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Example: Set up of power measurment

STD Power Power Meter
Signal Prr Sensor
Genarator 4’_
DUT
Po




Steps for uncertainty evaluation

1. Model function:

STD Power Power Meter

Sensor
D
CF P,

Signal Generator
DUT




Steps for uncertainty evaluation

2. Determine the uncertainty components and their
uncertainties :
« Partial uncertainty calculation of the components
» Calculation of the sensitivity coefficients(c;) of
components
» Calculation of the partial variance of components

3. Evaluation of the combined uncertainty

uc<y>=Ji(§ij2-u2<xi>

i=1

4. Evaluation of the expanded uncertainty

U, =k-u/(y)



Example: Power measurment and its

uncertainty evaluation

STD Power
Power meter

PRF? Sensor
O
CF
B P,=0.9558 mW

Signal




Uncertainty Budget

P £, +0Pm _ acc +oPm _ rfpow
=

Model Function: CFur L

Sensivity Partial
Uncertainty Components Partial Uncertainty Coefficients Variance
Estimate Multiplie]
Description Symbol value Unit || Symbol Value Unit _|Prob. Disrt. r Symbol | Value Unit Value Unit
[power reading ) ) ) 7,6916E- 2
Lwith power meter Type A Po 9,56E-04 w Upo 8,80E-08 W |Normal 1 Cpo 0,9966 15 A%
Uncertainty of
calibration factor Normal, 2,7274E- 2
of standard power TypeB | CFsm 1,0034 ) Ucrsto | 1,10E-02 T k=2 0,5 cerstp | -0,0009 | W 11 A%
|sensor
Empedance 2
ismatch Type B Ms 1,0000 - Uwms 1,22E-06 - U-Type 0,7 cvs | 0,00095 w 6,76E-19| W
[Uncertainty due to| Pm rfoo Normal
the rf power of TypeB ;N p 0 4,78E-06 w k=2 ’ 0,5 Cpm_rfpow | 1,0E+00 - 5,68E-12 w?
ower meter -
[Uncertainty due to|
the power meter | TypeB | Pm_acc 0 - Upm 2,39E-06 Y Rectangular| 0,6 Cpmacc |1,0E+00 - 1,89E-12 w?
accuracy
Total Variance upri” = | 3,49E-11| W?
Measured value Prr 0'000;9 22ie w Standard Uncertainty uprr = | 5,90E-06 W
alues given at the . _
ertificate Prr 9,528E-01 + 0,0118 mW Expanded Uncertainty Uprr = |1,18E-05 w
(k=2, Confidence Level:
95%)
Relative uncertainty
STD Power
Power meter
? Sensor

P9=0.9558 m\W



Uncertainty Budget

P £, +0Pm _ acc +oPm _ rfpow
=

Model Function: CFur L

Sensivity Partial
Uncertainty Components Partial Uncertainty Coefficients Variance
Estimate Multiplie]
Description Symbol value Unit || Symbol Value Unit _|Prob. Disrt. r Symbol | Value Unit Value Unit

[power reading ) ) ) 7,6916E- 2
Lith power meter Type A Po 9,56E-04 w Upo 8,80E-08 W  |[Normal 1 Cpo 0,9966 15 w
[Uncertainty of
calibration factor Normal, 2,72 ME- 2
of standard power TypeB || CFsm 1,0034 - UCFSTD ,10E-02 - k=2 0,5 ccrstp 9-0,0009 w w
|sensor
Empedance 2
mismatch TypeB Ms 1,0000 - Uwms 1,22E-06 - U-Type 0,7 cvs §10,00095 W 6,78E-19| W
[Uncertainty due to Pm rfoo Normal
the rf power of TypeB w_/v P 0 4,78E-06 w k=2 ! 0,5 Cpm rf 1,0E+00 - 5,68E-12 w2

ower meter g
[Uncertainty due to
the power meter | TypeB |[ Pm_acc 0 - u 2,39E-06 W |Rectangular| 0,6 cpiicc |1,0E+00 - 1,MPE-12 w2
accuracy

Totalariance Upgp” = 9E-11| W?

IMeasured value Pre 0’0003 & w Combing¥l Uncertainty UpRF = 0E-06 w

alues given at the . _

ertificate Prr 9,528E-01 + ,0118 mW Expan Uncertainty Uprr = 18E-05 w

(k=2, fidence Level:
95%)
ve uncertainty Upreres = 12,39 | mW/W

Power
meter

P;=0.9558 m\W




Belirsizlik Butcesi - ornek

P £, +0Pm _ acc +oPm _ rfpow
=

Model Function: CFur L

Sensivity Partial
Uncertainty Components Partial Uncertainty Coefficients Variance
Estimate Multiplie]
Description Symbol value Unit || Symbol Value Unit _|Prob. Disrt. r Symbol | Value Unit Value Unit
[power reading ) ) ) 7,6916E- 2
Lith power meter Type A Po 9,56E-04 w Upo 8,80E-08 W  |[Normal 1 Cpo 0,9966 15 w
[Uncertainty of
calibration factor Normal, 2,7274E- 2
of standard power TypeB || CFsmo 1,0034 - ucrsto | 1,10E-02 T k=2 0,5 cerstp | -0,0009 | W 11 \W%
|sensor
Empedance 2
ismatch Type B Ms 1,0000 - Ums 2E-06 - U-Type 0,7 Cms 0095 w 6M6E-19| W
[Uncertainty due to Pm rfoo Norma
the rf power of TypeB w_/v P 0 4,78E-06 w k=2 0,5 CPm_rfpo ,0E+00 - SBSE-12 w2
ower meter g
[Uncertainty due to
the power meter | TypeB |[ Pm_acc 0 - up 2,39E-06 W |Reci¥ngular| 0,6 CPm .. 1,0E+00 - 9E-12 w2
accuracy
Total Viriance upri” = | W49E-11| W?
IMeasured value Prr 0’0003 2 w CombinegiUncertainty UpRF = ,90E-06 w
alues given at the . _
ertificate Prr | 9,528E-01 * 0118 mW Expandgll Uncertainty Uprr = |M,18E-05 w
(k=2, Cgifidence Level:
95%)
Rel e uncertainty Uprrre =@ 12,39 | mW/W

Power
meter

P;=0.9558 mW




Uncertainty budget

Py +0Pm _ acc + oPm _ rfpow

Model Function: & = o Ms
STD
Sensivity Partial
Uncertainty Components Partial Uncertainty Coefficients Variance
Estimate Multiplie]
Description Symbol value Unit || Symbol Value Unit _|Prob. Disrt. r Symbol | Value Unit Value Unit
[power reading ) ) ) 7,6916E- 2
Lvith power meter Type A Po 9,56E-04 w Upo 8,80E-08 W  [Normal 1 Cpo 0,9966 15 w
[Uncertainty of
calibration factor Normal, 2,7274E- 2
of standard power TypeB || CFsmo 1,0034 - ucrsto | 1,10E-02 T k=2 0,5 cerstp | -0,0009 | W 11 \W%
|sensor
Empedance 2
mismatch TypeB | Ms 1,0000 - uws | 1,22E-06 - [U-Type 0,7 s |0,00095| W |6,76E-19| W
[Uncertainty due to Pm rfoo
the rf power of TypeB w_/v P 0 4,78E-06 w 0,5 CPm_rfpow 2 w2
ower meter
[Uncertainty due to
the power meter | Type B || Pm_acc 0 - 2,39E-06 w2
accuracy
WZ
IMeasured value Prr 0’0003 5276 w
alues given at the
ertificate Prr helan
UprFrel =

P;=0.9558 m\W



Uncertainty budget

P £, +0Pm _ acc +oPm _ rfpow
=

Model Function: CFur L

Sensivity Partial
Uncertainty Components Partial Uncertainty Coefficients Variance
Estimate Multiplie]
Description Symbol value Unit |[ Symbol Value Unit _[Prob. Disrt. r Symbol | Value Unit Value Unit
[power reading ) ) ) 7,6916E- 2
ith power meter Type A Po 9,56E-04 w Upo 8,80E-08 W  [Normal 1 Cpo 0,9966 15 w
Uncertainty of
calibration factor Normal, 2,7274E- 2
of standard power TypeB || CFsmo 1,0034 ) Ucrsto | 1,10E-02 T k=2 0,5 cerstp | -0,0009 | W 11 W
lsensor
Empedance 2
| nismatch Type B Ms 1,0000 Uws 1,22E-06 U-Type 0,7 cus  |0,00095| W 6,76E-19| W
[Uncertainty due Pm rfoo Normal
to the rf power of | TypeB w_/v P 0 78E-06 w k=2 ! 0,5 Cpm_rfpow | 1,0E+00 - 5,68E-12 w2
ower meter g
Uncertainty due
to the power Type B || Pm_acc 0 - Upm 2,39E-06 W Rectangular|@ 0,6 Cpm_acc E+00 - 1,99E-12 w?
meter accuracy
Total Varia upre® = |3,8PE-11| W?
Measured value Prr 0’00019 s2T w Combined Uncgltainty uprr = | 5MOE-06 w
Values given at the . _
ertificate Prr 9,528E-01 + om18 mW Expanded Un: ainty Upgrr = 8E-05 w
(k=2, Confidey®¥e Level:
95%
Relative un@ertainty UpRFrel = 2,39 | mW/W

Power
meter

P;=0.9558 m\W




Uncertainty budget

P £, +0Pm _ acc +oPm _ rfpow
=

Model Function: CFur L

Sensivity Partial
Uncertainty Components Partial Uncertainty Coefficients Variance
Estimate Multiplie]
Description Symbol value Unit |[ Symbol Value Unit _[Prob. Disrt. r Symbol | Value Unit Value Unit
[power reading ) ) ) 7,6916E- 2
Lwith power meter Type A Po 9,56E-04 w Upo 8,80E-08 W  |Normal 1 Cpo 0,9966 15 w
Uncertainty of
calibration factor Normal, 2,7274E- 2
of standard power Type B CFSTD 1,0034 - UCFSTD 1,10E-02 - k=2 0,5 CCFSTD -0,0009 w 11 %
lsensor
Empedance 2
| nismatch Type B Ms 1,0000 Ums 1,22E-06 U-Type 0,7 cus  |0,00095| W 6,76E-19| W
[Uncertainty due Pm rfoo Normal
to the rf power of | TypeB w_/v P 0 4,78E-06 w k=2 ! 0,5 Cpm_rfpow | 1,0E+00 - 5,68E-12 w2
ower meter g
Uncertainty due
to the power Type B || Pm_acc 0 - Upm 2,39E-06 W Rectangular| 0,6 Cpm.acc |1,0E+00 - 1,89E-12 w?
meter accuracy
Total Varian 11| W2
Measured value Prr 0’00019 s2T Combined Unce w
[Values given at the p
ertificate R
Relative ung®rtainty UpRFrel =

P;=0.9558 m\W



Uncertainty budget

Py +0Pm _ acc + oPm _ rfpow

Model Function:  Pg = -Ms
CE
Sensivity Partial
Uncertainty Components Partial Uncertainty Coefficients Variance
Estimate Multiplie]
Description Symbol value Unit |[ Symbol Value Unit _[Prob. Disrt. r Symbol | Value Unit Value Unit
[power reading ) ) ) 7,6916E- 2
ith power meter Type A Po 9,56E-04 w Upo 8,80E-08 W  [Normal 1 Cpo 0,9966 15 w
Uncertainty of
calibration factor Normal, 2,7274E- 2
of standard power TypeB || CFsmo 1,0034 ) Ucrsto | 1,10E-02 T k=2 0,5 cerstp | -0,0009 | W 11 W
lsensor
Empedance 2
[ nismatch Type B Ms 1,0000 Uws 1,22E-06 U-Type 0,7 cus  |0,00095| W 6,76E-19| W
[Uncertainty due Pm rfoo Normal
to the rf power of | TypeB w_/v P 0 4,78E-06 w k=2 ! 0,5 Cpm_rfpow | 1,0E+00 - 5,68E-12 w2
ower meter g
Uncertainty due
to the power Type B || Pm_acc 0 - Upm 2,39E-06 W Rectangular| 0,6 Cpm_acc |1,0E+00 - 1,89E-12 w?
meter accuracy
Total Variance upre® = |3,49E-11| W?
Measured value Prr 0’00019 s2T w Combined Uncertainty 5,90E-06 w
[Values given at the Pre |9528E-01| + |o00118| mw Expanded Uncertainty 1,18E-05
ertificate
(k=2, Confidence Level:
95%)
Relative uncertainty




Uncertainty budget

Py +0Pm _ acc + oPm _ rfpow

Model Function: A, = -Ms
CF, STD
Sensivity Partial
Uncertainty Components Partial Uncertainty Coefficients Variance
Estimate Multiplie]
Description Symbol value Unit |[ Symbol Value Unit _[Prob. Disrt. r Symbol | Value Unit Value Unit
[power reading ) ) ) 7,6916E- 2
ith power meter Type A Po 9,56E-04 w Upo 8,80E-08 W  [Normal 1 Cpo 0,9966 15 w
Uncertainty of
calibration factor Normal, 2,7274E- 2
of standard power TypeB || CFsmo 1,0034 ) Ucrsto | 1,10E-02 T k=2 0,5 cerstp | -0,0009 | W 11 W
lsensor
Empedance 2
| nismatch Type B Ms 1,0000 Uws 1,22E-06 U-Type 0,7 cus  |0,00095| W 6,76E-19| W
[Uncertainty due Pm rfoo Normal
to the rf power of | TypeB w_/v P 0 4,78E-06 w k=2 ! 0,5 Cpm_rfpow | 1,0E+00 - 5,68E-12 w2
ower meter g
Uncertainty due
to the power Type B || Pm_acc 0 - Upm 2,39E-06 W Rectangular| 0,6 Cpm_acc |1,0E+00 - 1,89E-12 w?
meter accuracy
Total Variance upre® = |3,49E-11| W?
Measured value Prr 0’00019 s2T w Combined Uncertainty uprr = | 5,90E-06 w
[Values given at the Pre |9528E-01| + |o00118| mw Expanded Uncertai 1,18E-05
ertificate
UprFrel =




Uncertainty budget

Py +0Pm _ acc + oPm _ rfpow

Model Function: A, = -Ms
CF, STD
Sensivity Partial
Uncertainty Components Partial Uncertainty Coefficients Variance
Estimate Multiplie]
Description Symbol value Unit |[ Symbol Value Unit _[Prob. Disrt. r Symbol | Value Unit Value Unit
[power reading ) ) ) 7,6916E- 2
ith power meter Type A Po 9,56E-04 w Upo 8,80E-08 W  [Normal 1 Cpo 0,9966 15 w
Uncertainty of
calibration factor Normal, 2,7274E- 2
of standard power TypeB || CFsmo 1,0034 ) Ucrsto | 1,10E-02 T k=2 0,5 cerstp | -0,0009 | W 11 W
lsensor
Empedance 2
| nismatch Type B Ms 1,0000 Uws 1,22E-06 U-Type 0,7 cus  |0,00095| W 6,76E-19| W
[Uncertainty due Pm rfoo Normal
to the rf power of | TypeB w_/v P 0 4,78E-06 w k=2 ! 0,5 Cpm_rfpow | 1,0E+00 - 5,68E-12 w2
ower meter g
Uncertainty due
to the power Type B || Pm_acc 0 - Upm 2,39E-06 W Rectangular| 0,6 Cpm_acc |1,0E+00 - 1,89E-12 w?
meter accuracy
Total Variance upre® = |3,49E-11| W?
Measured value Prr 0’00019 s2T w Combined Uncertainty uprr = | 5,90E-06 w
Values given at the _
ertificate Prr | 9,528E-01 + 0,0118 mW Uprr = |1,18E-05 \"%
UprFrel =




Uncertainty budget

Py +0Pm _ acc +oPm _ rfpow

Model Function: Pgr = -Ms
e
Sensivity Partial
Uncertainty Components Partial Uncertainty Coefficients Variance
Estimate Multiplie]
Description Symbol value Unit |[ Symbol Value Unit _[Prob. Disrt. r Symbol | Value Unit Value Unit
[power reading ) ) ) 7,6916E- 2
ith power meter Type A Po 9,56E-04 w Upo 8,80E-08 W  [Normal 1 Cpo 0,9966 15 w
Uncertainty of
calibration factor Normal, 2,7274E- 2
of standard power TypeB || CFsm 1,0034 ) Ucrsto | 1,10E-02 T k=2 0,5 cerstp | -0,0009 | W 11 W
lsensor
Empedance 2
| nismatch Type B Ms 1,0000 Uws 1,22E-06 U-Type 0,7 cus  |0,00095| W 6,76E-19| W
[Uncertainty due Pm rfoo Normal
to the rf power of | TypeB w_/v P 0 4,78E-06 w k=2 ! 0,5 Cpm_rfpow | 1,0E+00 - 5,68E-12 w2
ower meter g
Uncertainty due
to the power Type B || Pm_acc 0 - Upm 2,39E-06 W Rectangular| 0,6 Cpm.acc |1,0E+00 - 1,89E-12 w?
meter accuracy
Total Variance upre® = |3,49E-11| W?
Measured value Prr 0’00019 s2T w Combined Uncertainty uprr = | 5,90E-06 w
Values given at the . _
ertificate Prr 9,528E-01 + 0,0118 mW Expanded Uncertainty Upgrr = |1,18E-05 w
(k=2, Confidence Level:
95%)
Relative uncertainty UprFrel =




P(dBm)=10 - log— & Power defined in logaritmic
1mW

UP,, )=2- \/@'Eam T (¥ Power uncertainty in logaritmic

_ P _ 10 Sensivity coefficient of power

i OPs:  Pee -In(10)




