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Appendix A 

Measurement Uncertainty Budget 
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Notes for uncertainty budget Tables:  

a) Column headings a-k are given for reference. 

b) Tol. - tolerance in influence quantity. 
c) Prob. Dist. – Probability distribution 

d) N, R - normal, rectangular probability distributions 

e) Div. - divisor used to translate tolerance into normally distributed standard uncertainty 
f) ci - sensitivity coefficient that should be applied to convert the variability of the uncertainty component 

into a variability of SAR. 

g) ui – SAR uncertainty 
h) vi - degrees of freedom for standard uncertainty and effective degrees of freedom for the expanded 

uncertainty 

  

Uncertainty Budget for System Validation (Dipole & Flat Phantom) for 150 MHz 

a b c d 

e = 

f(d,k) f g 

h = i = 

k 

 
  

c x f / e c x g / e  
  

Uncertainty Component 

IEEE 1528 

section 

Tol. Prob. 

Div. 

ci ci 1 g 10 g 

vi 

 
  

(± %) Dist. (1 g) (10 g) ui ui  
  

    (±%) (±%)  
  

Measurement System           
  

Probe Calibration E.2.1 6.7 N 1.00 1 1 6.7 6.7   
  

Axial Isotropy E.2.2 4.7 R 1.73 1 1 2.7 2.7   
  

Spherical Isotropy E.2.2 9.6 R 1.73 0 0 0.0 0.0   
  

Boundary Effect E.2.3 1.0 R 1.73 1 1 0.6 0.6   
  

Linearity E.2.4 4.7 R 1.73 1 1 2.7 2.7   
  

System Detection Limits E.2.5 1.0 R 1.73 1 1 0.6 0.6   
  

Readout Electronics E.2.6 0.3 N 1.00 1 1 0.3 0.3   
  

Response Time E.2.7 1.1 R 1.73 1 1 0.6 0.6   
  

Integration Time E.2.8 0.0 R 1.73 1 1 0.0 0.0   
  

RF Ambient Conditions - Noise E.6.1 3.0 R 1.73 1 1 1.7 1.7   
  

RF Ambient Conditions - 

Reflections E.6.1 0.0 R 1.73 1 1 0.0 0.0   
  

Probe Positioner Mechanical 

Tolerance E.6.2 0.4 R 1.73 1 1 0.2 0.2   
  

Probe Positioning w.r.t. 

Phantom E.6.3 1.4 R 1.73 1 1 0.8 0.8   
  

Max. SAR Evaluation (ext., 

int., avg.) E.5 3.4 R 1.73 1 1 2.0 2.0   
  

Dipole           
  

Dipole Axis to Liquid Distance 8, E.4.2 2.0 R 1.73 1 1 1.2 1.2   
  

Input Power and SAR Drift 

Measurement 8, 6.6.2 5.0 R 1.73 1 1 2.9 2.9   
  

Phantom and Tissue 

Parameters           
  

Phantom Uncertainty E.3.1 4.0 R 1.73 1 1 2.3 2.3   
  

Liquid Conductivity (target) E.3.2 5.0 R 1.73 0.64 0.43 1.8 1.2   
  

Liquid Conductivity 

(measurement) E.3.3 3.3 R 1.73 0.64 0.43 1.2 0.8   
  

Liquid Permittivity (target) E.3.2 5.0 R 1.73 0.6 0.49 1.7 1.4   
  

Liquid Permittivity 

(measurement) E.3.3 1.9 R 1.73 0.6 0.49 0.6 0.5   
  

Combined Standard 

Uncertainty   RSS    10 9 99999  
  

Expanded Uncertainty 

  k=2    19 18  

 
  

(95% CONFIDENCE LEVEL)  
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Uncertainty Budget for Device Under Test, for 150 MHz  

a b c d 
e = 

f(d,k) 
f g 

h = i = 

k 

 

c x f / 

e 

c x g 

/ e 
 

Uncertainty Component 
IEEE 1528 

section 

Tol. Prob 

Div. 

ci ci 1 g 10 g 

vi 

 

(± %) Dist (1 g) (10 g) ui ui  

    (±%) (±%)  

Measurement System           

Probe Calibration E.2.1 6.7 N 1.00 1 1 6.7 6.7   

Axial Isotropy E.2.2 4.7 R 1.73 0.707 0.707 1.9 1.9   

Hemispherical Isotropy E.2.2 9.6 R 1.73 0.707 0.707 3.9 3.9   

Boundary Effect E.2.3 1.0 R 1.73 1 1 0.6 0.6   

Linearity E.2.4 4.7 R 1.73 1 1 2.7 2.7   

System Detection Limits E.2.5 1.0 R 1.73 1 1 0.6 0.6   

Readout Electronics E.2.6 0.3 N 1.00 1 1 0.3 0.3   

Response Time E.2.7 1.1 R 1.73 1 1 0.6 0.6   

Integration Time E.2.8 1.1 R 1.73 1 1 0.6 0.6   

RF Ambient Conditions - Noise E.6.1 3.0 R 1.73 1 1 1.7 1.7   

RF Ambient Conditions - 

Reflections 
E.6.1 0.0 R 1.73 1 1 0.0 0.0   

Probe Positioner Mech. 

Tolerance 
E.6.2 0.4 R 1.73 1 1 0.2 0.2   

Probe Positioning w.r.t 

Phantom 
E.6.3 1.4 R 1.73 1 1 0.8 0.8   

Max. SAR Evaluation (ext., 

int., avg.) 
E.5 3.4 R 1.73 1 1 2.0 2.0   

Test sample Related           

Test Sample Positioning E.4.2 3.2 N 1.00 1 1 3.2 3.2 29  

Device Holder Uncertainty E.4.1 4.0 N 1.00 1 1 4.0 4.0 8  

SAR drift 6.6.2 5.0 R 1.73 1 1 2.9 2.9   

Phantom and Tissue 

Parameters 
          

Phantom Uncertainty E.3.1 4.0 R 1.73 1 1 2.3 2.3   

Liquid Conductivity (target) E.3.2 5.0 R 1.73 0.64 0.43 1.8 1.2   

Liquid Conductivity 

(measurement) 
E.3.3 3.3 N 1.00 0.64 0.43 2.1 1.4   

Liquid Permittivity (target) E.3.2 5.0 R 1.73 0.6 0.49 1.7 1.4   

Liquid Permittivity 

(measurement) 
E.3.3 1.9 N 1.00 0.6 0.49 1.1 0.9   

Combined Standard 

Uncertainty 
  RSS    12 11 482  

Expanded Uncertainty   k=2    23 23  
 

(95% CONFIDENCE LEVEL)  

           

 
Notes for uncertainty budget Tables:  

a) Column headings a-k are given for reference. 

b) Tol. - tolerance in influence quantity. 

c) Prob. Dist. – Probability distribution 

d) N, R - normal, rectangular probability distributions 

e) Div. - divisor used to translate tolerance into normally distributed standard uncertainty 

f) ci - sensitivity coefficient that should be applied to convert the variability of the uncertainty 

component into a variability of SAR. 

g) ui – SAR uncertainty 

h) vi - degrees of freedom for standard uncertainty and effective degrees of freedom for the 

expanded uncertainty 
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Uncertainty Budget for System Validation (dipole & flat phantom) for 800 MHz to 3 GHz 

a b c d 
e = 

f(d,k) 
f g 

h = i = 
k 

   

c x f / e c x g / e    

Uncertainty Component 

IEEE 

1528 

section 

Tol. Prob. 

Div. 

ci ci 1 g 10 g 

vi 

   

(± %) Dist. (1 g) (10 g) ui ui    

    (±%) (±%)    

Measurement System             

Probe Calibration E.2.1 6.0 N 1.00 1 1 6.0 6.0     

Axial Isotropy E.2.2 4.7 R 1.73 1 1 2.7 2.7     

Spherical Isotropy E.2.2 9.6 R 1.73 0 0 0.0 0.0     

Boundary Effect E.2.3 1.0 R 1.73 1 1 0.6 0.6     

Linearity E.2.4 4.7 R 1.73 1 1 2.7 2.7     

System Detection Limits E.2.5 1.0 R 1.73 1 1 0.6 0.6     

Readout Electronics E.2.6 0.3 N 1.00 1 1 0.3 0.3     

Response Time E.2.7 1.1 R 1.73 1 1 0.6 0.6     

Integration Time E.2.8 0.0 R 1.73 1 1 0.0 0.0     

RF Ambient Conditions - Noise E.6.1 3.0 R 1.73 1 1 1.7 1.7     

RF Ambient Conditions - 

Reflections 
E.6.1 0.0 R 1.73 1 1 0.0 0.0     

Probe Positioner Mechanical 

Tolerance 
E.6.2 0.4 R 1.73 1 1 0.2 0.2     

Probe Positioning w.r.t. Phantom E.6.3 1.4 R 1.73 1 1 0.8 0.8     

Max. SAR Evaluation (ext., int., 

avg.) 
E.5 3.4 R 1.73 1 1 2.0 2.0     

Dipole             

Dipole Axis to Liquid Distance 8, E.4.2 2.0 R 1.73 1 1 1.2 1.2     

Input Power and SAR Drift 

Measurement 
8, 6.6.2 5.0 R 1.73 1 1 2.9 2.9     

Phantom and Tissue Parameters             

Phantom Uncertainty E.3.1 4.0 R 1.73 1 1 2.3 2.3     

Liquid Conductivity (target) E.3.2 5.0 R 1.73 0.64 0.43 1.8 1.2     

Liquid Conductivity (measurement) E.3.3 3.3 R 1.73 0.64 0.43 1.2 0.8     

Liquid Permittivity (target) E.3.2 5.0 R 1.73 0.6 0.49 1.7 1.4     

Liquid Permittivity (measurement) E.3.3 1.9 R 1.73 0.6 0.49 0.6 0.5     

Combined Standard Uncertainty   RSS    9 9 99999    

Expanded Uncertainty   k=2    18 17  
   

(95% CONFIDENCE LEVEL)    

             

 
Notes for uncertainty budget Tables:  

a) Column headings a-k are given for reference. 

b) Tol. - tolerance in influence quantity. 

c) Prob. Dist. – Probability distribution 

d) N, R - normal, rectangular probability distributions 

e) Div. - divisor used to translate tolerance into normally distributed standard uncertainty 

f) ci - sensitivity coefficient that should be applied to convert the variability of the uncertainty 

component into a variability of SAR. 

g) ui – SAR uncertainty 

h) vi - degrees of freedom for standard uncertainty and effective degrees of freedom for the 

expanded uncertainty 
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Uncertainty Budget for Device Under Test, for 800 MHz to 3 GHz 

a b c d e = f(d,k) f g 
h = i = 

k 
 

c x f / e c x g / e  

Uncertainty Component 

IEEE 

1528 

section 

Tol. Prob 

Div. 

ci ci 1 g 10 g 

vi 

 

(± %) Dist (1 g) (10 g) ui ui  

    (±%) (±%)  

Measurement System           

Probe Calibration E.2.1 6.0 N 1.00 1 1 6.0 6.0   

Axial Isotropy E.2.2 4.7 R 1.73 0.707 0.707 1.9 1.9   

Hemispherical Isotropy E.2.2 9.6 R 1.73 0.707 0.707 3.9 3.9   

Boundary Effect E.2.3 1.0 R 1.73 1 1 0.6 0.6   

Linearity E.2.4 4.7 R 1.73 1 1 2.7 2.7   

System Detection Limits E.2.5 1.0 R 1.73 1 1 0.6 0.6   

Readout Electronics E.2.6 0.3 N 1.00 1 1 0.3 0.3   

Response Time E.2.7 1.1 R 1.73 1 1 0.6 0.6   

Integration Time E.2.8 1.1 R 1.73 1 1 0.6 0.6   

RF Ambient Conditions - Noise E.6.1 3.0 R 1.73 1 1 1.7 1.7   

RF Ambient Conditions - 

Reflections 
E.6.1 0.0 R 1.73 1 1 0.0 0.0   

Probe Positioner Mech. Tolerance E.6.2 0.4 R 1.73 1 1 0.2 0.2   

Probe Positioning w.r.t Phantom E.6.3 1.4 R 1.73 1 1 0.8 0.8   

Max. SAR Evaluation (ext., int., 

avg.) 
E.5 3.4 R 1.73 1 1 2.0 2.0   

Test sample Related           

Test Sample Positioning E.4.2 3.2 N 1.00 1 1 3.2 3.2 29  

Device Holder Uncertainty E.4.1 4.0 N 1.00 1 1 4.0 4.0 8  

SAR drift 6.6.2 5.0 R 1.73 1 1 2.9 2.9   

Phantom and Tissue 

Parameters 
          

Phantom Uncertainty E.3.1 4.0 R 1.73 1 1 2.3 2.3   

Liquid Conductivity (target) E.3.2 5.0 R 1.73 0.64 0.43 1.8 1.2   

Liquid Conductivity 

(measurement) 
E.3.3 3.3 N 1.00 0.64 0.43 2.1 1.4   

Liquid Permittivity (target) E.3.2 5.0 R 1.73 0.6 0.49 1.7 1.4   

Liquid Permittivity 

(measurement) 
E.3.3 1.9 N 1.00 0.6 0.49 1.1 0.9   

Combined Standard 

Uncertainty 
  RSS    11 11 419  

Expanded Uncertainty   k=2    22 22  
 

(95% CONFIDENCE LEVEL)  

           

Notes for uncertainty budget Tables:  
a) Column headings a-k are given for reference. 

b) Tol. - tolerance in influence quantity. 

c) Prob. Dist. – Probability distribution 
d) N, R - normal, rectangular probability distributions 

e) Div. - divisor used to translate tolerance into normally distributed standard uncertainty 

f) ci - sensitivity coefficient that should be applied to convert the variability of the uncertainty component 
into a variability of SAR. 

g) ui – SAR uncertainty 

h) vi - degrees of freedom for standard uncertainty and effective degrees of freedom for the expanded 
uncertainty 
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Notes for uncertainty budget Tables:  

a) Column headings a-k are given for reference. 

b) Tol. - tolerance in influence quantity. 

c) Prob. Dist. – Probability distribution 

d) N, R - normal, rectangular probability distributions 

e) Div. - divisor used to translate tolerance into normally distributed standard uncertainty 

f) ci - sensitivity coefficient that should be applied to convert the variability of the uncertainty 

component into a variability of SAR. 

g) ui – SAR uncertainty 

h) vi - degrees of freedom for standard uncertainty and effective degrees of freedom for the 

expanded uncertainty 

 

  

Uncertainty Budget for System Validation (dipole & flat phantom) for 3 to 6 GHz  

a b c d 
e = 

f(d,k) 
f g 

h = i = 

k 

   

c x f / e 
c x g / 

e 
   

Uncertainty Component 

IEEE 

1528 

section 

Tol. Prob. 

Div. 

ci ci 1 g 10 g 

vi 

   

(± %) Dist. (1 g) (10 g) ui ui    

    (±%) (±%)    

Measurement System             

Probe Calibration E.2.1 7.0 N 1.00 1 1 7.0 7.0     

Axial Isotropy E.2.2 4.7 R 1.73 1 1 2.7 2.7     

Spherical Isotropy E.2.2 9.6 R 1.73 0 0 0.0 0.0     

Boundary Effect E.2.3 2.0 R 1.73 1 1 1.2 1.2     

Linearity E.2.4 4.7 R 1.73 1 1 2.7 2.7     

System Detection Limits E.2.5 1.0 R 1.73 1 1 0.6 0.6     

Readout Electronics E.2.6 0.3 N 1.00 1 1 0.3 0.3     

Response Time E.2.7 1.1 R 1.73 1 1 0.6 0.6     

Integration Time E.2.8 0.0 R 1.73 1 1 0.0 0.0     

RF Ambient Conditions - Noise E.6.1 3.0 R 1.73 1 1 1.7 1.7     

RF Ambient Conditions - 

Reflections 
E.6.1 0.0 R 1.73 1 1 0.0 0.0     

Probe Positioner Mechanical 

Tolerance 
E.6.2 1.0 R 1.73 1 1 0.6 0.6     

Probe Positioning w.r.t. Phantom E.6.3 4.0 R 1.73 1 1 2.3 2.3     

Max. SAR Evaluation (ext., int., 

avg.) 
E.5 2.1 R 1.73 1 1 1.2 1.2     

Dipole             

Dipole Axis to Liquid Distance 
8, 

E.4.2 
2.0 R 1.73 1 1 1.2 1.2     

Input Power and SAR Drift 

Measurement 
8, 6.6.2 5.0 R 1.73 1 1 2.9 2.9     

Phantom and Tissue Parameters             

Phantom Uncertainty E.3.1 4.0 R 1.73 1 1 2.3 2.3     

Dielectric Parameter Correction -- 1.4 N 1.00 1 0.79 1.4 1.1     

Liquid Conductivity (measurement) E.3.3 3.3 R 1.73 0.64 0.43 1.2 0.8     

Liquid Permittivity (measurement) E.3.3 1.9 R 1.73 0.6 0.49 0.6 0.5     

Combined Standard Uncertainty   RSS    10 10 99999    

Expanded Uncertainty   k=2    19 19  
   

(95% CONFIDENCE LEVEL)    
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   Uncertainty Budget for Device Under Test for 3 to 6 GHz     

a b c d 
e = 

f(d,k) 
f g 

h = i = 
k 

 

c x f / e c x g / e  

Uncertainty Component 

IEEE 

1528 

section 

Tol. Prob 

Div. 

ci ci 1 g 10 g 

vi 

 

(± %) Dist (1 g) (10 g) ui ui  

    (±%) (±%)  

Measurement System           

Probe Calibration E.2.1 7.0 N 1.00 1 1 7.0 7.0   

Axial Isotropy E.2.2 4.7 R 1.73 0.707 0.707 1.9 1.9   

Hemispherical Isotropy E.2.2 9.6 R 1.73 0.707 0.707 3.9 3.9   

Boundary Effect E.2.3 2.0 R 1.73 1 1 1.2 1.2   

Linearity E.2.4 4.7 R 1.73 1 1 2.7 2.7   

System Detection Limits E.2.5 1.0 R 1.73 1 1 0.6 0.6   

Readout Electronics E.2.6 0.3 N 1.00 1 1 0.3 0.3   

Response Time E.2.7 1.1 R 1.73 1 1 0.6 0.6   

Integration Time E.2.8 1.1 R 1.73 1 1 0.6 0.6   

RF Ambient Conditions - Noise E.6.1 3.0 R 1.73 1 1 1.7 1.7   

RF Ambient Conditions - 

Reflections 
E.6.1 0.0 R 1.73 1 1 0.0 0.0   

Probe Positioner Mech. Tolerance E.6.2 1.0 R 1.73 1 1 0.6 0.6   

Probe Positioning w.r.t Phantom E.6.3 4.0 R 1.73 1 1 2.3 2.3   

Max. SAR Evaluation (ext., int., 

avg.) 
E.5 2.1 R 1.73 1 1 1.2 1.2   

Test sample Related           

Test Sample Positioning E.4.2 3.2 N 1.00 1 1 3.2 3.2 29  

Device Holder Uncertainty E.4.1 4.0 N 1.00 1 1 4.0 4.0 8  

SAR drift 6.6.2 5.0 R 1.73 1 1 2.9 2.9   

Phantom and Tissue Parameters           

Phantom Uncertainty E.3.1 4.0 R 1.73 1 1 2.3 2.3   

Dielectric Parameter Correction -- 1.4 N 1.00 1 0.79 1.4 1.1   

Liquid Conductivity (measurement) E.3.3 3.3 N 1.00 0.64 0.43 2.1 1.4   

Liquid Permittivity (measurement) E.3.3 1.9 N 1.00 0.6 0.49 1.1 0.9   

Combined Standard Uncertainty   RSS    12 12 504  

Expanded Uncertainty   k=2    23 23  
 

(95% CONFIDENCE LEVEL)  

           

 
Notes for uncertainty budget Tables:  

a) Column headings a-k are given for reference. 

b) Tol. - tolerance in influence quantity. 

c) Prob. Dist. – Probability distribution 

d) N, R - normal, rectangular probability distributions 

e) Div. - divisor used to translate tolerance into normally distributed standard uncertainty 

f) ci - sensitivity coefficient that should be applied to convert the variability of the uncertainty 

component into a variability of SAR. 

g) ui – SAR uncertainty 

h) vi - degrees of freedom for standard uncertainty and effective degrees of freedom for the 

expanded uncertainty 
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Appendix B 

Probe Calibration Certificates 
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