... TF measurement with DUT

ea.

- TF,,, TF ofthe DUT

buT

Reference without DUT

OPMx (x=2,4,6)

Single mode fiber

OPM monitoring

TFref = Pref ~ Fref

Measurement with DUT

o
z ¢
o & OPMx (x =2, 4, 6)
z -
< o

T200S/T 5003/

oo

1550.000- . @
N 4 —
- —-====== A&
\_—— ~
_ PM monitorin,
TFmeas = cheas 1 Pmeas .

© 2023 EXFO Inc. All rights reserved. 3



application note

IL DUT

The IL of the DUT can be calculated as follows:
TFpyr = TFmeas — TFrer

_ OPM monitoring orPM monitoring
TFDUT—[PmeaS_Pmeas ]_[ ref _Pref

— OPM OPM monitoring monitoring
TFDUT—[Pmeas—Pref '_[Pmeas _Pref

IL pyr = =TFpyr

The expression of TF, _was rewritten to show that the power terms noted P can be grouped
together by detector. What makes a measurement relative is the fact that the final result IL | .
solely depends on the difference between two power values acquired on the same detector.
Any offset in the power value returned by any of the detectors will impact all measurements

identically and will therefore be cancelled out.

Return loss

Terminology:

- BR,, . Background noise reference measurement with a patchord winded around a mandrel.

- BR Loss reference measurement with a component of known RL

loss ref

- BR BR measurement with DUT

meas

- BR,,,  Backreflection of the DUT

Background noise reference

OPMx (x =2, 4,6)
J

Single mode fiber

— pRL monitoring
BR prgrer = Phkgrer — Porgrer

Loss reference

CTP10

T200S/T. 5005/

1550.000- . @
S=—=)i8

» === &
~— -
Single mode fiber

— pRL __ pmonitoring
BR lossref — Plossref Plossref

we

Shift = BR gpsotute reference BR 1055 ref

= RL __ pmonitoring
Shift = BR gpsotute reference — [P lossref 2 lossref ]
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Measurement with DUT

T200S/T 5005/

oo

1550000~ @
Ne——m4
v =====0 ) l
S ~ Single mode fier I Mandeal
BR neas = Prizas — P mgg;toring
RL DUT
BRmeas BRpkgref

BR pyr = 10.log19 |10 20 —10 10 + Shift

The detailed calculation to rewrite this expression is shown in Appendix 1, the final result
is given below:

A B
BR pyr = BR apsotute reference + 10.10810 [1010 = 1010]

With A and B defined as follows:

— RL RL monitoring monitoring
A = (Pmeas — Plossref)+(Plgssref — Prneas )

- RL RL monitoring monitoring
B = (Pbkgref - Plossref) iy (Plossref - Pbkg ref )

RL pyr = —BR pyr

Although this expression is more complex than the one obtained in the case of IL, we can
see that the power terms can still be grouped in a way that confirms that RL . is indeed
relative when the reference measurements are performed beforehand.

The table below summarizes the cases where RL ; is relative depending on whether the
background noise reference and loss reference are performed or not. It can be shown that the
loss reference measurement using a component of known RL is what makes RL ; relative.

Background noise reference Loss reference RL,; relative?

No ‘ No ‘ No
Yes ‘ No ‘ No
No ‘ Yes ‘ Yes
Yes ‘ Yes ‘ Yes

© 2023 EXFO Inc. All rights reserved. 5
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Conclusion

This application note described what makes a measurement relative and the formalism that
can be used to check whether a measurement is relative or not. Insertion loss and return loss
measurement are relative measurements if the proper referencing procedure is followed:

- Insertion loss
1. Reference measurement without DUT
2. Measurement with DUT
- Return loss
1. Background noise reference measurement with mandrel wrap

2. Loss reference measurement using a component of known return loss

3. Measurement with DUT

In the case of return loss, the background noise reference does not contribute to make the
result relative but rather allows to increase the dynamic range of the measurement.

© 2023 EXFO Inc. All rights reserved.
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Appendix

The following calculation details how BR,,;, the backreflection of the DUT, can be rewritten
in a way that shows that it is relative when both reference measurements are performed
beforehand. The background noise is assumed to be sufficiently low so that its influence on
the loss reference measurement can be neglected.

Learn more

CTP10 - Passive optical
component testing platform

Terminology:

- BR,,, ., Background noise reference measurement with mandrel wrap.
B BRlossref

BR BR measurement with DUT.

meas

BR Backreflection of the DUT.

but

Loss reference measurement with a component of known RL.

BRmeas BR bkg ref

BRyyr = 10.10gy, [10 o —10 10 ]+Shift

itori L _monitoring
meas Y PRkgresr—Phigrer

PRleas—r
BRpyr = 10.logyo [10 10 —10 )

s Pmonimring
!

- RL
+ BR apsotute reference [ Piossrer ossref

monitoring pmenitoring _

RL L
monitoring Phigres=Pbkg rof ] 0 Tosrer 0= PHloerer

10 —10 10 10

BRpyt ~ BR gbsolutereference PREeas—P
10 10 =110

RL __ oRL monitoring _,monitoring RL RL monitoring _,monitoring
BRpyT ~ BR absolute reference Plibeas= PlGss rertPlossrey - ~Fmeas Pokgres~ Plossres*Piossrer " bkgres
10 10 =10 10 - 10

A B-
BR pyr = BR gpsotute reference + 10.10819 [10“’ = 10“‘]

With A and B defined as follow:

- RL RL monitoring monitoring
A—(Pmeas_ Ptoss-ref)"'(P!gssref _Pmeas )

= RL RL monitoring monitoring
B = (Pbkgref = Plassref) ot (Plossref = Pbkg ref )

EXFO serves over 2000 customers in more than 100 countries.
To find your local office contact details, please go to www.EXFO.com/contact.
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