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Client

CALIBRATION CERTIFICATE

Certificate No: D750V3-1003_Mar20.

Object D750V3-8N:1003 = . -

Calibration procadure(s)

QA CAL-05.v11
Calibration Procedure

Calibration date: March 16,2020 7 e e J 0
1R

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (sh.
The measurements and the unceralnties with confldence probability are givan on the following pages and arae part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%. BN 05'20' 2\

Calibration Equipment used {M&TE critical for callbration)

Primary Standards D # Cal Date (Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 03-Apr-19 (No. 217-02892/02693) Apr-20 ‘
Power sensor NRP-Z91 SN: 103244 03-Apr-19 (No. 217-02892) Apr-20

Power sensor NRP-Z91 SN: 103245 03-Apr-19 (No. 217-02893) Apr-20

Reference 20 dB Attenuator SN: 5058 (20k) 04-Apr-19 (No. 217-02894) Apr-20

Type-N mismatch combination SN: 5047.2 /06327 04-Apr-19 (No. 217-02895) Apr-20

Reference Proba EX3DV4 SN: 7349 31-Dec-19 (No. EX3-7349_Dec19) Dec-20

DAE4 SN: 601 27-Dec-19 (No. DAE4-601_Pec19) Dec-20

Secondary Standards D # Check Date {in house) Scheduled Check
Power meter E4419B 5N: GB39512475 30-Oct-14 (in house check Feb-19) In house check: Oct-20
Power sensor HP 8481A SN: US37202783 07-Oct-15 {in house check Oct-18) In house check: Oct-20
Power sensor HP 8481A SN: MY41092317 07-Oct-15 (in house check Oct-18) In house check: Oct-20
RF generator R&S SMT-06 SN: 100972 15-Jun-16 (in house check Oct-18) In house check: Oct-20
Network Analyzer Agilent ES358A | SN: US41080477 31-Mar-14 (in house check Oct-19) in house check: Oct-20

Name _ Function

_ Signature
JJeton Kastratl boratory Technician - S

Calibrated by:

Approved by:

Issued: March 16, 2020

This calibration cerificate shall not be reproduced except In full without written approval of the laboratory.
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
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Servizio svizzero di taratura
Swiss Calibration Service

Accredited by lhe Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration 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, “lEEE 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, “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) 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 6 GHz"

Additionai 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 cettificate. All figures stated in the certificate are valid at the frequency indicated.

e 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.

e 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 L.oss 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.

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

e 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

iven on page 1.

DASY Version DASY5 V52.10.4

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSI 15 mm with Spacer

Zoom Scan Resolution dx, dy,dz =5 mm

Frequency 750 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 41.9 0.89 mho/m

Measured Head TSL parameters (22.0 0.2} °C 425+6 % 0.88 mho/m =6 %

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

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

SAR measured 250 mW input power 217 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

1.43 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

5.77 W/kg £ 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.5 0.96 mho/m
Measured Body TSL parameters (22.0+0.2) °C 54.7 +6 % 0.96 mho/m+6 %
Body TSL temperature change during test <0.5°C
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.16 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

8.61 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.42 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

5.67 W/kg = 16.5 % (k=2)

Certificate No: D750V3-1003_Mar20
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5490Q-01jQ

Return Loss -26.7 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 51.80-24iQ

Return Loss - 30.6 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.043 ns

After long term use with 100W radiated power, only a slight warming of the dipole near 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 added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not 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
fesdpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
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DASYS5 Validation Report for Head TSL

Date: 16.03.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN:1003

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

Medium parameters used: f = 750 MHz; o = 0.88 S/m; g, = 42.5; p = 1000 kg/m3
Phantom section: Flat Section

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

DASY52 Configuration:
s Probe: EX3DV4 - SN7349; ConvF(10.07, 10,07, 10.07) @ 750 MHz; Calibrated: 31.12.2019
e Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 27.12.2019
o Phantom: Flat Phantom 4.9 (front); Type: QD O00L P49 AA; Serial: 1001
» DASY52 52.10.4(1527); SEMCAD X 14.6,14(7483)

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

Reference Value = 60.72 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 3.27 W/kg

SAR(1 g) = 2.17 W/kg; SAR(10 g) = 1.43 W/kg

Smallest distance from peaks to all points 3 dB below = 16.5 mm

Ratio of SAR at M2 to SAR at M1 = 66.2%

Maximum value of SAR (measured) = 2,90 W/kg

-6.00

-8.00

-10.00

0 dB = 2.90 W/kg = 4.62 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 16.03.2020

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN:1003

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

Medium parameters used: f = 750 MHz; ¢ = 0.96 S/m; & = 54.7; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration;

Probe: EX3DV4 - SN7349; ConvF(10.61, 10.61, 10.61) @ 750 MHz; Calibrated: 31.12.2019
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 27.12.2019

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

DASYS52 52.10.4(1527); SEMCAD X 14.6.14(7483)

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

Reference Value = 57.60 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 3.23 W/kg

SAR(1 g) = 2.16 W/kg; SAR(10 g) = 1.42 W/kg

Smallest distance from peaks to all points 3 dB below = 21.2 mm

Ratio of SAR at M2 to SAR at M1 = 66.6%

Maximum value of SAR (measured) = 2.87 W/kg

& 5.00

-4.00

-6.00

-10.00 .
0dB =287 W/kg =4.58 dBW/kg
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Impedance Measurement Plot for Body TSL
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Certification of Calibration

Object
Calibration procedure(s)
Extension Calibration date:

Description:

Calibration Equipment used:

D750V3 — SN: 1003

Procedure for Calibration Extension for SAR Dipoles.

03/16/2021

SAR Validation Dipole at 750 MHz.

Manufacturer Model Description Cal Date |Cal Interval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019| Biennial 6/29/2021 192291470
Control Company 4353 Long Stem Thermometer 10/28/2020| Biennial |10/28/2022| 200670623

Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Agilent 85033E 3.5mm Standard Calibration Kit 6/6/2020 Annual 6/6/2021 MY53402352
Rohde & Schwarz ZNLE6 Vector Network Analyzer 9/29/2020| Annual 9/29/2021 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAK-3.5 Dielectric Assessment Kit 5/12/2020| Annual 5/12/2021 1070
Anritsu MA2411B Pulse Power Sensor 8/12/2020| Annual 8/12/2021 1207364
Anritsu MA2411B Pulse Power Sensor 9/22/2020| Annual 9/22/2021 1315051
Anritsu ML2495A Power Meter 11/3/2020| Annual 11/3/2021 1039008
Anritsu ML2495A Power Meter 1/18/2021| Annual 1/18/2022 941001
Agilent N5182A MXG Vector Signal Generator 5/13/2020| Annual 5/13/2021| MY47420603
Pasternack NC-100 Torque Wrench 8/4/2020 Biennial 8/4/2022 N/A
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 7/20/2020 Annual 7/20/2021 7410
SPEAG DAE4 Dasy Data Acquisition Electronics 7/15/2020| Annual 7/15/2021 1322
Measurement Uncertainty = +23% (k=2)
Name Function Signature
Calibrated By: Hyun Kim Test Engineer

W&m

Approved By:

Kaitlin O’Keefe

Senior Technical
Manager

KoL

Object:
D750V3 — SN: 1003

Date Issued:

03/16/2021
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

16/2020 | 31672021 1.756 3% | 115 [ an [ 3ew | sa9 1 ses | 21 | o1 [ 14 [ 13 | 267 | 303 | -1360% PASS

Object: Date Issued:
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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Acoredited iy e Swiss Accredilplion Sarvdce (SAS)
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Etultilateral Agreement lor the recognition of calibration cerliticabes.

client  PC Test
CALIBRATION CERTIFICATE

D750V3 - SN:1034

s
Aé!”-’”

Calibeation procedure]s) QA CAL-05.v11
Calibration Procedure lor SAR Validation Sources between 0.7-3 GHz
Calibration abe May 11, 2021

Thiz calibrailon ceriificabe documsnts the meaability b2 naikonal standards, which realize the physioal units of measurements (51}
Thi: measuraments and e uncerainfies with confidence probaddity Bné ghaen on tha loliowing pages and ara par of tha corfificata,

Al eaibrations huva boon conduciod in the ciosed isbortons faciity: emdronment lompambune (22 = 3)°C and Fumidity < T

This calibeation oorificale shall not be repoduced axoopl in full withowt writben appeoval of The Inbormiony,

Primary Standands io# Cal Date (Corificale No,j Schodulod Calibraion
Pravor mabor MAP SN 10T 08-Agr-21 (Mo 21 72 o iy Apr-22
Powor sansor NEE-Z81 SH: 103294 Of-Apr-21 (No. 217-03281) Apr-2
Poravar gansor NRP-Z01 SN 103245 D=Agr=3) (Mo 21 F-EI2EE) Apr22
Foleeance 2008 Allanssion S BEHDGS (20R) D9-Apr-21 [N, 21 T33435) Ape-22
Type-H mizmalch combination S M10802 | DEAET Dg-Apr-21 (Mo, 217-03344) Ape-22
Aofeonco Proba EXA0VY SN T80 28-Doc-20 (Mo, EXC3-12348_ Dec20) D21
DAE4 SN B 02-Mow-20 (Mo, DAE4-601_Mowd) Maow21
Secondary Slandards [+ Check Dabe {in houss) Schedubsd Chock
Power medar E44198 SN GESR124TH F0-0c=14 [in hcaiss chook Dct-20) In hoise chachs Dot33
P ganace HP B4E1A She US3TZ02T83 OF-0e1-15 {In i Chack Det-200 b housse chaschs Det-22
Posist sonsce FP B804 SHE MY 0231 T OF-Diet-15 [in house check Oct-20) I house ohescic Oof-22
RF gorombor A&S SMT-00 SH: 100872 15-June15 {in house chech Col-20) Bn house obscc Dol -2
Matwor Annlyzer Agilent ES3588 | SN LUS41080477 F-Mar-14 (in house chack Oct20) in house ok Dod-21
Mama Function Sigraiura

g . 5;5/.%

g bry: Kt Pakavic Technical Marager

e

Issuad: Mary 12, 201
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Calibration Laboratory of L,
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Accredied by iha Swiss Accrodilalion Senvico (SAS)
Tha Swiss Accroditstion Service ks one of the slgnatores to the EA
uttilateral Agreesnent for the recognition of calibration cortificates

Glossary:

TS5L tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
MNIA not applicable or not measurad

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, "IEEE Recommended Practice tor Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigques®, June 2013

by IEC 62209-1, "Measurament procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next lo the ear (frequancy range of
300 MHz to 6 GHz)", July 2016

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 6 GHz"

Additional Documentation:
&) 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 cerificate. All figures stated in the certificate are valid at the frequency indicated.

= Anfenna Paramefers 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.

s  Feed Point Impedance and Return Loss: These parameaters are measured with the dipole
positioned under the liguid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Returmn Loss ensures low
reflectad 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

connactor.

= 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 uncerainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificat Mo: D750V3-1034_May21 Page 2 o 8




Measurement Conditions

DASY system configuration, as far as nol given on page 1.
DASY Varsion DASYE WE2 104
Extrapolation Advanced Extrapolation
Phamntom kodular Flat Phaniom
Distance Dipole Center - TSL 15 mm with Spacer
foom Scan Resolution di, dy, dr =5 mm
Fregquency 750 MHz £ 1 MHz
Head TSL parameters
The foliowing parameters and calculations were apoled.
Temperaiurs Parmittivity Conductivity
Nominal Head TSL paramatars 220G 41.9 (.88 mhaim
Maasured Head TSL parameters (22.0£032)"C 42656 % 0.90 mhadm * 6 %
Head TSL temperature change during test <Q5"C = i
SAR result with Head TSL
SAR averaged over 1 cm® (1 g} of Head TSL Cionddifion
SAR measured 250 mW input power 217 Wikg
SAR for nominal Head TSL paramelars normalized 1o 1W B.64 Wik £ 17.0 % (k=2)
SAR averaged over 10 crm® (10 g) of Head TSL candilion
SAR measumed 280 mW Input power 1.41 Wikg
SAR for nominal Head TSL paramalers nomalized o W 5,61 Wikg £ 10.5 % (k=2)
Body TSL parameters
The following parameters and calcutatlions wens apoled.
Temperatura Parmittivity Conducthity
MNominal Body TSL parameters 220 G655 086 mbhadm
Measured Body TSL parametars (22.0%0.2)*C 65626 % 0.87 mhofm £ 6 %
Body TSL temparature change during test <05°C - -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condifion
SAR messured 260 WV impisl poser 2.24 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 8.91 Wikg £ 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAR measurad 250 mWY Inpul powear 1.48 Wikg
SAR for nominal Body TSL parameters normalized (o 1W 5.88 Wikg £ 16.5 % (k=2)

Certificata Mo: DT50V3-1034_May21
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

impadanca, transtormed 1o feed point 5450070
Retum Loss - 272 dB

Antenna Parameters with Body TSL

impedanca, transformed fo feed point BOO0-43(0
Ratumn Loss -27.4 dB

General Antenna Parameters and Design

Electrical Dalay {one direction) 1.034 ns

Afar long term use with 100W radiated powar, only a slight warming of the dipole near the feadpoint can be measuraed,

The dipole is made of standard semirigid coaxial cable. Tha center conductor of the feading line is directly connectad 1o tha
second arm of the dipole. The antenna is therefore shor-circuted for DC-signats. On some of the dipoles, small end caps
are addad to the dipole ams in order 1o improve matching whan loaded according 10 the posstion as explainad in the
"Measuremant Conditions” paragraph. The SAR data are not affectad by this change. The overall dipole length is stil
sccording bo the Standard.

No excessive force must be applied 1o the dipole arms, because they might bend or the saldersd cannections near the
faadpoint may be damaged,

Additional EUT Data

Manufactuned by SPEAG

Certiticats No: DTS0V3-10234_ May21 Page 4 of 8



DASYS Validation Report for Head TSL

Date: 11.05,2021

Test Laboratory: SPEAG, Zunich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN:1034

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

Medium parameters used: f =750 MHz; o = 0.90 §/m; & = 42.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:

Probe: EX3DV4 - SNT39; ConvF(10,11, 10.11, 10.11) @ 750 MHz; Calibrated: 28.12.2020
Sensor-Surface: | 4mm (Mechanical Surfuace Detection)

Electronics: DAE4 Sn601; Calibrated: 02.11.2020

Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

DASYS2 52.10.4(1527); SEMCAD X 14.6.14(7483)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Secan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 59.83 Vim; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 3,28 Wikg

SAR(L g) = 2.17 Wikg; SAR(10 g) = 1.41 Wikg

Smallest distance from peaks to all points 3 dB below = 18.9 mm

Ratio of SAR at M2 to SAR at M1 =65.8%

Maximum value of SAR (measured) = 2.90 Wikg

°®

-2.00

-4.00

-B.00

=10.00
X

0 dB = 2.90 Wikg = 4.62 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 11.05.2021
Test Luboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1034

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

Medium parameters used: = 750 MHz: o = 0.97 S8/m; &= 55.8; p= 1000 kg/m’
Phantom section: Flat Section

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

DASY 52 Configuration:
+ Probe: EX3DV4 - ENT349; ConvF(10.23, 10.23, 10.23) @ 750 MHz; Calibrated: 28.12.2020
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 02.11.2020
= Phantom: Flat Phantom 4.9 (Back); Type: QD 00R P49 AA; Serial: 1005
« DASYS2 52.10.4(1527); SEMCAD X 14.6.14(7483)

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

Reference Value = 54,93 Vim; Power Dnift =0.03 dB

Peak SAR (extrapolated) = 3.38 Wikg

SAR(1 g) = 2.24 W/kg: SAR(10 g) = 1.48 W/kg

Smallest distance from peaks to all points 3 dB below = 16 mm

Ratio of SAR at M2 to SAR at M1 = 66.3%

Maximum value of SAR (measured) = 2.99 Wike

di
]

-2.00

-4.00

6.00 .'m

- "'“‘“‘re_ﬁ—k

-10.00 -
0dB = 2,99 Wikg = 4.75 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Leughausstrasse 43, B Zurich, Switserang

Agcradiied by the Swias Accredfalion Senace (SAS)
The Swiss Accreditation Servicn |8 one of the aignatorses to the EA
Multilateral Agresment for the recognition of callbration cortificates

Schweizerischer Kalibriendienad
Service sulsse ddtalonnage
Servirio svirzoro df inraiurs
Fwins Calibration Service

hecrediation Mo: SICS 0108

cien  PC Test Certificste Mo: D750V3-1046_Feb21

CALIBRATION CERTIFICATE |

Citject D750V3 - SN:1046

Calibration procodura(s) QA CAL-05.v11

Calibration Procedura for SAR Validation Sources betwean 0.7-3 GHz J

%ﬂ_‘.l_.ﬂ 1)
-1

Cadbration rale February 17, 2021

Calibmbion Equipment used (METE critical for calbeation)

This calibsalion certificats docirmants ihe irscanbiity io national sinndands, wihich realize the physical unils of measuremanis (59}
The measuements and fhe uacedainbies with conlidence peobabdity are ghven on The lolicing pages and aro pad of the cenilicala,

All calibrations hive been conducied in the closod labamicry facility: ervironment lompémiung {22 = 3)°C and humidity < 7.

This cakkention cesilicale shall nok ba repoduced axcapl in full withoul weilon apgimenl of Bha laboratony

Primary Siandans ] Cal Case (Corificaly Mo.) Bchaduled Calibration
Powes mastor HFP BH: 104778 0 -Ape-20 (Mo, 2170010003101 ) Ape-21

Powes sansor NRP-261 Sh: 10G244 O1-Age-20 (Mo, 21700100} Ape-

Powes saraor NRP-201 BH: 103245 O -Apr-20 (No, 21703101 Apra

Fdaiancs 20 o8 ANBRIBIT SN HHEI0A (20 31-Mnr-20 (No. 21703108 hpn2

Thpss-M mignateh combinalion S I00E2 7 08327 IT-Ma-20 (No. 217-03104) Apia

Fedsmnon Probe EXICE Bh: 7348 26-Dae-20 (Na, EX3-7344_Dec20) Dase-21

DWES SN: 801 Q2-Mow-20 (Mo, DAE4-G01_Nowa) M2 8

Secondary Standards 0 # Ghesch Do (in housa) Schaduled Chack
Possar mater E44198 58 (BIGG 12475 A0-Cxct-14. (in house check Cct-209 in house chedc Oct-22
Poser sansor HP 84814 §M; Lr5aT 282783 07-0ct-15 (in house check Oct-20 In house check; Oct-22
Prossar seror HP B4814 SM, MY41002317 A7-0ct-15 (in houss check Oet-20 I house chicic Oct-22
RF genaraton A&S SMT-06 SN 100972 15-Jan-15 (in Newsa chack Oct-20) b s chepcle: Det-22
Hatwark Analyper Agilant EBISEA | S35 LIS4 1080477 Fi-Mar-14 {in house chsch Ocl-20) i hinsis chebekc: Diet-21

Mams Function Signatung

Calibealod by Michasd Wobas Lisberalory Tochrician ’{/%_
Bppitanad Bl Pokimas Testwreal Manngar

A —

isgusnd: Fabruary 17, 2021

Cenificate No: D7FS0VI-1046_Feb21
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Calibration Laboratory of A

Schmid & Partner %‘
Engineering AG e
Zeughsusstrasse 43, 8004 Zurich, Switzeriand _ﬁk_ﬁ_fu

Accridiled by e Swiss Accrediation Senscs (SAS)
The Swisa Accreditation Service s ane of the signatories to the EA
Muliilniesl Agresmend for the recogniBon of callbration cerificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,2
MN/A not applicable or not measured

Calibration is Performed According to the Following Standards:

G Schweizerischer Kalibrierdienst

c Service sulsss ’étnlonnage
Beevizic svicrero di laraturs

S Swisa Calibrtion Service

Accreditation Na.: SCS 0108

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

b) IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) fram hand-held and body-mounted devices used naxt to the ear (frequency range of

300 MHz to 6 GHz)", July 2016

c) IEC 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 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

« Measuremeni 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

parallal to the body axis.

= Feed Point Impedance and Refumn Loss: These parameters are measurad with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurament at the SMA connector to the feed point. The Return Loss ansures low

raflected power. No uncertainty required.

= Elactrical Delay: One-way delay between the SMA connector and the antenna feed point.

No uncertainty reguired.

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

probability of approximately 95%.

The reported uncerainty of measurement is stated as the standard uncenainty of measurement
multiphed by the coverage factor k=2, which for a normal distribution corresponds to a coverage

Cartficata Mo: DF50V3-1046_Fab21 Fage 2 ol B




Measurement Conditions

DASY system configuration, &8 las as not on page 1.
DASY Version DASYS WEZ210.4
Extrapolation Agvanced Extragolation
Phaniom Modular Flai Phaniom
Diatance Dipole Canter - TSL 15 mm with Spacar
Zoom Scan Resolution e, dy, dr = 5mm
Frequency 7SO MHE = 1 MHz
Head TSL parameters
The following parameters and calculalions wene applied.
Temperature Parmittivity Conductivity
Naminal Head TSL paramaters ax0-C 418 OB i
Measured Head TSL parameters {220 0.2) "C A6 x6% (.88 mho'm = 8 %
Head TSL temperaiure change during lest =05"C - -
SAR result with Head TSL
SAR averaged over 1 em? (1 g) ol Head TSL Condilon
BAR moasured 250 mW input powar 215 Wiy
SAR Tor nominal Head TSL pararmetars norrmalized bo 1W B.59 Wikg £ 17.0 % (ka2)
SAR averaged ower 10 cm® (10 g) of Head TSL conditiaon
SAR measured 250 mW input powar 1.40 Wikg
SAR for nominal Head TSL paramelars normalized o 1W 5.59 Wikg = 16.5 % (k=2)
Body TSL parameters
The fodlowi ars and calculations ware
Tamperatune Parmittivity Conductivity
Hominal Body TSL parameters 220G 55.5 0.86 mhoim
Measured Body TSL parameters (22.0 + 0.2} *C 556 +65% 0.95 mhadim + & %
Body T5L temperature change during test =05 °C — -
SAR result with Body TSL
SAR averaged over 1 om” (1 g) of Body TSL Candition
SAR measursed 250 mW nput power 2.18 Wikyg
SAR lor nominal Bady TSL parameters narmalized 1o 1W B.78 Whkg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g of Body TSL candition
SAR measunad 250 miY npal poswer 1.45 Wikg
SAR for nominal Body TSL paramatess narmalized 1o 1W 5.84 Wikg = 16.5 % (k=2)

Cartiticate Mo: DFS0V3-1046_FebZi

Page 3af 8




Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 56890 +1.9 6
Faium Lozs - 23.5dB

Antenna Parameters with Body TSL

W.IWIDIHW 53040-12 0
Fetum Loss - 30.2 dB

General Antenna Parameters and Design

Etectrical Delay {one direction) 1.087 n& ]

Alter long term use with 100W radiated powee, only a slight warming of the dipole naar the leedpoint can be measured.

The dipola ts made of standaid semingld coaxial cable. The canter conductor of the feeding lime 8 directly connected 1o the
second arm of the dipole, The antenna is therefore shod-circuited for DG-signals. On some of the dipoles, small end caps
arg addied to the dipole amms in order jo fnprove miching whan losdied according bo the posiion as explained in tha
“Maasuremeant Conditicns® paragraph. Tha SAR dala ame not affecied by this changa. The ovarmll dipola langth is still
acconding to the Standard.

Mo excessive lorce must be applied 1o the dipola arma, bacawsa they might band or the soldared connections near e
feadpoint may be damaged.

Additional EUT Data

hManulaciured by SPEAG

Cortiicato Moc DTES0V3- 1046 _Feb2) Page 4 of B



DASYS Validation Report for Head TSL

Duate: 15.02.2021
Test Labormtory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: DT50V3; Serial: D750V3 - SN: 1046

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

Medium parameters used: =750 MHz; o = 0.89 8/m; & = 41.6; p = 1000 kg/m”*
Phantom section: Flat Section

Messurement Standard: DASY S (IEEETEC/ANSI C63.19-201 1)

DASY 32 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(10.11, 10,11, 10,11} @ 750 MHz; Calibrated: 28.12.2020
o Semsor-Surfsce: 1 4mm (Mechanical Surfuce Detection)
= Electronics: DAE4 Sn601; Calibrated: 02.11.2020
=  Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
« DASYS2 52.10.401527); SEMCAD X 14.6,14(7483)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7WCube 0:
Measurement grid: dx=5mm, dy=3mm, dz=5mm

Reference Value = 60,15 Vim: Power Dirift = -0.00 dB

Peak SAR (extrapolated) = 3.30 Wikg

SAR(] g) = 2.15 Wikg; SAR(10 g) = 1.40 Wikg

Smallest distance from peaks to all points 3 dB below = 19.4 mm

Ratio of SAR at M2 to SAR ut M1 =63.2%

Maximum value of SAR (measured) = 2.90 Wikg

-2.40
-4.80
-1.20

-9.60

-12.00

0dB =290 Wkg =4.62 dBW/kg

Cerificate Mo: DFS0VI- 1046 _Fob2) Page 5ol &



Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Drate: 17.02.2021
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN: 1046

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

Medium parameters used: f =750 MHz; o =095 8/m; & = 55.5; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEETEC/ANST CH3. 19201 1)

PASY 52 Confliguration:
= Probe: EX3DV4 - SNT7349; ConvF(10.23, 10.23, 10.23) @ 750 MHz; Calibrated: 28.12.2020
s Sensor-Surface: | 4mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601: Calibrated: 02.11.2020
=  Phaniom: Flat Phantom 4.9 (Back); Type: QD DDR P49 AA; Senal: 1005
« DASYS5252.10.4{1527); SEMCAD X 14.6.14(7483)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Eeference YValue = 55,40 Vim; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.29 Wikg

SAR(] g) = 2.18 W/kg; SAR(10 g} = 1.45 Wikg

smallest distance from peiaks to all poinis 3 dB below = 18.6 mm

Ratio of SAR at M2 to SAR at M| = 66.4%

Maximum value of SAR (measured) = 2.90 Wikg

-2.00
-4.00
-6.00

-B.00

-10.00

0 dB = 2.90 Wikg = 4.62 dBW/kg

Carificatn Mo: DVS0VI- 1046 _Feb2) Page 7ol @



Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Pariner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzeriand

S Schweizerischer Kalibrlerdienst

c Service sulsse d'étalonnage
Servizia svizzero di taratura

S Swiss Calibration Service

Accredited by the Swiss Accreditation Service (3AS) Accreditation No.: SCS 0108
The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Agreement for the recognition of callbration centificates

Client

Object

Calibration procedure(s)

Calibration date:

This calibration certificate documents the traceability {o national standards, which realize the physical units of measurements (S0). EN o 9
The measursments and the uncertainties with: confldence probability are given on the following pages and are part of the certificate, {0 1
BN’
Al calibrations have baen conducted In the closed laboratory facility: environment tamperature (22 x 3)°C and humidity < 70%. |0~23-20
Calibration Equipment used (M&TE critical for cafibration}
Ptimary Standards 1D # Cal Dats (Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 04-Apr-18 (No. 217-02672/02673) Apr-19
Power sensor NRP-Z91 SN: 103244 04-Apr-18 (No. 217-02672) . Apr-19
Power sensor NAP-Z91 SN: 103245 04-Apr-18 (No. 297-02673) Apr-19
Reference 20 dB Attenuator SN: 5058 (20k) 04-Apr-18 (Nec. 217-02682) Apr-19
Type-N mismatch combination SN: 5047.2/ 08327 04-Apr-18 (No. 217-02683) Apr-18
Reference Probe EX3DV4 SN: 7345 30-Dec-17 {No. EX3-7349_Deol7) Dec-18
DAE4 SN: 601 : 04-Oct-18 (No. DAE4-601_Oct18) Cret-19
Secondary Standards I # Check Date (in house) Scheduled Cheek
Powar meter EPM-442A SN GB37450704 07-Oct-15 {In house check Oct-18) In house check: Oct=20
Power sensor HP 8481A SN: 11837292783 07-Oct-15 (in house check Oct-18) In house check: Cct-20
Power sensor HP 8481A SN: MY41082317 07-Oct=15 (In house check Oct-18) In house check: Oct-20
RF generator H&S SMT-08 Sh: 100972 15-Jun-15 (in house check Oct-18} In house check: Oct-20
Network Analyzer Agilent £8358A | SN: US41080477 31-Mar-14 {in house check Oot-18) In house check: Oct-19
Name Functicn Signature

Calibrated by:

Approved by:

Issued: October 22, 2018

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

Certificate No: D750V3-1161_Qcti8 Pags 10f 8




Calibration Laboratory of Q\\\\\@%

z, Schweizerischer Kalibrierdienst

: 53 z
Schmid & Partner ila\\m:—//m Service suisse d'étalonnage
Engineering AG BN Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % ,ﬁw\? Swiss Calibration Service
el sy
Accredited by the Swiss Accreditation Satvice (SAS) Accreditation No.; SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liguid

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

Calibration is Performed According to the Following Standards:

a)

b)

c)

d)

IEEE 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

IEC 62209-1, “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

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

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
parallei 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 Defay: 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 {o 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%.

Certificate No: D750V3-1161_0ct18 Page 2 of 8




Measurement Conditions

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

DASY Version DASYS v52.10.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 750 MHz £ 1 MKz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 41.9 0.89 mho/m

Measured Head TSL parameters (22.0 +0.2) °C 40.8+6 % 0.89 mho/m +6 %

Head TSL temperature change during test <0.5°C o s
SAR result with Head TSL

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

SAR measured 250 mW input power 2.02 Wikyg

SAR for nominal Head TSL parameters

normalized to 1W

8.03 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.32 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

5.26 W/kg = 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C b5.5 0.96 mho/m
Measured Body TSL parameters (22.0+0.2) °C 5516 % 0.96 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 2.11 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

SAR measured

250 mW input power

1.39 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

5.55 W/kg = 16.5 % (k=2)

Certificate No: D750V3-1161_0Oct18

Page 30of 8




Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 556 Q-1.9jQ

Return Loss - 25.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 5060Q-42]Q

Return Loss -27.6dB

General Antenna Parameters and Design

Electrical Delay (cne direction) 1.032 ns

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

The dipole Is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly conhected to the
second arm of the dipcle. The antenna is therefore short-circuited for DC-signals. On some of the dipecles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affacted 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 November 19, 2015

Cettificate No: D750V3-1161_0Oct18 Page 4 of 8



DASY5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN:1161

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

Medium parameters used: f = 750 MHz; ¢ = 0.89 S/m; & = 40.8; p = 1000 kg/m?
Phantom section: Flat Section

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

DASYS52 Configuration:

Date: 19.10.2018

o Probe: EX3DV4 - SN7349; ConvF(10.22, 10.22, 10.22) @ 750 MHz; Calibrated: 30.12.2017

s Sensor-Surface: 1.4mm (Mechanical Surface Detection)

s FElectronics: DAE4 Sn601; Calibrated: 04.10.2018

o Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
+ DASYS52 52.10.2(1495); SEMCAD X 14.6.12(7450)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:

Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 58.51 V/m; Power Drift = -0.04 dB
Peak SAR (extrapolated) = 3.04 W/kg

SAR(1 g) = 2.02 W/kg; SAR(10 g) = 1.32 W/kg
Maximum value of SAR (measured) = 2.70 W/kg

[ -0.00

-10.00

0dB =2.70 W/kg =4.31 dBW/kg

Certificate No: D750v3-1161_Cct18 Page 5 of 8




Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 19.10.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN:1161

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

Medium parameters used: f = 750 MHz; 6 = 0.96 S/m; & = 55.1; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSIT C63.19-2011)

DASYS52 Configuration:

«  Probe: EX3DV4 - SN7349; ConvF(10.19, 10.19, 10.19) @ 750 MHz; Calibrated: 30.12.2017

¢ Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.10.2018

Phantom: Flat Phantom 4.9 (Back); Type: QD OOR P49 AA; Serial: 1005

DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450)

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

Reference Value = 57.57 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.18 W/kg

SAR(1 g) = 2.11 W/kg; SAR(10 g) = 1.39 W/kg

Maximum value of SAR (measured) = 2.83 W/kg

i -5.00

G

0 dB =2.83 W/kg = 4.52 dBW/kg

-10.00

Centificate No: D750V3-1161_0ct18 Page 7 of 8




Impedance Measurement Plot for Body TSL
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Certification of Calibration
Object D750V3 — SN:1161

Calibration procedure(s)

Extended Calibration date:

Description:

Procedure for Calibration Extension for SAR Dipoles.
October 18, 2019

SAR Validation Dipole at 750 MHz.

Calibration Equipment used:

Manufacturer Model Description Cal Date | CalInterval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 8/2/2018 Biennial 8/2/2020 181334684

Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 7/2/2019 Annual 7/2/2020 MY53401181
Rohde & Schwarz ZNLE6 Vector Network Analyzer 10/11/2019 Annual 10/11/2020 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAKS-3.5 Portable Dielectric Assessment Kit 8/13/2019 Annual 8/13/2020 1041
Anritsu MA2411B Pulse Power Sensor 8/14/2019 Annual 8/14/2020 1315051
Anritsu MA2411B Pulse Power Sensor 8/8/2019 Annual 8/8/2020 1339008
Anritsu ML2495A Power Meter 11/20/2018 Annual 11/20/2019 1039008
Agilent N5182A MXG Vector Signal Generator 8/19/2019 Annual 8/19/2020 | MY47420837
Seekonk NC-100 Torque Wrench 5/9/2018 Biennial 5/9/2020 22217
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 4/24/2019 Annual 4/24/2020 7357
SPEAG EX3DV4 SAR Probe 7/16/2019 Annual 7/16/2020 7410
SPEAG DAE4 Dasy Data Acquisition Electronics 7/11/2019 Annual 7/11/2020 1322
SPEAG DAE4 Dasy Data Acquisition Electronics 4/18/2019 Annual 4/18/2020 1407

Note: CBT (Calibrated Before Testing). Prior to testing, the measurement paths containing a cable, amplifier, attenuator, coupler or
filter were connected to a calibrated source (i.e. a signal generator) to determine the losses of the measurement path.

Measurement Uncertainty = +23% (k=2)

Name

Function

Signature

Calibrated By:

Brodie Halbfoster

Team Lead Engineer

SRarTE Ha BRaSTER.,

Approved By:

Kaitlin O’'Keefe

Senior Technical
Manager

Hol—

Object:
D750V3 — SN:1161

Date Issued:

10/18/2019
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

[too2018 | 1ommz2019 | 10s2 [ 161 [ 164 | 212% | 105 | 108 [ 2e6% [ ss6 [ s32 | 24 | 19 | 34 [ 15 [ 25 [ 268 | 7o | Pass |

10/19/2018
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Page 2 of 4
D750V3 — SN:1161 10/18/2019




Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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Certification of Calibration

Object

Calibration procedure(s)

D750V2 — SN: 1161

Procedure for Calibration Extension for SAR Dipoles.

Extension Calibration date: 10/18/2020

Description:

SAR Validation Dipole at 750 MHz.

Calibration Equipment used:

Manufacturer Model Description Cal Date | CalInterval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 11/29/2018| Biennial 11/29/2020 181766816
Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971

Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Agilent 85033E 3.5mm Standard Calibration Kit 6/6/2020 Annual 6/6/2021 MY53402352
Rohde & Schwarz ZNLE6 Vector Network Analyzer 9/29/2020 Annual 9/29/2021 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAK-3.5 Dielectric Assessment Kit 5/12/2020 Annual 5/12/2021 1070
Anritsu MA2411B Pulse Power Sensor 8/12/2020 Annual 8/12/2021 1207364
Anritsu MA2411B Pulse Power Sensor 9/22/2020 Annual 9/22/2021 1315051
Anritsu ML2495A Power Meter 1/15/2020 Annual 1/15/2021 1328004
Anritsu ML2495A Power Meter 12/17/2019 Annual 12/17/2020 941001
Agilent N5182A MXG Vector Signal Generator 5/13/2020 Annual 5/13/2021 | MY47420603
Pasternack NC-100 Torque Wrench 8/4/2020 Biennial 8/4/2022 N/A
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 6/23/2020 Annual 6/23/2021 7406
SPEAG EX3DV4 SAR Probe 8/19/2020 Annual 8/19/2021 7547
SPEAG DAE4 Dasy Data Acquisition Electronics 8/12/2020 Annual 8/12/2021 1323
SPEAG DAE4 Dasy Data Acquisition Electronics 5/14/2020 Annual 5/14/2021 1583

Measurement Uncertainty = +23% (k=2)

Name Function Signature

Calibrated By:

Brodie Halbfoster Test Engineer BASTTE Hay BFOATER.

Approved By: Kaitlin O’Keefe Senior Technical Nl{__

Manager
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 3-year calibration period
from the calibration date:

101912018 _|_10/18/2020 7.72% 646% | 656 | 42 | 14 | 19 | 14 [ o5 [ 250 [ 274 | -950% | Pass

10/19/2018 | 10/18/2020
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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CALIBRATION CERTIFICATE
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Calibration Procedure for SAR Validation Sources between 0.7-3 GHz "y
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Calibration Laboratory of A T

AN . Schwsizerische: Kalibrierdienas
Schmid & Pariner — = Ilr'f 1:'.} g Barvice sulsse o dtalonnage
ineanng AG . \ Servizho svizrero di tarnturs
mqunﬂnmu.?:.umhm. Switzerlang Ef.fﬁ::; N0/ B Swisa Calibration Service
et e
Accrudin by ihe Swiss Accredilibion Service {SAS) Accreditation Mo.: SCS 0108

Tha Swiss Accreditnbion Service s one of the signaicnies to the EA
Multitaberal Agreamant les tha recognition of eallbration certiffcates

Glossary:

TSL tissue simulating liquid

ConmvF sengitivity in TSL / NORM x.y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:
a} IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-

o)

c)

d)

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

|EC 62209-1, "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

|IEC 62209-2, "Procedure to delermine the Specilic 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

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 cerificate. All figures stated in the cerlificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer 1o position its feed
point exactly below the center marking of the flat phantom section, with the arms ariented
parallel to the body axis.

Feed Point Impedance and Retum Loss: These parameters are measured with the dipole
posiboned under the liquid filled phantom, The impedance staled is transformed from the
measurement at the SMA connector to the leed point. The Return Loss ensures low
reflected power. No uncerainty required.

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

SAAR 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 resull.

The _relm'md uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by

probability of approximately 95%.

the coverage factor k=2, which for a normal distribution corresponds to a coverage

Cartificale Mo; DE3SYE-4d119_Apr21 Page 2 of 8




Measurement Conditions
DASY system configuration, &s far as nol given on page 1.

DASY Version DASYS V2104
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zpam Scan Resolution dy, dy. dz =5 mm
Frequency B35 MHz = 1 MHz
Head TSL parameters
The foliowing parameters and calculations wone applied,
Temperatura Permittivity Canductivity
Nominal Head TSL parameters 22.0°C 41.5 0.0 mhadm
Measured Head TSL paramelors (220 £0.3) °C 22:6% 082 mhoim = 6 %
Head TSL temperature change during lest <0.5*'C - -—
SAR result with Head TSL
SAR aversged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 280 m\W input poser 2.44 Wikg
SAR for nominal Head TSL parameteds marmalized bo W 064 Wikg = 17.0 % (ku2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR messurad 250 m\W input power 1.57 Wikg
SAR for nominal Head TSL parameters nommalized fo 1W 6.21 Wikg = 16.5 % (k=2)
Body TSL parameters
The loflowing pararmeters and calculations were appled.
Temperature Parmittivity Conductivity
Hominal Body TSL parameters 220°C 55.2 0.87 mho/m
Measured Body TSL paramelers (22.0202)"C 554 6% 0.90 mha'm £ 6 %
Body TSL temperature change during test <05 "C —
SAR result with Body TSL
SAR aversged over 1 cm” (1 g) of Body TSL Condithon
SAR maasured 250 mWW inpul power 2.51 Wikg
SAR for nominal Body TSL paramelers normadized o 1W 0.50 Wikg £ 17.0 % (k=2)
SAR averaged over 10 em® {10 g) of Body TSL condition
S0R moasuned 250 mWW input power 1,65 Wikg
SAA for nominal Body TSL paramaters nomakzed o 1W 6.52 Wikg = 16.5 % (k=2)

Cartiticate No: DB35SV2-4d118_Apea1 Page 3 of 8




Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedancs, ransfommed o feed point 49941 - 2.0 1
Feturm Loss - 30.7 d8

Antenna Parameters with Body TSL

Irmpadance, transformead to feed point 48,1 0 - 4.7 ji
Retum Logss - 26.7 dB

General Antenna Parameters and Design

I Electrical Dalay (one direction) 1.388 ns

Aftor long term use with 100W radiated power, only & slight warming ol the dipode near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conducior of the leeding line is directly connected 1o the
sacond arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 12 the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measuremant Conditions” paragraph, The SAR dats ara nol affected by this change. The owerall dipole length s sl
aocording fo the Standand.

Mo encessiva force must ba appied 1o 1he dipole arms, because thay might bend or the scidend connactions noar Tha
leadpos may be damaged.

Additional EUT Data

Manulaciured by SPEAG

Cerilicate Mo Da35VE-4d118_Apr21 Page4oig



DASYS Validation Report for Head TSL

Date: 15,04.2021

Test Laboratory: SPEAG, Zurich, Switzerlund
DUT: Dipole 835 MHz; Type: D835V2; Serial: DE35V2 - SN:4d119

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: [ = 835 MHz; o= 092 S/m; ¢, = 42.2; p = 1000 kg/m’
Phantom section: Flal Section

Measurement Standard: DASYS (IEEEMEC/ANS] C63.19-201 1)

DASYS2 Configuration:

Probe: EXIDV4 - SN7349; ConvF(9.69, 9.69, 9.69) @ 835 MHz; Calibrated: 28,12.2020
Sensor-Surface: 1.4mm (Mechanical Surfsce Detection)

Electronics: DAE4 Sn601; Calibrated: 02.11.2020

Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

DASYS52 52.10.4(1527); SEMCAD X 14.6.14{7483)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7¥Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 63.35 V/m; Power Dnlt = -0.02 dB

Peak SAR (extrapolated) = 3.71 Wikg

SAR(] g) = 2.44 W/kg; SAR(10 g) = 1.57 W/kg

Smallest distance from peaks to all points 3 dB below = 17 mm

Ratio of SAR at M2 1o SAR a1 M1 = 65.7%

Muaximum value of SAR (measured) = 3.27 Wik

-2.25

-4,50

-6.T6

-3.01

-11.26

0dB =327 Wikg = 5.15 dBW/kg

Certificate No: DB3EV2-4d119_Apr1 Pape 5of



Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Dae: 15.04.2021

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V - SN:4d119

Communication System: UID O - CW; Frequency: 835 MHz

Medium parameters used: = 835 MHz; o = 0,99 S/m; & = 55.4; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/TECTANSI Ca3,19-201 1)

DASYS52 Configuration:

Probe: EX3DV4 - SNT349; ConvF(9.85, 9.85, 9.85) @ %35 MHz; Calibrated: 28.12.2020
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 02.11.2020

Phantom: Flat Phantom 4.9 {Back); Type: QD 00R P49 AA; Senal: 1005

DASYS2 52.10.4(1527); SEMCAD X 14.6.14(7483)

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

Reference Valve = 58.15 V/im; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 3.66 Wikg

SAR(] g) = 2.51 Wikg; SAR(10 g) = 1.65 Wikg

Smillest distance from peaks to all points 3 dB below = 16 mm

Ratio of SAR at M2 10 SAR at M1 =68.5%

Muximum value of SAR (measured) = 3.30 Wikg

0 dB = 3.30 Wikg = 5.19 dBW/kg

Cesilicate Mo: DEASV2-4d119_Apr21 Page Tof 8



Impedance Measurement Plot for Body TSL

Eie Yew Chanel Segep Calbration Jrace Scale Mader System Window Heb

-

Ch g
CR b Sown 2 R e i

ca ¥

LT

Bl

00 |_Eh ! [0
ERL: FEME 3000 R

Stes CHT. SN

Cortificate Mo: DB3I5SV2-4d119_Ape21 Page 8 of B



Sehmid & Parines Enginasing AG 5 E‘ a
faughausyirasse 43, B004 Zunch, Swatzedand
Phone 441 A4 245 5700, Fax +41 45 2485 5779
m.s::r"a Byl Inkﬂsnn:: SWISS CUSTGMEH
COPY
REPAIR REPORT — SPEAG Production Center
PRODUCT: D835V2 Dipole IN DATE: T-Apr-2021
SERIAL Nr.: Ad119 PRODUCT Nr.: SA AAD 083 BB
CUSTOMER: PC - Test
MATERIAL WORHK DESCRIPTION WORKING TIME (h)
Dipole Am fixed | X| |exchanged| O] |..... [o] || 0.50 [hours
Dipole Connectar:  [fixed | O] |exchanged| 0] [..... (o] || [hours
Goid Plating: fiwed | O] [mechanged[0] [ [o] |[ [hours
Housing: fized |O| [exchanged| D] |..... o] || |hours
Disassemble / Clean: !rrx-ad |0] [exchanged| 0] |..... o] || [hours
!l]x-ad o] |axchungnd|-n] | o] || |hours
!ﬁ:;ad [o] [exchanged] O] .o lof || |hours
|lixed |O] |exchanged| O] T ——— o] || |hours
lixed | O] |exchanged| O] |..... o] || |hours
Analysis: | 0.50 [hours
Final Assembly: | 0.50 [hours
Total hours | 1.50 [hours
COMMENTS:
Thi dipole was retuned for calibration. An unsiable retum koss was detected
during tha incoming inspection. A subsequent visual inspaction found slightly
crack at the feedpoint of dipole ams. In onder to re-establish full functionality,
the fu:ppnnll: was re-soldered. The SAMA-connecior was claansd as well, The
dipole will be newly calibrabed after this repair,
CONDUCTED BY: = APPROYED BY: Il
DATE: 15-Apr-2021 DATE: 15-Apr-2021
REPAIR COST: usD Euro
MATERIAL COST: 0 =1
REPAIR: o O]
TOTAL COST,; QUOTATION Mr.:
free _—
APPROVED BY: ,,Iﬂgf
DATE: 15-Apr-2021

BE0-SAAADOBA_4d118_2104151-B.xlsx



Calibration Laboratory of

NN S Schweizerischer Kalibrierdienst
Schmid & Partner i‘% c Service suisse d'étalonnage
Engineering AG B Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland s /ﬁ\‘\ S Swiss Calibration Service
el oy
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

cient PC Tes Certificate No: D835V2-4d132. Jan21. -

CALIBRATION CERTIFICATE

Object D835V2 - SN:4d132;:

Calibration procedure(s) QA CAL-05.v11 = = LR S N VIS TN
Calibration Procedure for SAR:Validation Sources between 0.7-3 GHz - J

~I9n2

o 021202

Calibration date: January 21,2021 7

This calibration cerlificate documents the traceability to national standards, which realize the physical units of measurements (SI).

The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (MATE critical for calibration)

Primary Standards D # Cal Date (Cerlificate No.) Scheduled Calibration

Power meter NRP SN: 104778 01-Apr-20 (No. 217-03100/03101) Apr-21

Power sensor NRP-ZH SN: 103244 C1-Apr-20 (No. 217-03100) Apr-21

Power sansor NRP-Z91 SN: 103245 01-Apr-20 (No. 217-03101) Apr-21

Reference 20 dB Attenuator SN: BH9394 (20k) 31-Mar-20 (No. 217-03106) Apr-21

Type-N mismatch combination SN: 310982 / 06327 31-Mar-20 (No. 217-03104) Apr-21

Reference Probe EX3DV4 SN: 7349 28-Dac-20 (No. EX3-7349_Dac20) Dec-21

DAE4 SN: 601 02-Nov-20 (No. DAE4-601_Nov20) Nov-21

Secondary Standards iD# Check Date (in house) Scheduled Check

Power meter E4419B SN: GB39512475 30-Oct-14 (in house check Oct-20} in house check: Oct-22

Power sensar HP 8481A 8N: US37292783 07-Oct-15 (in house chack Oct-20) In house check: Oct-22

Power sensor HP 8481A SN: MY41092317 07-0ct-15 (in house check Cct-20) In house chack: Oct-22

RF generator R&S SMT-06 SN: 100972 18-Jun-=15 (in house check Oct-20) in house check; Oct-22

Network Analyzer Agilent EB358A | SN: US41080477 31-Mar-14 (in house check Oct-20) In house chack: Oct-21
Name Function :igﬁathgr/e’_ ! _

Calibrated by: Cl udio’Leuble 'ai'dfy' echniclan - § ! AR
B Rt o - / L . .

Approved by Két'ia':'li’_q_ls'_otfié_' i Té(:?'hn'i(':_é'l_ Manager . % i

Isstied; January 21, 2021
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: D835V2-4d132_Jan21 Page 10of 9




Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

[ Schweizerischer Kalibrierdienst
Service suisse d'dtalonnage

C Servizio svizzero di taratura

S Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration 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) IEEE 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 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) 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 6 GHZ"

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 certificate. All figures stated in the certificate are valid at the frequency indicated.

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

» fFeed 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.

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

e 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 resuilt.

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%.

Certificate No: D835V2-4d132_Jan21 Page 20of 9




Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASY5 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resoclution dx, dy, dz =5 mm
Frequency 835 MHz =1 MHz
Head TSL parameters
The following parametars and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 415 0.90 mho/m
Measured Head TSL parameters (22.0+0.2)°C 412x+6% 0.92 mho/m =6 %
Head TSL temperature change during test <05°C . -
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.46 W/kg
SAR for nominal Head TSL parameters normatized to 1W 9.66 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® {10 g) of Head TSL condition
SAR measured 250 mW input power 1.59 W/kg
SAR for nominal Head TSL parameters normalized to 1W 6.27 W/kg + 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0 +0.2) °C 553+6% 0.98 mho/m + 6 %
Body TSL temperature change during test <{0.5°C -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.47 W/kg
SAR for nominal Body TSL parameters normalized to 1W 9.81 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 1.62 Wikg
SAR for nominal Body TSL parameters normalized to 1W 6.44 Wikg + 16.5 % (k=2)
Cettificate No: DB35V2-4d132_Jan21 Page 3 of 9




Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 509Q-24iQ
Return Loss -32.0dB

Antenna Parameters with Body TSL

impedance, transformed to feed point 4790 -44iQ
Return Loss -26.1dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.386 ns

After long term use with 100W radiated power, only a slight warming of the dipole near 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 added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not 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

Cerlificate No: D835V2-4d132_Jan21 Page 4 0f 9



DASY5 Validation Report for Head TSL

Date: 21.01.2021
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d132

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; 6 =0.92 S/m; g, =41.2; p = 1000 kg/m3
Phantom section: Flat Section '
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
+ Probe: EX3DV4 - SN7349; ConvF(9.69, 9.69, 9.69) @ 835 MHz; Calibrated: 28.12.2020
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 02.11.2020
+ Phantom: Flat Phantom 4.9 (front); Type: QD O0L P49 AA; Serial: 1001
« DASY5252.10.4(1527); SEMCAD X 14.6.14(7483)

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

Reference Value = 63.53 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.74 W/kg

SAR(1 g) = 2.46 W/kg; SAR(10 g) = 1.59 W/kg

Smallest distance from peaks to all points 3 dB below = 16 mm

Ratio of SAR at M2 to SAR at M1 =65.7%

Maximum value of SAR (measured) = 3.30 W/kg

-4.00
e -ﬁ.ﬂu

-8.00

-10.00

0dB =3.30 W/kg =5.19 dBW/kg

Certificate No: DB35V2-4d132_Jan21 Page 5 of 9




Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 21.01.2021
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d132

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz, ¢ =0.98 S/m; g, = 55.3; p = 1000 kglm3
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.85, 9.85, 9.85) @ 835 MHz; Calibrated: 28.12.2020
+ Sensor-Surface: 1.4mm (Mechanical Surface Detection)

o Electronics: DAE4 Sn601; Calibrated: 02.11.2020

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

« DASY5252.10.4(1527); SEMCAD X 14.6.14(7483)

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

Reference Value = 60.51 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.64 W/kg

SAR(1 g) = 2.47 W/kg; SAR(10 g) = 1.62 W/kg

Smallest distance from peaks to all points 3 dB below = 15 mm

Ratio of SAR at M2 to SAR at M1 = 67.9%

Maximum value of SAR (measured) = 3.27 W/kg

-4.00
-6.00

-8.00

-10.00

0dB =327 W/kg =5.15 dBW/kg
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Impedance Measurement Plot for Body TSL
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Appendix: Transfer Calibration at Four Validation Locations on SAM Head'

Evaluation Condition

Phantom

SAM Head Phantom

For usage with cSAR3DV2-R/L

SAR result with SAM Head (Top = C0)

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

Condition

SAR for nominal Head TSL parameters

normalized to 1W

9.19 W/kg = 17.5 % (k=2)

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

condition

SAR for nominal Head TSL parameters

normalized to 1W

6.06 Wikg = 16.9 % (k=2)

SAR result with SAM Head (Mouth = F90)

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

Condition

SAR for nominal Head TSL parameters

normalized to 1W

9.64 W/kg = 17.5 % (k=2)

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

condition

SAR for nominal Head TSL parameters

normalized to 1W

6.45 W/Kg = 16.9 % (k=2)

SAR result with SAM Head (Neck = H0)

SAR averaged over 1 em® (1 g) of Head TSL

Condition

SAR for nominal Head TSL parameters

normalized to 1W

9.17 W/kg = 17.5 % (k=2)

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

condition

SAR for nominal Head TSL parameters

normalized to TW

6.17 Wikg = 16.9 % (k=2)

SAR result with SAM Head (Ear = D90)

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

Condition

SAR for nominal Head TSL parameters

normalized to 1W

7.88 W/kg = 17.5 % (k=2)

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

condition

SAR for nominal Head TSL. parameters

nhormalized to 1W

5.29 W/kg + 16.9 % (k=2)

i
Additional assessments outside the current scope of SCS 0108

Certificate No: D835V2-4d132_Jan21
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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y.z
MIA not applicable or not measurad

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, "Measurament 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 1o & 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) KDE 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.

Fead 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
measurament al the SMA connector to the feed point. The Return Loss ensures low
reflected power. Mo 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
muitiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificatn No- DBISV2-4d180_May21 Page 2 of 8




Measurement Conditions

DASY system configuration, as far 8s nol given on page 1.

DASY Version DASYS WE2.10.4

Extrapolation Advanced Extrapotation

Phantom Miadular Flat Phamtom

Distance Dipole Center - TSL 16 rmim with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Fraquancy B35 MHz £ 1 MHz
Head TSL parameters

The following pararmebars and calculafions wena applied.
Temporalure Permittivity Conductivity

Nominal Head TSL paramaters 2207 41.5 (.80 mholm

Measured Head TSL paramatens (22020.2)°C 42.4 £ 6% 10.93 mhaim £ 6 %

Head TSL temparature change during test <(5"C - -
SAR result with Head TSL

SAR sveraged over 1 em? {1 g) of Head TSL Condifion

SAR measured 250 mW impast power 2.41 Wikg

SAR for nomingl Head TSL paramealars figrmaized o 1W 9.45 Wikg £ 17.0 % (k=2)

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

SAR measured 250 mW Inpaut power 1.56 Wikg

SAR for nominal Head TSL paramaters nommalized o 16 .16 Wiy £ 16.5 % [k=2)
Body TSL parameters

Tha following paramaters and calcidationg were applied.
Tamperatura Parmittivity Conductivity

Nominal Body TSL paramaters 20°C 662 0.87 mhoim

Measured Body TSL parameters (220 £0.2)°C BE.6 £ 6% 1.00 mholm £ 6 %

Body TSL temparature change during test <0.6°C - —
SAR rasult with Body TSL

SAR averaged over 1 cm® (1 g) of Body TSL Condifion

SAR measuned 250 m\W Inpul power 2.47 Wikg

SAR for nominal Body TSL paramabers nomalized 1o W 0,67 Wikg £ 17.0 % [k=2)

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

EAR meagured 250 mW Inpul power 1.63 Wikg

SAR for nominal Body TSL paramealers normalized 1o 1W 5,40 Wikg £ 16.5 % [k=2)

Carificale Mo: DE3SV2-44180_May21
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transfommed to feed poim 51.2 0 - 4.8 03
Astum Loss =262 dB

Antenna Parameters with Body TSL

Impedancs, Iransformed o fead point 479 0-7TH
Rebhen Loss -21.8dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.395 na

After long term use with 100V radiated power, only a slight warming of the dipole near the feadpoint can be measured.

‘ihd-rpnhianmduu!umrdm'd&Hﬂﬂnmmlﬂlnuﬂa.mmrmndumnfﬂnmunahmwmmh
mﬂmnlh‘mdlpﬂla.Tmmmahmmﬂm-ﬂmmlwmw.{hmdmﬂm.mmﬂm
are addad 1o the dpols arms in order to improve matching when lbaded according 1o the pozition a5 explained in the
“Measurement Conditions” paragraph. The SAR dala are not affectad by this change. The overall dipole length Is still
according to the Standard.

No excessive force must ba applied 1o the dipole arms, bacause they might bend or the soldered connections near the
feadpoint may be damaged,

Additional EUT Data

Mantufactured by SPEAG
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DASYS Validation Report for Head TSL

Diate; 11.05.2021

Test Laboratory: SPEAG, Zurich, Switserland

DUT: Dipole 835 MHz; Type: DR35SV Serial: D35SV - SN:4d 1850

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: f= 835 MHz; o = 0,93 S/m; &= 42.4; p= 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEENEC/ANS] C63,19-2011)

DASY 52 Configuration:

Probe; EX3IDVE - SN7349; ConvF(9.69, 9.69, 9.69) (@ 835 MHz; Calibrated: 28.12.2020
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Elecironics: DAE4 Sn601; Calibrated: 02.11.2020

Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

DASYS2 52.10.4(1527); SEMCAD X 14.6.14(7483)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Sean (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 63.07 Vim; Power Drift =0.01 dB

Peak SAR (extrapolated) = 3.61 W/kg

SAR(1 g) = 2.41 W/kg; SAR(10 g) = 1.56 Wikg

amallest distance from peaks (o all points 3 dB below = 16.5 mm

Ratio of SAR at M2 to SAR at M1 = 66.7%

Maximum value of SAR (measured) = 3.21 Wikg

-2.00

-4,00

-6.00

0dB = 3.21 Wikg = 5.06 dBW/ke

Carlificate Mo DA3SV2-4d180_May1 Paps 5 of B



Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 11.05.2021
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DR3SVY; Serial: D35V - SN:4d 180

Communication System: ULD 0 - CW; Frequency: 835 MHz

Medium parameters used: f= 835 MHz; o = 1.00 §/m; &= 55.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(9.85, 9.85, 9.85) (@ 835 MHz; Calibrated: 28.12.2020
= Sensor-Surface: 1.4mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 02.11.2020
= Phantom: Flat Phantom 4.9 (Back); Type: QD 00R P49 AA; Serial: 1005
« DASYS2 52.10.4(1527), SEMCAD X 14.6,14{7483)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Secan (Tx7x7)/Cube 0:
Measurement grid: die=5mm, dy=5mm, dz=5mm

Reference Value = 57.95 Vim; Power Drift = 0,03 dB

Peak SAR (extrapolated) = 3.61 Wikg

SAR(] g) = 247 Wikg; SAR(10 g) = 1.63 Wikg

Smallest distance from peaks to all points 3 dB below = 15.3 mm

Ratio of SAR at M2 to SAR at M1 = 68.4%

Maximum value of SAR (measured) = 3.24 Wikg

DdB =324 Wikg=5.11 dBW/kg

Cerfificate Mo: DEISVZ-4d180_May21 Pape 7 of 8



Impedance Measurement Plot for Body TSL
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Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Accreditation No.: SCS 0108

Client

CALIBRATION CERTIFICATE

Certificate No: D1750V2-1148_May20:: - -

Object D1750V2= SN:1148 i 0 i

Calibration procedure(s)

QA CAL-05:v11: . e
Callbratlon Pri cedure for SAR Vahd tlon Sources between 0. 7 3 GHz

Bw‘ﬁ/
N A wo

Calibration date:

v~
BN o5-3-2

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All cafibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for callbration}

Primary Standards 1D # Cal Date {Certificate No.) Schedulad Calibration
Power meter NRP SN: 104778 01-Apr-20 (No. 217-03100/03101) Apr-21

Power sensor NRP-Z91 SN: 103244 01-Apr-20 (No. 217-03100) Apr-21

Power sensor NRP-Z91 SN: 103245 01-Apr-20 (No. 217-03101) Apr-21

Reference 20 dB Attenuator SN: BH9394 (20k}) 31-Mar-20 (No. 217-03106) Apr-21

Type-N mismatch combination SN: 310982 / 06327 31-Mar-20 (No. 217-03104) Apr-21

Reference Probe EX3DV4 SN: 7349 31-Dec-19 (No. EX3-7349_Deci8) Dec-20

DAE4 SN: 601 27-Dec-19 (No. DAE4-601_Dec19) Dec-20

Secondary Standards 1D # Check Date (in house) Scheduled Check

Power meter E44198

Power sensor HP 8481A

Power sensor HP 8481A

RF generator R&S SMT-06
Network Analyzer Agilent EB358A

Calibrated by:

Approved by:

SN: GB39512475
SN: US37292783
SN: MY41092317
SN: 100972

SN: US41080477

Katja Pokovic * 71

30-Oct-14 (in house check Feb-19}
07-Oct-15 (in house check QOct-18)
07-Oct-15 (in house check Gct-18)
15-Jun-15 {in house check Oct-18)
31-Mar-14 (in house check Oct-19)

Function
“: Laboratory Technician

Technical Manager

This calibration certificate shall not be reproduced except in fult without wrilen approval of the laboratory.

Signature

In house check: Oct-20
In house check: Oct-20
In house check: Oct-20
In house check: Oct-20
In house check: Oct-20

Issued: May 13, 2020

Certificate No: D1750V2-1148_May20
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreement for the recognition of calibration 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) IEC 62209-1, “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) 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 6 GHZ”

Additional Documentation:

e)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Repont 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%.

Certificate No: D1750V2-1148_May20 Page 2 of 8




Measurement Conditions

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

DASY Version DASYS V52.10.4

Extrapolation Advanced Extrapolation

Phantom Modular Ftat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz = 5 mm

Frequency 1750 MHz £ 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 40.1 1.37 mho/m

Measured Head TSL parameters (220x0.2)°C 40316 % 1.35mho/m+6 %

Head TSL temperature change during test <0.5°C - e
SAR resuit with Head TSL

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

SAR measured 250 mW input power 8.88 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

35.9 Wikg % 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

4.69 Wikg

SAR for nominal Head TSL parameters

nermalized to 1W

18.9 Wikg £ 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.4 1.49 mho/m
Measured Body TSL parameters (22.0+£0.2)°C 54116 % 1.47 mho/m + 6 %
Body TSL temperature change during test <0.5°C e o
SAR result with Body TSL
SAR averaged over 1 cm?® (1 g) of Body TSL Condition
SAR measured 250 mW input power 8.98 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

36.3 Wikg * 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

4.80 Wkg

SAR for nominal Body TSL parameters

normalized to 1W

19.3 Wikg * 16.5 % (k=2)

Certificate No: D1750V2-1148_May20
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 4920 -19jQ

Return Loss -33.6dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 450Q-1.7jQ

Return Loss -25.2dB

General Antenna Parameters and Design

Electrical Delay (che direction) 1.222 ns

After long term use with 100W radiated power, only a slight warming of the dipole near 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 added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not 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

Certificate No: D1750V2-1148_May20 Page 4 of 8




DASY5 Validation Report for Head TSL

Date: 12.05.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1148

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: £ = 1750 MHz; ¢ = 1.35 S/m; & = 40.3; p = 1000 kg/m3
Phantom section: Flat Section

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

DASYS52 Configuration:
s Probe: EX3DV4 - SN7349; ConvF(8.76, 8.76, 8.76) @ 1750 MHz; Calibrated: 31.12,2019

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 27.12.2019

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

DASYS52 52.10.4(1527); SEMCAD X 14.6.14(7483)

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

Reference Value = 105.6 V/m; Power Drift =-0.03 dB

Peak SAR (extrapolated) = 16.4 W/kg

SAR(1 g) = 8.88 W/kg; SAR(10 g) = 4.69 W/kg

Smallest distance from peaks to all points 3 dB below = 10 mm

Ratio of SAR at M2 to SAR at M1 =54.4%

Maximum value of SAR (measured) = 13.8 W/kg

& -10.80

N _14.40

-18.08

0dB =13.8 W/kg = 11.40 dBW/kg

Certificate No: D1750V2-1148_May20 Page 5 of 8




Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 12.05.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V?2 - SN:1148

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: f= 1750 MIz; 6 = 1.47 S/m; & = 54.1; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63,19-201 1)

DASY52 Configuration:
+ Probe: EX3DV4 - SN7349; ConvF(8.61, 8.61, 8.61) @ 1750 MHz; Calibrated: 31.12.2019

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 27.12.2019

Phantom: Flat Phantom 5.0 (back); Type: QDD 000 P50 AA; Serial: 1002

DASY52 52.10.4(1527); SEMCAD X 14.6.14(7483)

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 = 99.95 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 16.1 W/kg

SAR(1 g) = 8.98 W/kg; SAR(10 g) = 4.8 W/kg

Smallest distance from peaks to all points 3 dB below = 10 mm

Ratio of SAR at M2 to SAR at M1 = 57.1%

Maximum value of SAR (measured) = 13.6 W/kg

0dB = 13.6 W/kg=11.34 dBW/kg

Certificate No: D1750V2-1148_May20 Page 7 of 8




impedance Measurement Plot for Body TSL
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Certification of Calibration

Object

Calibration procedure(s)

Extension Calibration date:

Description:

Calibration Equipment used:

D1750V2 — SN: 1148
Procedure for Calibration Extension for SAR Dipoles.
05/12/2021

SAR Validation Dipole at 1750 MHz.

Manufacturer Model Description Cal Date | Cal Interval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4353 Long Stem Thermometer 10/28/2020| Biennial 10/28/2022 200670623
Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971

Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Agilent 85033E 3.5mm Standard Calibration Kit 6/6/2020 Annual 6/6/2021 MY53402352
Rohde & Schwarz ZNLE6 Vector Network Analyzer 9/29/2020 Annual 9/29/2021 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAK-3.5 Dielectric Assessment Kit 5/12/2020 Annual 5/12/2021 1070
Anritsu MA2411B Pulse Power Sensor 8/12/2020 Annual 8/12/2021 1207364
Anritsu MA2411B Pulse Power Sensor 9/22/2020 Annual 9/22/2021 1315051
Anritsu ML2495A Power Meter 11/3/2020 Annual 11/3/2021 1039008
Anritsu ML2495A Power Meter 1/18/2021 Annual 1/18/2022 941001
Agilent N5182A MXG Vector Signal Generator 5/13/2020 Annual 5/13/2021 MY47420603
Pasternack NC-100 Torque Wrench 8/4/2020 Biennial 8/4/2022 N/A
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 10/20/2020 Annual 10/20/2021 7551
SPEAG DAE4 Dasy Data Acquisition Electronics 10/16/2020 Annual 10/16/2021 1333
Measurement Uncertainty = £23% (k=2)
Name Function Signature
Calibrated By: Hyun Kim Test Engineer

Approved By:

Kaitlin O’Keefe

-

Senior Technical
Manager

Object:
D1750V2 — SN: 1148

Date Issued:

05/12/2021

Page 1 of 4




DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

5122001 | 522021 | 1222 | 359 | 348 | 306% | 180 | 185 [ 210% PASS

5/12/2021

Object: Date Issued:
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreament for the reccgnrition of calibration certificates

Accredifation No.: SCS 0108

o::D1750V2-1150 :0Oct18

D1750V2: SNHH150

Calibration procedura(s)

Calibration date:

Ctepsiaz;

This calibration cerlificate documents the traceability to national standards, which realize the physical units of measurements {SI).
The measurements and the uncertainties with confidence probabllity are given on the following pages and are part of the certificate. 6’;]045-20

Ali calibrations have been conducted in ths closed laboratary facility: environment temperaturs (22 + 3)°C and humidity < 70%.

Caiibration Equipment used {M&TE critical for calibration)

RF generator R&S SMT-06
Network Analyzer Agilent E8358A

Calibrated by:

Approved by:

SN: 100972
3N: Us41080477

Name

07-0ct-15 (in house sheck Oct-18}
15-Jun-15 {in house check Oct-18)
31-Mar-14 (in house check Oct18)

Function

Primary Standards D# Cal Data (Cartiflcate No.) Scheduled Calbration
Power meter NRP SN: 104778 M-Apr-18 (No. 217-02672/02673) Apr-18

Power sensor NRP-Z91 SN: 103244 04-Apr-18 {No. 217-02672) Apr-19

Power sensor NRP-Z24 SN: 103245 04-Apr-18 {No. 217-02673) Apr-18

Reference 20 dB Attenuator SN: 5058 {20k} 04-Apr-18 (No. 217-02682) Apr-19

Type-N mismatch combination SN: 50472/ 06327 04-Apr-18 (No, 217-02683) Apr-18

Reference Probe EX3DV4 SN: 7349 30-Dec-17 (No. EX3-7348 Dect7)} Dac-18

DAE4 SiN: 801 04-Cci-18 (No. DAE4-801_Cct18) Oct-19

Secondary Standards 1D # Check Date {in houss) Scheduled Check
Power meter EPM-442A SiN: GB3748C704 {7-Qct-15 (in house check Oct-18} In house check: Oct-20
Powsr sensor HP B481A SN: US37282783 07-Oct-15 {In house check Oct-18} In house check: Oct-20
Powar sensor HP 8481A SN: MY41092317

This calibration certificate shal! not be reproduced except in full without wiitten approval of the laboratory.

Issued: Octcber 22, 2018

In house check: Oct-20
In house check: Oof-20
in house check: Oct-19

Signature L

Certificate No: D1750V2-1150_0ct18
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S Schweizerischer Kalibrierdienst
Service suisse d'étalonnage

C Servizio svizzero di taratura

S Swigs Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration 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) IEC 62209-1, “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) |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 6 GHZz"

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.

e 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.

o 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 1o the feed point. The Return Loss ensures low
reflected power. No uncettainty required.

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

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

o 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 v52.10.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1750 MHz £ 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 40.1 1.37 mho/m

Measured Head TSL parameters (22.0£0.2) °C 388+8% 1.33 mho/m + 6 %

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

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

SAR measured 250 mW input power 9.02 W/kg

SAR for nominal Head TSI parameters normalized to 1W 36.5 W/kg = 17.0 % (k=2)

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

SAR measured 250 mW input power 4.76 W/kg

19.2 Wikg = 16.5 % (k=2)

SAR for nominal Head TSL parameters normalized to 1W

Body TSI parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.4 1.49 mho/m
Measured Body TSL parameters (22.02 0.2} °C 535+6% 1.46 mho/m +6 %
Body TSL temperature change during test <0.5°C - e
SAR result with Body TSL.
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.04 Wikg

SAR for nominal Body TSL parameters normalized to 1W

36.6 Wikg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

4.82 Wrkg

SAR for nominal Body TSL parameters

normalized to 1W

19.4 W/kg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

impedance, transformed to feed point 50.9Q-04ijQ

Return Loss -40.1 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 466 0-0.1jQ
Return Loss -28.2dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.217 ns

After long term use with 100W radiated power, only a sfight warming of the dipole near 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 added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not 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 April 10, 2015
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DASY5 Validation Report for Head TSL

Date: 22.10.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1150

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: f = 1750 MHz; ¢ = 1.33 S/m; & = 38.8; p = 1000 kg/m3
Phantom section: Flat Section

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

DASY52 Configuration:

« Probe: EX3DV4 - SN7349; ConvF(8.5, 8.5, 8.5) @ 1750 MHz; Calibrated: 30.12.2017

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04,10.2018

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

DASYS52 52.10.2(1495); SEMCAD X 14.6.12(7450)

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

Reference Value = 108.1 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 16.7 W/kg

SAR(1 g) = 9.02 W/kg; SAR(10 g) =4.76 W/kg

Maximum value of SAR (measured) = 14.0 W/kg

0dB =140 W/kg=11.46 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 22.10.2018

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1150

Communication System: UID 0 - CW, Frequency: 1750 MHz

Medium parameters used: f = 1750 MHz; ¢ = 1.46 S/m; & = 53.5; p = 1000 kg/m3
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.35, 8.35, 8.35) @ 1750 MHz; Calibrated: 30.12.2017
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.10.2018

Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

DASYS2 52.10.2(1495), SEMCAD X 14.6.12(7450)

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

Reference Value = 102.1 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 16.0 W/kg

SAR(1 g) = 9.04 W/kg; SAR(10 g) = 4.82 W/kg

Maximum value of SAR (measured) = 13.6 W/kg

0dB = 13.6 W/kg = 11.34 dBW/kg
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Impedance Measurement Plot for Body TSL
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PCTEST ENGINEERING LABORATORY, INC.

G ST Y 7185 Oakland Mills Road, Columbia, MD 21046 USA Rac-ws K I
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Certification of Calibration
Object D1750V2 — SN:1150

Calibration procedure(s)

Extended Calibration date:

October 18, 2019

Procedure for Calibration Extension for SAR Dipoles.

Description: SAR Validation Dipole at 1750 MHz.
Calibration Equipment used:

Manufacturer Model Description Cal Date | CalInterval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 8/2/2018 Biennial 8/2/2020 181334684

Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 7/2/2019 Annual 7/2/2020 MY53401181
Rohde & Schwarz ZNLE6 Vector Network Analyzer 10/11/2019 Annual 10/11/2020 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAKS-3.5 Portable Dielectric Assessment Kit 8/13/2019 Annual 8/13/2020 1041
Anritsu MA2411B Pulse Power Sensor 8/14/2019 Annual 8/14/2020 1315051
Anritsu MA2411B Pulse Power Sensor 8/8/2019 Annual 8/8/2020 1339008
Anritsu ML2495A Power Meter 11/20/2018 Annual 11/20/2019 1039008
Agilent N5182A IMXG Vector Signal Generator 8/19/2019 Annual 8/19/2020 | MY47420837
Seekonk NC-100 Torque Wrench 5/9/2018 Biennial 5/9/2020 22217
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 8/16/2019 Annual 8/16/2020 7308
SPEAG EX3DV4 SAR Probe 4/24/2019 Annual 4/24/2020 7357
SPEAG DAE4 Dasy Data Acquisition Electronics 4/18/2019 Annual 4/18/2020 1407
SPEAG DAE4 Dasy Data Acquisition Electronics 8/14/2019 Annual 8/14/2020 1450

Note: CBT (Calibrated Before Testing). Prior to testing, the measurement paths containing a cable, amplifier, attenuator, coupler or
filter were connected to a calibrated source (i.e. a signal generator) to determine the losses of the measurement path.

Measurement Uncertainty = +23% (k=2)

Name Function

Signature

Calibrated By:

Brodie Halbfoster | Team Lead Engineer

BRarTE H pRaSTER.

Approved By:

Kaitlin O’'Keefe Senior Technical

Manager

nol—

Object:
D1750V2 — SN:1150

Date Issued:

10/18/2019
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

10222018 | torei20t9 | 1217 | ses | 38 | a4t [ o2 [ 2 | amw | s0o | 493 | 16 [ o4 [ o7 [ 11 | 401 | w2 | -02% [ pass |

10/22/2018
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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Certification of Calibration

Object

Calibration procedure(s)

D1750V2 — SN: 1150

Procedure for Calibration Extension for SAR Dipoles.

Extension Calibration date: 10/18/2020

Description:

SAR Validation Dipole at 1750 MHz.

Calibration Equipment used:

Manufacturer Model Description Cal Date | CalInterval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 11/29/2018| Biennial 11/29/2020 181766816

Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Agilent 85033E 3.5mm Standard Calibration Kit 6/6/2020 Annual 6/6/2021 MY53402352

Rohde & Schwarz ZNLE6 Vector Network Analyzer 9/29/2020 Annual 9/29/2021 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAK-3.5 Dielectric Assessment Kit 5/12/2020 Annual 5/12/2021 1070
Anritsu MA2411B Pulse Power Sensor 8/12/2020 Annual 8/12/2021 1207364
Anritsu MA2411B Pulse Power Sensor 9/22/2020 Annual 9/22/2021 1315051
Anritsu ML2495A Power Meter 1/15/2020 Annual 1/15/2021 1328004
Anritsu ML2495A Power Meter 12/17/2019 Annual 12/17/2020 941001
Agilent N5182A MXG Vector Signal Generator 5/13/2020 Annual 5/13/2021 | MY47420603
Pasternack NC-100 Torque Wrench 8/4/2020 Biennial 8/4/2022 N/A
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 7/31/2020 Annual 7/31/2021 7308
SPEAG EX3DV4 SAR Probe 6/23/2020 Annual 6/23/2021 7406
SPEAG DAE4 Dasy Data Acquisition Electronics 8/11/2020 Annual 8/11/2021 1450
SPEAG DAE4 Dasy Data Acquisition Electronics 5/14/2020 Annual 5/14/2021 1583

Measurement Uncertainty = +23% (k=2)

Name Function Signature

Calibrated By: Brodie Halbfoster | Test Engineer SROTTE Ha BOSTER.,

Approved By: Kaitlin O’Keefe Senior Technical ?J'\DE'_

Manager
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D1750V2 — SN: 1150
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 3-year calibration period
from the calibration date:

10222018 | 10182020 | 217 ] 3es | 372 | 192w [ 92 [ 196 | 208% | s0o 1 487 1 22 [ o4 [ 06 | 02 | w01 | 75 | esow [ Pass |

10/22/2018 | 10/18/2020
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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Accredited by the Swiss Accreditation Sarvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agreement for the recognition of calibration certificates

Object
Calibration procedura(s)
BN g
Calibration date: 3.40 wﬂ_DL
B o
“This calibration ceriificate docurnents the traceability to national standards, which realize the physicat units of measurements (S). \Q’W
The measurements and the uncertainties with confidence probabllity are glven on the foliowing pages and are part of the certificate. v
10~23-20
Al galibrations have been conducled in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.
Calibration Equipment used {(M&TE critical for calibration)
Primary Standards 1D # Cal Date (Certlilcate No.) Scheduled Calibration
Power meter NRP SN: 104778 C4-Apr-18 (No. 217-02672/02673) Apr-19
Power sensor NRP-Z91 SN: 103244 04-Apr-18 (No. 217-02672) Apr-19
Power sensor NRP-Z21 SN: 103245 04-Apr-18 (No. 217-02673) Apr-19
Reference 20 dB Attenuator SN: 5058 (20K} 04-Apr-18 (No. 217-02682) Apr-19
Type-N mismatch combination SN: 5047.2 /06327 04-Apr-18 (No. 217-02683) Apr-19
Reference Probe EX3DV4 SN 7349 30-Dec-17 (No. EX3-7349_Dec17) Dec-18
DAE4 SN: 601 04-0ct-18 (No. DAE4-601_0ct18) Qot-19
Secondary Standards 1T # Check Date {in house) Scheduled Check
Powsr meter EPM-442A SN: GB37480704 07-Oct-15 (in house check Oct-18) In house check: Oct-20
Fower sensor HP 8481A SN: US37292783 07-Oct=15 {in house check Oct-18) In house check: Oct-20
Power sensor HP 8481A SNz MY41082317 07-Oct-15 (in house check Get+18) In house check: Oct-20
RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-18) in house checl: Cot-20
Metwork Anafyzer Agilent E8358A | SN: US41080477 31-Mar-14 {in house check Oct-18) in house checlc Oct-19
Narme Function Signature
Calibrated by:
Approved by:
lssued: Qclober 23, 2018
This calibration certificate shall not be reproduced except in fuil without written approval of the laboratory,

Certtificats No: D1900V2-5d080_Qct18 - Pagetof8




Calibration Laboratory of SN

‘e,
7z

; AN S Schweizerischer Kalibrierdienst
Schmid & Partner i\iﬁé c Service suisse d'étalonnage
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Accradited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liguid

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, “lEEE 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, “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) 1EC 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) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e Measurement Conditions: Further details are available from the Validation Report at the end
of the 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.

e 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.

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

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

o 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 resulit.

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%.

Certificate No: D1900V2-5d080_0Oct18 Page 2 of 8




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

DASY Version

DASY5 V52.10.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy,dz =5mm

Frequency 1900 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0 °C 40.0 1.40 mho/m

Measured Head TSL parameters (22.0+0.2) °C 403 +6% 1.40 mho/m + 6 %

Head TSL temperature change during test <0.5°C s e
SAR result with Head TSL

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

SAR measured 250 mW input power 9.93 W/kg

SAR for nominal Head TS, parameters

nermalized to 1W

39.8 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.18 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

20.7 W/kg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.3 1.52 mho/m
Measured Body TSL parameters (22.0 £ 0.2)°C 529+6% 1.47 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 9.62 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

39.2 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.09 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

20.6 Wikg = 16.5 % (k=2)

Cerlificate No: D1800V2-5d080_Oct18
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Appendix {Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

impedance, transformed to feed point 5250+79jQ

Return Loss -21.8dB
Antenna Parameters with Body TSL

Impedance, transformed to feed point 4810 +8.1iQ

Return Loss -21.5dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1.193 ns

After long term use with 100W radiated power, only a slight warming of the dipole near 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 added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not 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

June 28, 2006

Cenrificate No: D1900v2-5d080_0cti8
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DASYS5 Validation Report for Head TSL

Date: 23.10.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d080

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz; 6 = 1.4 S/m; & = 40.3; p = 1000 kg/m3
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

» Probe: EX3DV4 - SN7349; ConvF(8.18, 8.18, 8.18) @ 1900 MHz, Calibrated: 30.12.2017

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.10.2018

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450)

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

Reference Value = 110.0 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 18.7 W/kg

SAR(1 g) =9.93 W/kg; SAR(10 g) =5.18 W/kg

Maximum value of SAR (measured) = 15.6 W/kg

i 1200

-16.00

-20.00

0dB = 15.6 W/kg = 11,93 dBW/kg

Certificate No: D1900V2-5d080_0ct18 Page 5 of 8




Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 23.10.2018

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d080

Communication System: UID 0 - CW,; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz; 6 = 1.47 S/m; & = 52.9; p = 1000 kg:’m3
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.15, 8.15, 8.15) @ 1900 MHz, Calibrated: 30.12.2017
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated; 04.10.2018

Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

DASYS52 52.10.2(1495); SEMCAD X 14.6.12(7450)

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 = 99.86 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 17.3 W/kg

SAR(1 g) = 9.62 W/kg; SAR(10 g) = 5.09 W/kg

Maximum value of SAR (measured) = 14.1 W/kg

0dB = 14.1 W/kg = 11.49 dBW/kg

Certificate No: D1900V2-5d080_0ct18 Page 7 of 8




Impedance Measurement Plot for Body TSL
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PCTEST ENGINEERING LABORATORY, INC

1 -"'-,.F."':.T.-T 7185 Oakland Mills Road, Columbia, MD 21046 USA

Tel. +1.410.290.6652 / Fax +1.410.290.6654 at PSP
http://www.pctest.com T—
Certification of Calibration
Object D1900V2 — SN:5d080
Calibration procedure(s) Procedure for Calibration Extension for SAR Dipoles.
Extended Calibration date: October 18, 2019
Description: SAR Validation Dipole at 1900 MHz.

Calibration Equipment used:

Manufacturer Model Description Cal Date | CalInterval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 8/2/2018 Biennial 8/2/2020 181334684

Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 7/2/2019 Annual 7/2/2020 MY53401181
Rohde & Schwarz ZNLE6 Vector Network Analyzer 10/11/2019 Annual 10/11/2020 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAKS-3.5 Portable Dielectric Assessment Kit 8/13/2019 Annual 8/13/2020 1041
Anritsu MA2411B Pulse Power Sensor 8/14/2019 Annual 8/14/2020 1315051
Anritsu MA2411B Pulse Power Sensor 8/8/2019 Annual 8/8/2020 1339008
Anritsu ML2495A Power Meter 11/20/2018 Annual 11/20/2019 1039008
Agilent N5182A MXG Vector Signal Generator 8/19/2019 Annual 8/19/2020 | MY47420837
Seekonk NC-100 Torque Wrench 5/9/2018 Biennial 5/9/2020 22217
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 2/19/2019 Annual 2/19/2020 3914
SPEAG EX3DV4 SAR Probe 5/16/2019 Annual 5/16/2020 7406
SPEAG DAE4 Dasy Data Acquisition Electronics 5/8/2019 Annual 5/8/2020 859
SPEAG DAE4 Dasy Data Acquisition Electronics 2/14/2019 Annual 2/14/2020 1272

Note: CBT (Calibrated Before Testing). Prior to testing, the measurement paths containing a cable, amplifier,

attenuator, coupler or

filter were connected to a calibrated source (i.e. a signal generator) to determine the losses of the measurement path.

Measurement Uncertainty = +23% (k=2)

Name Function Signature
Calibrated By: Brodie Halbfoster | Team Lead Engineer BRorre iy grosTER.
Approved By: Kaitlin O’Keefe Senior Technical m[f__
Manager
Object: Date Issued:
Page 1 of 4
D1900V2 — SN: 5d080 10/18/2019




DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

1023/2018 | 10/18/2019 200% | s25 | s04 [ 21 [ 79 | 62 | 17 | 218 [ 242 [ -t090%

10/23/2018

Object: Date Issued:
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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K PCTEST

PCTEST

7185 Oakland Mills Road, Columbia, MD 21046 USA facwn R
Tel. +1.410.290.6652 / Fax +1.410.290.6654 ey o it
http://www.pctest.com T ——

Certification of Calibration

Object

Calibration procedure(s)

D1900V2 — SN: 5d080

Procedure for Calibration Extension for SAR Dipoles.

Extension Calibration date: 10/18/2020

Description:

SAR Validation Dipole at 1900 MHz.

Calibration Equipment used:

Manufacturer Model Description Cal Date | CalInterval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 11/29/2018| Biennial 11/29/2020 181766816

Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Agilent 85033E 3.5mm Standard Calibration Kit 6/6/2020 Annual 6/6/2021 MY53402352
Rohde & Schwarz ZNLE6 Vector Network Analyzer 9/29/2020 Annual 9/29/2021 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAK-3.5 Dielectric Assessment Kit 5/12/2020 Annual 5/12/2021 1070
Anritsu MA2411B Pulse Power Sensor 8/12/2020 Annual 8/12/2021 1207364
Anritsu MA2411B Pulse Power Sensor 9/22/2020 Annual 9/22/2021 1315051
Anritsu ML2495A Power Meter 1/15/2020 Annual 1/15/2021 1328004
Anritsu ML2495A Power Meter 12/17/2019 Annual 12/17/2020 941001
Agilent N5182A MXG Vector Signal Generator 5/13/2020 Annual 5/13/2021 | MY47420603
Pasternack NC-100 Torque Wrench 8/4/2020 Biennial 8/4/2022 N/A
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 3/18/2020 Annual 3/18/2021 7526
SPEAG EX3DV4 SAR Probe 12/11/2019 Annual 12/11/2020 7570
SPEAG DAE4 Dasy Data Acquisition Electronics 12/18/2019 Annual 12/18/2020 859
SPEAG DAE4 Dasy Data Acquisition Electronics 3/12/2020 Annual 3/12/2021 1368

Measurement Uncertainty = +23% (k=2)

Name Function Signature
Calibrated By: Brodie Halbfoster | Test Engineer SROTTE Ha BOSTER.,
Approved By: Kaitlin O’Keefe Senior Technical ?J'\DE'_
Manager
Object: Date Issued: = 10of 4
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 3-year calibration period
from the calibration date:

10232018 | 101200 | 1193 | 398 | 401 | o7 [ o207 | 205 | oor% | s25 | 485 [ 4 [ 7o | 6 | 19 [ 218 [ 241 [ -o60% | Pass |

10/23/2018 | 10/18/2020

Object: Date Issued:

Page 2 of 4
D1900V2 — SN: 5d080 10/18/2020




Impedance & Return-Loss Measurement Plot for Head TSL

T = 507 BNy 500 Rel -HI 0B Ol Oy = 1~
1 1500000 GHy -J1050 &8

L 20l et P

1 - -
b .
{Chl Cenrer 1.9 Gl Py 10 dlem B 10 kMg Spuar 0 Ry
| T2 G911 Svith 300 il Rel B U Cal Oy = e
o1 TREGTE G H51% O
sl O
0TI ph
v |
1
i e
| |
|
Chi Cenner 19 Gl Py 10 dlem  Baw 0 ki Spmry SO0 Wi
Object: Date Issued:

Page 3 of 4

D1900V2 — SN: 5d080 10/18/2020




Impedance & Return-Loss Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurlch, Switzeriand

S
C
S

Accreditad by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificales

Client

Accreditation No.: SCS 0108

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Objeot

Calibration procedure(s)

Calibration date:

oo 77

Calibration Equipment used (M&TE critical for calibration)

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (8. i ?;
The measuremenls and the uncertainties with confidence probability ars given on the following pages and ars part of the cerlificate. v

. . . . BN g-pa-21
All calibrations have been conducted in the closed laboratory facillty: environment temperature (22 + 3)°C and humidity < 70%.

Network Analyzer Agilent EB358A

Calibrated by:

Approved by:

SN: US41080477

Name

Primary Standards D # Cal Date (Cerificate No.) Schedulsd Callbration
Powar meter NRP SN: 104778 04-Apr-18 (No. 217-D2672/02673) Apr-19

Power sansor NRP-Z91 SN: 103244 04-Apr-18 (No. 217-02672) Apr-19

Power sensor NRP-Z91 SN: 103245 04-Apr-18 (No. 217-02673) Apr-12

Refersnce 20 dB Attenuator 5N: 5058 (20%} 04-Apr-18 (No. 217-02682) Apr-18

Type-N mlsmatch combination SN: 5047.2 f 06327 04-Apr-18 (No. 217-02683) Apr-18

Reference Probe EX3DV4 SN; 7349 31-Dec-18 (No. EX3-7349_Dec18) Deac-19

DAE4 SH: 601 04-Oct-18 {No. BAE4-601_Oct18) Cet~18

Secondary Standards ID # Check Date (in house) Scheduled Check
Power meter E44198 8N: GB39512475 07-0¢t-15 {in house check Feb-18) in house check: Oct-20
Power sansor HP 84814 SN: US37292783 07-Q¢t-15 (in house check Qot-18) In housa check: Oct-20
Power sansor HP 8481A SN: MY41092317 G7-0ct-15 {In house check Oct-18) In house check: Oct-20
RF generator R&S SMT-06 SN: 100972 15-Jun-15 {in house check Oct-18) in house chack: Oct-20

31-Mar-14 (in houss check Qct-18)

Function

This calibration cerlificate shall not be reproduced axcept in full without written approval of the laboratary.

in house check: Cet-19

tssued: February 21, 2019

Certiflcate No: D1900V2-5d148_Feb19
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Swiss Accreditation Service {SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration 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) IEEE 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, “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) 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 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 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%.

Certificate No: D1900V2-5d148_Feb19 Page 2 of 8




Measurement Conditions

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

DASY Version DASYS V52.10.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantorn

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy,dz =5 mm

Frequency 1800 MMz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 40.0 1.40 mho/m

Measured Head TSL parameters (22.0£0.2) °C 40.9+ 6 % 1.38 mho/m + 6 %

Head TSL temperature change during test <0.5°C === e—n
SAR result with Head TSL

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

SAR measured 250 mW input power 9.65 W/ikg

SAR for nominal Head TSL parameters

normalized to 1W

39.1 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input powser

5.05 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

20.4 W/kg + 16.5 % (k=2)

Body TSL parameters

The following paramsters and calculations were applied.

Temperature Permittivity Conductivity
Neminal Body TSL parameters 22.0°C 53.3 1.52 mho/m
Measured Body TSL parameters (22.0+0.2)°C 536+6% 1.47 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 9.56 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

39.1 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.05 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

20.5 Wikg *+ 16.5 % (k=2)

Certificate No: D1900V2-5d148_Feb19
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5180 +68jQ

Retumn Loss -23.2dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 484 Q +7.8jQ

Return Loss -21.9dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1170 ns

After long term use with 100W radiated power, only a slight warming of the dipole near 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 added to the dipole arms in order to improve matching when loaded according to the position as explained in the
“Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG

Certificate No: D1900V2-5d148_Feb19 Page 4 of 8




DASY5 Validation Report for Head TSL

Date: 21.02.2019

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d148

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz; ¢ = 1,38 S/m; & = 40.9; p = 1000 kg/m3
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.26, 8.26, 8.26) @ 1900 MHz; Calibrated: 31.12.2018
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated; 04.10.2018

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

DASYS52 52.10.2(1495); SEMCAD X 14.6.12(7450)

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

Reference Value = 109.4 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 17.8 W/kg

SAR(1 g) = 9.65 W/kg; SAR(10 g) = 5.05 W/kg

Maximum value of SAR (measured) = 15.0 W/kg

0dB =15.0W/kg=11.76 dBW/kg

Certificate No: D1300V2-5d148_Feb19 Page 5 of 8




Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date; 21.02.2019

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d148

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: £ = 1900 MHz; ¢ = 1.47 S/m; & = 53.6; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/TEC/ANSI C63.19-2011)

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.23, 8.23, 8.23) @ 1900 MHz, Calibrated: 31.12.2018
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.10.2018

Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450)

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 = 103.7 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 17.0 W/kg

SAR(1 g) = 9.56 W/kg; SAR(10 g) = 5.05 W/kg

Maximum value of SAR (measured) = 14.4 W/kg

0dB =144 W/kg = 11.58 dBW/kg

Certificate No: D1900V2-5d148_Feb19 Page 7 of 8




Impedance Measurement Plot for Body TSL
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Certification of Calibration

Calibration procedure(s)

Extension Calibration date:

Description:

Calibration Equipment used:

D1900V2 — SN: 5d148

Procedure for Calibration Extension for SAR Dipoles.

2/21/2020

SAR Validation Dipole at 1900 MHz.

Manufacturer Model Description Cal Date | CallInterval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 8/2/2018 Biennial 8/2/2020 181334684

Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 7/2/2019 Annual 7/2/2020 MY53401181
Rohde & Schwarz ZNLE6 Vector Network Analyzer 10/11/2019 Annual 10/11/2020 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAKS-3.5 Portable DAK 9/10/2019 Annual 9/10/2020 1045
Anritsu MA2411B Pulse Power Sensor 8/14/2019 Annual 8/14/2020 1315051
Anritsu MA2411B Pulse Power Sensor 8/8/2019 Annual 8/8/2020 1339008
Anritsu ML2495A Power Meter 12/17/2019 Annual 12/17/2020 941001
Agilent N5182A MXG Vector Signal Generator 8/19/2019 Annual 8/19/2020 | MY47420837
Seekonk NC-100 Torque Wrench 5/9/2018 Biennial 5/9/2020 22217
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 9/19/2019 Annual 9/19/2020 7551
SPEAG EX3DV4 SAR Probe 7/16/2019 Annual 7/16/2020 7410
SPEAG DAE4 Dasy Data Acquisition Electronics 9/17/2019 Annual 9/17/2020 1333
SPEAG DAE4 Dasy Data Acquisition Electronics 7/11/2019 Annual 7/11/2020 1322
Measurement Uncertainty = +23% (k=2)
Name Function Signature

Calibrated By:

Brodie Halbfoster

Test Engineer

SA00TE N BFOSTER,

Approved By:

Kaitlin O’'Keefe

Senior Technical
Manager

Ho—

Object:
D1900V2 — SN: 5d148

Date Issued:

02/21/2020
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

22112019_| 212112020 6.14% aa1% | s18 [ sa7 [ 19 | es | 27 [ 41 [ 232 [ o7t | -t670%

21212019 | 212112020
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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Certification of Calibration

Object

Calibration procedure(s)

D1900V2 — SN: 5d148

Procedure for Calibration Extension for SAR Dipoles.

Extension Calibration date: 2/21/2021

Description:

SAR Validation Dipole at 1900 MHz.

Calibration Equipment used:

Manufacturer Model Description Cal Date | CalInterval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4353 Long Stem Thermometer 10/28/2020| Biennial 10/28/2022 200670623

Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Agilent 85033E 3.5mm Standard Calibration Kit 6/6/2020 Annual 6/6/2021 MY53402352

Rohde & Schwarz ZNLE6 Vector Network Analyzer 9/29/2020 Annual 9/29/2021 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAK-3.5 Dielectric Assessment Kit 5/12/2020 Annual 5/12/2021 1070
Anritsu MA2411B Pulse Power Sensor 8/12/2020 Annual 8/12/2021 1207364
Anritsu MA2411B Pulse Power Sensor 9/22/2020 Annual 9/22/2021 1315051
Anritsu ML2495A Power Meter 11/3/2020 Annual 11/3/2021 1039008
Anritsu ML2495A Power Meter 1/18/2021 Annual 1/18/2022 941001
Agilent N5182A MXG Vector Signal Generator 5/13/2020 Annual 5/13/2021 MY47420603
Pasternack NC-100 Torque Wrench 8/4/2020 Biennial 8/4/2022 N/A
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 7/31/2020 Annual 7/31/2021 7308
SPEAG EX3DV4 SAR Probe 12/15/2020 Annual 12/15/2021 7570
SPEAG DAE4 Dasy Data Acquisition Electronics 12/7/2020 Annual 12/7/2021 859
SPEAG DAE4 Dasy Data Acquisition Electronics 8/11/2020 Annual 8/11/2021 1450

Measurement Uncertainty = +23% (k=2)

Name Function Signature

Calibrated By:

Brodie Halbfoster Test Engineer SRATTE i BFOSTER.,

Approved By:

Kaitlin O’Keefe Senior Technical ?J'\DE'_
Manager

Object:
D1900V2 — SN: 5d148

Date Issued:
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 3-year calibration period
from the calibration date:

2212019 | 2212021 | 147 | 391 | 385 | 1s3% | o204 [ 19 | 3% | 518 | ss1 [ 32 [ es | 27 | a1 | 232 [ 249 [ 730% | Pass |

2212019 | 2/21/2021
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner
Engineering AG
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SN Schweizerischer Kalibrierdienst

3
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B Servizio svizzero di taratura
24 -~
Zeughausstrasse 43, 8004 Zurich, Switzerland s, /ﬁ\\}*‘ Swiss Calibration Service
Tefed by
Accradited by the Swiss Accreditation Service (SAS} Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the sighatorles to the EA
Multilateral Agreement for the recognition of calibration certificates

00V 2:5d

Client

Object

Calibration procedure(s)

Calibration date:

This calibration certifleate documents the fraceabllity to national standards, which realize the physical unlts of measuremems (S,

v
The measurements and the uncertainties with confidence probability are given on the following pages and are pari of the certificate.

10-23-20
All cafibrations have bean conducted In the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D# Cal Date {Cerlificate No.) Scheduled Calibration

Powsr meier NEP SN: 104778 04-Apr-18 (No. 217-02672/C2673) Apr-1§

Pawear sensor NRP-Z91 SN: 103244 04-Apr-18 (No. 217-02672) Apr-19

Power sensor NRP-Z91 SN: 103248 04-Apr-18 {No. 217-02673) Apr-19

Refersnce 20 dB Attenuator SN: 5058 (20k} 04-Apr-18 (No. 217-02682) Apr-19

Type-N mismaich combination SN: 5047.2 /06327 04-Apr-18 (No. 217-02683) Apt-18

Aeferance Probs EX3DV4 8N: 7345 30-Dec-17 (No. EX3-7348_Deci17) Dec-18

DAE4 SN: 601 04-Oct-18 (No. DAE4-601,_ QOct18) Qet-19

Secondary Standards 1D # Check Date {in house) Scheduled Check

Power meter EPM-442A SN: GB37480704 07-Oct-15 (in house check Oct-18) in house check: Oct-20

Power sensor HP B481A SN US37202783 Q7-Oct-15 (n house check Oct-18}) In house check: Oct-20

Power sensor HP 8481A SN: MY41092317 a97-Oct-15 (in house check Oct-18) In house check: Oct-20

AF generator R&S SMT-06 SN: 100972 16-Jun-15 (in house check Oct-18} In house check: Oct-20

Network Analyzer Agllent £E83584 | SN: US41080477 31-Mar-14 (in house check Oct-18) In house check: Oct-19
Name Function Signature

Callorated by;

Approved by:

[ssued: Qctober 23, 2018

This calibralion cerlificate shall net be reproduced axcept in full without written approval of the laborafory.

Certificate No: D1900vV2-5d142_QOcti8 Page fof 8




Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |IEEE 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, “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) |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 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 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 caiculate the
nominal SAR result.

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

Certificate No: D1900V2-5d149_0Oct18 Page 2 of 8




Measurement Conditions
DASY system configuration, as far as not

iven on page {.

DASY Version DASYS5 V52.10.2

Extrapolation Advanced Extrapoiation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1900 MHz + 1 MHz
Head TSI. parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 40.0 1.40 mho/m

Measured Head TSL parameters (22.0x0.2) °C 40.3+6% 1.40 mho/m = 6 %

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

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

SAR measured 250 mW input power 9.80 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

39.3 Wikg = 17.0 % (k=2)

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

SAR measured

250 mW input power

5.11 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

20.5 W/kg + 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.3 1.52 mho/m
Measured Body TSL parameters {22.0+£0.2) °C 529x26% 1.47 mho/m £6 %
Body TSL temperature change during test <0.5°C e -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.68 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

39.4 W/ikg = 17.0 % {k=2)

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

SAR measured

250 mW input power

5.11 Wikg

SAR for nominal Bedy TSL parameters

normalized to 1W

20.7 Wikg = 16.5 % (k=2)

Certificate No: D1900V2-5d149_0Oct18

Page 3of 8




Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5290+63jQ

Return Loss -23.4dB

Antenna Parameters with Body TSL

impedance, transformed to feed point 485Q +8.2jQ

Return Loss -21.5dB

General Antenna Parameters and Design

Electrical Delay {one direction) 1.193 ns

After long term use with 100W radiated power, only a slight warming of the dipole near 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 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 to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not 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 March 11, 2011

Certificate No: D1900V2-5d149_0Oct18 Page 4 of 8



DASYS5 Validation Report for Head TSL

Date: 23.10.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d149

Communication System: UID 0 - CW; Frequency: 1900 MHz
Medium parameters used: £ = 1900 MHz; 6 = 1.4 S/m; &, = 40.3; p=1000 kgf’rn3
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)
DASY52 Configuration:

» Probe: EX3DV4 - SN7349; ConvF(8.18, 8.18, 8.18) @ 1900 MHz,; Calibrated: 30.12.2017

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.10.2018

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

DASYS52 52.10.2(1495); SEMCAD X 14.6.12(7450)

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

Reference Value = 110.0 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 18.5 W/kg

SAR(1 g) = 9.8 W/kg; SAR(10 g) =5.11 W/kg

Maximum value of SAR (measured) = 15.4 W/kg

£ ]-12.00

-16.00

-20.00

0dB =154 W/kg = 11.88 dBW/kg

Ceittificate No: D1900V2-5d149_0Octi18 Page 50f 8




Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 23.10.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d149

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz; ¢ = 1.47 S/m; & = 52.9; p = 1000 kg/m3
Phantom section: Flat Section

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

DASY52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(8.15, 8.15, 8.15) @ 1900 MHz; Calibrated: 30.12.2017
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
s Electronics: DAE4 Sn601; Calibrated: 04,10.2018
« Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002
o DASYS52 52.10.2(1495); SEMCAD X 14.6.12(7450)

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 = 103.1 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 17.5 W/kg

SAR(1 g) = 9.68 W/kg; SAR(10 g) = 5.11 W/kg

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

0dB =142 W/kg = 11.52 dBW/kg

Certificate No: D1900V2-5d149_0Oct18 Page 7 of 8




Impedance Measurement Plot for Body TSL
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Certification of Calibration
Object D1900V2 — SN:5d149

Calibration procedure(s)

Extended Calibration date:

Description:

October 18, 2019

SAR Validation Dipole at 1900 MHz.

Calibration Equipment used:

Procedure for Calibration Extension for SAR Dipoles.

Manufacturer Model Description Cal Date | CalInterval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 8/2/2018 Biennial 8/2/2020 181334684

Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 7/2/2019 Annual 7/2/2020 MY53401181
Rohde & Schwarz ZNLE6 Vector Network Analyzer 10/11/2019 Annual 10/11/2020 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAKS-3.5 Portable Dielectric Assessment Kit 8/13/2019 Annual 8/13/2020 1041
Anritsu MA2411B Pulse Power Sensor 8/14/2019 Annual 8/14/2020 1315051
Anritsu MA2411B Pulse Power Sensor 8/8/2019 Annual 8/8/2020 1339008
Anritsu ML2495A Power Meter 11/20/2018 Annual 11/20/2019 1039008
Agilent N5182A MXG Vector Signal Generator 8/19/2019 Annual 8/19/2020 | MY47420837
Seekonk NC-100 Torque Wrench 5/9/2018 Biennial 5/9/2020 22217
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 2/19/2019 Annual 2/19/2020 3914
SPEAG EX3DV4 SAR Probe 5/16/2019 Annual 5/16/2020 7406
SPEAG DAE4 Dasy Data Acquisition Electronics 5/8/2019 Annual 5/8/2020 859
SPEAG DAE4 Dasy Data Acquisition Electronics 2/14/2019 Annual 2/14/2020 1272

Note: CBT (Calibrated Before Testing). Prior to testing, the measurement paths containing a cable, amplifier, attenuator, coupler or
filter were connected to a calibrated source (i.e. a signal generator) to determine the losses of the measurement path.

Measurement Uncertainty = +23% (k=2)

Name

Function

Signature

Calibrated By:

Brodie Halbfoster

Team Lead Engineer

SANOTE Ha) BRaSTER.,

Approved By:

Kaitlin O’'Keefe

Senior Technical
Manager
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

10232018 | 10/18/2019 | 1193 789% | 205 [ 218 | eoww | s20 | s18 | 11 [ 63 [ 64 [ 01 | 234 | 238 | -180% [ Pass |

10/23/2018
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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Certification of Calibration

Object

Calibration procedure(s)

Extension Calibration date:

Description:

D1900V2 — SN: 5d149
Procedure for Calibration Extension for SAR Dipoles.
10/18/2020

SAR Validation Dipole at 1900 MHz.

Calibration Equipment used:

Manufacturer Model Description Cal Date | CalInterval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 11/29/2018| Biennial 11/29/2020 181766816
Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971

Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Agilent 85033E 3.5mm Standard Calibration Kit 6/6/2020 Annual 6/6/2021 MY53402352
Rohde & Schwarz ZNLE6 Vector Network Analyzer 9/29/2020 Annual 9/29/2021 101307
Mini-Circuits BW-N20WS5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAK-3.5 Dielectric Assessment Kit 5/12/2020 Annual 5/12/2021 1070
Anritsu MA2411B Pulse Power Sensor 8/12/2020 Annual 8/12/2021 1207364
Anritsu MA2411B Pulse Power Sensor 9/22/2020 Annual 9/22/2021 1315051
Anritsu ML2495A Power Meter 1/15/2020 Annual 1/15/2021 1328004
Anritsu ML2495A Power Meter 12/17/2019 Annual 12/17/2020 941001
Agilent N5182A MXG Vector Signal Generator 5/13/2020 Annual 5/13/2021 | MY47420603
Pasternack NC-100 Torque Wrench 8/4/2020 Biennial 8/4/2022 N/A
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 12/11/2019 Annual 12/11/2020 7570
SPEAG EX3DV4 SAR Probe 12/11/2019 Annual 12/11/2020 7571
SPEAG DAE4 Dasy Data Acquisition Electronics 3/12/2020 Annual 3/12/2021 1368
SPEAG DAE4 Data Acquisition Electronics 6/22/2020 Annual 12/7/2019 1533
Measurement Uncertainty = +23% (k=2)
Name Function Signature

Calibrated By:

Brodie Halbfoster

Test Engineer

BRanTE Hay Bros1EL

Approved By:

Kaitlin O’'Keefe

Senior Technical
Manager
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 3-year calibration period
from the calibration date:

10232018 | 10182020 | 1193 | 38 | 402 | 229% [ 205 [ 205 [ ooow [ s29 | 491 | 38 [ 63 [ 46 [ 17 | 234 | %5 | -1310% PASS

10/23/2018 | 10/18/2020 . .30% X i g X . i -21. -25. -16.60%
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Impedance & Return-Loss Measurement Plot for Head TSL

el 501 B g S Bel 3048 Cal Obh =
:. Jﬂ‘dH ————— - = - - . ....1..... .
| g
.-Lh'l Contes 0.9 GHs Pt 0B B ke
W] w— R0 Sl ME) LY REl 0L CaliOk =
:
."_

Chi Comime 08 GHa

1%

o] LS00 Gy - JEGHE S A

Span &S00 MM
1w

1SN G #1080
ARIT O
B MATET it

P Do B 10 kHY Rman SO0k
Object: Date Issued:
Page 3 of 4
D1900V2 — SN: 5d149 10/18/2020




Impedance & Return-Loss Measurement Plot for Body TSL
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Calibration Laboratory of Ay, g Sohwelzeriacher Kalibrierdienst
Schimid & Parfnar e farvice sulans d'dialonnoge
Eﬁﬂil"lﬂﬂl‘h"lﬂ AG e Barvizio svizzore di inralura
Zoughnunsirnane 43, 0004 Zurich, Bwitzeriand ﬁ*" S  gwiss Calibration Sorvice
Acirsdiled by ihe Swlss Acomdiiniion Sarvice (SAS) Asereditatlon o, SCE 0108

Tha Swias Aooreditalion Servios |8 ona of the algnatarios fo the EA
Multitateral Agresmant for the recagnltion of aalibration cortifiontos

chent  [RETASI Corilicate to: D2300V2-1073_Aug21
[CALIBRATION C CATE =

=R DR300V - SN;1073 J w3

&'.a
Gallbation progetrs) mﬂﬁ&hﬂﬂﬂ‘ﬁ “{ fr
alibration Frupgmdnrﬂm*vllldlﬂun-ﬂpuml betwaen 0.7-3 GHz

Galibration dute: August 18, 2021

This oalibrailon conilicate deaoumants ths imceabilily o netionasl slendards, which realize the physiosl aniis o msssuramanis (51,
This rmaanuramisnin and iho uncoriaintioen wih confidenoo protatdlity o given on tha aliowing pagas and o pard of the oeriilionlo

Al aliitlons hive b oondisoed 5 e odosad abarmtony ROy sndonmant Wemporaium (22 & 3°C and hamldig = 70%,

Callpration Hauipmant usad (M&TIE ontioal for oalibration)

Primnry Stardinrde 10 # Gl Dafe [Corilionis Mo.) Schasduled Calibrailon

Powar mater NAP AN 17T Oi-Apr-31 (Mo, 2 7-E2010a202) Api-23

Powir aonaar NAP-Z89 Sk 10344 ff-Apr-21 (Mo, 317-00301) Apr-a32

Powesr aonsgr NAP-£84 Bh: 100345 O8-Apr-21 (Mo, 21 7-002462) Apr-33

Foforanoa 20 9B Attenusion G ARG (20k) Of-Apr-21 (Mo, 217-00040) Apr-23

Typir-M mismnatch combinsilon SH: 00002 / 6327 08-Apr-21 (Mo, 217-00044) Apr-23

Mieleronca Mroboe B0 BN: 7048 Hi-Onc-20 (Mo, FX3-7I48 _Daci) Dno-29

Lhilial EM: B0 02-Fov-20 {Ma, DARS-B01_Movid) Mow-21

Bacondnry Blandards it # Ciheck Dol (in houss) Soheduled Chisck

Powier moter E44 1013 BH: GIGS1247E A0-Caf-14 {in houss chisck Col-20) i hioas ohikok; Ol-28

Poawir nanace FIF D404 GBN: LSITERZTIA O7-Ciai-15 {in houss chick Col-20) i ok chaok; Oot-22

Powor soneos P B414A SN MY4 1082317 O0F-0el-15 {In houss ohisck Ool-20) i hilinae chsok; Oci-28

MIF ganarator M&S BKT-00 BN: 100072 iJun-18 (In hiouss chack Ocl-20) in hoyee gheok; Cot-33

Malwerk Annlyeer Agllani CO3S0A | BM: US4 1000477 Ai-Mar-14 {in houns chack Oat-20) i ki ohaeok; Cot-21
Hama Funatieh Blghaliin

Caliirativg by: doton Kaslrall Labratary Technislan - [ ﬂ

N Katja Pokovla Taahnioal Managor #ﬁﬁg‘c_

Istsuinid: Auigiisl 18, 2o
Fhils onfitation ceiiffaats shl fol be rproduced axcept in Tull wihoul willen approvel of the lnbomlary,.

e I Y
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Callbration Laboratory of WS Goein g Shweizsrischer Kallbriordions
Schmid & Partner J g Bovice uluse ddialonnage
Englnnaﬂn AG Sarvizlo svizzara di isralute
Zoughnussirasse 43, 8004 Zurich, Switeriand N LS B gwisa Calibration Service
Accraditad by [hin Swins Asoreditalion Servies (SA8) Anaradiation No,; SCS 0108

The Swiss Accroditation Berviee Is one of (ha &lgRalodes to ihe T4
Wultliateral Agroamant ter the recagiition of calibiation oemificalas

Glossary:

TSL tisaue simulating liquid

ConvF sansitivity in TSL / NORM x,y,z
N/A not applicabla or not measurad

Callbration is Performed Aceording to the Following Standards:

a) IEC/IEEE 62209-1528, "Measurement Procedure For Tha Assessment Of Specilic
Absorption Rate Of Human Exposure Te Radio Fraquency Flelds From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", Octobar 2020.

b) KDB 885664, “SAR Measuramaent Requirements for 100 MHz to 6 GHz"

Additlanal Documentation:
¢} DASY System Handbook

Methods Applied and Interpretation of Parameters:
= Measurement Conditions: Further detalls are available from the Validation Repert at the end
of the cerdificate. All figures statad in the cerificate are valld at the frequancy indicated.
s Anfenna Parameters with TSL: The source is mounted in a touch configuration balow tha
center marking of the flat phantom.
= Helurn Loss: Thia parameter ls measured with the source positionsd under the liquid filled

phantom (as describad in tha measuremant condition clausa), Tha Return Loss ensures low
roflocted power. No uncertainty réguirad.

SAR meazured: SAR measaurad at the atated antanna Input powar,

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

«  SAR for nominal TSL parameters: The measured TSL paramaters are used to caloulate the
nominal SAR result.

The reported uncertainty of mnnlul:qllrnunt is stated as the standard uncartainty ol maasuramant
multiplied by the coverage factor k=2, which for a normal distribution correaponda to a covaraga
probabllity of approximately 85%.

Corifioats Mo: DEI00VI-1073_Augi Pags 2 of i




Measurement Conditions

DASY sysiem configuration, & far aa not glvan on page 1. - -
DAH'I" Varslon DABYER Va2 104
Exirapointion o Advanoad Extrapolation
‘Phantom ~ Modular Flol Phantom
Distanee Dipela Center - TBL 10 mm with Bpacer
Zoom Bean Resolution d, r!? de = & mim .
Fr.mj_.nn_y 2300 MHz & 1 MHz
Head TSL ﬂlrlﬂ'llt‘ll'l
Tha following parametars and oaloulations wers applled,
T!mplrlhil‘! Parmittivity Enlld-l.lntlh‘_l'l?
Nominal Head TSL paramoters 22.0°C 30.5 1.687 I'I'Ihl:l."l'l'l__
Maeasursd Hond 'I'lL pirln‘lﬂil‘i (22.0 & 0.2) *C ABE5a0% 1.71 mhiofim 4 8§ %
Head TSL mnpimm nlunqi during test <0.6°C -ees -
SAR result with Head TSL
SAR avaraged over 1 cm’ (1 g) of Head T6L Condition
ﬁ.n.ﬂ mnnumj 260 mW input powar 12.0 Wikg
BAR lof nominal Head TSL parameters narmalizad o 1W 49,5 Wikg & 17.0 % (kn2)
BAR averaged over 10 em’® (10 g) of Head TBL condition |
SBAR maasurad 260 mW Input powar 608 W.fhn
SAR for nominal Head TSL parametoers nommnlized ta 1W .i Wf'hu & W L ‘Ht (k=)
Body TSL parameters
Tha following parmimaetan and osloulotions woars applisd,
Tamparaiure Parmiitivity l:mduuihitr
Nominal Body TSL parameters gz0"C Bz.8 1.1 mhq"rn
Maasursd Body TSL ﬂnmm (22,0 &02) "G f24a8% 1,88 mbaim & 8 %
Body TSL temporaturs ﬂimﬂ duflnn ’Hlll =0.8°C - m—
SAR result with Body TSL
BAR averagad over 1 em’ (1 g) of Body TSL Gandition
SAR maaaured 250mW inputpower | 123 Wikg
8AR for nominal Body TSL paramatars normnlized to 1W 40,4 Wikg & 17.0 % (k=)
SAR averaged over 10 em” (10 g) of Body TSL oondition -— i -
SAH moasured | 250 mW Input power 5.81 Wikg
SAR for nominal El-ndy TﬂL purlrnliiru normalizod o 1% 23,4 Wikg & 16.5 % (ku2)

Cartifieite Mo D2300VEA1073_Aug21
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Appendix (Additional assssamaenis outslde the scope of SCS 0108)

Antenna Paramatera with Head TSL

1mpldlnnq. ]ryﬂiurrm-u o laad point 40.0(1-8.0 _1:1

Ratum Loss -24.3d8
Antenna Paramaters with Body TSL

Irmldnnulil,l trnnlfnm_'lm:l o fiised pnln-l- 480 11 = 4.4 |03

Retuin Loss 241 dB
General Antenna Paramaters and Dasign

Elacirizal I:‘liliglulI [pnn d1r|_1:|t{p:1} 1171 nn

Altar lang tarm use with 100W radiaied powar, only a slight warming of the dipole near the feadpoint can be measuned,

Tha dipola is mada of standard semirigid conxial onble. The center condustor of the leading line s direclly connected 1o tha
smcoend arm al tho dipole, Tha anlenna |8 therslons shor-clroulied tor DC-signals, On seme of the dipsies, small end caps
i dded 1o the dipols arms In order to Improve matahing when loaded acearding to the position as axpladned in the
"Mensurament Condiilons” paragraph. Tha SAR daia are not alfecied by thie change, The overall dipols length i il

nooording to tha Siandard.
Mo axcesalvis foros must be applied o tha dipols arms, bocauss thisy might band ar the acldermd cannactiond neir tha
{eadpaint may be damaged.
Additional EUT Data
Marnufaoturad by = SPEAG

Carilicate Mo: D2I0OVE-1073_Aug21
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DASY5 Valldation Report for Head TSL

Date: 17.08,2021
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2300 MHz; Type: D2300V2; Serlal: D2300VE - SNi1073

Communication System: UID 0 - CW; Frequency: 2300 MHz :
Medium parameters used: = 2300 MHz; a = 1,71 S/m; g = 38.5; p = 1000 kg/m
Phantom section: Flat Section

Mensurement Standard: DASY S (IEEE/EC/ANST C63.19-2011)

DASY 52 Configuration:
«  Probe; EX3DV4 - SN7349; ConvF(7.98, 7.98, 7.98) @ 2300 MHz; Calibrated: 28.12.2020
s« Sensor-Surfnce: 1.4mm (Mechanical Surface Dolection)
+ Blectronica: DAES Sa601: Callbrated:; 02.11.2020
s Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
« DASYS2 52.104(1535) SEMCAD X 14,6.14(7501)

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

Reference Yalue = 1 16.7 Vim; Power Drift = 0.02 dB

Peak SAR (exirapolated) = 22,9 Wikg

SAR(] g) = 12.6 W/kg; SAR(10 g) = 6.05 W/kg

Smallest distance from peaks to all points 3 dB below = 9 mm

Ratio of SAR at M2 to SAR at M| = 535.2%

Muximum value of SAR (measured) = 19.6 Wikg

dil

=4.01
8.00
-12.00

-15.00

-20.00

Odb = 19,6 Wikg = 12,92 dBW/kg

Coifleate Mo: D2300V2-1073_Aug21 Fage bof B



Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

[ae: 18.08.2021
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2300 MITz; Typer D2300V2; Serial: D2300VZ - SN11073

Communication System: UID 0 - CW; Frequency: 2300 MHz

Medium paramgiers used; e 2300 MHz: 0 = 1,86 5/m; & = 32,4, p= 00 lr.g{m"
Phuntom zection: Flat Section

Mensurement Standard: DASY 3 (IEEEABC/ANS] C63.19:-2011)

DASY 52 Configuration:
= Probe: EX3DV4 - SN7349; ConvF(R, 13, 8,13, 8.13) @ 2300 MHz; Calibrated: 28,12.2020
s Sensor-Surface! Ldmm (Mechanical Surface Delection)
= Electronies: DAE4 Sn601; Calibrated: 02.11.2020
#  Phantom: Flat Phantom 5.0 (buck); Type: QD 000 PS0O AA; Serial: 1002
«  DASYS52 52.104(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 108.8 V/iin; Power Drift = -0,08 dB

Peak SAR (extrapolated) = 22.9 W/kg

SAR(L g) = 12,3 W/kg: SAR(10 g) = 5.91 W/kg

Stnallest distance from peaks to all points 3 dB below = 9 mm

Ratio of SAR at M2 to SAR ut M1 = 54 8%

Maximum value of SAR (mensured) = 19.3 Wik

-4.00

-fi.00
-12.00

16.00

0 dB = 19.3 Wikg = 12.86 dBW/kg

Coiflenta No: D200V 1673_Aug Pags 7 of 0



Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

Schmid & Pariner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreement for the recognition of calibration certificates

PC Test

Client

S
Cc
S

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

Certificate No: D2300V2-1116_Jun21

|CALIBRATION CERTIFICATE

Object

Calibration pracedure(s)

Calibration date:

D2300V2 - SN:1116

QA CAL-05.v11
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

June 03, 2021

Calibraticn Equipment used {M&TE critical for calibration)

P
A -~
=AY 0520721

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements {SI).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have besn conducted in the closed laboratory faciiity: envirenment temperature {22 + 3)°C and humidity < 70%.

Calibrated by:

Approved by

Jeffrey Katzman

Katia Pokovic

Laboratory Technician

Technical Manager

Thig calibration certificate shall not ba reproduced except in full without written approval of the laboratory.

Primary Standards D # Cal Date {Certificate No.) Scheduled Calibration

Power meter NRP SN: 104778 08-Apr-21 (No. 217-03291/03292) Apr-22

Power sensor NBP-Z11 SM: 103244 09-Apr-21 (Mo. 217-03291) Apr-22

Power sansor NRP-Z91 5N 103245 08-Apr-21 (No. 217-03282) Apr-22

Reference 20 dB Altenuator SN BH9394 {20k) 08-Apr-21 (No. 217-03343) Apr-22

Type-N mismatch combination SN 310982 / 08327 08-Apr-21 (Mo. 217-03344) Apr-22

Refarerce Probe EX3DV4 SN 7349 28-Dec-20 {(No. EX3-7349_Dec20) Dec-21

DAE4 SN 801 02-Nov-20 (No. DAE4-601_MNov20) Nov-21

Secondary Standards D # Check Date {in house} Scheduled Check

Pawer meter E4419B SN: GB39512475 30-Oct-14 {in house check Oct-20) In house check: Oct-22

Power sensor HP 8481A SN: US3r292783 Q7-Cct-15 {in house check Oct-20) In house check: Oct-22

Power sensor HP 8481A SN MY41092317 07-0ct-15 {in house check Oct-20) In house check: Cct-22

AF generator R&S SMT-06 SN 100972 15-Jun-15 {in house check Oct-20) In house check: Oct-22

Nelwork Analyzer Agilent ES358A | SN: US41080477 31-Mar-14 (in house check Oct-20} In house check: Oct-21
Name Funetion Signature

/g /44*"’
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Calibration Laboratory of A

S AN 7 S Schweizerischer Kalibrierdienst
1 - s
Schmid & Parther iﬁ c Service sulsse d'étalonnage
Engineering AG N Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland {"’5; /f/:\?\\\\:“ S Swiss Calibration Service
AT
Accredited by the Swiss Accreditation Service {SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Sevvice is one of the signateries to the EA
Multilateral Agreement for the recognition of calibration 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) IEEE 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

by IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mouinted devices used next to the ear (frequency range of
300 MHz to 6 GHz)”, July 2016

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 6 GHzZ”

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 paoint. 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 resuit.

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

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

DASY Version DASYS V52.10.4
Extrapolation Advanced Exirapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resoclution dx, dy, dz =5 mm
Frequency 2300 MHz =1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 39.5 1.67 mho/m
Measured Head TSL parameters (22.0£0.2)°C 3B2+6% 1.70 mho/m £ 6 %
Head TSL temperature change during test < 05°C e —
SAR resuit with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Condition

SAR measured

250 mW input power

12.6 Wkg

SAR for nominal Head TSI parameters

normalized to 1W

49.6 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.01 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

23.8 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and caleulations were applied.
Temperature Permittivity Conductivity
Mominal Body TSL parameters 220°C bh2.9 1.81 mho/m
Measured Body TSL parameters (220zx0.2)°C 522x+8% 1.86 mho/m + 6 %
Body TSL temperature change during test <05°C - ----
SAR result with Body TSL
SAR averaged over 1 em® {1 g) of Body TSL Condition
SAR measured 250 mW input power 12.5 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

49.2 Wikg + 17.0 % (k=2)

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

SAR measured

250 mW input power

5.98 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

23.7 Wikg = 16.5 % (k=2)

Cerlificate No: D2300v2-1116_Jun21

Page 3of 8




Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 437 Q-33jQ

Return Loss -29.5dB
Antenna Parameters with Body TSL

Impedance, transformed to feed point 452 Q-23j0Q

Return Loss -26.7 dB
General Antenna Parameters and Design

Electrical Delay (one direction} 1170 ns

After long term use with 100W radiated power, only a slight warming of the dipole near 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 added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Gonditions" paragraph. The SAR data are not 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

feedpeint may be damaged.

Additional EUT Daia

Manufactured by

SPEAG
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DASY5 Validation Report for Head TSL

Date: 03.06.2021
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2300 MHz; Type: D2300V2; Serial: D2300V2 - SN:1116

Communication System: UID 0 - CW; Frequency: 2300 MHz

Medium parameters used: f = 2300 MHz; 6 = 1.70 S/m; & = 38.2; p = 1000 kg,*'m3
Phantom scction: Flat Scction

Measurement Standard; DASYS (JEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
+ Probe: EX3DV4 - SN7349; ConvF(7 98, 7.98, 7.98) @ 2300 MHz; Calibrated: 28.12.2020
+ Secnsor-Surface: [.4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 02.11.2020
¢ Phantom: Flat Phantom 5.0 {front); Type: QD 000 P50 AA; Serial: 1001
» DASYS5252.10.4(1527); SEMCAD X 14.6.14(7483)

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

Reference Value = 117.7 V/m; Power Drift = 0.06 dB

Peak SAR (exirapolated) = 23.3 W/kg

SAR(1 g} = 12.6 W/kg; SAR(10 g) = 6.01 W/kg

Smallest distance from peaks to all points 3 dB below = 9 mm

Ratio of SAR at M2 to SAR at M1 =54,2%

Maximum value of SAR (measured) = 20.0 W/kg

0dB =20.0 W/kg =13.01 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 03.06.2021

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2300 MHz; Type: D2300V2; Serial: D2300V2 - SN:1116

Communication System: UID 0 - CW; Frequency: 2300 MHz

Medium parameters used: f = 2300 MHz; 6 = 1.86 S/m; & = 52.2: p = 1000 kg/m*
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/AEC/ANSI C63.19-201 1)

DASYS52 Configuration:

L]

Probe: EX3DV4 - SN7349; ConvF(8.13, 8.13, 8.13) @ 2300 MHz: Catibrated: 28.12.2020
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 02.11.2020

Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

DASYS52 52.10.4(1527); SEMCAD X 14.6.14(7483)

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 = 110.5 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 23.5 Wikg

SAR(1 g) = 12,5 W/kg; SAR(10 g) = 5,98 W/kg

Smallest distance from peaks to all points 3 dB below = 8.2 mm

Ratio of SAR at M2 to SAR at M1 =54.1%

Maximum value of SAR (measured) = 19.9 W/kg

0dB =19.9 W/kg = 12.99 dBW/kg
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Impedance Measurement Plot for Body TSL
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