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Appendix D Probe, DAE and Dipole Calibration Certificates
Appendix D.3 Calibration certificate for Dipole_ SN1116

Loy & o ot
= Sulnse
Engineering AG — c Servizio svizzera di laratisa
Zaughnuestrasse 43, BI04 Zurich, Switrarland %’ﬁ S Swiss Calibration Service
Accreditod by Bie Swiss Accrediation Sondce (SAS) Aceraditation No.: SCS 0108

The Swiss Accreditation Service is one of the signataries fo the EA
Bultilstaral Agresment for the mcognition of calibration cartificaies

Cortificate Mo D1750M2-1116_Jul23

E_"-_ g l |
’.} |
‘SAR Validation Sources between 0.7-3 GHz T
! : oy
|
l“ﬂlmﬂm carificato documents the ireceabdity bo nationsl standartds, which realize tha physical unils of messuramands (1) |
Tha messuremants and the Uncerninges wit confidence probablity are piven on Bhe lolioveng pages and ane par of the cerificats
All calibrafions have besn conductad in the dosed abomsony faciity: emamnment tempanature (22 = 31°C and humidity < T0%
Caltrabion Equipment used (MATE cribcal for calibraton)
P_|_1Lur_rl SE-HIME_- . __Inj____ Cal Dratm (Canificama Mo, | ) Schaduiad Casteaton |
Powor mater NRP2 SN 104778 30-Mar-23 (Mo, 2V7-0380403805) Wiar-2d |
Power gensgr NRP-Z81 SM: 103244 A0-MEr-23 (Mo, 217-03604) W24
Power sansor NRP-ZE1 BM: 103245 30-Mar-23 (No. 217-03625) Mar-24
Raference 20 48 Aderwaior SN BHO304 (20) 30-Mar-23 (Mo, 217-03809) Mar-24
Type-N mismalkch combination SN 110642 | DEX2T 30-Mar-23 (Mo, 217-03810) Mar24
Aelerence Prbe EX30V4 SN THD 10-Jan-23 {Mo. EX3-T349_JanZd) Jan-24
DAES | SM: 601 19-Dec-Z2 [No. DAES-801_DecZ2) Dhac-23
|5m-uarr5r-mmﬂ- | _ CheckDatelinhouse)  ScheculedChesk
Powar mator E44138 | Bi: GBIBSI24TE 30-0i-14 {im nouse check Oct-22) In mousa check: Dct-24
Porwer sensor HP 4014 SN US3T290TES Q7015 {in house chack Oc-22) I house chec: Dot-24
Pirwver sarsor HP BEIAA EN: MY41083318 O7-0ci- 15 {In house chack Ocf-22) n housa check: Oci-24
RF genecator RAS SMT-08 SM: 100872 15-Jun-15 (in house chadck Ocl-22) In house chedk: Oo-24 |
Mabwoel Anafyrer Agiland EERSEA | SN US4 1060477 Ft-hlar-14 [ Pousa chack Do-27) In house chsck: Da-24

Functian £ 1iFy ]

Agproved by: Sven Kitn Tauhnicas Manager e C;_ ‘

msund: Jusy 18, 2023
This calibration carificate shall nod be reproducen axcapl in full withoul witten approval of the Wbomtory. |
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Calibration Laboratory of

S Schwaizerischer Kalibrierdianst

Schmid & Partner Service suisae d #alonnage
Engineering AG c Servizio svixzero di taratiern
Zeughausstrasss 43, 8004 Zurich, Switzsrland S gwiss Calibration Sarvics

Accradited by tha Swiss Aconediiation Servios (SAS) Accreditation Mo.: SCS 0108
The Swiss Accreditatlon Service is one of tha signatories 1o the EA
Multitataral Agreemant for the recegnition of calibration contificaies

Glossary:

TSL tissue simulating liquid

ConvF sensitivity In TSL / NORM x.y.2
MIA not applicable or not measurad

Calibration is Performed According to the Following Standards:

a) |EC/IEEE 82209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radic 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 Paramaters:

+« Measurement Condifions: 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,

« Refum Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Retumn 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
conneclor.

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

The reporied uncertainty of measurement is stated as the standard uncertainty of measurement '|
miultiplied by the coverage factor k=2, which for a normal distribution cormesponds to a coverage
probability of approximately 85%.
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Measurement Conditions
DASY systemn configuration, as far as not on page 1
DASY Version DASYE2 VE2.10.4
Extrapolation Advanced Extrapolation
Phantom Maodular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution du, dy, dz =5 mm
Fraquancy 1750 MHz £ 1 MHz
Head TSL parameaters
The fofiowing parameders and calculalions were applied
Temperatura Parmittivity Conductivity
Nominal Head TSL paramaters 20°C 401 1.37 mibha'm
Measured Hoad TSL parameters (22.0+0.2)"C A00+6% 1.34 mhoim £ 6 %
Haad TSL temperature change during test <0.5"C — [
SAR result with Head TSL
Mmmldmarinn‘ﬂ-g]al‘mum Condibon
SAR measured 250 mW Ingut power B.77T Wikg
5AR for nominal Haad TSL parameters normalized fo 1W 35.5 Wikg £ 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Head TSL candition
SAR measured 250 mW input power 4.85 Wikg
SAR for nominal Head T3L paramaiars normalized 1o 1W 18,8 Wikg £ 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedanca, transfomed 1o feed point 5140-18[10
Retum Loss -33.1d8B

General Antenna Parameters and Design

Elecirical Delay (ene direction) | 1215ns

Aftar long lamm usa with 100W radiated power, ondy a slight warming of the dipola near the feedpoint can be measured.

Tha dipole ks made of standand semirigid coaxial cable. The center conductor of the feeding line is directly connected 1o the
second arm of the dipole. The antenna s therefore shon-circuited for DC-signalz. On some of the dipokes, small end caps
are added fo the dipole arms In order Io improve matching when loaded according io the position as explained in the
"Measwemeni Conditions™ paragraph. The SAR data are not affected by this change. The overll dipobe length s still
according 1o he Slandard,

Mo exceasive force must be applied to the dipals arms. because they might bend or the soldered conneclions near (he
feadpoint may be damaged.

Additional EUT Data

| Manufactured by | SPEAG
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DASYS Validation Report for Head TSL

Date: 12.07.2023
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1116
Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: f= 1750 MHz; o = 1.34 S/m; g = 40; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2011)
DASY 52 Configuration:

Probe: EX3DV4 - SNT7349; ConvF(8.67, 8.67, 8.67) @ 1750 MHz; Calibrated: 10.01.2023
s Sensor-Surface: 1.4mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn601; Calibrated: 19.12.2022

« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
« DASY5252.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Secan (7Tx7x7/Cube 0:
Measurement grid: dx=5mm, dy=5mm, de=5mm

Reference Value = 106.1 ¥/m; Power Drift = -0,04 dB

Peak SAR (extrapolated) = 16.0 Wikg

SAR(1 g) = 8.77 Wika: SAR(1D g) = 4.65 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 55.2%

Muximum value of SAR (measured) = 13.4 Wikg

-3.60
-7.20
-10.80
-14.40

=18.00

0dB=134 Whkg=11.27TdBWkg
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Impedance Measurement Plot for Head TSL
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Appendix D.4 Calibration certificate for Dipole SN5d033

Calibration Laboratory of P

i £ u’g G  Schwelzerischer Kalibrierdionst
Schmid & Partner % G Servies sulsss détslonnage
Engineering AG e Servizia svizzero di taratura
Zeughaussirasss &3, B004 Zurich, Switzariand i”"ﬁ‘f S Suwiss Catibration Servics
Accredited by the Swiss Accreditation Service [SAS) Accraditation Mo SCS 0108
Thie Swiss Accreditation Service is one of the signatories o the EA
Multilsteral Agreamant lof tha recognition of calibration certificaien
Cliient 5G5S Cortificate No. D1900V2-5d033_Jun24
Gyeonggl-da, Republic of Korea
|CALIBRATION CERTIFICATE |
‘ Dibjec: D1900V2 - SN:5d033 AEdys
| Cattoration procecunsis) QA CAL-05.v12 /éz I

] Calibration Procedure for SAR Validation Sources between 0.7-3 GHA—-—

Callbension dute: Juna 13, 2024

Thite calforation cedificala documents Tha traceabiity to national standands, which realng (ha prrysical units of maasunemaents [S1)
Tha measurarmants and tha uncestaintios with confidence probabiily are ghwon on tha following papes and ane part of The certificata,
Al calibrations have been conduciad in 1ha closed nbomiony faciity: amvironmant lemperahes (22 = 37°C and humidsy < T

Caibration Eguipmant used (WATE critical far calration]

Primary Siardasds iDe Cal Data [Carificate No.) Scheduled Calibraticn
Power mater NAP2 SN 104778 26-Mar-24 (Mo, 217-0403504037) Mar-25 ]
Power gansce NAP-Z91 SN 103244 26-Mar-24 (Mo, 217-04038) Mar-25 |
Powar gansor NAP-Z91 SN 103245 26-Mar-24 (Mo, 217-04037) Mar-25
Raference 20 dB Atlsnuator SH: BHIE (20K} 26-Mar-24 (Mo, 217-04045) Mar-25
Type-M mismatch combination SN 310982/ 06A2T  25-Mar-24 (No. 217-04047) Mar2s
| Refersnce Probe EXIDVA She Tag 03-Now-23 (Mo, EX3-7349_Nowa3) Nav-24
DAE4 SK: BO1 22-May-24 (Mo, DAE4-S01_May24) Mary-28
Secondary Slandards ID# Check Dals (in housa) Scheduled Check
Pawaer maler E44108 BN: GEABS12475 B0-0et-14 (In howse chack Oct-22] Im heune check: Dol-24
Power sensor HP BABIA BM: LUSaT252TES O7-0cd-15 ([in howsa chick Oct-22) A henis@ check Do1-24
Power sensar HP BABA SN MY410233158 O7-0c4-18 [in housa chack Ool-22) In housa chocle Ool-24
AF gonremicr RAS SMT-06 Sn: 100972 15-Jur-15 (in house sheck Oct-22) In housa check: Dot-24
Medwark Anafyzer Agilont EB3S3A | BN: US4108MTT H-Mmi-14 (n house check Oo-22) In house checce Dol-24

Nama Fumgtin Signatige
Catbraied by: Kredimir Franjit Labaratary Technisian . K

— Co— A

lssuad June 13, 20384 |
This calbention carficale shall nod be reproduced axcepl in full without writhen appeoval of the laboratany. |
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Calibration Laboratory of A, Schwsizeriacher Kalibri
Schmid & Partner % Service sulsse détalannage
Engineering AG i Sorvizlo svizzeno o taratura
Zoughausstrosse 43, 1004 Zurich, Switzeriand %ﬂﬁ‘\lj’ Swiss Callbration Service
Accradiiad by fhe Swiss Acoredilation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accredtstlon Service is one of the signatories o the EA
Multilateral Agreemant for the recognition of calbration cartificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y.z
MNIA not applicable or not measured

Calibration is Performed According to the Following Standards:

&) |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-Wom Wireless Communication Devicas - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020,

b} KDB 885664, “SAR Measurement Requirements for 100 MHz 1o 8 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 cerificate. All figures stated in the cerificate 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.

» Foed Point Impedance and Retumn Loss: These parameters are measured with the dipole
positioned under the liguid filled phantom. The impedance stated is transformed from the
measureament at the SMA connector to tha feed point. The Return Loss ensures low
reflected power. Mo uncertainty required.

+ Electrical Delay: One-way delay between the SMA connector and the antenna feed poinl.
Mo uncertainty required.

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

= SAA normalized: SAR as measured, normalized o 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 ried uncertainty of measurement is stated as the standard uncerlainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 85%.
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Measurement Conditions
DASY system configuration, as far as nof ghwen on page 1.
DASY Version DASYS2 VE2.10.4
Extrapolation Advanced Extrapoiation
Phantom Modular Flet Phantom
Distance Dipole Canter - TSL 10 mm with Spacer
Zoom Scan Resoclution dx, dy, dz = 5 mm
Frequency 1900 MHz = 1 MHz
Head TSL parameters
Tha following parametérs and calculations ware applied.
Temperature Permittivity Conductivity
Hominal Head TSL parameters 20"C 40.0 1.40 mha'm
Measured Head TSL parameters (220 £0.2}°C 41.2+£6% 1.40 mha/m = 6 %
Head TSL temperature change during test <05"C e nama
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 250 mW input power 10.1 Wikg
SAR lor nominal Head TSL paramsalars normalized o 1W A0.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 em? (10 g) of Head TSL | candition |
SAR maasurad 250 mW Input powar 5.28 Wikg
SAR for nominal Head TSL paramaters nemalized 10 1W 213 Whkg = 16,5 % (k=2)
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Report File No :

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

| impadance, transformed to fead point B140+8050
I Retum Loss -244dB

General Antenna Parameters and Design

| Electrical Delay (one dirscton) ] 1.208 ns

After fang term use with 100W radiated powes, only a slight warming of the dipase near the feedpaint can be measured,

Tha dipole is made of standard semirigid coaxial cable. The center conducior of the feading fine is directly connecied to the
sacond arm of the dipole, The antenna |s tharedore short-circurted for DC-signals. On soma of tha dipoles, small end caps
ame added to the dipode arms in ordar to improve matching when inaded accornding 1o the position as explained in the
‘Measurement Conditions” paragraph. The SAR data ame not affectad by this change. Tha overall dipole length is still
according to the Standard

No exceasive lorca must ba applied 1o the dipole arms, because they might bend or the soldered connections near the
feadpoint may ba damagead.,

Additional EUT Data

Marufaciured by SPEAG l
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Report File No :

DASYS Validation Report for Head TSL

Date: 13.06.2024
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d033

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

Medium parameters used: = 1900 MHz; o = 1.4 8/m; & =41.2; p= 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY'S (IEEE/IEC/ANSI C63.19-2011)

DASY32 Conliguration:
+ Probe: EX3DV4 - SN7349; ConvF(8.43, 8.43, 8.43) @ 1900 MHz; Calibrated: 03.11,2023
s Sensor-Surface: 1.4mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 22.05.2024
o Phantom: Flat Phantom 5.0 (front); Type: QDO00P50AA; Serial: 1001
« DASY52 52.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7}/Cube 0:
Measurement grid: de=3mm, dy=5mm, dz=5mm

Reference Value = 111.0 Vim; Power Drift = 0,09 dB

Peak SAR (extrapolated) = 18.7 Wikg

SAR(1 g) = 10.1 Wikg; SAR(10 g) = 5.29 Wikg

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

Ratio of SAR at M2 to SAR at M1 =55%

Maximum value of SAR (measured) = 15.5 Wikg

-3.00
-6.00
-3.00

-12.00

-15.00

0dB =155 Wikg = 11.90 dBW/kg
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Impedance Measurement Plot for Head TSL
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Appendix D.5 Calibration certificate for Dipole SN490
Galihfatiun Laboratory of e-‘”i..‘:‘*-_l—?i:? § Schweaerischer Knlibeierdisnst
Schmid & Partner 3 c Sarvice suisse dbtalonnage
Engineering AG Bt Sarvizio svizzers di taratura
Zoughausstrasse 43, 8004 Zurich, Switzeriand ﬁ“‘ S swiss Callbration Servics
Accrodited by the Swiss Accreditaton Service (SAS) Accreditation No.: SCS D108
The Swiss Accreditation Service Is ane of the signatories to the EA
Muitilateral Agreamani for the recognition of calibration conificates
Client  SGS Cartificate No. IG35V2-480_Jun24
I
i Ofyest DB35V2 - SN:480 Agiys |
| Calibration procadureis) QA CAL-05.v12 han _
Callbration &wk-m-m-mmmnmaz- I
d S SERIR ] el i oF) lll].‘ff'”
imum Juna 07, 2024 ‘
This calibra®on oeEicate documents the mul.ry o natonal standands, winth raaice e pfysical urits of medasuraments [SI'I. ‘
|T|'-ﬂ AASLNETSNE S he UNSEMAINTES wif Mﬂmmﬂlu are given on e hﬂw mummmnl [hiy coartificaie.
A3 catbrations have bean congucied in the dosed Iaboratory taciisy: améronmant lemperatune (22 £ 3)1°C and humidity < TO%. !
Calibmiion Equipment usod (MATE critical for calibradion) |
| Primary Srardards |iD# ol Dt | Coriificats Ma.) Scheduled Caliration |
| Power muter P2 SN 104TTE 2E-Mar-24 (Mo, 21T-0L0380403T) Mar25 |
Power sansor NREP-2H EM: 103244 26-Mar-24 (No. 21 7-04038) Mar-25
Power sansor NRP-291 SN: 103245 26-Mar24 (No. 217-04037) Marzs |
Refemmnce 20 dB Aftenuaior Sh: BB (20u) 28-Mar-24 (Mo, 217-04048) Mar28
Type-M mismateh combination SN F100E2 /08327 28-Mar-24 (No. 21T-0404T) 25
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Calibration Laboratory of S, Seliweizarischar Kalibrardlans,
Schmid & Pariner e g Service suisss détalonnoge
Engineering AG % Servizio svizzers di tarsturs
Zeughaussirasse 43, 8004 Turich, Switzeriand ”-ﬁh"g S Swins Calibration Service
Accredited by the Swiss Accroditation Sarvica (SAS) Accreditstion No.: SCS5 0108

Tha Swiss Accreditation Servica is one of the signatories to tha EA
Multiiateral Agreament for the recognition of calibration cortlficates

Glossary:

TSL tissue simulating liquid

ConvF sansitivity in TSL / NORM x,yv.z2
MNIA, not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |IEC/IEEE 62208-1528, “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 885664, "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 cerificate. All figures stated in the certificate are valid at the frequency indicated.

= Anlenna 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 orented
parallel to the body axis.

+ Feed Point Impedance and Refurn Loss: Thesa parameters are maasured with the dipole
positionad under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA conneclor to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

» Elactrical Delay: One-way delay between the SMA connector and the antenna feed point.
Nao 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
connectar,

= 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 85%.
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Measurement Conditions
DASY system configuration, as far as nol given on page 1.
DASY Version DASYS52 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Canter - TSL 18 mm with Spacaer
Zoom Scan Resolution dx, dy, dz =5 mm
Fraguency B35 MHz £ 1 MHz
Head TSL parameters
The follpwing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parametars 20°C 41.5 10.890 mha/m
Maasured Hoad TSL paramaters | (22.0 £ 0.2) "C 422+8 % 0.53 mhaim £ 6 %
Head T5L temperature change during test <05"°C - P
SAR result with Head TSL
SAR averaged over 1 em® (1 g} of Hoad TSL Condition
SAR measured 250 mW input power | 246 Wikg
SAR for nominal Head TSL parameters normalized to 1W 9,64 Wikg £ 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Head TSL 1 conditon |
SAR measired | 250 mW input power 1,80 Wikg |
SAR for nominal Head TSL parameatars nomalized lo 1W 6.28 Wikg £ 16.5 % (k=2) 1
Cartificata Mo: D83SV2-400_Jun2d Page 3 of 6
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Report File No :

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

Impedance, transformed to fead point 48.70-520
Raturn Loss -253d8

General Antenna Parameters and Design

| Elecirical Delay {one direction) l 1.383 ns ]

Aftar long term wsa with 100W radisted powar, only a slight warming of the dipofa naar the fesdpoint can ba measured.

The dipcie is made of standand samirigid coaxial cable. The center conductar of the feeding fine s directly conneciad o the
sacond am of the dipole. The anienna is thenelone shorl-circuiled for DC-signals. On some of the dipoles, small end caps
ere added o the dipole arms in onder 1o improve malching when loaded accorging 1o the posibion 88 explained in e
"Measurement Condiions” paragraph. The SAR datn are not alfected by this change. The overall dipole length s still
according to the Standard.

No excassive foroe must be applied to the dipole arms, bacause thay might band or the soldered connections near tha
feadpoint may be damaged

Additional EUT Data

Manufactured by SPEAG
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Report File No :

DASYS Validation Report for Head TSL
Date: 07.06.2024
Test Laboratory: SPEAG, Zurich, Switzerdand
DUT: Dipole 835 MHz; Type: DE35V2; Serial: DEISVI - SN:490
Communication System: UID 0 - CW; Frequency: 835 MHz
Medium parameters used: £= 835 MHz: o= 0.93 S/m; g = 42.2; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEETEC/ANSI C63.19-2011)
DASYS2 Configuration:
« Probe: EX3DV4 - SNT7349; ConvF(9.69, 9.59, 9.69) (& 835 MHz Calibrated: 03.11.2023
+ Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 22.05.2024
» Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
« DASY52 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=>5mm, dz=5mm

Reference Value = 63.88 Vim; Power Dnft = -0.01 dB

Peak SAR (extrapolated) = 3,75 Wikg

SAR(1 g£) = 2.46 W/kg: SAR(10 g) = 1.60 Wikg

Smallest distance from peaks to all points 3 dB below = 16.1 mm

Ratio of SAR at M2 to SAR at M1 = 65.4%

Maximum value of SAR (measured) = 3.32 Wikg

dB

-2.20
-4.40
-6.59
-B.79

-10.99

0dB =332 Wkg=3521 dBW/kg
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Impedance Measurement Plot for Head TSL
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Appendix D.6 Calibration certificate for Dipole_SN1036

Calibration Laboratory of §  Schwaizerischer Kaibringianst
Schmid & Partner ¢ Service sulsse détalonnage
Engineering AG Servirio svizzaro di laraburs
Zoughausstrasse £3, 8004 Zurich, Switzariand S gwiss Calitration Sarvica
Accrodiind by e Swiss Accredituson Sarvice (SAS) Acereditation Mo SCS 0108

Tha Bwiss Accroditation Service is one of the signatories to the EA
Muitilsiaral Agresment for the recognition of calibration cenificses

This calbration certificate docaments he tracesbiity ko national standands, which reslize the physical units of measuremants (5]
The maasuremants and the uncertainties with confidence probablity are ghven on the foliowing pages and ang part of the certificate.

Al caligrations have been conducted in the dosed laboratory facility: enviranment temperature (22 = 37°C and humidity < T0%.

Calibration Equipmant usad (MATE critical for calbration]

Primary Standards o # Cal Date (Covtificate No.) Scheduled Callbration
Posver mieter NRP2 3N: 104778 30-Mar-23 (MNo. 217-03804/03805) Mar-24

Power sensor NRP-Z91 SH: 103244 30-Mar-23 (MNa. 217-03804) Mar-24

Power sansor NRP-Z81 SNz 103245 30-Mar-23 (Mo. 217-03805) Mar-24

Reference 20 dB Afleruator SN: BHO3S4 (20k) 30-Mar-23 (Ma. 217-03808) Mar-24

Type-M mismatch combination SN: 310082 / 06327 30-Mar-23 (Mo. 217-03810) Mar-24

Raference Probe EX30VY SN 3503 0O7-Mar-23 (No. EX3-3503_Mar23) Mar-24

DAE4 SN: 00 06-Aug-23 (No. DAEL-800_Aug2d) Aug-24

Secardary Stancards e Chack Dats (in housa) Schaduad Check
Powar maler E44198 SN: GBIBS12475 30-0ct-14 (in houss chack Dal-22) I howise chack: Ool-24
Penar sersor HP B481A 5M: US3IT202TEI O7-Dxci-15 (in howss check Oc-22) In heuse chack: 0ci-24
Perwar sorsor HP B4814 SN MY 41093315 O7-0t-15 (in houss chack Od-22) In house chack: Do-24
RF ganerator RAS BMT-06 SN 100972 A5-Jun-18 {in house chack Oc-22) In house check: Ool-24
Metwork Analyzer Agilend EB358A | SN UB4106804TT J1-Mae-1d (In houss check Oc-22) In hewse check: Ooi-24

Calibepind oy
Approved by:
This callbration cerificate shall not be reps d except in full without weitten approval of the aboratary.
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Report File No : __F690501-RF-SAR000494 Date of Issue : __2024-08-28

SAR7081-04(2020.12.15)(0) A4 (210mm x 297mm)



| SGS Korea Co., Ltd.
| 4, LS-ro 182beon-gil, Gunpo-si Gyeonggi-do, Korea, 15807
Tel. 031-428-5700 / Fax. 031-427-2371

| http://www.sgsgroup.kr Page : 20/ 44

Calibration Laboratory of “\1‘-I;-'L‘

r ; S  Sthwairarischer Kallurlardianst
Schmid & Partner SN Service suisse dfétalonnage
Englineering AG z 2 Servizio svizzere i taratura
Zatighnusstrasss 43, BI04 Zurich, Switzariand @* 5 swiss Callbration Service
skl
Aoredied by the Swiss Accrednaion Service (345) Accreditation No.; SCS 0108

The Swiss Accreditation Service Is one of the signatories 1o the EA
Multiateral Agreamant for the recognition of calibration cartificates

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-Wom 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:

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

s«  Antenna Parameters with TSL: The source is mounted in & toush configuration below the
centar marking of the fiat phantom.

»  Reiurn Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Returm Loss ensures low
reflected power. No uncertainty required.

« SAR measurad: 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 rasult.

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

Certificate No: D3900V2-1036_Sep23 Page 2 of 7
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASY52 V52.10.4
Extrapolation Advenced Extrapolation
Phantom Modular Flat Phanlom V5.0
Distance Dipole Contar - TSL 10 mm with Spacar
Zoom Scan Resclution e, dy = 4.0 mm, dz = 1.4 mm Graded Ratio = 1.4 (2 direction)
3800 MHz = 1 MHz
Frequency 4100 MMz £ 1 MHz
Head TSL parameters at 3900 MHz
The following parameters and calculstions were apphed.
Temperaturs Permittivity Conductivity
Nominal Head TSL parameters ) 2240°C s 3.32 mhaim
Measured Head TSL parnmaeters (220%20.2)"C Ar1268% 32T mholm & %
Head TSL temparature change during test <05°C — e
SAR result with Head TSL at 3900 MHz
SAR averaged over 1 em® (1 g) of Head TSL Condithon
SAR measured 100 mW input power 8.80 Wikg
SAR for nominal Head TSL paramaters | nommalized o 1W 68.0 Wikg + 19,9 % (k=2}
SAR averaged over 10 em? (10 g) of Head TSL condition I
SAR measured 100 mW Input power 233 Wikg
SAR for nominal Head TSL parsmeters normalized to 1W 23.9 Wikg £ 19.5 % (k=2})
Head TSL parameters at 4100 MHz
The following parameters and calculations were applied.
Temperaturs Permittivity Conductivity
Nominal Head TSL parameters 20°C arz 3.53 mho/m
Measured Head TSL parametors {(220=zx02)"C 3E9+6% 345 mho/m £ 8 %
Head TSL temperature change during test =0.5"C - e
SAR result with Head TSL at 4100 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Caondition
SAR measured 100 mW input power B.77 Wikg
SAR for nominal Head TSL parameters nomnalized to 1W 57.8 Wikg £ 18.9 % (k=2)
SAR sveraged over 10 em® (10 g) of Head TSL conditien [
SAR measuned 100 m\W input power i 2.36 Wikg
SAR, for nominal Fead TSL paramaters i nesmakosd to 1W | 23.6 Wikg = 19.5 % (k=2)
Certificate No: D3900V2-1036_Sep23 Page 3 of 7
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 3900 MHz

Il Impedanca, transformed to feed point 4AT401-489 0
| Retum Logs -249d8B

Antenna Parameters with Head TSL at 4100 MHz

Impedance, transformad o Teed point 57F30-11)a

Return Loss [ -23.2dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.104 ns

After long term wsa with 100W radialed powar, anly a slight warmiing of the dipola near tha feédpoint can b measured

The dipola is made of standard semirigld comxdal cable. The cenier conductor of the leading lina is directly connected 1o tha
sacond arm of the dipole. The antanna is tharafora short-cinculied for DC-signals. On soma of the dipoles, small and caps
are addad to the dipole arms in order to improve miatching when loaded according to the pasition as expiainad In tha
"Meszurament Conditions™ paragraph, The SAR dala are not affected by this changs. The overall dipcle length bs still
according to the Standard,

No excessive force must be appiiad to the dipole arms. because they might bend or the soidersd connections naar the
fesdpoint may ba damaged.

Additional EUT Data

Manufaciured by SPEAG
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DASYS Validation Report for Head TSL
Date: 27.09.2023
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 3900 MHz; Type: D3900V2; Serial: D3900V2 - SN: 1036

Communication System; UID 0 - CW; Frequency: 3900 MHz, Frequency: 4100 MHz
Medium parameters used: = 3900 MHz; o = 3.27 5/m; & = 37.1; p = 1000 kg/m®
Medium parzmeters used: f = 4100 MHz; o = 3.45 S/m; & = 36.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

e Probe: EX3DV4 - SN3503; ConvF(7.39, 7.39, 7.39) @ 3900 MHz, ConvF(7.26, 7.26, 7.26) @ 4100
MHz; Calibrated: 07.03.2023

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

+ Electronics: DAE4 Sn900; Calibrated: 09.08.2023

« Phantom: Flat Phantom 5.0 (front); Type: QDO00P50AA; Serial: 1001
» DASY52 52.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=100 mW, d=10mm, f=3900MHz/Zoom Scan,
dist=1.4mm (8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 70.20 V/im; Power Drift = 0.09 dB

Peak SAR (extrapolated) = 19.2 Wikg

SAR(1 g) = 6.8 Wikg; SAR(10 g) = 2.39 W/kg

Smallest distance from peaks to all points 3 dB below = 8 mm

Ratio of SAR a1 M2 1o SAR at M1 =73.9%

Maximum value of SAR (measured) = 13.4 Wikg

Dipole Calibration for Head Tissue/Pin=100 mW, d=10mm, f=4100MHz/Zoom Scan,
dist=1.4mm (8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 68.07 Vim; Power Dnft = 0.09 dB

Peak SAR (extrapolated) = 19.1 W/kg

SAR(1 g) = 6.77 W/kg; SAR(10 g) = 2.36 W/kg

Smallest distance from peaks to all points 3 dB below = 8 mm

Ratio of SAR at M2 to SAR at M1 =74%

Maximum value of SAR (measured) = 13.4 W/kg
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0dB =134 Wkg=1128 dBW/kg
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Impedance Measurement Plot for Head TSL
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Appendix D.7 Calibration certificate for Dipole SN1038
Calibration Laboratory of "%"ﬁ% Schwslzarischer Kalibriardienst
Schmid & Partner % Sarvice suisss détlonnage
Engineering AG s Sarvizio svizers i tarstors
Znughausstrasse 43, 8004 Zurich, Switeriand T’Eﬁ}? Swiss Callbration Service
Accrocited by th Swiss Accroditation Sendce (SAS) Accreditation No.: SCS 0108
Tha Swiss Accreditation Service s one of 1he signatories (o the EA
Muitiatoral Agreemant for the recognition of calibration certificates
Clert SGS cotificate Ne. D2600V2-1038_Jun23
53 ..""‘--_.—:r-r--v?j Ty
- - 1
Calibraticn dater Juna 16, 2023 |
Trits cabloration cartificate dooumants the Imooabilty to national standands, which malfize fe physical units of Mmaasursments (5
Tha measuremonts and the uncertainties with confidence probability are given on the ollowing pages and are parl of the carsficsls.
AR calibrations have been conducssd in ihe dosed laboratory faclity: ernvironmant temperaiung (22 £ 3°C and humidity < 7%
Calibration Equipment usad (MATE ontical for calibration)
Primary Standards [+ ] Cal Date (Cartificats No.) Scheduled Calibraton
Powar mater NRIP2 SH: 104718 30-Mar-2Z3 (Mo, 217-03804103805) Mar-24
Paower sersor NRP-Z5§1 EM; 103244 30-Mar-23 (No. 217-03804) Mar-24
Powar sensor NRP-Z81 SM: 103248 30-Mar-23 (Mo, 217-03805) Wiar-24
Ridsrence 20 8 Anenualor SN: BHO3G (20k) 30-Mar-23 (Mo, 217-03808) Wkar-24
Type-H mismatch combination SM: 310982 § DB3ZT 30-Mar-23 (Ma. 217-03810) Mar-24
Redarance Probs EXI0V4 SN T34 10-Jar-23 (Mo EX3-7348 Janl3) JBn-24
DAE4 SM: 601 18-Dec-22 (Mo, DAES-60N_Deci2) Dac-23
| Seconcary Stancards __liDe Check Date {in houso) Scheduled Check !
| Pewrar matnr E44168 SN GE39512475 30-0ct-14 (in howse check Oct-23) In house chedc Oct24
| Power sansce HP 84814 SN USIT2E2TA O7=-0xct-18 (in house chock Oct22) I Fouse chedk: Oci-24
| Power sanacr HP B481A SH: MYA1083315 O7-0e-15 (In house chack Oci-22) fin Fouse ook De-24
| RF genarator RAS SMT-06 Sh: 100972 15-Jun-15 (in house check Oct-22) in house check: Oct-24
Network Analyzer Agient EBISBA, | BN: US4108047T 31-Mar-14 (in housa chedk Do-22) in houss check: 0ct-24
Hama Function Sigratum
Callbeated by: Pouks P Lnboratory Tecyvcian ‘% t
Fe——— Svan Kilhe mmrﬁ/ é&‘:/ﬁ ‘
Issised: June 18, 7023
l;l'his- li certificate shall not be reproduced except in full without written ap | of the laboratory.
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasss 41, B304 Zurich, Switzerand

5 Schatrerischor Kalibriendians

c Barvice sulsss dMslonnags
Servizio svizzero di taratura

S Suiss Calibration Survice

Accredited by the Swiss Accredilaton Sorvice [SAS) Accreditation Me.: SCS 0108
The Swiss Accrodilation Service ks one of the signatories to the EA
Multilateral Agresmant for the recognition of calibration centificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,v.z
MIA 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-Wom Wireless Communication Davices - Part 1528: Human Maodels, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020,

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

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

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

« Antanna 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 measuremant condition clause). The Retum Loss ensures low
reflected power. No uncertainty required.

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

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

The reported uncertainty of measurement is stated as the standard uncerainty of measurament
multiplied by the coverage factor k=2, which for a normal distribution cormesponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYSZ V52 10.4
Extrapolation Advanced Extrapalation
Phantom Modular Flat Phaniom
Distanco Dipole Conter - TSL 10 mm with Spacar
Zoom Scan Resolution dy, dy, dz =5 mm
Frequency 2600 MHz £ 1 MHz
Head TSL parameters
The following paramelers and calculations wane applied,
Temperatura Parmittivity Conductivity }
Nominal Head TSL paramaters 20°C 38.0 1.96 mhoém
Measured Head TSL parameters (220£0.2)"C BALE6% 1.87 mhoim £ 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 m\W input power 14.0 Wikg
SAR for nominal Head TSL pamamaters nammalized o 1W 55,7 Wikg £ 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Head TSL candition
SAR measured 250 mWV imput pover 5.38 Wikg
SAR for nominal Head TSL paramelers narmalized to YW 253 Wikg £ 16.5 % (k=2)
Cenificate Mo: DOS00V2-1038_Jun23 Page 3 of &
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Report File No :

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

impedance, transformed 1o fead posnt 4730-1100
Return Loss =304 d8

General Antenna Parameters and Design

Electrical Delay (one direction) 1.141 ns

Alar long lerm use with 100W radiated powar. only a shight warming of the dipole near ihe feedpoint can be measured.

The dipole is made of standard semirigid coaial cable, The center conductor of the feeding line is directly connecied to the
sacond arm of the dipole. The entenna s therefore shor-cincuited for DC-signals. On some of the dipoles, emall end caps
ara added to tha dipole arms in ondar lo impreve matching when loaded according to the position as explained i tha
“Measuraman! Conditions” paragraph. The SAR data are not affectsd by this change. The averall dipale length |s still
acconding to the Standard,

No excessiva force must ba appliad to the dipole arms, becausa they might bend or the soldered connections near tha
feedpoint may be damaged

Additional EUT Data

| Manufactured by SPEAG
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DASYS Validation Report for Head TSL
Date: 16.06.2023
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN:1038
Communication System: UID 0 - CW; Frequency: 2600 MHz
Medium parameters used: £= 2600 MHz; o = 1.97 $/m; &= 38.4; p= 1000 kg/m’

Phantom section: Flat Section
Measurement Standard: DASYS (IEEETEC/ANSIT C63.19-2011)

DASY 52 Configuration:
s Probe: EX3DV4 - SNT349; ConvF(7.68, 7.68, 7.68) (@ 2600 MHz;, Calibrated: 10.01.2023
« Sensor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 19.12.2022
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
« DASY5252.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (Tx7x7)/Cube 0;
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 1184 Vim; Power Drft =0.01 dB

Peak SAR (extrapolated) = 26.9 Wikg

SAR(I g) = 14 W/kg; SAR(10 g) =636 Wikg

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

Rato of SAR at M2 to SAR at M1 =522%

Maximum valoe of SAR (measured) = 22.8 Wikg

dB

-3.60
-1.20
-10.80

-14.40

-18.00

0dB =228 W/ke = 13.58 dBW/kg
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Impedance Measurement Plot for Head TSL
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Appendix D.8 Calibration certificate for Dipole SN1058
Calibration Laboratory of A Sehwalzerlscher Knfbrinrdienst

Report File No :

Schmid & Partner

8004 Zurich, Swilzeriand

Enginearing AG
Zeughaussiransse £3,

Accrndied by he Swiss Accredinson Service [SAS)
The Swiss Accreditation Servics is ane of the signaiories o tha EA
Multilateral Agreamant for the recognition of calibeation cortificaine

%Ef:?‘g

Ak

Wit

Barvice nuisse o' étalonnage
Sarvizio avizzers dl taratura
Swiss Callbration Service

Aceroditation No: SCS 0108

Ciient SGS Certificats No.  3500V2-1058_Sep23
Gyeanggl-da, Republic of Korea
[CALIBRATION CERTIFICATE ]
Iﬁbiﬂ D3500V2 - SN:1058
l Calitration procedure(s) QA CAL-22vT
Calibration Procedure for SAR Validation Sources between 3-10 GHz
1 NALW, I
Calibration date: September 28, 2023

Calibration Eguipmant ussd (METE ailical for calibration)

| w

Thiss calwration cenificats docunvants the traceabiity ko national siandards, which realize the physical units of measuremants (51
The measuremants and the uncerainties with conligence probablity arg givan on the following pages and ane part of the cenificals.

Al calisrations hava baen conductad in the closed laboradory faclity: emvironment lempanaturs (22 = 37°C and humidty < 70%.

Primary Siandards Cal Dato (Cartificate Mo.) Scheduled Calibeation
Power meter NRP2 SN: 104778 30-Mar-23 (No. 217-03804/03805) Mar-24
Power sensor NRP-Z91 SN: 103244 30-Mar-23 (No. 217-03804) Mar-24
Power sensor NRP-Z91 SN: 103245 30-Mar-23 (No. 217-03805) Mar-24
Reference 20 dB Attenuator SN: BH9394 (20k) 30-Mar-23 (No. 217-03809) Mar-24
Type-N mismatch combination SN: 310982 / 06327 30-Mar-23 (No. 217-03810) Mar-24
Reference Probe EX3DV4 SN: 3503 07-Mar-23 (No. EX3-3503_Mar23) Mar-24
DAE4 SN: 900 09-Aug-23 (No. DAE4-900_Aug23) Aug-24

| Secondary Standards [=]] Chack Date (in houss) Scheduled Check

[ Powar malar E£4198 SM: GBIS12475 30-0et-14 (in housa chack Del-22) In house check: Dcl-24
Powar sarsor HP B4814 SM: US3T26ETED 07-0ct-15 {in housa chack Oct-22) In house chack: Oo-24
Powar sermor HP B481A Sh: MY41063315 070115 {in house chack Ocl-22) In housa check: Oct-24
AF penarator RAS SMT-06 SN: 100972 15-Jun-15 (in house check Oct-22) In house chack: Dotl-24

Matwark Analyzer Agilert EBIERA

Caibmaied by:

Approved by

SM: US4108047T7

Mama
Paslo Fina,

Bwan Biihn

J1-Mar-14 (in house chock Oct-22)

Function
Labamizry Technician

Toshriza Masngst

In house chack: Oct-24

e
f L —

ssuad Sephember 286, 2023

This calbration cerlificale shall nol ba reproduced emcept in full without written approval of tha laboratory.
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Calibration Laboratory of -“"";I_I_:f"""' weLhl Bolrwalrariacher Kalibamisnst
Schmid & Partner = 7 g Sarvice suisse détalosnags
Engineering AG e . Servizio svizeero di Laratist
Zeughnussirasse 43, 8004 Zurich, Switzerand 2”%‘7‘.“\?‘ %/ S swiss Calibwation Service
Accraciied by the Swiss Accraciiation Sanvice (SAS) Accreditation Ho: SCS 0108

Thie Swiss Accreditation Service |s one of ihe signatories to the EA
Multilateral Agreemant for the recognition of calibration cortificatos

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
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-Wormn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequancy Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
¢) DASY System Handbook

Methods Applied and Interpretation of Parameters:

»  Measurement Conditions: Further detaits are avallable from the Validalion 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 balow the
canter 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.

* SAA measured; SAR measured at the staled antenna input power.

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

« SAR for nominal TSL paramefers: The measured TSL parameters are used to calculate the
naminal 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 85%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS2 V52.10.4
Extrapolation Advenced Extrapoiation
Phantom Modular Fiat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacar
Zoom Scan Resolution dx, dy = 4.0 mm, dz = 1.4 mm Graded Ratio = 1.4 (I direction)
3400 MHz = 1 MHz
i 3500 MHz = 1 MHz
Head TSL parameters at 3400 MHz
The following parameters and calculations were applied.
Temperature Pearmittivity Conductivity
MNominal Head TSL parameters 22.0°C 38.0 2.81 mho/m
Measured Head TSL parameters (22.0 £ 0.2) *C T TxE% 2.87 mho/m £ 6 %
Head TSL temperature change during test <0.5°C e
SAR result with Head TSL at 3300 MHz
SAR averaged aver 1 em® (1 g) of Head TSL Condition
SAR measurad 100 mW input power B.79 Wikg
SAR for nominal Head TSL paramatars nomalized to 1W B7.4 Wikg = 19.9 % (km2)
SAR averaged over 10 em® (10 g) of Head TSL condition
SAR measured 100 mW input power 2,568 Wikg
SAR for nominal Head TSL parametars normalized to 1W 25.6 Wikg = 19.5 % (k=2)
Head TSL parameters at 3500 MHz
The lollowing pammatars and calculations wers applied.
Temperature |  Permittivity Conductivity
Nominal Head TSL parameters 220" ara 2.81 mha'm
Measured Head TSL parameters (22.0x02)*C IFB2zB8HR 2.85 mho'm + 8 %
Head TSL temperature change during test <05"C - | —
SAR result with Head TSL at 3500 MHz
| SAR averaged over 1 em? (1 g) of Head TSL Gondition
SAR measured 100 mW input powar .56 Wikg
SAR for nominal Head TSL parameters nomalized 1o 1W B5.3 Wikg £ 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 100 mW input power 2.49 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 24.8 Wikg = 19.5 % (k=2)
Certificate No: D3500V2-1058_Sep23 Page3of 7
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 3400 MHz

Impodance, transformed 1o feed point 4410-73 0
Retum Loss -20.0dB |

Antenna Parameters with Head TSL at 3500 MHz

Impedance, transformed fo feed point 50.80-6.1 ]
Return Loss -243dB |

General Antenna Parameters and Design

Electrical Delay (one direction) 1.135 ns

Aftar long term use with 100W radiated powsar, only a slight waming of the dipole near the feedpoint can ba maasured,

Tha dipole is mada of standard semirigid coaxial cable, The canter conductar of the faeding line ks directly connaciad to tha
second anm of the dipole. The antanna ks therefore shon-circuied for DC-signals. On soma of the dipoles, small end caps
ars added to the dipole arms in order 1o improve matching when loaded according o tha poailion as explained in the
“Measuremeni Conditions” paragraph. The SAR daa are not alfected by this change. The overall dipola length Is still
eccarding o the Standam,

No excessive force must be applied to the dipole ams, because they might bend or the soldered connections naar tha
faedpaint may ba damaged

Additional EUT Data

[ Menutactured by | SPEAG ]
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DASYS5 Validation Report for Head TSL

Date: 28.09.2023
Test Laboratory: SPEAG. Zurich, Switzerland

DUT: Dipole 3500 MHz; Type: D3500V2; Serial: D3500V2 - SN:1058

Communication System: UID 0 - CW, Frequency: 3500 MHz, Frequency: 3400 MHz
Medium parameters used: f= 3500 MHz; o = 2.95 §/m; & = 37.6; p = 1000 kp/m’
Medium parameters used: = 3400 MHz; o = 2.87 §/m; & = 37.7; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS52 Configuration:

+ Probe: EX3DV4 - SN3503; ConvF(7.91, 7.91, 7.91) @ 3500 MHz, ConvF(7.91, 7.91, 7.91) @ 3400
MHz; Calibrated: 07.03.2023

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

e Electronics: DAE4 Sn900; Calibrated: 09.08.2023

+ Phantom: Flat Phantom 5.0 (front); Type: QDO00P50AA; Serial: 1001
+ DASY5252.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=100 mW, d=10mm, f=3500MHz/Zoom Scan,
dist=1.4mm (8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 68.22 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 17.5 W/kg

SAR(1 g) = 6.56 W/kg; SAR(10 g) = 2.49 W/kg

Smallest distance from peaks to all points 3 dB below = 8 mm

Ratio of SAR at M2 to SAR at M1 = 74.6%

Maximum value of SAR (measured) = 12.4 W/kg

Dipole Calibration for Head Tissue/Pin=100 mW, d=10mm, f=3400MHz/Zoom Scan,
dist=1.4mm (8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 70.44 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 17.9 W/kg

SAR(1 g) = 6.79 W/kg; SAR(10 g) = 2.56 W/kg

Smallest distance from peaks to all points 3 dB below = 8 mm

Ratio of SAR at M2 to SAR at M1 =75.3%

Maximum value of SAR (measured) = 12.7 W/kg
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-12.00

-18.00

24,00

-30.00

0dB =127 Wikg=11.03 dBW/kg
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Impedance Measurement Plot for Head TSL
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Appendix D.9 Calibration certificate for Dipole SN108S

Calibration Laboratory of A e, e Schmotorisciver Kalibrierds
Cdarmidd B Dimsbmar Eo=tes ), S el psipe
P TR O T C LEISE ;E EEEL SNVIOR FLISSS O Malpnnage
Enminmarims A oL Y . |: : : ’ c R P T] | Pra—
I_..I'|ull LL=L IPFH L) '5_4"";__7__;_‘_ o l'l & _-fjr o WA T ERTY W S W WY MR e
usstrasse 43, 8004 Zurich, Switterland e — b= "
Laughs SO \}\"___"'}X Swiss Calibration Service
u e e i i B i wn | ENCWE MAAD
Accredied Dy e Swiss Accredisiion Seevioe (585) Accretiston Ho.: ol G100
The Swise Accrediteilon Serdice e ane of S sioneiaries o the EA
Muttitateral Agreement for the recognition of calibration centificates
Client SGS Horea Certificate No.
D750V3-1085 Mar23

Gmgi—_du, Republic of Korea
|CALIBRATION CERTIFICATE

Onbject D750V3 - SN:1085 e

Calibrafion prodedureis) QA CAL-05.v12
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz ‘in—--:-;I i
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Calibration Laboratory of L, Sehwaizeriacher Kalibriordianst
[ P BTN, N, W -‘-t_"h._ _/ S
LTI o e A o = Service suisse d'élalonnage

Engineening AG m& Servinio svicrero di i
Zoughnusstrasse 43, 8004 Furich, Switzsriand “—(-fv/- “:}, Swiss Calibration Servics

Val, A AW

Accredied oy he Swise Accrediiaion Service (SAS) Accredgiation o 505 0108

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

Glossary:

TSL tissue simulating liguid

ConvF sensilivity in TSL:f MORM x.y.z
MrA not applicable or not measured

Calibration is Performed m:curdmg to the Fnllnwmg Standards:
a) IEC/IEEE 62203-1528, “iMeasurement Procedure For The Assessmeni Of Specific
Absorption Rate Of Human Exposure To Radio Frequeney Fields From Hand-Held And

Body- Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation

- — [ —— I _x‘ RELE_ n_ dem LA WE B ey

And Procedures (Frequency rwuge of 4 MH 10 GHz)", Ociober 2020,
Ly WD Oormsesd BOAN BE o o e o ___l._ Eeo . dfum LALE_ 4. & Jxlim
] LD QOO0 SN NESESUTETTIE it I"I-\'!l-.ll-l TIEETILE 1T TR RIMIE 1D D aris
L L o T Y Ty
MU gl rorsuincriiaurun
c) DASY System Handbook
Methods Applied and Interpretation of Parameters:
¢+  Meoasurement Conditions: Further detgils are available from the Validation Report at the end
of the cerificate, All figures slated in the cerlificale are valid at the frequency indicated

center marking of the flat phantom.

s Return Loss: This parameter is measured with the source positioned under the liquid filled
phantomn {as describad in the measurement condition clagse). The Raturn Loss ensures low

pae URs T e rEESUNR AU === e

reflected power. No uncertainty required.
SAR measurad SAR measured at the stated antenna inpul power.

SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
CONNSctor.
« SAR for nominal TSL paramefers: The measured TSL parameters are used to calculate the

-

nominai SAH resuit.

The reported uncenatnly o'f maasummant is stated as the standard uncertainty of maasurament
|||uihp=n‘-‘.:d by uig CoOverage factor n_.L, whilch for a O COiTE i 1=

probability of approximately 95%.
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Measurement Conditions
DASY gystem configuration, ¢ far as nol given on pags 1.
DASY Version DASYSE V52104
Extrapolation Advancad Extrapolation
Phantam Moduiar Flal Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency 50 MHz £ 1 MHz2
Head TSL parameters
The lollowing parameters and cakculations wene aoolied.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 419 0,88 mhodm
Measured Head TSL parameters (F20+02)°C 410+6% 01.90 mhoim = & %
Head TSL lemperatuie change during lest < 050G —— -en
SAR result with Head TSL
SAR averaged over 1 cm?® (1 g) of Head TSL Candition
SAR measuned 250 vy inpul power £.15 Wikg
SAR for nominal Head TSL parameters nommalized o 1W B.48 Wikea + 17.0 % (k=2)
SAR averaged over 10 om® 10 gl of Haad TEL condition
SAR measured 250 mW input power 1.40 Wkg
SAR for nominal Head TSL paramelers nomalized 1o 1W 5.54 Wikg £ 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedancs, irensionmed o feed poind 5348-18j0
Retumn Loss 5dB
General Antenna Parameters and Design
! Elsctrical Delay (one direclion) ! 1.032 ns ]

Afler iong iarm wese with T00W radiaied powar, onfy a siighi warming of the dipoie near ine ieedpoini can be measured,

The dipole is made of standard semirgid coaxial cable. The center conductor of the leeding line is directly connected to the
second am of the dipole. The amenna is therefore short-circuited lor DC-signals. On some of the dipoles, small end caps
are added io the dipole amms in arder 1o improve mabkching when loaded acconding lo the position as explained in the
“Mazsyrarment Conditions” paragraph. The SAR data ane nob alfecied by this change. The overall dinole langih s sl

acoording to the Standard.
No excessive force must be applied to the dipole amms, because they might band or the soldered connections near the

feedpoint may be damaged.

| Manufactured by SPEAG |
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DASY5 Validation Report for Head TSL

Date: 21.03.2023

wct | ahoratore- 8 &% Furich [wirrarland

= S50 LAMOTIIONYT S mie, LUNCH, SWIHZSTEND
AN FE. Wl STEN RN, "Wl IVTEAAIT. O 1. IVISALIT ORI Tnos
FELEp | Llll.l'l.lll. FJU IVINRE, lrp‘. LFr Y 35 Ol AFFUY I = N AROD

Communication System: UiD

Medium parameters used: f=

Phantom section: Flat Section
o

LN DO P E o
IVICHISUTCIIEIL S LATCEAT, LAY 1

DASYS2 Configuration:
+ Probe: EX3DV4 - SN7349; ConvF(10.11, 10,11, 10.11) @ 750 MHz; Calibrated: 10.01.2023
«  Sensor-Surface: 1. dmm (Mechanical Surface Detection)
« Electronics: DAE4S Snf01: Calibrated: 19.12 2022
+ Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

Y.
- LAY T DL DL,

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

Reference Value = 5931 Vim: Power Drift = -0.05 dB

Peak SAR (extrapoiated) = 3.24 Wikg

SAR(1 g) = 2.15 Wikg: SAR(10 g) = 1.4 Wikg

Smaiiest distance from peaks to aii poinis 3 dB beiow = 17 mm

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

RN | . o J SN— S - I ] -
IVEASTINAUILNE Wallls O Al (ICasuicu ) = .00 WiK

=560
=12.00
0.dB =283 Wikg =4.52 dBW/kg
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Impedance Measurement Plot for Head TSL
[Hle vew chael Sweep Calbwstion Irace Scle Marker Systom Window Hep =
I = |
I =15 ol
il ; il
I i o
il \ il
I | =R |
I s |
Gl .
! il
o B - - 75 504 dB | 1i
G CHY: B IC*iPon Av20lely Lo
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