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1
Calibration date March 22, 2017

This calibration cenfcate documents the Hacoabliity to national standards, which realize the physical urts of mensmsmnents 54

The measuremants and tha uncetainies with conlidonds probatility am given on the following pages and s pant ol the confcalo

All calibrations have besn conducted in the cosad labatatony facility. environment temperature (22 = 5)°C and humidity < 7P
Cadibeation Equipment used (M&TE critesl tor calibration)
Primary Standards i0e Cai Daiw [Cortibcate No | Scheduled Calitralion
Powis irister NFRP &N 104778 O6-Apr-16 (No. 21 7-022BRGD280) Apra17
| Powar sansor NRP-Z01 SN 103244 06-Apr-16 (No. 21702288 Apra7
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Narma Function Signature
Calisnied by Joharmes Kurikka Labosmtory Tachniclan ; 5 /
Approved by Katia Pokovic Technical Manager W
Issued: March 24, 2017
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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, "SAR Measurement Requirements for 100 MHz to & GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

* Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

¢ Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

» Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

* Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

* SAR measured: SAR measured at the stated antenna input power.

* SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

» SAR for nominal TSL parameters; The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions

DASY system configuration, as far as not given on page 1.

DASY Version DASYS V5288

Extrapolation Advanced Extrapolation

Phantom Modular Fiat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 750 MHz = 1 MHz
Head TSL parameters

The foliowing parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°'C 41.9 0.88 mho/m

Measured Head TSL parameters (220=02)°C 408 +68% 0.91 mho/m =8 %

Head TSL temperature change during test <0.5*C reve
SAR result with Head TSL

SAR averaged over 1 cm” (1 g) of Head TSL Condition

SAR measured 250 mW mput power 2.13 Wikg

SAH for nominal Head TSL parameters

normalized to 1W

B.33 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm’ (10 g) of Head TSL condition

SAR measured 250 mW input power 1.39 W/kg

SAR tor nominal Head TSL pararmatars nermalized 1o 1W 5.46 Wikg = 16.5 % (k=2)
Body TSL parameters

The following parameters and calculations were applied
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 555 0.96 mho/m

Measured Body TSL parameters (220+02)°C 546=6% 0.99 mhaofm + 8 %%

Body TSL temperature change during test <05°C - e
SAR result with Body TSL

SAR averaged over 1 cm’ (1 g) of Body TSL Condition

SAR measured 250 mW input power 218 Wikg

SAR for nommal Body TSL parameters narmalized to 1W B.48 W/kg = 17.0 % (k=2)

SAR averaged over 10 cm’ (10 g) of Body TSL condition

S5AR measured 250 mW input power 1.44 Wig

SAR for nominal Bady TSL parameters normalized to 1W 5.64 W/kg = 16.5 % (k=2)

Certificate No: D750V3-1171_Mar17
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, translormed to feed point 5440-23102
Ratum Loss -26.4dB

Antenna Parameters with Body TSL

Impedance, transtormed to feed point 4370 -55Q
Relum Loss -252dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.032 ns

Alter long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured

Tha dipole s made of standard semingid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore shont-circuited for DC-signals. On some of the dipoles. small end caps
are added 1o the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions* paragraph. The SAH data are not aflected by this change. The overall dipole length is still
according o the Standard,

No excessive force must be applied 1o the dipole arms, because ihary might bend or the scidered connections near the
feedpoint may be damaged

Additional EUT Data

Manufactured by SPEAG
Manufactured on Oclober 10. 2016
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DASYS5 Validation Report for Head TSL

Date: 22.03.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN:1171

Communication System: UID 0 - CW ; Frequency: 750 MHz

Medium parumeters used: { = 750 MHz: o = 0.91 S/m: & = 40,9 p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(10,17, 10,17, 10,17} Calibrated: 31.12.2016:
e Sensor-Surface: |.4mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrited: 04.01.2017
»  Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA: Serial: 1001

« DASYS2 52.8.8(1222): SEMCAD X 14.6.1((7331)
Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0
Measurement gnd; dx=5mm, dy=5mm, dz=5mm
Reference Value = 59.27 Vim; Power Drift = -0.01 dB
Peak SAR (extrapolated) = 3.22 Wikg

SAR(I g) = 2.13 W/kg: SAR(10 g) = 1.39 W/kg
Maximum value of SAR (measured) = 2.86 Wikg

-2.20
-4.40
-6.60

0 dB =286 Wikg = 4.56 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 22.03.2017
Test Laborwtory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN:1171

Communication System: UID 0 - CW ; Frequency: 750 MHz

Medium parameters used: = 750 MHz; o = 0.99 §/m; & = 54.6; p = 1000 ke/m’
Phantom section: Flut Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
¢ Probe: EX3DV4 - SN7349: ConvF(9.99, 9.99, 9,99): Calibrated: 31 12.2016;

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601: Calibrated: 04.01.2017

Phuntom: Flat Phantom 4.9 (Back); Type: QD 00R P49 AA: Serial: 1005

DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement gnd: dx=5mm, dv=3mm, dz=5mm

Reference Value = 57.57 Vim; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 3.27 Wikg

SAR(1 g) = 2,18 W/kg: SAR(10 g) = 1.44 W/kg

Maximum value of SAR (measured) = 2.80 Wikg

-2.20
=4.40
-6.60

-8.80
f

-11.00

0dB =289 Wikg = 4.61 dBW/kg
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Impedance Measurement Plot for Body TSL
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D750V3, SN1171

Title: Extend_calibration 2018 D750V3_SN1171

Scope: CETECOM GmbH, Essen
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Extend_calibration_2018_D750V3_SN1171 Version 1.0
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Extend_calibration_2018 D750V3_SN1171 Version 1.0

1 Purpose

Following KDB “865664 D01 SAR Measurement 100 MHz to 6 GHz v01r04” chapter 3.2.2 Dipole calibration,
an extention of calibration up to 3 years is possible

3.2.2. Dipole calibration

It is necessary to re-calibrate reference dipoles at regular intervals to confirm the electrical specifications
and SAR targets. A dipole must be calibrated using a fully validated SAR system according to the tissue
dielectric parameters and SAR probe calibration frequency required for device testing. [t1s gencrally
unacceplable to calibrate a dipole using the SAR system that has been validated by the same dipole:
therefore, dipoles should be retumned to the SAR system manufacturer or its designated calibration
facilities for re-calibration. However, instead of the typical annual calibration recommended by
measurement standards, longer calibration intervals of up to three years may be considered when it is
demonstrated that the SAR target, impedance and return loss of a dipole have remain stable according to
the following requirements.

1) The test laboratory must ensure that the required supporting information and documentation are
included in the SAR report to qualify for the three-year extended calibration interval; otherwise, the
IEEE Std 1528-2013 recommended annual calibration applies.

2) Immediate re-calibration is required for the following conditions,
a) Aftera dipole is damaged and properly repaired to meet required specifications.

b) When the measured SAR deviates from the calibrated SAR value by more than 10% due to
changes in physical, mechanical, electrical or other relevant dipole conditions; i.e., the error 15 not
introduced by incorrect measurement procedures or other issues relating to the SAR measurement
system.

¢) When the most recent retum-loss result, measured at least annually, deviates by more than 20%
from the previous measurement (i.e. value in dB = 0.2) or not meeting the required 20 dB
minimum return-loss requirement.™

d) When the most recent measurement of the real or imaginary parts of the impedance, measured at
least annually, deviates by more than 5 Q from the previous measurement.

Dipoles arc often optimized individually by manufacturers to provide the best impedance match (50 £2)
and return loss (> 20 dB), according to the tissue and phantom shell dielectric property requirements.
This may introduce some small variations between the SAR targets specified in IEEE Std 1528-2013 and
the dipole calibration results. Therefore, SAR system validation and verification results must be
compared 1o the SAR calibrated for the individual dipole. The 1-g and 10-g SAR measured with a
reference dipole, using the required tissue-equivalent medium at the test frequency, must be within 10%
of the manufacturer calibrated dipole SAR target. The extrapolated peak SAR at the phantom surface
above the dipole feed-point should be within 15% of that reported in the calibration data or specified in
IEEE Std 1528-2013 to confirm that the measured SAR distribution is equivalent to that in the dipole
calibration record.

EXTEND_CA Seite 3von 9
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Extend_calibration_2018_D750V3_SN1171 Version 1.0

2 Equipment

2.1  Dipole
Name D750V3, SN1171
Manufacturer Schmid & Partner Engineering AG

Calibration until

March 2018

Calibration extention

By 12 month, until March 2019

Function

Dipole antenna for SAR system performance check

2.2  Equipment used for verification

Vector Network Analyzer

Agilent N5230A, SN US43500426, calibrated until 12/2018

Feeding cable

SUCUFLEX 104A SN40155/4A

EXTEND_CA
LIBRATION_2
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Extend_calibration_2018_D750V3_SN1171

Version 1.0

3 Comparison

A S11 measurement was performed with the dipole, positioned under body phantom with head and body liquid.

3.1 Results

a) No physical damage recognized on the dipole
b) All performance system checks performed with the dipole within 10%

c) All return loss values are above 20dB ,please see table below

d) Real and imaginary parts of impedance are within the +5Q tolarance

Overview table

Test Return/ Loss Real part Imaginary part
[dB] of impedance [Q] of impedance [Q]

Calibration Head 26.388 54.428 2.3398

Check 2018 Head 24.66 51.00 5.834

Calibration Body 25.188 49.668 5.4824

Check 2018 Body 27.26 49.45 4.279

EXTEND_CA
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Extend_calibration_2018 D750V3_SN1171

Version 1.0

Extract from calibration 2017 Head

Impedance Measurement Plot for Head TSL
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Extend_calibration_2018 D750V3_SN1171 Version 1.0

Check 2018 Head
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Extend_calibration_2018 D750V3_SN1171 Version 1.0

Extract from Calibration 2017 Body

Impedance Measurement Plot for Body TSL
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Extend_calibration_2018 D750V3_SN1171 Version 1.0

Check 2018 Body
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4 Conclusion

Extention of calibration by 12 month for D750V3, SN1171 is reasonable.
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Certificate No: D900V2-099_ May16

|CALIBRA'I'ION CERTIFICATE |

Otject

Calitration procegurs(s}

Calibration cats

D900V2 - SN: 089

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

May 11, 2016

Calibralion Equipment used (MATE crical for calibration)

This calibration ceniicate documents the traceability (o natonal standards, which realise (he physical units of measursments (51)
The mennurements and the uncenaintes with conligence probability ane given on the lollowing pages and are par of ihe certificaty

All calibrations hawe been conducted in the closad labosatory tacility; environment tempemture (22 + 3°C and humidiy < T

Prmary Standards Das Cal Dale (Ceniticate No.) Schiduled Calibration
Powsr maotar NEP SN 104778 OE-Apr-18 (No. 21 7-02288/,02289) Ape1T

Power sensor NAP-Z31 SN 103244 D&-Apr-18 (No. 217-02288) Apr-17

Powar sansor NRP.Z91 SN 103245 08-Apr-18 [No. 217-02288) Apr-17

| Referanca 20 o Attenualor SN 5058 (20K) 05-Apr-16 (No. 217-02292) Ap17

Typs-MN mismuch combinalion SN 5047.2/ 06327  05-Apr16 (No. 217-02285) Ape17

Raforence Probe EXI0VA SN 7349 31-Doc-15 (No. EX3-7340_ Deal15) Dec-16

DAES SN el 30-Dac-15 (No. DAES-601 Dec1s) Dec-18

Secondary Standamis D# Chack Date {in houss) Scheduled Chack
Powar mntar EPM-G42A SN GB3T4807D4 07-0c1-15 (Mo, 2AT-02222) In house check: Oct-16
Powar sonsor HP B481A SN US3IT2027T83 07-0c1-15 (Np. 217-02222) In house check: Ocl-18
Power sansor HP B461A SN MYa1082317 O7-0ct-15 (No. 217-02223) In house check: Ool-16
AF generator BAS SMT-06 SN 100972 15-Jun-15 {in hous chack Jun-15) In houss eheck: Oct-16
Network Anialynes HP 8753E | SN LIS37390585 18-0ct-01 (in house check Oct-15) In house check: Oct-16

Harme Function Signature
Calibratod by Michaal Waber Laboratory Technician /{/ %@_
]
Approved by Katia Pokovic Tachnical Manager =

Issusd: May 18, 2016

| This callbeation cartificate shall not be reproduced except in full without writlen approval of tha laboratony
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Calibration Laboratory of

i Schweizerischer Kalibrierdienst
Schmid & Partner Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzeriand Swiss Calibration Service
Accrediled by the Swss Accredilation Service (SAS) Accreditation Ne.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agresmant far the recognition of callbration cerificaten

Glossary:

TSL lissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) 1EC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) IEC 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human bedy (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

* Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

» Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

« Feed Point Impedance and Retumn Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

* Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

* SAR measured: SAR measured at the stated antenna input power.

* SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

» SAR for nominal TSL paramelers: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions

DASY system configuration. as far as nol given on page 1.

DASY Version DASYS V5288

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx. dy, dz =5 mm

Frequency 800 MHz = 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 415 .97 mho/m

Measured Head TSL parameters (220=02)*C 412+6% 0.96 mho/m = 6 %

Head TSL temperature change during test <05°C e —es
SAR result with Head TSL

SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured 250 mW Input power 2.60 Wikg

SAR for nominal Head TSL paramelers

normalized o 1W

10.8 W/kg = 17.0 % (k=2)

SAR averaged over 10 cm? (10 g) of Head TSL condition

SAR measured 250 mW input power 1.73 Wikg

SAH for nominal Head TSL parameters normalized 1o 1W 6.95 Wikg = 16.5 % (k=2)
Body TSL parameters

The following paramelers and calculations were appliad,
Temperature Permittivity Conductivity

Nominal Body TSL parameters 20°'C 550 1.05 mho/m

Measured Body TSL parameters {(220+02)°C 55.1+6% 1.05 mho/m + 6%

Body TSL temperature change during test <05°C — —
SAR result with Body TSL

SAR averaged over 1 cm’ (1 g) of Body TSL Condition

SAR measurad 250 mW input power 2.75 Wikg

SAR for nominal Body TSL paramelars normalized to 1W 11.0 Wkg = 17.0 % (k=2)

SAR averaged over 10 cm’® (10 g) of Body TSL condition

SAR measured 250 mW input powar 1.78 Wikg

SAR for nominal Body TSL parameters normalized to 1W 7.12 Wkg = 16.5 % (k=2)

Cerificate No: DS00V2-089_May16
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance. transformed to feed paint 48.10-58[0
Retum Loss =242 dB

Antenna Parameters with Body TSL

Impedance. transformed to teed point 4460-750
Retum Loss -20.2dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.402 ns

Ahter long term use with 100W radiated power, only a slight warming of the dipole near the feedpaint can be measured.

The dipole is made of standard sermingid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore shon-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according 1o the position as explained in the
‘Measurement Conditions* paragraph. The SAR data are not affected by this change. The overall dipola langth is stil
according 1o the Standard.

No excessive force must be applied 1o the dipole arms. because they might bend or the soldared connections near the
feadpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on January 24, 2001
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DASYS Validation Report for Head TSL

Test Luboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 900 MHz: Type: DY00V2; Serial: D900V2 - SN: 099

Communication System: UID 0 - CW; Frequency: 900 MHz

Medium parameters used: =900 MHz; 0 =096 S/m; & =41.2; p = 1000 kg/m’
Phantom section: Flut Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.7, 9.7, 9.7): Calibrated: 31.12.2015:
Sensor-Surface: |.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601: Calibrated: 30.12.2015

Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

DASYS2 52.8.8(1258); SEMCAD X 14.6,10(7372)

Date: 09052016

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement gnd: dx=5Smm, dy=5mm, dz=5Smm
Reference Value = 64.20 V/im: Power Drift = -0.00 dB
Peak SAR (extrapoluted) = 4.09 Wikg

SARI(1 g) = 2.69 W/kg; SAR(10 g) = 1.73 W/kg
Maximum value of SAR (measured) = 3.62 Wikg

dB

-2.40

-4.80

-7.20

-9.60

-12.00

0dB = 3.62 Wikg = 5.59 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 11.05.2016
Test Laboratory: SPEAG, Zunich, Switzerland
DUT: Dipole 900 MHz: Type: D900V2; Serial: DY0OV2 - SN: 099

Communication System: UID 0 - CW: Frequency: 900 MHz

Medium parameters used: [ =900 MHz; o = 1.05 5/m; &= 55.1; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standurd: DASYS (IEEE/EC/ANSI C63.19-2011)

DASY 52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(9.64, 9.64, 9.64); Calibrated: 31.12.2015;
e Sensor-Surface: |.4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 30.12.2015
«  Phuntom: Flut Phuntom 4.9L; Type: QDOOOP49AA:; Seral: 1001

« DASY5252.8.8(1258). SEMCAD X 14.6.10(7372)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm. dv=5mm, dz=5mm

Reference Value = 62.22 Vim: Power Drift = 0.00 dB

Peak SAR (extrapolated) = 4.03 W/kg

SAR(I g) = 2.75 W/kg: SAR(10 g) = 1.78 W/kg

Maximum value of SAR (measured) = 3.63 Wikg

-2.20
-4.40
-6.60

-8.80

-11.00

0dB =363 Wkg =560 dBW/kg
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Impedance Measurement Plot for Body TSL

11 May 2016 @9:33:12
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Extend_calibration_2018_D900V2_SN099 Version 1.0
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Extend_calibration_2018_D900V2_SN099 Version 1.0

1 Purpose

Following KDB “865664 D01 SAR Measurement 100 MHz to 6 GHz v01r04” chapter 3.2.2 Dipole calibration,
an extention of calibration up to 3 years is possible

3.2.2. Dipole calibration

It is necessary to re-calibrate reference dipoles at regular intervals to confirm the electrical specifications
and SAR targets. A dipole must be calibrated using a fully validated SAR system according to the tissue
dielectric parameters and SAR probe calibration frequency required for device testing. [t1s gencrally
unacceplable to calibrate a dipole using the SAR system that has been validated by the same dipole:
therefore, dipoles should be retumned to the SAR system manufacturer or its designated calibration
facilities for re-calibration. However, instead of the typical annual calibration recommended by
measurement standards, longer calibration intervals of up to three years may be considered when it is
demonstrated that the SAR target, impedance and return loss of a dipole have remain stable according to
the following requirements.

1) The test laboratory must ensure that the required supporting information and documentation are
included in the SAR report to qualify for the three-year extended calibration interval; otherwise, the
IEEE Std 1528-2013 recommended annual calibration applies.

2) Immediate re-calibration is required for the following conditions,
a) Aftera dipole is damaged and properly repaired to meet required specifications.

b) When the measured SAR deviates from the calibrated SAR value by more than 10% due to
changes in physical, mechanical, electrical or other relevant dipole conditions; i.e., the error 15 not
introduced by incorrect measurement procedures or other issues relating to the SAR measurement
system.

¢) When the most recent retum-loss result, measured at least annually, deviates by more than 20%
from the previous measurement (i.e. value in dB = 0.2) or not meeting the required 20 dB
minimum return-loss requirement.™

d) When the most recent measurement of the real or imaginary parts of the impedance, measured at
least annually, deviates by more than 5 Q from the previous measurement.

Dipoles arc often optimized individually by manufacturers to provide the best impedance match (50 £2)
and return loss (> 20 dB), according to the tissue and phantom shell dielectric property requirements.
This may introduce some small variations between the SAR targets specified in IEEE Std 1528-2013 and
the dipole calibration results. Therefore, SAR system validation and verification results must be
compared 1o the SAR calibrated for the individual dipole. The 1-g and 10-g SAR measured with a
reference dipole, using the required tissue-equivalent medium at the test frequency, must be within 10%
of the manufacturer calibrated dipole SAR target. The extrapolated peak SAR at the phantom surface
above the dipole feed-point should be within 15% of that reported in the calibration data or specified in
IEEE Std 1528-2013 to confirm that the measured SAR distribution is equivalent to that in the dipole
calibration record.
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Extend_calibration_2018_D900V2_SN099 Version 1.0

2 Equipment

2.1  Dipole

Name D0900V2, SN099

Manufacturer Schmid & Partner Engineering AG

Calibration until May 2018

Calibration extention By 12 month, until May 2019

Function Dipole antenna for SAR system performance check

2.2  Equipment used for verification

Vector Network Analyzer Agilent N5230A, SN US43500426, calibrated until 12/2018

Feeding cable SUCUFLEX 104A SN40155/4A
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Extend_calibration_2018_D900V2_SN099

Version 1.0

3 Comparison

A S11 measurement was performed with the dipole, positioned under body phantom with head and body liquid.

3.1 Results

a) No physical damage recognized on the dipole
b) All performance system checks performed with the dipole within 10%

c) All return loss values are above 20dB ,please see table below

d) Real and imaginary parts of impedance are within the +5Q tolarance

Overview table

Test Return/ Loss Real part Imaginary part
[dB] of impedance [Q] of impedance [Q]

Calibration Head 24.195 48.137 5.7715

Check 2018 Head 25.92 46.27 3.140

Calibration Body 20.228 44.633 7.5273

Check 2018 Body 20.65 44.30 6.667

EXTEND_CA
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Extend_calibration_2018_D900V2_SN099 Version 1.0

Extract from calibration 2017 Head

Impedance Measurement Plot for Head TSL
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Extend_calibration_2018_D900V2_SN099 Version 1.0

Check 2018 Head
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Extend_calibration_2018_D900V2_SN099 Version 1.0

Extract from Calibration 2017 Body

Impedance Measurement Plot for Body TSL
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Extend_calibration_2018_D900V2_SN099

Version 1.0

Check 2018 Body
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4 Conclusion
Extention of calibration by 12 month for D900V2, SN099 is reasonable.
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughaunstrasse 43, 8004 Zurich, Switzerland

S Schwelzerischer Kalibrierdienst
C Service sulsse d'étalonnage

Servizio svizzero di laratura
S  Swiss Catibration Service

Accraditad by the Swess Accreditation Service [SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service ls one of the signatories to the EA
Multilateral Agreemaent for the recognition of calibration certificates

cient  Cetecom GmbH Certificate No: D1B00V2-287_Jan18
ICALIBHATION CERTIFICATE |
DObject D1800V2 - SN:287
Calibration procedursis) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Calibration date January 09, 2018

This calibration cenificate documents the rmceability 1o national standnrds, which realize the physical units of maeasuremants (51,
Tha maasuramants &nd 1ha uncanmntes with conlidence probabiity aro given on the folowing pages and are port of The cenificaie

All catiibrations hisve been conducted in the closed laboratory facility. environment tempemture (22 = 3)°C and humidity = To%

Calibration Equipment usad (MATE ontical for callbration)

Primisry Standards iDs Cal Data (Cenficata MNo.) Scheduled Calibration

Powear meter NAFP SN 104778 O4-Apr-17 (No. 217-02521/02522) Apr-18

Powar sansor NRP-Z91 | SN 103244 O4-Apr-17 (No. 217-02521) Apr-1b

Powar sansor NRP-Z91 | sn 103245 O4-Apr-17 (No, 217-02522) Apr-18

Felermnce 20 oft Altanusior SN 5058 (20k) OF-Apr-17 (Mo 217-02628) Apr-18

Typa-M mismaich combination SN 5047 2/ DEET O7-Apr-17 (No. 217-02529) Apr-18

Reference Probe EXI0VY SN T340 30-Cec-17 (NG, EX3-T348 _[ec17) Dac-18

OAE4 SN 601 26-0ct-17 (No. DAEL-601_Oc17) Det18

Secondary Stanciards it # Check Date (in houss) Schoduled Check

Powar maler EPM-4424 SN GB3IT4R07T04 OF-0at-15 {in house chack Det-18) In house check: Oct-18

Powar senaor HP 8481 A SN USATER2TRI 07-0ct-15 (in house check Oct-16) In house check: Oct-18

Power sensor HP B481A SN MYA100200T7 O7-Oet-15 {in house chack Det-186) In house check Oct-18

AF generator RAS SMT-06 SN 100972 15-Jun-15 (in housa check Oct-16) In house chack: Oct-18

Metwork Analyzer HP 8753E SN US37390585 18-Oct-01 (i house check Oct-17) In howse checic Oct-18
MNamn Function Signature

Calitiratad by, Michaal Wabar Labormtory Technician

Approved! by: Katie Pokovic Technical Manager /é:fg?%%

|saued: January 9, 2018

This callbration cestificats shiall nol be reproduced except in full withaut writlen spproval of the laboratory
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Calibration Laboratory of g,
Schmid & Partner i

Schweirerischer Kalibrierdienst

.'Eﬁ" "\Ef h’;
- Service suisse d'étalonnage

?)ﬂ(

Engineering AG o Servizio svizzero di taratura
Zoughaunstrasse 43, 8004 Zurich, Switzerland % fﬂ";} Swiss Calibration Service
Accredited by the Swiss Accraditabion Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agresment lor the recognition of callbration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:
a) |EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-

Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) 1EC 62208-1, "Measurement procedure for the assessment of Specific Absorption Rate

(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

c) |EC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless

communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/S System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
paraliel to the body axis.

Feed Point Impedance and Retumn Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

SAR measured: SAR measured at the stated antenna input power.

SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions

DASY system configuration, as far as nol given on page 1.

DASY Version DASYS V52.10.0

Extrapolation Advanced Extrapalation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacar

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1800 MHz = 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperaiure Permittivity Conductivity

Mominal Head TSL parameters 20C 400 1.40 mho/m

Measured Head TSL parameters {220=02)°C 38B=6% 1.38 mho/m £ 6 %

Head TSL temperature change during test <05°C . e
SAR result with Head TSL

SAR averaged over 1 cm® (1 g} of Head TSL Condition

SAR measured 250 mW input power B.73Whkg

SAH for nominal Head TSL parameters

normalized to 1W

39.0 W/kg = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL

=

SAR measured

250 mW input power

5.08 W/kg

SAR lor nominal Head TSL paramelers

narmalized 1o 1W

20.3 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220"C 533 1.52 mhe/m
Measured Body TSL parameters (220:02)°C 533x6% 148 mho/m £ 6 %
Body TSL temperature change during test <05°C — -
SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measured 250 mW input power 8.65 Wikg

SAR for neminal Body TSL paramaters

normalized to TW

39.2 Wikg £ 17.0 % (k=2)

SAR averaged over 10 em” (10 g) of Body TSL condition
SAR measurad 250 mW imput power 5.08 Wikg
SAR for nominal Body TSL parametars normalized to 1W 20.5 Wikg = 16.5 % (k=2)

Certilicate No: D1B0OV2-267_Jan18
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, translormed to feed paint 4830-58 0
Ratumn Loss - 242 dB

Antenna Parameters with Body TSL

Impedance, transiormed 1o feed point 4424 - 57 K2
Retum Loss -21.3dB

General Antenna Parameters and Design

Electrical Delay (one diraction) 1.205 ns

Aftar long term use with 100W radiated power, only a slight warming of the dipole naar the feedpoint can be measured

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna Is therefore short-circuited for DC-signals. On some of the dipoles. small end caps
are addad to the dipole arms in order ta improve matching whan loaded according 1o the position as explained in tha
*Moasurement Conditions” paragraph. Tha SAR data are no! affected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on January 24, 2001
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DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1800 MHz; Type: DIS00V2; Serial: DI1S00V2 - SN:287

Communication System; UID 0 - CW; Frequency: 1800 MHz

Medium parameters used: (= 1800 MHz; o = 1.38 S/m; & = 38.8; p = 1000 kg/m’

Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

Probe: EX3DV4 - SN7349, ConvF(8.3, 8.3, 8.3); Calibrated: 30.12.2017;
Sensor-Surface: L. 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601: Calibrated: 26.10.2017

Phantom: Flat Phantom 5.0 (front); Type: QD 000 PS0 AA; Serial: 1001

DASYS2 52.10.0(1446); SEMCAD X 14.6.10(7417)

Date: 09.01.2018

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement gnd: dx=5mm, dy=3mm, dz=5mm
Reference Value = 108.7 V/im; Power Drift =-0.08 dB
Peak SAR (extrapolated) = 18.0 W/kg

SAR(] g) =9.73 W/kg: SAR(10 g) = 5.08 W/kg
Maximum value of SAR (measured) = 14.8 Wikg

-3.60

-1.20

-14.40

-18.00

0dB = 148 Wikg = 11.70 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL
Dute: 09.01.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz: Type: D1800V2; Serial: DIS00OV2 - SN:287
Communication System: UID 0 - CW; Frequency: 1800 MHz
Medium parameters used: = 1800 MHz; 6 = 148 S/m; g.= 53.3; p = 1000 kg/m’

Phantom section: Flat Section
Measurement Standard: DASYS (IEEEMEC/ANSI C63,19-201 1)

DASY 52 Configuration;
« Probe: EX3DV4 - SN7349; ConvF(8.25, 8.25, 8.25); Calibrated: 30,12.2017:
« Sensor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 26,10.2017
« Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

« DASYS252.10.0(1446); SEMCAD X 14.6.10(7417)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 103.6 Vim; Power Dnift = -0.09 dB

Peak SAR (extrapolated) = 17.2 Wikg

SAR(1 g) = 9.65 W/kg: SAR(10 g) = 5.08 W/kg

Maximum value of SAR (measured) = 14.2 W/kg

-1.60
-1.20
-10.80
-14.40

0dB = 14.2 Wike = 11,52 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of {ﬂ&a} g Schweizerischer Kalibrierdienst
Schmid & Pariner - = C Service suises détaionnage
Engineering AG S Servizio svizzers di taratura
Zeughaussirasse £3, 8004 Zurich, Switzeriand TN S swiss Calibration Service
gl
Accredited by the Swiss Accraditation Ssnace (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Muititateral Agresment for the recognition of calibration certificatens

cient  Celecom Certificate No: D1900V2-531_May16

lCALIBHATION CERTIFICATE I
Obsjoct D1900V2 - SN:531

| Calibration procesurais) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Calibration date May 12, 2016

Thin calibradicn cenificalan docurmenis the tracaatilily o nabonal standards, which mealze the physieal unis of mensurements (51)
Tha maasurements and the uncoranbes with confidence protabliity am given on the following pages and ane pant of the cenificale

| Al calibrations have beon conducted m fhe closed laboratory facility; environment femperafure (22 = 37°C and humdity < TR

Canibration Eguipment used (M&TE critical %o calibration)

Primary Standands 0w Cal Date (Cerilicate No ) Schoeduled Cakbration

Power malar NIRF Sh 104778 OE-Apr-16 (Na. 2170228002009 Apr-AT

Powar sansor NEFP-791 SN 100244 06-Apr-16 (No. 217-02288) Apr-1T

Power sanset NRP-Z51 SN 103245 06-Apr-16 (No. 217-02289) Apr-1T

Faloronce 20 dB Attenuniof S 5058 (20k) D5-Apr-16 (No. 217-02202) ApeAT

Typo-N mismatch combinalion Sh: 50472/ 08327 O5-Apr-16 [No. 217-02295) Api17

Rafarence Probe EX30V4 Sh: T340 31-Dec-15 (No. EX3-7348_Dec15) Dac-18

DAE4 Shi: 601 30-Dac-15 (No. DAE4-601_Dec15) Dec-16

Secondary Standards 0w Check Date (in house) Schdued Chasck

Powar motar EPM-4428 SN GEATAB0TOA 07-0c61-15 (No. 21 7-02222) In houss check: 00116

Powar senior HP B4E1A SN US3T282783 07-0ct-18 (No. 21702222} I M chsck: Oct 18

Powear sansor HP BIB1A S MY4 1082317 07-0c1-15 (No. 217-02223) In houss check: Oc1-16

AF ganarator RES SMT-08 SM: 100872 15-Jun-15 (in house eheck Jun-15) In houss chack: Oct-16

Matwork Analyzar HP 8763E Shi: US37380585 18-0ct-01 (in house check Ocl-15) In housa chack: Oct-16
tHama Function Slgrauturm

Calibrated by Michaol Wabor Labomiory Technician

Hhees
Agproved by, Katia Pokovic Tachnical Manager ﬂ ﬁ}_

ltsund: May 17, 2018

This calibration cerficate shall not be reproduced axcept in full without witten sppeoval of ihe laboratony
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Calibration Laboratory of S

g s oA 5 Schweizenscher Kalibrierdienst
Schmid & Partner %& G Servics suisse détalonnage
Engineering AG N F Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzeriand ' Aa';r’_-h“:«‘ S Swiss Calibeation Service
T ITLAN
Accredited by the Swiss Accraditotion Serice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificales

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) 1EC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used Iin close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) |EC 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB B65664, “SAR Measurement Requirements for 100 MHz to 6 GH2z"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e Measurement Conditions: Further details are available from the Validation Report at the end
of the centificate. All figures stated in the certificate are valid at the frequency indicated.

¢ Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

¢ Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

e Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

¢ SAR measured: SAR measured at the stated antenna input power.

¢ SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

+ SAR for nominal TSL parameters: The measured TSL parameters are used 1o calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificato No: D1900V2-531_May16 Page 2 of 8



Measurement Conditions

DASY system configuration, as far as not gi nnggga‘t.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1800 MHz = 1 MHz
Head TSL parameters
The following paramaters and calculations were applied.
Temperaiure Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mho/m
Measured Head TSL parameters (220=02)"C 401 +6% 1.39 mho/m + 6 %
Head TSL temperature change during tes! <05°C - e
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input powar B8.48 Wikg

SAR for nominal Head TSL parameaters

normalized to 1W

38,1 Wikg £ 17.0 % (k=2)

SAR averaged over 10 em” (10 g) of Head TSL condifion

SAR measured 250 mW input powar 5.00 Wikg

SAR for nominal Head T5L parameters normalized to TW 20.1 Wikg = 16.5 % (k=2)
Body TSL parameters

The lollowing parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 20°C 533 1.52 mhaim

Measured Body TSL parameters (220202} °C 530=6% 152 mho/m =6 %

Body TSL temperature change during test <05°C - eee
SAR result with Body TSL

SAR averaged over 1 em® (1 g) of Body TSL Condition

SAR measured 250 mW input power 9.69 Wikg

SAR lor nominal Body TSL parmmeiers normalized to 1W 38.7 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condition

SAR measured 250 mW input power 5.13Wikg

SAH for nominal Body TSL parmmelers parmalized 1o 1W 20.5 Wikg = 16.5 % (k=2)

Cartificate No: D1900V2-531_May16
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, translormed 1o feed paint 5330+64)0
Retum Loss -231dB

Antenna Parameters with Body TSL

Impedancs. transformed 1o feed point 4850+ 6.5 |0
Retum Loss -234dB

General Antenna Parameters and Design

Electrical Delay (ona direction) 1.200 ns

Alter long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured

The dipale is made of standard semirigid coaxial cable. The center conductar of the feeding lina is directly connected 1o the
sacond arm of the dipole. The antenna is thergfore shon-circuited for DC-signals. On some of the dipoles, small end caps
are addad to the dipola arms in order 1o improve matching whan loaded according to the position as explainad n the
*‘Measurement Conditions" paragraph. The SAR data are nol affecied by this change. The overall dipole length is still
according 1o the Standard

No excessive lorce must be applied o the dipole amms, because they might bend or the soldered connections near the

teadpoint may be damaged

Additional EUT Data

Manutactured by SPEAG
Manutactured on January 24, 2001

Carilicate No: D1800V2-531_May1é Page 4 of 8



DASYS Validation Report for Head TSL

Date: 12,05.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipaole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:531

Commumnication System: UID 0 - CW;, Freguency: 1900 MH2

Medium parameters used: 1= 1900 MHz; o = 1.39 S/m: & = 40.1; p = 1000 kg/m"
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEMIEC/ANS] C63.19-2011)

DASYS2 Configuration;
o Probe: EX3DV4 - SN7349; ConvF(8.2, 8.2, 8.2); Culibrated:; 31.12.2015;
o Sensor-Surface: . 4mm (Mechanical Surface Detection)
e  Electronics: DAE4 Sn601; Calibrated: 30.12.2015
o Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

« DASYS252.8.8(1258): SEMCAD X 14.6.10(7372)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube ):
Meusurement gnd: dx=5mm, dv=5mm, dz=5mm

Reference Value = 105.7 V/im; Power Dnifi = 0.02 dB

Peak SAR (extrapolated) = 17.1 W/kg

SAR(] g) =948 W/kg: SAR(10 g) =5 W/kg

Maximum value of SAR (measured) = 14,2 Wikg

-3.60
-1.20
-10.80
-14.40

-18.00

0dB = 14.2 W/kg = 11.52 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 12.05.2016
Test Laboratory: SPEAG, Zurnich, Switzerlund
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:531

Communication System: UID 0 - CW; Frequency: 1900 MHz
Medium parameters used: = 1900 MHz; a = 1.52 S/m; & = 53; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)
DASY52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(8.03, 8,03, 8.03); Calibrated: 31.12.2015;
e Sensor-Surface: 1.4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 30.12.2015
o  Phamom: Flit Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002

o DASYS2528.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 102.5 V/im: Power Dnift = -0.00 dB

Peak SAR (extrapolated) = 17.1 W/ikg

SAR(I g) = 9.69 W/kg; SAR(10 g) = 5,13 Wikg

Maximum value of SAR (measured) = 14.7 Wikg

-1.40
-6.80
-10.20

-13.60

-17.00

0dB = 14.7 Wikg = 11.67 dBW/kg
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Impedance Measurement Plot for Body TSL
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Extend_calibration_2018_D1900V2_SN531 Version 1.0

L PURPOSE ... .ottt e bRt R bRt

2 EQUIPMENT ..o et b e bbb bbb e b er bbb

2.1 D112 ] I8 =SSR
2.2 EQUIPMENT USED FOR VERIFICATION ...utiiiiieiiiiittttietieeessiitteessessssssbbesssssessssssasssssssssiasssssssssesssssssssssssesssnins

3 COMPARISON . ..ottt ettt r ettt b et r et b e r et r e nr et et

3.1 RESULTS ettt sttt me e m et e s e e e e R e R Rt et et e et e R e aR e e Rt e e re s
EXTRACT FROM CALIBRATION 2017 HEAD.......otiiiiiieiieitie ettt nneenne e ans
CHECK 2018 HEAD ...ttt ettt bbb bk bbb e bbbt bbbt e s e e b et ab e bt e neenn e e
EXTRACT FROM CALIBRATION 2017 BODY .....coitiiiitiriiiiieiieieee sttt sttt sr et e e nnesne st
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4 CONCLUSION ..ot e bbbt e e r bbb e e e r e b bt e e e e e
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Extend_calibration_2018 D1900V2_SN531 Version 1.0

1 Purpose

Following KDB “865664 D01 SAR Measurement 100 MHz to 6 GHz v01r04” chapter 3.2.2 Dipole calibration,
an extention of calibration up to 3 years is possible

3.2.2. Dipole calibration

It is necessary to re-calibrate reference dipoles at regular intervals to confirm the electrical specifications
and SAR targets. A dipole must be calibrated using a fully validated SAR system according to the tissue
dielectric parameters and SAR probe calibration frequency required for device testing. [t1s gencrally
unacceplable to calibrate a dipole using the SAR system that has been validated by the same dipole:
therefore, dipoles should be retumned to the SAR system manufacturer or its designated calibration
facilities for re-calibration. However, instead of the typical annual calibration recommended by
measurement standards, longer calibration intervals of up to three years may be considered when it is
demonstrated that the SAR target, impedance and return loss of a dipole have remain stable according to
the following requirements.

1) The test laboratory must ensure that the required supporting information and documentation are
included in the SAR report to qualify for the three-year extended calibration interval; otherwise, the
IEEE Std 1528-2013 recommended annual calibration applies.

2) Immediate re-calibration is required for the following conditions,
a) Aftera dipole is damaged and properly repaired to meet required specifications.

b) When the measured SAR deviates from the calibrated SAR value by more than 10% due to
changes in physical, mechanical, electrical or other relevant dipole conditions; i.e., the error 15 not
introduced by incorrect measurement procedures or other issues relating to the SAR measurement
system.

¢) When the most recent retum-loss result, measured at least annually, deviates by more than 20%
from the previous measurement (i.e. value in dB = 0.2) or not meeting the required 20 dB
minimum return-loss requirement.™

d) When the most recent measurement of the real or imaginary parts of the impedance, measured at
least annually, deviates by more than 5 Q from the previous measurement.

Dipoles arc often optimized individually by manufacturers to provide the best impedance match (50 £2)
and return loss (> 20 dB), according to the tissue and phantom shell dielectric property requirements.
This may introduce some small variations between the SAR targets specified in IEEE Std 1528-2013 and
the dipole calibration results. Therefore, SAR system validation and verification results must be
compared 1o the SAR calibrated for the individual dipole. The 1-g and 10-g SAR measured with a
reference dipole, using the required tissue-equivalent medium at the test frequency, must be within 10%
of the manufacturer calibrated dipole SAR target. The extrapolated peak SAR at the phantom surface
above the dipole feed-point should be within 15% of that reported in the calibration data or specified in
IEEE Std 1528-2013 to confirm that the measured SAR distribution is equivalent to that in the dipole
calibration record.

EXTEND_CA Seite 3von 9
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Extend_calibration_2018_D1900V2_SN531 Version 1.0

2 Equipment

2.1  Dipole
Name D1900V2, SN531
Manufacturer Schmid & Partner Engineering AG

Calibration until

May 2018

Calibration extention

By 12 month, until May 2019

Function

Dipole antenna for SAR system performance check

2.2  Equipment used for verification

Vector Network Analyzer

Agilent N5230A, SN US43500426, calibrated until 12/2018

Feeding cable

SUCUFLEX 104A SN40155/4A

EXTEND_CA
LIBRATION_2
018_D1900V2
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Extend_calibration_2018_D1900V2_SN531

Version 1.0

3 Comparison

A S11 measurement was performed with the dipole, positioned under body phantom with head and body liquid.

3.1 Results

a) No physical damage recognized on the dipole
b) All performance system checks performed with the dipole within 10%

c) All return loss values are above 20dB ,please see table below

d) Real and imaginary parts of impedance are within the +5Q tolarance

Overview table

Test Return/ Loss Real part Imaginary part
[dB] of impedance [Q] of impedance [Q]

Calibration Head 22.00 50.19 7.983

Check 2018 Head 23.124 53.254 6.4395

Calibration Body 21.64 44.80 5.892

Check 2018 Body 23.389 48.490 6.5059

EXTEND_CA
LIBRATION_2
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Extend_calibration_2018 D1900V2_SN531 Version 1.0

Extract from calibration 2017 Head

Impedance Measurement Plot for Head TSL

12 May 2016 12:22:57
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Extend_calibration_2018 D1900V2_SN531

Version 1.0

Check 2018 Head
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Extend_calibration_2018 D1900V2_SN531 Version 1.0
Extract from Calibration 2017 Body
Impedance Measurement Plot for Body TSL
12 May 2846 12:22:18
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Extend_calibration_2018 D1900V2_SN531

Version 1.0

Check 2018 Body
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4 Conclusion
Extention of calibration by 12 month for D1900V2, SN531 is reasonable.
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 5004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Servion suless détalannage
Servirlo svirrero di taraturn
Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service ls one of the signatories to the EA
Multilateral Agreemant for tha recognition of eallbration certificatan

Client Cetecom GmbH Certificate No: DAE4-1233 Feb17

'|cAL|BnA110N CERTIFICATE |

Objoct DAE4 - SD 000 D04 BM - SN: 1233

Calibration procadure!s) QA CAL-06.v29

Calibration data: February 16, 2017

Calibration Equipmant used (METE criical lor calibration)

Calibration procedure for the data acquisition electronics (DAE)

This callbration cerificate documents the traceabillly to national standards, which realize the physical umits of measurements (S1).
Tha measuremens and the uncertainties with confidence probabilily am given on the following pages and are part of the certificate.

All ealisristions have bean conductod in tha closod labomitony teclity, emdronment lempermiun (22 = 3C and humidiy < 7%,

This callbration certificate shall not be reproduced except in full without written approval of the labermsony.

Primary Standards D3 Cal Date (Cerificate No.) Scheduled Calbration
Kaithley Multimeter Typo 2001 Sh: 0810278 00-Sap-16 (No:19065) Bop-17
Secondary Standards ID# Chack Date (in housa) Bcheduled Check
Auta DAE Calibration Unit SE UWS 053 AA 1001  05-Jan-17 (in house cheok) In housa check: Jan-18
Calitralor Bax V2.1 SE UMS 008 AA 1002 O5-Jan-17 (in house check) In house chech: Jan-18
Tamn Function i L]

Calibrted by Adrian Gehring Technician ;

L
Approved by Fin Bomihalt Depity Technical Managar

W KZLW

Issued; February 16, 2017
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Accradited by ihe Swies Acoreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signalories to the EA
Muttilateral Agreemant for the recognition of calibration certificates

Glossary

DAE

data acquisition electronics

Connector angle  information used in DASY system to align probe sensor X to the robot

coordinate system,

Methods Applied and Interpretation of Parameters
» DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds to the full scale range of the voltmeter in the respective range.

» Connector angle: The angle of the connector is assessed measuring the angle
mechanically by a tool inserted. Uncertainty is not required.

* The following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurement.

Common mode sensitivity: Influence of a positive or negative common mode voltage on
the differential measurement.

Channel separation: Influence of a voltage on the neighbor channels not subject to an
input voltage.

AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltage

Input Offset Measurement. Output voltage and statistical results over a large number of
zero voltage measurements.

Input Offset Current: Typical value for information; Maximum channel input offset
current, not considering the input resistance,

Input resistance: Typical value for information: DAE input resistance at the connector,
during internal auto-zeroing and during measurement.

Low Battery Alarm Voltage: Typical value for information, Below this voltage, a battery
alarm signal is generated.

Power consumption: Typical value for information. Supply currents in various operating
modes.
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DC Voltage Measurement
A/D - Convertar Resolution nominal

High Range! 1ILSB = B.1uV, full range = <100...+300 mV
Low Ranga: LS8 = 61nV full range =  -1..... +3mV
DASY measurement parameters: Auto Zero Time' 3 seq; Measuring time: 3 sec
Calibration Factors X Y z
High Range 404.924 + 0.02% (k=2) | 405.640 + 0.02% (k=2) | 406.025 + 0.02% (k=2)
Low Range 398771 £ 1.50% (k=2) | 4,00739 = 1.50% (k=2) | 4.02451 £ 1.50% (k=2)
Connector Angle
Connector Angle to be used in DASY system 1760%21 "

Cetificate No: DAE4-1233_Feb17 Page 3o §



Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 199996 17 1.97 0.00
Channel X + Input 20002 41 1.38 0.01
Channel X = Input -18998 47 273 0.01
Channel ¥ + Input 199995 94 153 0.00
Channel ¥ + Input 2000120 0.10 0.00
Channel ¥ - Input -20001.87 -0.78 0.00
Channel Z + Input 109905 38 096 0.00
Channel Z + Input 20002 65 177 0.01
Channel Z = Input -20000 95 0.38 -0.00
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 200092 0.12 0.0
Channel X + Input 201.78 059 0.28
Channel X - Input -197.43 1.26 -0.84
Channel ¥ + Input 1899.82 -1.01 -0.05
Channel ¥ + Input 20001 0,25 -0.18
Channel ¥ - Input -199.75 -1.18 0.60
Channel Z + Input 1999 36 -1.37 -0.07
Channel Z + Input 199.77 138 -0.68
Channel Z = Input 20011 135 0.69
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec: Measuring time: 3 sec
Common mode High Range Low Range
Input Voitage (mV) Avernge Reading (uV) Average Reading (uV)
Channel X 200 1121 9.56
- 200 927 -10.86
Channel Y 200 11.00 10.47
- 200 -12.68 -12.68
Channel 2 200 1527 15,58
- 200 -18.27 -18.91
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel ¥ (uV) | Channel Z (4V)
Channel X 200 027 -3.48
Channel ¥ 200 8.25 0.38
Channel Z 200 9.65 477

Certificate No: DAE4-1233_Feb17
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4. AD-Converter Values with inputs shorted

DASY measurement parameters: Auto Zero Time: 3 sec; Maasuring time: 3 sec
High Range (LSB) Low Range (LSB)
Channel X 15740 16386
Channel ¥ 15835 16726
Channel Z 16017 17762
5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec: Measuring time: 3 sec
Input 10MO
Average (uV) | min. Offset (4V) | max. Offset (uv) 5"";';;'““'
Channel X 0.75 -2 46 D.B5 0.67
Channel ¥ =124 -2.68 <0.20 047
Channel Z -0.98 258 033 0.50
6. Input Offset Current
Nominal Input circuitry offset current on all channels: <25(A
7. Input Resistance (Typical values for information)
Zeraing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel ¥ 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vee) +7.8
Supply (- Vec) -7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vec) +0.01 +6 +14
Supply (- Vec) —0.o1 -8 -8
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Declaration_to_extend_calibration_for DAE4_SN1233 Version 1.0
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Declaration_to_extend_calibration_for DAE4_SN1233 Version 1.0

1 Purpose

This document contains all aspects to explain why the lab extended the calibration.

2 Equipment

Name

Data Acquisition Electronics DAE4

Manufacturer

Schmid & Partner Engineering AG

Calibration until

February 2018

Calibration extention

By 6 month, until August 2018

Function

Data acquisition unit to obtain probe values during SAR testing

Photo

DECLARATIO
N_TO_EXTEN
D_CALIBRAT
ION

Seite 3von 4




Declaration_to_extend_calibration_for DAE4_SN1233

Version 1.0

- DAE4 was used and stored in a climatic stabilized chamber, no temperature related issues

- Inthe regular calibrated time from February 2017 to February 2018 DAE4 was used only for 2 projects
and 2 precompliance testing with a total usage time of 15 days. Usage related issues are minimal.

3 Declarations
3.1  Physical aspects
- No physical damage occurred
3.2 Measurement related aspects

In the period February 2017 to February 2018, several system checks were performed and did not show any is-

sues for the DAEA4.

Period Project/ Liquid Frequency | Check Check Calibration | Calibration
Document [MHZz] result SAR | result SAR | SAR 1g SAR 10g
reference 19 10g

Normalized | Normalized | Normalized | Normalized
to 1W to 1W to 1W to 1W
[Wikg] [Wikg] [Wikg] [Wikg]

Dec.2017 | Annex A of Head 2450 52.48 25 522+8.9 |245+42
17-1- Head 5200 72.2 20.3 789+15.7 | 225+4.4
0180901T09a | Head 5300 78.2 21.5 82.3+16.4 | 235+4.6

Head 5600 77.4 23.1 83.1+16.5 | 23.6 +4.6

Jan. 2018 | Annex A of Head 900 10.76 6.92 108+18 |6.95+1.1
17-1- Head 1800 39.68 20.88 39.0+6.6 |20.3+33
0207201701

All system checks were within the limits.

3.3 Calibration

DAE4 was calibrated from SPEAG August 2018. The comparison of the calibration documents showed no big
deviations to calibration from February 2017, which is an indication of the good state of the equipment- Also
comparing the correction files, which has been updated into SAR measurement SW, do not show a big deviation.

-
Data Acquisition Electronics

=

Data Acquisition Electronics

et

| Gm Parameters |

Channel X Y
| N B
| Full range, low: | EEERRA 400739
Fullrange, high: 404924 40564
|
" Input resistance: 200 200
Input capacitance: 0 0
4 Conclusion

e eentek from 02/17 to 02/18

Zz

402451
406.025

200
0

mV
mvV

MChm

pF

Y Input resistance: 200

General | Parameters

et from 08/18 to 08/19

Input capacitance: 0

200

0

Channel X Y &
|
| Full range, low: 3.9888 4.00861 40251
Full range, high: 404.522 405.636 406.028

200
0

mV
mV

MOhm
pF

Based on above-mentioned points an extention of calibration by 6 month for DAE4 with SN 1233 is reasonable.
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Calibration Laboratory of sgﬂ“ﬂ:“% Bchweizerischer Kalibrierdianst

Schmid & Partner =" g Bériiie walses #'Hatonnagh.
Engineering AG % Sarvizio svizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switzsriand TN S Swiss Callbration Service

Accredited by the Swiss Accreditation Service (SA5) Accreditation No.: SCS 0108

Tha Gwiss Accreditation Service is one of the signatories to the EA
Multilateral Agresment for the recognition of calibration certificates

cient  Cetecom GmbH Cortificate No: ES3-3340_Feb18
CALIBRATION CERTIFICATE

Obyect ES3DV3 - SN:3340

Callbration procedusels) QA CAL-01.v8, QA CAL-23.v5, QA CAL-25.v6

Calitration date February 14, 2018

This calibrabion cerfificate docurments the traceability to natoeal standards, which realize (he physical unis of messurements (51)
The measurements and the uncertmntes with confidence probablity are given on e folliwing poges end ame part of (he cotficate

All caltheations have been conduited @ ihe closed labomtory ety environmend emperature (22 = 3]°C and humidity < 7%

' Calibration Eguoment used (MATE ontcal for calibration)

Prevury Standards i Cal Din (Cortficats Na ) Schadubad Catbration
Porr it NEP SN 104778 O4-Apr-1T (Mo 217-02521/102420 Apr-18
Powar sensar NAP-291 SM. 103244 O4-Apr-17 (Mo 217-02521) Api-18
Power sensor NRS.-7491 SN 103245 04-Apr-17 (No._217-02525) Apr-18
Reference 20 o Altenuaior Sh S52TT (20x) Qr-Ape-17 (Na. 217-02528) Apr-18
Refsrenoe Pmobs ESI0V2 S 3013 A0-Dec-17 (Ne. E53-3013_Dec1T) Dec-18
DAE4 Sh: 880 21-Dec-17 (Mo DAEA-B80 Dec7) Doc-18
Secondary Standards 4] Check Date (0 housa) Schaduded Check
Pawer mster E44188 SN GB41293874 (06-Apr-16 (in house check Jun-16) In house check: Jun-18
Power sensor ES412A SM: MY41408087 06-Apr-18 (in houss check Jun-18) In house chack: Jun-18
Power aonnor E44124 SN 000110210 08-Apr-18 {in house check Jun-18) I hounn chesc Jur-18
RF ganerator HP 8848C SN LIS3B421J01 700 04:Aug- 89 [in house chack Jun- 16} In houne check Jur-18
Network Analyzer HP BT53E SN US37300585 18-0ct-01 (in house check Oct-17) In house check: Odl-18

MName Function Signature
Calibrated by Seton Kastratl Laboratory Technician ﬁ? @%«
Approved by Kat Pokavic Tochaical Manager /&7 :

lssued: Febuary 14, 2018

Thin calibraton cartificaie shall nol be reproduced except in full withoul wiitien spproval ol the |nboretony
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Calibration Laboratory of 5@1 S Schweizerischer Kalibriardienst
SBEI'Iml;d & F‘aﬂ:aé w ¢ Service suisse détalonnage
nginee = Servizio svizzeno di taraturs
Zoughauasiraese 35, 004 Zurich, Swhzerand 7N S Suiss Catibration Servics
CITIITLL
Acerdiiod by the Swias Aceratitation Ssrace (SAS) Accraditation No.: SCS 0108
Thie Swins Accreditation Sarvice in ane of tha siginatories to the EA
Multilateral Agresment for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMx.y.z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP diode compression point
CF cresi factor (1/duty_cycie) of the RF signal
A.B.C.D modulation depandent iimearization paramaters
Polarization @ o rotation around probe axis
Polarization & 8 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., B =0 s normal to probe axis
Connector Angla information used in DASY systam to align probe sensor X to the robot coordinate sysiem

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spalial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Technigues”, June 2013

b) IEC 62208-1, ", "Measurement procedure for the assessment of Specific Absorption Rate (SAR) from hand-
held and body-mounted devices used next to the aar (frequancy range of 300 MHz to B GHz)", July 2016

e) IEC 62209-2, "Procedure 1o determine the Specific Absorption Rale (SAR) for wireless communication devices
used in close proximity to the human body (frequency range of 30 MHz to & GHz)", March 2010

d) KDE BES664, "SAR Measurement Reguiremeants for 100 MHz to 6 GHz"

Hﬂhnds Applied and Interpretation of Parameters:
NORMx.y,z: Assessed for E-field polarization § = 0 (f < 900 MHz in TEM-cell, 1 > 1800 MHz: R22 wavugurdu]
NORMx,y.z are only intermediate values, i.e., the uncerainties of NORMx.y.z does not affect the E”-field
uncertainty inside TSL (see below ComdF)

*  NORM{fx.y.z = NORMx.y.z " frequency_response (see Frequency Response Chart), This linearization Is
implemented in DASY4 software versions later than 4.2 The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

+ DCPxy.z DCP are numerical linearization parameters assessed based on the dala of power sweep with CW
signal (no uncertainty required), DCP does not depend on frequency nor media.

« PAR PAR is the Peak to Average Ratio that is not calibrated but determined based on tha signal
characteristics

o Axy.z Bry.z Cxy.z Dxyz: VRxy.Z A B C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR s the maximum calibration range expressed in RMS vollage across the diode.

s ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-fieid (or Temperature Transfer
Standard for { = 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for { > 800 MHz. The same selups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given, These parameters are
used in DASY4 software lo improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y.z * ConvF wheraby the uncertainty corresponds to thal given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to £ 100
MHz.

o Spherical isotropy (3D deviation from isotropy): In a field of low gradients realized using a flat phantom
exposed by a patch antenna.

» Sensor Offsel: The sensor affset corresponds to the offset of virtual measuremeant center from the probe tip
(on probe axis). Mo tolerance required.

« Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required)
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ES30V3E — SN:3340 Fatruary 14, 2018

Probe ES3DV3

SN:3340

Manufactured:  March 15, 2012
Repaired: February 6, 2018
Calibrated: February 14, 2018

Calibrated for DASY/EASY Systems

{Nate: non-compatible with DASY2 system!)
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ESIOV3- SN-330 February 14, 2018

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3340
Basic Calibration Parameters

Sensor X Sensor Y Sensor 2 Unc (k=2)
Norm (uV/A(Vim))" 0.95 0.98 1.20 + 101 %
| DCP (mV)" 106.3 104.2 105.3
Mndulatinn Calibration Parameters
Communication System Name | A B c [ VR [ Une"
| dB dBvuV dB mv | (k=2)
0 oW X 0o 0o 1.0 000 | 2117 | #338% |
¥ 0.0 00 1.0 2142
z| 00 00 10 | 2046 |

The reported uncerlainty of measurement is stated as the slandard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
prabability of approximately 95%.

* The uncertmnties of Nomm XY 2 do not afect the EX-fisld encertanty mside TSL (see Pages 5 and 6}

* Numerical rsstzation patameter uncentanty not fequired

* Unconainty is determined usang fhe mas deviallon frofM krear response applyng redangular distributon and s exprassed for the square of the
fldd valuie
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ES30V3- SN3340 Fabruary 14, 2018

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3340

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) © nnn;lml%' nTw"nf; g ConvF X | ComvFY | ConvFZ | Alpha® Dfni:':‘:' 11:2;1
750 418 0.89 6.61 B.61 6.61 080 | 116 | +120%
B35 415 0.80 6.35 6.35 6.35 080 | 116 | 2120%
1750 40,1 1.37 5.47 5.47 5.47 069 | 124 | 2120%

1900 40.0 1.40 525 5.25 5.25 052 | 142 | +120%
2000 40.0 1.40 5.11 5.11 5.11 052 | 145 | 2120%
2300 39.5 1.67 4.83 483 4.83 0.72 128 | £120%

£ Frequency vakidity above 300 M-z of = 100 MHz only apples for DASY vd 4 and higher (see Page 7). aise it is resiricted (o + 50 MHz. The
uncartainty is e RES of the ComvF uncertainty &t calibreton frequency and the uncertainty for the mdicated frequency band Freguency validity
below 300 MHz & = 10, 25, 40, 50 and 70 MHz for ConvF msssasments at 30, 84. 128, 150 and 220 MHz respoctively. Above 5 GHz frequency
validity can be axtarced 1o ¢ 110 M-z

'thumblblr!ﬂH:.huﬂrﬂlhlu paramesteds (v and o) can be relaeed to & 10% If Nguid companaalion fomuls W appled o
measured SAR valves. M frequancies abowe 3 GHz, the walaty of tissue parametsrs (c amd o) i restticts to = 8% The uncertanty & the RES of
the ConvF uncenanty lor indicated targe! lissue paramebers.

5 AlphafDepth are determinigd during calibeation. SPEAG warrants tha! the remaning deviation due to the boundary effect after compansation i
Always lass than = 1% for frequencies below 3 GHz ond below = 2% for frequencies between 3-8 GHz & any dislance [arger than hall the probe hp
diameter from the boundary,
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ES3DV3- SN:3340

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3340

Calibration Parameter Determined in Body Tissue Simulating Media

February 14, 2018

f (MHz) © nm'.ﬂxf h?:r'::;l ad ConvFX | ConvFY | ConvFZ | Alpha® m. {LI::I
750 55.5 0.96 B.47 6.47 6.47 0.58 130 | £120%
835 55.2 0.97 6.24 6.24 .24 0.67 120 | $120%
1750 534 1.48 5.03 5.03 65,03 0.80 128 | £120%
1800 53.3 1.52 4.89 4.89 4.89 0.56 146 | +120%

2000 53.3 1.52 4.83 483 4.83 0.80 125 | £120%
2300 52.9 1.81 4.54 4.54 4.54 0.68 1468 | £120%

£ Frequancy vaiidity above 300 Mz of = 100 MHz only apples for DASY v 4 and hgher (see Page 2). efse ot s resiricted 10 = 50 MMz, The
uncartminty s the RSS of the ConvF uncertainty et calibmtion freguency ond the uncertainty for the indiceted trequency band. Frequency validity
below 300 MHz = ¢ 10, 25. 40, 50 and 70 MHz for Comd ssssssments at 30, B4, 128, 150 and 220 MHz respectively. Above 5 GHr frequency

valichty can be sstendoed to & 110 MHz

" Al troquencies below 3 GHz. (he valdity of Hisun parameters (k ahd a) Gon be relased 10 & 10% if Iiguid componnalion formus & applisd 1o

maasined SAR values. At frequencies abowe 3 GHz, the valaty of tissus parameters (c and o) (b resticied fo & 5% The uncetenty s the RSS of

fhe ConvF uncedanty for indicated terget fissue parameiss
5 AlphalDegth ame determined during calbeation. SPEAS warmants that (hi remarens devintion dui to the baundary effect afier compensalion s

always less than + 1% for frequencies below 3 GHz ond below = 2% for frequencies between 3-8 (GHz a2 any distance larger than hadf the probe tp

dimmeter from the boundary.
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ES30V3- SN:3340 February 14, 2018

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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ES30V3- SN0 February 14, 2018

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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February 14, 2018

ES3DV3- BN.3340

Dynamic Range f(SARead)

(TEM cell , fou= 1900 MHz)

102

102

]
not compensated

SAR [mW/em3)
Uncertainty of Linearity Assessment: + 0.6% (k=2)

Page 8of 11
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ESA0V3- SN:IM0 February 14, 2018

Conversion Factor Assessment

1 =835 MHz WGLS R9 (H_comf) f= 1900 MHz WGLS R22 (H_convF)

iy

il i
L] L] Ll
et UL ER S LAl i i

Deviation from Isotropy in Liquid
Error (, 8), f = 900 MHz

10 -08 -068 -0& -02 00 02 04 06 08 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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ES3DV3- SN:3340

Fetruary 14, 2018

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3340

Other Probe Parameters
Sensor Arrangemant Triangular
Connector Angle (") BOB
Mechanical Surface Detection Mode enabled
Oplical Surface Detection Mode disabled
Probe Cverall Langth 337 mm
| Probe Body Diametar 10 mm
Tip Length 10 mm
Tip Diemeter 4 mm
' Prabe Tip to Sensor X Calibration Point 2mm
Probe Tip 1o Sensor Y Calibration Point 2mm
Probe Tip o Sensor 2 Calibration Point 2 mm
Recommended Measurement Distance from Surface 3 mm
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