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Appendix {Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

| Imoedance, transformed to faed point Sdo -151Q

[Rctum Loss -27.2dB

General Antenna Parameters and Design

Eilcct.'icsl Delay (one direclion) l 1.033 ns

After tong term use with 100W radiated power, only a slight warming of he dipole near the fesdpoint can be measured,

The dipcle is made of slandard semirigld coaxial catie. The center conductor of the feeding line is dircclly conneciad to the
second amn of the dipole. The antenra is therefore shorl<ircuited for DC-signals. On aome aof the dipoles, small end caps
are added Lo the dipole amms in order Lo improve matching when loaded according to the pesition as explained in the
‘Measurement Coenditions” paragraph. The SAR dala are nes affecled by this change. Tha overall dipole length is shil
according to the Slandard.

No excessive force musl be applied to the dipole anns, bocause they might benc or the sokiered conneclions near the
[eedpoint may be damaged,

Additional EUT Data

Manufactured by SPEAG
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DASYS5 Validation Report for Head TSL
Date: 21.09,2022
Test Laboratory: SPEAG, Zurich. Swilzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D7S0V3 - SN:1183
Communication System: UIT & - CW; Frequency: 750 MHz
Medium purameters used: = 750 MHz; 6= 0.9 S/m: & = 40.7; p = 1400 kaim’
Phantom sectien: Flat Section
Measurement Standard: DASY'S (TEEE/EC/ANST ('63,19-2011)
DASY 52 Configuration;
» Trobe: TX3DV4Y - SNT7349; ConvE(10.11, 1¢.11, 10.11) @ 750 Mlz; Calibrated; 31.12.2021
«  Sensor-Swrface: |.4mm (Mechanical Surface Detection)
o Electronics: DAES Sn601: Celibrated: 31.08.2022
+  Phuntom; Flat Phantom 4.9 (fronty: Type: QD (0L P49 AA; Seriul: 1001
= DASYS2 52.10.4(1335); SEMCAD X 14.6.147501)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=3mm, dy-3mm, dz=Smm

Reference Value = 58.91 Vi/m; Powcer Drift = 0.00 dB

Peak SAR {extrapolated) = 3.24 Wikg

SAR(1 g) = 2.14 Wikg; SAR(10 g} = 1.40 Wikg

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

Raticr of SAR at M2 to SAR at M1 -~ 65.9%

Maximum value of SAR (measured) = 2.87 Wikg

dB

I

-3.60
-5.40

7.20

-9.00

0dB =287 Wikg - 457 dBW/ke

Certilicale No: D750V3-1183_Sep22 Pagesolé

This test report shall not be reproduced, except in full, without the written approval
KCTL-TIA002-004/6(220705) KP22-05966


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

Eurofins KCTL Co.,Ltd.

65, Sinwon-ro, Yeongtong-gu,
Suwon-si, Gyeonggi-do, 16677, Korea
TEL: 82-31-285-0894 FAX: 82-505-299-8311
www.kctl.co.kr

Report No.:

oo N
KR23.5PF0002.A | < eurofins
Page (286) of (358) KCTL

Impedance Measurement Plot for Head TSL
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Appendix A.6 Dipole Calibration certificate (D900V2_1d138

Calibration Laboratory of S,
Schmid & Partner
Engineering AG

S Schweizerischer Kalibrierdienst
c Service suisse d'étalonnage
S

.,
L

3

] Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland 4,,,///‘;\\\\\\? Swiss Calibration Service
KAt
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Client KCTL (Dymstec) i o Certificate No: D900V2-1d138_May22
CALIBRATION CERTIFICATE

Object DO00V2 - SN:1d138

Calibration procedure(s) QA CAL-05.vi1
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibration date: May 25, 2022

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

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

Calibration Equipment used (M&TE critical for calibration)

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

Power meter NRP SN: 104778 04-Apr-22 (No. 217-03525/03524) Apr-23

Power sensor NRP-Z91 SN: 103244 04-Apr-22 (No. 217-03524) Apr-23

Power sensor NRP-Z91 SN: 103245 04-Apr-22 (No. 217-03525) Apr-23

Reference 20 dB Attenuator SN: BH9394 (20k) 04-Apr-22 (No. 217-03527) Apr-23

Type-N mismatch combination SN: 310982/ 06327 04-Apr-22 (No. 217-03528) Apr-23

Reference Probe EX3DV4 SN: 7349 31-Dec-21 (No. EX3-7349_Dec21) Dec-22

DAE4 SN: 601 02-May-22 (No. DAE4-601_May22) May-23

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

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

Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-20) In house check: Oct-22

Power sensor HP 8481A SN: MY41093315 07-Oct-15 (in house check Oct-20) In house check: Oct-22

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

Network Analyzer Agilent E8358A | SN: US41080477 31-Mar-14 (in house check Oct-20) In house check: Oct-22
Name Function Signature

Calibrated by: Aidonia Georgiadou Laboratory Technician

S

Issued: May 30, 2022

Approved by: Sven Kilhn Technical Manager

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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. . Ry
Calibration Laboratory of ~‘\\‘\\\QJL/ 23 § Schweizerischer Kalibrierdienst
. . e

Schmid & Partner S——r = C Service suisse d'étalonnage
Engineering AG T NF Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland 4,/1 ///\\\\\? S Swiss Calibration Service

ity
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) 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:

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

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

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

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

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

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

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

DASY Version DASY52 V562.10.4
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 900 MHz £+ 1 MHz

Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 41.5 0.97 mho/m
Measured Head TSL parameters (22.0+0.2)°C 4056 % 0.94 mho/m + 6 %
Head TSL temperature change during test <0.5°C - e

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

SAR measured

250 mW input power

2.72 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

11.1 Wikg £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.75 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

7.11 Wikg £ 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 527Q+1.0jQ

Return Loss -31.0dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.415ns

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

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

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

Additional EUT Data

Manufactured by SPEAG
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KCTL

DASYS5 Validation Report for Head TSL

Date: 25.05.2022

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 900 MHz; Type: D900V2; Serial: D900V2 - SN:1d138

Communication System: UID 0 - CW; Frequency: 900 MHz

Medium parameters used: =900 MHz; ¢ = 0.94 S/m; &= 40.5; p = 1000 kg/m?
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.62, 9.62, 9.62) @ 900 MHz; Calibrated: 31.12.2021
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 02.05.2022

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=5Smm

Reference Value = 65.90 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 4.19 W/kg

SAR(1 g) = 2.72 W/kg; SAR(10 g) = 1.75 W/kg

Smallest distance from peaks to all points 3 dB below = 16 mm
Ratio of SAR at M2 to SAR at M1 =65%

Maximum value of SAR (measured) = 3.68 W/kg

-2.00

-4.00

-6.00

-8.00

-10.00

0 dB =3.68 W/kg=5.66 dBW/kg
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Impedance Measurement Plot for Head TSL
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Calibration Laboratory of \\\‘\\\\\\_//// %, g Schweizerischer Kalibrierdienst
. ~ -
Schmid & Partner ila\ez\_&mg&_ c Service suisse d'étalonnage
Engineering AG e Servizio svizzero di taratura
. y YN S . N .
Zeughausstrasse 43, 8004 Zurich, Switzerland A /7\\\\\\\\ Swiss Calibration Service
Zms
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
Client KCTL (Dymstec) Certificate No: D1750V2-1072_Apr22
Object D1750V2 - SN:1072
Calibration procedure(s) QA CAL-05.v11
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz
Calibration date: April 27, 2022
This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.
All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.
Calibration Equipment used (M&TE critical for calibration)
Primary Standards ID # Cal Date (Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 04-Apr-22 (No. 217-03525/03524) Apr-23
Power sensor NRP-Z91 SN: 103244 04-Apr-22 (No. 217-03524) Apr-23
Power sensor NRP-Z91 SN: 103245 04-Apr-22 (No. 217-03525) Apr-23
Reference 20 dB Attenuator SN: BH9394 (20k) 04-Apr-22 (No. 217-03527) Apr-23
Type-N mismatch combination SN: 310982 / 06327 04-Apr-22 (No. 217-03528) Apr-23
Reference Probe EX3DV4 SN: 7349 31-Dec-21 (No. EX3-7349_Dec21) Dec-22
DAE4 SN: 601 01-Nov-21 (No. DAE4-601_Nov21) Nov-22
Secondary Standards ID # Check Date (in house) Scheduled Check
Power meter E4419B SN: GB39512475 30-Oct-14 (in house check Oct-20) In house check: Oct-22
Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-20) In house check: Oct-22
Power sensor HP 8481A SN: MY41093315 07-Oct-15 (in house check Oct-20) In house check: Oct-22
RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-20) In house check: Oct-22
Network Analyzer Agilent EB358A | SN: US41080477 31-Mar-14 (in house check Oct-20) In house check: Oct-22
Name Function Signature
Calibrated by: Joanna Lleshaj Laboratory Technician _f/ l / »
k9
Approved by: Sven Kithn Deputy Manager
S e—
Issued: April 28, 2022
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Calibratien Laboratory of

S Schwelzerischer Kalibrierdienet
Schmid & Partner c Scevice suisss d'alalonnage
Enginearing AG Servizio avizzero dl taratura
Zaughausstraase 43, 8004 Zurich, Switzarland S Sswiss Calibration Service
praredited by tha Swiss hocredites an Survice (SAS) Accraditation No.: SCS 0108

The Swiss Accreditation Service is one of the signalories to the EA
Multilsteral Agraement for the recognition of callbration certiticates

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 Wiraless 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:
¢) DASY System Handbook

Methods Applied and Interpretation of Parameters:

e Measuremant 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 Parameaters with TSL: The source is mountad in a touch configuration below the
center marking of the flat phantom.

* Aetum Loss: This parameter is measured with the source positioned under the liquid filled
phantem (as described in the measurement condition clause). The Return Loss ensures low
reflected power. No uncertainty required.

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

+ SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result,

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

DASY Version DASYS2 5 V52104
Exirapolation Advanced Extrapolation
Phantom Modular Flat Phantomn

Distance Dipole Center - TSL

10 mm

with Spacer

Zoom Scan Resolution

dx, dy, dz =5 mm

Frequency

1750 MHz £ 1 MHz

o

Head TSL parameters

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 7 401 1.37 mho!m
Measured Head TSL parameters (220=0.2)°C 94 =6% 1.35 mho/m £ 6 %
Head TSL temperature change during test 1 <05"°C

SAR resuit with Head TSL

SAR averaged over 1 em? (1 g) of Head TSL Cendition
SAR measured 250 mW input power $.08 Wikg
SAR for nominal Head TSL parameters nomalized (o 1W 36.6 Wikg + 17.0 % (k=2)
SAR averaged over 10 em® (10 g);o( Head TSL condifion |
SAI measured 250 mW input poweer 4.20 Wikg
SAR for nominal Head TSL parameters normaiized to 1W 19.3 Wikg + 16.5 % (k=2)

Certficate No: D1/50V2-1072_Apr22
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 506Q-13j0

Relurn Loss - 387 dB

General Antenna Parameters and Design

l Elactrical Delay (one direclion) | 1.216 ns I

Aler ong term use with 100W radiated power, anty & alight warming of the dipole near the leedpaint can be measured.

The dipole iz made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected 1o the
sacond armm of the dipole. The antenna is thersiore short-circuited for DC-signals. On soma of the dipoles, small end caps
are added 1o the dipole arms in order 1o improve matching when loaded according to the position as explained in the
*Measurement Conditions* paragrapr. The SAR data are not sffectad by this change. The cveral cipole length s still
according to the Standard.

No sxcsszive force must be applied to the dipole anns, because they might vend or the soldered connactions near tha
fesdpoint may be damaged

Additional EUT Data

Manufaciured by SPEAG
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DASYS5 Validation Report for Head TSL

Date: 27.04.2022
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: DITS0V2; Serdal: DI750¥2 - SN:1072

Communication System; UM ¢ - CW; Frequency: 1750 MHz

Medium parameters used: = 1750 MHz; ¢ = 1.35 $/m; £ = 39.4; p = 1000 kg/m*
Phantom section: Tlal Sectien

Measurement Standard: DASYS (MEEARC/ANSE CA3,19-2011)

DASYS2 Configuration:
«  Probe: EX3DV4 - SN7349: ConvT(R.G7, 8.67, 8.67) @ 1750 MHz; Calibrated: 31.12.202)
= Scnsor-Surface: 1.4noun (Mechanical Surface Detection)
o Flectronics: DAEA Sn601; Calibrated: 01.11.2021]
« Phantom: Flat Phantom 3,0 (front); Type: QD 000 P30 AA; Serial: 1001
o DASYS2352.10.401535); SEMCAD X 14.6,14(7501)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measuremenl grid: dx=Smm, dy=3mm, dz=5mm

Reference Value = 106.4 V/m; Power Drift =0.04 dB

Peak SAR (exurapolaled) = 16,8 Wikg

SAR(I g) = 9,08 W/kg; SAR(10 g) = 4.80 Wikg

Smallest distance from peaks 1o all points 3 dB below = 10 mm

Ratio of SAR at M2 o SAR al M1 = 54.3%

Maximum value of SAR {measured) = 14.1 Wikg

-3.00
-5.00
-5.00
-12.00

-15.00

0dB =141 Wikg = 11.49 dBW/ky
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Impedance Measurement Plot for Head TSL
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Appendix A.8 Dipole Calibration certificate (D1900V2 5d160

Calibration Laboratory of \\\“\‘@7’7@ S Schweizerischer Kalibrierdienst
H ~ e
Schmid & Partner ila\ei\_//m c Service suisse d'étalonnage
Engineering AG TS Servizio svizzero di taratura
& = e S . . .
Zeughausstrasse 43, 8004 Zurich, Switzerland Y ////\\\\‘\\\ Swiss Calibration Service
M
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Client KCTL (Dymstec) Certificate No: D1900V2-5d160_Apr22
CALIBRATION CERTIFICATE

Object D1900V2 - SN:5d160

Calibration procedure(s) QA CAL-05.vi1
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibration date: April 29, 2022

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (S1).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

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

Power meter NRP SN: 104778 04-Apr-22 (No. 217-03525/03524) Apr-23

Power sensor NRP-Z91 SN: 103244 04-Apr-22 (No. 217-03524) Apr-23

Power sensor NRP-Z91 SN: 103245 04-Apr-22 (No. 217-03525) Apr-23

Reference 20 dB Attenuator SN: BH9394 (20k) 04-Apr-22 (No. 217-03527) Apr-23

Type-N mismatch combination SN: 310982 / 06327 04-Apr-22 (No. 217-03528) Apr-23

Reference Probe EX3DV4 SN: 7349 31-Dec-21 (No. EX3-7349_Dec21) Dec-22

DAE4 SN: 601 01-Nov-21 (No. DAE4-601_Nov21) Nov-22

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

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

Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-20) In house check: Oct-22

Power sensor HP 8481A SN: MY41093315 07-Oct-15 (in house check Oct-20) In house check: Oct-22

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

Network Analyzer Agilent E8358A | SN: US41080477 31-Mar-14 (in house check Oct-20) In house check: Oct-22
Name Function Signajure

Calibrated by: Jeffrey Katzman Laboratory Technician

Approved by: Sven Kihn Deputy Manager }’ é_\/

Issued: May 4, 2022

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

S Schwealzerlschar Kallbriardisnst
Schmid & Partner c Servica suisse d'étalonnage
Engineering AG Servizio svizzera di taratura
Zoughauasirasse 43, B0CA Zurich, Switzerland S swiss Calibrstion Service
Acerndited by the Swiss Accredilelion Serdce (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Sarvice is one of the signatories to the E4
Multilatersl Agreement for the rocognition of calibrstion certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EC/IEEE 62209-1528, “Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrurmentation
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:
¢) DASY Systen Handbook

Methods Applied and Interpretation of Parameters:

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

* Antenna Parameters with TSL: The source is mounted in a touch configuration below the
center marking of the flat phantom,

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

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

» SAR for nominai TSL parameters: The measured TSL parameters are used 1o 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 cenfiguiation, as far as not given on page 1.
DASY Version DASYS2 V52.10.4
Extrapolation Advanced Extrapolaticn
Phantom ) Maaular Flat Phantem
Distance Dipole Center - TSL 10 mm with Spacar
Zoom Scan Resolution dx. dy. dz =5 mm
Frequency 1900 MHZ + 1 MHz
Head TSL parameters
The following pararmeters and czlkulatons were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mho'm
Measured Head TSL parametars {22.010.2)°C 391 %6% 1.41 mho'm £ 6 %
Head TSL temperature change during test <D5C — —
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Gondtion
SAR measurad 250 mW input power 10.0 Wikg
_S_AFI for naminal Head TSL paramaters normalized to AW 39.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAH measured 250 mW input power 5.22 Wkg
| SAR for nominzl Head TSL parameters normalized to 1W 20.8 Wikg + 16.5 % (k=2)
Certificate No. D1900V2-54160_Apr22 Paga Sof 6
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parametiers with Head TSL

Impedance, transformead to feed point S210+-68312

Retum Losa -238dB

General Antenna Parameters and Design

[ Electrical Delay (ane drection) l 1.1%4 nz

After long tarm use with 100W radisted power, anly a slight warming of the dipele near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The canter conductor of the faeding line I= directly connected to the
sacond arm of the dipole. The anlenna is therefore shortcircuited for DC-signals. On acme of the dipoles, small and caps
are added to the dipole ams in crder fo improve matching when loadsd according 1o the position as explained in the
"Measurament Canditions® paragraph. The SAR data are not affected by this change. The overall dipole length is still
aceording fe the Standard.

No excossiva foros must be applied to the dipole ama, pecause they might berd o the soldered conneclions near the
feedpaint may oe damaged.

Additional EUT Data

Manutactured by SPEAG
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DASYS Validation Report far Head TSL

Date: 29.04.2022
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d160

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

Mediom paramcters used: [ = 1900 MHz; 6 = L41 S/m; & = 39.1; p = 1000 ke/m*
Phantom section: Tlat Section

Meusuremen! Standard: DASYS (IEEEAECIANSLC63.19-2011)

DASYS2 Configuration:
s DProbe: EX3DV4 - SN7349; CanvT(8.43, 8,43, £.43) @ 1900 MHz,; Calibrated: 31.12.2021
= Secnsor-Surface: 1.4mm (Mechanical Surloce Txieclion)
= Eleeronics: DAE4 Sn601; Calibrared: 01.11.2021
« Phantom; Flat Phantom 5.0 (front): Type: QD 0K P30 AA: Serial: 1001
+  DASYS2 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: dx=3mm, dy=Snun, dz=5Smm

Reference Value = 110.1 ¥/m; Power Drilt = 0.04 dB

Peak SAR {extrapolated) = 18.5 Wikg

SAR(1 g) = 10.0 W/kg; SAR(10 g) = 5.22 W/kg

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

Ratic of SAR at M2 o SAR at M1 = 54.3%

Maximum value of SAR (measured) = 15.6 Wikg

-2.40
-5.60
-8.40

-11.20

-14.0n

QdB = 15.6 Wikg =11.93 dBW/kg
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Impedance Measurement Plot for Head TSL
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Appendix A.9 Dipole Calibration certificate (D2450V2_ 895
Calibration Laboratory of Schweizerischer Kalibrierdienst
Schmid & Partner Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
client  Eurofins KCTL (Dymstec) Certificate No: D2450V2-895 Jul22
Object D2450V2 - SN:895
Calibration procedure(s) QA CAL-05.v11
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz
Calibration date: July 15, 2022
This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.
Al calibrations have been conducted in the closed laboratory facility: environment temperature (22 = 3)°C and humidity < 70%.
Calibration Equipment used (M&TE critical for calibration)
Primary Standards ID # Cal Date (Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 04-Apr-22 (No. 217-03525/03524) Apr-23
Power sensor NRP-Z91 SN: 103244 04-Apr-22 (No. 217-03524) Apr-23
Power sensor NRP-Z91 SN: 103245 04-Apr-22 (No. 217-03525) Apr-23
Reference 20 dB Attenuator SN: BH9394 (20k) 04-Apr-22 (No. 217-03527) Apr-23
Type-N mismatch combination SN: 310982 / 06327 04-Apr-22 (No. 217-03528) Apr-23
Reference Probe EX3DV4 SN: 7349 31-Dec-21 (No. EX3-7349_Dec21) Dec-22
DAE4 SN: 601 02-May-22 (No. DAE4-601_May22) May-23
Secondary Standards ID # Check Date (in house) Scheduled Check
Power meter E4419B SN: GB39512475 30-Oct-14 (in house check Oct-20) In house check: Oct-22
Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-20) In house check: Oct-22
Power sensor HP 8481A SN: MY41093315 07-Oct-15 (in house check Oct-20) In house check: Oct-22
RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-20) In house check: Oct-22
Network Analyzer Agilent E8358A | SN: US41080477 31-Mar-14 (in house check Oct-20) In house check: Oct-22
Name Function Signature
Calibrated by: Aidonia Georgiadou Laboratory Technician L
AT
Approved by: Sven Kilhn Technical Manager ;
i il
Issued: July 25, 2022
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
Certificate No: D2450V2-895_Jul22 Page 1 of 6
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

g Sciwstzertschar Kalibrierdienst

c Sarvice sulsse d'&alonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Acnadited by fhe Swiss Accreditabon Servio: (SAS) Accreditstion No.: STS 0108
The Swiss Accreditation Sanvica is ane of the signatories to the EA
Multlisteral Agreament for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to ithe Following Standards:

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

h) KDB 865864, “SAR Maasurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
c} DASY System Handbook

Methods Applied and Interpretation of Parameters:

= Measurement Condifions: Further details are available from the Validation Report at the end
of the certificate. All figures statad 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.

« Refurn 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
reflacted power. No uncertainty required.

¢ SAR measured: SAR measured at the stated antenna input power,

* SAR normalized: SAR as measured, hormalized 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 2 normal distribution corresponds to a coverage
probability of approximately 95%.

|
—
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Measurement Conditions
DASY system configuration, es far as not given on page 1,

[ DASY Version DASYS2 V52.10.4
Extrapolation Advanoad Extrapolation
v Phantom . Medular Flal Phanlom
Distance Dipole Center - TSL 10 mm ; vith Spacer
“Zoom Scan Resolution ax, d, dz =5mm
_muency 2450 MHz £1 MHz

Head TSL parameters
The following parameters and calculations were spplisd.

! Temperature Parmittivity Conductivity

Nominal Head TSL parameters ‘\ 220°C 392 1.80 mhaim

Measured Head TSL parameters {220zt 0.2)°C 3T9tE %D 135 mho'm £ 6 %

Head TSL termperature change during lest <05°C ' -— —
SAR result with Head TSL

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

SAR measured 250 mW input power 13.4 Wka

SAR for nominzl Head TSL paranelers normalized 1o 1'% 52.3 Wikg £ 17.0 % {k=2)

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

SAR mesaursd 256 mW inpul power 6.22 Wikg

SAR o nornina! Head TSL parameters | normalized tc 1W 24.6 Wikg = 16.5 % (k=2)
Carificale No: D2450V2-808 Julzz Page 3of 6
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Appendix {Additional assessments cutside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedanoz, transtormed (o leed point 5520+ 350

Relum Loss -248d8

General Antenna Parameters and Design

Eloctrical Delay {one dirsction) 1.156 ns

After long lerm use with 100W radieted power, only a slight warming of tha dipela naar the faedpoint can be measured.
2 P

Tha dipele ia made of standarc semirigid coaxial cable. The canter cenductor of the leeding ling & diroctly connecled to the
second arm of tha dipale. The antenna is therefore shont-circuited for CC-signals. On some of the dipoles, small end caps
are added o the dipole arms In arder lo improve maiching whan baded according 1o the position as explained in the
“Measurement Conditions" paragraph. The SAR dalz are nol affected by this change. The ovarall dipale length is st
according 10 the Slardard

No excessive farce must be applied lo the dipole ame, because they might bend or the soldersd connactons near the
[eedpaint may be damaged

Additional EUT Data

‘ NManufactured by SPEAG

Cantificate No: D2450V2-895 Jui22 Pagnd ol 6

This test report shall not be reproduced, except in full, without the written approval
KCTL-TIA002-004/6(220705) KP22-05966



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

Eurofins KCTL Co.,Ltd.

: Report No.: o2, .
65, Sinwon-ro, Yeongtong-gu, o INS
Suwon-si, Gyeonggi-do, 16677, Korea KR23-SPF0002-A | €u rOf KCTL
TEL: 82-31-285-0894 FAX: 82-505-299-8311 Page (309) of (358)

www.kctl.co.kr

DASYS5 Validation Report for Head TSL

Date: 15.07.2022
Lost Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; I'ype: D2450%2: Seriul; D2450V2 - SN:805

Communication System: UID 0 - W, Frequency: 2430 MHz

Medium parameters used: £=2430 Mbz 6 = 1.85 Sfm; 5~ 37.9; p = 1000 kg/m®
Phantom scction: Flat Section

Measurement Standard; DASY 3 (IEEE/IEC/ANST C63,19-2011)

DASY32 Configuration:
¢ Probe: EX3DV4 - SNT349; ConvF(7.96, 7.96, 7.96) @ 2450 MHz; Calibrated: 31.12.2021
= Senser-Surface: 1.4mm (Mechanical Surface Detection)
o Electronics: DAT4 SnéiH; Calibrared: 02.05.2022
¢ Phantom: Flat Phantom 5.0 ((ront); Type: QD 000 PSO AA; Serial: 1001
o DASYSZ S2.10.4(1535); SEMCAD X 14.6.14(7501)

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

Referenee Value = 114.7 Vim; Power Drift =0.09 dB

Peak SAR (extrapalated) = 26,3 Wike

SAR(1 g) = 13.4 Wikg; SAR(10 g) = 6.22 Wikp

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

Ratio of SAR at M2 to SAR at M1 = 30.7%

Maximum value of SAR (measured) = 21.9 Wikg

do
0
-3.60
-[.20
-10.80
-14.40
18.00

0dB - 21.9Wkg=13.41 dBW:kg
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Impedance Measurement Plot for Head TSL
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Appendix A.10 Dipole Calibration certificate (D2600V2_ 1050

Calibration Laboratory of

e,

: SN 7, S Schweizerischer Kalibrierdienst
Schmid & Partner S Service suisse d'étalonnage
Engineering AG 2}3%% c Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Y /,ﬁ\\“\e S Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

ciient  Eurofins KCTL (Dymstec) Certificate No: D2600V2-1050_Jul22
CALIBRATION CERTIFICATE

Object D2600V2 - SN:1050

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

Calibration date: July 15, 2022

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

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

Calibration Equipment used (M&TE critical for calibration)

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

Power meter NRP SN: 104778 04-Apr-22 (No. 217-03525/03524) Apr-23

Power sensor NRP-Z91 SN: 103244 04-Apr-22 (No. 217-03524) Apr-23

Power sensor NRP-Z91 SN: 103245 04-Apr-22 (No. 217-03525) Apr-23

Reference 20 dB Attenuator SN: BH9394 (20k) 04-Apr-22 (No. 217-03527) Apr-23

Type-N mismatch combination SN: 310982 / 06327 04-Apr-22 (No. 217-03528) Apr-23

Reference Probe EX3DV4 SN: 7349 31-Dec-21 (No. EX3-7349_Dec21) Dec-22

DAE4 SN: 601 02-May-22 (No. DAE4-601_May22) May-23

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

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

Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-20) In house check: Oct-22

Power sensor HP 8481A SN: MY41093315 07-Oct-15 (in house check Oct-20) In house check: Oct-22

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

Network Analyzer Agilent E8358A | SN: US41080477 31-Mar-14 (in house check Oct-20) In house check: Oct-22
Name Function Signature

Calibrated by: Aidonia Georgiadou Laboratory Technician

L
Approved by: Sven Kiihn Deputy Manager 5 é\

Issued: July 25, 2022

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

] S Schweizesischer Kalibrierdicns:
Schmid & Partner o Servics euises diételonnage
Engineering AG Servizio svizzaro di taraturs
Zaughausstrazse 43, 8004 Zurich, Switzerlsnd S Swiss Calibration Seorvico
Aanrendter oy the Svess Accrsitatior Senvca (S4S5) Accreditation No.; SCS 0108

The Swiss Acuraditation Service is one of the signaloriea to the EA
Multlisteral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Fellowing Standards:

a) |IEC/IEEE 62208-1528, "Measurement Procedura For The Assessment Of Spacific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Conmunication Devices - Part 1528: Human Modals, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020,

b} KDB 865664, “SAR Measurement Requirements for 100 MHz te 6 GHzZ"

Additional Documentation:
¢) DASY Systern Handbook

Methods Applied and Interpretation of Parameters:

» Measurement Conditions: Further details are available from the Validation Repott at the end
of tha 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.

= Relurn Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause), The Return Loss ensures low
reflected power. No uncertainty required.
SAR measured: SAR measured at the stated antenna input power.
SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

« SAR for nominal TSL pararneters: 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 iar as not given on page 1

DASY Version DASY52 V52.10.4 J
Extrapolation Advancad Extrapolation
Modular Flat Phantom

Phantomn

Distance Dipole Center - TSL

10 mm

with Spacer

Zoom Scan Resolution

dx, dy, dz =5 mm

Frequency

2600 MHz = 1 MHz

Head TSL parameters

The lollewing pararnetsrs and calculations were applied,

Temperature Pormittivity Conductivity
Nominal Head TSL parameters 2uc | 9.0 1.86 mhevm
Measured Head TSL parameters (220+02)°C I37328% 201 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 ] Cuorsition I
SAR meaz _‘.{rad 250 mW input power 14.5 Wika ‘

SAH tor pominal Head TSL parametars

normalized to 1W

56.7 Wkg = 17.0 % (k=2)

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

corxiiton

SAR messured

280 mW input power

8.45 Wiky

SAR 1or nominal Head TSL paramstars

normalized to 1W

25.4 Wrkg £16.5 % (k=2)

Cedificate No: D2B00V2-1050_1ui22
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

| Impadancs, transformed 1o teed point 4380.70jQ

Retum Loss -23.208

General Antenna Parameters and Design

Elsctrical Delay (ocne dirscticn) 1,151 ns

Aler long term use with 100W radiated power, only & slight waming of the dpole near the feedpeint can be maasurad,

The dipole is made of standard semirigid coaxial cable. The center conductar of the feeding line i directly camnected to the
gecend arm of the dipc’a. The antenna is therelore shor-circuited for DC-zignals. On some of the dipcles, small and caps
are added to the dipols arma in order to improve matching when loaded according to the pesificn as expluined in the
"Measurement Conditicns” paragraph. The SAR datz are not affecied oy this change. The overall dipole lergth is still
acocording to the Standard

Ne excessive force must be applied 1o the dipcle arms, because they might bend or tha soldered connections near the
feedpoint may ba damaged.

Additional EUT Data

Manufactured by SPEAC
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DASYS5 Validation Report for Head TSL

Date: 15.07.2022
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MTiz; Type: D2600V2; Serial: D2600VY2 - SN: 1050

Communicstion System: UID 0 - CW; Frequency: 2600 MHz
Medium parameters used: £= 2600 MHz; o = 2.01 S/fm: & = 37.3; p= 1000 kg/m’
Phantom section: Flat Scction

Measurement Standard: DASY 3 (IEEE/EC/ANST C63.19-201 1)
DASYA2 Configuration:
¢ Probe: EX3DVA - SNT349: ConvE(7.84. 7.84. 7.84) @ 2600 MTIx: Calibraied: 31.12.202|
e Sensor-Surface: | Amm (Mechanical Surface Detection)
¢ Electronics: DAE4 Snf01 ; Calibraced; 02,05.2022
e Phantom: Flat Phantom 5.0 {front); Type: QL (0C P30 AA; Serial: 1001
o DASYS52 52.104(1535); SEMCAD X 14.6.14{7501)

Dipole Calibration for Head Tissue/Pin=250 m¥, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=Smm, dy=5mm, dz=3mm

Reference Value = 1174 Vim; Power Dritt = 0.09 dB

Peak SAR (extrapolated) = 28,9 Wikg

SAR(L p) = 14.5 Wikg:; SAR(10 g) = 6.45 W/kp

Smallest distance from peaks to all points 3 dB below = 8.5 mun

Ratio of SAR at M2 to SAR at M| = 50.3%:

Maximum value of SAR (measured) = 23.9 Wike

dtl

-4.00
.00
-12.00
-16.00

20.00

0dB =23.9 Wke = 13,78 dBW/ke
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Impedance Measurement Plot for Haad TSL
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Appendix A.11 Dipole Calibration certificate (D5GHzV2 1134
. . Y
Calibration Laboratory of (&‘\‘\é’"/z S Schweizerischer Kalibrierdienst
Schmid & Partner i‘B\E_//MR}é c Service suisse d'étalonnage
Engineering AG el Servizio svizzero di taratura
’ ; AN S ; e ;
Zeughausstrasse 43, 8004 Zurich, Switzerland % NS Swiss Calibration Service
M
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
Client KCTL (Dymstec) Certificate No: D5GHzV2-1134_Jan22
Object D5GHzV2 - SN:1134
Calibration procedure(s) QA CAL-22.v6
Calibration Procedure for SAR Validation Sources between 3-10 GHz
Calibration date: January 27, 2022
This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.
All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.
Calibration Equipment used (M&TE critical for calibration)
Primary Standards ID # Cal Date (Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 09-Apr-21 (No. 217-03291/03292) Apr-22
Power sensor NRP-Z91 SN: 103244 09-Apr-21 (No. 217-03291) Apr-22
Power sensor NRP-Z91 SN: 103245 09-Apr-21 (No. 217-03292) Apr-22
Reference 20 dB Attenuator SN: BH9394 (20k) 09-Apr-21 (No. 217-03343) Apr-22
Type-N mismatch combination SN: 310982/ 06327 09-Apr-21 (No. 217-03344) Apr-22
Reference Probe EX3DV4 SN: 3503 31-Dec-21 (No. EX3-3503_Dec21) Dec-22
DAE4 SN: 601 01-Nov-21 (No. DAE4-601_Nov21) Nov-22
Secondary Standards ID# Check Date (in house) Scheduled Check
Power meter E4419B SN: GB39512475 30-Oct-14 (in house check Oct-20) In house check: Oct-22
Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-20) In house check: Oct-22
Power sensor HP 8481A SN: MY41093315 07-Oct-15 (in house check Oct-20) In house check: Oct-22
RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-20) In house check: Oct-22
Network Analyzer Agilent EB358A | SN: US41080477 31-Mar-14 (in house check Oct-20) In house check: Oct-22
Name Function Signature
Calibrated by: Aidonia Georgiadou Laboratory Technician ﬂ_\
Approved by: Sven Kithn Deputy Manager —5— é"
<
Issued: February 2, 2022
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
Certificate No: D5GHzV2-1134_Jan22 Page 1 of 8
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Calibration Laboratory of \\\;, 2
Schmid & Partner iy

Engineering AG s
Zeughausatrasse 43, 3004 Zurich, Switzerland NS

NS

S Schweizerischer Kallbrierdienst
Service suisse d'éalonnage
Servizio svizzero di tarstura

S Swigs Calibration Service

\
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Accredied by he Swiss Accreditaton Senice [SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |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)", Octaber 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:

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

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

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

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

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

The report'éd" 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%.

Certificats No: DEGH2V2-1134_Jan22 Page 2 of 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version \' DASYS2 V52104
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy = 4.0 mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direclion)
5250 MHz =1 MHz
Frequency 5600 MHz £ 1 MHz
5800 MHz + 1 MHz
Head TSL parameters at 5250 MHz
The following parameters and calculations were applied.
| Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 35.9 4.71 mhodm
Measured Head TSL parameters (220+£02)°C 349+6% 4.52 mhoim =8 %
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 Cendition
SAR measured 100 mW input pawer 8.20 Wikg
SAR for nominal Head TSL parameters normalized to 1W 81.4 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm?® (10 g) of Head TSL condition
SAR measurad 100 mW input powsar 2.35 Wikg
SAH for nominal Head TSL parameters normalized to 1W 23.2 Wikg = 19.5 % (k=2)
Head TSL parameters at 5600 MHz
The fallewing pararneters and calculations wera applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 355 5.07 mha/m
Measured Head TSL parameters (22.0+0.2)°C 4L+6% 4.87 mha/m + 6 %
Head TSL temperature change during test <05°C - e
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condifion
SAR measured 100 mW input power 8.52 Wikg
SAR for nominal Heac TSL parameters normalized to 1W 84.5 Wikg +19.9 % (k=2)
' SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 100 mW input power 2.41 Wikg
SAR for norminal Head TSL parameters normalized to TW 23,9 Wikg = 19.5 % (k=2)
Certficate No: DSGHzV2-1134_Jan22 Page 3 of 8
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Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 353 5.27 mho/m

Measured Head TSL parameters (22.0=02)°C 34.1:6% 5.07 mho/m =6 %

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

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

SAR measured 100 mW input power 8.24 Wikg

SAR for nominal Head TSL parameters normalized to 1W 82.6 W/kg = 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 normalized to 1W 23.1 Wikg = 19.5 % (k=2)
Certificate No: DSGH2V2.1124_Jan22 Page 4 of 8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed 1o leed point 4580-88j0
Ratum Loss -21.1dB

Antenna Parameters with Head TSL at 5600 MHz

Impedance. transformed 1o feed point 5410-28|Q

Return Loss -26.54d8

Antenna Parameters with Head TSL at 5800 MHz
Impedanca. fransformed o feed point 89430-52j0

Relurn Loss -23.848 |

General Antenna Parameters and Design

Electrical Delzy (one direction) 1.204 ns

After long term use with 100W radiated power, only 2 slight warming of the dipole naar the feedonint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the faeding line is direclly connected {o the
second arm of he dipole. The antenna Is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in ceder ta improve malching when loaded accarding 1o the posilion as explained in the
‘Measuremant Conditions" paragraph, The SAR data ara not affected by this change. The overall dipole length is still
according o the Standard

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

Additional EUT Data

Manufactured by SPEAG
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DASY5 Validation Report for Head TSL
Dale; 27.01.2022
Test Laboratory: SPEAG, Zurich, Swilzerland

DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV?2 - SN:1134

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MITz, Frequency: S800 Mz
Medium parameters used: f = 5250 MHz; o = 4,52 S/m; &r = 34.9; p = 1000 kg/fm3,

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

Medium parameters used: ['= 5800 MHz; 6 = 5.07 S/m; er = 34.1: p = 1000 kg/m3

Phantom section: Flal Section

Measurement Standard: DASYS (ITEEAEC/ANSI C63.19-20113

DASYS52 Configuration:

» Probe: EX3DV4 - SN3503: ConvT(5.5, 5.5. 3.5) @ 5250 MHz, ConvF(5.1, 5.1, 5.1} @ 5600 MHz,
ConvI(5.01, 5.01. 5.01) @ 5800 MHz: Calibruted: 31.12.2021

e Sensor-Surface: 1. 4mm (Mechanicul Surface Detection)

¢ Flectronics: DAE4 Sn601; Calibrated: 01.11.202]

= Phantom: Flat Phantom 5.0 {front); Type: QD 000 PSO AA: Serial: 1001
o 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=4mm, dy=tmm, dz=1.4mm

Reference Value = 78.11 V/m; Power Drift = 0,05 dB

Peak SAR (extrapolated) = 27.9 Wikg

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

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

Ratio of SAR at M2 ta SAR at M1 =70,3%

Maximum valuc 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: Mcasurement 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 poinis 3 dB below = 7.2 mm

Ratio of SAR at M2 (o SAR at M1 = 67,3%

Maximum value of SAR (measured) = 20.8 Wikg
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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, dz=1 4mm

Reference Value = 76.19 Vim: Power Drift = (.07 dB

Peak SAR (extrapolated) = 33.0 Wikg

SAR(1 g) = 8.34 W/kg: SAR(10 g) = 2.34 Wikg

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

Rutio of SAR at M2 to SAR al M1 =65,5%

Maximum value of SAR (measured) = 20.9 W/kg
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Impedance Measurement Plot for Head TSL
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