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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and bedy-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)™, July 2016

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

s 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.

s 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.

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY syatem configuration, as far as not given on page 1. =

DASY Version DASYS V52,104 |
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15mm with Spacer
Zoom Scan Resolution dx, dy, dz =« 5mm
Frequency 850 MHz £ 1 MHz

Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 2290"C 415 0.92 mho/m
Measured Head TSL parameters (220202} °C 421:6% 0.893mhaim =65
Head TSL temperature change during test 1 <0.5°C —

SAR result with Head TSL
SAR averaged over 1 cm';‘. (1 g) of Head TSL I Condition
SAR measurad 250 mW npul power 2,50 Wikg
SAR for nominal Head TSL paramelers , normalized 10 1W 9.95 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL conditicn
SAR measured 250 mW input power 1.62 Wikg
SAR for nominal Head TSL parametars normakized o 1W 6.45 Wikg + 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Imopedance, ransformed o feed point 51.7Q-25iQ
Retum Loss -30.4dB

General Antenna Parameters and Design

Eleclrical Delay (ene direction) ] 1434 ns

Aller long term use with 100W radiated power, only & slight warming of the dipole near the leedpoinl can be measured.

The dipole s made of stardard semirigld coaxial cable, The center cenductor of the feading line i directly connected 1o the
sacond am of the aipole. The antenna s therefore short-circuited for DC-signals, Cn some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when leaded aceording to the position 28 explained in the
‘Measuremant Conditions® paragraph. The SAR data are not affected by this change. The overzll dipals length is still
according 1o the Standard,

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

Additional EUT Data

Manufactured by SPEAG
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DASY5 Validation Report for Head TSL
Date: 21.04,2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 850 MHz; Type: D850V2; Serial: DSS0V2 - SN:1006
Communication System: UID O - CW; Frequency: 850 MHz
Medium parameters used: f = 830 MHz; g =0.93 S/m; & =42.1; p= 1000 kg."m"
Phantom scction: Flat Section
Measurcment Standard: DASYS (JEEEJEC/ANSTCA3.19-2011)
DASYS2 Configuration:
o Probe: EX3DV4 - SNT349; ConvF(9.78, 9.78, 9.78) @ 850 MHz; Calibrated: 31.12.2019
« Scasor-Surface: 1.4mm (Mechanical Surface Detection)
« Elcetronics: DAE4 Sn601; Calibrated: 27.12.2019
e Phantom: Flat Phantom 4.9 {front); Type: QD 001 P49 AA; Serial: 1001
o DASYS2 52.10.4(1527); SEMCAD X 14.6.14{7483)
Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=Smm. dy=5mm, dz=3mm
Reference Value = 63.51 V/m: Power Drift = -0.03 dB
Peak SAR (extrapolated) = 3.77 Wikg
SAR(1 g) = 2.5 W/kg: SAR(10 g) = 1.62 Wikg
Smallest distance from peaks to all points 3 dB below = 16 mm
Ratio of SAR at M2 to SAR at M1 = 66%
Maximum value of SAR (measured) = 3.34 Wikg
dB
0
-2.00
-4.00
-6.00
-8.00
-10,00
0 dB =3.34 W/kg =5.24 dBW/ke
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Impedance Measurement Plot for Head TSL
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Swilzedand

Schweizerischer Kallorierdienst
Service sulsse @ étalonnage
Sarvizio svizzero di taratura
Swiss Calibration Service
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Accrediled by the Swiss Accredialion Serdce (SAS) Accreditstion No.; SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilsteral Agreement for the recognition of calibration certificates

cient  KCTL (Dymstec) Cartificate No: D1750V2-1072_Apr20
CALIBRATION CERTIFICATE

Cbject D1750V2 - SN:1072

Calibmtian procedurs)s) QA CAL-O5.v11
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Caibration date: April 20, 2020

This calibratiar centificate documents e races

ity 1o navona stardards, ahich reaize the phyica’ units of measurements (S9).
The measurements wd e uncerginles with conlidence grobatilty are givan on e ldlewing pages and are pan of the canticate

All calibeatione have baan conducied in the cosad aborgtery 1aclity: environment tamosraburs (22 + 31°C and humicity < 70%

| Caloraticn Equipment used (METE crical for calbeation)
_Primary Standards 104 Cal Date {Ceriticata No.) Scheduled Calloration
Puaer meles MNRP SN: (No. 217-03100C310) Aar-21
Power sarsor NAP-Z21 SN: Q1-Ape-20 (No. 217-031C00) Apr-21
Fowear serasr NAP-Z91 SN Q1-Ap-20 (No. 217-05101) Apr-21
Rataranca 20 o8 Attenuatar SN: 20%) 31-Mar-20 (Na, 217-03106) Apr-21
Iyoe N mismatch combnaban SN: 310982 ! 05327 A Marad (No. 21703104} Apr21
Rafaerance Probe EXZ0VE SN: 7243 A1-Dac-18 (No. EX3-7249 Duc19) Doo-20
DAE4 SN: 601 27-Duc-18 (No. DAE4-601_Dec1g) Dec-20
Sacondary Stancands 0¥ Check Cate (In housa) Schaduad Chack
Povear mater E44108 SN GB33512475 30-Ct-14 (i housa chack Feb-18) In nouse check: Oct-20
| Pawsar senscr HF 34314 SN US3T262763 O7-0t-13 (in housa chack Oct-18) In nowss check: Oct-20
| Pawsar 5en500 HE 84814 SN MYa108z31Y 07-Oes-15 (In housa chack Oct-18) Ir noass chsck: Oot-20
RF parartor HAS SMT-0f SN 100802 tonJun-1% {ir nouss cneck Oce-18) In nouse chnck: Oct-20
Nutwork Anatyzar Aglenl S83584 | SN: US41080477 21-Mar-14 {in housa chack Oct-19) I howse check: Oct-20
Name Functan Hl;'mlg
Calibeated by Claudio Leubier Labeeatory Techtitien (]
\J é
Approwad by: Katja Pokovic Technical Manager 5" T
&= é"C —
Issuad: April 21, 2020
Th= calibeatar cardizate shal not ba repeeduced except in ful without wrten approval of the laticeatary
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Calibration Laboratory of

< S Schweizerischer Kalibrierdienst

Schmid & Parther ¢ Service suisse d'étaionnage

Engineering AG Sarvizio svizzero di taraturs
Zeughausstrasse 33, 5004 Zurich, Switzerland S swiss Callbration Service
fceredied by the Swiss Accredtalion Sanice [SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service I3 one of 1he signstories to the EA
Multilsteral Ag far 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) |IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques®, June 2013

b) IEC 62208-1, "Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

¢) |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 Handhook

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.

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

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

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

» SAR normalized: SAR as measured, nommalized 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 configuraticn, as far as not given cn page 1.
DASY Version DASYS V52.10.4
| Extrapolation Advanced Extrapolation
| Phantom Medular Flat Phantom
| Distance Dipole Center - TSL 10 mm with Spacer
( Zoom Scan Resolulion dx, dy, dz = 5 mm
LFthuency 1750 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculaticns were applied ——
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 401 1.37 mho/m
Measured Head TSL parameters 22.010.2)°C A05+5% 1.35 mhafm = 6 % |
Head TSL temperature change during test =05°C e
SAR result with Head TSL
SAR averaged over 1 em’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.02 Wikg
SAR for nominal Head TSL paramelers normalized 1o 1W 36.5 Wikg = 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Head TSL condition
SAR measured | 250 mW input powsr 75 Wikg
SAR for nominal Head TSL parameters ] nomalized to 1W 19.1 Wikg = 16.5 % (k=2)
Certificate No: D1750V2-1072_Apr20 Page 3of 6
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impadance, transformed to feed point 5080-07iQ
| Return Loss -3%.4dB

General Antenna Parameters and Design

| Electrical Delay [one direction] 1.217 ns

Adter 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 semirigic coaxial cable. The center conductor of the faading line i3 direcily connected o the
second arm of the dpole. The antenna is therefere shorl-circuited for DC-signals. On some of the dipoles, small end caps
are addec Lo 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 cverall dipole length is still
according 1o the Standard,

No excesaive force must be applied to the dipole amms, because they might bend or the scidered connecticns near the
feedpoint may be damaged.

Additional EUT Data

Manufacturad by SPEAG
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DASYS Validation Report for Head TSL

Test

Duate; 20.04,2020

Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1072

Communication System: UTD O - C'W; Frequency: 1730 Mz

Medium parameters used: = 1750 MHz: o = 1.35 S/m; &, = 40.5; p = 1000 kg/m’
Phantom section: Flat Section

Mcasurement Standard: DASYS (TEEE/IEC/ANSI C63.19-201 1)

DASY32 Configuration:

Probe: EX3DV4 - SN7349; ConvE(8.76, £.76, 8.76) @ 1750 MHz; Calibrated; 31.12.2019
Sensor-Surface: | 4mm (Mechanical Surtface Detection)

Electronics: DATA Sn601; Calibrated: 27.12.2019

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

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

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Secan (7x7x7)/Cube 0:

Measurcment grid: dx=>3mn, dy=5mm, dz=Smm

Refe
Peak

rence Value = 106.3 Vim; Power Drilt = -0.02 (B
SAR {cxtrapolated) = 16.9 Wikg

SAR(T g) = 9.02 W/kg: SAR(10 2) = 4.75 W/kg
Smallest distance from peaks to all points 3 dB helow = 10 mm

Ratic

» of SAR at M2 to SAR at MI =33.7%

Maximum value of SAR {measured) = 14.1 Wikg

-3.00

-6.00

9.00

-12.00

-15.00

(HdB =141 Wika = 11.49 dBW/kg
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Impedance Measurement Plot for Head TSL
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Appendix A.7 Dipole Calibration certificate (D1900V2_5d160
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Swiss Calibration Service

nwow

fecredited by 1he Swigs Accraditation Sevice [SAS) Accreditstion No.: SCS 0108
The Swiss Accredilation Servica is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

cient ~ KCTL (Dymstec) Cortificate No: D1900V2-5d160_Apr20
|CALIBRATION CERTIFICATE

Cajpct D1900V2 - SN:5d160

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

Calibeetion dele: April 22, 2020

This calibralon carlilicale documents 1ha racaablily ta national standards, which redize the physcal units of measuremants (51).
The measuements and the uncardanties wilh contdence protabifly are gaen on the lullowing peges ard are garl of e cerlilicale,
Al calibrations have baen concuzied in the cloged lsboratory facility. environment lemoeratura (22 = 3)°C ard humidity < 70%,

Calbration Fquipment used (METE critical for calidration))

Primery Standands 0¥ Cal Dans (Canficate No.) Schagued Calibretion
Power meter NRP SN: 104778 01-Ape-20 (Mo, 217-03100/03101) Ape-21

Power sansor NAP-Z91 SN 103244 01-Ape-20 {Ne. 217-03100] Apr-22

Fowee sansor NHEF- 201 SN 103245 01-Ape-20D {No. 217-05101) Ape-27

Raderence 20 dB Atenuator SN BHESGY (20k) 31 Mar20 (No. 21 703106) Ape2d

Type-N m=maich combinaton SN; 210862 ¢ 06227 31-Mar-20 (No. 21/-03104) Apr-2T

Malevence Probe EXSDVE SN. 7340 I1-Doc-15 (No. EX3-7349_Dec19) Dou-20

DAE4 \S\' €01 27-Dac-18 (Ne. DAE4-601_Deac18) Dec-20

Secandary Standards i g Chack Data (n housa) Schaculad Chack
Power meter E44198 SN GE38512475 30-0cl-14 (in houge chec Feb-19) In house check. Oct-20
Power sansor HP B481A SN USET202733 07-0¢1-15 (in Fouse chec« Ucl-18; In nouse check. Oct-20
Power sansor HP B481A SN MYaRa 7 a70ct-15 (In Fouse check Oct-13) In house cneck: Dot-20
RF genecatar R&S SMT-06 SN: 100672 15-Jun- 145 (in hausa chack Ocs-13) In house cneck: Dot
Nalvaors Anslyzee Aglent CO3560, | SN: US41000477 A1-Mar14 (n house chook Cct-149) In house check: Ot 20

Name Functicn Signatura

Calbraled by. Jedlrey Kalzrnean Labaralory Technician / /;//‘ é
Aparaued by Kalla Posavic Tecnrical Mangger /62'/2%’—

Issuss: April 24, 2020

This caibration certificate shal not be reproduced except in full withaw wittan approval of tha laboratary.
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Calibration Laboratory of

. S Schwelzerischar Kalibrierdienst

Schmid & Partner Sarvice sulsse d'étalonnage

Engineering AG 0 o st i mstire
Zeughaussirasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service
fearodited by tha Swiss Accraditatian Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agr 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, "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

¢) |EC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication davices 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:

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

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

s Feed Point impedance and Refurn 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 aystem canfiguration, as lar as not given on pags 1.

| DASY Version

DASYS

V52104

. Extrapolation

Advanced Extrapciation

: Phantom

Medular Flat Phantom

| Distance Dipole Center - TSL

10 mm

| Zoom Scan Resolution

dx, dy, dz2 =3 mm

with Spacer

| Frequency

1900 MHz + 1 MHz

Head TSL parameters

The following parameters and calculations were applied

| Temperature Permittivity Conductivity
| Nominal Head TSL parametors 220°C a0.0 1.40 mho'm
Measured Head TSL parameters (22.0+02)°C 411:26% 1.38 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 measurad

250 mW input power

9.75 Wrkg

| SAR for nominal Head TSL parameters

normalized to 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

| SAR for nominal Head TSL parameaters

A0 Wikg

normalized 1o 1W 20.5 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. ranaformed to feed paint S080Q459jQ

Heturmn Loss -2474dB

General Antenna Parameters and Design

Electrical Delay (one direction) l 1.195 ns I

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

The dipole is made of standard semirigid coaxial cabie. The center corductor of the feeding line ia directly cennected 1o the
second arm of the dipole. The antenna is therefore shorl-circuiled for DC-signals. On some of the dipoles, small end caps
ara added to the dipole arms in crder to improve matching when loaced according to the position a3 explained in the
"Measurement Conditions® paragraph. The SAR data are not affected by Inis change. The overall dipole length is stil
according to the Standard,

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

Additional EUT Data

Manutactured by SPEAG

Certificate No: D1900V2-5d160_Apr20 Page 4 of 6
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DASYS Validation Report for Head TSL

Test Luboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900Y2; Serial: D1900V2 - SN:5d160

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

Medium parameters used: £= 1900 MHz; o = 1.39 Sfm; & = 41.1; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS2 Configuration:
e Probe: EX2DV4 - SN7249; ConvF(8.6, 8.6, 8.6) @ 1900 MHz; Calibrated; 31.12.2019
o Sensor-Surlace: | 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 27.12.2019

¢ Phantom: Flat Phantom 5.0 (front): Type: QD 000 PSO AA; Serial: 1001
o 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:
Measurcment grid: dx=5mm, dy=3mm, dz=5mm

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

Peak SAR (extrapolated) = 18.1 W/kg

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

Smallest distance from peaks to all points 2 dB below = 10 mm

Ratio of SAR at M2 1o SAR at M1 = 54,3%

Maximum value of SAR (measured) = 15.2 Wikg

-3.40
-6.80
10,20

-11.60

-11.00

DdB =152 W/kg = 11,82 dBW/kg
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Impedance Measurement Plot for Head TSL
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Appendix A.8 Dipole Calibration certificate (D2450V2 895

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzertand

S Schwalzerischer Kalibriardlanst
Service sulase d'étalonnage

c Servizio svizzero di tarsturs

S Swiss Calibration Service

Actredited by tha Saias Accrediletan Servica (SA3)
The Swiss Acoreditation Service is one of the signslories to the EA
Multilateral Agreement for the recognition of calibration certificates

KCTL (Dymstec)
|CALIBRATION CERTIFICATE ]

Mccreditation No.: SCS 0108

Certificate No: D2450V2-895 Jul20

Client

Obfect

D2450V2 - SN:895

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

Calibration procedure(s)

Calbraticn cate

July 21, 2020
This calitrabon canfioate documants the twoaabiity o nalicasl standards, which naalize the physizal unlts of messuremenes (S1)
Tha measurerents ard tha uncedanlies with oanfdenca Proosbiily are given on tha folowing pages and are pat of the cerlificate.
| Al calbrations have been concussd In the clsed lsbanatory taciity: ervironmest temoeraturs (22 + 3)°C ard humidty < 70%
Caligration Fquipment used (MATE cobeal for calbeation)

| Prenasty Stenzands I Do Cal Dara (Can*icale No.)

B Schaduled Calbration
01-A21-20 {Na. 217-031¢

Powee metar NRP SN 104778 3 Apr

Power sensor NAP-Z31 SN 103244 D1-Aar-20 (No. 217-0a100) Ape21

Power sensor NRP-Z31 SN-1 D1Aar-20 (N0, 217-09101) Ape-21

20 dB Attanuator SN 31-Mar ha, 217-03108) Ape-21

Typa-N mismatch cambingtion SN: 21058 31-Mar-20 {Na, 217-03104) Apr21

| Retarance Probe EX30V4 SN: 7 28-Jun-20 (Na. EX3.7349_Jure0) Jun-21
DAE4 SN 27-Dac-18 [Mo. DAE4- B Dec19) Do 20

Secundary Standards Dz

Chack Data (n houge)

Scneduled Check

| Porwer metec E44126 SN: GB28512475 )
Poawr sansor 4P BAB1A, SN: U557292793 0721-15 {in housa check O 18)
Poser sonsor HF 84844, SN: MY41082317 O7-CeA=1% {in housa chack Oci-18)
AF generalor RES SMT 06 SN: T00ase 15-Jun-15 {in nouse check Osl-16)
Netvork Analyzer Aglont 83588 | SN US41080477 S1-Mar-14 {in hausa chack Ocz-13)

33-021-14 [in house check Fab-19) In Fausa chask: C-20

In kouse chesk: Oct-20

In house checs: Oct20
In house checs: Oct-20
In noass checke Ocl-20

MNarne Funchon
Jefiray Katzman | abaratoey Techniviun

Syrature

Caliteatar oy

Aporaved by. Kata Pokavic Technizal Manapar

Issued: July 23, 2020
This callbegtion carlilicale shal nee ba raproduced excast in ful wihout wren apsraval of the lnhneatary
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Calibration Laboratory of

: S  Schweizerischar Kalibrlardianst
Schmid & Partner c Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Swhzerland S swiss Calibration Service
Accrediied by 1he Swiss Accreditabion Sarvioa (S45) Accreditation No.: SCS 0108

The Swisa Accreditation Service is ance of the signatoriea to the EA
Multiiateral Agreement for the recognition of calibration cortificatas

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
i 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 Absomption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62208-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

c) |EC 62209-2, *Procedure to determine the Specific Absorption Rate (SAR) for wireless
comrmunication 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 Systam 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 Retum Loss: These parameters are measurad 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%.

Certdicate No: D2450V2-895_Jul20 Page 2 of 6
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Measurement Conditions
DASY system configuration, as far 33 not g

iven on page 1 = =
DASY Version DASYS V52.10.4
Extrapolation Advancad Extrapolation
Phantom Modular Flat Phantom N
Distance Dipole Center - TSL 10mm with Spacer

Zoom Scan Resolution

ox, dy, dz =5mm

| Frequency 2450 MHz £1 l(ﬂHz
Head TSL parameters
The following parameters and calculations were applied =
Temperature Permittivity I Conductivity
Nominal Head TSL parameters 220"C 39.2 1.80 mho'm
Measured Head TSL paramecters 122.0+02)°C 385+8% 184 mho'm 26 %
Head TSL temperature change during tost <05°C o
SAR result with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Condition

SAR maasured

250 mW input powser

13.3 Wikg

| SAR for norninal Head TSL parameters

normalized to 1W

52.4 Wikg = 17.0 % (k=2)

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

TSL conditicn

SAR measured

250 mW input power

SAR for nominal Haad TSL parameters

nomnalized to 1W

8.12 Wikg
24.3 Wikg = 16.5 % (k=2)

Certficale No: D2450V2-885_Jul20
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

| Impedance, fransformed to feed point 85560 +35|0

| Return Loss -2424dB

General Antenna Parameters and Design

Slectrical Detay (one draction) 1.158 ns

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

Ihe dipole is made of standard seminigid coaxial cable. The centar conductar of the feeding line is directly connected to the
second arm ol the dipole. The antanna ia tharefore shon-circuiled for DC-signals. On soma of the dipoles, small erd caps
are added 1o the dipole arms in order to improve matching when lnaded according to the position as explained In the
‘Mzasurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipola length is still
according to the Standard.

Ne excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
leedpeint may ba damaged.

Additional EUT Data

Manufactured by ‘ SPEAG

Carlificate No: D2450V2-895_Jul20 Peged ol 6
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DASYS5 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: = 2450 MHz; 6 = 1.84 S/m; £ = 38.5; p = 1000 kg/m?
Phantom section; Flat Section

Measurement Standard: DASYS (IRTETEC/ANSI CA3.19-2011)

DASYS52 Conliguration:
o  Probe: EX3DV4 - SN7349: ConvTi(7.74, 7.74, 7.74) @ 2450 MHz; Calibrated: 29.06.2020
o Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAEA 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 Ilead Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=3mm

Reference Value = 117.4 V/m; Power Dnft = -0.03 dB

Peak SAR (extrapolated) = 26.4 Wikg

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

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

Ratio of SAR at M2 to SAR at M1 =350.2%

Maximum value of SAR (measured) = 22.0 Wikg

-4.40

-8.80
13.20

-17.60

-22.00

0dB =22.0 W/kg =13.42 dBW/kg
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Impedance Measurement Plot for Head TSL
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Appendix A.9 Dipole Calibration certificate (D2600V2 1050

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibriardlenst
Sarvice suiese d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Setvica

nwow

Accrediind by the Swiss Acceditstion Senica (SAS) Accreditation No,: SCS 0108
The Swiss Accreditation Sarvice is one of the signatories to the EA
futtilateral Agreement for the recognition of calibration cartificates

client  KCTL (Dymstec) Cartificate No: D2600V2-1050_Jul20
|CALIBRATION CERTIFICATE

Oajact D2600V2 - SN:1050

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

Calbvation date July 21, 2020

The calidralion cendicate cocuments the iraseabiity 1o nahonal standards, which realizs the physicsl unite of messuremes (S4)

Ihs measuremenls and the uncedainlies with sorfideacs prokabiity am gyen on e tullaveryy papas and ans pait of he certificatn
| Al cathrations have been condosted i tha shsed laboralory faciity: srvrcnmant femparaiure (22 = 25°C and humidity < 70%.

Caliuration Fquipmars uged (ME&TE critical for caliaration)

Primary Standards 1D # ale {Cerlificate No. Scheduled Calibration
| Poaws metsr NRP SN: Q1-Ape-20 (No. ¥ 10Q05101) Aar-21

Poaser sensor NHEF-291 SN: 103244 01-Ape-20 (No. 217403180) har-2|
Power sonsor NRF-Z51 SN: 105245 01-Ape-20 (Mo, 21 ') Apr-21
felerence 20 dB Attaruator SN: BHGI24 (20k) 31-Mg-20 No. 21 106) Apr-21
Typa-N misr h caombiration SN: 510832 /0 p 31-Mer-20 [Mo. 21703104 Apr-21
Hefarenca Prote EXADVA S 7349 29-Jar-20 (No. EX3-7349_Jund); Jun-21
DAES SN- et 27-Cec 19 (Na. DAZL-501_Dact3) 1230-20

{ Sa_-z."..’n::a"" Slzlmrﬂ'- I D+ Check Cale lin house) Schesulad Chack
FPawar matar =44198 SN: GH39512475 S0-Cxt-14 (in havsa chack Feb-13) In npass eheck Oct-20
Fower sunsar HP 84814 SN: US3 7ER O7-Cct-135 (in hawsa chank Qct-48) In houss evscke Oct-20
Fower sarsar HP BAB1A SN MY4109231 ¢ O7-Cct-15 (in houge chesk Oct 18] In housa ke Oek?0
RF generator R&ES SMT-08 SN 100872 1515 {In house check Oc-18) In heuse check: Oot-2
hatvaars Anslyzer Agilers CBIEAA | SN: USA1080477 2%-Mar-14 (n hbouss chacs Oct-18) n housa chack.

Nama Funztion Sgnature

Caibvaled by Jallrey Katzman Latorsiery Technican / 2 ; E
Azpeoras by Katja Poovic Tachnlcal Marager /é?/g

33ued: Jly 23, 2020

This calbralion cetiteste shal not 2 regreduced sxeeot In Ul wshou! wilten aparaval of ths lahoratory
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Calibration Laboratory of S, Schweizerischer Kalibriordianst
Schmid & Partner Pl 3 (S: Service suisss d'étalonnage
Engineering AG e Sarvizlo svizzero di taratura
Zoughausslrasse 43, 8004 Zurich, Switzarland J':;d’//:/—-:}j;‘\:“ S Swiss Callbration Service
Accredtsd by the Swiss Accrediation Sardea [SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
lhultilsteral Agreement for the recegnition 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 Technigues®, June 2013

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

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

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

Additional Documentation:
e} DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

« Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
paint exactly below the center marking of the flat phantom section, with the arms oriented
paraliel 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.

Tha 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 rot given on pags 1.
DASY Version DASYS V52.10.4
Extrapolation Advanced Extrapolation
Phantom Iodular Flat Phantom
Distance Dipole Center - TSL 10 men with Spacsr
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 2600 MHz = 1 MHz [
Head TSL parameters
The follewing parameters and cakculations were applied, I
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.0 1.898 mbaim
Measured Head TSL parameters (22.0+02)°C 379+6% 2.01 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 Ceonditon
SAR measured 250 mW input power 14.3 Wikg
SAR for nominal Head TSL paramelers normalized 1o 1W 56.2 W/kg £ 17.0 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 6.30 Wikg
SARA for nominal Head TSL parameters normalized 1o 1W 24.9 Wikg = 16.5 % (k=2)
Certificate No: D2500V2-1050_Jul20 Page3ate
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Appendix (Additional assessments outside the scope of SCS 01 08)

Antenna Parameters with Head TSL

l Impedance. translcrmed to fead point 4880Q-64)Q
Heturn Loss -23.6dB

General Antenna Parameters and Design

l Electrical Delay (one directicn) 1.150ns |

After long term use with 100W radiated power, only a slight warming of the dipole near the feedooin: can be measured
g ) < g

The dipole is made of standard samirigic coaxial cable. The center candudior of the feading line 15 direclly connectad to the
second amm of the dinole, The antenna iz therefore short-circuited for DC-signals. On scme of the dipoles, small end caps
are added to the dipole ams in erder to improve matching when loaded according fo the position az explamead in the
*Measurement Conditions® paragraph. The SAR data are not affected by this change, The overall dipole length is still
according 1o lwu otanda d.

& & must be applied ta the dipole arms, because they might band or the soldered connections near the
feedpoint mq, bn dunmger'

Additional EUT Data

Manuiactured by SPEAG ‘]
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DASYS5 Validation Report for Head TSL

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

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

Medium peramelers used: £= 2600 MHz; 6 =2.01 S/m: & = 37.9; p = 1000 ke/m
Phantom sectiom: Flat Section

Measurement Standard: DASYS (IEEEIECYANSI C63.19-2011)

3

DASYS2 Configuration:
= Probe: EX3DV4 - SN7349; ConvF(7.54, 7.54, 7.54) @ 2600 MHz; Calibrated: 29.06.2020
= Scnsor-Surtace: | 4mm (Mechanical Surfuce Detection)
« Elcctronics: DAE4 Sn601; Calibrated: 27.12.2019
¢ Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
e 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=5Smm

Reference Value = 120.5 Vim; Power Drift = -(1.06 dB

Peak SAR (extrapolated) = 29.4 Wike

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

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

Ratio of SAR at M2 to SAR at M1 =48.7%

Maximum value of SAR (measured) = 24.3 Wik

-4.80
-9.60
-14.40

-18.20

-24.00

0dB =243 Wikg = 13.86 dBW/kg

Certficate No: D2E00V2-1050_Jul20 Page S of 6
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Impedance Measurement Plot for Head TSL
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Appendix A.10 Dipole Calibration certificate (D5GHzV2 1134

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zaughaussirasse 43, 3004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'dalonnage
Servizio svizzero di tarstura
Swies Calibration Service

mwoOwm

Accreditation No.: SCS 0108

Accrediled by the Swiss Accradilabon Service [SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multliateral Agreement for the recognition of caiibration certificates

KCTL (Dymstec)
CALIBRATION CERTIFICATE |

DSGHzV2 - SN:1134

Client

Carttticata No: D5GH2V2-1134_Jan22

Qajact

Calibealon procedare(s)

Calibration Procedure for SAR Validation Sources between 3-10 GHz

Celibrator dsta:

January 27, 2022

This calioration certificate cocuments lha raceabilty lo natonal stancards, which makze the physcal units of measuremants (513
Ihe measuramants end e uncatanliee wilh corfidercs prabability sre gven on e followng pages and are part of 1he cerificate
Al calbratiars nawa basn conducisd In the chosed Bboratory faclity: anvironmen! lemperature (22 £ 37°C and huemicity < 70%.

Calibrzsar Equpmert used [MATE antizal for calbration]

Primary Stancards 0 Cal Date {Certificata No.) Scheduled Calbratian
Pawar matar NRP SN 104773 J8-Apr-21 (No. 217-03231105282) Aar22
Pavesr sensar NRP-Z91 SN; 103242 J8-Apr-21 {No. 21703231} Aor-22
Power sensor NRP-Z91 SN: 105245 dApr-21 {No. 2 K Aor-22
Refarancs 20 9B Alteruator SN: BHI304 (20k) d8hpr21 (No. 2 Apr-22
Typa-N mismaich comdingson SN 310382 ) 08327 08-Apr-21 (Mo 03: Apr-22
Referarce Probs EX20V4 SN: 3503 31-Dec-21 (Mo, EX3-35053_Dec21) Dec-22
DAES SN: 601 Q4-Nov-27 (No. DAZ4-801_Nowv21) Now.22

Sacondary Standsrcs

1D ¥

Powsar meler E44186

Fowar sensor B2 8A81A

Powar sensor BP S481A

RF generator R&ES SMT-06
Netaork Analyzes Acilent F3353A

| Calibratad by:

Approved by:

This calibration cortéicaie shall rot ba reproducad excapt 1 ful without writlen aporoval of the laboratoey.

SN: GB212475
SN: US37292vr43
SN: MY41083318
SN. 100372

SN US41030477

Name i
Aldonia Gaorgladon

Sven K

Cadificate No: DSOHzV2-1134_Jan22

Chack Dsta (n house)

Scheduled Check

30-0ct=14 [in house check Od-20)
AT-0ct35 (in houss check Oct-20)
17-Qct 15 (in house chack Oct-20)
15-Jun-18 {in hause check O
31-Mar-14 {1 house chedk Ot

Finchon

Laboratary Techmicin

Deputy Manager

In hause chodk: Oct-22
In house chedk: Ocl-22
In houga cheadk. Oct-22
In houga chex. Ocl-22
In housa chedc Oct-22

Signeture

—

S

lssued: Fabrusry 2, 2022
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Calibration Laboratory of 3\"1@?@ S Schweizerischer Kallbrierdienst
Schmid & Partner e Service suisse détalonnage

Engineering AG T VX Servizio svizzero di tarstura
Zeughausstrases 43, 8004 Zurich, Switzerland % !J/Ifl“\'\y‘\? Swiss Calibeation Service
Azcragitad oy the Swiss Aocraditation Senvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signafories to the EA
Multilsteral Agreement for the recognition of calibration certi
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.

» Anlenna Parameters with TSL: The source is mounted in a touch configuration below the
center marking of the flat phantom.

s 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 af the stated antenna input power.

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

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

The reportéd uncertainty of measurement is stated as the standard uncertainty of heasurement
multiplied by the coverage factor k=2, which for a nomnal distribution comresponds to a coverage
probahility of approximately 95%.

Certificate No: DEGHzV2-1134_Jan22 Page 2 of B
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Measurement Conditions

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

DASY Version DASYS2 V52104

Extrapolation Advanced Exfrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL ‘ 10 mm with Spacer

Zoom Scan Resolution dx, dy=4.0mm, dz ~ 1.4 mm Graded Ratic = 1.4 (Z direction)
5250 MHz = 1 MHz

Frequency 5500 MHz + 1 MHz
5800 MHz = 1 MHz

Head TSL parameters at 5250 MHz

The folfowing parameters and calculations were applied.

Temperature Permittivity ' Conductivity
Nominal Head TSL parameters ‘ 220°C 359 4.71 mhoim
Measured Head TSL parameters (220+02)"C 34526 % 452 mha/m +6 3%
Head TSL temperature change during test <05°C —— —
SAR result with Head TSL at 5250 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 nermalizad to 1W 81.4 W/kg = 19.9 % (k=2)
SAR averaged over 10 ecm? (10 g} of Head TSL condition
SAH measured 100 mW input power 2.35 Wikg
SAH lor nominal Head TSL parameters normalized to 1W 23.2 Wikg = 19.5 % (k=2)
Head TSL parameters at 5600 MHz
'I_"he following parameters and calculations wers applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 355 5.07 mha/m
Measured Head TSL parameters (220=02)°C | 344+6% 4.87 mhoim =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 measuraed 100 mW input power 8.52 Wikg
| SAR for nominal Head TSL paramaters normalized 1o 1W 84.5 Wikg = 19.9 % (k=2)
SAR averaged over 10 ¢m® (10 g) of Head TSL cordition
SAR measured 100 mW input power 241 Wkg
SAH for nominal Head TSL parameters nermalized to TW 23.9 Wikg = 19.5 % (k=2)
Ceriticate No: DSGHzV2-1134_Jan22 Page 3 of 8
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Head TSL parameters at 5800 MHz
The following parameters and calculalions were applied. =
) Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.3 5.27 mho'm
Measured Head TSL paramelers | (22.0=+ 0.2)°C 3M1:6% 5.07 mha/m + B 3%
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 pawer 8.34 Wikg
SAR for nominal Head TSL parameters normalized 10 AW 82.6 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 100 mW input power 2.34 Wikg
SAR for nominal Head TSL parameters nermalized to 1W 23.1 W/kg = 19.5 % (k=2)
Cartificate No: DSGHZV2-71134_Jan22 Page 4 oi8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5250 MHz
Impedance, fransformed o feed point 4380-881Q
Return Less -21.1¢B
Antenna Parameters with Head TSL at 5600 MHz
Impedance, transformed to feed poinl 5410-26iQ
Relurn Loss -2650B
Antenna Parameters with Head TSL at 5800 MHz
Impedance, transformed to feed point 5430-52i0
Relurn Loss -238c¢B
General Antenna Parameters and Design
Electrical Delay {one direction) 1_.204 ns ;
After long term use wilh 100W radiated power. only a sight warming of the dipole near the feedpoint can be measured.
The dipole is made of standard semirigld coaxial cable. The center conductor of the feeding line is direcly connacted to the
seconc arm of the dipele. The antenna Is therefore shorl-circuited for DC-signals. On some of the dipoles, small end caps
are added fo the dipele arms in order to improve malching when loaded according to the posilion as explained in the
“Measurement Conditions® paragraoh. The SAR data are not affected by this change. The overall dipole length is still
according to tha Standard
No excassive force must be applied o the dipole arms, because they might bend or the soldared connectlons near the
feadpaint may be damaged,
Additional EUT Data
Manufactured by SPEAG
Cerlificate No: DSGHzV2-1134_Jan22 Page & of 8
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DASYS5 Validation Report for Head TSL
Dale; 27.01.2022
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGH2V2; Type: D3GHzV2; Serial: DSGHzV?2 - SN:1134

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 Mz, Frequency: 3800 MHz
Medium paramelens used: = 5250 MHz; 6 = 4.52 S/m; &r = 34.9; p = 1000 kg/m3 ,

Medium parameters used: = 5600 MHz; ¢ = 4.87 S/m; sr = 34.4; p = 1000 kg/m3 ,

Medium parameters used: = 5800 MHz: o = 5.07 S/m; er = 34.1: p = 1000 kg/m3

Phantom scction: Flat Section

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

DASYS52 Configuration:

s Probe: EX3DV4 - SN3503; Convli(5.5, 5.5. 5.3) @ 5250 MHz. ConvF(5. I.5.1,5.1) @ 5600 MHz,
ConvF(5.01, 5.01, 5.01) @ 5800 MHz: Calibrated: 31.12.2021

» Scnsor-Surface: 1.4mm {Mechanicul Surface Detection)
o Tlectronics: DAE4 Sn601; Calibrated: 01.11.2021
= Phantom: Flat Phantom 5.0 (front); Type: QD 0K} P50 AA; Scrial: 1001

+ DASYS2 52,10.4{1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 78.11 Vim: Power Drift = 0,05 dB

Peak SAR (extrapolated) = 27.9 Wikg

SAR(1 g) = 8.20 W/kg; SAR(10 g) = 2.35 W/kg

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

Ratio of SAR at M2 to SAR at M| = 70.3%

Maximum value of SAR (measured) = 19.2 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 = 78.44 Vim: Power Drift = 0,04 dB

Peak SAR (extrapolated) = 31.5 Wikg

SAR(1 g) = 8.52 W/kg; SAR(10 g) = 2.41 W/kg

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

Ratio of SAR at M2 to SAR at M| = 67,3%

Maximum value of SAR (messured) = 20.8 Wikyg
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm. dy=4mm, ds=1.4mm

Reference Value = 76.19 Vim; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 33,0 Wikg

SAR(1 g) = 8.34 W/kg; SAR(10 g) = 2.34 Wikyg

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

Ratio of SAR at M2 to SAR at M| = 65.5%

Maximum value of SAR (measurcd) = 20.9 Wikg

-7.00
-14.00
-21.00

-28.00

-35.00

0dB =20.9 W/kg = 13.20 dBW/kg
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Appendix A.11 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.

750 MNHz
Dipole Date of Return Loss o Impedance
Antenna e Y Measurement (dB) 2Xs (Q) AQ
D750V2 2020.09.15 -28.50 53.40
Head 8.24 0.51
SN 1006 ea 2021.09.14 -26.15 52.89

ItakE A Mitnas s B Cdr e ® an " aza
ol [ . ¥

Edfiat | Peacy | Sac| 2021-03-230 1833

ead Impedance>
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850 MH:
. Date of Return Loss o Impedance
Dipole Antenna| Head/Body Measurement (dB) A% Q) AQ
2020.04.21 -30.40 51.70
D850v2 Head 4.38 0.15
SN 1006 2021.04.20 -31.73 51.85

I Swuls & Vajdnawme 5 s Taba o ke & MirArase = Jecc Shalw

1750 Mz
Return Loss
Dipole Antenna| Head/Body Me:salre(r):ent (dB) A% Impt(eg?nce AQ
D1750V2 2020.04.20 -39.40 50.80
Head -4.34 1.36
SN 1072 2021.04.21 -41.11 49.45
1Adrw hiTree 2 Pmpc-m 3 Topshn d Hiodnehws 5 0mit Sale | Bctmn CoiTenme  FREmpreE 1 Rnake S Maiaespdk gy Do

eI Sop 125 a4 [0

Wazp Sl A2 L3

oss> < Figure 2. Measurement result of Head Impedance>

This test report shall not be reproduced, except in full, without the written approval
KCTL-TIA002-004/5 KP22-01442


http://www.kctl.co.kr/

KCTL Inc.
65, Sinwon-ro, Yeongtong-gu, Report No.: ‘:l. cu roﬁ ns
Suwon-si, Gyeonggi-do, 16677, Korea KR22-SPF0015-B
TEL: 82-31-285-0894 FAX: 82-505-299-8311 Page (302) of (337)
www.ketl.co.kr
1900 Mz
. 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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- R R L
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Tzl B
P ExAe B

< Figure 2. Measurement result f Head Impedance> .

2 450 MHz
. Date of Return Loss o Impedance
Dipole Antenna| Head/Body Measurement (dB) A% Q) AQ
2020.07.21 -24.2 55.50
2450V2 Head 248 0.21
SN 895 2021.07.20 -24.8 55.71

1 Bgkrén CmiTonm 2 Emmporsa 1 SHrwkm o Hhodnabam S et Shatw i Ao ThiTesce  ERssoonme 35ovdus +NMgfi-spdk 0o Fabe
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< Figure 1. Measurement result of HeadReturn Loss < Figure 2. Measurement result of Hed pedance
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2 600 MHz
Dipole Antenna| Head/Body Megsal:?e(:ent Retu(r:B)L oss A% Impc(egz)ance AQ
[éilsﬁ)ggg Head 2020.07.21 -23.60 3.08 48.80 155
2021.07.20 -22.87 47.25
1 Actrva ChiTracs 2 Rasporms 3 Ziuke 4 Mirdrassh = s Satw Athon ChTreos 2Aeqongs 3 SHnuke +Majtrahss Futs o

< Figure 1. Measurement result of Head Return Loss> < Figure 2. Measurement result of Head Impedance>
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