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Appendix A.6 Dipole Calibration certificate 00VvV2 5d160

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweézerischer Kalibrierdianst
Sarvice suisse d'étalonnage

c Sorvizio svizzero di taratura

S Swiss Calibration Service

Accrediied by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA

Multilateral Agr for the r gnition of calibration certificates

cient  KCTL (Dymstec) Certificate No: D1900V2-5d160_Apr20

|CALIBRATION CERTIFICATE

Chject D1900V2 ~ SN:5d160

| Calibeabon procedureds) QA CAL-05.v11
Calibration Procedure for SAR Validation Sources between 0.7-3 GH2

Calibraton data A.pf“ 22, 2020

This calibration cartificate documents the fraceabilty to national standards, which reakzs tha physical units of measurements (S1)
The measurements and the uncotaintes with confidance probability ae givan on the folowing pages and are part of 1he certiticate
Al calBrations have bean conducted in the dosed labaratory faclity, ervironmant temperature (22 » 3)°C and humidity < 70%,

L=

Cafibration Equipment used (MATE cnical for calbration)

Primary Standards DA Cal Date (Certificate No.) Schaduled Calbeation

Powar metar NAP | SN: 104778 01-Apr-20 (No, 217-C3100/03101) Apra1

Power sensor NAP-281 | SN: 103244 0% Apr-20 (No. 217-00100) Apt-21

Power sansor NRP-221 SN 108245 -Agr-20 (Na. 217-03101) Apr-21

Haterance 20 dB Atftenuator SN! BHI354 (20%) J1-Mar-20 (No. 217-03108) Apr-21

Typa-N msmasch combination SN: 3108862 / 06327 3-Mar) (No, 217-03104) Apr-21

Asference Probe EX30V4 SN: 7349 21-Dec-18 (No. EX3-7549 Dec19) Dac20

DAE4 SN: 601 27-Dec-19 (No. DAES-601 Dect9) Dac-20

Secondary Standards LD#& - Check Date (in house) Scheduled Check

Power meter E44188 SN: GB32512478 30-0Oct-14 (In houss chack Feb-19) In house chock: Oct-20

Power sansor HP BAB1A SN. US37202783 07-0¢8-15 (in houss chack Oce-18) In house chack. Dee-20

Power sansor HP B4S1A SN MY41092317 07-0¢a-15 (In housa check Oct-18) In house check: Oc-20

R¥ ganarator R&ES SMT-08 SN 100672 15Jun-15 {in house check Ogl-1B) In house chack, Ogt-20

Neatwark Analyzer Agilort ES358A | SN: US41080477 31-Mar-14 (in housa chack Oct-18) In hause check: Oce-20
Name Function Signature

Caibrsted by Jeltrey Katzmaun Laboeatary Technican / é; é

Appraved by Katja Fokovic Tacheical Manages :,.fffzf’y‘g

Issued Apnl 24, 2020

T_l_n_.-s l;q.‘_l_ly;}hqr cer}:!,c:!:.- shall not be reproduced except in iUl without wratten approval of the abomsory
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Calibration Laboratory of

] S Schweizerischer Kafibrierdianst
Schmid & Partner c Service suisse d'étalonnage
Englneering AG Servizio svizzero di taratura
Zeughsusstrssse 43, 8004 Zurich, Switzerland S Swiss Calibration Service
hccredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilsterai Agreement for the recognition of calibeation 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:

» Maeasurement 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 centar 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.

* SARA measured: SAR measured at the stated antenna input power,

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not

iven on page 1

DASY Version DASYS V52,104
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx,dy,dz =5mm
Frequency 1900 MHZz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mha'm
Measured Head TSL parameters (220=202)°C AM1x6% 1.3 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 8.75 Wikg
SAR for nominal Head TSL parameters normalized o 1W 39.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 5.10 Wikg
SAR for nominal Head TSL parameters normalized to 1W 20.5 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impadance, transformed to feed point 5080+58|Q

Rewm Loss -24.7 dB

General Antenna Parameters and Design

Electrical Delay (one direction) | 1.195 ns

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

The dpole 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 shont-circuiled for DC-signals. On some of the dipoles, small end caps
are added 10 the dipole arms in ordar to improve matching when loaded according 1o the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole fength is stil
according to the Standard

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

Additional EUT Data

[ Manufactured by SPEAG
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DASYS5 Validation Report for Head TSL
Date: 22.04.2020
Test Luboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d 160
Communication System: UID 0 - CW; Frequency: 1900 MHz
Medium parameters used: f= 1900 MHz; o = 1.39 S/m; & =41.1; p = 1000 kg/m*
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANS] C63.19-2011)
DASYS2 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.6, 8.6, 8.6) @ 1900 MHz; Calibrated: 31,12,2019
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 27.12.2019
« Phantom: Flat Phantom 3.0 (front); Type: QD 000 P50 AA; Serial: 1001

« DASYS252.10.4(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=5mm

Reference Value = 108.8 V/m; Power Drift =-0.02 dB

Peak SAR (extrapolated) = 18.1 Wikg

SAR(1 g) = 9.75 W/kg; SAR(10 g) = 5.10 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 54.3%

Maximum value of SAR (measured) = 15.2 W/kg

-3.40
-6.80
-10.20
-13.60

-17.00

0 dB =152 W/kg = 11.82 dBW/kg
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Impedance Measurement Plot for Head TSL
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Appendix A.7 Dipole Calibration certificate (D2450V2_ 895

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, B004 Zurich, Switzarland

S Schwelzerischer Kalibrierdienst

c Service sulsse d'étalonnage
Servizio svizzero di tarstura

S Swiss Calibration Service

Accredited by the Swiss Accrediation Sandcs (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multiisteral Agreement for the recognition of callbration cartificates

ciient ~ KCTL (Dymstec) Certificats No: D2450V2-895 Jul20
([CALIBRATION CERTIFICATE =

Object D2450V/2 - SN:885

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

Calbmavian date JU'Y 21 , 2020

Thiz caliaration cortficate documsnts the fraceability fo natiane standards, which reallze the phyuical units of messurémernts (S1).

The measurements and the uncaraintes with confidance probatiiRy are grvan on e lollowing papes and are parn of the cedificata

All calibriations have bean conductad in the dosagd Isberutary taciity: envirconment temparature (22 = 3)°C and humidity < 70%

Calration Equipment ussed (MATE artticsl for calibe alion)

f Primacy Standards [0 Cal Date (Certificate No.) Scheduled Calbratior

Powar metor NRFP SN 104778 01-Apr-20 (No. 217-0310003101) Apr-21

Power senaor NRP-Z91 SN: 106244 Ut-Apr20 (No. 217-03100) Apr-21
Power sengor NRP-291 SN: 103245 Q1-Ape20 (No. 217-08101) Apr-21
| Atderence 20 dB Attenuator SN: BHA304 (20K) 31-Mar-20 (No. 217-03106) Ape-21
{ Type-N mismatch cambination SN: 310982 / D6327 J1-Mar-20 (No. 217-03104) Ape-21
| Reference Probe EX30V4 SN: 7348 29-Jun-20 (No. EX3-7349_Jun20) Jun-21
DAEA ‘ SN 601 27-Dec-19 (No, DAEAEDT_ Dar19) Dec-20
Secandary Standards | D# Check Date (In houss) Scheduted Check
| Power meter E44198 SN GE3351247% 30-0ct-14 (In hausa chook Fab-19) in housa chack: Oct-20
1 Power sensor HP 8481A SN US37282763 07-0Oct-15 {in house check Oct-18) n hause chack: C 0 |
Power sensor HP 8481 A SN MYa1082317 07-0ct-15 (n house check Oct-18) In house check: Oct-20
AF genamlor AAS SMT-08 SN 100872 15-Jur-15 (in hause chack Oct-18) In house check: Oct-20
I Network Analyrer Aglont ES358A | SN US41080477 31-Mar-14 (in house check Oct-1§) In house check: Oct-20
Narme Functian Signalure
Calibrated by Jaftray Katzman Laborhory Tachnician

| Approved by Katlg Pokivic Technical Menager /&%

Issuac: July 23, 2020
Thia callbeation cantificale shail not be raproduced except in full without weitten approvt of the laborstory
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Calibration Laboratory of 280, S  Schweizerischor Kalibrierdienat
Schmid & Partner %ﬁ G Service suisse détsionnage
Engineering AG e Servizip svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland N S swiss Callbration Service
LTI L
Acoredned by the Swiss Accredtalion Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreamant 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) |EC 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

» Measurement Canditions: 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 Parametars 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 s 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 unceriainty 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 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Moduiar Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The following parametess and calculations were applied,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 392 1.80 mho'm
Measured Head TSL parameters (220=02)"C 385+£6% 1.84 mho'm + 6 %
Head TSL temperature change during test <05°C — -
SAR result with Head TSL
1' SAR averaged over 1 cm? (1 g) of Head TSL Condition

SAR measured

250 mW input powar

13.3 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

52.4 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW Input power

812 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

24.3 Wikg = 165 % (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 ] 5650+35|Q
Retum Loss -242dB

General Antenna Parameters and Design

[E!e::!ncai Detay (one direction) [ 1.158 ns |

After long term use with 100W radiated power, anly a slight waming of the dipole near the feadpoint can be measured

The ¢ipole is made of standard semirigid coaxlal cable, The centsr conductor of the faeding line I directly connected to the
second arm ol the dipole, The antenna is therefore short-circuited for DC-signals. On some of the dipotes, small erxd caps
are sdded o the dipolo amms in order to improve matching when loaded according to the position as explained in the
‘Measurement Conditions" paragraph, The SAR data ara not affected by this change. The overall dipole length is still
according to the Standard

No excessive force must be applied 10 the dipole arms, because they might bend or the soldered connections near the
{eedpoint may be damaged

Additional EUT Data

77}
0
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[ Manufactured by
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DASY5 Validation Report for Head TSL

Date: 21.07.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 895

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; o = 1.84 S/m; g, = 38.5; p = 1000 kg/m’
Phantom section; Flat Section

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

DASYS52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(7.74, 7,74, 7.74) @ 2450 MHz, Calibrated: 29.06.2020
» Sensor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 27.12.2019
« 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=5mm, dy=5mm, dz=Smm

Reference Value = 117.4 V/m; Power Drift = 0,03 dB

Peak SAR (extrapolated) = 26.4 Wikg

SAR(1 g) = 13.3 W/kg; SAR(10 g) = 6.12 W/kg

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

Ratio of SAR at M2 to SAR at M| = 50.2%

Maximum value of SAR (measured) = 22.0 W/kg

-4.40
-8.80
-13.20

-17.60

-22.00

0dB =220 W/kg = 13.42 dBW/kg
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Impedance Measurement Plot for Head TSL
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Appendix A.8 Dipole Calibration certificate (D2600V2 1050

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zoughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibriardienst
Sarvice auisse d'étalonnage
Sarvizio svizzero di taraturs
Swiss Calibration Service

mwow

Accrediied by the Swiss Accreditalion Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 10 the EA
Muttiiateral Agreement for the recognition of calibration certificates

cient  KCTL (Dymstec) Certificats tio: D2600V2-1050_Jui20
|CALIBRATION CERTIFICATE

Copct D2600V2 - SN: 1050

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

‘, Caitration date July 21, 2020

Ths caltration certificale documants the racsatslity 10 national standasds. which readzo the physical units of measwremants (S9)
Tha measurements and tha uncertainties with confidance probability are given an the lellowing pages and are pan of the cetficato
Al cafibrations have been conducted in e cosad abomstory Taciiity: enviranmant temparature (22 = 3)°C and humidity < 70%.

Caltsration Equipment used (MATE cntical for catbration)

Primary Standards ) ‘ D # Cal Date (Cerificaie No.) Scheduled Calibeation -
} Powor metec NRP 01-Aar-20 (Na, 217-C3100/03101) Apr-21
“ Powee sonsor NRF-201 01-Anr-20 (No. 217-03100) Ape-21

Power sensor NRP-251 01-Agr-20 (No, 217-03101) Apr-21

Aeterence 20 dB Attanuator

31-Mar-20 (No. 217-03104) Aor-21

Typa-N mismatch combination Mar-20 (No, 217-03104) Apr-21
Aefarance Probe EXADVa ‘ 2%Jun-20 (No. EX3-7348_Jun20) Jun-21
| DAE4 27-Dac-1% {No. DAE4-B01_Dec18) Dec-20
Saeccndary Standards Chack Date (in housa) Schedulad Check
Power meter £44108 30-Oct-14 (in house check Fab-18) In house check: Oct-20

Powesr sunsar HP B2B81A US37292783 07-0c1-15 {in houso chack Oc1-18) In house

| Power ssnsar 4P 84814 SN: MY41062317 070c1-15 {In house chack Oct18) In house checke Oct-20

| BF ganerator R&S SMT-08 SN: 100672 15 un-15 (In house oheck Oct-18) In house check: Oct-20

| Natwark Analyzer Agllent EBISBA | SN: US41060477 31-Mar-14 {In housa check Oct-19) In howse checlc Det-20
Name Function SOnaiure

Caitratad by Jetfray Katzman Labsratory Technician C/
;% #\
| Approved by Katla Pokonic Tochnicsl Managay /d 4

Issuag: July 23, 2020
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Calibration Laboratory of PO

R Schweizerischer Kalibrierdienst

Schmid & Partner N X S Servics suisse d'étalonnage

Engineering AG T C  servisio svizzero i tavatura
Zsughsusstrasse 43, 8004 Zurich, Switzerland BT S swiss Callbration Service
Accrecitad by the Swiss Actraditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accroditation Service |s one of the signatories 1o the EA
Multilsters! Ag: for the gnition 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, "|[EEE 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-heid and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

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

d) KDB 865664, "SAR Measurement Requirements for 100 MHz to 8 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not

ivan on page 1

DASY Version DASYS V52.10.4
Extrapolation Agvanced Extrapoation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2600 Mz = 1 MHz
Head TSL parameters
The following parameters and calculations ware appiied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.0 1.98 mho/m
Measured Head TSL parameters (220+02)°C 378926% 201 mho'm+ 6 % I
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 14.3 Wikg
SAR for nominal Head TSL parameters nomalzed to 1TW 56.2 Wikg = 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Head TSL candition }
SAR measured 250 m\W input power | 6.30 Wikg
SAR for nominal Head TSL parameters nomalized to 1W i 24.9 W/kg = 16.5 % (kn2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

l Impedance, transformed to feed point 48B0Q-84|Q

Retumn Loss -236dB

General Antenna Parameters and Design

Efsctrical Dalay (one direction) l 1.150 ns

After long term use with 100W radlated power, anly 8 séight warming of the dipole near the feedpoint can be measured

The dipole is made of standard semirigid coaxial cable. The center conductor of the feading line Is direotly connectad to the
second arm of the dipole. The antenna is therefore short-Gircuited 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 10 the position as explained in the
‘Measurement Conditions* peragraph. The SAR data are not aftected by this change. The overall dipole tength is still
according 1o the Standard

No excessive force must be apphed to the dipole arms, bacause thay might bend or the soldered connections near the
feedpoint may be damaged

Additional EUT Data

- o

l Manufactured by SPEAG |
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DASYS5 Validation Report for Head TSL

Date: 21.07.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1050

Communication System: UID 0 - CW; Frequency: 2600 MHz

Medium parameters used: f = 2600 MHz; o = 2.01 S/m: & = 37.9; p= 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration;
« Probe: EX3DV4 - SN7349; ConvF(7.54, 7.54, 7.54) @ 2600 MHz; Calibrated: 29.06,2020
« Seasor-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

» 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=5mm, dy=3mm, dz=5mm

Reference Value = 120.5 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 29.4 Wikg

SAR(1 g) = 14.3 W/kg; SAR(10 g) = 6.30 W/kg

Smallest distance from peaks to all points 3 dB below = 8.9 mm

Ratio of SAR at M2 1o SAR st M1 = 48.7%

Maximum value of SAR (measured) = 24.3 Wikg

-4.80
-9.60
-14.40

-19.20

-24.00

0dB =243 W/kg = 13.86 dBW/kg
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Impedance Measurement Plot for Head TSL
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Appendix A.9 Dipole Calibration certificate (D5GHzV2 1134

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zoughausstrasse 43, 8004 Zurich, Switzerdand

S Schweizerischer Kalibrierdienst
Service suisse d'étalonnage

c Sarvizio avizzeco oi tarstura

S Swiss Calibration Service

Accraditad by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accroditation Service is one of the signatories 1o the EA

Muttitateral Agr for the ¢ gnition of cal canificat

ciet  KCTL (Dymstec) Certificate No: DSGHZV2-1134_May20

|CALIBRATION CERTIFICATE |

| Objsct D5GHzV2 - SN:1134

Calbration peocadute(s) QA CAL-22 v4
Calibration Procedure for SAR Validation Sources between 3-8 GHz

Caiitestion date May 20, 2020

This caltiration cedificale documants the traceatility to natkonsl siandards, which resllze 1he pliysecst units of measwoements {SE)
Tha measuremeonts and the inmcertninties with confidence probability ase given an the following pages and are part of the cartficale

All calibrations have been conducied in (he dosed labormory facility: anvironment lamparaturg (22 & 3)°C and humidily « 70%

Calbration Equipment used (M&TE critical lor calibvasion)

Prinaty Standards e Cal Data (Cerincats No.)
Fower meter NRP SN: 104778 01-Apr-20 (No. 217-03100/03101)
Power sensar NRP-261 SN 103244 D1-Agr-20 (No. 217-03100)
Power sensor NRP-Z01 SN 1039245 01-Apr-20 (No. 217-03101)
Aedecence 20 dB Attanuator SN BHIGOM {20K) 31-Mar-X) (Mo, 217-03108)
Typa-N mismateh combination SN 310062 / 06327 I-Mar-20 (No, 217-03104)
HAedarenca Prode EX3DVA SN 3509 31-Deoc-19 (No. EX3-3503_Dec19)
DAES SN: 6 27-Dec-18 (No. DAES-#01_Dec19)
| Sacorduey Stantueds L10# _Chack Dats (in house) Scheduled Check
| Power metor £44168 SN: GBIg512475 30-0ct-14 (I house check Fab-19) In house checx: Oct-20
Power sensar HP BLB1A SN: US3rgazran 070ct-15 (In house check Oat-18) In house check: Oct-20
Power sansor HP 82814 SN MY410e2317 070c1-15 (In houss check Oct-18) In house check: Oct-20
RF genecator RES SMT-06 SN 100872 15-Jun-15 (n house gheck Oot-18) In house check: Oct-20
Natwork Analyzer Agliant EE388A | SN: LUS41080477 31-Mar-14 [in houss chack Oc1-19) In house checikc Oct-20
Mame Functon Sgratus
Calbrsted by Jetlray Katzman Laboratory Technician
Approved by Katja Pokovic Tachnicat Manapar
Issuac. May 20, 2020
This calbration cedifcate §n§ll nat be reprotucad axcept In full nv‘ihqq. wrilten approvad of the aboratory
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Calibration Laboratory of _,\-“'&EZ:"-,,. g Schweizerischer Kalibrierdienst

Schmid & Partner i%/ﬁ Service sulsse & étalonnage
Engineering AG e C garvisio svizao i tarstirn

Zeughausstrasse 43, 8004 Zurich, Switzerland 0;7 ?‘w\? S swiss Calibration Servics

Aceraditod by the Swiss Accreditation Senvce (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA

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

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

Additional Documentation:
e) DASY4/5 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 phantorn section, with the arms oriented
parallel to the body axis.

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

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

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

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

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

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

DASY system configuration, as far as not given on page 1
| DASY Version DASYS V52.10.4
v Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx. dy = 10.0 mm, dz =10.0 mm

Graded Ratio = 1.4 (Z direction)

Frequency

5200 MH2z = 1 MHz
5300 MHz £ 1 MHz
5500 MHz + 1 MHz
5600 MHz £+ 1 MHz
58500 MHz + 1 MHz

Head TSL parameters at 5200 MHz

The following parameters and calculations were applied

Temperature Permittivity Conductivity

Nominal Head TSL parameters 20°C 36.0 4.66 mho/m

Measured Head TSL paramaters (220102)"C 354:6% | 449 mhoim 26 %

Head TSL temperature change during test <05°C —- l —
SAR resuit with Head TSL at 5200 MHz

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

SAR measured 100 mW input power 7.93 Wikg

SAR far nominal Head TSL paramelers normalized to 1W 79.0 Wikg £ 19.9 % (k=2)

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

SAR measured 100 mW input power 2.25 Wikg

SAR for nominal Head TSL parameters normalized o 1W 224 Wikg £ 19.5 % (k=2)
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Head TSL parameters at 5300 MHz

The following parameters and calcuations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 359 4.76 mha/m

Measured Head TSL parameters (220202)"C 353+68% 4,80 mho/m £ 6 %

Head TSL temperature change during test <05°C —_ —_
SAR result with Head TSL at 5300 MHz

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

SAR measured 100 mW input power 8.26 Wikg

SAR for nominal Head TSL parameters narmalized to 1w B2.3 Wikg £ 19.9 % (k=2)

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

SAR measured 100 mW input power 2.34 Whyg

SAR for nominal Head TSL parameters normalized to 1W 23.2Wikg £19.5 % (k=2)
Head TSL parameters at 5500 MHz

The following parameters and calculations were applied
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 356 4.96 mho/m

Measured Head TSL parameters {220+02)'C 350+6% 480 mhoim+6 %

Head TSL temperature change during test <05°C S— —
SAR result with Head TSL at 5500 MHz

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

SAR measured 100 mW input power 8.64 Wikg

SAR for nominal Head TSL parameters normalized to 1W 86.0 Wikg £ 19.9 % (k=2)

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

SAR measured 100 mW input power 2.43 Whkg

SAR for nominal Head TSL parameters normalized to 1W 242 Wikg £ 19.5 % (k=2)
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Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 355 5.07 mha/m
Measured Head TSL parameters (220202)*C 34B+£6% 4.90 mho/m £ 6 %
Head TSL temperature change during test <05°C _— —
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 6.46 Wikg

SAR for nominal Head TSL parameters

normalized 1o 1W

84.1 Wikg £ 19.9 % (k=2)

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

SAR measured 100 mW input power 2,40 Wikg

SAR for nominal Haad TSL parametars normalized to 1W 23.8 Wikg £ 19.5 % (k=2)
Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL paramoters 220°'C 353 5.27 mha/m

Measured Head TSL parameters {220:0.2)"C 345+8% 511 mho/m £ 6 %

Head TSL temperature change during test <05°'C —-— —
SAR result with Head TSL at 5800 MHz

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

SAR measured

100 mW input power

8.20 Wikg

SAR for nominal Head TSL parameters

nomakized 10 1W

81.5 Wikg £ 19,9 % (k=2)

SAR averaged over 10 ¢m’ (10 g) of Head TSL

cendition

SAR measured

100 mW input power

2.29 Whkg

SAR for nominal Head TSL parameters

normalized to 1W

22.7 Wikg £ 19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 01 08)
Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed 10 feed point 4880 -98 12
Retumn Loss -201dB

Antenna Parameters with Head TSL at 5300 MHz

Impedance, transformed to feed point 4950-7810Q

Retum Loss -221d8

Antenna Parameters with Head TSL at 5500 MHz

Impedance, transformed to feed point 5120-40iQ
Retumn Loss -278dB

Antenna Parameters with Head TSL at 5600 MHz

Impedancs, transformed 1o feed point 8370-31jQ
Retum Loss -266dB

Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed 1o feed point 541Q-37jQ

Retumn Loss -254 48

General Antenna Parameters and Design

[ Electrical Delay {(one direction) 1208 ns J

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-circulted for DC-signals, On some of the dipoles, small end caps
are added to the dipole arms in order 1o improve matching when lcaded according to the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not affectad by this change. The overall dipole length s stll
according 1o the Standard,

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

Additional EUT Data

Manutactured by [ SPEAG i
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DASYS5 Validation Report for Head TSL

Date: 20.05.2020
T'est Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1134

Communication System: UID 0 - CW: Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: = 5200 MHz; o = 4.49 S/m; &, = 35.4; p = 1000 kg/m”

Medium parameters used: = 5300 MHz; o = 4.60 S/m; & = 33.3; p = 1000 kg/m’,

Medium parameters used: f'= 5500 MHz; o = 4.80 S/m; & = 35.0; p= 1000 kg/m’
Medium parameters used: f= 5600 MHz; o = 4,90 S/m; &= 34.8: p = 1000 kg/m? ,
Medium parameters used: {= 5800 MHz 6 = 5.11 S/m; & = 34.5; p = 1000 kg/m*
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEJEC/ANSI €63.19-2011)

DASY52 Configuration:

» Probe: EX3DV4 - SN3503: ConvF(5.8, 5.8, 5.8) @ 5200 MHz, ConvF(5.49, 5.49, 5.49) (@ 3300
MHz, ConvF(5.25, 5.25, 5.25) @ 5500 MHz, ConvF(5.1, 5.1. 5.1) @ 5600 MHz, ConvF(5.01, 5.01.
5.01) @ 5800 MHz: Calibrated: 31.12.2019

» Sensor-Surface: |.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 27.12.2019
» Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA: Serial: 1001

« DASYS252.10.4(1527); SEMCAD X 14.6.14(7483)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1L4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 76.98 V/im; Power Drift = -0.01 dB

Peak SAR (extrapolated) ~ 28.4 Wikg

SAR(I g) = 7.93 W/kg; SAR(10 g) = 2.25 W/kg

Smallest distance from peaks to all points 3 dB below = 7.2 mm

Ratio of SAR at M2 to SAR at M1 = 68.9%

Maximum value of SAR (mcasured) = 17.8 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value ~ 78.24 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 29.7 W/kg

SAR(1 g) = 8.26 W/kg; SAR(10 g) = 2.34 Wikg

Smallest distance from peaks to all points 3 dB below = 7.2 mm

Ratio of SAR at M2 to SAR at M1 = 68.8%

Maximum value of SAR (measured) = 18.6 Wikg
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, =5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm. dz=1.4mm

Reference Value = 77.84 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 33.6 Wikg

SAR(1 g) = 8.64 Wikg; SAR(10 g) = 2.43 W/kg

Smallest distance from peaks to all points 3 dB below = 7.2 mm

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

Maximum value of SAR (measured) = 20.0 Wikg

Dipole Calibration for Head Tissue¢/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 77.98 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 31.8 Wikg

SAR(I g) = 8.46 W/kg: SAR(10 g) = 2.4 W/kg

Smallest distance from peaks to all points 3 dB below = 7.2 mm

Ratio of SAR at M2 to SAR at M1 = 66.9%

Maximum value of SAR (measured) = 19.8 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0; Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 75.71 Vim; Power Drift = -0.00 dB

Peuk SAR (extrapolated) = 33.0 Wikg

SAR(] g) = 8.20 W/kg; SAR(10 g) = 2.29 W/kg

Smallest distance from peaks to all points 3 dB below = 7.2 mm

Ratio of SAR at M2 to SAR at M1 = 65.1%

Maximum value of SAR (measured) = 19.5 Wikg

0.dB = 20,0 Wkg = 13.01 dBW/ke
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Appendix A.10 Justification for Extended SAR Dipole Calibrations

Instead of the typical annual calibration recommended by measurement standards, longer calibration
intervals of up to three years may be considered when it is demonstrated that the SAR target,
impedance and return loss of a dipole have remain stable according to the following requirements

KDB 865664 D01v01r04 requirements
a ) return loss : < - 20 dB, within 20 % of previous measurement
b ) impedance : within 5 Q from previous measurement.

1750 Mhz
. Date of Return Loss o Impedance
Dipole Antenna| Head/Body Measurement (dB) A% Q) AQ
D1750V2 2020.04.20 -39.40 50.80
Head -4.34 1.36
SN 1072 ea 2021.04.21 4111 49.45
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< Figure 1. Measurement result of Head Return Loss>
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1900 MH:
. Date of Return Loss o Impedance
Dipole Antenna| Head/Body Measurement (dB) A% Q) AQ
2020.04.22 -24.7 50.80
D1900v2 Head 1.31 0.14
SN 5d160 2021.04.21 -24.4 50.66
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< Figure 2. Measurement result of Head Impedance>

c) Extrapolated peak SAR : within 15% of that reported in the calibration data

Dipole Antenna | Head/Body Meg)satfe(r)r]\cent extrapolated peak SAR (W/kg) A%
2020.04.20 67.60 -
P Head 2021.04.24 69.60 2.96
2021.04.26 66.80 -1.18
2020.04.22 72.40 -
D1900V2 Head 2021.04.13 73.60 1.66
SN 5d160 2021.04.14 75.20 3.87
2021.04.23 74.80 3.31
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Appendix B. SAR Tissue Specification

The brain mixtures consist of a viscous gel using hydrox-ethl cellullose(HEC) gelling agent and saline
solution. Preservation with a bacteriacide is added and visual inspection is made to make sure air
bubbles are not trapped during the mixing process. The mixture is calibrated to obtain proper dielectric
constant (permittivity) and conductivity of the desired tissue.

Frequency (i) 750 ~ 835 1750 1900 2 450 5525?80*
Tissue Type Head | Body | Head | Body | Head | Body | Head | Body | Head | Body
Ingredient % by weight
Water 40.29 | 51.97 | 53.00 | 68.00 | 55.00 | 70.50 | 72.00 | 73.00 | 65.52 | 80.00
Salt (NaCl) 1.38 0.93 0.40 0.20 0.35 0.30 0.10 0.10 0 0
Sugar 57.90 | 47.00 0 0 0 0 0 0 0 0
HEC 0.24 0 0 0 0 0 0 0 0 0
Bactericide 0.19 0.10 0 0 0 0 0 0 0 0
Triton X-100 0 0 0 0 0 0 20.00 0 17.24 0
DGBE 0 0 46.60 | 31.80 | 44.65 | 29.20 0 26.90 0 0
Diethylene glycol hexyl ether 0 0 0 0 0 0 7.90 0 17.24 0
Polysorbate (Tween) 80 0 0 0 0 0 0 0 0 0 20.00
Tissue parameter target by C. Gabriel and G. Harts grove.
Salt: 99 % Pure Sodium Chloride Sucrose: 98 % Pure Sucrose
Water: De-ionized, 16 M resistivity HEC: Hydroxyethyl Cellulose

DGBE: 99 % Di(ethylene glycol) butyl ether, [2-(2-butoxyethoxy) ethanol]
Triton X-100(ultra-pure): Polyethylene glycol mono[4-(1,1,3,3-tetramethybutyl)phenyl] ether
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