Test Report N° 210903-01.TR02

Calibration Certificates

Annex F.

Rev. 00

. Serial Calibration
ID Device Type/Model Number Manufacturer Certificate
088-000 E-field Probe EUMmwV2 9366 SPEAG €
004-006 Dosimetric E-field EX3DV4 7604 SPEAG
Probe €
6500MHz System
096-000 Validation Dipole D6.5GHzV?2 1013 SPEAG é

Dipole calibration

According to the KDB 865664 D01, a dipole must be calibrated using a fully validated SAR system according to the
tissue dielectric parameters and SAR probe calibration frequency required for device testing. However, instead of the
typical annual calibration recommended by measurement standards, longer calibration intervals of up to three years
may be considered when it is demonstrated that the SAR target, impedance and return loss of a dipole have remain
stable according to the following requirements.

The test laboratory must ensure that the required supporting information and documentation are included in the SAR
report to qualify for the three-year extended calibration interval; otherwise, the IEEE Std 1528-2013 recommended
annual calibration applies.

Immediate re-calibration is required for the following conditions:

1. When the most recent return-loss result, measured at least annually, deviates by more than 20% from the
previous measurement (i.e. value in dB x 0.2) or not meeting the required 20 dB minimum return-loss

requirement.

2. When the most recent measurement of the real or imaginary parts of the impedance, measured at least
annually, deviates by more than 5 O from the previous measurement

Dipole ID #096-000

Dipole 6500MHz Head TSL

Return Loss [dB] Impedance [Q] Date
Initial Calibration -24.5 49.4-59]j 2020-08-25
Calibration -27.2 49.8-4.4] 2021-09-10
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Calibration Laboratory of

g Schweizerischer Kalibrierdienst
Schmid & Partner ¢ Service sulsse détalonnage
Engineering AG g Servisio svizzers di taratura
Zeughsusstrasse 43, 8004 Zurich, Switzerfand Swiss Calibration Barvice
Asenedibed by the Swiss Accreditation Senvice (SA5) hccretitation Mo.: SCS 0108

The Swiss Accreditation Sorvice is one of the signatories o the EA
HHMMHWWNMW

Caibration dats:

Thia calibration cerificale documents the tmoaabslity So nationsl standands, which realize the physical units of moasurements (Si)
The messuremaents ard the unceriaintiss with confidence probabiliy ans given on the following pages and ane part of the cerificats,

All cabbrations héve been conducted in the closed laboeatony fecilly: environment temperature (22 £ 3°C and humidly < T0%.

Calbrabon Equigiment vsead (MATE crifical for calibration)

Frmary Standards 8] Cal Date [Carifcals Mo ) Schadulad Callbration
| Power mster NRP SN 14778 08-Apr-21 (Mo, 217-03281/00262) Agr-21

Powwer sersar HRP-281 BN 103244 D8-Apr-21 (W, 21703251 Apr-Z1

Povwer sermor NRE-21 BN 103245 09-Ape-21 (Mo, 217-03292) Apt-21

Fefarancs 20 B Alenuatar BM; COIEST (20w) 0E-Apr-21 (Mo, 217-03343) Apa-21

DAE4 BM: B0 23-Dec-20 (No. DAE4-660_Dec20) Dac-21

Reference Probe E530VZ BN 313 A-Dec-20 (Mo, ES3-3015 Decd0) Dac-21

Sacorclary Slandsrls 0 Check D (in house) Sihesduled Chack
Power metsr E44198 BN; GB41293874 Di-Agr-16 (in house check Jun-20) In by check: Jun-32
Power sonsor E44174 S: MY 41408007 D6-Apr-18 (in house check Jun-20) In housa chack: Jun-22
Power sensor E44124 Sh: 000110210 O8-Agr-16 (in house check Jun-20) in house check: Jun-22
| RF gensraior HP BE40C S US3642U0700 D4-Aug-99 (in housa check Jun-20) In house check: Jun-22
MEEM Sh LESE108047T 3-Mar-14 (in house check Ocl-20) In Pﬂmm: Ct-21
Calibraled by

Apmroved By

Issued: August 21, 2021

This calbration cerificaie shall ot ba reproduced excapt in full without writhen spprovel of the laborstory.
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Schmid & Partner % b C  Service suisse d'btalonnage

Engineering AG Servizio svizzero di taratura
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Zoughausstrasse 43, 8004 Zurich, Switzariand m.;. “1.‘-# Swiss Calibration Sarvice

Accrediag by the Swiss Accrednalion Service (SAS) Accreditation Mo.: SCS 0108

The Swiss Acoreditation Senvice is one of the signatories to the EA

Mulfilatoral Agreement for the recognition of calibration corfificates.

Glossary:

TSL tizswe simulating Bguid

NORMzv.z sensitivity in free space

ConvF sansiivity in TSL f NORMx,y.z

DCP diode comprassion point

CF crest factor [(1/duty_cycle) of the RF signal

AB C.D modulation depandent Enearization parameters

Polarization ¢ p rotabon around probe axis

Polarization 3 & rotation around an axis that is in the plane normal io probe axis (at measurement center),

&, & = 0 iz normal to probe axis
Connactor Angle information used in DASY system 1o align probe sensor X 1o the robot coordinale system

Calibration is Performed According to the Following Standards:

a)

b)

IECNEEE 62208-1528, "Measurement Procedure For The Assessment Cf Specific Absomption Rate Of Human
Exposure To Radio Freguency Fields From Hand-Held And Body-Worm Wirslass Communication Denvices -
Parl 1528: Human Models, Instrumentation And Procedures (Freguency Range of 4 MHz fo 10 GHz), Oclober
2020,

KDB BEb664, "SAR Measuremanl Requirameants for 100 MHz 1o 6 GHZ"

illuthu-du Applied and Interpretation of Parameters:

NORMy,y.z: Assessed for E-field polarization 8 = 0 (f < 800 MHz in TEM-cell; fHEﬂﬂl-l-lz:HEEwwaquld&:
NORMzx,y,z are only intermediate values, i.e., the unceriainties of NORMx,y.z does not affect the E*-fleld
uncertainty inside TEL (see below ConvF).

NORMTE .2 = NORMx .2 * frequency_nesponse (see Frequency Responsa Chart). This linearization is
implemented in DASY4 software versions |ater than 4 2. The uncertainty of the frequency response is included
in the stated uncarainty of Convl,

DCPx,pz: DCP are numerical linearization parameders sssessed based on the data of power sweep with CW
signal {no uncartainty required). DCP does not depend on frequency nor media,

PAR: PAR iz the Peak to Average Ralio that is nol calibrated but determined based on the signal
characterislics

Axyr Bey.z Gy m Deyz VR A, B, G, D are numerical linearizalion parameters assessed based on
the data of power sweap for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Paremefers: Assessed in flat phaniom using E-fleld (or Temperature Transfar
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measuremeants for f = 800 MHz The same selups are used for assessmeant of the parameters applied for
boundary compeansation (alpha, depth) of which typical uncertainty values are given, Thesa paramelers are
used in DASY4 software to improve probe accuracy closs to the boundary. The sensitivity in TSL cormesponds
o NORMx .z * ComvE whereby the uncertainty comesponds to that given for ConvfF. A frequency dependant
ComvF is used in DASY version 4.4 and higher which allows extending the valldity from £ 50 MHz to £ 100
MHz

Spherical isolmpy (30 devighion from [satropy): ina fleld of low gradients realized using a flat phanfom
exposed by a palch antenna.

Sensor Offset The sensor offsel corresponds to the offset of virual measurement center from the probe tip
{on probe acis). Mo tolerance required.

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).

Certificate Mo: EX3-7804_Aug21 Page 2 of 24





EXZDVS - SN.TEDS Aupgust 16, 2021
DASY/EASY - Parameters of Probe: EX3DV4 - SN:7604

‘Eanln Calibration Parameters

Sensor X Sensor Y Sansor L Unc (k=2)
Morm {pwswmfr .58 0.87 0.62 101 %
DCP {mV) 1115 100.58 110.1
Calibration Results for Modulation Response P
(T} Communication System Name A B [ D VR Max Max
dB | dBpv dB my dav, UncE
D oW X | 000 | 0.00 | 100 | 000 | 1539 | £+3.0% | 247 %
¥ | 000 0.00 1.00 166.9
Z | 000 0,00 1.00 168.6
10352- | Pulsa Wavelomm (200Hz, 109%) X | 169 [ &i61 | 728 | f000 | BOD | £42% [206%
AR Y| 156 | 6095 | 676 0.0
Z | 188 | $162 | .30 BO.O
10353- | Pulsa Wawelom (200Hz, 20%) X | 003 | 6041 | 570 [EE] BOO | £230% [296%
AR Y 80.00 | 530 | 80,0
[l 1! Z | 0BE | 600D | 554 BO.0
10354- | Pulsa Waveform (200Hz, 40%) X | 400 | 8800 | 700 388 | 950 [ +18% [296%
LY ¥ | 051 | 8000 | 452 85.0
=1 ) Z | 400 | 6800 | 700 85.0
10355- | Pulse Waveform (200Hz, 50%) X | 1402 | 140.88 BB 225 | 1900 | x23% | 206%
ABA ¥ | 1470 | 140.67 il 120.0
e Z | 1303 | 44780 | BAT 120.0
10367- | QPSK Waveform, 1 MHz X | 075 | 6356 | 1989 1.00 | 1500 | £42% [ 206%
AAA Y [ 083 | 8484 | 1255 | 1500 |
Y Z | ob0 | 8052 | 1022 150.0
103E8- | QPSK Waveform, 10 MHz X | 142 [ 6457 | 1335 | 000 [ 1500 | £1.5% [ 296%
AdA ¥ S8 | 8428 | 13.24 | 150.0 .
Z | 119 | 8330 | 1238 150.0
10388~ | B84-0AM Wavelorm, 100 kHz X | 173 | 6441 | 1681 | amM 1500 | +0.8% | +865% |
AAA (Y | 175 | 6438 | 15682 150.0 !
Z | i8d | BATS | 1538 150.0 ) .
10388 | B4-0AM Wavalomm, 40 MHz X | 280 | B573 | 14,83 | 000 | 1500 | £1.8% [ 298% |
AAA | Y | 285 | 6551 | 14.54 150.0
Z | 28T | BS08 | 14.2D 150.0
10414- | WLAN CCOF, 64-QAM, 40MHz X | 401 | B541 | 1482 | ODD | 1500 | 238% | 258 %
AAA | Y | 383 | 6523 | 14A2 150.0
Z | 389 | 8581 | 14.87 150.0

Note: For details on UID parameters sea Appandix

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%.

* The uncortaintes of Mom XY .Z do not affect the E*-feld uncenainly inside TEL (ses Pages 5, & and 7).
:mummmm:mwmmm
mt;mﬂﬁ‘iduﬂ‘mlmd uging e ma. deviaion from linesr resporse applyng rectanguiar distribusion and is expressed for e sguana of the
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EXIONVA— SN:TEO August 18, 2021

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7604
Sensor Model Parameters

ci c2 a T I 7 ] T3 T4 15 T6
fF fF izt ms.V? | ms\V"! ms L V-
X 14,2 29,80 3Tz 5.78 000 4.84 0.59 0.00 1.00
X 3.4 83.88 31.42 .42 0.00 4.80 0.58 0.00 1.00
zZ 11.1 T1.73 3137 5.08 0.00 4.85 049 0.00 1.00
Other Probe Parameters
Sensor Arrangement Triangular
Connector Angle (") -56.9
| Mechanical Surface Datection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 33T mm
Probe Body Diameter 10 mm
Tip Length g mm
Tip Diameter 2.5mm
“Probe Tip to Sensor X Calibration Point 1mm
| Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1mm
Recommandead Measurement Dislance from Surface 1.4 mm

Note: Measurement distance from surface can bae increased to 3-4 mm for an Area Scan job.

Certificate No: EX3-T804_Aug Page 4 of 24





EX30V4- SM:TE04 Auguest 16, 2021

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7604

Calibration Parameter Determined in Head Tissue Simulating Media

f {MHz) © P:r':m?:&'_ “"'Ié'r“m"';"“" ConmvF X | ConvF Y | ConvFZ | Alpha® ":“;f;'?f t'i':;:
750 419 0.20 1094 | 1084 | 1004 | 053 | 080 | +120%
B35 41.5 0.80 10.57 10.67 10.67 .32 .10 120 %
200 41.5 0.97 10.48 10.49 10.49 .49 0.81 +12.0%
1750 40.1 1.37 0.19 8.189 g2.18 028 0.88 120 %
18040 40.0 1.40 8.7 8.77 a.ir 0.33 0.90 120 %
2000 40.0 1.40 8.75 B.7E B.7S 040 0.90 120 %
2300 9.5 1.67 8.52 8.52 B.52 034 | 080 | £120%
2450 39.2 1.80 8.27 8.27 8.27 032 | 080 | £120%
2600 380 1.86 812 8.12 B.12 033 0.90 £ 12.0 %
5200 38.0 4,86 6.63 553 553 0.40 1.80 + 14.0 %
5300 358 4.76 5.35 535 5.35 0.40 180 | +140%
5500 A5.6 45 5.01 5.04 5.01 040 1.80 + 14.0 %%
SE00 5.5 507 4.82 4.92 4.82 0.40 1.80 1 14.0 %
5800 35.3 5.27 4.90 4.80 4.90 040 | 180 | 140%

© Frequency validity abowe 300 MHz of + 100 MHz only appias for DASY v 4 and higher (sea Pags T, elss it is siriched to + 50 MHZ, The
uncertginty is the R55 of the ComwF uncertainty at callbration frequency and the uncertainty for Tha indicated frequency band. Froquency alitity
below 300 MHz 5 £ 10, 25, 40, 50 and 70 MHz for ConvF assessments &t 30, 84, 128, 150 and 720 MHz respecvely. Valicity of GonvF assesaid al
B MHE i -8 MHz, and ConyF assessed &l 13 MHz is 8-19 MHz. Above 5 GHz frequency valkdity can be extended io & 110 Mz
* At froquencies up o & Gz, the validity of issue parametars (c and o) can be relased 1o = 10% i liguid compensalion formaia i applied i
Drnunn:l!im valugs. Tha uncerainty is the RSS of the ComF imbsrainty for ingicabed targel ssue paramelers.,

AlphiaDepth ane determined during calibration. SPEAG wairants that the remaining deviation dus 1o Be boundary effiect after compensstion (s
mum* 1% for frequencies below 3 GHz and balow 1 2% for requencies betwean 3-8 GHZ &1 any datance larger than hall the probe tio
dismelss from ihe boundary,

Carlificale Mo: EX3-T604_Aug21 Page & of 24





EX30V4- SN:7804 August 18, 2021

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7604

Calibration Parameter Determined in Body Tissue Simulating Media

: Relative | Conductivity o | Depth™ | Une
| f(MHz)® | Permittivity {Sim) ConvF X | ComvFY | ConvFZ | Alpha® | {mm) (k=2)
750 555 0.96 1130 | 1130 | 1130 | os0 | 080 | $120%
B35 55.2 0.97 1082 | 1082 | 1082 | 038 | 080 | £120%
900 550 1.05 1069 | 1060 | 1060 | 047 | 083 | +120%
1750 £63.4 1.48 2.02 8.0z B.02 0.41 0.83 120 %
1900 53.3 1.52 8.62 B.62 8.62 041 | 080 | £120%
2000 53.3 1,52 8.48 B.48 848 | 041 | 090 | $120%
| 2300 52.9 1.81 8.33 8.33 B33 045 | 080 | £120%
2450 52.7 1.95 8.26 8.28 §.26 034 | 090 | £120%
2600 62.5 218 8.10 8.10 8.10 035 | 085 | £120%
5200 40.0 5.30 4.86 4,86 4.86 050 | 190 | £140%
5300 46.9 5.42 4.70 470 4.70 050 | 100 | £140%
5500 48,6 5.85 4.36 4.38 4.36 050 | 160 | +140%
5600 48.5 5.77 4,30 4.30 4.30 050 | 180 | £140%
5200 48.2 6.00 4,20 4.20 4.20 0.50 1.80 1 14.0 %

® Froquency walidiy above 300 MHz of = 100 MHz only applies for DASY wi.4 and highor (see Page 2), sise i i restricled t £ 50 Mz The
mhumsmmmmﬂmumﬁmwmmnmwﬁmemmw
Davtoer 300 MMz is £ 10, 25, 40, 50 and 70 MHz for ConvF assessments at 50, B4, 128, 150 and 220 MHz mspaciivedy, Vialdiy of ConvF aesastad
8 MHz 8 4-8 MHz, and ConvF sssessed at 13 MHz i 810 MHz, Abova 5 GHz frequancy walidity £an be extended to + 110 MHs,
" Al frequencies up io & GHz, tw validily of tiszue pammelers (s and o can be relaxed 1o & 10% ¥ bguid compensation fomul is appled o
Mmmmmmimmammmmmmdmmm

AlphaDepth ane dstemined during calibration. SFEAG warrants that tha remaining deviation due 1o the boundary offect afler compersation is
mﬂm:mmmmm 3 GHz and below + 2% for frequencies between 3-8 GHZ &l By distsncs targer than hat the probe o
tigmeisr than bosanclary.

Cartificate ho: EX3-T804_Aug21 Page & of 24





EX30V4- SN:TB04 August 16, 2021

DASY/EASY - Parameters of Probe; EX3DV4 - SN:7604

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity | Depth” Unc
T(MHz)® | Permittivity" {Sim)" ComwF X | ConvFY | ComvFZ | Aipha® |  (mm) {k=2)
6500 345 B.07 5.50 5.50 5.50 0.25 2.50 t186% |

© Frequency walidity pibave BGH: 5 700 MHz. The uncenainty i the RSS of the CorvF uncortainty 8 cakbration frequency and the uncarainty for
the indicated frequancy band.

* At frequencies B.10 Emmniﬁwdmmuwu}mhmtnﬂm if liquid compéensation formule s spaked o messursd
SAR values. The uncertairty is fa RSS5 of the ComE uncaitaity for indicated larpat issun perameters,

* AlphaDiepth are delsemined during caliration. SPEAG warrarts that the remaining deviation dus 1o Bie boundary effect afisr compersatian is
Evways less than & 1% for freguancias Bl 3 GHz; bt £ 2% for requencies batwaen 3-8 GHz: and below + 4% for Trequencies batwasn 8-10
GHE al any distance larger than half the prabe tip dismetsr from o boundary.

Cartificate No: EX3-7604_Aug21 Page 7 of 24





EX30VA- EN:TED4
Aangust 18, 2021

Frequency Response of E-Field
(TEM-Celk:ifi110 EXX, Waveguide: R22)

i
n

=
B

Y
Lk
i
i
1
|
|
1
=
1

et
b

Lif—

......

Frequency response (normalized)
=

u-ﬁ'if-_l il =y | LT Tl ; RS Y | iy | E L i ! Sl e S L
0 500 1000 1500 2000 2500 3000
f (MHz]

& &

Uncertainty of Frequency Response of E-field: + B.3% (k=2
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EX30Va- SN: T804

August 16, 2021

Receiving Pattern (¢), 8 = 0°

=600 MHz, TEM
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2

Cartificate No: EX3-T604_Aug21
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EXIDVid— SN T804

Dynamic Range f(SAR}¢aq)
(TEM cell , foyai= 1900 MHz)

Input Signal [uV]

10 0

Le] [e]

nat cofmpens aled compensatsd

Uncertainty of Linearity Assessment: £ 0.6% (k=2)

August 18, 2021
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EX30Va-— SN:T504 Auguet 16, 2021

Conversion Factor Assessment

f=HB35 MHz WGLS RO (H_com} = 1800 MHz WGLS R22 (H_coms)
¥54 X .'
1] "' B ."‘
b %
£ s 5; F. ‘..
£, £ .
H F
T I .
‘-. o - . + el - HY S - . _.-"
n i m L1 ; ?Jr?nl -] m ] L] o [ -|||::I § |._l-—.r-um Fr ] -:.I - - | [ 5]
wa =i araipen “maads
Deviation from Isotropy in Liquid
Error (§, 8), f =900 MHz

10 08 -0& 04 02 00 02 04 08 OB .o
Uncertainty of Spherical lsotropy Assessment: + 2.6% (k=2)

—
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Calibration Laboratory of S, — Schwelzerischer Kalibrierdienst
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Schmid & Partner C Service sulsse d'étalonnage
Engineering AG Z = Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland AN \ e A S swiss Calibration Service
';"f ki |“‘\‘
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Client

Object

Calibration procedure(s)

Calibration date:

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

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D Cal Date (Certificate No.) Scheduled Calibration

Power meter NRP SN: 104778 09-Apr-21 (No. 217-03291/0282) Apr-22

Power sensor NRP-Z91 SN: 103244 09-Apr-21 (No. 217-03291) Apr-22

Power sensor NRP-Z91 SN: 103245 09-Apr-21 (No. 217-03292) Apr-22

Reference 20 dB Attenuator SN: CC2552 (20x) 09-Apr-21 (No. 217-03343) Apr-22

Reference Probe ER3DVE SN: 2328 05-Oct-20 (No. ER3-2328_0Oct20) Oct-21

DAE4 SN: 789 23-Dec-20 (No. DAE4-789_Dec20) Dec-21

Secondary Standards 1D Check Date (in house) Scheduled Check

Power meter E4419B SN: GB41293874 06-Apr-16 (in house check Jun-20) In house check: Jun-22

Power sensor E4412A SN: MY41498087 06-Apr-16 (in house check Jun-20) In house check: Jun-22

Power sensor E4412A SN: 000110210 06-Apr-16 (in house check Jun-20) In house check: Jun-22

RF generator HP 8648C SN: US3642U01700 04-Aug-89 (in house check Jun-20) In house check: Jun-22

Network Analyzer EB358A SN; US41080477 31-Mar-14 (in house check Oct-20) In house check: Oct-21
Name Function Signature

Calibrated by:

Approved by:

Issued: May 21, 2021

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

Certificate No: EUmmWV3-9366_May21 Page 1 of 19
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

NORMx,y,z sensitivity in free space

DCP diode compression point

CF crest factor (1/duty_cycle) of the RF signal

A,B,C,D modulation dependent linearization parameters

Polarization ¢ o rotation around probe axis

Polarization 3 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., 8 =0 is normal to probe axis

Connector Angle information used in DASY system to align probe sensor X fo the robot coordinate system

Sensor Angles sensor deviation from the probe axis, used to calculate the field orientation and polarization

k is the wave propagation direction

Calibration is Performed According to the Following Standards:
a) IEEE Std 1309-2005, "IEEE Standard for calibration of electromagnetic field sensors and probes, excluding

antennas, from 9 kHz to 40 GHz", December 2005

Methods Applied and Interpretation of Parameters:

NORMx,y,z: Assessed for E-field polarization 8 = 0 for XY sensors and 9 = 90 for Z sensor (f < 900 MHz in
TEM-cell; f> 1800 MHz: R22 waveguide). For frequencies > 6 GHz, the far field in front of waveguide horn
antennas is measured for a set of frequencies in various waveguide bands up to 110 GHz.

DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics

The frequency sensor model parameters are determined prior to calibration based on a frequency sweep
(sensor model involving resistors R, Ry, inductance L and capacitors C, Cp)-

Ax,y,z; Bx,y,z; Cx,y,z; Dx,y,z; VRx,y,z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

Sensor Offset: The sensor offset corresponds to the mechanical from the probe tip (on probe axis). No
tolerance required.

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).

Equivalent Sensor Angle: The two probe sensors are mounted in the same plane at different angles. The
angles are assessed using the information gained by determining the NORMx (no uncertainty required).

Spherical isotropy (3D deviation from isotropy): in a locally homogeneous field realized using an open
waveguide / horn setup.

Certificate No: EUmmWV3-9366_May21 Page 2 of 19





EUmmWV3 - SN: 9366 May 20, 2021

DASY - Parameters of Probe: EUmMmWV3 - SN:9366

Basic Calibration Parameters

Sensor X Sensor Y Unc (k=2)
Norm (uV/(V/im ) 0.02161 0.02783 +101%
DCP (mV) 105.1 103.0
Equivalent Sensor Angle -57.8 31.8

Calibration results for Frequency Response (750 MHz — 110 GHz2)

Frequency | Target E-Field Deviation Sensor X Deviation Sensor Y Unc (k=2)
GHz Vim dB dB dB
0.75 77.2 0.01 0.22 +0.43 dB
1.8 140.4 0.09 0.16 +0.43 dB
2 133.0 0.07 0.11 +0.43 dB
2.2 124.8 0.07 0.06 +0.43 dB
2.5 123.0 -0.07 -0.12 +0.43 dB
3.5 256.2 0.02 -0.17 +0.43 dB
3.7 249.8 0.00 -0.23 +0.43 dB
6.6 41.8 0.59 0.44 +0.98 dB
8 48.4 -0.01 -0.17 +0.98 dB
10 54.4 -0.04 0.02 +0.98 dB
15 71.5 -0.16 -0.50 +0.98 dB
18 85.3 0.02 0.18 +0.98 dB
26.6 96.9 -0.10 0.00 +0.98 dB
30 92.6 0.06 0.05 +0.98 dB
35 93.7 -0.14 -0.01 +0.98 dB
40 91.5 -0.15 -0.25 +0.98 dB
50 19.6 0.02 0.08 +0.98 dB
55 224 0.72 0.39 +0.98 dB
60 23.0 0.00 0.01 +0.98 dB
65 27.4 -0.33 -0.22 +0.98 dB
70 23.9 -0.01 -0.30 +0.98 dB
75 20.0 -0.27 -0.18 +0.98 dB
75 14.8 -0.29 -0.18 +0.98 dB
80 22.5 0.04 0.18 +0.98 dB
85 22.8 0.37 0.09 +0.98 dB
90 23.8 0.07 0.11 +0.98 dB
92 23.9 0.03 -0.18 +0.98 dB
95 20.5 -0.36 -0.32 +0.98 dB
97 24.4 -0.09 -0.23 +0.98 dB
100 22.6 -0.19 -0.16 + (.98 dB
105 22.7 -0.10 0.06 +0.98 dB
110 19.7 0.41 0.28 +0.98 dB
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%.

B Numerical linearization parameter: uncertainty not required.

£ Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the
field value.
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EUmmWV3 - SN: 9366 May 20, 2021
DASY - Parameters of Probe: EUmmWV3 - SN:9366
Calibration Results for Modulation Response
uiD Communication System Name A B c D VR Max Max
dB | dBVuv dB mV dev. UncE
(k=2)
0 CW X | 0.00 0.00 1.00 0.00 | 1392 | t22% | +47%
Y | 000 | 0.0 1.00 719
10352- | Pulse Waveform (200Hz, 10%) X | 155 | 60.00 | 13.54 | 10.00 60 | £14% | +96%
AAA Y | 153 | 60.00 | 14.54 6.0
10353- | Pulse Waveform (200Hz, 20%) X | 16.00 | 88.00 | 21.00 | 6.99 120 | £10% | £96%
AAA Y | 101 | 60.00 | 13.71 12.0
10354- | Pulse Waveform (200Hz, 40%) X | 061 | 6000 | 1153 | 398 | 230 | £1.2% | +96%
AAA Y | 061 | 60.00 | 12.76 23.0
10355- | Pulse Waveform (200Hz, 60%) X | 037 | 6000 | 1118 | 222 270 | t10% | t96%
AAA Y | 046 | 6000 | 11.83 27.0
10387- | QPSK Waveform, 1 MHz X | 080 | 6000 | 1160 | 100 | 220 | £15% |[+96%
AAA Y | 084 | 60.00 | 11.59 22.0
10388- | QPSK Waveform, 10 MHz X | 115 | 60.00 | 12.07 | 0.00 220 | t08% | £96%
AAA Y | 128 | 60.00 | 11.98 22.0
10396- | 64-QAM Waveform, 100 kHz X | 167 | 6029 | 1392 | 3.0 170 | t0.7% | £96%
AAA Y | 189 | 61.73 | 14.85 17.0
10399- | 64-QAM Waveform, 40 MHz X | 199 | 60.00 | 12.48 | 0.00 100 | +08% | £96%
AAA Y | 204 | 6000 | 1255 19.0
10414- | WLAN CCDF, 64-QAM, 40MHz X | 292 | 60,00 | 12.89 | 0.00 120 | +08% | +96%
AAA Y | 296 | 6000 | 12.96 12.0
Note: For details on all calibrated UID parameters see Appendix
Calibration Results for Linearity Response
Frequency | Target E-Field Deviation Sensor X dB Deviation Sensor Y dB Unc (k=2)
GHz Vim dB
0.9 50.0 -0.14 0.14 +0.2dB
0.9 100.0 -0.04 0.05 +0.2dB
0.9 500.0 0.01 0.02 +0.2dB
0.9 1000.0 0.03 0.04 +0.2dB
0.9 1500.0 0.02 0.04 +0.2 dB
0.9 2000.0 0.01 0.04 +0.2dB
Sensor Frequency Model Parameters (750 MHz - 55 GHz)
Sensor X SensorY
R(Q) 80.41 77.88
R, (Q) 89.64 91.89
L (nH) 0.11730 0.10508
C (pF) 0.2947 0.3133
C; (pF) 0.0666 0.0668
Sensor Frequency Model Parameters (55 GHz — 110 GHz)
Sensor X Sensor Y
R(Q) 32.23 37.65
R, (Q) 95.84 93.94
L (nH) 0.03924 0.03570
C (pF) 0.1400 0.1899
C; (pF) 0.1149 0.1122
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EUmmWV3 - SN: 9366

DASY - Parameters of Probe: EUmmWV3 - SN:9366

Sensor Model Parameters

May 20, 2021

C1 c2 a T T2 T3 T4 T5 T6
fF fF ' ms.V™? ms.V™" ms b e )
X 23.7 169.74 33.05 0.92 2.57 4.97 0.00 0.49 1.01
Y 25.3 180.64 32.82 0.92 2.59 5.00 0.00 0.62 1.01
Other Probe Parameters
Sensor Arrangement Rectangular
Connector Angle (°) 1334
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 320 mm
Probe Body Diameter 8 mm
Tip Length 23 mm
Tip Diameter 8.0 mm
Probe Tip to Sensor X Calibration Point 1.5 mm
Probe Tip to Sensor Y Calibration Point 1.5mm
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Deviation from Isotropy in Air
f=30, 60 GHz

30 GHz: 3D isotropy. E-field parallel to probe axis

bobODano
282xx88583%
Error [dB]
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60 GHz: 3D isotropy. E-field parallel to probe axis

Error [dB]
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Probe isotropy for E.: probe rotated ¢ = 0° to 360°, tilted from field propagation direction k
Parallel to the field propagation (y =0° - 90°) at 30 GHz: deviation within + 0.40 dB
Parallel to the field propagation (v =0° - 90°) at 60 GHz: deviation within + 0.35 dB
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This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

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

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

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

Power meter NRP SN: 104778 01-Apr-20 (No. 217-03100/03101) Apr-21

Power sensor NRP-Z91 SN: 103244 01-Apr-20 (No. 217-03100) Apr-21

Power sensor NRP-Z91 SN: 103245 01-Apr-20 (No. 217-03101) Apr-21

Reference 20 dB Attenuator SN: BH9394 (20k) 31-Mar-20 (No. 217-03106) Apr-21

Type-N mismatch combination SN: 310982 / 06327 31-Mar-20 (No. 217-03104) Apr-21

Reference Probe EX3DV4 SN: 7405 29-Jun-20 (No. EX3-7405_Jun20) Jun-21

DAE4 SN: 908 14-Aug-20 (No. DAE4-908_Aug20) Aug-21

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

Power sensor R&S NRP33T SN: 100967 17-Oct-16 (in house check Dec-18) In house check: Dec-21

RF generator Anapico APSIN20G | SN: 669 28-Mar-17 (in house check Dec-18) In house check: Dec-21

Network Analyzer R&S ZVL13 SN: 101093 10-May-12 (in house check Dec-18) In house check: Dec-21
Name Function Signature
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Issued: September 28, 2020
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Glossary:

T8l tissue simulating liquid

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

Calibration is Performed According to the Following Standards:
a) |EC/IEEE 62209-1528 ED1, “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)”, draft 2019

Additional Documentation:
b) DASY6 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 dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

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

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

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

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

DASY system configuration, as far as not given on page 1.

DASY Version DASY6 V6.14
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 5mm with Spacer

Zoom Scan Resolution

dx, dy =3.4 mm, dz =1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency

6500 MHz + 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 345 6.07 mho/m
Measured Head TSL parameters (22.0£0.2) °C 348+6% 6.30 mho/m +£6 %
Head TSL temperature change during test <05°C e e
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 29.1 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

291 W/kg = 24.7 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 100 mW input power 5.38 W/kg
SAR for nominal Head TSL parameters normalized to 1W 53.8 W/kg = 24.4 % (k=2)
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed point

49.40Q-59jQ

Return Loss

-245dB

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

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

according to the Standard.

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

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG
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DASY6 Validation Report for Head TSL

Measurement Report for D6.5GHz-1013, UID 0 -, Channel 6500 (6500.0MHz)

Device under Test Properties

Name, Manufacturer Dimensions [mm] IMEI DUT Type
D6.5GHz 16.0 x 6.0 x 300.0 SN: 1013 =
Exposure Conditions
Phantom Position, Test Band Group, Frequency Conversion TSL Cond. TSL
Section, TSL Distance uiD [MHz] Factor [S/m] Permittivity
[mm]
Flat, HSL 5.00 Band cw, 6500 5.75 6.30 34.8

Hardware Setup
Phantom TSL
MFP V8.0 Center - 1182 HBBL600-10000V6

Scan Setup

Zoom Scan
Grid Extents [mm] 22.0x22.0x22.0
Grid Steps [mm] 34x34x14
Sensar Surface [mm] 1.4
Graded Grid Yes
Grading Ratio 1.4
MAIA N/A
Surface Detection VMS + 6p
Scan Method Measured

Probe, Calibration Date
EX3DV4 - SN7405, 2020-06-29

DAE, Calibration Date
DAE4 Sn908, 2020-08-14

Measurement Results

Zoom Scan
Date 2020-09-25, 16:27
psSAR1g [W/Kg] 29.1
psSAR10g [W/Kg] 5.38
Power Drift [dB] -0.01
Power Scaling Disabled
Scaling Factor [dB]
TSL Correction Enabled
M2/M1 [%] 50.1
Dist 3dB Peak [mm] 4.8
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Impedance Measurement Plot for Head TSL
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