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Appendix D Calibration cerificate
Appendix D.1 Calibration certificate for DAE(SN 1430)
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Schweiretischer Kalibrierdienss
Sarvice suissn J'dinlonnage
Servitio wvizrzers di taratura
Swiss Callbration Service

Spcrodiied by the Swiss Accreditnlion Sefvics [BAS) Accreditatlon Mo.: SCS 0108
The Swiss Accreditation Service is one of the signmaries 1o the EA
Muiltilateral Agreemant for the recognition of callbiration cenlificates

Client SGS Korea
Gyeanggi-da, Republc of Kores

|CALIBRATION CERTIFICATE

Certificate No: DAE4-1430_Mar23

Dbject DAE4 - SD 000 D04 BM - SN: 1430 | BT |
Caliration procedure(s] A CAL-DB.v30 | "._"’f‘/ i

Calibration procedure for the data acquisition electronics (DAE) . .
Cabbunzan dato March 22, 2023

| Thes calbeation eestificate documents tha Iracaabiity o national standards, which reales the physical units of measuremants (S1).
Tha measuremants and thi uncaainties with confidence probabilty ane given of the loliowing pages and are part of Tha carilicate.

Al cafibrations hawve bean conducted in the dosed labormlory Tacility: eqvironmant lemperaturs (22 + 3)°C and humidiy < 700%.

Calibration Equipment used (MATE critical for calration)

Primary Standards D& ) Cal Date (Conicaln No.) Schaduled Callyration
Heithlny Mullimeter Type 2001 TSN: ca10278 20-Aug-22 (Mo:34380) Aug-23
Secondary Saardands | e Gk Dl [ howsa) _Schaduled Chock
Auto DAE Calibration Linil | SE LUWS 053 AA 1001 27-Jan-23 in house chack) In howsa chisck: Jon-24
Cadbmear Box V2.1 SE LIMS Q06 A 1002 27-Ran-23 {in house chack) In howse chacks Jon-24
Hama Funaticn Signaiuee
Calitated by Domirigue Staften Labaratery Tochnicaan %
Approved by Sven Kihn Techmical Manager Vo g 2
f
.ll L{,U.-{FJ

ssuod: March 22, 2023

This calibbmion cetficate shall not bo reproduced xcegt in full wehout wilken approval of the laboraleny
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Calibration Laboratory of LA &
Schmid & Partner & \““\'—'f""hj’ S 1:::1“:. .-.u:::::::mp
Engineering AG - o G atvists avlizere i tarukinn
Zvughaussirasse 43, 004 Zurich, Switseriand T S Suiss Callbration Service
il
Accredited by ihe Swass Acomditation Service ([SAS) Accroditation He.: SCS 0108

The Swiss Accreditation Service |s one of the signatores to the EA
Muitilntersl Agrosmard for the recognition of calibration cortificates

Glossary

DAE data acquisition elecironics

Connector angle  information used in DASY system to align probe sensor X to the robol
coordinate system,

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 voltmeter in the respective range.

*+ Connector angle: The angle of the connector is assessed measuring the angle mechanically
by a lool inserted. Uncertainty is not required,

+ The following paramelers as documented in the Appendix contain 1echnical information as a
result from the performance test and require no uncertainty.

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

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

« Channel! separation: Influence of a voltage on the neighbor channels not subject to an
input voltage,

« AD Converter Values with inputs shonted: Values on the internal AD convertar
corresponding to zero input voltage

s Input Offset Measurement: Output vallage and statistical resulls over a large number of
zero voltage measuremants.

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

= [nput resistance: Typical value for information: DAE inpul resistance at the connector,
during internal aute-zeroing and during measurement,

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

«  Power consumplion; Typical value for infarmation. Supply currents in various operating
modes.
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DC Voltage Measurement
AD - Convarler Rasalution nominal
High Ranga 1LSE = L TL" full range = -100.,«300 mV
Lowr Rangs: 1LS8 = BinV, ful anga = -1....,, +3mV
OASY measuremant paramaters: Auto Zero Time: 3 sec; Moasuring time: 3 sec
l?uiibtllion Factors X ¥ | F
High Range 403.961 £ 0.02% (K=2) | 404.147 + 0.02% (k=2) | 403.985 + 0.02% (k)
Low Range Q39677 + 1.50% (k=2) | 3.97950 = 1.50% (k=2) | 3.09641 & 1.50% (k=2)

Connector Angle

Connector Angle to be uaa:; In DASY system 10201 " J
;oﬂlhcabu No: DAE4-1430_ M;:a o _Faga a5 o - -
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Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Linearity

rHigh Range Reading (uV) Ditterence (uV) Error (%)
Channal X + Input 198994 92 0.77 0.00
Channel X + Input 20004.73 264 0o
Channel X = Input -19996.05 286 -0.01
Channal ¥ + Input 1998093,17 091 0,00
Channel ¥ # Input 20000.64 1,38 0,01
Channel ¥ - Input 2000261 0.80 0.00 N
Channel Z + Input 109962.96 -0, B0 0,00
_FHMMI Z + Input 20002 50 o.Fo 0.00
Channel Z = Input ~20002.68 -0.89 0.00
Low Range Reading (V) Difference (V) Error (%)
Channel X + Input 2001.23 0.02 0.00
Channel X + It 200,88 0.51 0.25
Channel X = Input -1597.68 .82 0,41
Channal ¥ + Input 2000.97 0,05 -0.00
Channel ¥ + Input 200.77 044 022 |
Channel ¥ = lnput -1898.68 -0,05 .02
Channel 2 + Input 2000.67 -0.28 -0.m
Channel 2 + Input 200.31 078 0,39
Channel Z = Input -189.70 097 0.49
2. Common mode sensitivity
DASY measuremend paramaters. Auto Zero Time: 3 sec: Moasuring time: 3 sec
Common modo High Range Low Aange
Input Voltage (mV) Average Reading (jV) Average Reading (V)
Channel X 200 3.2 1.40
- 200 <0.38 -1.88
Channael ¥ 200 -18.41 -20.25
- 200 19.62 18,61
Channel Z 200 17,66 -17.98
- 200 15.80 16.02
3. Channel separation
DASY measurement parametars. Auio Zera Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel ¥ (uV) | Channel 2 (V)
Channel % 200 . 1.96 a7e
Channal ¥ 200 T8 - 312
Channel £ 200 9.68 B35
Cortificats Mo: DAES-1430_Mar23 Page 4 ol 5 o
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4. AD-Converter Values with inputs shorted
DASY measuremant pararmeters: Auto Zero Time: 3 sec; Measuring tima: 3 sec
High Range (LSB) Low Range (L58)
Channel X 168011 158314
Channel ¥ 16228 1837
Channel Z 15855 16361
5. Input Offset Measurement
DASY measurement paramelers: Aulo Zero Time: 3 sec; Measuring time: 3 sec
fnput 10MG
Average (V) | min. Offset (iV) | max. Offset(uv) | ' m‘“"‘"
EE.IHH!I X 025 -0.58 1.75 0.34
Channel ¥ 0,06 S fral 1.48 0.46
Channal Z 045 -2.00 0.68 0,38
6. Input Offset Current
Hominal Input circultry offset current on all channals: <as44
7. Input Resistance (Typicnl valwes for information)
| Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel ¥ 200 200
Channal Z 200 200
8. Low Battery Alarm Voltage (Typical valuss for information)
Typlcal values Alarm Lavel (VDC)
Supply (+ Vec) ;;.9
Supply (- Vec) T8
9. Power Consumption (Typical values for information)
Typleal values Switched off (mA) | Stand by (mA) | Transmitting {ma}
Supply (+ Vec} +0.01 +6 14
Supply (- Vec) -0.01 £ Bt
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Appendix D.2 Calibration certificate for DAE(SN 1503)

Calibration Laboratory of

' Schweizerischer Kasibrigrdianat

Schmid & Partner Sorvice sulsse o daionnage
Enginearing AG Sordzlo svizzero df tnratura

Zeughousstrassa 43, 8004 Turich, Switmerland Swisa Calibration Service

Accrocian by e Swiss ACCrediation Sarsos [SAS)

hecreditation Mot SCS 0108
Tha Swiss Accreditation Sarvice is one of the signaiories o the EA

Misitilataral g for tha recognition of calibratian cartificates
Cliant SGS5
= e e Certificate No: DAE4-1503_Aug23
CALIBRATION CERTIFICATE |
Ctject DAE4 - 5D 000 D04 BM - SN: 1503
Caibration procecuirels] QA CAL-DB.v30
Calibration procadure for the data acquisition electronics (DAE)

Gaitration date August 28, 2023

This calibration cerificate documents the taceabdly 1o nasanal standands, which realize the physical unhts of maesuremants (51
| Tha maasuraments and the uncertainties weh confidence peobabdity are ghean an thi Aaliowirg phpes and are part of the cetificate

mssod: August 28, 2023

All cufibrations have been corducted In the ciosed iabcealory Eaciity: emvinonment tenpenture (22 2 31°C and humidity < T0%,
Calbration Equipgimmsit ussd (MATE ortfical for calfbralion)

Frimary Slardards o® Cal Daiw [Castificats Mo, Schoduled Calbration
Fiasithiloy Muttimates Type 2001 | SN; 0B10FT 28-Auf-22 MNo:34388) Aug-23

Sacordary Standsrds o# Chack Cae {in housa) Schedulod Chack |
| Aaric DAE Caltsration Link | BE LPW5 053 AA 1007 2T-Jan-23 (in howsa chaci) In house check: Jan-24
Caliraior Bow V2.1 | SE UMS 000 AA 1002 27-Jan-23 (iIn housa check) In house chock: Jan-24
|

| faarrs Function Sigralune

i Cafrates by Dominigue Steffan ILabsrsiony Tachnisisn / gi

Approved by Byen Kihn Tachnical Mars e \

‘ \V @le W

This calibration carificats shall nol be eprocused Sxoopl i Il without witten appeoval of the iabormitny.
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Calibration Laboratory of & "\l',-" ﬂ-""-v:.*. 5 Schweizarincher Kalibrigrdiansg
Schmid & Partner " Service suluse ¢ étalonnage
Enginsering AG Servizio svizzsr i taratura
Zoughnusstrasse 43, B004 Zusich, Switzerinnd #F‘{\ P ,;el' Swins Callbration Service
o [
Accradiled by e Swiss Accredanticn Benvics (SAS) Accreditation Mot SCS 0108

Th Swiss Accreditation Service |s cne of the signatories to the EA
Mubtilateral Agreament for the meognition of calibration certificates

Glossary

DAE data acquisition electronics

Connector angle  information used in DASY system to align probe sensor X to the robot
coordinate system,

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 1o the full scale range of the voltmeater in the respective range.

» Connector angle. The angle of the conneclor 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 Vollage Measuremeni Linearily: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurement.

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

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

= AD Converter Values with inpuls shorted: Values on the internal AD converter
corresponding to zero input voltage

* [nput Offset Measurement. Qutput voltage and statistical results over a large number of
zero voltage measurements.

* Input Offset Current: Typical valug for information; Maximum channel input offset
current, not considering the input resistance.

+ Inpul resistance: Typical valua for information: DAE input resistance at the connector,
during internal auto-zeroing and during measurament.

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

«  Power consumption: Typical value for information. Supply currents in various operating
modes.
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DC Voltage Measurement
AD - Converter Resoluthon naménal
High Ranga: ILSB = G.iuy, lWlranga = -100...+300 mV
Low Range: ILEB = BinV , fulangem  -1....... +3my
DASY measuremant parameters: Aulo Zero Time: 3 sec; Measuring time: 3 seg
Calibration Factors X Y F I
High Range 404,897 + 0.02% (k=2) | 404.801 £0.02% (k=2) | 404.919 < 0.02% (k=)
Low Range 388175 £ 1.50% (ka2) | 308638 + 1.50% (K=2) | 4.01634 1 1.50% (k=2)

Connector Angle

| Connector Angle to be used in DASY systam | 190.0%+1* —|
Cartificate No: DAE4-1503_Aug23 Page 3 of 5 o
Report File No:  F690501-RF-SAR000386-A3 Date of Issue :  2024-07-23

(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)



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: 9/59
Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voltage Linearity
High Range Reading (uV) Differance (uV) Error (%)
Channel X + Input 200040.55 3m 0.00
Channel X + Input 20008.50 1.25 0.0
Channel X = Input 2000607 0,42 0.00
Channel Y # Impruit 200040885 .28 000
Channal ¥ + Input 20008.32 1.47 .01
Channel ¥ = Input -20008.87 -1.08 0.0
Channel Z + Input 2000:36.85 .28 -0.00
Channel 2 + Input 20007.93 1.12 0.0
Channel Z - Input 20005 58 273 002
Low Aangs Reading (uV) Difference (uV) Error (%)
Channel X + Input 2002.41 047 o.o2
Channel X + Inpurt 20124 -0.53 0.26
Channel X = lnpit -188.75 -0.58 0.30
Channel Y + Input 200217 -0.18 -0.01
Channel ¥ + Input 200.58 1,13 0,56
Channel ¥ = Input -189.38 -1.18 0.60
Channel 2 + Input 2002.02 028 oo
Channel Z + Input 200.70 0.95 -0.47
Channel 2 = Input ~1G6.88 =060 0.30
2. Common mode sensitivity
DASY measurement parareters: Auto Zarg T:ma: 3 sec; Moasuring time: 3 sec
I Common mode High Ranga Low Aange
Input Voltage (mV) Average Reading (V) Average Reading (uV)
Channel X 200 | 3,02 -5.07
| - 200 | 5.59 3.56
Channal Y 200 | 305 a3
- 200 | 592 -6.03
Channel Z 200 | 405 40
=200 .15 -5.86
3. Channel separation
DASY maasurament parameters: Auto Zaro Time: 3 sec: Maasuring time: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel ¥ (uV) Channel Z (V)
Channal X 200 - 011 -3.73
Channel ¥ 200 8.18 = 1.85
Channel Z 200 T.74 398 -
Cortificats Mo: DAE4-1503_Aug23 Paga 4 o 5
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4. AD-Converter Values with inputs shorted
DASY mansurament parameters; Aulo Zaro Time: 3 sec; Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 15811 14520
Channel ¥ 15826 15104
Channel Z 15825 18578

5. Input Offset Measurement
DASY measuroment paramatars: Auto Zero Time: 3 sec; Measuring tme: 3 sec

Input 1003
Aversge (1V) | min. Offset (uV) | max. Offset (uv) | ' ?:;’:'““"‘
Channeal X .02 -0.85 1.45 X
Channel ¥ 0.70 | =177 0,33 (]
Channal Z 0.53 ~1.28 0.70 0.35 |
6. Input Offset Current
HNominal Input circuitry oftset curment on all channgls: <2514
7. Input Resistance (Typica! values for information)
Zaroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel ¥ 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vea) +T.8
Supply (- Vec) 7.8
9. Power Consumption (Typical vaives for information)
Typical values Switched off (mA) | Stand by (mA) | Transmitting (mA)
Supply (+ Vec) +0.01 i +14
Supply (- Vec) ~0.01 -8 -8
Cenificate No: DAE4-1503_Aug23 Page 5of 5
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Appendix D.3 Calibration certificate for DAE(SN 1504)

Calibration Lﬂhﬁm*ﬂw aof ‘-“‘I'"-:ll,;h"'-/. i brierdbans
Schmid & Partner —— g et i g
Engineering AG % Servitio svizzero di tarsturs
Zeughausstrasse 43, BO04 Zurich, Switzariand T S Swiss Calibration Service
Frilag|paly
Ascrediied by e Seiss Atcreditation Servce [BAS) Accredstation He.: SCS 0108
Tha Swisa Accreditation Servioe i one of the signaiores to ihe EA
Multilmieral Agreemaent for ihe recognition of calibration certificates
cient 5G5S Korea (Dymstec) Certificate No: DAE4-1504_Jan23
[CALIBRATION CERTIFICATE
i
Object DAE4 - SD 000 DO4 BM - SN: 1504 ,
Calbration procedurals) QA CAL-06.v30 % |
Calibration precedure for the data acquisition electronics (DAE) i
Susaios 0}
Calitvation dats January 23, 2023

Thia calibration certficaln documants e ecsabilly o national standards, which realive tha physical units of mass remans [S1)
The medaLimsmedis and the uncortaingies with conlidance probabiity mne given on the iolowng pages and arm pan of the carilicats

Al calibrations. hanve Boen conducted in e closed abomiony lacilgy: arvronmant tempemiure (22 3 3)°C and humsdity < 7%

Calrabon Equipmient used (MATE cribcnl for calteation)

Primary Standords | iDr Cal Date (Carifioate No.) Seheduled Calibration

Kty Muftimeder Typa 2001 | SN Da122Ta F-Aug 22 (No34380) Aug-23

Secondary Standards | i & Chack Dato (n housa) _Sehidubid Chick

Auta DAE Castrmton Linil SE LWS 053 AA 1001 2M-Jam-23 {in housa chack) in houma chedc Jare23

Cafitrmior Ben V2.1 SE UMIS 006 AA 1002 24-Jan-22 (in houso check) i hesa cheche Jar-23
| Haens Funchion Signahss

Calibrated by: Dominique Siastfen Laborgicey Technician %

Approved by Swon Kiihn Toschnecal Mar

Y (QM

lssued; Jameany 23, 2023

| This calibration cenfficats shal not b repoduced sxcept in full without writien agpnoval of 1he Isbomsory
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Calibration Laboratory of Py Schwalteriacher Kalbderdl
Schmid & Partner S g Sorvice suisse d'étalonnage
Engineering AG % Servizio svizzero dl taratura
Zeughaussirasse 43, 8004 Zurich, Switteriand ’ﬁ,&ﬁxf S Swiss Calibeation Service
Acctedited by the Swiss Accredintion Senvion (SAS) Accreditation Me.: SCS 0108

The Swits Accreditation Service is one of the signatories to the EA
Multilmteral Agresment lar ihe recognition of calibration certificxies

Glossary

DAE data acquisition electronics

Connector angle  information used in DASY system lo align probe sensor X to the robot
coordinate system.

Methods Applied and Interpretation of Parameters
+ [OC Voltage Measuremeni: 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 voltmeter in the respective 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.

« DOC Voltage Measurement Linearify: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measuramaeant.

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

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

= AD Converter Values with inputs shorted: Values on the internal AD converier
corresponding to zero input voltage

* Input Offset Measurement. Qutput voltage and statistical results over a large numbaer of
zero vollage measurements,

« Input Offset Current: Typical value for information; Maximum channel 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 is generated.

«  Power consumption: Typical value for infarmation. Supply currents in various operating
modes.
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DC Voltage Measurement
AD - Conmvertar Resolution nominal
High Range 1L5B = BV full range =  -100...4+300 mY
Low Range IL5B = ainY full range = <1......+3mV
DASY measurement paramelers: Aulo Zero Time: 3 sec; Measuting time: 3 sec
Calibration Factors X Y F4 |
| High Range 404405 £ 0.02% (k=2) | 403.982 + 0.02% (k=2) | 403.929 + 0.02% (k=2) ]
| Low Range 3.85612 = 1.50% (k=2) | 3.95350 + 1.50% (k=2) | 4.01564 + 1.50% (k=2)
Connector Angle
Connector Angle fo be used In DASY system B0 1"
Cortificate Mo DAES-1504_Jan23 Pagne 3 af &
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Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voltage Linearity
High Range Reading (V) Ditference (uV) Error (%)
Channel X+ Input 19950415 017 0,00
Channel X + Input 20001.83 0.15 -0.00
Channel X - Input -18998.55 22 <0.02
Channel ¥ + Imput 189962.81 -0.89 -0.00
Channel ¥ + Input 20000.34 -1.68 0,01
Channel ¥ - Input -20003.24 =1.58 0o
Channel T + Input 1688310 082 0,100
Channel £ + Input 20000, 78 =1.22 0,01
Channel Z =Inmput =20001.02 0.78 0,00
Low Rangs | Reading () Difference (V) Error (%)
Channal X + Input 2001 .82 0.38 0.02
Channel X + lnput 201.97 047 0.23
Channel X = Input ~107.55 066 -0.33
Channal ¥ + Input 20001,34 o0 0,01
Channel ¥ + Input 200.32 112 -0.56
Channel Y - Input -199,54 -1.36 0,60
Channel Z + Input 200060 -0.51 -0.03
Channel 2 + Input 200,70 -0.66 0.33
Channel £ = Input -188.50 -1.28 065
2. Common mode sensitivity
DASY measurament parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Veltaga (mV) Avarage Reading (V) Average Reading (uV)
Channel X 200 -5.82 -8.83
- 200 1o BT
Channel ¥ 200 6.75 7.04
- 200 -0.24 8,60
Channel Z 200 -2.88 -3.28
- 200 1.82 1.61
3. Channel separation
DASY measurement parameters: Aulo Zero Time: 3 sec; Measuring time: 3 see
Input Voltage (mV) | Channel X (V) | Channel ¥ (W) | Channel Z (uV)
Charnnel X 200 -1.36 -3.66
Channel ¥ 200 762 oy
Channal 2 200 10.88 410
Certficate No: DAE4-1504_JanZ3 Page 4 of 5
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DASY measurement parametacs: Aulo Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSB) Lew Range (LSB)
Channel X 15844 15882
Channal ¥ 15781 15748
Channel Z 18065 16464

5. Input Offset Measuremant
DASY measurement parameaters: Auto Zaro Time: 3 sec; Measuring time: 3 sec

Page: 15/59

Input 10MQ
Averge (uV) | min. Offset (V) | max. Offset vy | ' ?;:]'I‘t'“
Channel X 158 0.24 208 0.40
Channel ¥ 0,02 -1.23 0.89 0.36
Channel Z 016 <8 1.23 0.35
6. Input Offset Current
Naminal Inpul cincuitry allsel currant on all channels; <2514
7. Input Resistance (Typical values for information)
Zaroing (kChm} Measuring (MOhm)
Channal X 200 200
Channel ¥ 200 200
Channel Z 200 200
8. Low Battery Alarm Vollage (Typical values for information)
Typical 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 +8 +14
Supply (- Veg) 0.0 - ]
Certificate No: DAEL-1504_Jan23 Paga 5ol 5
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Appendix D.4 Calibration certificate for Dipole 750MHz(SN 1085)

Calibration Laboratory of «”“:}ﬁ,;;f § Schweizsrischer Kallbrierdienst
Sdﬁml_d & I?'a rtnar HEE_E 'ﬁﬁ i ¢ Service sulsse d'éialonnage
Enginearing AG e Servirlo svizoero di taratura
Zeughausstranse 43, BO0M Turich, Switterand “*;qﬁ:f S Swisa Callbration Sarvics
Agcapdiiod by the Swas Accreditaion Sendee (SAS) Aecreditation Mo.: SCS 0108

The Swiss Accreditation Service ls one of ihe signatories to the EA
Muliilaternd Agreeinent for the moognition of calibralion certificates

el e D750V3-1085_Mar2a
Gyeonggi-do, Republic of Korea =
Disjoct D750V3 - SN:1085 [ |
|- '
" ﬁf |
Caliration procodune(s) QA CAL-05.v12
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz -
Calibeaton dale: March 21, 2023
This calbrabion canificals documents the tmoonksity to nasiona! standards, which realies the physical unfs of measursmerts &1}
The maasuremants and tha uncaraintiss with confidonce probabsity are ghain on te foliowing pages and am pan of ihe cedificals
Al calieations fuiva been conduciod in the closed labomiory faclity. snvirnnment ismporanrs (22 = 3)°C and humicly = 700%.
Casbration Equipmant used (MATE critical lor calbration)
Primary Standards me — Cal Dato (Corsficaio Mo) Schaduled Callralion
Bowar metor NAF SN 10477R D4-Ape-22 (No. 2170052503524 Apred
Powar pensor NRP-281 SN: 103244 Od-Ape-2F (Mo, 21 7-00524) Apr
Power sonscr MREP-Z51 5N 103245 Od-Apr-22 (Mo, 217-08575) Ap-Xa
FRalersncs 20 df Alonuator 50 B0 {20k) - Apr-Z2 (M. 21 1-03537) Apt-23
Type-N mismalch combination BN 310082/ DEI2T  O4-Apr22 (Mo. 217-03520) L]
Raference Probe EX30VE SN a0 10-Jan-23 (No. EX3.7340_Jan2d) Jdan-34
DAEA BM: &1 15-Doe-22 (Mo, DAES-801_Doc) Dec-23
Secondary Siandards ioe Chock Datw in heusa) _ Sohadded Chck
Powar mises E44158 SN GBIES MG 30:0ct=14 {In houss check Oot-22) 1 o check: Ot
Powar sensor HF BAETA SN USITHTRS OF-04-15 (ins howsa check Oct-22) Iry b chacic Oct-24
Fower saracd HP BSE1A B MYA1D0EIS Q700115 (in house check Oct-52) I house chack: o234
IF'IF penemior AAS SMT-06 SN, 100972 15-Jun-15 (in house chack Ocl-2) I P ke Oht-24
Hubwork Analyzor Agliont EBISAA | BN: US41080477 F1-Mas- 14 {in houss check Oct-22) In housa check: Oct-24
N Function e
Calbiraled by: Michas! Wobar Labaratory Techrioan W m
Anpienved by: Svan Kilihn Technical Manager C -
—_—
lusund: Masch 2, 5023
This casteation cortificate shall nol be mproducsd excapt in full wiho witian approval ol fa lebomiorny
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Calibration Laboratory of AL, Schweizor Kakbwiondle
Schmid & Partner i _5‘_3:3}.::__: S m':;mmmw B
Engineering AG — c Servirio svizrero di taratura
Zeughaussirasse 43, BO04 Zurich, Switzortand G’,"/;T:\f:‘ 5 swiss Calibeation Service
Accreditnd by (he Swiss Accreditation Sarvice [SAS) Accreditation Mo.: SCS 0108

The Swiss Accreditation Service is ane of the signatedies io the EA
Multilaterai Agreemaont Tor the recognition of calibeation cerislicates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
MSA not applicable or notl 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 Decumentation:
¢} 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 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 undar 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 naminal TSL parameters: The measured TSL parameters are used lo calculale the
nominal SAR result,

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

Cortificats Mo: D750V3-1085_Mar23 Page 2ol B
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Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYE2 VE210.4
Extrapolation Advanced Extrapolation
Phantom Modular Fial Phantom
Distance Dipole Center - TSL 15 mm with Spacor
Zoom Scan Resclution dx, dy, dz = 5 mm
Frequency T50 MHz = 1 MHz
Head TSL parameters
The foliowing parameters and calculations were applied.
Temperaiure Parmittivity Conductivity
Nominal Head TSL parameters 22.0%C 41.9 0,83 mha'm
Measured Hoad TSL parametors (22.0202)°C 41.026% 0.80 mho'im + 6 %
Head TSL temperature change during test = 0.5°C — e
SAR result with Head TSL
SAR averaged over 1 em? (1 g} of Head TSL Condition T
SAR measured 250 mW inpul power 215 Wikg
SAR for nomanal Head TSL parameters nomalized o 1W B.49 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g} of Head TSL condition
SAR measured 250 mW input power 1.40 Wikg
SAR for nominal Head TSL paramaters nesmalizod o 1W 5.54 Wikg = 16.5 % (k=2)
Cartificate Mo: DT50V3-1085_ Mar23 Pago 3ol 6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, translormed 1o feed point 5344-19j0
Rotum Loss - 28,5 08

General Antenna Parameters and Design

| Etoctrical Delay {one direction) | 1,032 s

After long 1o use with 100W mdiated powar, only & slight wirming of the dipols near the feedpoint can be measured.

Thie dipale s made of standard semifgid cosdal cabile. Ths centoer conductor of the feeding line ls dreclly connected 1o the
second am of the dipole. The antenna is therefore short-circuiled lor DC-signals. On some of the dipoles, small end caps
are added 1o the dipole amms in ander 1o improve malching when leaded according to the position as explained in the
“Maoasurament Condilions® paragraph. The SAR data are not affected by this change. The evenll dipole length s st
neconding to the Standard.

Mo excessiva forcd must be applied to the dipole arms, because thay might band or the soldered connections near the
feadpoint may be damaged.

Additional EUT Data

[ Manutactured by SPEAG
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DASY5 Validation Report for Head TSL

Dae: 21.03.2023
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN: 1085

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

Medium parameters used: f= 750 MHz; o= 0.9 §/m; & = 41; p = 1000 kg/m’
Phantoimn section: Flat Section

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

DASYS2 Configuration:
= Probe: EX3DVA - SNT349; ConvF(10.11, 10011, 101 1) @ 750 MHz; Calibrated: 10.01 2023
=  Sensor-Surface: |.4mm (Mechanical Surface Detection)
=  Electronics: DAEA Sn601; Calibrated: 19.12.2022
+ Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
+« DASYS2 52.10.4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 59.31 Vim; Power Drifi = -0.05 dB

Peak SAR {extrapolated) = 3.24 Wikg

SAR(I g) = 2.15 W/kg: SAR(10 g) = 1.4 Wikg

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

Ratio of SAR at M2 10 SAR at M1 = 66.5%

Muaximumn value of SAR (measured) = 2.83 W/ke

-2.40
-4,80
-1.20

-9.60

-12.00

0 dB = 2.83 Wikg = 4.52 dBW/kg
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Impedance Measurement Plot for Head TSL

By [iow channal S (Cafteatin Troce _Sicalo thar: St Window Lo

- g —,
In Wil D R it —
| . T
Slshm  CH1: BIT 1Pt A2l Delay Lo
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Appendix D.5 Calibration certificate for Dipole 835MHz(SN 4d138)

Calibration Laboratory of A,
Schmid & Pariner Sl 5 :::qlnnmhn Halibrierdianss
Engineering AG % ¢ Sml:: lﬂmr:.:wm

Zeughausatrasse 43, 8004 Zurich, Switzsriand oy 5 Swiss Colibration Sarvice
Accredited by fa Swiss Accreditaion Sarvica [SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is cne of the signalories (o the E4
Multilateral Agreement for the recognition of calibration cortificates

Client mp:

e A = | g s b L E

comneste e D8IGV2-4d138_Apr23

Object DB35V2 - SN:4d138 ool

Calibration procedurnis) m! 3 3 m__ o E
on Procedure for SAR Validation Sources between 0.7-3 GHz

e T |

| Caltraben datn April 24, 2023

:mmmmummm M iracealdily io nascnal standards, whach realize the piyskeal units of mpasurements, {51}
| Tha mpasys i ihe L ummrrbduuymwu-pwmmuhqumlmwnmmmmu

Al calitrabons haves been conducted in the cosed latarniony taclity: emamnmant imporatune (22 + 31°C and Frumicity < T0%

Calibraton Eguipment used (MATE critcal for cafibrabion)

Primary Standards 0w Cai Dabe {Cartificats Ho. ) Schodubd Calibeatcan

Power moter MAPZ | sat 10478 30-Mar-23 (No. 217-03804/03805) Marzd T

Powst sansor NRP-Z91 SN 105244 30-Mar-Z3 (No. 217-03804) 24

Power sansar NRP.Z91 SN: 103245 30-Mar 3 (Mo, 217-03808) Mar-24

Ruforonce 30 08 Atenuaios BN BHIO [ 20) 0-Mar- T3 (Mo, 217-00808) Mar-24

Type-N mismich combinalion SM- 310987 / DEX2T H0-Mar-22 (Mo, 277-03810) Mar-74

Raterence Probe EXI0VE | SN ThG 10-Jan-23 (Mo, EXI-TMD Jan21) Jan-24

DREs | SN 601 15-Dec-22 (Mo, DAES-601_Doc2?) D23

Sacondary Siandards IDE . E{mﬂalun:ln.l'_!_:u_.lnll Scheculed Chack

Perwer maler 44198 SN: GRIDS1Z4TS 30-Ott-14 (in house chack Dc-23) In heaine check Ocl-24

Powes sensor HP B481A SN UB3T20ETR] 0700115 (i) heonme chock Oct-22) In house chack: Oof-24

Power sarisor HP B481A | SH: MY410933135 O7-0c3-15 (in houss check Oct-27) In house check, Oc-24

RF genemicr RAS SMT-06 | BN: 100972 15-Jur-15 (in house check Oct-22) in house check: O34

MNatwork Analyzer Aglend EENSEA | SN: LS4 1080477 A-hiar- 14 [in house ched Ocl-22) in howse checlc Ocl-24
_h_li.l:!m Function Signa

Caiitwaied by: Juton Kastran Laboratory Tachnician

et B~ el PR

gy Aphl 25, 2023
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Calibration Laboratory of AT,
; P S Schwelzerischer Kalibrisndinnst
SEE'II:I'HT:I & r’?&l’t:g % c Service suisse mmw
gineanng T Servirio svizrers di taratura
Zeughamsstrasse 43, 8004 Zurich, Switzerland /ﬁﬁ\\? S gwiss Callbration Servics
Accredied by e Swiss Accreditation Servics (SA5) Accreditation No.: SCS 0108

The Swiss Accraditation Service is one of the signatories 1o the EA
Multilateral Agreemant for the recognition of calibration certificates.

Glossary:

TsL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y.z
M/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 Expasure 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 o 10 GHz)", October 2020.

b) KDB 865664, "SAR Measurement Requirements for 100 MHz to 8 GHz"

Additional Decumentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

. Measm.-n?ant 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 Paramelers with TSL: The source is mounted in a touch configuration below the
center marking of the flat phantom,

+ Refurn Loss! This paramelar is measured with the source positioned under the liquid filled
phantom (as described in the measurement condifion clause). The Retumn Loss ensures low
reflected power, No uncertainty required.

SAR measured: SAR measured at the stated antenna Input power.

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

= 5AR for nominal TSL parameters: The measured TSL paramelers are used o calculate the
nominal SAR resull.

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

DASY aystem configuration, as far as nol given on page 1.
DASY Version DASYS52 V52,104
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phamtom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution di. dy, dz = 5 mm
Frequency B35 MHz = 1 MHz

Head TSL parameters

The lollowing parameters and calculations wars applied.
Temperature Pormittivity Conductivity
Hominal Head TSL parameters 220°C 415 0.80 mha/m
Measured Head TSL paramaters (22.020.2) "C 408+ 6% 0.95 mho/m < & %
Head TSL temperature change during test =05°C - —
SAR result with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Condiien
SAH measuned 250 mW input power 2.56 Wikg
SAR for nominal Head TSL parametars normalized 1o 1W 9.81 Wikg = 17.0 % (k=32)
SAR averaged over 10 em?® (10 a) of Head TSL conditon
SAA measued 250 mW input powar 1.65 Wikg
SAR for nominal Head TSL parametars normalized 1o 1W 5.29 Wikg = 16.5 % (k=2)
Certficate No: DBISV2-4d138_ Apr23 Page 3ol 6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impadance, transformed 1o feed point 50941 -0.8 K1

Rabwn Loss -38.7 dB

General Antenna Parameters and Design

|Eecmcaﬂ Delay (one dirsction) ] 1.329 ns |

Alter long term use with 100W radiated power, enly a shght warming of the dipole near the feedposni can be measured

The dipole is made of standard seminigid coaxial cable. The canter conductor of the feeding line is directly connacted 1o the

second amm of the dipole. The anlenna is therefore shor-circuited for DC-signals. On some of the dipoles, small end caps

_are addad to the dipole armms in order 10 improve matching whan leaded according to the position as explained in the
Measuremnaent Conditions® paragraph. The SAR data are not allscted by this change. The overall dipole length is still

according io the Standard.

No axcessive force must be applied 1o the di A i

N e Pl pp pole arms, because they might bend or the soldered connections near the

Additional EUT Data

J_Manuraciured by SPEAG
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DASYS5 Validation Report for Head TSL

Drate: 24.04.2023
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DBISVZ; Serial: DEISY2 - SN:dd138

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

Medium parameters used: =835 MHz; o= 0,95 S/m: & = 40.5; p = 1000 kg/m’
Phantom section: Flat Section

Measurcment Standard: DASY S (IEEETEC/ANSI C63,19-201 1)

DASYS2 Configuration:
= Probe: EX3DV4 - SN7349; ConvIF(9.69, 9.6, 9.60) @ 835 MH:: Calibruted: 10,01,2023
«  Sensor-Surface: | 4mm (Mechanical Surfuce Detection)
o Electronics: DAE4 Sn601; Calibrated: 19,12.2022
= Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA: Serial: 100
* DASYS5252.104(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (TxTxTWCube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm ‘
Reference Value = 63.83 Vim; Power Drifit = -0.02 dB

Peak SAR (extrapolated) = 3.87 Wikg

SAR(I g = 2.56 W/kg; SAR(10 g) = 1.65 Wikg

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

Ratio of SAR at M2 1o SAR a1t M1 = 66.1%

Maximum value of SAR (measured) = 3.39 Wikg

-1.80
-1.60
-5.40
-1.20

0dB =339 Wike =5.30 dBW/kg
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Impedance Measurement Plot for Head TSL

fle Yew Chonel Swoep Coftrstion Jrace Scole Myber System

—-“__—

aldege

CRY! Bt G35 000 blHy o -

Y] Ch | Aerge [0 |
Ch: Tewrn 35000 MMy _—

Stas  [H1 B1} | C* 1-Pent

Cerificats No: DEISVZ-44138_Apr23 Page 8 of §

Report File No:  F690501-RF-SAR000386-A3 Date of Issue :  2024-07-23
(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)



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: 28/59

Appendix D.6 Calibration certificate for Dipole 17SOMHz(SN 1116)

Calibration Laboratory of Y

S it & Bt %’&_\._-:,% !"'“"ﬂq, S Sehwalzeriachor Kabrierdienst
Engineering AG € sarvizio avizaaro o tarsturs

Zoughaussirasse 43, 8004 Zurich, Switzerland i S/ S swieu Catitration Service

Aocrecited by the Swiss Accraditalion Servion [SAS) Accreditation No.: SCS 0108

mmmmumumw—unu

Muitilataral Agresment for the recegnition of calibration certificales

Thin callbrasion certificate documants the tracesbiiy o raticnal standards, which rstze he physical units of messuremants: (57
The measursmanis and e uncertaitios with conficancs prabahity ary ghian on e faiowing pages and are part of e cenfcsts.

All calibrations have boan conducted in tha tiosed iaboratory facilty: emircament tempernture (22 + 31 and husmidity < TO%.

Cantwatian Equipment used (MBTE eslisal for callbraticn)

| Primary Stancands o Cal Dalw (Corifizais No.) Schaduied Caliheagion
Power mates NRP2 SN 104TTR 30-Mar-23 (No. 217-03804/03808) W24

Power sensor NAP.ZS1 SN 1032484 30-Mar-23 (Mo, 217-03804) Ma-24

Powar sensor NRP-Z81 SN 103245 H0-Mar-23 (Mo 217-03805) War-24

Rierence 20 68 Apnuto: SN BHEO4 (0] 30-Mar-23 (No. 207-03800) Mar-24

Type-N mismaich comgination EN: 310683/ 06327 30-Mar-23 (No. 297-03810) tar24

Aedarnce Probe EXI0VA BN THMD 10-Jun-23 (Moo EX3-T340_Jan2d) a2

DAE4 Sh: & 18-Dec-22 (o, DAE4-501_Dec23) Dec-23

Secowtary Standards D# Check Dario in house) Scheduled Crck
Pownr maier E44188 Shi: GBIDS12475 300014 (i house eheck Des-22) In housa chece Dol-24
Paowar sersor H® B48TA SN US3T28ETES 07-0rct- 14 {in house chack et-22) I hgursn chacic Oot-24
Power sensor HP BLETA SN: MY41003315 07-Oet-15 (in house chack Oei-22) In house chedc D24
RF penerator RAS SMT-08 S 100972 15-Jun-15 (it house ched Oct-22) In house chedc Dct-24
Nuobwerk Ansherer Aglent EBISRA | SN: US410B04TT MMar-14 (in housae check Oc-22) In Pouss chedk: Oc-34
| Calfraled by

Approved by

Issued. July 18, 2023

This calioration ca<iificate shall nol bo mproduced sxcept in ful withou! wiisen appeoval of the isbortary.
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Calibration Laboratory of A, Schwaizarischar Kalibrisrda
Schmid & Partner =k 3 Siriin sidose Slkoiads
Engineering AG T Servizia svizzeno di taraturs
Zsughausstrassa &3, BOO4 Zurlch, Switzeriand "5-:..?.:-,\&3? 5 swiss Callbration Barvice
Accredited ty e Swiss Accrecitation Senvice [SAS) Accreditstion Ho.: SCS 0108

The Swiss Accroditation Service is one of the signatories (o the EA
Multllatarsl Agresmant for the recognition of calibration centificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y,z
NIA 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 - Parl 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 al the frequency indicated.

* Antenna Farameters with TSL: The source |s mounted In a touch configuration below the
center marking of the flat phantom.

« Relum Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause), The Return Loss ensuras 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 ref:orlm uncertainty of measurement is stated as the standard uncertainty of measurement
multiplled by the coverage factor k=2, which for a normal distribution corresponds o a coverage
probability of approximately 85%.
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Measurement Conditions

DASY system configuration, aa far as not given on page 1.
DASY Varsion DASYSZ V52 10.4
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
_annS:lthl:ﬂuﬂun dx, dy, dz =5 mm
W o i 1750 MHz £ 1 MHz

Head TSL parameters
The following parameters and calculations were applied

Temparatura Permittivity Conductivity |
MNominal Head TSL parameters 20°C 404 1.37 mhodm
Measured Hond TSL parameters (22.020.2)°C 40.0£6% 1.34 mhaim £ 8 %
Head TSL temperature change during test <0.5"C —_ —_—
SAR result with Head TSL
_5_1_\! averaged over 1 cm? (1 g) of Head T5L Condition
SAR messurad 250 mW Input power B.TT Wikg
SAR for nomingl Head TSL parameters normalized to 1W 35.5 Wik £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL | condition
SAR measured 250 mW inpul power 4.B5 Wikg
SAR for nominal Head TSL paramaters normaiized o 1W | 18.8 Wikg £ 16,5 % (k=2)
Certificate No: D1750V2-1116_Jui23 Page 3 of 6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impadance, transformed Lo fead point | 5140-148)0
Return Loss | -331dB

General Antenna Parameters and Design

| Eteetrical Delay (one diracton) | 1.216 ns

After jong fenmmn use with 100W radiated power, only a slight warming of the dipole near the feedpoint can ba measuned,

Tha dipoie is made of standard semirigid coaxial cabla. Tha center conductor of the feeding line is directly connpctad 1o the
second arm of the dipole. The antanna is therefore shori-circulted for DC-signals. On same of the dipoles, small end caps
are addad 1o the dipcke arms in ordar to improve matching when loaded according 1o the posilion as explained in tha
"Measuwameant Conditions” paragraph. The SAR data are not affectad by this change. The overall dipaie length is still
according 1o the Standard.

Mo excessive force must be applied 1o the dipole arms, becatss thiy might bend or the soldered connections near the
feadpoint may ba damaged,

Additional EUT Data

Manutactuned by J_ SPEAG
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DASYS Validation Report for Head T5L
Date: 12,07.2023
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1116
Communication System: UID 0 - CW; Frequency: 1750 MHz
Medium parameters used: £= 1750 MHz; 0 = 1.34 S/m; & = 40; p = 1000 kg/m’

Phantom section: Flat Section
Measurement Standard: DASY S (IEEETEC/ANSI C63.19-2011)

DASY 52 Configuration:
»  Probe: EX3DV4 - SN7349; ConvF(8.67, 8.67, 8.6T) @ 1750 MHz; Calibrated: 10.01.2023
=  Sensor-Surface: 1.4mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 19.12.2022
# Phantom: Flat Phantom 5.0 {front); Type: QD 000 P50 AA: Serial: 1001
« 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=5mm, dy=5mm, dz=5mm

Reference Value = 106.1 Vim; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 16.0 W/kg

SAR(1 g) = B.77 Wikg: SAR(ID g) = 4.65 Wikg

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

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

Maximum value of SAR (measured) = 13.4 Wikg

dB
o

-1.60
-7.20
-10.80

14.40

-18.00

0dB =13.4 Wkg = 1127 dBW/kg

Cartificato Mo: D1TS0V2-1116_Jul23 Page 5ol 6

Report File No:  F690501-RF-SAR000386-A3 Date of Issue :  2024-07-23
(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)



| 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: 33/59

Impedance Measurement Plot for Head TSL
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Appendix D.7 Calibration certificate for Dipole 1900MHz(SN 5d158)

Calibration Laboratory of Al G Sehweizerischer Kalibeierd)
Schmid & Partnaer ﬁ;& G Service suisse détalonnage
Enginearing AG Tt Sérvieio avizzero ol taratura
Zoughaussirasse 23, 8004 Zurich, Switcerland S S swiss Callbration Service
Acrrpciind by he Setes Accredtanon Sandce (SA5) Accreditntion Mo: SCS 0108

The Swiss Accroditation Service is one of the signatories 1o the EA
Multilnteral Agreement lor the recognition of calibration cenificstes

Ciiest SGS Certificate No. D1900V2-5d158_Apr23
Gyeonggl-do, Republic of Koroa
CALIBRATION CERTIFICATE |
Otgoct D1900V2 - SM:5d1568
| Fil

Calibrabon procesurss) QA CAL-05.v12 z|

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz L
Calibration dats April 26, 2023

Tres callmation conificals dooumants Tha racoabiity 0 national standards, which realize e physical unis ol measunsments (51)
Tho measuromants and (e uncedsries with conlidence probability ae ghvin on Th Tolowing peges &nd am pa of e certificaln

AR calibrations have bean conductad in the cosed aboratony Tecilly: arvironmant bemparatune (22 = 3% and humidity < 7%

Calibration Equipmaen used (MATE crilical fod calibraSon)

Primary Standards Lo Col Dade (Cortificate Mo} Scheauled Calbmtion

Powwnr maler NRPZ | B 14TTE 30-Mar-23 (Mo 21T7-03804/03805] Mar24

Powenr gensor NRP-Z5 SN 10244 B0-hhar23 (Mo, H1T-03804) Mar-24

Powear sensor NAP-Z51 SN 103245 30-Mar-23 (Mo, 217-0380%) Mar-24

Ratorence 20 df Aenuator SN BHE (20k]) 30-Whar-23 (Mo 21 T-008049) Klar-24

Typa-H mismahch combinason SN F10982 | DE3T I0-Mar-23 (Mo, 217-03810) Mar-24

Aslarence Probs EX3I0VY SN T 10-Jan-23 (Mo, EX3-TH48_Jan23y Jan-24

DAE4 SH: G0 16-Doc-22 (Mo, DAE4S-601_Dec22) Doc-23

Secondary 5 i ¥ Chack. Dals fin howsa) Schaduled Chack —

Powrest mabor Edd 168 Sh GERIS51 2475 30-0ct-14 {in houss chock Oct-22) in houss check: Ocl-24

Power sansor HP BEB1A Sh- USaTeaETaa 07-Cct-15 {in housa chock Oc-22) in housa chack: Oct-24

Powes sensce HP BEE1A BN MY4ID8EE 07-0ct-15 (in house chock Oct-22) in housa check: Dcl-24

RF genarmior RAS SMT-06 Sh 100072 15-Jur-15 (i house chack Oot-22) in rowsa cheokc Dct-24

Matwork Analyzer Agilerd EB258A | She LEG21080477 J-Mar- 14 in house check O0-22) In housa chocic Dct-24
Hamp Furciion Sgnaturg

Cabtwraled by Pale Pira Labomsory Tachnician W
———
Approved by Svan Kilhn Technical Manage: Ta /‘//I’/M

Essud: Aprll 27, 2023
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Calibration Laboratory of A, g Schwaizerischor Kalibriardisnst
Schmid & Partner —e ¢ Servies suisse détalonnage
Engineering AG e Servitio svitpora df taraturs
Zeughaussirasse 43, B004 Zurich, Switteriand '-'/_:_ ;’I -'\j__x-‘ 5 Gwiss Callbration Service
Accredand by the Swiss Accreditation Senvice (SAS) Accreditation Na.: 'SCS 0108

The Swiss Accroditation Service is one of the signatories lo the EA
Multilateral Agreement for the recognition of calibiration cenificalss

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NORM x.y,2
MN/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-Wom Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

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

« Antenna Parameters with TSL: The source is mounied in a touch configuration below the
center marking of the fiat 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.

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

s  SAR nomalized: 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 1o calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiphed by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 85%.

Cenifcale Mo D1000V2-5d158_Apr2d Page 2 of 8
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Measurement Conditions

DASY sysbom configuration, as far as not given on page 1
DASY Version DASYS2 VB2 10.4
Extrapolation Advanced Extrapolation
Phantom Modutar Flat Phantom
Distance Dipole Center - TSL 10 mm wilh Spacer
Zoom Scan Resclution dx, dy, dz =5 mm
Freguency 1900 MHz & 1 MHz
Head TSL parameters
Thia following parameters and calculations wene applied
Temperature Permittivity Conductivity
Nominal Head TSL paramaters 220G 40.0 1.40 mibad'm
Measured Head TSL paramaotors (220 =02)"C BE2E6% 1.39 mho/m = 6 %
Head TSL temperature change during tlest <05°C -
SAR result with Head TSL
SAR averaged over 1 cm® (1 g} of Head TSL Condition
SAR measured 250 mW ingut powet 9.897 Wikg
SAR for nominal Head TSL paramaters normalized 1o 1W 36.8 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 260 mW inpul power 5.18 Wikg
SAR lor nominal Head TSL parametars nomalized o 1W 20.7 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impadance, transharmad 10 Teed point SHMEBD+E30
Ratum Loss - 23.4 dB

General Antenna Parameters and Design

Electrical Delay {one direction) l 1198 ns

ARar long term usa with 100W radiated power, only a shght warming aof the dipole near Ihe feedpoint can be measured

The dipole is made of standard samingsd coaxial cable. The centar conducior of the feeding line is dinectly connected to the
second am of the dipole. The antenna is tharelora shor-circuited for DC-signals. On some of the dipales. small end caps
arg added to the dpole arms in order 1o improve matching wivn oaded according 1o the positson as axplained in the
*Measurernen Conditions® paragraph. The SAR data are not affected by this change, The ovarall dipole length is still
acconding to the Standard

No axcessive lorcn mist be applied 1o the dipola arms, because thay might band or the soldared connections near the
feedpoint may be damaged

Additional EUT Data

Menulactered by SPEAG I
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DASYS Validation Report for Head TSL

Duate: 26,04.2023
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz: Type: D190V 2; Serial: D190V - SN:5d158

Communication System: UTD O - CW; Frequency: 1900 MHz )
Medium parameters used: f= 1900 MHz; o= 1.39 5/m; & = 38.% p = 1000 kg/fm~
Phantom sectien: Flat Section

Measurement Standard: DASY S (IEEEMTEC/ANSTCA3.19-2011)

DASY 52 Configuration:
= Probe: EX3DV4 - SNT349; ConvF(8.35, 8.35, 8.35) @ 1900 MHz: Calibrated: 10.01.2023
«  Sensor-Surfece: 14mm (Mechunical Surfuce Detection)
# Electronics: DAEA Snt01; Calibrated: 19.12.2022
¢ Phantom: Flat Phantom 5.0 (front); Type: QD 000 P30 AA; Senal: 1001
«  DASYS252.10.4(1535): SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (Tx7x7/Cube 0:
Measurement grid: ds=3mm, dv=3mm, dz=5mm

Reference Value = 109.2 ¥Vim; Power Dnft = -0.01 dB

Peak SAR (extrupolated) = 185.5 Wikg

SAR(T g) = 9.97 Wikg: SAR(10 g) = 5,19 W/kg

Smallest distance from peaks to all points 3 dB below = 9.8 mm

Ratio of SAR at M2 10 SAR at M| = 54.5%

Muaximum value of SAR (mesured) = 15.5 Wikg

di
0

-3.00
-6.00
-9.00
-12.00
-15.00

0dB =155 Wkg=11.91 dBW/kg
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Impedance Measurement Plot for Head TSL
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Appendix D.8 Calibration certificate for Dipole 2600MHz(SN 1038)
Calibration Laboratory of Sehwaizariscior Kasibrordisnst
Schmid & Partner Sarvico sulsse d'dtalonnage
Engineering AG Servizio svizzoro di taratura

Zoughaussirasse 43, 8004 Zurich, Switeriand

Accrociiod by the Swiss Accreditaton Sanicn (2AS]
The Swiss Accreditation Service i one of the signatories to the EA
Muiltilatoral Agreamant for the recognition of calibration carificates

Calibration cabe:

Swiss Calibration Service
Azcreditation Mo,; SCS 0108

This calibration ceriificate documaents the tracsability to nafional standards, which nealize the physical units of messurements {31}
Tha measuremanss and the uncertainSes with confidence probability are given on the follewing pages. &nd ane pa of the cartificabs

Al calibrations hanve baen conducied in tha doped laborniory taciily: armaronment lempanmban (22 £ 3)°C and humidity < 7%,

Calibration Esuipmaent used [MATE oibical for caimon)

|Primary Stendercs oy _.Cul Dwte (Corfiticate Ho.) Schecutes Caitratiar
[ Power mater NRP2 S 0a7TE I0Mar-Z3 (Mo, 217-0380403A05) Mar-24
Power seraar NRP-Z91 SHE 103244 0-Mar-23 (Mo, 217-03804) Mlar-24
Powar sansar NRP-ZF Sh: 103245 30-Mar-23 (Mo, 217-03808) flar24
Aadorance 20 65 Atenuator SN BHEGSS (308) 30-Mar-23 (Mo. 21 7-00800) Mar-24
Type=N mismaich combination SN: 310682 / (2T A0-Mar-23 (Mo 297-03810) Mar-2d
Raderanon Prode EX30WV4 BM: TMB 40ulan-23 (No. EX3-T348_Jan23) Jan-24
| DaEa SN BOM 19-Diec-22 (N, DAES-B01_Des) Dec-23
| Seconeary Slandards (] Chack Diate {in housa) . Schedulad Chack
Power mster E44188 SH: GEIBS 12478 30-0ct-14 (In house chesk Del-22) In houss check: Oot-24
| Power sansor HP B4814 SM: USIT2a2 TR GO0t 16 (in house chack Ocl-22) In housa chack: Dat-24
| Perwesr saracr HP B481A SH: MY&1093315 Q7-0el-15 (in house check Ocl-22) In house chack: Do3-24
RF generator RAS SMT-08 SN 100972 15-Jun15 (in house check Oci-23) In house check: Q=24
Mebaork Analyzer Agient EBISEA | SN USS106804TT 3t-Mar-14 (i house check Oc-22) In house check: Oat-24
Mamas Function Signature
e e
Approved by: Svan Witn Tachnical Manager o) / é f’/ ik
. - -

Issued June 16, 2022

This caiibration canificate shall not be reproduced axcept in full withcul witien approval of the labomtory, ~
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Calibration Laboratory of PO Schysizariaches Kallbeierabsnst
Schmid & Partner % g Service suisse détalonnage
Engineering AG 2 ] Suervizio svizzers o taratura
Zoughsussirasse 43, 8004 Zurich, Switrortand tﬁ:\"’ 5 Swiss Calibration Sarvice
Accrodited by the Sviss Accrediation Sordce (SAS) Accreditation Wo.: SCS 0108

The Swits Accreditation Bervice |8 ane of the signatories to tha EA
Maltitaieral Agreemant for the recognition of callbration cartificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EC/IEEE 62200-1528, "Measurement Procedure For The Assessmant Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Wom Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
¢) DASY System Handbook

Methods Applied and Interpretation of Parameters:

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

e Antenna Paramefers with TSL; The source is mounted in a touch configuration balow the
center marking of the flat phantom.

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

« SAR for nominal TSL paramefers: 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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Measuremeant Conditions
DASY system configuration, as far as not given on page 1

DASY Version DASYSZ | V82,104 '
Extrapolation Advanced Extrapalation
Phantom Maodular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resclution dx. dy. dz =5 mm
Frequency 2600 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations ware apphed.
Temporature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 380 1.88 mha/m
| Measured Head T5SL parameters (220£0.2)"C 3WALE% 1.97 mhodm £ 6 %
| Hoad TSL temperature change during test <05°C et —

SAR result with Head TSL

SAR averaged aver 1 em?® (1 gj of Head TSL Condition

SAR measured 250 mW input power 14,0 Wikg

SAR for nominal Head TSL paramelers nommalized 1o 1W | 55.7 Wikg £17.0 % (k=2} |

SAR averaged over 10 cm® (10 g} of Head TSL condition

SAR measured 250 mW inpul power B.36 Wikg

SAR for nominal Head TSL parameters normialized to 1W 25,3 Wikg £ 16.5 % [k=2)
Corificate No: D2600V2-1038_JunZd Page 3ol &
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impadanca, translormed 1o fead point 4aT3an-11m;
Return Loss -30.4 ¢B

General Antenna Parameters and Design

| Electrical Delay (one direction)) | 1.141 ns

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

The dipole is made of standard semirigid coaxial cabla. The center conducior of the feading line is directly connecied o the
second arm of the dipole, The antenna is tharefore shor-circuited for DC-aignals. On some of the dipoles, small end caps
ara added to tha dipole arms in order o improve matching when loaded according to the position a5 explained in the
"Measuramen! Conditions™ paragraph. The SAR data ane not affocled by this change, The overall dipole length s still
acconding to the Standard,

No excessive forca musl ba applied to the dipole amms, because they might band or the soddared connections near tha

feedpoint may be damaged
Additional EUT Data
| Manufactured by | SPEAG ]
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DASYS Validation Report for Head TSL

Date: 16.06.2023
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dvipole 2600 MHz; Type: D2600V; Serial: D2600V2 - SN: 1038

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

Medium parameters used: £= 2600 MHz; o= 1.97 S/m; &= 38.4; p= 1000 I.;g-'m"
Phantom section: Flat Section

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

DASY 52 Configuration:
» Probe: EX3DV4E - SN7349; ConvF(7.68, 7.68, 7.68) @ 2600 MHz, Calibrated: 10.01.2023
« Sensor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 19.12.2022
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
« DASYS2 52.10.4(1535); SEEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (Tx7x7)}Cube 0;
Measurement grid: dx=5mm, dy=3mm, dz=3mm

Reference Value = 1184 Vim; Power Dnft = 0.01 dB

Peak SAR (extrapolated) = 26.9 Wikg

SAR(1 g) = 14 Wike: SAR(10 g) = 6.36 Wikg

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

Ratio of SAR at M2 to SAR at M1 = 52.2%

Maximum value of SAR (measured) = 22.8 Wikg

dB
0

-1.60
-1.20
-10.80

-14.40

-18.00

0dB =228 Wkg=13.58 dBW/kg
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Impedance Measurement Plot for Head TSL
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Appendix D.9 Calibration certificate for Dipole 3500MHz(SN 1058)

Calibration Laboratory of e i Setveaizerischer Kalitirardianat
Schmid & Partner : \l“":f; WY N g Service sulast d'takonnage
Engineering AG g s Servizio svizzers i taratura

Zeughausstrasse &3, 8004 Zurich, Switzariand A 4/ S suiss Calibration Service
Accrdiied by tha Swiss Accrockation Senvice (SAS) Azcreditation Ne: SCS 0108
The Swiss Accreditation Service Is one of the signatories 1o the EA

Muldinteral Agroement for the recognition of calibration cortificalos

Client SGS Cenificats o, D3500V2-1058_Sep23

Gyoonggi-de, Republic of Kores

ICAUEHA'I‘IUH CERTIFICATE |
| — —

Dibjeect D3500V2 - SN:1058

Caibration procedun(s) QA CAL-22.v7

Calibration Procedure for SAR Validation Sources between 3-10 GHz

Cuibration dote: September 28, 2023

This caibration caniicate documents the aceabilly o nasonal stancards, which realiza tha physical unis of manswomarnts (5],
Tha s e e U e with corficdences probabilsy are ghven on the foliowing pages and am part of tha cenificatn.

Al calibresians have Boen concucind in the closed labomiory fecily. enmvirsnman: lempemtunn (22 = 31°C and Aumidity < T0%

Calibration Equipment usad (MATE aritical for calration)

Primary Standards 1) Cal Duc {Cartdicats Mo} Sichagubes Calibration
Powar maler NAP2 | BN 104778 B0 Mar-23 (N 21 7-03804/03805) War-24
Fowar sansar NAP-T91 | S3: 10024s 30-Mar-23 (Mo 217-03804) W24
Firwat saraor NAP-791 i SN 103245 S0-Mar-23 (No. 217-00805) Mas24
Raference 20 dB Asteruator [ 55 BHEI0H (200 30-Mar-23 (Mo, 217400808) Mar-24
Type-N migmuich combination | BN: 310982 / (B32T 30-Mas-23 (Mo 217-038104 W24 '
Fubldrenicn Proge EXI0VE | SN: 8803 O7-Mne-23 Mo, EX33503 Marz3) Mar-24
DAES | 8M: poo 09-Aug-23 [No. DAEL-800_Aug2T) A2

Sundan |ine Cock Dese (n rouse] Schoculpd Crack
Povar matsr E44158 |5M GRI0SI24T6 30Dk 14 fin house chack Oe22) I heuse check: Den-24
Povear aonsor HP B4B1A isn—.u&mm OF-0ct-18 (in house chack Oct-22) In house check: Oot-24
Powor sonsar HP B4ATA | Bl MY A1083315 OF-0ct-18 (in house chack Oei-22) In housa ehack: Oot-24
AF genantor &S SWT06 Sh 100672 15-Jur-15 {in houswe chack Cce22) In housn chock: Oct-24
MNateotk Aralyzer Agilent EBISRBA | SN: USL10804T7 It-Mhar-1d [ hause chook Oct-22} In Reuss chackc Ocl-24

Mame Function Signature

Callbeitas by: Falo Fisn Laboratary Tochrician T

M-
Approvad by: Swon Mibn Technioal Managar /{"‘ /2-_-_'_._
L _

lssund: Boptembar 26, 2003

This calioration oarificats shall not be mproduced mxoest in ful withou! wriflon approval of th lebomiary.
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Calibration Laboratory of T,
Schmid & Pariner i‘ﬁ@ 2 i
Engineering AG e c Servizio svizzero di tarstura
Zeughaussirasss 43, 8004 Zurich, Switmriand W 5  guiss Calibration Service
Accreciken by Ine Swies Accradiston Senice (SAS) Accraditation Mo.; SCS 0108

Thit Seisa Accraditation Service is one of the signatories 19 the EA4
Multiloternl Agreement for the recognition of calibration cartificates

Glossary:

TSL tissue simulating liquid

ConvF sansitivity in TSL / MORM x,y,2
MN/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-Wom Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020,

b) KDB 865664, “SAR Measuremant Requiremants for 100 MHz to 6 GHz"

Additional Documentation:
¢) DASY System Handbook

Methods Applied and Interpretation of Parameters:

» Measurament 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 indicatad.

= Antenna Paramelers with TSL: The source Is mounted [n a touch configuration below the
center marking of the flat phantom.

* Return Logs: This parameter s measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power. Mo uncertainty required.

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

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

= SAR for nominal TSL parameters: The measurad TSL parameters are used to caloulate 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 configurelion, as far as not given on page 1.
DASY Version DASYSZ VE2.10.4
Extrapaolation Agvanced Extrapalation
Phantom Modular Figl Phantom V5.0
Distance Dipole Center - TSL 10 mim with Spacar
Zoom Soan Resolution dx, dy = 4.0 mm, dz = 1.4 mm Graded Ralks = 1.£ (2 dreciion)
3400 MHz = 1 MHz
Fre
ey 3500 MHz = 1 MHz
Head TSL parameters at 3400 MHz
Tha following paramelsrs and calculations ware applisd
Temperature |  Parmittivity Cenductivity
Mominal Head TSL parameters 20°C 380 2.81 mha'm
Measured Head TSL parameters (22003 C TT2E% 2ET mholm 8%
Head TSL temperature change during test < 05°C e e
SAR result with Head TSL at 3400 MHz
SAR averaged over 1 em® {1 g) of Head TSL Condition
SAR measurad 100 mW input power B.72 Wikg
_'E_i-A_H for nominal Head TSL paramatars nomalized 1o 1W 674 Wikg = 19,9 % (k=2)
SAR averaged over 10 ém? (10 g} of Head TSL condition
SAA measued 100 mW inpul power 2.56 Wikg
SAA for nominal Head TSL paramatars nesmalized to 1W 25.6 Wikg = 19.5 % (k=2)
Head TSL parameters at 3500 MHz
Tha foilowing perametars and calouistions were appied,
Temparature Permittivity Conductivity
Nominal Head TSL parameaters 220°*C arsa 2.91 mha/m
Measured Head TSL parameters (22.0£0.2)*C ATEx8% 2.95 mhofm = 6 %
Head TSL temperature change during test <05"C — -
SAR result with Head TSL al 3500 MHz
| SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measurad 100 mW Input powar 6.55 Wikg
SAR lor nominal Head TSL parameters nosmaized o 1W 65.3 Wikg = 19.9 % (k=2)
SAR averaged over 10 em® (10 g) of Head TSL condition
SAR measured 100 mW input power 248 Wikg
S5AR tor nominal Head TSL parametars normalized to 1W 24.8 Wikg = 19,5 % (ka2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 3400 MHz

Impadance, transfommead to leed paint 4410-730

Ratum Loss - 20.0 d8

Antenna Parameters with Head TSL at 3500 MHz

Impadance, irans’ormad to leed paint 50.841-6.1 [0 I
Retum Loss -24.308

General Antenna Parameters and Design

Elactrical Delay (one direction) 1.135 ns

Aftar long tarm use with 100W rediated power, only a sSght warming of the digola near the leadpaint can be measured.

The dipole is made of standard semirigid coaxial cabla. The center conductor of the feading ling is directly connected to the
second am of the dipole. The antenna is themlom shor-circuited for DC-signals. On some of the dipoles. small end caps

are added to the dipole arms in order 10 improve matching when loaded acgondng 1o the position as explained in tha
Measuremant Conaitions® paragraph. The SAR data are not affecied by this change. The overall dipola lengih is sl

according to the Standard.

No excessive force must be applied to the dipole amms, bacauss they might bend or the seidersd cannectiona near the

feodpoint may be damagead.

Additional EUT Data

| Menutactured by | SPEAG
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DASYS5 Validation Report for Head TSL

Date: 28.09.2023
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 3500 MHz; Type: D3500V2; Serial: D35300V2 - SN:1058

Communication System: UID 0- CW, Frequency: 3500 MHz, Frequency: 3400 MHz
Medium parameters used: f = 3500 MHz: o = 2.95 5/m; & = 37.6; p = 1000 kg/m’
Medium parameters used: f= 3400 MHz; o = 2.87 5/m; & = 37.7: p= 1000 kg/m®
Phantom section; Flat Section

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

DASYS2 Configuration:

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

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

# Electronics: DAE4 Sn900; Calibrated: 09.08.2023

» Phantom: Flat Phantom 5.0 (front); Type: QDO0OPS0AA: Serial: 1001
« DASY32 52.10.4{1535); SEMCAD X 14.6,14(7501)

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

Reference Vulue = 68.22 Vim; Power Drift = 0.05 dB

Peak SAR (extrupolated) = 17.5 Wikg

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

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

Ratio of SAR at M2 1o SAR at M1 = 74.6%

Maximum value of SAR (measured) = 12.4 Wikg

Dipole Calibration for Head Tissue/Pin=100 mW, d=10mm, f=3400MHz/Z0om 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 W/kg

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

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

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

Maximum value of SAR (measured) = 12.7 Wikg
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dB
]
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OdBE =127 Wikg = 11.03 dBW/kg
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Impedance Measurement Plot for Head TSL
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Appendix D.10 Calibration certificate for Dipole 3900MHz(SN 1036)

Calibration Laboratory of
Schmid & Pariner

Engineering AG
Zoughauvssirasse 43, 8004 Zurich, Switzeriand

Accredited by the Swiss Accredintien Service (SAS)
The Swiss Accraditation Service is one of the signatores to the EA
Multilsteral Agreemant for the recognition of calibration cenificates

Tris caliaration ceriificals documents Ma trecsability o nafonal standands, which resiies the physical nits of measiremants (5],
This massuramants and the uncertainSes wil confidence probability are ghvan on M foliowing pages and are port of the cestificate.

All caliprations nave been cancuctsd in e dosed laboraterny ity enviranmens femperatune (22 £ 3)°C B Fumidity < T,

Calibmiion Equipment used (MATE cridcal for calibration)

Primary Standends in# ol Date (| Corificats ba.) Scheduied Caiiraticn
Powar mater NRPZ SN 10477d 30-Mar-23 {No. 2170350403805 Mar4 o
Power sansar NRP-ZH1 SN: 103744 A0-Miaf-23 {No. 217-03804) War-24

Powar sensor NRP-Z91 SH: 103245 30-Mar-23 (Mo, 217-03805) Mar-24

Fafarence 20 dB Aflsnustar SN BHUIOM [20W]  30-Mar23 (No. 217-03600) Mar24

Type-M mismatch combénatian Sn: 310982 / 08327 S-Mar-23 (Mo 217-03810) a4

Rafetence Probe EXIDVE BN: 3503 O7-Mnr-23 (Mo, EX3-3503 har23) Mar-24

DAES SM: 900 DEAug-23 (No. DWEL-BO0_Aug23) Aug-2d
| Secondary Stengencs =] Chick Date (in house} Schaduied Chacs
Pownr mater E44168 SM: GBIFS12475 30014 (in house chack Det-27) in house chack: Oct-24
Prwar ssnsor HP B281A BN: US3T202TEY 70215 (in housa check Dcl-23) In heuss chick: Det24
Power sensor HP B4B1A BN MYA1083T5 07-0ct-15 (in house check Oct-22) I noume cheok: Oct-248
RF genemator RAS SMT-08 BN 100872 15-dun-15 (in house check Oct-22) In house chack: Oct-24
Matwark Anslyzer Agilant EE358A | SN: US410B047T 31-Mar-14 (i houss check Oct-22) In nouss check: Dch24

Hama Functian Signaiure

hmmﬂmmmmmummwwmm_
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Calibration Laboratory of ST 8¢
Schmid & Partner — iy
Engineen'ng AG ¢ Sorvizlo svizzero di taratura
Zsughnusstrasse 43, 8004 Zurich, Switzartand Lo 5  Swiss Collbration Sarvice
Aocrediied by the Swiss AccrodBalion Service (SAS) Accreditation Mo.: SCS5 0108

The Swiss Accreditation Service is one of tha signatories 1o the EA
Multilsteral Agrasmant for tha recognitian of calibration cerificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y.z
MiA, not applicable or not measunad

Calibration is Performed According to the Following Standards:

a} |EC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Wom Wireless Communication 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:

* 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 Paramefers with TSL: The source is mounted In a touch configuration below the
canter marking of the flat phantom.

* Refurn Loss: This parameter is measured with the source positioned under the liquid filied
phantom (as described in the measurement condition clause), The Return Loss ensures low
reflacted power. No uncertainly required.

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

« SAR gﬂormaﬁzeﬂ: SAR as measured, normalized to an inpul power of 1 W at the antenna
conn or.

= SAR for nomina! TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR resull.

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, s far &8 not gheen on paga 1.

DASY Varsion DASYS2 W52.10.4

Extrapolation Advanced Extrapolation

Phantom Madular Fiat Phantom V5.0

Distance Dipole Conter - TSL 10 mm with Spacer

Zoom Scan Resolution . dy =4.0 mm, dz = 1.4 mm Graded Ratic = 1.4 (Z direction)
-

Frequancy 4100 ot 2 1 i

Head TSL parameters at 3900 MHz
The following paramaters and calculations were applied.

Temparature Parmittivity Conductivity
Nominal Head TSL parameters 20°C s 3.32 mhafm
Measured Head TSL parameters (220=032)°C IT128% 33T mho/m £ 6 %
| Head TSL temperature change during test <05°C | —_ e
SAR result with Head TSL at 3800 MHz
| SAR averaged over 1 em? (1 g} of Head TSL Condifion
SAR mesguned 100 mYY inpul power B.BD Wikg
SAR for nominal Head TSL parameters nermalized to 1W B8.0 Wikg £18.9 % (k=2) |
SAR averaged over 10 em® (10 g) of Hoad TSL candition |
5AR measured 100 m¥W input power 238 Wikg |
SAR for nominal Head TSL paramaters normalized to 1W 23.9 Wikg £ 18.5 % (k=2)
Head TSL parameters at 4100 MHz
The following paramaters and caloulations were applied
Temperature Permittivity |  Condustivity
Nominal Head TSL paramaters 220°C arz | 3.53 mhaim
Measured Head TSL parameters {220+02)"C JED4E% 345 mhom=8%
Head TSL temperature change during test <05°C — —
SAR result with Head TSL at 4100 MHz
| sAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measurad 100 mW Input power B.77 Wikg
SAR, for nominal Head TSL paramelars normalized o 1W 67.8 Wikg £ 18.9 % (k=2)
SAR averagaed over 10 em? (10 g) of Hoad TSL condition
SAR measured 100 mW input power 2.36 Wikg
SAR for nominal Fead TSL paramatars normalized o 1W 23.6 Wikg £19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 3900 MHz

Impedance, ransformed 10 feed polnt A7 401-48 )0
Relurn Loss -24.9dB

Antenna Parameters with Head TSL at 4100 MHz

impadance, transformed 1o feed paint 57.30-11)0 |
Ratumn Loss -23.2 dB |

General Antenna Paramaters and Design

Elnctrical Delay (one direction) 1.104 ns |

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

The dipeée i made of standard semirigid coaxial cable. The cenfar conductor of the laeding line is directly connected o the
second arm of the dipele. Tha antenna is therefore shori-cincuited for DC-signals, On some of the dipoles, small end caps
are added to the dipcke arms in ordar to Improve matching when lcaded acconding (o e position Bs explained in tha
"Measurament Conditicns” paragraph. The SAR data are no! alfected by this changs. The overall dipole length is sl
according o the Siandard.

Mo excessive force must be agplled to the dipole erms, because they might bend or the soldesed connactions naar the
feedpoint may be damaged.

Additional EUT Data

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

DUT: Dipole 3900 MHz; Type: D3900V2; Serial: D3900V2 - SN: 1036
Communication System: UID 0 - CW; Frequency: 3900 MHz, Frequency: 4100 MHz
Medium pammeters used; £= 3900 MHz; ¢ = 3.27 $/m; & = 37.1; p = 1000 kg/m’
Medium parameters used: £ =4100 MHz: 0 =3.45 S/m; &= 36.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

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

* Sensor-Surface: 1.4mm {(Mechanical Surface Detection)

« Electronics: DAE4 Sn%00; Calibrated: 09.08.2023

» Phaniom; Flat Phantom 5.0 {front); Type: QDO0OOPS0AA: Seral: 1001
« DASYS2 52.10.4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value =70.20 Vim; Power Drift = 0.09 dB

Peak SAR (extrapolated) = 19.2 Wikg

SAR(I g) = 6.8 W/kg; SAR(10 g) = 2,39 Wkg

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

Ratio of SAR at M2 to SAR st M1 =73.0%

Maximum valee of SAR (measured) = 13.4 Wikg

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

Reference Value = 68.07 V/m; Power Drift = 0.09 dB

Peak SAR (extrapolated) = 19.1 W/kg

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

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

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

Maximum value of SAR (measured) = 13.4 W/kg
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0dB=13.4 Wkg = 11.28 dBW/kg
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Impedance Measurement Plot for Head TSL
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