12-2 Calibration and Uncertainty

Measuring Instrument Calibration

The measuring equipment utilized to perform the tests documented in this report has
been calibrated in accordance with the manufacturer's recommendations, and is
traceable to recognized national standards.

: : Cal. Due date

Name of Equipment Manufacturer Type/Model Serial No.

mMm|DD|  Year
Dielectronic Probe kit HP 85070C N/A N/A
ESA Series Network Analyzer Agilent E5071B MY42100131 8 2 2012
Synthesized Signal Generator HP 83732B US34490599 | 7 | 14 2012
E-Field Probe SPEAG EX3DV4 3749 12 | 13 2011
E-Field Probe SPEAG EX3DV4 3772 5 3 2012
Thermometer ERTCO 639-1S 1718 7 |19 2012
Data Acquisition Electronics SPEAG DAE4 1259 5 3 2012
Data Acquisition Electronics SPEAG DAE4 1257 5 3 2012
System Validation Dipole SPEAG D835V2 4d117 4 | 15 2012
System Validation Dipole SPEAG D1900V2 5d140 4 | 18 2012
System Validation Dipole SPEAG *D2450V2 706 4 119 2012
Power Meter Giga-tronics 8651A 8651404 5 | 13 2012
Power Sensor Giga-tronics 80701A 1834588 5 |13 2012
Power Meter HP 437B 3125U16345 [ 5 | 13 2012
Power Sensor HP 8481A 2702A60780 5 |13 2012
Amplifier MITEQ 4D00400600-50-30P 1620606 N/A
Directional coupler Werlatone C8060-102 2141 N/A

Notes:

Per KDB 450824 D02 requirements for dipole calibration, UL CCS has adopted two years calibration
intervals. On annual basis, each measurement dipole has been evaluated and is in compliance with the

following criteria:

1. There is no physical damage on the dipole

2. System validation with specific dipole is within 10% of calibrated value.
3. Return-loss is within 20% of calibrated measurement. (See Appendix “8_Calibration Certificate -

Validation Dipole D2450V2 - SN 706” with extended cal. data)

4. Impedance is within 5Q of calibrated measurement (See Appendix “8_Calibration Certificate -

Validation Dipole D2450V2 - SN 706” with extended cal. data)




Measurement Uncertainty
Measurement uncertainty for 300 MHz to 3 GHz averaged over 1 gram

Component error, % |Probe Distribution| Divisor| Sensitivity| U (Xi), %
Measurement System
Probe Calibration (k=1) @ 835, 1900 and 2450 MHz 5.50 Normal 1 1 5.50
Axial Isotropy 1.15|Rectangular 1.732 0.7071 0.47
Hemispherical Isotropy 9.20(Rectangular 1.732 0.7071 3.76
Boundary Effect 0.90(Rectangular 1.732 1 0.52
Probe Linearity 3.45(Rectangular 1.732 1 1.99
System Detection Limits 1.00|Rectangular 1.732 1 0.58
Readout Electronics 0.30 Normal 1 1 0.30
Response Time 0.80(Rectangular 1.732 1 0.46
Integration Time 2.60(Rectangular 1.732 1 1.50
RF Ambient Conditions - Noise 3.00[{Rectangular 1.732 1 1.73
RF Ambient Conditions - Reflections 3.00]|Rectangular 1.732 1 1.73
Probe Positioner Mechanical Tolerance 0.40[Rectangular 1.732 1 0.23
Probe Positioning with respect to Phantom 2.90[Rectangular 1.732 1 1.67
Extrapolation, Interpolation and Integration 1.00|Rectangular 1.732 1 0.58
Test Sample Related
Test Sample Positioning 2.90 Normal 1 1 2.90
Device Holder Uncertainty 3.60 Normal 1 1 3.60
Output Power Variation - SAR Dirift 5.00]|Rectangular 1.732 1 2.89
Phantom and Tissue Parameters
Phantom Uncertainty (shape and thickness) 4.00|Rectangular 1.732 1 2.31
Liquid Conductivity - deviation from target 5.00(Rectangular 1.732 0.64 1.85
Liquid Conductivity - measurement @ Head 2450 MHz 3.96 Normal 1 0.64 2.53
Liquid Permittivity - deviation from target 5.00(Rectangular 1.732 0.6 1.73
Liquid Permittivity - measurement @ Head 835 MHz 4.01 Normal 1 0.6 2.41
Combined Standard Uncertainty Uc(y) = 10.70
Expanded Uncertainty U, Coverage Factor = 2, > 95 % Confidence = 2141 %
Expanded Uncertainty U, Coverage Factor = 2, > 95 % Confidence = 1.68 dB
Measurement uncertainty for 300 MHz to 3 GHz averaged over 10 gram
Component error, % Probe Distribution| Divisor| Sensitivity| U (X), %
Measurement System
Probe Calibration (k=1) @ 835, 1900 and 2450 MHz 5.50 Normal 1 1 5.50
Axial Isotropy 1.15|Rectangular 1.732 0.7071 0.47
Hemispherical Isotropy 9.20|Rectangular 1.732 0.7071 3.76
Boundary Effect 0.90|Rectangular 1.732 1 0.52
Probe Linearity 3.45|Rectangular 1.732 1 1.99
System Detection Limits 1.00|Rectangular 1.732 1 0.58
Readout Electronics 0.30 Normal 1 1 0.30
Response Time 0.80|Rectangular 1.732 1 0.46
Integration Time 2.60|Rectangular 1.732 1 1.50
RF Ambient Conditions - Noise 3.00(Rectangular 1.732 1 1.73
RF Ambient Conditions - Reflections 3.00|Rectangular 1.732 1 1.73
Probe Positioner Mechanical Tolerance 0.40|Rectangular 1.732 1 0.23
Probe Positioning with respect to Phantom 2.90|Rectangular 1.732 1 1.67
Extrapolation, Interpolation and Integration 1.00|Rectangular 1.732 1 0.58
Test Sample Related
Test Sample Positioning 2.90 Normal 1 1 2.90
Device Holder Uncertainty 3.60 Normal 1 1 3.60
Output Power Variation - SAR Drift 5.00|Rectangular 1.732 1 2.89
Phantom and Tissue Parameters
Phantom Uncertainty (shape and thickness) 4.00|Rectangular 1.732 1 2.31
Liquid Conductivity - deviation from target 5.00|Rectangular 1.732 0.43 1.24
Liquid Conductivity - measurement @ Head 2450 MHz 3.96 Normal 1 0.43 1.70
Liquid Permittivity - deviation from target 5.00|Rectangular 1.732 0.49 1.41
Liquid Permittivity - measurement @ Head 835 MHz 4.01 Normal 1 0.49 1.96
Combined Standard Uncertainty Uc(y), % = 10.31
Expanded Uncertainty U, Coverage Factor = 2, > 95 % Confidence = 2061 %
Expanded Uncertainty U, Coverage Factor = 2, > 95 % Confidence = 1.63 dB




