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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR139.4.15.54TUA

4 MEASUREMENT METHOD
The IEEE 1328 FCC KDBs and CELIEC 62209 standards provide requirements for reference

dipoles used for system validation measurements. The following measurements were performed to
verify that the product complies with the fore mentioned standards.

4.1 RETUERNLOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a return loss of -20
dB or better. The return loss measurement shall be performed against a liqmd filled flat phantom,
with the phantom constucted as outlined m the fore mentioned standards.

42 MECHANICAL REQUIREMENTS

The IEEE Std 1528 and CELTEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR. test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR. test bench comply with the requirements set forth for a 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURNLOSS

The following uncertainties apply to the return loss measurement:

Freguency hand Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
3-300 0.05 mm

53 VALIDATION MEASUREMENT
The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN30361 and CELVIEC 62209

standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty
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300 420.0 £1 3. 25000 21 %, 83521 %.
450 2900 £1 ¥, 166.7 £1 %. 83521 %.
750 176.0 1 %%, 100.0 #1 %. 6.35+1%.
835 161.0 1 %. PASS B9.B+1%. PASS 3.6 +1%. PASS
00 149.0 £1 %, 8331 %. 3.6£1 %,
1450 891 +1 % 51.7 #1 % 36+ %
1500 805 £1 % 50.0 £1%. 3.6£1 %
1640 T9.0+1 % 457 £1 %, 361 %
1750 752 21 %, 42.9+1 %, 3.6£1 %
1800 F20+1 % 417 £#1%. 3.6+1 %
1900 63.0 £1 % 39.5£1 %. 3.6£1 %,
1950 663 +1 % 385+1%. 3.6+1 %
2000 645 +1 % 375+1 %, 36+ %
2100 610 £1 %, 35.7 £1%. 3.6£1 %
2300 555 +1 % 326+1 %, 36+ %
2450 51541 % 304 £1 % 3.6£1 %
2600 435 +1 % 288+1%. 3.6+1 %
3000 415 £1 % 25.0£1 %. 3.5£1 %
3500 37.0£1 % 26.4£1%. 3.5£1 %
3700 34 7+1 %. 264 +1 %, 36+1 %

7  VALIDATION MEASUREMENT
The IEEE Std. 1528, FCC KDBs and CELIEC 62209 standards state that the system validation

measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The validation measurement must be performed against a
liquid filled flat phantom, with the phantom constructed as outlined in the fore mentionad standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom, with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT

Frepjiu_ie:ncy Relative permittivity (&) Conductivity () S/m
required measured required measured
300 453 5% 0.87 25 %
450 4355 % 0.87 £5 %
750 419+5% 0.89 £5 %
835 4155 % PASS 0.90 +5 %, PASS
200 415+5% 0.97 £5 %
1450 40.5+5% 1.20£5%
1500 4045 % 1.23£5%
1640 402 5% 1.31+5%
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1750 40.125% 1.3725%
1300 40.025% 1.4025%
1900 400+#5% 1.40 25 %
1950 400+5% 1.4025%
2000 40.025% 1.4025%
2100 3B % 1.4925%
2300 3955 % 1.6725%
2450 39.2:5% 1.80 25 %
2600 39.025% 1.8625%
3000 385:5% 24025 %
3500 37.89+5% 291 25%

7.2 SARMEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CELIEC 62209 standards state that the system wvalidation measurements
should produce the SAR values shown below (for phantom thickness of 2 mm), within the
uncertamty for the system validation. All SAR wvalues are normalized to 1 W forward power. In
bracket, the measured SAR 1s given with the used input power.

Software QOPENSAR V4
Phantom SN 20709 SAMT1
Probe SN 18/11 EPG122
Liguid Head Ligquid Values: eps” : 42.3 sigma : 0.92
Distance between dipole center and liguid 15.0 mm
Area scan resolution dx=Bmm/dv=8mm
Zoon Scan Resolution dx=8mm/dv=Bmm/dz=3mm
Frequency 835 MHz
Input power 20 dBm
Ligquid Temperature 21°C
Lab Temperature 21°C
Lab Humidity 45 %
F'erg,“_i”“ 1 g SAR [W/kg/W) 10 g SAR [W/kg/ W)
required measured required measured
300 2.8B5 154
450 458 3.06
750 B.49 5.55
835 9.56 5.60 {0.96) 6.22 6.24 [0.62)
900 109 6.59
1450 29 16
1500 30.5 16.8
1540 34.2 18.4
1750 36.4 19.3
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24350 52.7 45 % 1.95 25 %
2600 5255 % 2165 %
3000 52.05% 2735 %
3500 51.3£5% 3.3125%
53200 490:10% 5.30:10%
5300 48910 % 5.42:10%
5400 487 £10% 553210 %
5500 486+10% 5.65 10 %
3600 485:10% 5.77£10%
3800 482 £10% 6.00£10 %

74 SARMEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4

Phantom SN 20/09 SAMT1

Probe SN 18/11 EPG122

Liquid Body Ligumid Values: eps” : 33.3 sigma : 0.97

Distance between dipole center and liguid

15.0 mm

Area zcan resclution

dx=8mm/dv=8mm

Foon Scan Besolution

dx=8mm/dv=8mm/dz=3mm

Frequency 835 MHz
Input power 20 dBm
Liquid Temperature 21°C
Lab Temperature 21°C
Lab Humidity 45 %
Fre:,':e,n“ 1.2 SAR [W/keg/W) 10 g SAR [W/kg/W)
measured measured
835 9.48 (0.35) £.29 (0.63)
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.139.5.15.5ATU A

4 MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CELIEC 62209 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verify that the produet complies with the fore mentioned standards.

4.1 RETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a return loss of -20
dB or better. The return loss measurement shall be performed against a liquid filled flat phantom.
with the phantom constucted as outlined in the fore mentioned standards.

4.2 MECHANICATL REQUIREMENTS

The TEEE Std. 1528 and CELIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles. with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2. traceable to the Internationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURNLOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1 dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length

3-300 0.05 mm

5.3 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN50361 and CELVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.

Scan Volume Expanded Uncertainty

1 20.3 %

g
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACE.138.715.54TUA

4 MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CELIEC 62209 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verify that the product complies with the fore mentioned standards.

4.1 RETUERN LOSs REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a return loss of -20
dB or better. The return loss measurement shall be performed against a liquad filled flat phantom.
with the phantom constucted as outlined in the fore mentioned standards.

42 MECHANICAT REQUIREMENTS

The IEEE Std. 1528 and CELTEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR. test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth fora 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURNLOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

3.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
3-300 0.05 mm

533 VALIDATION MEASUREMENT
The gmdelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN50361 and CELIEC 62209

standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

1 203 %

]
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR.138.7.15.5ATUA
450 2900 +1 %, 166.7 +1 %. 5351 %
750 176.0 1%, 100.0 +1 %. 5.35+1%
835 1610 +1 % BOE +1 % 36+ %
300 149.0 +1 %, 833 +1% 35+1%.
1450 89.1+15% 51.7 1%, 361 %,
1500 805 £1 56 50.0£1 %, 361 %,
1640 79.0 £1%. 457 £1% 361 %,
1750 75.2 +1 % 420 +1 % 36+1%.
1300 72.0+1 % 417 +1%. 35+1%.
1900 68.0 1 %. PASS 39.5 1 %. PASS 3.6+ % PAS3
1950 66.3 +1 36, 3851 % 361 %,
2000 645 +1 5. 375+1 % 3.6+1 %
2100 61.0 +1 3. 357+1% 3.5+ %,
2300 555 +1 3 3261 % 3.5+ %,
2450 51515 304+1% 361 %,
2600 485 +1 3% 288 +1%. 35+1%.
3000 415 £1 % 25.0£1 % 351 %.
3500 37.0£1 % 2641 % 351 %.
3700 34741 % 264 +1 % 3541 %

7  VALIDATION MEASUREMENT

The IEEE Std. 1328, FCC KDBs and CELIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The validation measurement must be performed against a
liquud filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards. the dipole shall be positioned below the bottom of the phantom, with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

7.1 HEADILIQUID MEASUREMENT

Frez.u—ie:ncy Relative permittivity (&) Conductivity (o) 5fm
required measured required measured
300 45345 % 0.87 25 %
450 43545 % 0.87 25 %
750 419+5% 0.89 #5 %
835 41545 % 0.90 25 %
900 41545% D.97 25 %
1450 40545 % 1.2025%
1500 40445 % 1.2325%
1640 402 5% 1.3125%
1750 40.145% 1.3725%
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR130.715.3ATUA
1300 40.025% 1.4025%
1900 400+5% PASS 1.4025% PASS
1950 40.025% 1.4025%
2000 40.025% 1.4025%
2100 39B+5% 149 259%
2300 395+5% 1.6725%
2450 39.2:5% 1.80 25 %
2600 39.025% 1.8625%
3000 385 +5% 240 +5%
3500 37.89+5% 291 25%

7.2 SARMEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CELIEC 62209 standards state that the system validation measurements
should produce the SAR values shown below (for phantom thickness of 2 mm), within the
uncertainty for the system validation. All SAR wvalues are normalized to 1 W forward power. In
bracket, the measured SAR 1s given with the used input power.

Software OPENSAR V4
Phantom SN 20709 SAMT1
Probe SN 18/11 EPG122
Liguid Head Liquid Values: eps” : 40.4 sigma : 1.41
Distance between dipole center and liguid 10.0 mm
Area scan resolution dx=Bmm/'dv=8mm
Zoon Scan Resolution dx=8mm/dv=Bmm/dz=3mm
Frequency 1900 MH=
Input power 20 dBm
Ligquid Temperature 21°C
Lab Temperature 21°C
Lab Humidity 45 %
F'E,?’,"_f,”“‘ 1 g SAR [W/kg/W) 10 g SAR [W/kg/W)
required measured required measured
300 2.85 124
450 458 3.06
750 849 5.55
835 9.56 6.22
00 10.8 6.29
1450 29 16
1500 30.5 16.8
1640 342 184
1750 36.4 123
1300 384 201
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TABLE OF CONTENTS

k2

B T T T L = T |

3 Product D@SCription .o oo ceieece et ene e et ene e eneeeneeeeens b

3.1 General Information 4
4 Measurement Method ..o s 5

4.1 Return Loss Requirements 5

4.2 Mechanical Requirements 5
5 Measurement UnCerTaIIY ...oo ittt et e ee e

5.1 Return Loss 5

5.2 Dimension Measurement 5

5.3  Validation Measurement 5
6 Calibration Measurement Results. ..o 00 0

6.1 Return Loss and Impedance In Head Liquid ]

6.2  Return Loss and Impedance In Body Liquid 6

6.3 Mechanical Dimensions 6
7T Validation MISASUIIIEIT ...o.vii oo esr e e er e ee et n e en e 7

7.1 Head Liquid Measurement 7

7.2 SAR Measurement Result With Head Liquid 8

7.3 Body Liquid Measurement 9

7.4  SAR Measurement Result With Body Liquid 10

8 List of EQUIPIIEII c.oiiiiitiiiiieiieiieiie et eceees et ssete e e see s sensseseeiesssessensenaseeseneenes L1

Page: 3/11

This document shall not be reproduced, except in full or in part, without the written approval of MVG.
The information contained herein is to be used only for the purpose for which it is submitted and is not fo
be released in whole or part without written approval of MT'G.




Page 104 of 115 Report No.: NTEK-2016NT11089794HF




Page 105 of 115 Report No.: NTEK-2016NT11089794HF

SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR.139.9.15.54TU.A

4 MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CEIIEC 62209 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verify that the product complies with the fore mentioned standards.

4.1 RETURNTLOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a return loss of -20
dB or better. The return loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constucted as outlined in the fore mentioned standards.

4.2 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CELIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2. traceable to the Internationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
3-300 0.05 mm

53 NALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN50361 and CELVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

1

20.3 %

li{=]
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<Justification of the extended calibration>

If dipoles are verified in return loss(<-20dB, within 20% of prior calibration),and in impedance
(within 5 ohm of prior calibration), the annual calibration is not necessary and the calibration
interval can be extended.

<Body 835MHz>
Return Loss (dB) Delta (%) Impedance Delta(ohm) Date of Measurement
-25.76 - 47.7 - Apr. 06, 2015
-25.789 0.113 47.734 0.034 Apr. 05, 2016

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

Dipole Verification Data
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<Body 900MHz>
Return Loss (dB) Delta (%) Impedance Delta(ohm) Date of Measurement
-21.91 - 55.0 - Apr. 06, 2015
-21.921 0.05 55.055 0.055 Apr. 05, 2016

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

Dipole Verification Data
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<Body 1900MHz>

Return Loss (dB) Delta (%) Impedance Delta(ohm) Date of Measurement
-22.68 - 49.3 - Apr. 06, 2015
-22.679 0.004 49.311 0.011 Apr. 05, 2016

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

Dipole Verification Data
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<Body 2450MHz>
Return Loss (dB) Delta (%) Impedance Delta(ohm) Date of Measurement
-30.51 - 52.2 - Apr. 06, 2015
-30.498 0.039 52.16 0.04 Apr. 05, 2016

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior

calibration. Therefore the verification result should support extended calibration.

Dipole Verification Data

END




