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Calibration Laboratory of ‘.\\“"\‘3_'/';"’";,, T G Schweizerischer Kalibriardionst
Schmid & Partner 3 z (€ \ G Service suisse d'étaionnage
Engineering AG if%? \ Servizio svizzero di taratura

Zeughsusstrasse 43, 8004 Zurich, Switzerfand /,//f"-\\\\\ Nn .,,-' S swiss Calibration Service
Accrodited by tha Swiss Accrecitation Senvice (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

client  Motorola Solutions MY Certificate No: D750V3-1142_Nov19
|CAUBRATION. CERTIFICATE

Objact D750V3 - SN:1142

Calbration procadure(s) QA CAL-05.v11

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibeation date: November 20. 2019

This calibration centificate docurnents the traceability to national standards, which realize the physical units of measurements (S1).
The measuremsents and the uncertanties with confidence prebability are given on the following pages and are part of the cartificate.
Al calbraticns have been conducted In the closed laboratory lacility: emironment temperature (22 + 3)°C and humidily < 70%,

Casbrason Equipment ussd (M&TE critical for calibration)

Primary Standards D # Cal Date (Certificate No.) Scheduled Caliteation

Pawer mater NRP SN 104778 03-Apr-18 [No, 217-02892/02893) Apr-20

Power sensor NRP-Z91 SN: 103244 03-Apr-19 {No. 217-02692) Apr-20

Pawar sensar NRP-Z291 SN: 103245 0G-Apr-18 [No. 217-02893) Apr-20

Reference 20 d8 Attenuator SN: 5058 (20k) 04-Apr-18 [No. 217.02694) Apr-20

Typa-N mismatch combination SN: 5047.2 / 06327 O4-Apr-18 {No. 217-02895) Apr-20

Refarenca Probe EX3DV4 SN: 7349 29-May-18 (No. EX3-7348_May18) May-20

DAE4 SN: 601 30-Apr-12 (No. DAE4-601_Apr19) Apr-20

Secondary Standards D& Check Date (in house) Scheduled Chock

Power metor 44158 SN: GB30512475 30-0ct-14 (n house check Fob-19) In house check: Oct-20

Power sensor HP B481A SN: US37282783 07-Oct-15 in housa check Oct-18) In house check: Oct-20

Paower sensor HP B481A SN: MY41092317 07-0¢c1-15 iin house check Oct-18) In housa check: Oct-20

RF genarator H&S SMT-06 SN: 100872 15~Jun-15 fin house check Oct-18) In house chock: Oct-20

Network Analyzer Agilont EB3584 | SN: US41080477 31-Mar-14 (in house check Oct-18) In house check: Ocl-20
Name Function Signature

Calibrated by: Jston Kastratl Laboratory Techniclan QWW

Approved by: Katja Pokovic Technical Manager %4

Issuad: November 21, 2019

This calibration cedificate shall not be reproduced except In full without wiitten appeoval of the laboratary.
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Calibration Laboratory of Schweizerischer Kalibrierdienst
Schmid & Partner Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Accredited by the Swiss Accreditation Senvice (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, “|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-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:

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.

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

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

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

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

The rerorted 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: D750V3-1142_Nov19 Page 20of8
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Measurement Conditions
DASY systemn configuration, as far as not given on page 1.
DASY Version DASYS V52.10.3
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 MHZz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 419 0.89 mho/m
Measured Head TSL parameters (220+02)°C 421+6% 0.88 mho/m £ 6 %
Head TSL temperature change during test <05°C e ne
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Conditicn
SAR measured 250 mW input power 211 Wikg
SAR for nominal Head TSL parameters nermalized to 1W 8.52 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW Iinput power 1.38 Wkg
SAR for nominal Head TSL parameters normalized to 1W 5.56 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 555 0.96 mha/m
Measured Body TSL parameters (220:02)°C 552+6% 0.96 mha/m =6 %
Body TSL temperature change during test <05°C - e
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 219 Wikg
SAR for nominal Body TSL parameters nomalized to 1W 8.75 W/kg = 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Body TSL condition
SAR measured 250 mW Input power 1.45 Wikg
SAR for nominal Bady TSL parameters normalized to 1W 5.80 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 503Q-50iQ
Return Loss -26.1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 5030Q-49Q
Retum Loss -26.2 dB

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.034 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 lnotﬂerﬁoimprovamawhingwhenloadadaecotdhgtomeposmonasemlaimdhme
“Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is st
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the scidered connections near the

feedpoint may be damaged.

Additional EUT Data

[ Manutactured by [ SPEAG |
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DASYS5 Validation Report for Head TSL

Date: 20.11.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN:1142

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

Medium parameters used: f = 750 MHz; o = 0.88 S/m; g, = 42.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(10.07, 10.07, 10.07) @ 750 MHz; Calibrated: 29.05.2019
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 30.04.2019
« Phantom: Flat Phantom 4.9 (front); Type: QD DOL P49 AA; Serial: 1001

* DASY5252.10.3(1513); SEMCAD X 14.6.13(7474)

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

Reference Value = 59.70 V/m: Power Drift =-0.02 dB

Peak SAR (extrapolated) = 3.18 Wrkg

SAR(1 g) = 2.11 W/kg; SAR(10 g) = 1.38 W/kg

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

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

Maximum value of SAR (measured) = 2.81 W/kg

-2.00
-4.00
-6.00

0dB =2.81 W/kg = 4.49 dBW/kg

Certificate No: D750V3-1142_Nov18 Page 5of8
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 20.11.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1142

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

Medium parameters used: f = 750 MHz; o = 0.96 S/m; &, = 55.2; p = 1000 kg/m”
Phantom section: Flat Section

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

DASY52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(10.4, 10.4, 10.4) @ 750 MHz; Calibrated: 29.05.2019
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.04.2019
» Phantom: Flat Phantom 4.9 (Back); Type: QD 00R P49 AA; Serial: 1005
» DASY5252.10.3(1513); SEMCAD X 14.6.13(7474)

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

Reference Value = 59.04 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 3.30 W/kg

SAR(1 g) = 2.19 W/kg; SAR(10 g) = 1.45 W/kg

Smallest distance from peaks to all points 3 dB below = 17.5 mm

Ratio of SAR at M2 to SAR at M1 = 66.5%

Maximum value of SAR (measured) = 2.92 Wikg

-2.00
-4.00
-6.00

-8.00

-10.00

0dB =2.92 W/kg = 4.65 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of S

P, 3 S Schwelzerischer Kallbrierdienst
Schmid & Partner g G Service suisse détalonnege
Engineering AG z & Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland % %@.\3‘: S swiss Calibration Service
Accroditod by the Swiss Acorodaation Sandce (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Muititateral Agreement for the recognition of calibration certificates

cient  Motorola Solutions MY Certificate No: DB35V2-4d029_Aug21
LCALIBRATION CERTIFICATE

Object DB35V2 - SN:4d029

Calyration procodure(s) QA CAL-05.v11

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Caltbrabon date: August 27, 2021

This caliration cetificate documants the traceabiiy to national standards, which realize the physical units of measuremants {SI).
The measurements and the uncariainties with conlidence probability are gven on the following pages and are part of the cealicate.
MWMMMMNMMMI&&;WW(&:&’CWMM<M

Caltration Equipment used (MATE criticad for calibration)

Primary Standards 0¥ Cal Date (Cortiicate No.) Scheduled Calbrution

Power mater NRP SN 104778 09-Ape-21 (No. 217-0329103292) Apr-22

Powor sensor NRP-291 SN 100244 09-Apr-21 (Na. 217-03291) Ape-22

Powee sansor NRP-291 SN 103245 08-Apr-21 (No. 217-03292) Apr-22

Relorence 20 dB Altenuator SN: BHIG94 (20k) 08-Ape-21 (Na. 217-03343) Ape-22

Type-N mismatch combination SN: 310082 / 06327  09-Ape-21 (No. 217-03344) Ape22

Aelerence Probe EX30V4 SN- 7349 26-0e0-20 (No. EX3-7340_Dec20) Doc-21

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

Secondary Standards D » Chock Date (in house) Schaduled Chack

Power meter 441568 SN: GB38512475 30-Oct-14 (0 house chack Oct-20) In house chock: Oot-22

Powar sansor HP B481A SN: US37202783 07-Oct-15 (in house chack Oct-20) In house chack: Oct22

Power sansor HP B481A SN: MY41092317 07-0at-15 (in house check Oct-20) In house chack: Oct-22

RF genarator RAS SMT-08 SN: 100972 15-Jun-15 {in house chack Oct-20) In house check: Oct-22

Notwork Analyzer Aglient EB358A | SN: US41080477 31-Mar-14 (in house check Oct-20) In house check: Oct1-21
Name Function Signalure

Calibrated by: Jeffray Katzman Laboratory Technician /

Approved by: Katja Pokovic Technical Manager

Issused: August 27, 2021

This calibration cenfficate shall not be reproduced excepl i full without written approval of the laboratory.
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Callbfation Laboratory of {.\““.\‘.\"_'/3"':«3 G  Schweizerischer Kaflbrierdionst
Schmid & Partner % C  Sorvice suisse détaionnage
Engineering AG T Servizio svizzero di taratura
Zeughaussirasso 43, 8004 Zurich, Switzerland NS S Swiss Calibration Service
Accredind by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditstion Service Is one of the signatories 1o the EA
Multitnteral 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) |EC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Wormn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

b) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GH2"

Additional Documentation:
c) DASY 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 source is mounted in a touch configuration below the
center marking of the flat phantom.

* Return Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power. 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: DB35V2-44029_Aug21 Page 20l 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS2 V52.104
Extrapolation Advanced Extrapolation
Phantom Modutar Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 835 MHz + 1 MHz
Head TSL parameters
The lollowing parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.90 mho/m
Measured Head TSL parameters (220+02)°C AM626% 0.92 mho/m =6 %
Head TSL temperature change during test <056°C ——ee aas
SAR result with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.50 Wikg
SAR for nominal Head TSL parameters normalized to 1W 9.84 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.61 Wikg
SAR for nominal Head TSL parameters normalized to 1W 6.36 Wikg = 16.5 % (k=2)
Body TSL parameters
The follawing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.2 0.97 mha/m
Measured Body TSL parameters (22.0202)°C 549+6% 0.99 mho/m =6 %
Body TSL temperature change during test <05°C —-es eae
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW Input power 2.50 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 9.83 W/kg = 17.0 % (k=2)
SAR averaged over 10 ecm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.68 Wikg
SAR for nominal Body TSL parameters normalized to 1W 6.62 W/kg = 16.5 % (k=2)

Certificate No: D835V2-4d028_Aug21 Page3ci8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 510Q-25iQ
Return Loss -31.6d8B

Antenna Parameters with Body TSL

Impedance, transformed 1o feed point 500Q-57|Q
Retumn Loss -2484d8

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1387 ns B

After long term use with 100W radiated power, only a slight warming of the dipcle 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 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 1o the dipola arms, because they might bend or the soldered connections near the
feedpoint may be damaged,
Additional EUT Data
| Manufactured by | SPEAG |

Certificate No: D835V2-4d029_Aug?21 Pagedof 8
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DASYS5 Validation Report for Head TSL

Date: 27.08,2021
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: DB35V2 - SN:4d029

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

Medium parameters used: f =835 MHz; o = 0.92 S/m; & = 41.6; p = 1000 kg/m’
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)
« Electronics: DAE4 Sn601; Calibrated: 02.11.2020
« Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
* DASYS52 52.10.4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 64.05 V/m; Power Drifl = -0.00 dB

Peak SAR (extrapolated) = 3,80 W/kg

SAR(1 g) = 2.5 W/kg; SAR(10 g) = 1.61 W/kg

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

Ratio of SAR at M2 to SAR at M| = 65.6%

Maximum value of SAR (measured) = 3.36 W/kg

-2.00
-4.00
-6.00

-10.00

0 dB = 3.36 W/kg = 5.26 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 27.08.2021
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d029

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

Medium parameters used: f = 835 MHz; o = 0.99 S/m; & = 54.9; p = 1000 kg/m*
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)
« Electronics: DAE4 Sn601; Calibrated: 02.11.2020
« Phantom: Flat Phantom 4.9 (Back); Type: QD 00R P49 AA; Serial: 1005
« DASYS5252.10.4(1535); SEMCAD X 14.6,14(7501)

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

Reference Value = 59.18 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 3.57 W/kg

SAR(1 g) = 2,50 W/kg; SAR(10 g) = 1.68 W/kg

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

Ratio of SAR at M2 to SAR at M| = 70.1%

Maximum value of SAR (measured) = 3.24 W/kg

-4.00

-6.00

-10.00

0dB =324 Wkg=5.11 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of _\\‘“‘&"'z, S Schweizerischer Kalibrierdienst
Schmid & Partner e C Service suisse d'étalonnage
: Engineering AG % Sarvizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzertand KN S swiss Calibration Service
Accredited by the Swiss Accraditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Muiltilatoral Agreement for the recognition of calibration certificates
ciient  Motorola Solutions MY Certificate No: D2450V2-782_Feb20
|CAI..IBRATIONL CERTIFICATE
Object D2450V2 - SN:782
Callbration procadure(s) ' QA CAL-05.v11

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Cadibration date: February 20, 2020

This callbration certificate documents the traceabllity 1o natlonal standards, which realize the physical units of m s (S1).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the cerlificate,

Al calibrations have been conducted in the closed laboratory facility: environment lemperature (22 £ 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calbration)

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration

Power meter NRP SN: 104778 03-Apr-19 {No. 217-02892/02863) Apr-20

Power sansor NRP-291 SN: 103244 03-Agr-18 (No. 217-02892) Apr-20

Power sensor NRP-Z91 SN: 103245 03-Ape-19 (No. 217-02843) Apr-20

Reference 20 dB Attenuator SN: 5058 (20k) 04-Apr-10 (No. 217-02894) Apr-20

Type-N mismalch combination SN: 5047.2 /08327 04-Ape-19 (No. 217-02895) Apr-20

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

DAE4 SN: 601 27-Dec-18 (No. DAE4-601_Dec19) Dec-20

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

Power moter E44108 SN: GB30512475 30-Oct-14 (In house check Feb-19) In house check: Oct-20

Power sensor HP 8481A SN: US37262783 07-Oct-15 (in house check Oct-18) In house check: Oct-20

Power sensor HP B481A SN: MY41082317 07-0ct-15 (in house check Oct-18) In house check: Oct-20

RF generaior R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-18) In house check: Oct-20

Network Analyzer Agilent EB358A | SN: US41080477 31-Mar-14 (in house check Oct-19) In house check: Oct-20
Name Function Signature

Callbrated by: Lalf Kiysner Laborataey Technician W a
Approved by: Katfa Pokavic. Technical Menager %’

Issued: Fabruary 20, 2020

This calibration certificate shall not be reproduced except in full without written approval of the laboratory,
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Calibration Laboratory of \\@;" Schweizerischer Kalibrierdienst
Schmid & Partner M Service sulsse d'étalonnage
Engineering AG BN Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland % ,,ﬁ\\\\? 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) |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.

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.

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

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

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

« SAR for nominal TSL parameters: The measured TSL parameters are used 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: D2450V2-782_Feb20 Page 2 of 8
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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 Modular 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 parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220'C 39.2 1.80 mho/m
Measured Head TSL parameters (220102)°C 384+6% 1.86 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 13.9 Wikg
SAR for nominal Head TSL parameters normalized to 1W 54.4 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.41 Wikg
SAR for nominal Head TSL parameters normalized to 1W 25.3 Wikg £ 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Parmittivity Conductivity
Nominal Body TSL parameters 220°C 52.7 1.95 mho/m
Measured Body TSL parameters (220+0.2)°C 51426% 2.03 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 13.3 Wikg
SAR for nominal Body TSL parameters normalized to 1W 51.9 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 6.21 Wikg
SAR for nominal Body TSL parameters normalized to 1TW 24,5 Wikg % 16.5 % (k=2)

Certificate No: D2450V2-782_Feb20
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5320+38iQ
Return Loss -26.3dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4960+59jQ
Retumn Loss -24.6 dB

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.153 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 ]
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DASY5 Validation Report for Head TSL

Date: 20.02.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:782

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

Medium parameters used: f= 2450 MHz; o = 1.86 S/m; e, = 38.4; p = 1000 kg/m?
Phantom section: Flat Section

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

DASY52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(7.98, 7.98, 7.98) @ 2450 MHz; Calibrated: 31.12.2019
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 27.12.2019
o Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
o 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=5mm

Reference Value = 120.1 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 27.7 Wikg

SAR(I g) = 13.9 W/kg; SAR(10 g) = 6.41 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 50%

Maximum value of SAR (measured) = 23.0 W/kg

-8.80
-13.20

-17.60

-22.00

0 dB =23.0 W/kg = 13.62 dBW/kg
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Impedance Measurement Plot for Head TSL

Report ID: P26860-EME-00002/003/202
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DASYS5 Validation Report for Body TSL

Date: 20.02.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:782

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

Medium parameters used: f= 2450 MHz; o = 2.03 S/m; &= 51.4; p = 1000 kg/m?
Phantom section: Flat Section

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

DASYS52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(8.02, 8.02, 8.02) @ 2450 MHz; Calibrated: 31.12.2019
o Sensor-Surface: 1.4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 27.12.2019
¢ Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002
o DASYS5252.10.4(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 = 1109 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 25.6 W/kg

SAR(1 g) = 13.3 W/kg; SAR(10 g) = 6.21 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 52.9%

Maximum value of SAR (measured) = 21.6 W/kg

dB

-4.40
-8.80
-13.20
-17.60

-22.00

0 dB =21.6 W/kg = 13.34 dBW/kg
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Impedance Measurement Plot for Body TSL
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Schwoizerischer Katlbrerdienst
Service suisse détalonnage
Servizio svizzero di taraturs
Swiss Calibration Sorvice

Accreditation No.: SCS 0108

Certificate No: DSGH2zV2-1022_Jul21

CALIBRATION CERTIFICATE

D5GHzV2 - SN:1022

QA CAL-22.v6

Calibration Procedure for SAR Validation Sources between 3-10 GHz

July 16, 2021

Calbration Equipment used (MATE critical for callbeation)

This calibration cedificate documants the tracesbility %0 national standards, which realize 1he physical units of measurements (S1),
Tha measurements s e uncenainties with confidence probability are glven on the fcllowing pages and are part of the cadificate.

Al calibrations have been conducted in the closed laboratory faciity: environment temperadire (22 = 3)°C and humidity < 70%.

This calibration cerificate shall not be reproduced except in full withcut written appeoval of the laboratory.

Primary Standards Dy Cal Dato (Cerificate No.) Schaduled Calibration

Power meter NRP SN: 104778 09-Apr-21 (No. 217-03261/03202) Ape22

Power sansor NRP-291 SN: 103244 09-Apr-21 (No, 217-03291) Apr-22

Powear sensor NRP-Z61 SN: 108245 00-Apr-21 (No, 217-03262) Apr-22

Reterance 20 dB Anenuator SN: BHE394 (20k) 08-Apr-21 (No, 217403343) Apr-22

Type-N mizmatch combination SN: 310082 /06327  08-Apr-21 (No, 217-03344) Apr-22

FAefarence Probe EX3DV4 SN; 3503 30-Doc-20 (No, EX3-3503_Doc20) Dec-21

DAE4 SN: 801 02-Now-20 (No, DAE4-601_Nov20) Now-21

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

Power mator E4A41608 SN: GB38512475 30-Oct-14 (in house check Oct-20) In house chack: Oct-22

Powes sensor HP B481A SN US37292783 07-0c1-15 (in housa check Oct-20) In house check: Oct-22

Power sensor HP BAB1A SN: MY 41082317 07-0c1-15 (in housa check Oct-20) In house chack: Oct-22

RF gonerator RAS SMT-06 SN: 100972 15-Jun-15 {In house check Oct-20) In house check: Oct-22

Network Analyzer Agilart EB358A | SN: LIS41080477 31-Mar-14 (in house check Oc1-20) In house chock: Oct-21
Name Function Sinature

Galbrated by Michaol Wobat Laboratory Technksan M_

Approved by Katja Pokovic Technical Manager

Issuod: July 19, 2021

Certificate No: D5GHzV2-1022_Jul21
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Calibration Laboratory of 0{“@"’0,,_ G  Schweizerischer Kalibrierdionst

Schmid & Partner % G Service suisse détalonnago
Engineering AG o Sarvizio svizzero di taratura

Zoughsusstrasse 43, 8004 Zurich, Switzeriand % I‘i’_:,]‘\..\\"" S  Swiss Calibration Service

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

The Swiss Accreditation Sorvice s one of the signatories to the EA

Multilateral Ag t 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) |IEC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
c) DASY 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 source is mounted in a touch configuration below the
center marking of the flat phantom.

e Return Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power, 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%.

Certilicate No: D5GHzV2-1022_Jul21 Page 2 ol 15
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASYS52 Vv52.10.4

Extrapolation Advanced Extrapolation

Phantom Modular Fiat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy = 4.0 mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)
5000 MHz = 1 MHz

E 5250 MHz £ 1 MHz

Tequency 5600 MHz + 1 MHz

5750 MHz + 1 MHz

Head TSL parameters at 5000 WHz

The following parameters and calculations were applied,

Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 36.2 4.45 mho/m
Measured Head TSL parametors {(220202)*C B59+E6% 435 mho/m £6 %
Head TSL temperature change during test <05"'C —ee e

SAR result with Head TSL at 5000 MHz

SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.26 Wikg
SAR for nominal Head TSL parameters normalized o 1W 72.5 Wikg % 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 100 mW Input power 2.11 Wikg
SAR for neminal Head TSL parameters normalized to 1W 21.0 Wikg £ 19.5 % (k=2)

Centificate No: DSGHzV2-1022_Juiz1
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Head TSL parameters at 5250 MHz

The following parameters and caiculations were applied.

Report ID: P26860-EME-00002/003/202

Temperature Parmittivity Conductivity

Nominal Head TSL parameters 220°C 359 4,71 mholm

Measured Head TSL parameters (220102)°C 356+6% 4.60 mho/m £ 6 %

Head TSL temperature change during test <05°C - —
SAR result with Head TSL at 5250 MHz

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

SAR measured 100 mW input power 8.15 Wikg

SAR for nominal Head TSL paramelers normalized to 1W B81.3 Wikg £ 19.9 % (k=2)

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

SAR measured 100 mW input power 233 Wikg

SAR for nominal Head TSL parameters normalized to 1W 23.2 Wikg £ 19.5 % (k=2)
Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.
Temperature Parmittivity Conductivity

Nominal Head TSL parameters 220°C 355 5.07 mhoim

Measured Head TSL parameters (22020.2)'C 35126% 4.95mho/m 26 %

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 8.34 Wikg

SAR for nominal Head TSL parameters normakized to 1W 83.1 Wikg £ 19.9 % (k=2)

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

SAR measured 100 mW Input power 2.36 Wikg

SAR for nominal Head TSL patameters normalkized to 1W 23.5 Wikg £ 19.5 % (k=2)

Page 4 of 15
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Head TSL parameters at 5750 MHz
The following paramaters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 354 5.22 mho/m
Measured Hoad TSL parameters (220+02)°C 348:26% 511 mha/m £ 6 %
Head TSL temperature change during test <05°C -

SAR result with Head TSL at 5750 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measurad 100 mW input power 8.18 Wikg
SAR for nominal Head TSL parameters normalized 10 1W 81.5 W/kg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 100 mW input power 2.32 Wikg
SAR for nominal Head TSL parameters normalized to 1W 23.1 Wikg = 19.5 % (k=2)

Certificate No: DSGH2V2-1022_Jul21 Page 50of 15
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Body TSL parameters at 5000 MHz
The following parameters and calculalions were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 493 5.07 mho/m

Measured Body TSL parameters (22.0+0.2)°C 496+6% 517 mho/m £ 6 %

Body TSL temperature change during test <05°C —
SAR result with Body TSL at 5000 MHz

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

SAR measured 100 mW input power 7.02 Whkg

SAR for nominal Body TSL parameters normalized to 1W 70.3 Wikg = 19.9 % (k=2)

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

SAH measured 100 mW input power 1.97 Wikg

SAR for nominal Body TSL parameters normalized 1o 1W 19.7 Wikg = 19.5 % (k=2)
Body TSL parameters at 5250 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 22.0°C 489 5.36 mho/m

Measured Body TSL parameters (220+02)C 481+6% 551 mho/m =6 %

Body TSL temperature change during test <05°C e e
SAR result with Body TSL at 5250 MHz

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

SAR measured 100 mW input power 7.55 Wikg

SAR tor nominal Body TSL parameters normalized 10 1W 75.6 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.10 Wikg

SAR for nominal Body TSL parameters normalized to 1W 21.0 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5600 MHz
The lollowing parameaters and calculstions were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 485 5,77 mho/m
Measured Body TSL parameters (22.0+02)°C 48526% 6.00 mho/m =6 %
Body TSL temperature change during test <05°C - e

SAR result with Body TSL at 5600 MHz

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

SAR measured 100 MW input power 7.96 Wikg

SAR for nomina! Body TSL parameters normalized to 1W 79.7 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition

SAR measured 100 mW Input power 2.20 Wikg

SAR for nominal Body TSL parameters normalized to 1W 22,0 Wikg = 19.5 % (k=2)

Body TSL parameters at 5750 MHz
The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 483 5.94 mho/m
Measured Body TSL parameters (220202)°C 482+6% 622mho/m=6%
Body TSL temperature change during test <05°C - —

SAR result with Body TSL at 5750 MHz

SAR averaged over 1 cm’ (1 g) of Body TSL Caondition
SAR measured 100 mW input power 7.66 Wikg
SAR for nominal Body TSL parameters normalized to 1W 76.7 Wikg = 19.9 % (k=2)
SAR averaged over 10 em® (10 g) of Body TSL condition
SAR measured 100 mW Input power 212 Wikg
SAR for nominal Body TSL parameters normalized to 1W 21.2 Wikg = 19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5000 MHz

Impedance, transformed to feed pont 505Q-13.1Q
Return Loss -17.8dB

Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed 1o feed point S5240-44jQ2
Ratumn Loss -26.2dB

Antenna Parameters with Head TSL at 5600 MHz

Impedancae, transformed to feed point 56904002
Retum Loss -238dB

Antenna Parameters with Head TSL at 5750 MHz

Impedance, transtormed to feed point 5750Q+28)Q
Retum Loss -226dB
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Antenna Parameters with Body TSL at 5000 MHz

Impedance, transformed 10 feed point 4330-109jQ
Return Loss -192d8

Antenna Parameters with Body TSL at 5250 MHz

Impedanca, transformed to feed point 515Q-20Q
Retum Loss -321d8

Antenna Parameters with Body TSL at 5600 MHz

Impedance, transtormed to feed point 5720+05j0
Return Loss -234dB

Antenna Parameters with Body TSL at 5750 MHz

Impedance, transformed to leed point 5870 +33 12
Return Loss -21.3dB

General Antenna Parameters and Design

| Etectrical Delay (one diraction) [ 1.206 ns

Aiter long term usa with 100W radisted power, only a slight warming of the dipole near the feedpoint can be measured.

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

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

Additional EUT Data

[ Manutactured by | SPEAG |

Certificate No: D5GH2V2-1022_Jui21 Page 9 of 15



FCC ID: AZ489FT7161/I1C: 109U-89FT7161 Report ID: P26860-EME-00002/003/202

DASYS Validation Report for Head TSL

Date: 16.07.2021
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1022

Communication System: UID 0 - CW; Frequency: 5000 MHz, Frequency: 5250 MHz, Frequency: 5600
MHz, Frequency: 5750 MHz

Medium parameters used: £= 5000 MHz; o = 4.35 S/m; &, = 35.9; p = 1000 kg/m” ,

Medium parameters used: f = 5250 MHz; 0 =4.60 S/m; & = 35.6; p = 1000 kg/m* ,

Medium parameters used: f= 5600 MHz; o = 4.95 S/m; & = 35.1: p = 1000 kg/m® ,

Medium parameters used: f= 5750 MHz; 6 ~ 5.11 S/m; & = 34.8; p = 1000 kg/m’

Phantom scction: Flat Section

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

DASYS52 Configuration:

 Probe: EX3DV4 - SN3503; ConvF(6.23, 6.23, 6.23) @ 5000 MHz, ConvF(5.5, 5.5, 5.5) @ 5250
MHz, ConvF(5.1, 5.1, 5.1) @ 5600 MHz, ConvF(5.08, 5.08, 5.08) (@ 5750 MHz; Calibrated;
30.12.2020

« Scnsor-Surface: 1.4mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601; Calibrated: 02.11,2020

o Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Secriai: 1001
« DASYS2 52.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5000 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz~1 4mm

Reference Value ~ 70.91 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 23.8 Wikg

SAR(1 g) = 7.26 W/kg; SAR(10 g) = 2.11 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 70.8%

Maximum value of SAR (imeasured) = 15,9 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 69.15 V/m; Power Drift =-0.08 dB

Peak SAR (extrapolated) = 27.9 Wikg

SAR(1 g) = 8.15 W/kg; SAR(10 g) = 2.33 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 69.9%

Maximum value of SAR (measured) = 19.6 W/kg

Centificate No: D5GHzV2-1022_ni21 Page 10 of 15



FCC ID: AZ489FT7161/I1C: 109U-89FT7161 Report ID: P26860-EME-00002/003/202

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5600 MHiz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mecasurement grid; dx=4mm, dy=4mm, dz~1.4mm

Reference Value = 69,12 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 31.0 W/kg

SAR(I g) = 8.34 W/kg; SAR(10 g) = 2.36 W/kg

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

Ratio of SAR at M2 to SAR at M1 =67.5%

Maximum value of SAR (measured) = 20.9 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 66,96 V/im; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 32.3 Wikg

SAR(1 g) = 8.19 W/kg; SAR(10 g) = 2.32 Wikg

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

Ratio of SAR at M2 to SAR at M1 = 65.5%

Maximum value of SAR (measured) = 21.0 W/kg

a8
0

4.m
-18.02
-27.02

-36.03

-45.04

0dB = 21.0 Wikg = 13.22 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 16.07.2021
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole DSGHzV2; Type: D5GHzV2: Serial: DSGHzV2 - SN:1022

Communication System: UID 0 - CW; Frequency: 5000 MHz, Frequency: 5250 MHz, Frequency: 5600
MHz, Frequency: 5750 MHz

Medium parameters used; { = 5000 MHz; o = 5.17 $/m; & = 49.6; p= 1000 kg/m" ,

Medium parameters used: { = 5250 MHz; 6 = 5.51 $/m; & =49.1; p = 1000 kg/m” ,

Medium parameters used: { = 5600 MHz; o = 6.00 S/m; & = 48.5; p = 1000 kg/m* ,

Medium parameters used: f = 5750 MHz; 6 = 6.22 S/m; & = 48.2; p = 1000 kg/m”

Phantom section: Flat Section

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

DASYS52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.93, 5.93, 5.93) @ 5000 MHz, ConvF(5.26, 5.26, 5.26) @ 5250
MHz, ConvF(4.79, 4.79, 4.79) @ 5600 MHz, ConvF{4.66, 4.66, 4.66) @ 5750 MHz; Calibrated:
30.12.2020

+  Sensor-Surface: | 4mm (Mechanical Surface Detection)

+ Electronics: DAE4 Sn601; Calibrated: 02.11.2020
o Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002
« DASY52 52.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5000 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 65,43 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 24.3 W/kg

SAR(1 g) = 7.02 W/kg; SAR(10 g) = 1.97 W/kg

Smallest distance from peaks 1o all points 3 dB below = 6.8 mm

Ratio of SAR at M2 10 SAR at M1 =70.5%

Maximum value of SAR (measured) = 16.0 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, {=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 67.10 V/im; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 27.6 W/kg

SAR(L g) = 7.55 W/kg; SAR(10 g) = 2.10 W/kg

Smallest distance from peaks to all points 3 dB below = 6.8 mm

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

Maximum value of SAR (measured) = 17.8 W/kg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, =5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 66.51 V/m; Power Drift = -0,08 dB

Peak SAR (extrapolated) = 32.4 Wikg

SAR(1 g) = 7.96 W/kg; SAR(10 g) = 2.20 W/kg

Smallest distance from peaks to all points 3 dB below = 6.9 mm

Ratio of SAR at M2 to SAR at M1 = 65%

Maximum value of SAR (measured) = 19.5 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.28 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 32.8 W/kg

SAR(1 g) = 7.66 W/kg; SAR(10 g) = 2.12 W/kg

Smallest distance from peaks to all points 3 dB below = 6.8 mm

Ratio of SAR at M2 to SAR at M1 =63.7%

Maximum value of SAR (measured) = 18.9 W/kg

-5.00

-10.00

-15.00

-20.00

-25.00

0dB = 19.5 Wikg = 12.90 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of s, S Schweizerischer Kaiibrierdienst
Schmid & Partner % G Service suisse détalonnage
Engineering AG = Servizio svizzero di taratura

Zeughausstrasse 43, 004 Zurich, Switzeriand % ,‘@\,.\* S Swiss Colibration Service
Accredited by the Swiss Accreditalion Senvice (SAS) Accreditation No: SCS 0108
The Swiss Accreditation Service is ane of the signatories to the EA

Muttilateral Agroement for the recognition of calibration certificates
lCALIBRATION CERTIFICATE

Obgect D2450V2 - SN:781

Callbeation procedurels) QA CAL-05.v11

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Caliteation date: October 13, 2021

This calibation certificate documants the traceability to natlonal standards, which realize the physical unils of measurements (S1).
The measuraments and the uncenainties with confidence probabilty sre given on tha following pages and are part of the cortificate
All calibentions have boen conducted in the closed taboratory facility: environment temperature (22 + 3)°C and humidty < 70%.

Calibeation Equipment used (MATE critical for calibration)

Primary Standards D ¥ Cal Date (Cartilicate No.) Schedufad Calibeation
Powar mater NAP SN: 104778 08-Apr-21 (No. 217-03201/03262) Apr-22

Power sensor NRP-281 SN: 106244 09-Apr-21 (No. 217-03201) Apr-22

Power sensor NRP-Z81 SN: 103245 00-Apr-21 (No. 217-03262) Apr-22

Reforence 20 dB Atienuartor SN: BHIG04 (20K) 00-Apr-21 (No, 297-03343) Apr-22

Typa-N mismatch combination SN: 310082 / 06327 08-Apr-21 (No. 217-03344) Apr-22

Feference Probe EX3DV4 SN: 7340 28-Doc-20 (No. EX3-7349 Dec20) Dac-21

DAE< SN: 801 02-80v-20 (No. DAE4-601_Nov20) Nov-21

Sacondary Standards D Check Dato (in house) Schaduled Check
Powar meter E44108 SN: GB39512475 30-Oct-14 (in house check Oct-20} In house check: Oct-22
Powar sensor H 8481A SN: US37202783 07-0ct-15 (in house check Oct-20) In house check: Oat-22
Power sensor HP 8481A SN: MY41062317 07-0ct-15 {in house check Oct-20) In house check: Oal-22
RF ganerator RAS SMT-06 SN 100072 15-Jun-15 (in house check Oot-20) In house check: Ocl-22
Natwork Analyzer Aghent EB358A | SN: US41080477 31-Mar-14 (in houso check Oc1-20) In house check: Oct-22

Name Function

) Signature
Calibeated by: Jeton Kastrati Latoratory Techrician q{ ’ Z
Approved by Katja Pokovic Tochnical Managoe /@,

Issued: October 14, 2021

Thia calibration cantificale shall not be reproduced except In full without witlen approval of the laboratory.
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Calibration Laboratory of S, Schwelzerischer Kalibriordienst
Schmid & Partner % (s: Service suisse d'étalonnage
Engineering AG o = Sarvizio svizzero di taraturs
Zeughausstrasse 43, 8004 Zurich, Switzeriand KA ,'m‘,v‘ S Swiss Calibration Service
Accreditod by the Swiss Accreditation Seevice (SAS) Accreditation No.: SCS 0108

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

b)

IEC/IEEE 62209-1528, “Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:

c)

DASY 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 source is mounted in a touch configuration below the
center marking of the fiat phantom.

Return Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Retum Loss ensures low
reflected power. 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 re
multipl

probability of approximately 95%.

rorted uncertainty of measurement is stated as the standard uncertainty of measurement
ed by the coverage factor k=2, which for a normal distribution corresponds to a coverage

Centificate No: D2450V2-781_Oct21 Page 2 of 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYs52 V52,104
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, 62 = 5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were apphed.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.2 1.80 mha/m
Measured Head TSL parameters (220:02)°C J76+6% 1.8 mho/m £ 6 %
Head TSL temperature change during test <05°C eee e
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.6 Wikg
SAR for nominal Head TSL parameters normalkzed to 1W 52.7 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ {10 g) of Head TSL condition
SAR measured 250 mW input power 6.26 Wikg
SAR for nomnal Head TSL parameters normalized to 1W 24.6 Wikg + 16,5 % (k=2)
Body TSL parameters
The following parameters and caiculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.7 1.95 mha/m
Measured Body TSL parameters (220+02)°C 522+6% 205mho/m <86 %
Body TSL temperature change during test <05°C o
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.1 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

51.1 Wikg £ 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 6.18 Wikg
SAR for nominal Body TSL parameters normalized to 1W 24.4 Wikg 16,5 % (k=2)

Certificate No: D2450V2-781_Oct21
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transtormed to feed point 5280+341Q
Return Loss -274dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4330+64jQ
Retum Loss -23.7 dB

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1152 ns |

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

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

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

Additional EUT Data

| Manufactured by | SPEAG
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DASYS Validation Report for Head TSL

Date: 13.10.2021
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:781

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

Medium parameters used: f = 2450 MHz; o = 1.89 S/m; & = 37.6; p = 1000 kg/m"
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.96, 7,96, 7.96) @ 2450 MHz; Calibrated: 28.12.2020
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 02,11.2020
o Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
« DASYS5252.10.4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 118.0 V/m; Power Drift =0.01 dB

Peak SAR (extrapolated) = 27.0 W/kg

SAR(1 g) = 13.6 W/kg; SAR(10 g) = 6.26 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 50.4%

Maximum value of SAR (measured) = 22.3 W/kg

0dB =223 W/kg= 1349 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 13.10.2021
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:781

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

Medium parameters used: f = 2450 MHz; 6 = 2.05 S/m; ¢, = 52.2; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.12, 8.12, 8.12) @ 2450 MHz; Calibrated: 28,12.2020
» Sensor-Surface: |.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(1535); SEMCAD X 14.6.14(7501)

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 = 109.7 V/m; Power Drift = -0.05 dB

Peak SAR (exwrapolated) = 24.1 W/kg

SAR(1 g) = 13.1 W/kg; SAR(10 g) = 6.18 Wikg

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

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

Maximum value of SAR (measured) = 20.6 W/kg

0dB = 20.6 W/kg = 13.14 dBW/kg
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Impedance Measurement Plot for Body TSL

Report ID: P26860-EME-00002/003/202
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Calibration Laboratory of s, S Schweizerischer Kaiibrierdienst
Schmid & Partner % G Service suisse détalonnage
Engineering AG = Servizio svizzero di taratura

Zeughausstrasse 43, 004 Zurich, Switzeriand % ,‘@\,.\* S Swiss Colibration Service
Accredited by the Swiss Accreditalion Senvice (SAS) Accreditation No: SCS 0108
The Swiss Accreditation Service is ane of the signatories to the EA

Muttilateral Agroement for the recognition of calibration certificates
lCALIBRATION CERTIFICATE

Obgect D2450V2 - SN:781

Callbeation procedurels) QA CAL-05.v11

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Caliteation date: October 13, 2021

This calibation certificate documants the traceability to natlonal standards, which realize the physical unils of measurements (S1).
The measuraments and the uncenainties with confidence probabilty sre given on tha following pages and are part of the cortificate
All calibentions have boen conducted in the closed taboratory facility: environment temperature (22 + 3)°C and humidty < 70%.

Calibeation Equipment used (MATE critical for calibration)

Primary Standards D ¥ Cal Date (Cartilicate No.) Schedufad Calibeation
Powar mater NAP SN: 104778 08-Apr-21 (No. 217-03201/03262) Apr-22

Power sensor NRP-281 SN: 106244 09-Apr-21 (No. 217-03201) Apr-22

Power sensor NRP-Z81 SN: 103245 00-Apr-21 (No. 217-03262) Apr-22

Reforence 20 dB Atienuartor SN: BHIG04 (20K) 00-Apr-21 (No, 297-03343) Apr-22

Typa-N mismatch combination SN: 310082 / 06327 08-Apr-21 (No. 217-03344) Apr-22

Feference Probe EX3DV4 SN: 7340 28-Doc-20 (No. EX3-7349 Dec20) Dac-21

DAE< SN: 801 02-80v-20 (No. DAE4-601_Nov20) Nov-21

Sacondary Standards D Check Dato (in house) Schaduled Check
Powar meter E44108 SN: GB39512475 30-Oct-14 (in house check Oct-20} In house check: Oct-22
Powar sensor H 8481A SN: US37202783 07-0ct-15 (in house check Oct-20) In house check: Oat-22
Power sensor HP 8481A SN: MY41062317 07-0ct-15 {in house check Oct-20) In house check: Oal-22
RF ganerator RAS SMT-06 SN 100072 15-Jun-15 (in house check Oot-20) In house check: Ocl-22
Natwork Analyzer Aghent EB358A | SN: US41080477 31-Mar-14 (in houso check Oc1-20) In house check: Oct-22

Name Function

) Signature
Calibeated by: Jeton Kastrati Latoratory Techrician q{ ’ Z
Approved by Katja Pokovic Tochnical Managoe /@,

Issued: October 14, 2021

Thia calibration cantificale shall not be reproduced except In full without witlen approval of the laboratory.
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Calibration Laboratory of S, Schwelzerischer Kalibriordienst
Schmid & Partner % (s: Service suisse d'étalonnage
Engineering AG o = Sarvizio svizzero di taraturs
Zeughausstrasse 43, 8004 Zurich, Switzeriand KA ,'m‘,v‘ S Swiss Calibration Service
Accreditod by the Swiss Accreditation Seevice (SAS) Accreditation No.: SCS 0108

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

b)

IEC/IEEE 62209-1528, “Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:

c)

DASY 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 source is mounted in a touch configuration below the
center marking of the fiat phantom.

Return Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Retum Loss ensures low
reflected power. 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 re
multipl

probability of approximately 95%.

rorted uncertainty of measurement is stated as the standard uncertainty of measurement
ed by the coverage factor k=2, which for a normal distribution corresponds to a coverage

Centificate No: D2450V2-781_Oct21 Page 2 of 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYs52 V52,104
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, 62 = 5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were apphed.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.2 1.80 mha/m
Measured Head TSL parameters (220:02)°C J76+6% 1.8 mho/m £ 6 %
Head TSL temperature change during test <05°C eee e
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.6 Wikg
SAR for nominal Head TSL parameters normalkzed to 1W 52.7 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ {10 g) of Head TSL condition
SAR measured 250 mW input power 6.26 Wikg
SAR for nomnal Head TSL parameters normalized to 1W 24.6 Wikg + 16,5 % (k=2)
Body TSL parameters
The following parameters and caiculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.7 1.95 mha/m
Measured Body TSL parameters (220+02)°C 522+6% 205mho/m <86 %
Body TSL temperature change during test <05°C o
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.1 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

51.1 Wikg £ 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 6.18 Wikg
SAR for nominal Body TSL parameters normalized to 1W 24.4 Wikg 16,5 % (k=2)

Certificate No: D2450V2-781_Oct21
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transtormed to feed point 5280+341Q
Return Loss -274dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4330+64jQ
Retum Loss -23.7 dB

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1152 ns |

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

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

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

Additional EUT Data

| Manufactured by | SPEAG

Cartificate No: D2450V2-781_Oct21 Page4ot8
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DASYS Validation Report for Head TSL

Date: 13.10.2021
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:781

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

Medium parameters used: f = 2450 MHz; o = 1.89 S/m; & = 37.6; p = 1000 kg/m"
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.96, 7,96, 7.96) @ 2450 MHz; Calibrated: 28.12.2020
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 02,11.2020
o Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
« DASYS5252.10.4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 118.0 V/m; Power Drift =0.01 dB

Peak SAR (extrapolated) = 27.0 W/kg

SAR(1 g) = 13.6 W/kg; SAR(10 g) = 6.26 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 50.4%

Maximum value of SAR (measured) = 22.3 W/kg

0dB =223 W/kg= 1349 dBW/kg

Coertificate No: D2450V2-781_Oci21 Page 50l 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 13.10.2021
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:781

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

Medium parameters used: f = 2450 MHz; 6 = 2.05 S/m; ¢, = 52.2; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.12, 8.12, 8.12) @ 2450 MHz; Calibrated: 28,12.2020
» Sensor-Surface: |.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(1535); SEMCAD X 14.6.14(7501)

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 = 109.7 V/m; Power Drift = -0.05 dB

Peak SAR (exwrapolated) = 24.1 W/kg

SAR(1 g) = 13.1 W/kg; SAR(10 g) = 6.18 Wikg

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

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

Maximum value of SAR (measured) = 20.6 W/kg

0dB = 20.6 W/kg = 13.14 dBW/kg
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Impedance Measurement Plot for Body TSL
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Dipole Data

The table below includes dipole impedance and return loss measurement data measured by Motorola
Solutions’ EME lab. The results meet the requirements stated in KDB 865664.

Dipole 750- Head
1142 Impedance Return Loss
Date . .
Measured real Q) imag jQ dB
12/16/2019 46.51 -2.09 -27.39
11/01/2020 47.74 -4.20 -26.20
11/17/2021 46.14 -0.65 -27.83
Dipole 2450- Head
782 Impedance Return Loss
Date . .
Measured real Q imag jQ dB
04/13/2020 52.88 5.04 -24.71
04/23/2021 50.90 3.21 -29.40




