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Appendix D Calibration certificate
Appendix D.1 Calibration certificate for DAE(SN 1430)
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Glossary
DAE data acquisition electronics
Connector angle  information used in DASY system to align probe sensor X 1o the robot

coordinate system.

Methods Applied and Interpretation of Parameters
* DC Voltage Measuwement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable 1o national standards. The figure given
comesponds 1o the full scale range of the voltmeter in the respective range,

* Comector angle: The angle of the connector is assessad measuring the angle mecharically
by a tool mserted. Uncertainty is not raquired.

¢ The following parameters as documented in the Appendix contain technical information as &
result fram the parformance test and require no uncartainty.

+ DC Voftage Measurement Lineanty: Veritication of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurement.

+  Common mode sensitivity: Infhaence of a positive or negative common mode voltage on
the differential measurement.

*  Channel separalion: Influence of a voltage on the neighbor channels not subject 1o an
input voltage.

*  AD Converter Valuas with inputs shorted: Values on the intemal AD converter
correspondng to zevo input voltage

o lnput Offset Measurement: Output vollage and statistical results over a large number of
zero vollage measurements,

*  Input Offset Current: Typical value for information; Maximum channel ingut offset
current, not considaring the input resistance.

+ Input resistance: Typical value for information: DAE Inpul resistance at the connector,
during internal auto-zaroing and during measurement,

*  Low Battery Alarm Voltage: Typical value for Information. Below this voltage, & battery
alarm signal is genarated.

+  Power consumpfion: Typical value for information, Supply currents in various operating
modes,
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DC Voltage Measuroment
AD - Cormmter Resoluton nominal
Hgh Ranga LS8 < Giuv ful angs = 1004300 MV
Low Range LS8 - &Y ful ange = -1 +3mV

UASY measurement patisiens: Auto Zoro Time: 3 5oc; Masiuring $me: J 560

Gutbeaton Factors | x T v —z
Highfange | 408.961 = 0.02% (ke2) | 404,147 £ 0.02% [k=2] | 400,808 + 002 (ke2) |
Low 'EE‘L | :“}.‘v'.m-’f_-‘ﬂ'::b;ﬂ 397950 + Gr*, {k«2) | 380841 £ 1.50% (A=2) |
Connector Angle
Lfﬂnc_ﬂ_m Aih?» IXN,'IIH_iS"".,‘:K‘T T 1020 TN —1
Corifioate No: CAEA-1430_Mar23 ) Pagndcts
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Appendix (Additional ents outside the scops of SCS0108)
1. DC Voltage Linearity )

High Range Anading (uV) | Dterence (xV) Error (%)
(Chanael X+ Input _ 1waesese | 07 0.0
(Craneel X +lmput 20004 73 T 264 a0l

Craneel X -toput 1900008 266 a0 |
Chanael Y +inpst 190955.17 T Q00
Channel Y «lnpot 2000084 1.35 am |
Channel Y - inpwt 2002 0.80 000 |
Channul Z + Input 100562,06 0.80 ;7;0

ChaanelZ_ +input 200260 f 0.70 000 |

ChannelZ  -input 200268 | o0am oo |
Luw Aangs - Rusing (V) | Dittorence (uV) | Error (%) |
Chanewl X +input 2001 73 ) oco |
Chunel X +inpwt 200 53 051 | 029
Craneel X - laput 19768 "~ oe2 T
Chaneal Y +inpet 200097 " 005 000 ]
Channel Y +inpet 20077 0.4z 022
ChannelY  -mpt A5G0 005 | a0z |
ChunnelZ = Input 2000.67 026 am
ChannelZ  + Input " 20081 078 ) 1
ChannelZ  -Input 199.70 097 0.

2. Common mode sensitivity
DASY moaseramant parmeters: Ao Zoro Tima: 3 96, Massuring me: 3 zeo B
Cemmen mode High Range Low Runge

Input Vollage (mV) Average fReading (uV) Average Rnacing (3V)

| Channet x 0 o ey 1.0
S T N

____ 200 0,38 -1.88
Channel Y 0 19.41 2025 |

.200 we 1067
Channet Z 0 47.68 s |

- -200 | 1590 BRI

3. Channel separation

DASY méssrsment paramelens: Auto Zaro Time: $ es; Measuring time: 3 sec R
Input Veltage (mV) | Channel X (V) | Channel ¥ (uV) | Channel Z (V)
Channel X | 200 B 1.05 A
Channel Y 200 KAl . LA
Channel Z 200 .68 635 -
Cottosto N DAEC 1630 Ma2S  Pagodals -
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4, AD-Converter Values with inputs shorted
'Dln.‘n‘ Measuwramont paramesns: Auo Zero Timo: 3 se; Misksuring Sma: 3 soo

| High Renge (LSA) Low Range (LS8)
_—

Channel X 18011 154
Chamned ¥ 16220 18371
Chunnel Z l 15855 o 16351

S. Input Offset Measurement
DASY measwement patirmalées: Ao Zero Time: 3 60 Maasuring tme: 3 200

Yput 100
r"— Avernge (4V) | wikn. Offost V) | max. Offget vy | St ';\‘;:‘“‘”'
' Channel X " 028 [| 058 T am 034
Chﬁnu YA 006 1 N | 49 046
Chaenwl Z 45 200 asn 038

6. Input Offset Current
Noming! Inpet clrodvy o¥se cument on o channols: <2StA

7. Input Resistance (Typcal vafues Yoc informaticn) B
| Zoroing (kOhm) Mossuring (MOBn) |

Channel X - 200 200

Channel ¥ J o 200 - 20
Chwnnel 2 1 200 0

8. Low Battery Alarm Voltage {Typial vuss ko inormaton)

Typical values Alarm Lavel (VDT) R
Supply (+ Vec) T T
Supply (+ V ~ | o

Supply (- Vee) ) | 76

9. Power Consumption (Typice vakms for informason) )
Typical values Switchud off (mA] | Stand by (mA) Transmitting (mA)

Supply (+ Voo) - +0.01 | +8 e |
Supply (- Vee) om | 8 4 |
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Appendix D.2 Calibration certificate for DAE(SN 1507)
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Schmid & Partner S G Servios suisse détalonnage
Engineering AG e gl Servizio svizzero & tarstura
Zeughausstrasse 43, 8004 Zurich, Switzerland ?/,:'/RT\W\?' S swiss Calibration Service
“leyl et
Mcxedited by the Swiss Accrediation Servics (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service ia one of the signatories to the EA
Muttal | Agr far the recog of calibration cartificates
client  SGS
Sice Certificate No: DAE4-1507_Sep23
[CALIBRATION CERTIFICATE
Chioct DAEA - SD 000 DO4 BM - SN: 1507 ) l
Calbraton procaduras) QA CAL-D6.,v30 ‘/“:}
Calibration procedure for the data acquisition electronics (DAE) =
deny fO0%
Cadbeation date September 20, 2023

This cafibestion cedficate documents the tracaahbilty to national stancards, which realize Ba physicsl uns of messurements {SI)
The monsuramaenes and Bt urcanaintizs with confidence probabiily are given on the lobowing peges and are par of tha certificate

AR caibrations have baen conducied In the closed aboeatory laciity ervironment lemperature (22 = 31°C and hurodty < 70%.

Calibration Equipment used (MATE critical for calbeation)
| Primary Standards & Cal Date (Curificale No ) Schedusad Callbrasion
Kalthlay Matimeter Type 2001 SN o827 20-A0g-23 (N0FT421) Aug-24
Secondary Standards D¥ . Check Data (in houna} Scheculed Check
Autc DAE Catbention Uret SE UWS 053 AA 1001 27-Jan-20 {in howso check) In hause chack: Jan-24
Calrator Box V2.1 SE UMS 006 AA 1002 27-Jur-23 (n housa check) In house checx Jan-24

Name Flrcton Signanure
Caibealed by: Daminique Stetan Laboraincy Techrician /@\ ‘
Approved by: Suan Koewn Techeical Maragar »

j 2

Issued Soptember 20, 2023
This cattration curtficate 3nll nol be reproduced mucepl it it wiout wiitter sonrowval of e leboratony

Cartficata No: DAE4-1507_Sep23 Page tof 5

Report File No:  F690501-RF-SAR000491 Date of Issue :  2024-09-04
(All SGS services are rendered in accordance with the applicable SGS conditions of service available on request and

accessible at http://www.sgs.com/en/Terms-and-Conditions.aspx.)

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


http://www.sgs.com/en/Terms-and-Conditions.aspx

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

http://www.sgsgroup.kr Page: 7/65

Calibration Laboratory of \\\\'\\'_,-/:/f’ S Schwaizeriacher Kabrlerdienst
Schmid & Partner m C  Sorvice suisse déasionnage

Engineering AG o S, Servizio svizzero di taratura
Zeughsusstrasse 43, B004 Zurich, Switaerand f.,,',_/},:\\y_\? S swiss Calibration Service
Accrmdied by the Swiss Accraditation Sarvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service s one of the signatories to the EA
M Ag! for the gnition of calibration certificates
Glossary
DAE data acquisition electronics

Connector angie  information used in DASY system to align probe sensor X to the robot
coordinate systermn.

Methods Applied and Interpretation of Parameters
* DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards, The figure given
corresponds to the full scale range of the voitmeter in the raspective range.

» Connector angle: The angle of the connector is assessed measuring the angle mechanically
by a tool inserted. Uncertainty is not required.

* The following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty,

* DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is Included in this
measurement.

* Common mode sensitivity: Influence of a positive or negative common mode voltage on
the differential measurement.

* Channel separation: Influence of a voltage on the nelghbor channels not subject to an
input voltage.

* AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltage

* Input Offset Measurement. Output voltage and statistical results over a farge number of
zero voltage measurements,

» Input Offset Current: Typical value for information; Maximum channe! input offset
current, not considering the input resistance.

* Input resistance: Typical value for information: DAE input resistance at the connector,
during internal auto-zeroing and during measurement,

* Low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal s generated.

« Power consumption: Typical value for information, Supply currents in various operating

modes.
Cortficate No: DAES-1507_Sep23 Page 20t 5 o
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DC Volitage Measurement
A/D - Converter Resolution nominal
High Range: 1ILSB = 8.1uVv, Rl range = <100,..4300 mV
Low Range: 1LSB = 61nV, fullrange = -1....... +3mV
DASY measurement parameters: Aute Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y z
High Range 404.360 1 0.02% (k=2) | 404.337 £ 0.02% (k~2) | 404.081 £ 0.02% (k=2)
Low Range 3.97714 = 1.50% (k«2} | 3.97613 + 1.50% (k=2) | 3,96024 = 1.50% (k=2)

Connector Angle

l Connector Angle o be used in DASY system ] 2840°21°

Centificate No: DAE4-1507_Sep23 Page 3of &
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Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voltage Linearity

Page :

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 190994.74 -1.72 -0.00
Channel X + Input 20004 22 1.28 0.01
Channel X - Input -19999.18 239 0.01
Channel Y + Input 199905.86 .36 .00
Channel Y + Input | 20001.08 1.80 -0.01
Channel ¥ - Input |  -20001.12 055 -0.00
Channel Z + Input 19999508 0.14 -0.00
Channel Z + lnput 20001.75 -1.0B 0.0t
Channel Z - Input -20000.92 092 -0.00
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 200174 0.08 0.00
Channel X + Input 202.32 0.51 0.25
Channel X = Input -197.50 0.37 0.19
Channel Y + Input 2001.22 0.39 -0.02
Channel Y + Input 200.95 <0.80 -D.40
Channel Y = Input -168.02 <0.03 0.02
Channel Z + Input 2000.45 -1.08 -0.05
Channel Z + Inpast 20141 021 -0.11
Channel Z = Input -198.35 -0.36 0.18
2, Common mode sensitivity
DASY measurement parameless: Auto Zero Time: 3 sec: Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Heading (uV)
Channei X 200 181 -0.52
-200 2.39 117
Channel Y 200 8,86 8.04
- 200 -9.13 -8.25
Channel Z 200 -20.18 =201
-200 19.16 18.85
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sac; Maasuring time: 3 sec
Input Voltage (mV) | Channel X (1V) | Channel Y (uV) Channel Z (uV)
Channel X 200 .53 -3.40
Channel Y 200 7.51 162
Channel Z 200 11.15 5.29 -
Certificate No: DAE4-1507 Sep23 Page 4 of 5
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4. AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Zero Time: 3 sec: Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channet X 16195 16364
Channel Y 15659 16650
Channel Z 154582 16039

5. Input Offset Measurement
DASY measurement paramesers: Auto Zeso Time: 3 sec; Measuring time: 3 sec

Inpul 1OMQ
; Average (V) | min, Offset (uV) | max. Offset (uv) | S* ?""‘,';‘m“
Channel X 063 -1.02 222 E 0.59
Channel Y 0.44 -0.83 154 0.z4
Channel Z D22 -1.67 1.02 0.53
6. Input Offset Current
Nominal Input circuitry offsat current on all channeis; <2518
7. Input Resistance (Typical values for information)
| Zoroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
IWplcal values Alarm Level (VDC)
| Supply (+ Vee) +7.9
| Supply (- Vee) 7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) | Transmitting (mA)
Supply (+ Vee) +0.01 -6 +14
Supply (- Vec) -0.01 -8 -8
Centificate No: DAE4-1507_Sep23 Pape50f 5
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Appendix D.3 Calibration certificate for DAE(SN 1503)
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Glossary

DAE

data acquisition electronics

Connactor angle  information usad in DASY system to algn probe sensor X to the robot

coordinate system,

Methods Applied and Interpretation of Parameters
* DC Voltage Measwement: Calioration Factor assessad for uge in DASY system by
comparison with a calibrated instrument traceable to national standards. Tha figure given
corresponds to the full scale range of the volimeter in the respactive range.

« Connsctor angle: The angle of the connector is assessed measuring the angle mechanically
by a tool inserted. Uncertainty is not required.

* The following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

.

DC Voltage Measurement Linearity: Varification of the Linsarity at +10% and -10% of
the nominal calibration voltage. influence of offset veltage is included in this
measuremant.

Commaon mode sensitivity: Influence of a positive or negative commen mods voltags on
the differential measurament,

Chanvel separation: Influence of a voltage on the neighbor channels not subject te an
nput veltage.

AD Converter Valuss with inputs shortad: Valuee on the internal AD converter
corresponding 1o zero input voltage

Input Offset Measurament: Output voltage and statistical results aver a large number of
zero voltage measuraments.

Input Offset Currant: Typical value for information; Maximum channel input offset
currant, not considaring the input resistance.

Input resistance: Tygical value for information: DAE Input resistance at the connector,
during intemal aute-zercing and during measurement,

Low Battery Alarm Voltage: Typical value for Information. Below this vollage, & battery
glarm signal is generated.

Powsr consumption: Typical value for information. Supply currents in various operating
modes.
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DC Voltage Messurement
AD - Cormvariée Rasciution nominal
Hgh Ranpe: LS8 = v ful tnge « 100, 4300 mV

Low Rerge gl&: I Sinv, fulmnga= -1 4GV
DASY measwement porametens: Autd Zaro Tima: 3 sic. Messiring time: 3 sec

. —_— —
Calibration Factors X | Y
High Range 404 857 £ 0.02% (k=2) ‘L 404,801 = 0.02% (ke2) | 404,518 £ 0.02% (k=2)
Low Range 396175 £ 1.50% (k«2) | J.50638 £ 1.50% (k=2) I 4.01634 = 1.50%% (ka2)
Connector Angle
Connector Angie 10 ba wed in DASY system 190.0%21°¢
Carthicate Noc DAES1508_Aug23 Page30!6
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Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voltage Linearity

| High Range | Reading (1V) | Diffarence (V) Erce (%) |
Channel X+ Input | 20002056 | 3,01 Q.00 {
Channel X + gt 20008.30 1.25 0.0
Channed X - Input -20006.07 .42 000
[Channet Y+ lepuit 200040.65 0.29 000
{ Chunnel ¥ + lput 20000 32 1.67 a0t
[ChannelY - lnput 2000687 a0 | o
ChanneiZ  +leput 200096 85 £.28 0.00
w z + put 2000793 112 am
(ChannelZ - Input | 000088 | 373 a6
Low Hange Reoding {4V) | Diffwrence (uV) | Erree (%)
Channel X + Input 200241 047 00
Channel X+ Input 201.24 283 028
Channe! X - Input 498,75 280 030
Channel Y+ Input 200017 Q1 0.0
Channel Y+ Input 200,58 113 0% |
cmm«_y - Input 192.38 -1.18 08
ChannelZ  + Input 2002.02 026 0,01
Channel Z + Input 200.70 095 VAT
ChannelZ  -Input 182,88 e 030

2. Common mode sensitivity
OASY measuramen: paramatars Auts 24co Tira: 3 sec: Mossurng me: 3 sec

Common mode Migh Range Low Range
leput Voltaga {mV) | Avernge Reoding (V) | Aversgs Reading (:V)
{;:nm x 200 02 507
| - 200 559 356
FCO\_-I\.I_! 200 295 231 !
- 200 582 | &08 |
| Channel Z 200 4.05 4.0
-200 615 598

3. Channe! separation
DASY mensurament paramatars: Ao Zero Tism: 3 sec: Messuring 9me: 3 soc

| lnput Voltage (mV) | Channel X (V) | Chasewi ¥ (sV) | Channel Z (V)
| Channet X 20 - 0.1 373
" Channst ¥ 0 6.18 . 185
Channsl Z 00 774 ase
Cartficats Noc DAES-1500_Auga3 Pagedols
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. AD-Converter Values with inputs shorted
DASY maasuramant carametsrs: Aute Zeso Tima: 3 sac; Measuring time: 3 sec
| High Range (LS8) Low Range {LS5)
Channel X 1= 14920
Channel Y 15928 18104
| channel 2 15525 16079
. Input Offsst Measurement
DASY measurement paramaters: Auto Zoro Time: 3 soc; Measuring tima: 3 see
gt 10M0
Average (uV¥) min, Offset (uV)  max. Offset {1V) 5d. Davigtion
Channel X ace .65 1.45 Qa1
Channel Y Q.70 1.37 0,39 Q.40
Channel Z 53 | -1.28 0.70 Q35
6. Input Offeet Current
Nominal Input circutry offsat cummant on sl channsls: <2964,
7. Input Resistance (Typical values %o Informasion)
Zerolng (kOhm) Moosuring (MOhm)
Channel X 20 200
Channel Y 200 200
Channel 2 20 200
8, Low Battery Alarm Voltage (Typical values for informaticn)
Typical values Alarm Lavel (VDC)
Supply (+ Vee) -7.9
Supply (- Voo) 7.6
9. Power Consumption (Typical values for informarien)
Typioal values Swilched off (mA} | Stand by (mA) | Tranemisting (mA)
| Supply (+ Vo) +0.01 +6 +14
Supply (- Vee) -0.01 8 )
Cartificats Nec DAES-1000_Aug2a PageSels
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Appendix D.4 Calibration certificate for Dipole 750MHz(SN 1085)
Calibration Laboratory of Gchwetnariacher Kaviteierdenst
Schmid & Partner Benvice susse d dtalonasge
Engineering AG Servizio mwaaeco 3l s
Zesghsussieszse 4, MO4 2urich, Swineriand Gaiss Calleaton Senize

Arcrindid Ly the Swas Accwctason Senvice [SAS] Accrediation Ho: SCS 0108
The Swins Accreditgdion Servion is ome of the signatorias to the FA
Wb for the al oiientes
Chet BGS Korea Certificate No.
D750V3-1085 Mar23
Gyeonggi-do, Republic of Koroa
(CALIBRATION CERTIFICATE il
| 1
’ Ctjoct D750V3 - SN:1085 {
—f
[ cartrsscn seccoeuestn QA CAL-O5.v12 i:,:‘ i
| Calibeation Procadue for SAR Validation Scurces batween 0.7-3 GHz - i
g,
Calseaton dawe March 21, 2023
This calrarion - e 1o mationy  WINEN rindion 1he physical units of meas romonts §51).
This meescremants and the UNCTANTIS W CONTOMACO Sectudeity s ghwn on 1550Wng DS N 0% purt of Bhe cwrtficate
|Maunl:uhmo Boon CoNJuenid i e chased Y Sachny omANanant g 122 & J°C arsd ity « 0%,
| Cattrition Equiprract umes (MATE aritical b calvasen)
Frimary Stancesss | D Gl Ourw (Carvhote Moy Schodeid Cuitenten
Pomee aatee AP 4w DEADEE2 o, 217 (95250382¢) Ape-23
Fowir sesso NEF.201 S 103 08 Apr-22 Mo, 21700504 Apray
Fower saneae NRP- 701 S0 10024 DA-ApeE2 Mo, 217-(525) Apeia
l FRederence 20 05 Adescelor SN DVEGHA (71K) 08 ApE22 Ne. 21700037 Ape s
TypaN rmsrwich combiaton SN GI0ME2 /0827 DE-Aprd7 o P 7-0G5) Apeaa
Fisdasnrce Probe EXI0V Ee ) 100 &3 [Ne. EX3-7340_Jarc) Janda
DAES 5K 601 10-Dee-27 PNz DAE4-G01_ Decd2y Cwe-2)
Socondery Sl e . Chech Dutw frhocne| 7 Scheciiad Check N
Powe: et E44166 SN GBS 2475 3000114 (N i check Oct-37) 1 houss chick: Oct-2¢
| Powar serace HP 24814 SN UBI 2B Q7415 (n housn check Ot 224 I housa chack: O34
Pomsar sncace HP S4E1A SN MYs1023315 O7-Oet16 (I howio heck 023 N house check: Ous
FF genondy RS SMT .06 SN W00eT? 15013 (n house check Oce-229 " P check: Oc-94
rmmwnﬂm S USa080rT D1-Mer-14 [ houso chadk O1a2) n housn check: Oot24
MNar Function wo
Cubtented bry: Mchau Weter Laboraany Tecweun ? w
g
boproved oy Sven Kass Techrioo Nareps C P
—- = (' - = -
I9oet Nusch 22, 20
| This caliation ceriioote shal ot be reproduced maomet I Il without WITEN approvad of the laborsdary . J
CartiScane No: D750/31085_Nas Pogo 18
Report File No:  F690501-RF-SAR000491 Date of Issue :  2024-09-04

(All SGS services are rendered in accordance with the applicable SGS conditions of service available on request and

accessible at http://www.sgs.com/en/Terms-and-Conditions.aspx.)

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


http://www.sgs.com/en/Terms-and-Conditions.aspx

SGS Korea Co., Ltd.

|
‘ 4, LS-ro 182beon-gil, Gunpo-si, Gyeonggi-do, 15807
Tel. 031-428-5700 / Fax. 031-427-2371
http://www.sgsgroup.kr

Calibration Laboratory of R —
Schmid & Partner G Servie muisss Serornage
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Glossary:
TSL tissue simufating liquid
ComwF sensitivity in TSL / NORM x,y.z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b} KDB 865664, “SAR Measurement Requirements for 100 MMz to 6 GHZ"

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

*  Measursment Condifions: Further details are avallable from the Validation Report at the end
of the certificate, All figures stated in the certificate are valid at the frequency indicated

* Anfenna Parameters with TSL: The source is mounted in a touch configuration balow the
canter marking of the fiat phantom.

¢ Return Loss: This parameter is measured with the source positioned under the liquid filad
phantom (as described in the measurement condition dause). The Return Loss ensures low
reflacted power. No uncertainty required.

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

*  SAR normalized: SAR as measured, normakzad 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 unceﬁalmy of measurement is stated as-the standard uncertanty of measurement
multiphed by the coverage factor k=2, which for a normal distribution corresponds 1o a coverage
probability of approximately 95%.

Cartiioato Mo DPSOVS-1065_Mw23 Page2ol8
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Measurement Conditions
DASY gystom configueason, as lar as aot given on pegs 1
DASY Version DASYS2 viz2.104
Extrapolstion Advanced Extrapoladon
Phantom Modular Flat Pramom
Distance Dipole Cerster - TSL 15 mm ‘with Spacar
:m Sean Resolution de, dy, dz =5mm
Frequency THO MMz £ 1 Nz
Head TSL parameters
The lalloming pasirnatars and caiodations wees applied .
T, Conduntivit
Hoad TEL param 20°C 419 0.69 mhaim
[ d Head TSL 1220402)°C 41.0=26% 050 mho/m = 6 %
flond TSL temperatire change during lest <05°C —
SAR result with Head TSL
SAR averaged over 1 om® (1 g) of Mead TSL Cendition
SAR measured 260 MW Input power 215 Wiy
SAR for rominal Mead TSL parameters normakznd % 1W 049 Wikg = 17.0 % (kw2)
s;i'-nuqodm 10em? (10 g of Haad TSL condition
Qgﬂ musmd 250 MW nput power 140 Wikg
SAR for nomingl Hoad TSL paramatans i romalizod to 1W 554 Wig = 16.5 % (k=2)
Certitcone No: D750VE 1065 MarZa Pagn 3¢ 6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL
Impedance, translomsed 1o ’"‘,’,’,'_"_'ﬂ'_ o 5340-19j0
Retum Loss - -28.508 7
Gaoneral Antenna Parameters and Design
Electrical Datary (ono diroction) 1 1082 ns
Aftor long term wso with 100W mdaed powar, anly u sight warmng of the dipoke near the feedpoint can be measumd,
The dipole is made of sandard somingd coxcial catla, The carter conducior of the Toeding Ino is dractly connected 1o e
s0c0nd am of the digcle. The anteens is thesedors short-orcutod for DC-signati, On seme of e dipoles, smal ond caps
are atdded 10 the dipcle amms In order 1 improve Mmadching when katded ncoording 10 the position as esplained in the
“Measurement Condiions” paesgraph. The SAH ciata are not atlocted by this cranga. Thi averal dipale length is stil
acconding %o the Standard
No cxoessive foros must be agplnd % the dipols arms, bacause thay might Dand of the saldesed cenmcions near the
faadgoiet muy be damaged
Additional EUT Data
[ S
| Manutackred by - SPEAG
Cartficate No: DTV 1085_Mar23 Paguacte )
Report File No:  F690501-RF-SAR000491 Date of Issue :  2024-09-04

(All SGS services are rendered in accordance with the applicable SGS conditions of service available on request and

accessible at http://www.sgs.com/en/Terms-and-Conditions.aspx.)

SAR7081-04 (2020.12.15)(0)

A4 (210mm x 297mm)


http://www.sgs.com/en/Terms-and-Conditions.aspx

SGS Korea Co., Ltd.
4, LS-ro 182beon-gil, Gunpo-si, Gyeonggi-do, 15807
Tel. 031-428-5700 / Fax. 031-427-2371
http://www.sgsgroup.kr Page : 20/65

DASYS Validation Report for Head TSL

Date: 21.03.2023
Test Laborsory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 Miz; Type: DTSOV3; Serdal: DT50V3 - SN: 1085

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

Medium parameters used: £ = 730 MHz; o =09 Sim; & = 41: p = 1000 kg/m*
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANST C62.19-2011)

DASYS2 Canfiguration:
¢ Probe: EX3DV4 - SN7349; CoavF(10.11, 1011, 10.11) @ 750 MHz; Calibrssed: 10,01.2023
*  Sensor-Surface: Ldmm (Mechanical Surface Detection)
«  Electroniks: DAEA Snb01; Calibrased: 19.12.2022
«  Phantom: Flat Phantom 4.9 (froet): Type: QD 00L P49 AA; Serdal: 1001
o DASYS252.10.4(1535) SEMCAD X 14.6.14(7501)

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

Reference Valoe = 59,31 Vim; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 3.24 Wikg

SAR(I g) = 2,15 W/kg; SAR(10 ) = 1.4 Wiky

Smallest distance from peaks 1o #ll paings 3 dB below = 17 mm

Ratio of SAR #t M2 to SAR at M1 « 66,5%

Maximum value of SAR (measured) = 2.82 Wikg

a8
Y
l 2,40
-4.69
-1.20
3.60

12,08

OdB = 2,83 Wikg =4.52 dBW/kg
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Impedance Measurament Plot for Head TSL
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Appendix D.5 Calibration certificate for Dipole 835MHz(SN 4d138)
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Glossary:

TSL lissua simufating iqud

ConvF sensitivity in TSL { NORM x.yz
NIA nat applicable or not measured

Calibration is Performed According to the Following Standards:

a)

b)

IECAEEE 62208-1528, “Measurement Procodure For The Assessment OF Specific

Absarption Rate Of Human Exposure To Radio £ raquency Fiekis From Hand-Held And

Body-Worn Wireless Communication Devices - Part 1528: Human Models Instrumantation
And Procedures (Frequancy Range of 4 MHz to 10 GHz)", Octobar 2020,
KDB 865664, "SAR Measurement Reguiremants for 100 MH2 1o 6 GHz"

Additional Documentation:

<)

DASY System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Furthar details are available from the Validation Rapon at the end
of the certificate AR figuees stated in the cartificate are valid at the frequency indcated
Anforna Parameters with TSL: The source is mounted in a lowch configuration below the
canter marking of the fial phantom

Return Loss: This parameder is maasured with the sowrce postioned under the hguid filled
phantom (as described in the measurement condition dause) The Relum Loss enswas ow
roflacted power. No uncertainty required

SAR measured: SAR measured st the stated antenna inpul powsr

SAR normalzed: SAR as measwod, normalized 1o an Input power of 1 W al the antenna
conNecior

SAR for nomingl TSL parameters: The measured TSL paramelers are used to calculste tho
nominal SAR resuit.

| The reported uﬁoenalncy of muasmornAem 18 slated as the standard uncertainty of messurement
multiphed by the coverage factor ke2, which for a nomal distribution comesponds 1o a covarage
| probability of approximately 85%
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Measurement Conditions

DASY systwm corfiguraiion. as tir an nol gvern on Daga 1
DASY Varsion DASYSD V2 108 |
il![mm Advmrced | I'rn:n:l:ﬂyl.
Phantom Modular Fal Phastom
Distance Dipole Center - TSL 14 mm -rrA &“;‘
Zoom Scan Resolution de, Oy, @ = &
-F:.»qnm:y | M35 MMz = 1 MMz
Head TSL parameters
Tre ldomang porametons and ceuiations weto sepbac
r 7 T [a ity [> y
Nox | Head TSL p " 220°C 215 ' 0,80 mnorm
M-:und_!vod TSL Oarumedecn @F20=025"C AW 0 75\5 Mo 4 0 %
| Mead TEL tempersturm change during best <asc | - - 2
SAR result with Head TSL
[ SAR svwrngad over | am’ (1 ) of Hand TSL [ Conttion I
{ SAR messwed | 2% mW rput ;..\:n-' | 2 5-: Wiy i
SAR \or 'Imu:ul Moo TSL paramelurs I ranMsiEed to 1W 98T Wikg # 17.0 % (k=2)
i{. avwiaged over 10 e’ (10 gldNﬂnTéL condton | j
AR mausumd 260 W ingut power 104 Wiy ]
SAF} rry nominy Hoad TEL peamesn noerakzed o AW 6.0% Wikg = 16.5 % (k=2) |
Canfieatn Ny DEISVE 44138 _Apd) Pagn ol & B
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Irgadancs, immsturmed 10 fesd point KWen-pam

Retum Loas 387 46

Ganeral Antenna Parameters and Design

Elocirical Delay (ore drecticn) 1 359 my

Adef I0Q tanm use with 100V mdaked bower iy 3 SEghI warming of the ieok niar the feadpont can De ressred

The dipole = mude of standard Samingd coxisl cazd. This Carfer GON00CIOr of tha faeding ine is dractly Cconiwsied 1o the
Secund sm of the dipcle. Tha sniwnna is tharetone shon-drealed for DO-sigrake. On some of e dputes, smpi end JA )
s pdded o thie dpcks nms i omer  mpve malohing whan . ding 10 the positon as explained ¥ -u-: o
"Measunerant Condtiona” paragraph. The SAR dats am mel weciad Dy Pis ange The overs] Gocks kegth is st

sccording o e Etandard
o astaseve e o
feecpaial may be cameg

SRS 1o e dpoie M. Butaise Hey mght Bend o he scidered conne 1kors now e

Additional EUT Data

Marfuctiesd by = SPEAG

Comifcims No DEOWZ 44438 Agedd Paguanl s

Report File No:  F690501-RF-SAR000491 Date of Issue :  2024-09-04
(All SGS services are rendered in accordance with the applicable SGS conditions of service available on request and

accessible at http://www.sgs.com/en/Terms-and-Conditions.aspx.)
A4 (210mm x 297mm)

SAR7081-04 (2020.12.15)(0)


http://www.sgs.com/en/Terms-and-Conditions.aspx

SGS Korea Co., Ltd.
4, LS-ro 182beon-gil, Gunpo-si, Gyeonggi-do, 15807
Tel. 031-428-5700 / Fax. 031-427-2371
http://www.sgsgroup.kr Page: 26/65

DASYS Validation Report for Hend TSL

Drare: 24,04 3023
Test Laboeutoey: SPEAG, Zurich, Switzerland
DUT: Dipole 8§35 MHz: Type: DEISV 2; Serial: DRISVZ - SN:4d 138

Communsation System; UID 0 - CW; Freguency: 535 MHs

Mediem pasiumeters used: f« 835 MHz: @ = 098 S/ 2, = 404 P o= 1000 A g/’
Phantom section: Flat Section

Messsreanont Standurd: DASYS (IEEEAEC/ANSE CA2 19-2011)

DASY 52 Confliguration
«  Probel EX3DVA - SNT349; Convi949, 9.0, 2.469) & 435 MHz: Culibrsted 10012023
o Semsor-Surface: | dmm (Mechanicyl Surface Detection)
¢ Electromos: DAES Snt01; Calibepted: 19122022
o Phantom: Flat Phastoe 4.9 (front) Fype: QD OCL P49 AAL Seriul: 100

= DASYS252.10441534), SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=250 W, dw 1 SmnvZoom Sean (TXTTVCube
Measurement gnid: dxsSoum, dy=5aum, desdaimn

Reference Value = 6383 Vim: Power Drift = 002 4B

Peak SAR (extrmpolated) = 1,87 Wikg

SARIT g1 = 2.56 Wik SAR(10 g) = 1,65 W/ikg

Smallest distunce from peaks 10 ull points 3 dB below = 17 mm

Rutio of SAR a M2 10 SAR at M) = 66.1%

Maximum value of SAR (measamed) « 5,39 Wiz

180

i6e

S.40

-rzn

9.00

O 0B =339 Wikg = 5.30 dBW/kg
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Impedance Measurement Plot for Head TSL
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1 >y |
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Appendix D.6 Calibration certificate for Dipole 1750MHz(SN 1116)

Calibration Laboratory of WY, hwelzerischer Kalibrierdienst

Schmid & Partner . (i) e e
Engineering AG 7 O €. aurvit sihiiors & ersturs

Zeughaussirasse 43, 8004 Zurich, Switzeriand ’@f S/ S swiss Callbration Servics

Accredied by the Swiss Actreditaion Service (SAS) Accrugitation No.: SCS 0108

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

Multiiateral Agreement for the recognition of calibration certificates

Caibration date:

This calibration cersficate documents e iraceabilty to natonal standars, which resiize the physcal units of measuremerss (S1).
The el (e with canf probebiity are given on !ie foflowing sages and are part of the cericats,

Armmmnmmmnmmwmmmmmwmzamwmdu

Cailbraton Equpment used (MSTE critical for cafibration)

 Primary Stardards o# Cat Date (Carvficate No.) Schedued Callbration
Pawer matar NRP2 SN; 104778 30-Mar-23 (No. 217-0380403605) Mar-24

Power seraor NRP-291 SN 103234 30-Mer-23 (No. 217.03804) Mar-24

Power sangor NRP-Z21 SN: 103245 30-Mar23 (No. 217.03805) Mar-24

Roforercs 20 8 Asenuatat SN BHIZ04 (20k) 3043023 (No. 217-03809) Mar-24

Type-N migmatch combingtion SN 310882 /00327 30-Mar-23 (No. 217-03810) Mar-24

Referunce Probe EXIDVE SN T8 10-4an-23 (No. EX3-7348_Jan23) Jan-24

DAE4 SN: 801 18-Dec-22 (No, DAF4-601_Dec22) Ose-73

Sacondary Stancards De Chack Oae (in House} Schedulec Check
Power meter E441868 SN: GB3IEG 12478 30-0ct-14 (in house check Oct-22) N heusa chace Oct-24
Power sensor HP 8481A 8N US372¢2783 07-0c2-15 (in house chack Dc2-22) i house chedc 024
Power sensor HP 8431A SN: MY41093315 07-0ca-15 {In housa check Oc-22) In heuse enadc Oct-24
RF generaler RES SMT-08 SN: 100972 T8-Jun15 (In house check Oct-22) In houss chack: Oct-24
Network Arahyaar Aglont E83584 | SN: US41080477 3%-Mar-14 {in house check 0222 In housa chadk: Oct-24

Neme Functon

Cafibratec by:
Approvoc by
ssued: July 18, 2023
This calloraton cenificate shall not be reo except In Al withoul weitten 2o of the Yy
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Calibration Laboratory of S, Schweizerischer Kalibrlerdianst
Schmid & Partner — g Servics sulsse T'dtalonnage
Engineering AG % Servizic svizzero di taraturs
Zeughsusstrasse 43, 8004 Zurich, Switzariand N S swiss Cabeation Service
Accredited by #he Swiss Accreditason Servios {SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is one of the signatories (o the EA
Muttilateral 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 Modaels, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

b) KDB 865664, "SAR Measurement Requirements for 100 MHz to 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 certificate. All figures stated in the certificate are valid at the frequency indicated.

* Antenna Parameters with TSL: The source s 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 measurament 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 nerorted uncertainty of measurament 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 configaration, as far 85 not given on page 1.
DASY Varsion DASYS52 V52104
Extrapolation Advanced Extrapolation
Phantom Moduter Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Fraquency 1750 MHz £ 1 MHz
Head TSL parameters
The following parametess and calculaticns were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 401 1.37 mho/m
Measured Head TSL parameters (220202)°C 200£8% 1.34 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 Candition
SAR measured 250 mW input power 877 Wikg
SAR for nominal Head TSL parameters nomalized to TW 355 Wikg £17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 4.85 Wikg
| SAR for nominal Head TSL parameters normalized %o 1W 18.8 Wikg £ 16.5 % (k=2)
Cenificate No: D1750V2-1116_Ju2d Page 30f 6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5140-1810
Return Loss -331¢8

General Antenna Parameters and Design

Electrical Delay (one direction) [ 1215ns }

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

Tha dipcle is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connecled 1o the
second arm of the dipole. The antenna is therefors short-circuited for DC-signals. On some of the dipoles, smaid end caps
are added o the dipole arms in order to improve matching when loaded accerding to the position as expisined in the
"Measurement Conditions™ parsgraph, The SAR data are not affected by this change. The overall dipole length is st
according to the Standard

No excessive forca must be applied 10 the dipcle arms, bocauss thay might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

[ Manufactured by i I 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 ( - CW; Frequency: 1750 MHz
Medium parameters used: f= 1750 MHz; 0 = 1.34 S/m; &= 40; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEETEC/ANSL ©63.19-2011)
DASYS52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(8.67, 8.67, 8.67) @ 1750 MHz; Calibrated: 10.01.2023
» Sensor-Surface: 1.4mm (Mechanical Surface Detoction)
« Electronics: DAE4 Sn601; Calibrated: 19.12.2022
» Phantom: Flat Phantom 5.0 (front); Type: QD 000 PSO AA; Serial: 1001
« DASYS5252,10.4(1535); SEMCAD X 14.6,14(7501)

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

Reference Value = 106.1 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 16.0 Wikg

SAR(1 g) = 8.77 Wikg: SAR(10 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%

Maximum value of SAR (measured) = 13.4 Wikg

-3.60
-7.20
-10.80

-14.40

-18.00

0dB=134 Wkg=1127 dBW/kg
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Impedance Measurement Plot for Head TSL
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Appendix D.7 Calibration certificate for Dipole 1900MHz(SN 5d158)
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Calibration Laboratory of §  Schwmzertsche Kalbrmsiene
Schmid & Partner c Servce putime SO

Engneerdng AG Seretrio evtzzem o sastirs
Teughausstrasms 41 B0OA Zorich Swissriard s B inn Cabammion Sorvne
ACtrotind by Pom Snay Acwsiets Sevvice SAS) - Accrosiaton Ho: SCS 0108
The Sades Ascrediunon Servion is 960 of 1N Signatenes 1s De EA

for the of

Glossary:
TSL tiseue simulating hiquid
ConvF sensavity n TSL / NOAM x,y.z
NA not apphcable or not rmeasured
Calibration is Performed According to the Following Standards:

a) IEC/IEEE 62209-1528, "Measuramont Procodure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hang-Held And
Body-Wom Wireless Cammunication Devices - Pant 1528: Human Modets, Instrumentation
And Procadures (Fraequency Rangs of 4 MHz to 10 GHz)", October 2020

b) KDB 865684, “SAR Measurement Requirements for 100 MH2 to 6 GH2"

Additional Documantation:
c) DASY Systemn Handbook
Methods Applied and Interpretation of Parameters:

¢ Measwemenf Condibions. Further details are gvailable from the Validation Report at the end
of the certlicate. All igures stated in the cenificale are vald at the frequency indicated.

o Antorma Parameters with TSL: The source @ mounted in a bouch configuration below the
center masking of the fiat phantom,

¢ Retfurn Loss: This parameter i measured wish the source pasitioned under the liquid flled
phantom (88 deacribed in the measurement condition clause). The Betum Loss ensures low
rafected power. No uncenainty required

o SAA megsured. SAR measured al the stated amtenna inpul power.

*  SAR normatized: SAR as measured, normaized 1o an mput power of 1 W at the antenna
connector.

« SAR for noming! TSL parameters: The measured TSL paramaters are used to caicuiate the
nominal SAR result

Tha reportad uncerainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor ke2, which for & normal distrbution corresponds o a coverage
probabity of approximately 95%,
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Measurement Conditions
DASY systoon ccotigurunon. us far aa not ghven on cape !
DASY Version DASYS2 VEZIDA
Estropolation Addsieced Exvigulation
Prantom Modudw Fat Phartom

B;mo Digode Center - TSL

10 mm

ZToom Scan Rescluton

thy, dy, dz = 0 wm

with Spaces

Freguency

1900 MH2 & 1 MH2

Head TSL parameters

Tha folowing paramatars: and culuatons wate sppbed

Temporature

Peemittivity Conductivity
I Hesd TSL 220'C w00 1.40 mho'm
- " s it
| W Hoad TSL ] [Z20:2021C WH2H" 1.20 meom = 8%
| Heact TSL tempernturs change during sest <03°C
SAR result with Head TSL
| SAR averaged over t om® (1 ) of Heso TSL Condtion
| BAR swasuted 250 MW put parme 807 Wiy
| .
| SAR for nominal Head TEL paramators noomalzod w 1W 358 Wikg = 170 % (k=2
| a
| SAR wvurmged aver 19 =o' (10 gj of Head T5L corvison
p————————— . —— 4
| SAR moaswed 250 MW et Cawer £19 Wkg
] SAR Sor noeminal Head TS punarmmiens

nommuized % 1W

20.7 Wikg « V6.3 % (ke2)

Canfhcme No. DIBOVE-20 180, Apred Page30l6

Report File No:  F690501-RF-SAR000491

Date of Issue :  2024-09-04
(All SGS services are rendered in accordance with the applicable SGS conditions of service available on request and
accessible at http://www.sgs.com/en/Terms-and-Conditions.aspx.)

SAR7081-04 (2020.12.15)(0)

A4 (210mm x 297mm)


http://www.sgs.com/en/Terms-and-Conditions.aspx

SGS Korea Co., Ltd.
4, LS-ro 182beon-gil, Gunpo-si, Gyeonggi-do, 15807
Tel. 031-428-5700 / Fax. 031-427-2371
http://www.sgsgroup.kr Page: 37/65

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

Imgedance. transionmed ¥ teed pom l 5450455 |

Auram Loss I

General Antenna Parameters and Design

Evctncal Delay jore drection) [

Aher lnng tim use with 100V radatng power, onty & sIgne wamming of e EDole nea T eddoint can ho Maas e

Tha dpoe & maoe of stonaard seminrgld coaxial catde. The contar condumor of ha Meding ine & dmctly connactad 10 tha
sucarnd fen of e doke The artenns i Persfune shon-crouied lor DCsgnals. On samw o e dpoles, smudl snd caps
are pddod to the dipole anns 0 onder (o impeove marching whan aded accordng 10 the poalion as axplanad » the
“Wadsurament Condtiona” parmgued. The SAR dote am not alleced Uy $is changn, Tha ovad cipcle lergth w o¥8
rocordng o fhe Standord

NO aecosaivn loe must e aopiod 10 1ho Spoke U, DIcausSE INey migh! Bend or NG Sldead LONmBcSors rdar e
fondpaint may be darmaged

Additional EUT Data

Y -1
EPEAG |
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DASYS Validation Report for Head TSL

Dute: 26,04 2023
Temt Laborioey : SPEAG, Zurich, Swatzatland
DUT: Dipole 1900 MHz: Type: DISO0V2; Serfal: DIS0OV2 - SN:SA158

Commumicution System: UID 0 - CW: Frequency: 1900 MHz

Medium parmmoters used: = 1900 MHz; o = 139 S/o; o = 38.0: p = 000 kgim'
Plantom section: Flis Secton

Mesurement Standant: DASYS (IEEEEC/ANSI CA3 9201 1)

DASYS2 Canfigaratson
o  Probe: EXIDVA - SNTH9, Canv8.35, 835, 8,35) @ 1500 MH, Calibeaed: 10,01.2023
*  Semor-Surfuce: | Amm (Mechanical Surfoce Desection)
o Electronses DAEA Sabtil; Calibrseed! 19, 122022
+  Phantoen: Flut Prantams 5.4 (froon); Type: QD 000 P30 AA: Senal: 1O

o DASYS252.10.401535), SEMCAD X 4.6 14(7501)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7 VCube O:
Memsurement grid: dssSmm, dysSism, de=Smm

Reference Value = 1042 Vio: Power Dafi = 001 dB

Peuk SAR {extrapulined) = 185 Wikg

SAR ) =997 Wik SAR(10 g) = 5,19 Wik

Smulles: distunce from peaks to all points 3 dB below « X num

Ratio of SAR 22 M2 10 SAR st M1 = 54.5%

Maximum value of SAR (measured) = 15.5 Wiy

-3.00
.00
-4.00
-12.00
-15.00

0B =155 Wg = |1.91 dBWikg
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Impedance Measurement Plot for Head TSL
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Appendix D.8 Calibration certificate for Dipole 2600MHz(SN 1038)

Cailbr_:ﬁon Laboratory of P ‘\:'z' Mo /-; :':‘?:\\_ g Setwatzariacher Katitrierdimeat
Schmikl & Pariner S | @ Dervoe sudes ditacanage

Enginearing AG L :‘ ) Sareass svicere 9 taeatarn
Twogrsunsiraass &3, 3354 Zurich, Swtizariard R ‘\\ :j S fuses Catlaraticn Service

ACase e
Arwctund by e Swias Acoowstatan Seid (BAS) Acorediation vo. SCS 0108
The Swiss Acomatatiaon Service in one of the signatores 1o the FA
for e of cargfonss

Corian . D2HO0V2-1038_dun2d

Calracion procadhesin|

Cabtrascr date June 16, 2023

Trw cAtrton caryicats doccmments fre iracaaddiy 43 reftny atsrcieis, Wit resie fw plywic s of messsterards (50)
The sttt 2ol 190 UOOerian Goe WD CONfioono DOODNEEY 0 (el On TN0 Eaw ) DOGAS 0 D Dan of e corkScam
|

Al bersicre evs bees Soratuciet 1t e czeet latorxiory facily: sraorrree Serperatire (22 £ 30 ened Purradty < MO,

Caltrenn Ecumren! iset) MATE sthad fir oot brakery

reyGmowos  |@#  CoDwnmetomde) ___ Seecua: Carereen |
Power mein N3 5h 1047TD T0Ner-33 | Ne. 217080420000 Mur 24

Power mey NIUY-Z01 2 104 0-Mer-23 (W 21703802) M4

Pawer ss NRF-Z3% SN e N3 e 297 Q3G Mo 34

Rutwance 23 40 Aseresss S BrOYH (2K) 20Vee-T3 (Vo 247-35600) Mar-2¢

TypaN misnaKn comarecicn SN 3066R T 02T M2 [N 2774381 Nords ‘
Tatwrarcs Prose £XO0/4 S TME G-Ja-23 (M. EXI-TMD_Lary) andd

DALY M 302022 N0, DAEA G _Dec2ds Doc-23
| Bectrowy Foncans |os Creck Do |1 hewse) Fohedsnd Creck 1
| Power Nt EA4 100 | SN GBI 1247Y 30214 (n howse cheex Dok73] N Souen creox D034
| Fowir seteer H® Ba81A | SN USHIIRTRY 2rOae- ke ok Oo22) 1 houte sroon: Dot 24
| Power serace M7 DOTA SN MYAISIIS D701 ) noame chack Ocd-22| n Poani crack: D24
| F gerarader RAS ENTO8 100072 16-Junv 15 |0 touso eck O 23) N houmn crack: Dotdd

Mtk Anatyzar Aghent EEISA | SN US4 1080477 31-Mar 14 O lzene chuk Ocd-22) W P etk O34

Narve Function S

TR oew 18 202N
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Calibration Laboratory of A A Suiraviesrische Kaltrerdiess
Schmid & Partner % /f \ g Servica cuss SRIOINIGE

Engineering AG e k\ | Serv@i0 Settzecs O Wty
Tavghausstrane €3, 3904 Zurich, S wltmartand %Q/‘/:’,:*:y*’ - J S Swims Cattration Servicn
Acsetied Sy e Seiss Acretuton Seniae (SAR| Accratiation %o - SCS 0108
The Saias Accredtation Service i 0ne of Mhe Bignatones tu the EA

Lo o the o

Glossary:
TSL tissue simulating fquid
ConvF sensitivity In TSL | NORM x,y 2
N/A not epplicable or not measurad

Calibration is Performed According to the Following Standards:
a) |[ECNEEE 62208-1528, "Measurement Procedure For Tha Assessment Of Specific

Absorption Rate Of Human Exposure To Radio Frequancy Fialds From Hand-Held And
Body-Wom Wireless Cormmunication Devices - Part 1628: Human Madels. Instrumaentation
And Procedures (Freguency Range of £ MiHz to 10 GHz)", Oclaber 2020,

b) KDB 855664, "“SAR Measurement Requirements for 100 MHz to 6 GHZ"

Additional Documentation:
c) DASY System Handbook

Methods Applled and Interpretation of Parameters:

Measurement Condifions. Further detads are avallabie from the Validation Report at the end
of the cartificate. All figuras stated In the certificate ara valid at the freguency ndicated,
Antenng Parameters with TSL. The sourca 18 mounted in & touch configuration below the
center marking of tha fist phantom

Refum Loss: This parameter is measurad with tha sourca positioned under tha liquid filled
phantom (as described in the measuremant condifion clause). The Return Loss ensures low
reflected power. No uncertainty reqused

SAR measured: SAR measured st the stated antenna Input powsr,

SAR novrnalized: SAR as measured, normadzed 10 an inpid powsr of 1 W at the antenna
connacior.

SAR for nominal TSL parametars: The measured TSL parameters are used % calkculate the
nominal SAR result

The regoried uncertainty of measurement is stated as the slandard uncertainty of measurement
muttiphed by the coverage factor k=2. which for a normal distnbution comesponds to a coverage
probability of approximately 85%.
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Measurement Conditions
DASY sypstam configation, s S as nol glown on cegn |
DASY Varsion DASYSZ Ve.104
Extrapolation Atvarces Extrapcluion
Fhantom Woduor Flat Pramom
Distance Dipole Center - TSL 10 m= wih Soncnc
Zoom Soan Resolution d@x, dy, dx = Smm
Freguancy 2600 MHz 2 1 M
Head TSL parameters
The fod D P wnd wate apping
T T » y Conductivity
i _M.TEL ars ] o —-22:5."6 T 280 1 86 mbaim
Messured Hand TS, parsmatars (220202)°C | 38428% | 187 mhama6%
| Hoad TSL temperasurs change during tost <05°C - |
SAR result with Head TSL
SAR wvacaged ower 1 cm? (1 g of Head TSL _ Conden .
SAR measuree 250 il inpuk power WO Wk
SAR for nomirel Hasd TSL sammmetun reomalond 1o 1W 557 Wikg £ 17.0 % (ws2)
SAR averaged over 10 om! (Y0 g) of Maod TSL comunan
SAR manaurmd 250 WY irput powes €38 Wig
SAR %or moming! Head TSL paramaiens normakzed 10 W 253 Wkg £ 16.5 % (e2) |
Ceanttcanm Na; D260V2-1038_ Page 3ol 8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impednce, Yarsiormed to ised poine | aan-110
Retum Loas «30408

General Antenna Paramelers and Design

Fm-l:x‘ Dulsy (ona dmetion) t4Tm

Aler lorg term use with 100W ad@ted pawer. ondy a slight warming of the cipole near e feadpain can be meosured

The dpole is mads of standard semirighd comanl cable. The center caonoucor of e feeding ine is drecty connectad tn e
secand am of the digoke. Tha anenna is tharssfare shorl-gircuied Tor DCaignus. On some of he digokis. smal end caps
are added o the digcle arms in order %o mprave malshing when Soaded acocrding 1o the poeiton s sxplnned in the
"Mezs.remant Condifors™ pacagraph. The SAR dals ara not atfeciad by s chanpe. The overal dipale lengt is s8l
sccardng 1o the Stasdard

No excassive force must be apziiad 10 the diocle arms, decause they might bend or the solderad cornactions near e
leadpoind may be duraged

Additional EUT Data

! Mamutactored try

SPEAG
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DASYS Validation Report for Head TSL

Date: 16.06.2023

I'est Labaratory: SPEAG, Zurich, Switzesfand
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600VZ - SN:1038

Commuracation System: UTD 0 - CW; Frequency: 2600 MHz

Medium parameters used: = 2600 Mz o = 1.97 S/m; & =~ 18.4; p ~ 1000 kg/'m’
Phantoen sectson: Fist Section

Measuremeant Standant: DASY S (IEEEIEC/ANSI Co3. 19-2011)

DASY32 Configumation
o Probe: EXIDVE - SN7349; ConvF(7.68, 7.68, 7.68) (i 2600 Miiz, Calibrated: 10012023
o Semmor-Surface; | Amm (Mechanical Surfhce Detection)
o Electronics: DAES Sodd1; Calivrsesd: 19,12.2022
« Phanom: Flat Phantom 3.0 (fromt); Type: QD 000 P50 AA; Sedlal; 1001

o DASYS2S210.4(1535); SEMCAD X 14.6,147501)

Dipole Calibration for Head Tissue/Plo=250 mW, d=10mm/Zoom Scan (Tx7x7)/Cube 0:
Mensurement geid: do=Smm, dy=Smm, d2=S5mm

Reference Valuz = 118,4 Vim; Power Dift = 0.01 dB

Peak SAR (extrupolated) = 26.9 Wikg

SAR(] g) = 14 Wikg; SAR(10 2) = 6.36 Wikg

Smallest distance from peaks %o all points 3 J8 below = 9 mam

Ratio of SAR at M2 10 SAR mt M) =~ 52.2%

Mavimum value of SAR (menstred) = 22.8 Wikg

=8

-10.80

-14.40

-10.00

O0dB =228 Wikg= 1358 d8Wikg
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Imped Measur t Plot for Head TSL
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Appendix D.9 Calibration certificate for Dipole 3500MHz(SN 1058)

Calibration Lamto'y of f-“'":'_;’" "% Schweizerischer Kalibrierdienst
Schmid & Partner “‘\g = Service :.lluo d‘dlnlol'lmgo
Engineering AG 7 < Sorvizio svizzero di tarstura
Zeughausstrasse 43, 8004 Zurich, Switzertand @3 Swiss Calibration Service
Accrodiad by the Swiss Acceditation Sarvica [SAS) Accreditation No.. SCS 0108
The Swiss Accreditation Servics is one of the signatories 1o the EA
Muttilateral Agreement for the recognition of cai@ration certificates
Client SGS Cadtificate No. D3500V2-1058_Sep23
Gyeonggi-do, Republic of Koroa
[CALIBRATION CERTIFICATE
I
Objact D3500V2 - SN:1058 s |
Calibration procecus(s) QA CAL-22.v7 "——/‘_'-é:“L
Calibration Procedure for SAR Validation Sources between 3-10 GHz <l |
Ny e
Calbration dute: September 28, 2023

This caibiration cartificaia documants ihe kaceakiiy % national stancards, which realize the phy=cal units of measuramants (S1)
The measuramants And s urcanainties with cocficencs prodabiity are pivens on the followirg Pages and are part of e cenficale.

Al calibrations hava boen conoucted In tha Closad iaborsiory faciity: envircnenant tempersture (22 = 35°C and humidity < 70%,

Calraton Equipment used (MATE ariticer for calmation)

Prmary Stancerds = Cal Date (Cortificata No ) Scheduded Calibration
Power metar NRP2 | SN 1778 30-Mar<23 (Na. 217-0380403305) Mar-24
Pawer sangor NRP-Z01 | SNC 106244 30-Mar-23 (Na. 217-03804) Mar24
Power sansor NRP-291 SN 1032435 30-Mar23 (N, 217-03805) Mar-24
Ralzrence 20 9B Attenuator | SN BHEdS2 (20k) 30-Mar-23 {No, 21 7-02809) Mar-24
Tyna-N mismatch comblngticn } SN: 310082 / 06327 0-Mar-23 (No. 217-03810) Mar-24
Raterance Probe EX30V4 | 8N: 3506 O7-Mar-23 (No, EX3-3503_Mar2s) Mar-24

| DAE< | BN. 800 09-ALG-23 (No, DAEA-800_Aug23) Aug-2d

| Secondary Standaras e Checx Dese (in housa) Schaduled Ohack

| Power mater £44198 | 2N: cBags1247s 30-Oct-14 fir: housa chack Oct-22) I house check: Oct-24
Power sersor HP 84814 SN: US37294783 07-Dat-18 (In housa chack Oc-22) In house check: Oct-24
Power geracr HP 8a81A SN MY41080315 07-0e815 (in houss check Oct-22) In house check: Oct-24
AF geramtor R4S SMT-05 SN 100872 15-Jun-15 (in house check Oc-22) In house check: Oct24
Natwork Analyzer Agilant EBSSEA | SN: LS41080477 3 -Mar-14 (in house check Oct-22) In house check: Oct-24

Name Funauion Sgnaturn

Calrased by: Pnuto Fing Laboratory Technician =

Approvad by: Sven Kinn Tedwical Meoagar
///Z,’f
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Calibration Laboratory of S,

A Schwelzarischar Kalibrierdionst
Schmid & Partner = Service suisse d'étalonnape
Engineering AG g Servizio svizzero o taraturs
Zeughausstrasse 43, 8004 Zurich, Switzerland % /}/}?‘\\9? Swiss Calibration Service
Acoreditag by tha Swiss Accreditation Setvice (SAS) Accreditation No,: SCS 0108

The Swiss Accreditation Service Is one of the signatories 10 the EA
Multiistern! Agresment for the recognition of calibration cortificates

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, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

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

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

* HRetum Loss: This parameter s measured with the source positioned under the liquid filled
phantom {as described in the measurement condition clause), The Retum Loss ensures low
reflected power. No uncertainty required.

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a2 normai distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration. as ‘ar as not given on page 1.

DASY Verslon DASYS2 V52,104
Extrapolation Advanced Extrapoiation
Phantom Modular Flat Phantam VE.0
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resclution ox, dy = 4.0 mm, dz = 1.4 mm Graded Ratio = 1.4 (2 direction)

3400 MHz = 1 Mz
Fronuency 3500 MHz = 1 MHz

Head TSL parameters at 3400 MHz
The following parameters  and calculations ware applied

Temperature Permittivity |  Conductivity
Nominal Head TSL parameters 20'C 280 2.81 mho'm
Measured Head TSL parameters (220=202)°C 37726% 2.87 mho/m £ 6 %
Head TSL temperature change during test <05°C e -
SAR result with Head TSL at 3400 MHz
SAR averaged over T cm® (1 g) of Head TSL Conditicn
SAR measured 100 mW input power 8.79 Wikg
SAR for nominal Head TSL paramelers nomalized 1o W 67.4 Wikg = 19.8 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 100 mW input power 2.56 Wikg
SAH for nominal Head TSL pasarmelers narmalized to 1W 25.8 Wikg £19.5 % (k=2)
Head TSL parameters at 3500 MHz
Tha following parameters and calculatons wers applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 37.9 2.81 mhe/m
| Measured Head TSL parametsrs (22,0 +0.2) °C 78+6% 2.5 mho/m +8 %
| Head TSL temperature change during test | <05°C — -~
SAR result with Head TSL at 3500 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Conditlon ]
SAR measured 100 mW input power 6.56 Wikg |
SAR for nominal Head TSL parametars narmalized to 1W 85.3 Wikg = 19.9 % (ke2) ]
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 100 mW input powesr 2.48 Wiy
SAR for nominal Head TSL parareters normatized 1o 1W | 24.8 Wikg = 19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 3400 MHz

Impedance, transformed 10 fesd point Mi-73ia
Retum Lozss -200c¢8 —I

Antenna Parameters with Head TSL at 3500 MHz

Impedance, fransformed to feed paint $0oa-81j0
Ratumn Loss -24308

General Antenna Parameters and Design

|Eectncal Delay (one direction) I 1135 ns ﬂ

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

The dipoie is made of standard semirigid coaxial cable. The cantar canductor of the feeding line is directly connecied o the
220ond amm of the dipole. The antenna is therefors shaor-circulted for DC-gignals. On some of the dipoles, smal end caps
are addad o the dipole arms in ordar o improve matching when lcaded according 1o the position as axplained in the
"Measuremant Conditions* paragraph. The SAR data are not affected by this change. Tha overall dipole length is sfill
according to the Standsrd

Ne excesaive force must be applied to the dipole arms, because they might bend or the soldsred connections nesr the
feedpoint mey be damagea

Additional EUT Data

| Manutactured by SPEAQ |
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DASYS5 Validation Report for Head TSL

Date: 28.09.2023
Test Laboratory: SPEAG, Zurich, Switzeriand

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

Communication System: UID 0 - CW; Frequency: 3500 MHz, Frequency: 3400 MHz
Medium parameters used: = 3500 MHz: 6 = 2.95 $/m; & = 37.6; p = 1000 kg/m*
Medium parameters used: = 3400 MHz; o = 2.87 S/m; ;= 37.7; p = 1000 kg/m’
Phantom section: Flat Section

Mcasurement Standard: DASYS5 (IEEE/TEC/ANSI €63.19-2011)

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

» Seasor-Surface: 1. 4mm (Mechanicul Surface Detection)

» Electronics: DAE4 Sn900; Calibrated: 09.08.2023

+ Phentom: Flat Phantom 5.0 (front); Type: QDOODPSOAA; Serial: 1001
» DASY52 52.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=100 mW, d=10mm, f=3500MHz/Zoom Sean,
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 Wikg

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

Ratio of SAR at M2 to SAR @t 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 Vim; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 17.9 Wikg

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

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

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

Maximum value of SAR (measured) = 12.7 Wikg

Certificate No: 03500V2-1058_Sen23 Page5ol 7

Report File No:  F690501-RF-SAR000491 D_ate of I_ssue . 2024-09-04
(All SGS services are rendered in accordance with the applicable SGS conditions of service available on request and

accessible at http://www.sgs.com/en/Terms-and-Conditions.aspx.)

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


http://www.sgs.com/en/Terms-and-Conditions.aspx

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

http://www.sgsgroup.kr Page: 51/65

-6.00

-12.00
-18.00
-24.00

-30.00

Certificate No: D3500V2-1058_Sep23

Page 8ol 7

Report File No:  F690501-RF-SAR000491 Date of Issue :  2024-09-04

(All SGS services are rendered in accordance with the applicable SGS conditions of service available on request and
accessible at http://www.sgs.com/en/Terms-and-Conditions.aspx.)

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


http://www.sgs.com/en/Terms-and-Conditions.aspx

SGS Korea Co., Ltd.

4, LS-ro 182beon-gil, Gunpo-si, Gyeonggi-do, 15807
Tel. 031-428-5700 / Fax. 031-427-2371
= & 1 52/65

http://www.sgsgroup.kr Page :

Impedance Measurement Plot for Head TSL
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Appendix D.10 Calibration certificate for Dipole 3700MHz(SN 1005)

Calibration Laboratory of it Schweisarischer Kallbrierdienst
Schmid & Partner % Service suisse d'étalonnage
Engineering AG = Servizio svizzero di taraturs
Zaughausstrasss 43, 8004 Zurich, Swilzertand ‘%m,?‘ Swiss Calibration Service
Acorecitad by Ihe Swiss Atcreditaston Senvice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Sarvice is one of the signatories to the EA
Multitataral Agresment for the recognition of callbration certificates

Client

This cal 1 canficate do mmmmmmmmmmmmmlmndmmmsn
Th-m-ummumdMumhﬁu-&mmwwmymwmm”pﬂmmdmmnm.

Al calbraicns have bean concusted in the casad laboratory 8ciity: environment tempsrature (22 ¢ 3j°C and humidity < 70%,

Cakrstion Equinment used {MTE critical for callbraton)

Primary Stancaecs De T Data (Caritficats Na,) Schedulat Caftration
Power metsr NRP2 8N 104778 30-Mar-23 {No. 217-0380403835) Mar.24

Powar sansor NRP-291 SN 103244 30Mar-23 (No. 217-03804) Mar-24

Power sersor NRS-291 SN: 103248 30-Mar-23 (No. 217-028085) Mar-24

Referenca 20 d8 Attenuater SN BHO334 (20k) 30-Man23 (No. 21703803} Mar-24

Type-N mismatch combiration SN 310082 / 08327  30-Mar-23 (No. 217-03810) Mar-24

Ruoferenca Prooe EX30VE SN 3502 07-Mar-23 (No. EX3.3803_Mar23) Mar22

DAEA SN: 800 0S-Aup-23 (No. DAE4-G00_Aug23) Aug-24

Secondary Stancacs oW Chatk Dass |In house) Schadulec Chack
Powar metar EA4166 SN GBI8512473 30-Oct-14 (in houss check Oct22) In howne cheac Oot-24
Powor 2ansor HP 82414 SN; USaraezraa 07-0ct-15 {in house check Oot-22) In house chace Dot-24
Power sonsor HP S481A SN: MY41093315 07-Oct18 {in house check Ocl-22) In nouse chece: D24
RF ponaratr RAS SMT-08 SN, 100872 18<Jun-15 (in house check Oct-22) In house chadk: Oc-24
Natwork Anglyrer Aglert E83584 | SN: US410604Y7 31-8ar-14 {n house check Oo122) In house check: Ot-24

Name Function Signa

Anpravad by,
mmmmmummmuwmwdm Y.
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Calibration Laboratory of S Schweaorischer Ksibrardionss

Schmid & Partner ¢ S4rvice suisss dtaionnage
Engineering AG s Servizio svizzars di taratura

Zeughasusstrasse 43, 3004 Zurich, Switzariandg \ Swiss Calibration Suervics

Accrodiied by the Swas Accredilafon Sanvice (SAS) Accreditation Ra,: SCS 0108

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

Muitiéatorst Ag 7 for the racognition of callbratian certificates

Glossary:

TSL tissue simulating fiquid

ConvF sensifivity 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 Assessmant Cf 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 MKz to 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 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.

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

» SAR messured: SAR measured at the stated antenna input power,

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

« SAR for nominsal TSL paramsters: 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
muiltiplied 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 systam configuration, 85 far 85 not glven on page 1, .
DASY Version | DASYS2 VE2.10.4
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, ¢y =4 mm, d2 =14 mm Graded Ratio = 1.4 {Z direction)
Frequency 3700 MHz = 1 MHz
Head TSL parameters
The following parameters and caicuations were applhed,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 7.7 3 12 mho/m
Measured Head TSL parameters (220£02)°C 37328% | 3.10 mho/m £ 6 %
| Head TSL temperature change during test <05°C 1 — | —
SAR result with Head TSL
SAR avernged over 1 cm? (1 g) of Head TSL Condllion ' |
SAR measured 100 m\WV Input power | 6.58 Wikg
SAR for nominal Hesd TSL perametars normalized to 1W 65.7 Wikg £ 19.9 % (k=2)
SAR averaged over 10 cni (107;) of He:d TSL condition
SAR measurad 100 mW Input power 241 Wiky |
SAR for nominal Head TSL paramelers ! normaiizec o 1W 240 Wikg £19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

impadanca, iransformed (o fead point 4920-73I0

Return Loss -228¢8

General Antenna Parameters and Design

(Efecbﬁcnl Delay (one direction) 1438 ns

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

The dipole is rmece of standard semirigid coaxia! cabis, The centsr conductor of the feeding ine is directly connected to the
sacond arm of the dipole. The antenna |s therefore short-circulted for DC-signals. On soma of the digoles, small end caps
ara added to the dipole arms in arder o improve matching when loaded according to the position e explainad in the
*Measurement Conditions® paragraph. The SAR dats are not affected by this change. The overall gipoie length is still
sccording to the Standard,

No excessive force must be spplied o the dipcle arms, because they might bend or the soiderad cannections naar the
feedpoint may ba damaged.

Additional EUT Data

bﬂaw‘ncﬂumd by SPEAG |
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DASYS5 Validation Report for Head TSL
Date: 27.00.2023
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 3700 MHz; Type: D3700V2; Serial: D3700V2 - SN:1005
Communication Systern: UID 0 - CW,; Frequency: 3700 MHz
Medium parumeters used: = 3700 MHz; 6 =3.1 $/m; & = 37.3; p = 1000 kg/m?
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/TEC/ANSI C63,19-2011)
DASYS52 Configuration:
« Probe: EX3DV4 - SN3503; ConvF(7,73, 7.73, 7.73) @ 3700 MHz; Calibrated: 07.03.2023
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn900; Calibrated: (9.08.2023
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

» DASYS252.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=100 mW, d=10mm, f=3700MHz/Zoom Scan,
dist=1.4mm (8x8x8)/Cube 0: Measurcment grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 68.70 V/m; Power Drift=0.01 dB

Peak SAR (extrapolated) = 18.5 W/kg

SAR(1 g) = 6.58 W/kgs SAR(10 g) = 2.41 Wikg

Smallest distance from peaks to all points 3 dB below = 8.4 mm

Ratio of SAR at M2 to SAR st M1 =74.2%

Maximum valuc of SAR (messured) = 12.8 Wikg

dB
— 0

-1.00
-14.00
-21.00

-28.00

-35.00

0dB =12.8 Wkg= 11.06 dBW/kg
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Impedance Measurement Plot for Head TSL
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Appendix D.11 Calibration certificate for Dipole 3900MHz(SN 1036)
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Tho Saiss Accrodnation Serrice tx one of the tignatonss 1o the EA
Nictistaesl Ageearsed: for the o000 on of calitraton certMcates

Glossary:

TSL tissua simulating liquid

ConvF sensitivity in TSL / NORM x,y.2
NA not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IECNEEE 62209-1528, "Measurement Procedure For The Assassment Of Specific
Abeorption Rate Of Human Exposure To Radio Frequency Fiekis From Hand-Held And
Body-Wom Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Precadures (Frequency Range of 4 MMz to 10 GHz)", October 2020.

b) KOB 865884, "SAR Measurement Requirements for 100 MMz to 6 GHz"

Additional Documentation:
c) DASY System Handbook

Msthods Applied and interprotation of Parameters:

* Measurement Condifions: Further detaile are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency Indicated.

* Antanna Paramefers 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 souree pasitioned under the liquid flled
phantom (as described in the measurement condition ciause). The Return Loss ensures low
reflected power. No uncertainty required,

* SAR mesaswed: SAR measurad at tha stated antenna input power.

*  SAR novmalized: SAR as messured, normalized to an Input power of 1 W at the antenna
connacior.

» SAR for nominal TSL pavarneters: The messured TSL parameters are used 1o calculate the
nominal SAR result.

The reported uncartainty of measurement Is stated as the standard uncertainty of measuremem_]
multiplied by the coverage factor k=2, which for a normal distribution corregpands to a coverage
probability of approximately 85%,
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Measurement Conditions
OASY system configuason, as fie s mt gven on page 1
DASY Version DASYS2 W52.10.4
Extrapolation Advonced Extrapxiaion
Phantoes Modular Fist Pramom V5.0
Distance Dipele Center - TSL 10 mm with Spacer
Zoom Scan Resolution cu.:y--\_‘qumvdz 14 mm Graded Rato = 1.4 |Z drecton)
3000 M2 = 1 MHz
Feomoency 4100 Mrtz = 1 WMz
Head TSL parameters at 3900 MHz
Ths following parametars and calouations were apelnd .
Temperature Pormittivity Conductivity
—
Head TSL 20°C 375 332 mhom
Meuscrad Mead TSI, parameters 220202)°C INI1206% 32T mhm £ 8%
Hoad TEL tempersture change during tost <05°C —_— —
SAR result with Head TSL at 3900 MHz
[ AR averaged over f om® (4 g) ot Head TSL | Cendtion
SAR measured 100 MY ingut power 6.00 Wkg
SAR for roming Hesd TSL parametens nemaiond o 1W f BEO Wikg £ 19.9 % (k=2)
SAR averaged over 10 e {10 g) of Head TSL 1 cordison | ]
SAR measured ] 100 MW irgul power - 3:33 Wkg
_SAR fr romingl Head TSL paramaters normaitzed o 1% 23.9 Wikg £ 19.5 % (k»2)
Head TSL parameters at 4100 MHz
The folowing pammeturs and caloutstions were applisd.
Temperniure Par Y T Cond
Head TSL p s 220°C 372 | 353 mnom
Hoad TSL (220:02)°C IHe8% J45mhom € %
Lou TSL tumperuture change during test <05°C o —_—
SAR result with Head TSL at 4100 MHz
iﬂ avaraged over 1 om' {1 g) of Head TSL Conditon
EAR measwes 100 oW inget power G.77 Wkg
| SAR for nominal Meod TSL paramaters normalzed fo TW 67.5 Wi £ 19.9 % (k=2)
SAR averagad over 10 em? (10 g) of Moad TSL condtien
SAR messurec 100 =W input power 238 Wig
EAR for nomival Heed TSL paramaters normakzed 1a 1W 236 Whg £ 19.6 % {h=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL at 3500 MHz

[ mpecanie, Yansfomed 1o leed pokt 4T4Q-49(0

| Ratuen Loss

-2498

Antenna Parameters with Hoad TSL at 4100 MHz

[ mpadance, Yansfemmed 1o fed point 5730-1.1i0 ]

L Foaturn Loss 228 J
Gensral Antenns Parameters and Design

Electcal Daly {on drecson) [ 104 |

L
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“

ent Conditions™

accordng 1 the Standsrd
No cxpesshe force must ba sepled
feedpoint may Ba damaged

Additional EUT Data

The SAR data ae ot affected by this change. Tha owersdl diccls length is sl
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DASYS Validation Report for Head TSL
Dare: 27.09.2023
Test Labaratary: SPEAG, Zorich, Switzeriand

DUT: Dipole 3900 MHz; Type: D390UV2; Serial: DI%0V2 - SN: 1036

Communscation System: UID 0 - CW; Froquenc )0 MHz, Frequency: 4100 MHz
Mediam parameters used: [= 3900 MHz; o = £ Lp=1 )lke,rr
Medium parameters used: f=4100 MHz; o = 3.45 S/my; & = 36.9; p = 1000 kg/m®
Phantom section: Flat Section

Messurement Stendard: DASYS (IEEEAEC/ANS] C63,19-2011)

DASYS2 Configuration:

* Probe; EX3DV4 - SN3503; Coav(7.39, 7.39, 7.39) @ 3400 MHz, Coavi(7.26, 7.26, 7.26) @ 4100
MHz; Calibrated: (7,03.2023

*  Semsoc-Surface: L4men (Mechanical Surface Detection)
*  Electromics: DAE4 SnS00; Calibraced:; 09.08.2023
»  Phantom: Fiat Phemtoen 5.0 (fromt); Type: QDOOOPSOAA, Serial: 1001

« DASYS2 52,104(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=100 mW, d=10mm, f=3900MHz/Zoom Scan,
dist=14mm (Sx8x8)/Cube 0: Measurement gric: dx=4mm, dywdmm, dz=14mm

Reference Value = Vim; Power Drift = 0.09 dB

Peak SAR (extrapolsted) = 192 Wikg

SAR(L gb = &8 Wikg; SAR(10 ) = 2.59 Wikg

Smallest distance fi peaks o all "M'ns 3 4B below =8 mm

Ratio of SAR at M2 10 SAR m M1 = 73.9%

Maximum value of SAR {measured) = 13,4 Wikg

Dipole Calibration for Hend Tissue/Pin=100 mW, d=10mm, f=4100MHz/Zoom Scan,
dist=1.4mm (8x8x8}'Cube : Measurement grid: dxwdmm, dy=4mm, dz=1.4mm

Reference Value = 68.07 Vim; Power Drift =009 dB

Peak SAR (extrupolated) = 19,1 Wikg

SAR(1 g} = 6,77 Wikg: SAR(10 g) = 236 Wikg

Smallest distance from pesks 1o all poines 2 dB below = 8 mm

Ratic of SAR at M2 1o SAR # M1 =74%

Maximum value of SAR {measured) = 13.4 Wikg

Certtoate No: D3200V241036_Sapd3 Pagebot7?
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Impedance Measurament Plot for Head TSL
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