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Appendix D Calibration certificate
Appendix D.1 Calibration certificate for DAE(SN 1430)

Cpr | —— e, Schweizerischer Kalibrierdienst

Schmid & Partner r\:‘r‘//"‘. c Service suisse d' talonnage
Engineering AG = //-"_% N Servizio svizzero di taratura

Zeughausstrasse 43, B004 Zurich, Switzerland ‘.,,"‘ﬁ‘:‘w\? Swiss Calibration Service

Accredited by the Swiss Accreditation Servica (SAS)
The Swiss Accre  ation Service is one of the signatories to the EA
' ultilateral © eement for the recognition of calibration certificates

Accreditation No.: CS 1

Client
oI e i i orem Cert .ate o: [ immimmr23
im— g Cpot. . 2
Object DAE4 - SD 000 D04 BM - SN: 1430 g,
|
Calibration procedure(s) QA CAL-06.v30 |
Calibration procedure for the data acquisition electronics (DAE) . 5
Calibration date: March 22, 2023

This calibration certiiicale documenls the traceahility to nafional standards, which realize the physical units of measuremants (S1)
The measurements and the uncertainties with confidence probability are given on the lollowing pages and are part of the certificata.

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

Calibration Equipment used (MA&TE critical for calibration)

Primary Standards ,‘ D # Cal Date (Cerlificale No.) Scheduled Calibration

Keithley Multimeter Type 2001 | sN: oatoz7a 29-Aug-22 (No:34389) Aug-23

Secondary Standards | D # Check Date (in house) Schaduled Chack

Auito DAE Galibration Unit SE UWS 053 AA 1001 27-Jan-23 (in house check) In house check: Jan-24

Calibratar Box V2.1 SE UMS 006 AA 1002  27-Jan-23 (in house check) In house check: Jan-24
Name Function Signature

Calibrated by: Dominigue Staffen Laboratory Tachnician

Approvad by: Sven Kihn Technical Manager \' 1 2

Issued: March 22, 2023

This callbration certificate shall not be reproduced except in full without written approval of the laboratory.
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Schmid & Partner
Engineering AG g
Zeughausstrasse 43, 04 Zurich, Switzerland 3
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4+ y. & s, Schwelzerischer Kalibrierdienst

C  Service suisse détalannage
Servizio svizzero i taratura

Swiss Calibration Service

e

Aceredited by the Swiss Accredilation Servica (SAS) Accreditation No.: 01
The Swiss Accreditation Service is one of the signatories to the EA
ultilat al Agreement for the recognition of calibration certificates

G -
DAE

data acquisition electronics

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

Wy

coordinate system.

e 2 r

* DC Voitage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
correspends to the full scale range of the voltmeter in the respective range.

= Conneclor 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 neighbor channels not subject to an
i put 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 large number of
zero voltage 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 information. Supply currents in various operating
modes.
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D tfimm N
A/D - Converter Resolution nominal
High Range: 1LSB= B.1uV, full range = -100...+300 mV
Low Hange: 1LSB = einv, fullrange = -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
C liby tion Factors X Y Zz
Hi h an 403.961 + 0.02% (k=2) | 404.147 + 0.02% (k=2) | 403.985 + 0.02% (k=2)
Lc  Ran 3.99677 + 1.50% (k=2) | 3.97959 + 1.50% (k=2) | 3.99841 + 1.50% (k=2)
C- Bt 0
Connector Ar le to be used in DASY system 102.0°+1° j
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 ( ) o el )
1. b oo i
BN in R adir (uv) Dii  rence (uV) Error (%)
Channel +h ut 199994.92 0.77 0.00
Ch nnel + Input 20004.73 2.64 0.01
Channel X - Input -18999.05 266 -0.01
Ci nnel Y + Input 19999317 -0.91 -0.00
C w Y + Input 20000.64 -1.35 -0.01
Cinel Y - Input -20002.61 -0.80 0.00
Chanr Z + Input 198882.86 -0.60 -0.00
Channel Z + Input 20002.60 0.70 0.00
Channel Z = Input -20002.68 -0.89 0.00
Le . R: iing (uV) Difference (pV) Error (%)
Ch nn IX + Input 2001.23 0.02 0.00
Ch nnel X +In ut 200.88 -0.51 -0.25
Channel X -In ut -197.68 0.82 -0.41
Channel Y + Input 2000.97 -0.05 -0.00
Ch nnel Y + Input 200.77 -0.44 -0.22
Chm 'Y - Input -198.69 -0.05 0.02
Chm "Z + Input 2000.67 -0.26 -0.01
Cim ' Z + Input 200.31 -0.78 -0.39
Channel Z =Input -199.70 -0.97 0.49
2.C: “iv g
DASY parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode “ hRar- Le n
In utVoli  (mvV) vers ading (pV) vere a’'n (uv)
G w X 200 321 1.40
- 200 -0.38 -1.88
Ct nelY 200 -19.41 -20.25
- 200 19.82 19.61
Ct el Z 200 -17.66 -17.98
-200 15.90 16.02
3.C i ‘n
DASY measurement parameters: Auto Zero Time: 3 sec; M ing time: 3 sec
InputVolt = (mV) | Ch nn.IX (uV) | Channel Y (uV) Ch nn 1Z (pv)
Chm X 200 1.96 -3.72
Channel Y 200 7.16 312
Channel Z 200 9.68 6.35
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C. o ihi |
DASY parameters: Auto Zero Time: 3 sec; M ing time: 3 sec
Tl (L) Low ng (LS )
Ciwn X 16011 15314
Ci wnelY 16228 18371
Ct anelZ 15855 16381
5. Fuo0 v i
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input 10MQ
—TTRT
vei () | min.: set(uV) | max. Of vy | S (p\\f,; Eon
Channel X 0.25 -0.59 1.75 0.34
Chann 1Y -0.06 1.7 1.49 0.46
Chm IZ -0.45 -2.00 0.68 0.38
. (& c
Nominal Input circuitry offset current on all channels: <25{A
7. |— 1 (Typical values for information)
Zeroin (k' hm) aring ( Ohm)
Ct nn 1X 200 200
Ch nn 1Y 200 200
Channel Z 200 200
. L i Tin mj w (Typical values for information)
Typic valu s ‘arm Level (Vi' )
Su ly (+ Vec) +7.9
Supply (- Vec) -7.6
[ u (Typical values for information)
T pical values Switch doff (m ) sndby (m ) | Trar witting (mA)

1y (+ Vec)

+0.01

+6

+14

Su sy (- Vec)

-0.01

-8

-9
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Appendix D.2 Calibration certificate for DAE(SN 1507)

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasss 43, 8004 Zurich, Switzerand

Schwelzerischer Kallbrierdienst
Service sulase d'élalonnage
Servizio svizzero di taratura
Swiss Calibration Sarvice

Aczroditad by Ihe Swiss Accreditation Service [SAS) Accreditation Mo.: SCS 0108
The Swies Accreditation Service is one of the signatories to the EA
Multilateral Agreament for the recognition of calibration certificates

Cliont SGS
Gyeonggi-da, Aepublic of Kares

CALIBRATION CERTIFICATE |

Certificate No: DAE4-1507_Sep23

Dbjact DAE4 - 5D 000 DO4 BM - SN: 1507

Calibration procedurm(s) QA CAL-08.v30
Calibration procedure for the data acquisition electronics (DAE)

Callbation daly September 20, 2023

This calibration cerificate documents the traceabiiity ta national standards, which realize the physical units of measwrements (S1)
The maasurements and the uncarainties with confidence probability are given on the folowing pages and ara par of the cedificate

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

Cafibralion Equipment used (MATE critical for caltiration)

Primary Standards | 0 # Cal Date (Canificate No ) Scheduled Calibration
Kaithiey Mutimater Type 2001 | Sh: 0R10278 28-Aug-23 (Ne:aT421) A28
Secondary Standards | 10 Check Date {in housa) Scheduled Chack
Ayl DAE Calibraton Lin SE UWS 053 AA 1001 27-Jan-23 (in housae check) In housa chick: Jan-24
Calbrator Bax V2.1 SE UMS 006 AA 1002 27-Jan-23 [in house chack) Iy ousa chack: Jan-24
Mama Funetion Signatune
Calibrated ty: Dominigue Steftan Laboratory Tachmnician ,@; 2" |
Appraved by Swan Kihn Technical Managar = |
e A~

Issusd: Saplembar 20, 2023

This calibration canfficate shall not be reproduced axcapt in tull without writtien approval of the laboraiony
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Calibration Laboratory of g Schweizerischer Kalibrierdionst

Schmid & Partner ¢ Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura

Zoughaussirssse 43, 8004 Zurich, Switzerland -] Swiss Callbration Service

Accrodited by the Swiss Accreditation Service (SAS) Accreditstion Me.: SCS 0108

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

L nl Ag for the recog of calibration certificates

Glossary

DAE data acquisition electronics

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

coordinale 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 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 uricertainty.

» 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
measurament.

= Common mode sensitivity: 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 converter
corresponding to zero input voltage

* Input Offset Measurement. Output voltage and statistical results over a large number of
zero voltage 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 intemal 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 information. Supply currents in various operating

modes.
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DC Voltage Measurement
AD - Converter Resolution nominal
High Range: 1LSB = B.1uv full mnge =  -100..,4+300 mV
Low Range: 1LSB = 6inV, ful mnge = -1....... +amy

DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

| Calibration Factors X ¥

z
High Range 404.360 + 0.02% (k=2) | 404,337 £ 0.02% (k=2) | 404.081 + 0.02% (k=2)
Low Range 3.97714 + 1.50% (k=2) | 3.87613 + 1.50% (k=2) | 3.96024 + 1.50% (k=2)
Connector Angle

rConnmtm Angle 1o be used in DASY systam

284.0°£1°
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Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voliage Linearity
High Range Reading (uV) Difference (uV) Error (36)
Channel X + Input 199904.74 -1.72 0,00
Channel X + Input 20004.22 1.29 0.01
Channel X - Input -19999.18 238 -0.01
Channel Y + Input 198B95.86 .36 -0.00
Channel Y + Input 20001.08 -1.80 -0.01
Channel ¥ - Input 20001.12 0.55 | -1.00
Channel Z + Input 198005.98 <014 -0.00
Channel Z + Input 20001.75 =1.08 0.m
Channel Z - Input -20000.82 082 40.00
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2001.74 0.08 0.00
Channel X + Input 20232 0.51 0.25
Channel X = Input -197.50 0.37 0,18
Channel ¥ + Input 2001.22 -0.30 -0.02
Channel ¥ + Input 200.95 -0.80 -0.40
Channel ¥ = Input -188.02 -0.03 n.oz2
Channel Z + Input 2000.45 -1,08 -0.05
Channel Z + Input 20141 | 0.2 0.1
Channel Z - Input -188.35 -0.38 0.18
2, Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring tima: 3 sec
Common modo High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Ghannel X 200 181 052 |
- 200 238 117
Channel ¥ 200 8.B6 B.04
- 200 -8.13 -3.25
Channel Z 200 | -20.18 -20.11 |
- 200 18.16 18.85
3. Channel separation
DASY measurement paramelers: Aulo Zero Time: 3 spc; Measuring time: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel ¥ (uV) Channal Z (uV)
Channel X 200 0,53 -3.40
Channel ¥ 200 7.51 1.62
Channel Z 200 1115 5.29 -
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4. AD-Converier Values with inputs shorted
DASY measurement parameters: Auto Zero Tima: 3 sec; Measuring time: 3 sec
High Range (LSB) | Low Range (LSB)
Channel X 16185 16384
Channel ¥ 15659 16850
Channel Z 15458 16039
5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring tims: 3 sec
Input 10MG
Average (uV) min. Offset (uV) | max. Ofiset (pV) . [:::;allnn
| Channel X 083 -1.02 222 0.59
Channel Y 0.44 -01.83 1.54 0.54
Channel Z 022 -1.67 1.02 0,53
6. Input Ofiset Current
Noaminal Input circuitry offset cument on all channals: <25fA
7. Input Resistance (Typical values for information)
Zeroing (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 (+ Vec) +7.8
Supply (- Vec) 7.8
9. Power Consumption (Typical values for infarmation)
Typical values Swilched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vec) +0.01 i +14
Supply (- Vec) -0.01 -8 -4
Cerfficate No: DAE4-1507_Sep23 Page 5ol 5
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Appendix D.3 Calibration certificate for DAE(SN 1503)

Cu'¥ g
Schmid & Partner
Engineering AG

Ze1 hausstrasse 43, B004 Zurich, Switzerland

.  Schweizerischer Kalibrierdienst

c Sarvice suisse d'stalonnage
Servizio sv' -ro di taratura
Swiss Cal bration Service

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Acerd ation Service is one of the signatories to the EA
" .leral £ esmentforthe rec: ition of c. bration ce, * ates

Accredtation . * €S 01

Chent Cart;ate s S i
Gyeonggl-do, Republic of Korea
| p— G
| oot DAEA4 - SD 000 D04 BM - SN: 1503
Calibration procedure(s) QA CAL-06.v30
Calibration procedure for the data acquisition electronics (DAE) Ty
aey, o.
Callration date. August 28, 2023

This calibration certificate documents the traceability to national stendards, which realize the physical units of measurements (SI).
The measurements and tha inties with confidence lity are glven on the following pages and are part of the cerlificats.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards | ID# Cal Date (Certificate No.) Scheduled Calibration
Keithley Multimeter Type 2001 | SN: 0810278 29-Aug-22 (No:34388) Aug-23

| ID# Check Date (in houss) Schedulad Check
Auto DAE Callbration Unit | SE UWS 058 AA 1001 27-Jan-23 (in house check) In house check: Jan-24
CGalibrator Box V2.1 SE UMS 006 AA 1002  27-Jan-23 (in house check) In house check: Jan-24

Name Function Signature
Calibrated by: Dominique Staffen Laboratory Tachnician "
-
Approved by: Sven Kahn Technical Manager -(7

vy

Issued: August 28, 2023
This calibration eenificate shall not be reproduced excepl in full without written approval of the laboratary.
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C mmtoslsos ity
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
c Service sulsse d'étalonry
Servizio svizzero t atura
- Swiss Calibre ~n Service

Acoredited by the Swiss Accreditation Service (SAS) Accred'tation No.:  C. 01
The Swiss Accre an Service is one of the signatories to the EA
Mulateral # reement for the recag.  .n of calibration cer  cates

cl ry

DAE data acquisition electronics

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

J I n o '

* 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 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 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 veoltage on
the differential measurement.

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

AD Converler 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 large number of
zero voltage measurements.

Input Offset Current: Typical value for infermation: 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 information. Supply currents in various operating
modes.
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Py L rmo
A/D - Converter Resolution nominal
High Range: 1LSE = 8.1V, fullrange = -100...4+300 mV
Low Range: 1LSB= B1nV, fullrange= -1...... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Ca br'on Factors X Y z
Hi h Ran 404.897 + 0.02% (k=2) | 404.801 + 0.02% (k=2) | 404.919+0.02% (k=2)
Lc 3.96175 + 1.50% (k=2) | 3.98638 + 1.50% (k=2) | 4.01634 = 1.50% (k=2)
C: : n
Connector to be used in DASY system 180.0°+1°
Certificate Mo: DAE4-1503_Aug23 Page 3of 5
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m—x (] 5 - — = gl 1)
1. D= Ln i
Hi ==y ‘n (uV) Di  rence (uV) Error (%)
Ch nn X U 200040.56 3.01 0.00
Channel X + Input 20008.30 1.25 0.01
Channel X = Input -20008.07 -0.42 0.00
Ci o Y + Input 200040.85 -0.28 -0.00
Channel Y + Input 20008.32 1.47 0.01
Channel Y - Input -20006.87 -1.08 0.01
Channel Z + Input 200036.85 -0.28 -0.00
Ci nelZ + Input 20007.83 1.12 0.01
Ci wnelZ -n at -20009.66 -3.73 0.02
Low n sadn (uV) Dif .rence (uV) Error (%)
Ci w X +Input 2002.41 0.47 0.02
Ci el X + Input 201.24 -0.53 -0.26
ComX -lnu -188.75 -0.59 0.30
Channel Y + Input 200217 -0.18 -0.01
Channel ¥ + Input 200.58 -1.13 -0.56
Channel Y - Input -199.38 -1.18 0.60
Ch nnel Z +Input 2002.02 0.26 0.01
Ch nnel Z + Input 200.70 -0.95 -0.47
Channel Z - Input -198.88 -0.60 0.30
2.C i 3 iv
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mo ‘ghRan Low arn
Input Vs (mV) tersummmamng (V) verrs eadin  (uV)
Channel X 200 -3.02 -5.07
- 200 5,59 3.56
Ch nn 1Y 200 3.95 A
-200 -5.92 -6.03
Channel Z 200 4.05 4.01
-200 -6.15 -5.98
3. CEminE——
DASY measurement parameters: Auto Zero Time: 3 sec: Measuring time: 3 sec
Input Volt = (mV) | Ch nnel X (uV) | Channel ¥ (uV) | Channel Z (uV)
Ch nnel X 200 % -0.11 -3.73
Ch nn 1Y 200 6.18 * 1.85
Ch pn 1Z 200 7.74 3.98 -
Certificate No: DAE4-1503_Aug23 Page 4 of 5
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D Swyommer S foet
DASY measuremant parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
h el ) LowRan (L )
Channel X 15811 14920
Ch anel Y 15926 15104
Chanel Z 15925 16979
. O/ mosmmm—nr mams
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring lime: 3 sec
Input 10MQ
s
verm(ny) | min Coset (uV) | max.0 s AV) | o (FJ; L
Channel X 0.02 -0.85 1.45 0.41
Ct nel Y -0.70 -1.77 0.39 0.40
Chtan 1Z -0.53 -1.28 0.70 0.35
e .C em.
Neminal Input circuitry offset current on all channels: <25{A
7. I3 - (Typical values for information)
Zeroin  (kOhm) asurin (WY m)
Channel X 200 200
Channel Y 200 200
Ct nlZ 200 200
- ks | emf i ypical values for information)
Typical v lues larm Level (V© )
upply (+ Vec) +7.9
upply (- Vee) -7.6
r C it (Typical values for information)
Typicalv lu s £ chedoff(m ) ndby (m ) | Trane itting (mA)
Su ply (+ Vee) +0.01 +6 +14
upply (- Vee) -0.01 -8 -9
Cerlificate No: DAE4-1503_Aug23 Page 50f 5
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Appendix D.4 Calibration certificate for Dipole 750MHz(SN 1085)

Cmmrom; | Fer Schweizerischer Kalibrierdienst

Schmid & Partner C Service suisse d'étalony;
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, F 4 Zurich, Switzerland Swiss Calibration Service
Accrediled by lhe Swiss Accraditation Service (SAS) Accreditation No.: .7 .. 01
The Swiss Accred’ .tion Service is one of the signatories to 1 . EA
' ultilateral £ reement for the recogii. n of callbration certificates
Client | IR Cerfificate Na.
O R
Ot D750V3 - SN:1085 j
I “
Calibration procedura(s) QA CAL-05.v12 o |

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz '+ - |/

Calibration date: March 21, 2023

This calibration ceriificale documents the traceabilily to national standards, which realize the physical units of measuremeants (S1).
The and the ur with confidence ility are given on Ihe following pages and are part of the cerificate,

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

Calibration Equipment used (M&TE critical for calibration)

| Primary Standards _ |Io# Cal Date (Certificate No.) Schedulad Calibration
Power metar NRF SN: 104778 04-Apr-22 (No. 217-03525/03524) Apr-23

Power sensor NRP-Z41 SN: 103244 04-Apr-22 (No, 217-03524) Apr-23

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

Refarence 20 dB Attenuator SN: BHB394 (20k) 04-Apr-22 (No. 217-03527) Apr-23

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

Refarerce Probe EX3DV4 SN: 7349 10-Jan-23 (No. EX3-7349_Jan23) Jan-24

DAE4 SN: 601 18-Dec-22 (Mo. DAE4-601_Dec22) Dec-23

Standards ID# Check Date (in house) Scheduled Check
Power meter E44198 SN: GB38512475 30-Oct-14 (in house check Oct-22) In house check: Oct-24
Power sensor HP B481A SN: US37292783 07-Oct-15 (in housa check Oct-22) In house check: Oct-24
Power sensor HP 8481A SN: MY41083315 07-Oct-15 (in house chack Oct-22) In house check: Oct-24
RAF generator A&S SMT-06 SN: 100972 16-Jun-15 (in house check Oct-22) In house check: Oct-24
Natwork Analyzer Agilent EB358A | SN: US41080477 31-Mar-14 (in housa check Oci-22) In house check: Oct-24
Name Funetion Sirnaturs
Calibrated by: Michael Weber Labaratory Technician
Approved by: Sven Kiihn Technical Manager g
: (e

Issuad: March 22, 2023

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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cr i il Py .. Schw ‘rischer K. brierdienst
Schmid & Partner ¢ Service suisse détalonnage
Engineering AG Servizio svizzero di taratura

Ze | iausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service

Accrediled by the Swiss Accredilation Service (SAS) Accreditation No.: = 01
The Swiss Accre  lion Service is one of the ¢ atories to the EA
il lateral Agreement for the recognition of cal bration cer. cates

(&2 H

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Cl e ni T ccr” l N n n g

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"

mmj | D e e
c) DASY System Handbook

| e ] o I on U i

* 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.

* Return Loss: This parameter is measured with the source positioned under the liquid filled

phantom (as described in the measurement condition clause). The Return Loss ensures low

reflected power. No uncertainty required.

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

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

The 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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c i

DASY system configuration, as far as not given on page 1.
D SYV on DASY52 V52.10.4
Extrapc’mion Advanced Extrapolation
Ph ntom Medular Flat Phantomn
Dince Di of € mwr-TSL 15 mm with Spacer
ZoomS: . solution dx, dy, dz =5 mm
Frequency 750 MHz £ 1 MHz

TOL b rs

The following parameters and calculations were applied.

Tempe: ure Permittivity Ci ivity
min | dT Lg ram s 22.0°C 419 0.89 mho/m
asured Head T .. paramet rs (22.0+02)°C 41.0+6% 0.90 mho/m + 6 %
ad TSL ten ¢ urech n  durin, B <0.5°C -

m wovw viEs T,

SA averag fovericm® (1g)of "adT L Condition

SAR measured 250 mW input power 2.15 Wikg

SAR for nominal Head TSL parameters normalized to 1W 8 W £ 17.0 % (k=2)
£ avera edover 10cm® (10 g)ofHead T L condition

SAR measured 250 mW inpul power 1.40 Wikg

SAR for nominal Head TSL parameters normalized to 1W 5.54 g+16.5 % (k=2)

Certificate No: D750V3-1085_Mar23 Page 3of 6
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(e | — T )
W i . ™0
Impedance, transformed to feed point 53.40-1.9jQ
Return Loss -28.5d8
(ol | o
Electrical Delay (one direction) 1.032 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected 1o the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
“Measurement Condilions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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

mmkUT D
Manufactured by [ SPEAG
Certificate No: D750V3-1085_Mar23 Page 4 of 6
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(o] = B | ___Rar

Date: 21.03.2023

Test Laboratory: SPEAG, Zurich, Switzerland

1UT:) o 75D

z; Typ : D751V3; Seri D7 73-SN:1 3

Communication System: UID 0 - CW; Frequency: 750 MHz
Medium parameters used: f =750 MHz; o = 0.9 8/m; & = 41; p = 1000 kg/m’

Phantom section: Flat Section

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

DASYS52 Configuration:

» Probe: EX3DV4 - SN7349; ConvF(10.11, 10.11, 10.11) @ 750 MHz; Calibrated: 10.01.2023

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

» Electronics: DAE4 Sn601; Calibrated: 19.12.2022

« Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

+ DASY5252.10.4(1535); SEMCAD X 14.6.14(7501)

1 mmve C dlinskinsms-we mn T w850~y <1 w0 /7

4 Se n (Tx7x7) ¥ %

Measurement grid: dx=5mm, dy=5mm, dz=Smm
Reference Value = 59.31 V/m; Power Drift =-0.05 dB

Peak SAR (extrapolated) = 3.24 W/kg

SA (1g) =215 SAu(le ) =1

iy

Smallest distance from peaks to all points 3 dB below = 17 mm
Ratio of SAR at M2 to SAR at M1 = 66.5%
Maximum value of SAR (measured) = 2.83 Wikg

0dB =283 W/kg =4.52 dBW/kg
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Appendix D.5 Calibration certificate for Dipole 835MHz(SN 4d138)
== I
| e——
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Appendix D.6 Calibration certificate for Dipole 1750MHz(SN 1116)

Calibration Laboratory of S,
Schmid & Partner ——
Engineering AG b c
Zeughausstrasse 43, 8004 Zurich, Switzsriand f,,,_"__‘?f;\"‘;é s
i

Accredited by the Swiss Accraditstion Servics (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agrooman: for the recognition of calibration ceriificates

cieot SIS contcats No. DA750V2-1116_Jul23

Schwaizerischer Kalibrierdiznst
Service sulsse detalonnage
Servizio svizzero di taratura
Swiss Calibration Servics

Accreditation No.: SCS 0108

Calibration procadurals)

Callbration date: July 12, 2023

Calibration Equipment ussd (MA&TE erilical for calibration)

This callbration certificate documants the tracesbility to national standards, which realiza tha physical ynits of measuraments (Si).
The messurements and the uncertsinties with confidence probability are givan an the foliowing sages and ara part of the certificats.

All calibrations have been conducted in the closse laboratary facility: environment temparatura (22 +3)°C and humidity < T0%.

| Primary Standards __|o# __Cai Dats (Cenificate Mo.) Scheduled Calibration
Porvesr meter NRP2 | Sn: 104778 30-Mar-23 (No. 217-03804/03805) War-24

Power semsar NRP-291 | SA: 103244 30-Mar-23 (No. 217-03604) Mar-24

Power sansor NRP-291 | SN: 102245 30-Mar-23 (Ne. 217-03805) Mar-24

Ratarance 20 ¢8 Ationuator | 5M: BHE384 (206) 30-Mar-23 (No. 217-03800) Mhar-24

Type-N mismaich combination SM: 310962 / pEazT 30-Mar-23 (No. 217-03810) Mar-24

Raference Probe EX3DV4 | BN: T340 10-Jan-23 (Mo EX3-7348_Jen23) JEm-24

DAE4 | SM: 501 18-Dec-22 (No. DAE4-501_Dec23) Dec-23

Secondary Standards D# Chack Date {in housa) i Scheduled Chack
Powes mater E44188 SN: GB3B512475 30-Oct-14 (in houss check Dct-22) in house check: Oct-24
Power sensor HP B431A SN: US3T202783 07-Oct-15 (in house check Dci-22) In house check: Dci-24
Powar sensar HP B4&1A BN: MY41083315 O7-0et-15 (In house check Col-22) i house check: Dei-24
RF generator RAS SMT-06 SN: 100872 15-Jun-15 (in house chack Oct-22) I haisse chack: Det-24
Network Analyzer Agilant EB358A | SM: US41080477 31-Mar-14 (In housa cheok Oct-22) In house checke Oct-24

Name Funetion

Calibratad by- Michas Weber  Laborstory Techrician m
Appraved by: Svan Kihn Technioal Manager

This ealibration certificsts shall nol be reproduced except in full withoul written approval of the labaratary

G

Issuad: July 18, 2023
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zaughausstrassa 43, 8004 Zurich, Switzeriand

Schweizarischer Kalibrierdisnst

s

c Service suisse datalonnage
Servizio svizzero di tarstura

s Swizs Calibration Sarvice

Accredited by the Swiss Acoreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accraditation Service is one of the signatories to the EA
Multliatersl Agreement for the recognition of callbration cortificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |IEC/IEEE 82209-1528, "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 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 s measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause), The Retun Loss ensures low
reflected power. No uncertainty required.

SAR measured: SAR measured at the staled antenna input power.

= SAR normalized: SAR as measured, normalized 1o 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 mFoned uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as nat given on page 1.
DASY Verslon DASYS2 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Madular Flat Phantom
Distance Dipole Center - TSL 10 mm wilh Spacer
Zoom Scan Resolution | dx, dy, dz =5 mm
Fraquency | 1750 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations wers applied.
Temperature Permittivity Conductivity
Nominal Head TSL parametars 20°C 40.1 1.37 mhoim
Measured Head T5L parameters (220x02)°C 400£6% 1.3 mho/m 8 %
Head TSL temperature change during test <0.5°C a— S
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 8.77 Wikg
SAR for nominal Head TSL parameters normalized o 1W 35.5 Wikg £17.0 % (k=2)
SAR averaged over 10 em? (10 g) of Head TSL condition
| SAR measurad 250 mW inpul power 4,85 Wikg
i SAR for nominal Head TSL parameters normalized 10 TW 18.8 Wikg £ 16.5 % (k=2}
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed lo feed point 5140-18[00
Return Loss -3314d8
General Antenna Parameters and Design
| Electrical Delay {one direction) 1.215ns -|

Aftar 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 semirigld coaxlal cable. The center conducior of the feeding line is directly connected fo the
second arm of the dipole. The antenna Is therefore shori-ciroulted for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms In order lo improve malching whan loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR dala are not affected by this change. The overall dipole length is still

according to the Standard.

No excessiva forca must be applled to the dipole arms, because they might band or the soldered cannections near the

feedpoint may be damaged.

Additional EUT Data

| Manufactured by
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DASYS Validation Report for Head TSL
Date: 12.07.2023
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHgz; Type: D1750V2; Serial: D1750V2 - SN:1116
Communication System: UID 0 - CW; Frequency: 1750 MHz
Medium parameters used: f= 1750 MHz; o= 1.34 S/m; &, = 40; p= 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2011)
DASY32 Configuration:
+ Probe: EX3DV4 - SNT7349; ConvF(8.67, 8.67, 8.67) @ 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
= 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 Wikg

Smallest distance from peaks to all points 3 dB below = |0 mm

Ratio of SAR at M2 1o SAR at M1 = 55.2%

Maximum value of SAR (measured) = 13.4 W/kg

-3.60
-1.20
-10.80
-14.40

-18.00

0dB=13.4 Wikg=11.27 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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Appendix D.8 Calibration certificate for Dipole 2600MHz(SN 1038)
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Appendix D.9 Calibration certificate for Dipole 3500MHz(SN 1058)
Calibration Laboratory of Sehwelzerischer Kalibrierdienst
Schmid & Partner Service suisse d'étalonnage
Eng]neering AG Servirlo avizrero di taratura
Zoughaussirnsse 42, 8004 Zurich, Switzerland Swiss Callbration Sarvice
Acoredited by tha Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service | one of the signatories to the EA
Multilsteral Agreement for tha recognition of calibration certificates
Client SGS Certificate No. D3500V2-1058_Sep23
Gyeonggl-do, Republic of Koras
| Object D3500V2 - SN:1058 [t el |
| | Sl e
b
Caiibration procedura(s) QA CAL-22vT i 3 I
Calibration Procedure for SAR Validation Sources between 3-10 GHz
al e
Calibration date: September 28, 2023
This caiibration canificate documents tha traceabiiity to national slandards, which rsalizs the physkcad unils of measwsmants (S(),
Tha measuramants and the uncertninlies with corfidence probabllity are ghvan on the toliowing pages and A part of the cedificete.
All calibrations have been condicted in the closed laboratory facility: envionment tempemsiuse (22 = 3)°C and humidity < 70%.
Calibrtion Equipment usad (METE aritics! for cafibration)
Primary Standerds D# Cal Date (Cartificats Mo.) Sohadulad Calibralion
Powar malar NAP2 [ sN: 104778 30-Mar-23 (No. 217-03804/03805) Mar-24
Power sensor NRP-Z91 | BN 103244 30-Mar-23 (No. 217-03804) hlar-24
Power sensor NAP-Z281 EN: 103245 30-Mar-23 {No. 217-03805) Mar-24
Relerance 20 dB Attanuator SN: BHE3SS [20K) 30-Mar-23 (No. 217-03808) Mar24
Type-N mismatch cambination Shi 310862 /06327  30-Mar23 (Mo. 217-03810) Mar-24
Reglerence Probe EX30V4 SN: 3503 O7-Mar-23 (No. EX3-3503_Mar23) Mar-24
DAES SN: 800 08-Aug-23 (No. DAE4-800_Augad) Aupg-24
Secondary Standards | 0 # Cheock Dats (in houss) Schedulgd Check
Powar meler E44158 | sN: GBags124Ts 30-0ct-14 (ir housa chesk Oct-22) In houss check: Dol-24
Power aansor HP B481A SN: USITREZTAD O7-0e11E (in housa check Oe-23) In housa check: Oot-24
Power sansor HP B481A S MY41083315 O7-Oel-15 {in house eheck Oct-23} I house chack: Dsl-24
RF ganarator A&S SMT-06 SN: 100872 15-Jun-18 (in house check Oct-22) In housa chack: Oct-24
Natwark Analyzer Agllent EB3SBA | SN: US41080477 31-Mar-14 (In house shack Oct-22) In housa chack: Oci-24
Nems Function Signatura
Callbratad by: Paulo Fing Laboratory Technictan
N
Approvad by: Sven Kihn Tachrical Maneger
//’Z_._———
Iesuad: September 28, 2023
This cafibration cerificats shall not ba reproducad exespt in full withou! wrillen approval of the laborstory, o
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Calibration Laboratory of SNy,

d S S Schweizeriacher Kalibrierdienst
Schmid & Partner ﬁ’i G Service suisse détaionnage
Engineering AG . Servizio svizzero di taratura
Zsughnussirassa 43, 8004 Zurich, Switzeriand ‘Eﬁﬁ S swiss Calibration Service
Filyali?
Apcradited by {ha Swiss Accroditation Service (SAS) Accraditation No.: SCS 0108

The Swies Accraditstion Sarvice ls one of the signatories 1a the EA
Multilatera! Agresment for the recognition of calibration cartificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |IEC/IEEE 62208-1528, “Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Fraquency Fields From Hand-Held And
Body-Wom Wireless Communication Devices - Part 1528: Human Madels, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020,

b) KDB 865664, “SAR Measurement Reguirements 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.

* Return Loss: 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. No uncertainty requirad,

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 measuremant
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 85%.

Cerifficats No: D3500V2-1058_Sep23 Page 2ol 7
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Measurement Conditions

DASY system configuration, as far &s not given on page 1.
DASY Version DASYS2 VEZ.10.4
Extrapolation [ Advanced Extrapolation
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy =4.0 mm, dz = 1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency

3400 MHz 1 MHz
3500 MHz + 1 MHz

Head TSL parameters at 3400 MHz

Tha fallowing parameters and calculations were applied

Temperalure Permittivity Conductivity
Neminal Head TSL parameters 22.0°C 38.0 2.81 mho/m
Measured Head TSL parameters (220 £ 0.2) °C T T+6% 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 1 em® (1 g} of Head TSL Condition |
SAR measured 100 mW input power B.79 Wikg

SAR for nominal Head TSL paramaters

normalized to 1W

67.4 Wikg = 19,9 % (k=2)

SAR averaged over 10 em? (10 g) of Head TSL condition

SAR measured 100 m\W input powar 2.56 Wikg

SAR for nominal Head TSL parameters normalized to 1W 25.6 Wikg + 19.5 % (k=2)
Head TSL parameters at 3500 MHz

Tha following parameters and calculstions were appliad.
Temperature Permittivity Conductivity

Nominal Head TSL parametars 220°C aza 2.91 mho/m

Measured Head TSL parameters (22.0+0,2) *C ATEz8% 2.85 mho/m £ 8 %

Head TSL temperature change during test =05°C —-— A=
SAR result with Head TSL at 3500 MHz

SAR averaged over 1 em® (1 g} of Head TSL Condition I

SAR measurad

100 mW input powar

B.56 Wikg

SAR for nominal Head TSL parameters

narmalized to 1W

85.3 Wikg + 18,9 % (k=2)

SAR averaged over 10 em® (10 g) of Head TSL candifion
SAR measurad 100 mW input power 248 Wikg
SAR for nomingl Haad TEL parametars normalized 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

Impadanca, transformad to feed point 4a1n-73jn

Asturn Loss -20.0 dB

Antenna Parameters with Head TSL at 3500 MHz

Impedancs, transformed 1o faed point s0.80-81j0

Hatum Loss -243dB

General Antenna Parameters and Design

| Electrical Delay (ane direction) | 1.135 ns

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

The dipole is made of standard semirigid coaxial cable, The canter canducter of the feeding line is dirsctly connacted to the
second arm of the digole. The antenna is therefore shor-circulted for DC-signals, On some of the dipoles, small end caps
are added 1o the dipole arms in ordar to improve matching when loaded mccording 1o (he position as axplainad in the
*Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length Is sill
according to the Slandard.

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

Additional EUT Data

Manutactured by T SPEAG ]
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DASYS Validation Report for Head TSL
Date: 28.09.2023
Test Laboratory: SPEAG, Zurich, Switzerland

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

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

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

DASY52 Configuration:

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

» Sensor-Surface: |.4mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn900; Calibrated: 09.08.2023

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

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

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

Peak SAR (extrupolated) = 17.5 Wikg

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

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

Ratio of SAR at M2 1o SAR at M| = 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 W/kg

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

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

Ratio of SAR at M2 to SAR at M| = 75.3%

Maximum value of SAR (measured) = 12,7 W/kg
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-6.00

-12.00

-18.00

-24.00

-30.00

0dB = 12.7 Wikg = 11.03 dBW/kg
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Impedance Measurement Plot for Head TSL
EEMEWMIMMHMSMWM
: BS7 o
i I i

fron - [ =1

[ 50000 Griz 60 B8

4 -

i =:mi !I‘II.‘:;‘;I;-U-G;-:.: — e Step 3 000D Cike
1].1' - || - | i 3. 40000 1H=
w4 | | B __:‘1, 2] i-_':lzi_- 3H
e | [T £
10 00 — : .
00— — ! =
25.00 1 = 2= '-'-‘-‘1"- = S 20 r
Fx0.00 . - - |
lmon - | | | I
bson | Shiswgs b | | | |
Chl Siaar 330000 GHg =~ — Stop 270000 GHz
Stahm  CHUL Efi 1 C*1Port Avg=20 Deday [Is8
Certificate No: D3500V2-1058_Sap23 Page Tof 7
Report File No :  F690501-RF-SAR000491-Al Date of Issue : _2025-04-03

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 :

53/65

SAR7081-04 (2020.12.15)(0)

Appendix D.10 Calibration certificate for Dipole 3700MHz(SN 1005)

Calibration Laboratory of o, =
Schmid & Partner = R R Rt
Engineering AG EL c

Zaughnussirasee 43, B004 Zurich, Switzerland ﬁ;_ff_ﬁ\h '}wa \’ p" S swiss Calibration Sarvics

Accraditad by the Swise Accroditation Servics (3AS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the mecognition of calibration certificates

Calibration procadure(s)

Calibration date:
This callbration certficate documants the irecsatility to nations stendards, which realizs the physical units of measuramants (S
The measurements and the unceriaintias with confidance probatdity ore given on (ha following pages and are part of tha cerificate.
Al calibrations hava been condusted in the closad labaratory faciFly: snvironmant tempsraturs (22 + 3°C and humidity < 70%,

Callbration Equipmant used (M&TE critical for calibration)

Primary Standards o# Cal Dete (Cartificain No.) Schadulad Calibration

Powar moler NRP2 SN; 104778 30-Mar-23 (Mo. 217-03804/03805) Mar-24

Power sansor NRP-231 SN 103244 30-Mar-23 (No. 217-03504) far-24

Power sensor NRP-ZE1 SN 103245 30-Mar-23 (Mo, 217-03808) Mar-24

Referonca 20 dB Alenusior SN: BHEIS4 (20k) 30-Mar-23 (No, 217-03808) Mar-24

Type-N mismatch combination SN: 210082/ 06327  30-Mar-23 (No. 217-03810) War-24

Raferance Probe EX3DVE BN: 2802 07-Mar-23 (Mo, EX3-3503_Mar23) Mar-24

DAE4 SN: 800 08-Aug-23 (No. DAE4-800_Aug23) Aug-24

Secondary Standards 0¥ Check Dale (In house) Scheduled Check

Power meter E44188 SN; GB38512473 30-Oct-14 (in house check Ooi-72) In house check: Dat-24

Power sznsar HP B481A SN US3T202783 07-0ct-15 {in house check Ocl-22) I house checic Oot-24

Powar sansar HP BA31A SN MY41083315 07-0ct15 (in house check Ocl-22) In house chack: Oal-24

RF generator R&S SMT-08 SN 100872 15-Jun-18 {in house check Oct-22) I house check: Ool-24

Metwark Analyzer Aglant EB358A | SM: US41080477 31-Mar-14 (n house chack Ocl-22) |m house check: Ocl-24
Marma Function

Approved by

Thig caibration cesflficale shall nol be reprod d awcapl in full without written approval of tha labaratory,
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Calibration Laboratory of S, §  Setweizerischer Kalibriordienst
Schmid & Partner G ’:5_ c Sarvice sulsss délalonnags
Engineering AG T Servizio svizzaro di taratura
Zeughaussirasse 43, 8004 Zurich, Switcerland "’».;__f':f,-_?\:;,\-“‘ 5  swiss Calibration Sarvics
el
Accrediied by the Swiss Accreditation Service (SAS) Accraditation No.: SCS 0108

The Swiss Accroditation Serviee is ena of tha signatories to the EA
Multilsteral Agresment for the recognition of ealibration canificates

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 Te 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 8 GHz"

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

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

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

+ Return Loss: This parameler 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. No uncertainty required.

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

s 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 unceriainty of measurement
multiplied 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. as far as nol given on page 1.

DASY Version DASYS52 V52.10.4 |
Extrapolation Advanced Extrapolation
Phantom Modular Flal Phantom
Distance Dipale G&nt;r -TSL 10 mm with Spacer
Zoom Scan Resalution dx, dy =4 mm,dz = 1.4 mm Graded Ratio = 1.4 (Z direction)
: Fraguency 3700 MHz £ 1 MH2

Head TSL parameters
The fallowing paramelers and calculations were appliad.

Temperature Parmittivity Conduectivity
Nominal Head TSL parameters Z20*C I 3ar.7 3.12 mho/m
Measured Head TSL parameters (2z0202)°c | 373x8% 3.10 mho/m £6 %
Head TSL temparature change during tast =05"C —_ _—
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Haad T5L Condition I
SAR measurad 100 mW input power 8.58 Wikg
SAR for nominal Head TSL parametars narmalized to 1W B5.7 Wikg = 19.9 % (k=2)
SAR averaged over 10 om? (10 g) of Head TSL. | condition
| SAR mesasurad | 100 mW inplt powar 2.41 Wikg
SAR for nominal Head TSL parametars l narmaiized to 1W 24.0 Wikg £ 19.5 % (k=2)
Cerlificata No: D3700V2-1005_Sep23 Page 3of 6
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

impadance, iransformead to feed point 4820-7310
Return Loss -226dB

General Antenna Parameters and Design

| Electrical Delay (ane direction) 1.138 e

After long term use with 100W radiated pewer, oniy a slight warmming of the dipole near the feedpoint can be measured.

The dipote is made of standard semirigld coaxial cable, The canter conductor of the feeding line is direstly connecled to the
second arm of the dipole. The antenna Is therefore short-circuited for DC-signals. On some of lhe dipoles, small end caps
ara addad to tha dipole arms in arder to improve matching whan losded according lo the posilion as explained in the
"Measurement Conditions” paragraph. The SAR dats are not affected by this change. The overall dipole length is siill
according o the Standara.

Mo excessiva force must be applied lo the dipele arms, becausa they might bend or tha soidered connactions naar the
feadpoint may ba damages.

Additional EUT Data

Manufactured by SPEAG
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DASYS5 Validation Report for Head TSL

Date: 27.09.2023
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 3700 MHz; Type: D3700V2; Serial: D3700V2 - SN:1005

Communication Systemn: UID 0 - CW; Frequency: 3700 MHz

Medium parameters used: f=3700 MHz: o= 3.1 §/m; &= 37.3; p= 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEETEC/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: 09.08.2023
« Phantom: Flat Phantom 5.0 (front); Type: QDO00PSOAA; Serial: 100]
« DASYS2 52.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=100 mW, d=10mm, f=3700MHzZoom Scan,
dist=1.4mm (8x8x8)/Cube 0: Measurement 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/kg: SAR(10 g) = 2.41 W/kg

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

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

Maximum value of SAR (measured) = 12.8 W/kg

-7.00
-14.00
-21.00

-28.00

-35.00

0dB=12.8 Wikg = 11.06 dBW/kg
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Impedance Measurement Plot for Head TSL
Fie Visw Chenrel Swgep Cafibrstion Irace Scals Marker Spsiem Window Help
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Appendix D.11 Calibration certificate for Dipole 3900MHz(SN 1036)

e L ¥ Schwaizerischer Kalibrierdisnst
Schmid & Partner ¢ Service suisse d'étalonnage
Engineering AG Ser o svizzaro di taratura
Zeughaussirasse 43, 8004 Zurich, Switzerland *  Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) AccreditationNo.; = © 1
The Swiss Accreditation Service is one of the signatories to the EA
for the of calibrati i

Client Centificate No. [N "I B8 03
hﬂ%
1 S —

Otjes DEZ0™ 2 SN %
 — .
l t
Callbration procedure(s) S8 = 2NT S E— p —":
Y n Procedure for € R al _“u “ources bet = 3-10 GHz =
3023, 10,
Calibration date: Sevember2 )23
This cali certificate d the bility to national standards, which realize the physical units of measuremants (SI).
The and the with confidence are givan on the following pages and are par of the certificate.
All calibrations have been conducted in the closed laberatory facility: environmeant temperaiure (22 + 3)°C and humidity < 70%.
Calibration Equipment used (M&TE critical for calibration)
Primary Standards D# Cal Date (Certificate No.) Scheduled Calibration
| Power meter NRP2 SN: 104778 30-Mar-23 (No. 217-03804/03805) Mar-24
| Power sensor NRP-Z21 SN: 103244 30-Mar-23 (No. 217-03804) Mar-24
Power sensor NRP-291 SN: 103245 30-Mar-23 (No. 217-D3805) Mar-24
Reference 20 dB Attenuatar SN: BH8394 (20k) 30-Mar-23 (No. 217-03808) Mar-24
Type-N mismatch comblination SN: 310882 / 06327 30-Mar-23 (No. 217-03810) Mar-24
Reierence Probe EX3DV4 SN: 3503 07-Mar-23 (No. EX3-3503_Mar23) Mar-24
DAE4 SN: 800 08-Aug-23 (No. DAE4-900_Aug23) Aug-24
Sacondary Standards D# Check Date (in house) Scheduled Check
Power meter E44198 SN: GB38512475 30-Oct-14 (in house chack Oct-22) In house check: Oct-24
Power sensor HP 8481A SN: US37282783 07-0ct-15 (in housa check Oct-22) In house check: Oct-24
Power sensor HP 8481A SN: MY41083315 07-Dct-15 (in house check Oci-22) In house check: Oct-24
RF generalor R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-22) In house check: Oct-24
Netwark Analyzer Agilent EB358A | SN: US41080477 31-Mar-14 (In housa check Oct-22) In house check: Oct-24
Nama Function Signature
Calibrated by: ‘resimir Franjié “aboraty y T chnician r
| Approved by: € enKohn Tech :al Manager Q e

Issued: September 27, 2023
‘ This calibration certificate shall not be reproduced except in full withoul written approval of the laboratory. |
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[ « L=

1 SO, Schwsizerischer Kallbrisrdienst

Schmid & Partner ;.-\i\‘—//'«: ¢ Servics sulsse diétalonn

Engineering AG P Servizio svizzero di taratura
Zeughausstrasse 43, 004 Zurich, Switzerland 1/,,”//:\‘:‘\? Swiss Callbration Service

el

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: W D10
The Swiss Accred tation Service is one of the signatories to the EA

il sral Ags for the ition of if
= y:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured
oy [ v | fmccan . i — 1

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
“ody-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"

e B |5 H
c) DASY System Handbook

e onorbgl ~H

* Measurement Conditions: Further details are available from the Validation Report at the end
of the cerlificate. 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.
Return Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power. No uncertainty required.
SAR measured: SAR measured at the stated antenna input power.

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

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

The 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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L | I o
DASY system configuration, as far as not given on page 1
C SY Version DASYS52 V52.10.4
Extr solmion Advanced Extrapolation
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resol. ‘on dx, dy=4.0mm, dz =1.4 mm Graded Ratio = 1.4 (Z direction)
Erailani 3900 MHz £ 1 MHz
Y 4100 MHz + 1 MHz
me Tam - 000
The following parameters and calculations were applied.
TH ture Pern  vity Conduectivi .
minal Head T 'L parameters 220°C 375 3.32 mho/m
easured " ead TSL paramet rs (22.0+02)"C 37.1+6% 3.27 mho/m +6 %
He dT Lt mper irechan e durii test <05°C —_ e
i - T
AR aver dover1cm® (1g)of Head TSL Condition
SAR measured 100 mW input power 6.80 Wikg
SAR for nominal Head TSL parameters normalized to 1W 0 kg £19.9 % (k=2)
S2 .avers) dover 10 em? (10g)ofHead T L caondition
SAR measured 100 mW Input power 2.39 Wkg
SAR for nominal Head TSL parameters normalized to 1W 23.9 M 3£19.5% (k=2)
TLLG T *
The following parameters and calculations were applied.
Tem er uare Perm v 3 Conductivity
minal ead TSL parameters 220°C 37.2 3.53 mho/m
easured Head T 'L f.n m ters (22.0x0.2)°C 369+6% 3.45 mho/m = 8 %
ead TSL M ure ci ‘ringt st <05°C - —_
U 1= L 1 |
SAR averaged over 1 cm® (1g)of = ad TSL Condition
SAR measurad 100 mW input power B8.77 Wikg
SAR for nominal Head TSL parameters normalized to 1W 67877 £19.9% (k=2)
§ Raver -dover10cm?® (10 )ofHead TSL condition
SAR measured 100 mW input power 2.36 Wikg
SAR for nominal Head TSL parameters normalized to 1W 236 £19.5% =2)
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nuin (- il om ol com o mC. ®10m)
L 1 4 1 L
Impedance, transformed to feed point 47.4-49]0
Return Loss -249dB
i r Tl o1
Impedance, transformed ta feed paint 57T3Q-11jQ
Return Loss -232dB
Ge il n i pmmn Fo o
| Electrical Delay (one direction) 1.104 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 cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefare short-circuited for DC-signels. On some of the dipoles, small end caps
are added to the dipole arms in order to Improve matching when loaded according to the position as explained in the
"Measurement Condilions" paragraph. The SAR dala are not affected by this change. The overall dipole length is still
according to the Standard.

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

Swol U Dt

Manufactured by SPEAG
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SAR7081-04 (2020.12.15)(0)

Date: 27.09.2023
Test Laboratory: SPEAG, Zurich, Switzerland
T IT:1" 0ell” M z;Ty :DID ¥2;7 = D0 W2-SN:luo
Communication System: UID 0 - CW; Frequency: 3900 MHz, Frequency: 4100 MHz
Medium parameters used: f = 3900 MHz; 6 = 3.27 $/m; & = 37.1; p = 1000 kg/m’
Medium parameters used: f = 4100 MHz; 6 = 3.45 S/m; & = 36.9; p = 1000 kg/m’®
Phantom section: Flat Section
Measurement Standard: DASYS5 (IEEE/TEC/ANSI C63.19-2011)
DASY52 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 Sn900; Calibrated: 09.08.2023

»  Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001
« DASY5252,10.4(1535); SEMCAD X 14.6.14(7501)

CRNI g b Heg Tos: &0 =1igloms 'y --1omtem s f= bl 7/7 mumntl com,
=L (X )/Cmeir: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 70.20 V/m; Power Drift = 0.09 dB
Peak SAR (extrapolated) = 19.2 W/kg
SA ‘1g)= f g SAn(l g) =20 7 . /kg
Smallest distance from peaks to all points 3 dB below = 8 mm
Ratio of SAR at M2 to SAR at M1 =73.9%
Maximum value of SAR (measured) = 13.4 W/kg

} s C sy e Tic st =1 = = 1MHZZ v 05
im=1.mmm (Exex ¢ 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 Wikg

SA (1 )= J977% g 8A (v g)=2. e

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

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

Maximum value of SAR (measured) = 13.4 W/kg
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21

28.

35

0dB=13.4 Wkg=11.28 dBW/kg
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