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Test specification: Plane_Body_Middle_VHT80_5290_Left Touch
Temp(oC): 23.5

Environ Conditions: Humidity (%): 47
Atmospheric(mPa): 1185.7

Mains Power: N/A - el Result Pass

Test Date: 07/13/2017

Tested by: Arthur Tie

Remarks:

Frequency (MHz) 5290.000000

Relative permittivity (real part) 4512

Conductivity (S/m) 6.09

Transmission Duty Factor 1.0

Probe SN 2715_EPG0259

Conversion Factor (dB) 3.01

Area Scan Resolution 8 mm

Zoom Scan Resolution

dx=4mm, dy=4mm, dz=2mm

Zoom Scan Size 24x24x24 mm
Measurement Drifts (%) 4.45

Highest Extrapolated SAR (W/Kg) 0.5010

SAR 1g (W/Kg) 0.1212

Peak SAR Location -3mm(x),-80mm(y),2mm(z)
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Test specification: Plane_Body_Low_VHT80_5530_Back Touch
Temp(oC): 22.3
Environ Conditions: Humidity(%): 49
Atmospheric(mPa): 1201.6
Mains Power: N/A - el Result Pass
Test Date: 07/11/2017
Tested by: Arthur Tie
Remarks:
Frequency (MHz) 5530.000000
Relative permittivity (real part) 4512
Conductivity (S/m) 6.09
Transmission Duty Factor 1.0
Probe SN 2715_EPG0259
Conversion Factor (dB) 3.21
Area Scan Resolution 8 mm
Zoom Scan Resolution dx=4mm, dy=4mm, dz=2mm
Zoom Scan Size 24x24x24 mm
Measurement Drifts (%) -0.63
Highest Extrapolated SAR (W/Kg) 0.4942
SAR 1g (W/Kg) 0.1356
Peak SAR Location 21mm(x),-32mm(y),2mm(z)
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Test specification: Plane_Body_High_VHT80_5610_Back Touch
Temp(oC): 21.3

Environ Conditions: Humidity(%): 48
Atmospheric(mPa): 1102.2

Mains Power: N/A - el Result Pass

Test Date: 07/12/2017

Tested by: Arthur Tie

Remarks:

Frequency (MHz) 5610.000000

Relative permittivity (real part) 45.00

Conductivity (S/m) 6.15

Transmission Duty Factor 1.0

Probe SN 2715_EPG0259

Conversion Factor (dB) 3.21

Area Scan Resolution 8 mm

Zoom Scan Resolution

dx=4mm, dy=4mm, dz=2mm

Zoom Scan Size 24x24x24 mm
Measurement Drifts (%) 4.11

Highest Extrapolated SAR (W/Kg) 1.2495

SAR 1g (W/Kg) 0.1360

Peak SAR Location 13mm(x),-64mm(y),2mm(z)

SAR Visualisation Graphical Inteface
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Test specification: Plane_Body_High_VHT80_5610_Left Touch

Temp(oC): 213
Environ Conditions: Humidity(%): 48

Atmospheric(mPa): 1102.2 )
Mains Power: N/A el Result Pass
Test Date: 07/12/2017
Tested by: Arthur Tie
Remarks:
Frequency (MHz) 5610.000000
Relative permittivity (real part) 45.00
Conductivity (S/m) 6.15
Transmission Duty Factor 1.0
Probe SN 2715_EPG0259
Conversion Factor (dB) 3.21
Area Scan Resolution 8 mm
Zoom Scan Resolution dx=4mm, dy=4mm, dz=2mm
Zoom Scan Size 24x24x24 mm
Measurement Drifts (%) 411
Highest Extrapolated SAR (W/Kg) 1.2495
SAR 1g (W/Kg) 0.3191
Peak SAR Location 13mm(x),-64mm(y),2mm(z)
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Test specification: Plane_Body_Low_VHT80_5530_Left Touch
Temp(oC): 23.5
Environ Conditions: Humidity(%): 47
Atmospheric(mPa): 1185.7
Mains Power: N/A - el Result Pass
Test Date: 07/13/2017
Tested by: Arthur Tie
Remarks:
Frequency (MHz) 5530.000000
Relative permittivity (real part) 45.00
Conductivity (S/m) 6.15
Transmission Duty Factor 1.0
Probe SN 2715_EPG0259
Conversion Factor (dB) 3.21
Area Scan Resolution 8 mm
Zoom Scan Resolution dx=4mm, dy=4mm, dz=2mm
Zoom Scan Size 24x24x24 mm
Measurement Drifts (%) 3.53
Highest Extrapolated SAR (W/Kg) 0.5292
SAR 1g (W/Kg) 0.3240
Peak SAR Location -3mm(x),-80mm(y),2mm(z)
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Test specification: Plane_Body_Middle_VHT80_5775_Back Touch
Temp(oC): 22.3

Environ Conditions: Humidity(%): 49
Atmospheric(mPa): 1201.6

Mains Power: N/A - el Result Pass

Test Date: 07/11/2017

Tested by: Arthur Tie

Remarks:

Frequency (MHz) 5775.000000

Relative permittivity (real part) 45.00

Conductivity (S/m) 6.15

Transmission Duty Factor 1.0

Probe SN 2715_EPG0259

Conversion Factor (dB) 2.99

Area Scan Resolution 8 mm

Zoom Scan Resolution

dx=4mm, dy=4mm, dz=2mm

Zoom Scan Size 24x24x24 mm
Measurement Drifts (%) 2.56

Highest Extrapolated SAR (W/Kg) 0.9329

SAR 1g (W/Kg) 0.3998

Peak SAR Location 21mm(x),-96mm(y),2mm(z)

SAR Visualisation Graphical Inteface
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Test specification: Plane_Body_Middle_VHT80_5775_Left Touch

Temp(oC): 21.7
Environ Conditions: Humidity(%): 45

Atmospheric(mPa): 1193.1 )
Mains Power: N/A el Result Pass
Test Date: 07/13/2017
Tested by: Arthur Tie
Remarks:
Frequency (MHz) 5775.000000
Relative permittivity (real part) 44.88
Conductivity (S/m) 6.24
Transmission Duty Factor 1.0
Probe SN 2715_EPG0259
Conversion Factor (dB) 2.99
Area Scan Resolution 8 mm
Zoom Scan Resolution dx=4mm, dy=4mm, dz=2mm
Zoom Scan Size 24x24x24 mm
Measurement Drifts (%) -0.84
Highest Extrapolated SAR (W/Kg) 1.1815
SAR 1g (W/Kg) 0.3692
Peak SAR Location 13mm(x),-64mm(y),2mm(z)
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Annex A. TEST INSTRUMENT
Instrument Model Serial # Cal Date Cal Cycle Cal Due In use
PC PV 3.09GHz 375052-AA1 N/A N/A N/A v
MXG Vector N5182A | MY47071095 | 04/09/2015 | 1Year | 04092017 | I
Signal Generator
Multi-meter M“gg’ggter 1259033 09/18/2016 | 1Year | 001812017 |
S-Parameter 8753ES US38161019 | 08/17/2016 | 1Year | 08M7/2017 | ¥
Network Analyzer
) SN 27/15
E-field Probe EPGO 259 EPGO259 11/09/2016 1 Year 11/09/2017 v
. DIPOLE SN 31/10
Dipole 2450 2450MHz DIPJ138 11/09/2016 1 Year 11/09/2017 v
. Wave Guide SN 31/10
Wave Guide 5/6 GHz 5/6GHz DIPWGA13 07/08/2016 3 Year 07/08/2019 v
Comosar Open Coaxial SN 31/10 R . v
Probe OCP36 OCP36 07/08/2016 1 Year 07/08/2017 v
L SN 31/10
Communication Antenna ANTA30 ANTA30 N/A N/A N/A v
Laptop SN 31/10
Positioning Device LSHe3 LSH13 N/A N/A N/A v
Mobile Phone SN 31/10
Positioning Device MSH63 MSH63 N/A N/A N/A v
Dummy Probe None SN 31/10 N/A N/A N/A [
SN 31/10
SAM Phantom SAM77 SAM77 N/A N/A N/A v
- SN 31-10
Elliptic Phantom ELLI17 ELLI7 N/A N/A N/A [
Phantom Table N/A N/A N/A N/A N/A v
6 AXIS Robot KR5 949319 N/A N/A N/A v
Medium Power Solid State | ¢4 o M629-0408 N/A N/A N/A v

Amplifier (0.8~4.2GHz)

* Per Lab and QA Manager, equipment is allowed 3-month extension on the calibration due date.
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Annex B. SIEMIC Accreditation

Accreditations
ISO 17025 (A2LA)
ISO Guide 65 (A2LA)
TCB Designation
FCC DoC Accreditation
FCC Site Registration
FCC Site Registration
IC Site Registration

IC Site Registration

EUNB

Singapore iDA
CB(Certification Body)

Vietnam MIC
CAB Accreditation

Hong Kong OFCA

Industry Canada CAB

Document

B B e

2]
2]

ey =

Scope / Remark
Please see the documents for the detailed scope
Please see the documents for the detailed scope
A1, A2, A3, A4, B1, B2, B3, B4, C
FCC Declaration of Conformity Accreditation
3 meter site
10 meter site
3 meter site
10 meter site

Radio & Telecommunications Terminal Equipment:
EN45001 - EN ISO/IEC 17025

Electromagnetic Compatibility:
EN45001 - EN ISO/IEC 17025

Phase |, Phase Il

Please see the document for the detailed scope

(Phase Il) OFCA Foreign Certification Body for Radio and Telecom
(Phase 1) Conformity Assessment Body for Radio and Telecom
Radio: Scope A — All Radio Standard Specification in Category |

Telecom: CS-03 Part |, II, V, VI, VII, VIII
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http://www.siemic.com/Pages/Accreditations/FCC%20TCB%20Designation/Scope%20A1.pdf
http://www.siemic.com/Pages/Accreditations/FCC%20TCB%20Designation/Scope%20A2.pdf
http://www.siemic.com/Pages/Accreditations/FCC%20TCB%20Designation/Scope%20A3.pdf
http://www.siemic.com/Pages/Accreditations/FCC%20TCB%20Designation/Scope%20A4.pdf
http://www.siemic.com/Pages/Accreditations/FCC%20TCB%20Designation/Scope%20B1.pdf
http://www.siemic.com/Pages/Accreditations/FCC%20TCB%20Designation/Scope%20B2.pdf
http://www.siemic.com/Pages/Accreditations/FCC%20TCB%20Designation/Scope%20B3.pdf
http://www.siemic.com/Pages/Accreditations/FCC%20TCB%20Designation/Scope%20B4.pdf
http://www.siemic.com/Pages/Accreditations/iDA/SIEMIC%20IDA%20Phase%20I.pdf
http://www.siemic.com/Pages/Accreditations/iDA/Final%20recognition%20Letter%20from%20IDA%20for%20Phase%20II%20scope%20update%20request%20for%20SIEMIC,%20Inc.pdf
http://www.siemic.com/Pages/Accreditations/ISO 17025/2742-01.pdf
http://www.siemic.com/Pages/Accreditations/ISO Guide 65/2742-02.pdf
http://www.siemic.com/Pages/Accreditations/FCC DoC/FCC DOC Accreditation.pdf
http://www.siemic.com/Pages/Accreditations/3 & 10 meters OATS LIsting/FCC Site registeration_3m.pdf
http://www.siemic.com/Pages/Accreditations/3 & 10 meters OATS LIsting/FCC Site registeration_10m.pdf
http://www.siemic.com/Pages/Accreditations/3 & 10 meters OATS LIsting/New IC Site registration_3m.pdf
http://www.siemic.com/Pages/Accreditations/3 & 10 meters OATS LIsting/New IC Site registration_10m.pdf
http://www.siemic.com/Pages/Accreditations/EU NB/RTTE.pdf
http://www.siemic.com/Pages/Accreditations/EU NB/EMC Directive.pdf
http://www.siemic.com/Pages/Accreditations/iDA/20100729 Recognition letter to SIEMIC Inc from IDA.pdf
http://www.siemic.com/Pages/Accreditations/iDA/Final recognition Letter from IDA for Phase II scope update request for SIEMIC, Inc.pdf
http://www.siemic.com/Pages/Accreditations/Vietnam/Letter from NIST_Vietnam.pdf
http://www.siemic.com/Pages/Accreditations/OFTA/Final Recognition Letter from OFCA Phase II for SIEMIC, Inc.pdf
http://www.siemic.com/Pages/Accreditations/OFTA/Final Recognition Letter from OFCA Phase I for SIEMIC, Inc.pdf
http://www.siemic.com/Pages/Accreditations/Industry canada CAB Accreditation/Radio Phase II Recognization.pdf
http://www.siemic.com/Pages/Accreditations/Industry canada CAB Accreditation/Telecom Phase I recognization.pdf
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Japan Recognized Certification .E .E
Body Designation

Korea CAB Accreditation 'E

Taiwan NCC CAB Recognition | T

Taiwan BSMI CAB Recognition 'E

Japan VCCI 'E
Australia CAB Recognition 'E
Australia NATA Recognition 'E

Radio: A1. Terminal equipment for purpose of calling
Telecom: B1. Specified radio equipment specified in Article 38-2, Paragraph 1, ltem
1 of the Radio Law

EMI: KCC Notice 2008-39, RRL Notice 2008-3: CA Procedures for EMI

KN22: Test Method for EMIEMS: KCC Notice 2008-38, RRL Notice 2008-4: CA
Procedures for EMS

KN24, KN61000-4-2, -4-3, -4-4, -4-5, -4-6, -4-8, -4-11: Test Method for EMS

Radio: RRL Notice 2008-26, RRL Notice 2008-2, RRL Notice 2008-10,
RRL Notice 2007-49, RRL Notice 2007-20, RRL Notice 2007-21, RRL Notice 2007-
80, RRL Notice 2004-68

Telecom: President Notice 20964, RRL Notice 2007-30, RRL Notice 2008-7 with
attachments 1, 3, 5, 6; President Notice 20964, RRL Notice 2008-7 with attachment 4

LP0002, PSTNO1, ADSLO1, ID0002, 1IS6100, CNS14336, PLMNO7, PLMNO1,
PLMNO8

CNS 13438

R-3083: Radiation 3 meter site
C-3421: Main Ports Conducted Interference Measurement

T-1597: Telecommunication Ports Conducted Interference Measurement

EMC: AS/NZS CISPR 11, AS/NZS CISPR 14.1, ASINZS CISPR22, ASINZS
61000.6.3, AS/NZS 61000.6.4

Radio communications: AS/NZS 4281, AS/NZS 4268, AS/NZS 4280.1,
ASINZS 4280.2, ASINZS 4295, ASINZS 4582, ASINZS 4583, AS/INZS 4769.1,
ASINZS 4769.2, ASINZS 4770, ASINZS 4771

Telecommunications: AS/ACIF S002:05, AS/ACIF S003:09, AS/ACIF S004:09
AS/ACIF S009:01, AS/ACIF S016:01, AS/ACIF S031:01, AS/ACIF S038:01,
AS/ACIF S040:01, AS/ACIF S041:05, AS/ACIF S043.2:09, AS/ACIF S60950.1

AS/ACIF S002, AS/ACIF S003, AS/ACIF S004, AS/ACIF S009, AS/ACIF
S016,AS/ACIF S031, AS/ACIF S038, AS/ACIF S040, AS/ACIF S041, AS/ACIF
S043.2
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http://www.siemic.com/Pages/Accreditations/Japan RCB Designation/2011_05_23_Siemic_Final_Japan.pdf
http://www.siemic.com/Pages/Accreditations/Japan RCB Designation/Japan MIC designation letter.pdf
http://www.siemic.com/Pages/Accreditations/Korea CAB Accreditation/Final Recognition letter to SIEMIC, Inc. from Korea.pdf
http://www.siemic.com/Pages/Accreditations/NCC CAB Acrreditation/20110425_Recognition_Letter_to_SIEMIC_Inc_from_NCC.pdf
http://www.siemic.com/Pages/Accreditations/Taiwan BSMI/Taiwan BSMI CAB Designation - SIEMIC Labs.pdf
http://www.siemic.com/Pages/Accreditations/VCCI/VCCI_Laboratory_Registration_System.pdf
http://www.siemic.com/Pages/Accreditations/RTA from NATA (Australia)/Recognition Letter from NIST (2008 11 20).pdf
http://www.siemic.com/Pages/Accreditations/RTA from NATA (Australia)/NATA Recognized Testing Authority.pdf
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| Annex C. Probe Calibration Report

COMOSAR E-Field Probe Calibration Report

Ref: ACR 315.1.16.SATUA

SIEMIC TESTING AND CERTIFICATION
SERVICES
775 MONTAGUE EXPRESSWAY
MILPITAS, CA 95035, USA

MVG COMOSAR DOSIMETRIC E-FIELD PROBE
SERIAL NO.: SN 27/15 EPGO259

Calibrated at MIVG US
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1 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR. DOSIMETRIC E FIELD PROBE
Manufacturer MVG
Model SS5E2
Senial Number SN 27/15 EPGO239
Product Condition (new / used) Used
Frequency Range of Probe 0.7 GH=-6GHz
Resistance of Three Dipoles at Connector | Dipole 1: R1=0.229 MO
Dipole 2: B2=0210 MO
Dipole 3: E3=0.215 MO

A wyearly calibration interval is recommended.

2 FRODUCT DESCRIPTION

21 GENEERAL INFOERMATION

MVG s COMOSAE. E field Probes are built in accordance to the [EEE 1328, OET 63 Bulletin C and
CELIEC 62209 standards.

Figure 1 - MTG COMOSAR Dosimeiric E field Dipole

Probe Length 330 mm
Length of Individual Dipoles 2 mm
Maximum external diameter 8 mm
Probe Tip External Diameter 25 mm
Distance between dipoles / probe extremity | | mm

3 MEASUREMENT METHOD

The IEEE 1528, OET &5 Bulletin €, CENELEC EN30361 and CELIIEC 62209 standards provide
recommended practices for the probe calibrations, including the performance charactenistics of
interest and methods by which te assess their affect. All calibrations / measurements performed meet
the fore mentioned standards.

31 LINEARITY
The evaluation of the lineanty was done in free space using the waveguide, performing a power
sweep to cover the SAR. range 0.01W kg to 100W/kg.
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32 SENSITIVITY
The sensitivity factors of the three dipoles were determined using a two step calibration methoed (air
and tissue simulating liquid) using waveguides as outlined in the standards.

33 LOWEE DETECTION LIMTT

The lower detection limit was assessed using the same measurement set up as used for the lineanty
measurement. The required lower detection limit 15 10 mWikg.

314 ISOTROPY

The axial isotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipele mounted under the flat phantom in the test confizuration suggested for system
validations and checks. The probe was rotated along its main axis from O - 360 degrees in 13 degree
steps. The hemispherical isotropy is determined by inserting the probe in a thin plastic box filled
with fissue-equivalent liquid. with the plastic box illuminated with the fields from a half wave dipole.
The dipole is rotated about its axis (0°=180%) in 15° increments. At each step the probe is rotated
about its axis (0°-360°).

i5 BOUNDARY EFFECT

The boundary effect is defined as the deviation between the SAE measured data and the expected
exponential decay in the hiqud when the probe is onented normal to the interface. To evaluate this
effact, the liguid filled flat phantom is exposed to fields from either a reference dipole or wavegde.
With the probe normal to the phantom surface, the peak spatial average SAER is measured and
compared to the analytical value at the surface.

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN30361 and CELIEC
62209 standards were followed to generate the measurement uncertainty associated with an E-field
probe calibration using the waveguide techmigue. All uncertainties listed below represent an
expanded uncertainty expressed at approximately the 93% confidence level using a coverage factor
of k=2, traceable to the Intemationally Accepted Guides to Measurement Uncertainty.

Uncertainty analysis of the probe calibration in wavegunide
Uncertainty Probability . ; Standard
ERROR SOURCES value () Distribution Divisor o Uncertainty (04)

Incident or forward power 3.00% Fectangular JH_ I 1 1.732%
Reflected power 3.00% Rectangular -..l"3_ I 1 1.732%
Liguid conductvity 5.00% Fectangular -\l'lﬂ_ | 1 2887
Liguid permittivity 4.00% Fectangular 1.I"3_ | 1 2.309%
Field homogeneity 3.00% Fectangular ""I'a_ | 1 1.732%
Field probe posidoning 5.00% Fectangular -\,l"3_ | 1 2.88T%
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Field probe linearity 3.00% Fectangular S | 1 1.732%
Combined standard uncertaimty 5.831%
Expanded uncertainty 1200
95 % confidence lovel k =2 =
5 CALIBRATION MEASUREMENT RESULTS
Calibration Parameters
Ligud Temperature 21°C
Lab Temperature 21°C
Lab Humidity 435 %
51 SENSITIVITY IN ATR
Nomux dipole | Nommy dipele | Normz dipele
1 (pWVWm)=) | 2 (Vi im)7) | 3 (pViV/im)~)
088 074 0.73
DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(V) (mV) (mWV)
92 21 a0

Calibration curves ei=f{'V) (i=1,2.3) allow to obtain H-field value using the formula:

E-Fiedd ")
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52 LINEARITY
Linearity
1.00-
075
g om
8 [u ]
'-;I:I.I:l:l—;ﬂl e A e S e e L L S
g 1M
o
5 450
a7
A0, |
0 Rl 100 150 200 250 M0 350 401 450 5O
E-Fieid [V A7)
Linganfy0+-1.61% (+-0.07dE)
53 SENSITIVITY IN 1LIQUID
Tod 5 P Ere—— —
(MHz +/-
100MEz)
HLE50 FEE 4219 1.7
BLA50 835 5467 284
HLB0O o0 $£2.08 134
BLOMD a0 5525 343
HL180D 1200 3168 166
EL1800 1200 53.86 274
HL10OD 1000 38.45 2.05
BL1200 1900 5332 3.02
HL2450 2450 37.50 3.17
BL2430 2450 53.22 3.2
HL5200 5200 35.64 280
BL5200 5200 3564 3.01
HL5400 5400 36.44 208
EL5400 5400 3652 3.05
HL5600 5600 36.66 311
BEL5600 5600 36.70 331
HL5800 5200 3531 289
BEL5800 5800 704 1.00

LOWER. DETECTION LIMIT: 8mW kg
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54 ISOTROPY
HL200 MHz
- Axial 1sotropy: 0.04 dB
- Hemispherical isotropy: 0.05 dB
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HL5600 MHz
- Axial 1sotropy: 0.06 dB
- Hemispherical isotropy: 0.09 4B
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6 LIST OF EQUIPMENT

Equipment Summarny Sheet
Equ]!mt:lt Manufacturer / Identification No. _Clu'l_'e-t Next Calibration
Description Model Calibration Date Date
Flat Phantom MVG sn-20/08-5aM71 |oidated. Nocal o \alidated.  No - cal
required. required.
COMOSAR Test Banch Version 3 NA Validated. Nocal — alidatad.  No cal
required. reguired.
MNetwork Analyzer | 09 z"‘gﬁm“ = SH100132 0212016 022018
Reference Frobe MWV G EP 84 SH 37/08 1002016 1072017
Multimeter Keithley 2000 1188656 1212013 1272018
Signal Generator Agilent E4438C MY4307T0D5E1 1212013 1272018
) Characterized prior to |Characterized prior to
Amplifier Asthercomm =M D48 test. Mo cal required. [test. Mo cal required.
Fower Meter HPF E4418A 5382614088 1212013 1272016
Power Sensor HF ECP-E28A US3T181460 1212013 1272018
. ) Characterized prior to |Characterized prior to
Directional Coupler Marda 4216-20 01380 test. Mo cal required. |test. Mo cal required.
Waveguide Mega Industries | DBOY7-158-13.712 [ 2idated. Nocal  Walidated. No cal
required. required.
Waveguide Transition | Mega Industies | D89Y7-158-12-701 | 2idated. Noeal  |alidated. No cal
required. required.
Waveguide Termination| Mega Industries | 089¥7-158-12.701 | 2idated. Noeal  alidated. No cal
required. required.
Temperature / Humidity| - .| company 150708832 10/2015 102017

Sensor
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SAR Reference Dipole Calibration Report

Ref: ACR3156.16.SATUA

SIEMIC TESTING AND CERTIFICATION
SERVICES
775 MONTAGUE EXPRESSWAY
MILPITAS, CA 95035, USA
MVG COMOSAR REFERENCE DIPOLE
FREQUENCY: 2450 MHZ
SERIAL NO.: SN 31/10 DIPJ138

Calibrated at NIVG US
2105 Barrett Park Dr. - Kennesaw, GA 30144

Calibration Date 11 IZI'J 2016

Summary:

This document presents the method and results from an accredited SAF. reference dipole calibration
performed in MVG USA using the COMOSAR test bench.  All calibration results are waceable to
national metrolozy mstdtutions
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CEVIEC 62209 standards for reference dipoles used for SAR measurement system validations and

the measurements that were performed to venfy that the product complies with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 2450 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID2450
Serial Number SN 31/10 DIPJ138
Product Condition (new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

MVG’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, FCC KDBs and
CEVIEC 62209 standards. The product is designed for use with the COMOSAR test bench only.

Figure 1 - MV'G COMOSAR Validation Dipole
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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 preduct complies with the fore mentioned standards.

41 PRETUENTIOSS REQUIREMENTS

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

42 MECHANICAT REQUIREMENTS

The IEEE 5td. 1328 and CELIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent. The COMOSAE. 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 Intemationally Accepted Guides to
Measurement Uncertainty.

51 RETUBNIOSS

The following uncertainties apply to the retum loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-5000MHz 0.1dB

52 DDRJENSION 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 EDBs, CENELEC EN30361 and CELIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

1z 303 %
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10 g 201 %
6 CALIBEATION MEASUREMENT RESULTS
6.1 RETUENIOSS AND IMPEDANCE IN HEAD I1TQUID
Frequercy, MHz
ez | FOD M0 MH M40 MED MM 250 2S00 25D

k|

=
=
A5
£~

Frequencv (MHz) Eeturn Loss (dB) Requirement (dB) Impedance
2450 -36.66 -20 4020 +1.2j0
6.2 RETUEN LOSS AND IMPEDANCE IN BODY LIQUID
Fropency. kH:
MO0 2420 M40 MED MBI 35M
g.
Freguency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 1268 -20 5390+04j0
63 MECHANICAT DIMENSIONS
Frequency MHz L mmi hi mim d mm
required mensured required mizasured required measured
300 AZ0.0HL % 150041 %, 6351 %.
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450 20000 11 %, 166.7 11 %. 6.3511%.
750 176,00 £1 %. 100.0+1 %, 6.3511%.
835 1610+ %, EGE 11 %, 36Z1%.
00 1400 +1 %. E3311%. IEEL%.
1450 BB 11 51731 %, 36Z1%.
1500 5 11%. 50011 %, IEEL%.
1620 TR0 %, 45731 %, 36Z1%.
1750 T5IH %, 12031 %, IEHL%.
1800 TR0 %, 41731 %, 36Z1%.
1900 EBO 1%, ID531%. IEHL%.
1950 66.3 21 %. 3E5 %, 361%.
2000 BA531%. 3751 %, IEHL%.
2100 BLO1%. I5TH %, I6L%.
2300 55.5 31 %. 32641 %. 36I1%.
2450 515%1%. PASS 30411 % PASS IEIL%. PASS
2600 48511 %. 2EE1 %, 36Z1%.
3000 41511 %, 15041 %, 36HL%.
3500 37021 %, 26411 %, 36Z1%.
3700 T Y 16431 %. IEEL%.

7 VALIDATION MEASUREMENT

The IEEE Std. 1328, FCC EDBs and CEIIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned retwn loss
and mechanical dimension requirements. The validation measurement must be performed against a
ligquid filled flat phantom. with the phantom constmcted as cutlined in the fore mentioned standards.
Per the standards, the dipele shall be positioned below the bottom of the phantom, with the dipele
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

F”’;"::q' Relative permittivity (z'] Conductivity fo) 5fm
reguired mizasured required measurad
300 45.3 15 % 0.8725%
450 43515 % 0.87 Z5%
750 41515 % 089 25%
E35 41535 % 0.903I5%
500 41535 % 097 25%
1250 40.5 15 % 1.2025%
1500 4004 15 % 123:5%
1540 40.2 35 % 131:35%
1750 4001 35 % 137:5%
Page: 7/11

Ths docsmens shall mod be reprodced, excepe e Al or tn part, wathons the wrniten approvl af ML
Th opfoermention contamad herem 1= 80 be weed omdy for the purpose jor which ot ir sobatied and £x ol o
e redeased i whole ar pars withows writern goproval of ME.

775 Montague Expressway, Milpitas, CA 95035, USA * Phone: (+1) 408 526 1188 « Facsimile (+1) 408 526 1088

Visit us at: www.siemic.com; Follow us at: u



http://www.facebook.com/pages/Siemic/323224291039167
http://www.facebook.com/pages/Siemic/323224291039167
http://www.linkedin.com/company/siemic/
http://gplus.to/SIEMIC

ﬂ
SIEMIC

A Bureau Veritas Group Company

Test report No.

FCC-IC_SAR_SL17060501-ZBR-021

Page

146 of 163

SAR REFERENCE DIFOLE CALIERATION REFORT

Baf: ACR3156163ATUA

1200 400D 15 % 140Z5%
1900 A0U0 15 % 14025%
1850 400D 15 % 140Z5%
2000 A0UD 15 % 14025%
2100 I0E 15 % 149 25%
2300 35515 % 16725%
2450 30215 % PASS 1B0Z5% PASS
2600 35015 % 19625%
3000 3B.515 % 2.40Z5%
3500 3TH5 % 291I5%

12

SAR MEASUREMENT REESULT WITH HEAD TIQUIT

The IEEE S5td. 1528 and CELVIEC 62209 standards state that the system validation measurements
should produce the SAR wvalues shown below (for phantom thickness of 2 mm), within the
uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAF. is given with the used input power.

Software CPENSAR V4

Phantom SH 20/09 SAMTL

Probe 5H 18/11 EPG122

Liguid Head Liguid Valoes: eps® - 37.5 sigma - 1.80

Distance between dipole center and liguid

100 mm

Area scan resolution

dr=8mm/dy=8mm

Zpon Scan Rescolution

dr=mm/dy="mm/'dz=5mm

Frequency 2450 MHz
Input power 20 dBm
Liguid Temperamre 21°C

Lab Temperafure 21 °C

Lab Hurnidity 45 %

F“’:;:l““' 1 g SAR [W/kg/W) 10 g SAR [W kg W)
reguired measured required measured
300 185 134
450 438 3.06
750 E45 5.55
B35 9.56 6.22
500 0.5 6.99
1450 29 16
1500 305 16.8
1640 342 15.4
1750 364 193
1500 354 0.1
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1900 387 205
1950 405 204
2000 411 211
2100 436 214
2300 487 233
2450 524 53.38(5.34) 24 23.90(2.39)
2600 55.3 246
3000 638 25.7
3500 67.1 23
3700 674 242

18-
N
o Fem
T m \“"lu.
= Leoa | niz- “‘1-‘-‘.‘_"""-—-_
F it B Tt 0@ 4 ml:;u: dEZHUXAD
1.3 BODY LIQUID MEASUREMENT
me::w Relative permittivity (z'] Canductivity fo) 5/m
reguired mizasured required messurad
150 61515 % 0.80 5%
300 58.215 % 092 5%
450 56.7 15 % 0.94 25%
750 55.5 15 % 0.96 5%
E35 55.215 % 0.97 Z5%
SO0 55015 % 1055%
15 55.015 % l0625%
1250 54015 % 130z5%
1610 53635 % 14025%
1200 53335 % 15225%
1900 53.335% 15225%
2000 53335 % 15225%
2100 53.235% 162 25%
Page: 3112
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2300 528%5% 1.81 #5%
2450 52715 % PASS 19555% PASS
2600 52515 % 2.16 25%
3000 52015 % 27355%
3500 51.3%5 % 3.3135%
3700 51015 % 355I5%
5200 490210 % 5.30%10%
5300 459210% 542 0%
5200 45.7Z10% 5.53 f10%
5500 486210 % 5.6510%
5600 455Z10% 5.77H10%
5800 482210 % 6.00£10%
74 SAP MEASUREMENT RESULT WITH BODY LIQUID
Software CPENSAR V4
Phantom SH 20/09 SAMTL
Probe 5H 1811 EPG122
Liguid Body Liguid Values: eps” : 53.2 sigma : 1.89

Distance beiween dipole center and liguid

10.0 mm

Area scan resolution

dxr=fmm/dy=Emm

Zpon Scan Resolution

dr=mm/dy=mm/'dz=5mm

Frequency 2450 MHz
Input power 20 dBm
Liguid Temperamre 21 °C

Lab Temperature 21°C

Lab Hurnidity 45 %

[3
“’:1‘::“' 1 g SAR [W/kg/W) 10 g SAR [W/kg/W)
mizasured messured
2450 52.44 [5.24) 2402 [2.40)
Page: 10/12
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8 LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / . . Current Next Calibration
.. Identification No. .
Description Model Calibration Date Date
SAM Phantom MVG SN-20/09-5aM7q |/2idated. Nocal  Walidated.  No - cal
required. required.
COMOSAR Test Bench Version 3 NA Valdated. Nocal  Walidasted.  Ho cal
required. required.
Network Analyzer | ode ;Ui”h“'"z SN100132 0212016 0212019
Calipers Carrera CALIPER-D1 1212013 122018
Referance Probe MVG EPG122 5M 1811 1/2016 102017
Multimetar Keithley 2000 1188858 1212013 1272018
Signal Generator Agilent E4438C MY48070581 1212013 122018
. Characterized prior to |Characterized prior to
Amplifier Aethercomm SN 048 test. Mo cal required. |test. No cal required.
Power Meter HP E441BA Us538281428 1212013 122018
Power Sensor HF ECP-E28A UE37181480 1212013 122018
. Characterized prior to |Characterized prior to
Directional Coupler Marda 4218-20 01386 test. Mo cal required. |test No cal required.
Temperature and
Humidity Sensor Control Company 150708832 12015 102017
Page: 12/12
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| Annex E. Waveguide Calibration Report

SAR Reference Waveguide Calibration Report

Rel: ACR.190.2.15. SATULA

SIEMIC TESTING AND CERTIFICATION
SERVICES
775 MONTAGUE EXPRESSWAY
MILPITAS, CA 95035, USA
MVG COMOSAR REFERENCE WAVEGUIDE
FREQUENCY: 5000-6000 MHZ
SERIAL NO.: SN 31/1T0 WGA13

Calibrated al MVG US
2105 Barrett Park Dr.  Kennesaw, GA 30144

T —“"UN

07/08/201%

Numwmians

lhiz decumert oresents the mettod &nd resuits trom an accredited SAK reference waveguce
celibcwiion performed in A5G USA usnp Lhe COMOBAR lest bench, ALl culibraben results ane
tracenble o naticnowl melrulopy skl dicas
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1 INTRODUCTION
This decument comtains a summary of the reguirements set forth by the [EETD 1328 wmnd CELIEC
62200 standards for reference waveguides used lor SAR measurement system validations and the

measurements that were performed to verify that the product complies with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR S000-6000 MIT. REFERENCE WAVEGUIDLE
Manulacturer MVG
Maodel SWGSIH
Serial Number SN 31149 WGALS
Product Condition (new 7 used) | Now

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

MVG's COMOSAR Validation Waveguides are built in accordance 1o the TEEE 1528 and CEITEC
62209 standards.

4  MEASUREMENT METHOD

The IEEE 1528 and CELIEC 62209 slandards provide requirements for referenes waveguides used
for svstem validation measurements. The following measurements were performed to verify that the
praduct complies with the fore mentioned standards.

4.1 RETURN LOSS REQUIREMENTS

The waveguide used for SAR swstem validation measurements and checks must have a return loss of
-8 dB or better. The return loss measurement shall be perfermed with matching laver placed in the
open end of the waveguide, with the waveguide and maitching layer in direet contact with the
phantom shell as owhined in the lore mentioned standards,

42 MECIHANICAL REOUIREMIN'TS
The IEEE 1528 and CELI'IEC 62209 standards spevily the mechanical dimensions ol the validation
waveguide, the specificd dimcensions are as shown in Scetion 6,2, Figure 1 shows how the
dimensions relate to the physical construction of the waveguide.
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Feft a0 150 IS SAT A

5 MEASUREMENT UNCERTAINTY

All uneertaitics listed below represent an expanded uneartainty expressed at approximately the 95%
confidencs level using a coverage factor of k=2, traccable to the Internationally Accepted Guides to

Measwrement Uncertainty.

5.1 RETURN LOSS

The lollowing uncertainties apply 1o the retwm loss measuremenl:

Frequency band Expanded Uncertainty on Return Loss
A00-6000MHz 0.14B

52 DIMENSION MEASUREMENT

The [ollowing uncertaintics apply 1o the dimension measuraments;

Length (mm) Expanded Tlncertainty on

Length

3300 005 mm

53 NALIDATION MEASUREMENT

The puidelines outlined i the TEET 1528 and CELTEC 62200 standards were o
the measurement unc ﬂ"ll.lll\ for validation neasurements.

Nowed 10 penerate

Scan Volume Expanded Uncertainty
l g 20,3 %
10 20.1 %

6  CALTBRATION MEASTIREMENT RESTILTS

6.1 RETLRNLOSS INHEAD LIOUITD

Fracusecy. MHz

na L | L | LURE en LRl A S EC it}

511.cB

Puger 333
Tl e divampnt vl vt fosssparexdonend crevp in ST v in paad sithoad the weitien apyvena of 191
The tfarimation contained hewin s
B ezl i v S o g e ey winien apaven al af MV

i

nsrd only o e pupsie Gr wates s swhdried cosd 1 e fe

775 Montague Expressway, Milpitas, CA 95035, USA « Phone: (+1) 408 526 1188 « Fa051m11e (+1) 408 526 1088

Visit us at: www.siemic.com; Follow us at: tL".‘i! m



http://www.facebook.com/pages/Siemic/323224291039167
http://www.facebook.com/pages/Siemic/323224291039167
http://www.linkedin.com/company/siemic/
http://gplus.to/SIEMIC

Test report No. FCC-IC_SAR_SL17060501-ZBR-021

Page 156 of 163

3
SIEMIC

A Bureau Veritas Group Company

SAR REFERENCE WAVEGUIDE CALIBRATION REFORT

Kef® A 102 18 Sa0 ) A

Frequency (MHz) | Retum Loss (dB) |  Requirement (dB) Impedance
3200 -8.34 - 22880 - .83 102
3400 -11.90 -8 49.72 €2 26.23 02
3600 -13.33 -8 42,04 Q - 18.94 jQ2
3R00 -12.07 -X 32.11 Q2 =~ 10.393i0

6.2 RETURN LOSS TN BODY LIOUID

Py MHz
5400 3500 5300 3700

Frequency (MHz) | Return Loss (dB) | Requirement (dB) Impedance
200 826 8 2085 €2 - 7.88 jC2
3400 -11.87 -8 §2.62 0 -29.88Q2
600 -12.27 -8 IR2TL-21.3040
SRO0 -11,78 -8 30.88 2 13.05 02
0.3  MECHANICAL DIMENSIONS
Poskiiiink 1. {mm) W (mm) 12 (mm) W {mm) I (om)
2 r._!"'i T Resuire | Mecsarr | Require | Measwe | Requice | Measwe | Requre | Measuc | Reguife | Meesane
R d i g d d d d d d i
sa00r | T | owass | T wass | BT wass [PUET | vasw | sae | pass
53000 'f,’l',' FASS 3".3"?3' PASS S'.;'JI'.;’ 4SS ‘:f.l'f:"’;” PASS PED PASS

#'1he tolaranes Lor the matching laver i¢ included in the return loss measureanent.

i divampnr alwall

sl e saparends
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Maiching layer

Figure 1: Validation Waveguide Dimensions

7T VALIDATTON MEASUREMENT

The IEEE Std. 1328 and CELIEC 62209 standards state that the swvstem validation measurements
must be performed using a reference waveguide meeting the fore mentioned return loss and
mechanical dimension requirements. ‘The validation measurement must be performed with the
matching layer placed in the open end ol the waveguide, with the waveguide and matching layer in
dircel contaet with the phantom shell,

7.1 HEAD TIOUID MEASUREMENT

Fm::‘:zncv Relative permittivity {&) Conductivity (c] 5/m
required measured required measured
5200 36.2£10% | £.45210%
5100 ECRPILE £.56=210%
5200 30.0£1C% | PASS 406 =10% PASS
5300 35.0:10% £.76=10%
£400 308 110 % PASS SRR -10% PASS
500 356:10% | £.07 =10%
500 305 110 % PASS 507 =10 % PASS
5700 35.4 £10% 5.17=10'%
500 WILGK | PASS 527 =10 % PASS
L300 35.2:10% | 5.38=10%
£000 35.1H6% | 54K =10 %

7.2 SAR MEASUREMENT RESULT WITH HEAD LIOULY

AL those Iraquencies, the Lirget SAR value can not be generic. TTereunder s the targel SAR value
delined by MVG, within the uncertainty [or the system validation.  All SAR valucs are nonmalized
to 1 W net power. 1n bracket, the measured SAR is given with the used input power.
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mVG SAR REFERENCE WAVEGUIDE CALIBRATION REPORT

Sollware CPLABAR W

Phantom B 20008 SANTT)

Probe SN IS ERG IS

Liquid Hene Liguid Yalues 5200 Mz eps 36 32 sieng : 4.7

Lewe Liguidd Values 5400 Mz ens
Tlend Liguid Yalues 5600 M1z eps
TTead Liguid Values SEO0 MIT2 eps

35,10 sigon !
3522 sigow ;518
A5 guma S 47

Distance between dipole waveenide and liquid (: mm

Area suean resolution dx=Smmdy=8mm
Zoon Scan Resolution A dy—dmedz—Zmm
Frequency 52000 WHz

nput power
_Liquid Temperature
1 ab ‘lemperature

Lab Humiclity

Frequeney (MHz) 12 SAR(W:ka) 10 g SAR (Wikg)
required meagsured required measured
3203 1 59.00 | S8.86 (15.80) 36.90 33.60 (5.56)
5400 16640 167.76 (16.78) 58.43 SR22(5.82)
5600 173,80 176.71 (17.67) 59.97 60.69 (6.07)
SR00 181.20 183.36 (18.5) 61.50 6G225(6.22)

SAR MIEASUREMENT PLOTS @ 5200 Mz

BRI /1

2= |
0 4 WA 163X RN
. e Viel =

Puge: 843

Tl divammer dwall ot B sspaendused crenpd in Sl o in paad swithoad She weitien apyvena of 191
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SAR ME. ‘\SL'REMENT PLOTS @ 5604 MHz
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73 DBODY LIOUID MEASUREMENT

Frez\:e’n:v Relative permittivity (8] Conductlvity {o] 5/m
required measured required measured

S200 19.0£10 % PSS £.30210% PASS
33040 42.9 £10 % 542 110%
SO0 18,7 £10 % PASS 552 310% PASS
3506 42.G +10 % 5.65110%
SO0 13,5 £10 5 PAss 5.7 #10% FASS
3804 42.2110% | PASS 6.00210% PASS

74  SAR MEASURTEMENT RESULT WITIT BODY LIQUID

 Software. | OEEAR I
I’hantom SN 2R SANTI
I’robe SN INTT ERXGI22
Liquid Body Liguid Yelues 3200 MHe: eps! :30.70 sipma - S.11
Lody Liguid Velves 5200 Mllz: e’ 5000 sigme @ .64
Tiady Liguid Velues 3000 Mz eps' 4934 sipma 5,85
Tiondy Liguid Velues SSO0NTT2 eps’ dF Sd sipmea 622
Distance belween dipole waveguide and liguid L mm
Arca sean resolution Ux=Smomly-8mm
Zoon Scan Resolution A dnmdi—dmedz—Zmm
Frequency 5200 MHz
5400 Mile
SEND I Tz
SR T
lnput power 20 d=m
Liguid Temperature 21°C
al 'lemperature 21°C
Lab Humidity 45 %
Frequency (MHz) 1 g SAR (Wike) 10 g SAR (Wke)
nmeasured mgasured
200 153,22 (15.32) S443 (5.4
3400 164.37 (16.44) 5780 (5.78)
5600 168.24 (16.82) SBOT (58T
5800 173,65 (17.3T) $9.92 (59N
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SAR REFERFNCE WAVEGLUIDE CALIBRATION REPORT Ref: ATR1E0 1S SAIN A

BODY SAR VIEASUREMENT PLOTS w. 53{K} MHz
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

el e P

Flat Phantcm NVG snoooe-sampy [EREIGS Nocal - ekees Mo el

COMOSAR TestRenck|  Version 3 NA r;f]':f'f;fjd Maoa rﬁ‘:jfpzd b ol
Netwiork Analyzer | MO0 & SAINAIZ 1 gyggnq3 022013 0212016
Calipers Carrera CALIFER 0 1212013 1202016
Relerence Probe VG EPG122 SN 1811 10/2014 102015
Nultimeter Keittiey 2000 1183656 1212013 1212016
Sgnal Gererator | Agllent E4438 | Nydgorosat 120013 1202016

Rl BT e e
S Meler =HP =4418A US38251198 122012 1202016
Power Sersor HE ECP-E26A USS7181260 120013 122016

Directional Coupler | Narda 4216-20 01386 ?x'arﬁe[‘:ffpﬂ[ﬁ;f? g:f’ﬁet'f:ef’;f (G
e aorand | control Company 11-861-2 82072 412015
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