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2 Calibration report “Probe EX3DV4”

Calibration Laboratory of g s Kalitoed
Schmid & Partner G Servics sulsse d'etaionnage
Engineering AG g Servisio sviszero & tareturs
Zaughsusstrasse 43, 8004 Zurich, Switrariand Swiss Callbration Servico
Accredtad by the Swiss A Senvics (SAS) Accreditation No.: SCS 0108

The Swess Accreditation Service is ore of the signatonios 1o the EA
Muttiateral Agreement for the recognition of calbration certificates.

Ths do! ihe tracestalty 1o nafonl londacds, which realize the physical units of (118
The and he wih P y are given on the follomng pages and e part of the cantificate.
Al caibrations have bean conducied in the dasod y facikty 2 122 2 31°C and bumicity < 70%
Caftvation Equipewnt used |METE wiical ke calbnbon)

Primacy St 3] Cal Date (Cortifcate No ) Schedued C 4
_‘:gutmr NRP SN: 14778 06-AprZ! {No. 217.03201)03202) Age-22

Poww sansoe NRP-Z91 SN: 103244 0G-Apr2) {No. 217-03281 ) Apr22

Powor sonsor NRP-Z01 SN 106245 C8-Ape-21 INo. 217-05262) Age22

Reference 20 d8 Atierualor SN. CC2552 120x) OG-Apr-27 (No, 217-03343) Ape-22

DAES SN: 650 73.Dc020 (No. DAELAS60 Dec20) | Dec-21

Redarenca Probe ESIOVZ SN3013 30-Dec-20 {No. ES3-3013_Dec20) Dec-21

Sandarde 0 Check Cale {in housa) S Check
Power meter 44108 Sk GRA12308T6 06-Ape-16 (n house check Jun-20) ¥ house check: Jun-22
. Power sensor E&L12A SN MY41408087 08-Age-16 (s houss check Jun-20} 1 house check: Jun-22
| Power sensor E42124 SN 0C01 10210 08-Agr-18 {1 houss check un-20} In Poush check Jun-22
_RF ganergior HP 38460 SN US40 T 04-Aug92 (n hause check Jun-20) In house check. Jun-22
| Network Anahaer ER35S34& SN US410E80a 77 31-Mar-14 (in bouse check Oc1-20) in howse check 021
Fencton
Carttwines by
Avproved by

This colibration certicate shall not 0o repreducid excegd in fll withoul wiithén apgraval of the iaboratory.

Corificate No: EX3-7566_Aug2!
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Calibration Laboratory of

Ll
S0 s ® s
Schmid & Partner % G Service suisss détalonnage
Engineering AG B g  Servizio svizsero & tarsturs
Zoughausstrasse 43, B4 Zurich, Switzarland TN TR Swiss Calibration Service
A ty the Swiss Ascresitason Sarvice [SAS) Accreditation No.: SCS 0108

The Swiss Accracktation Service is one of the signatories to the EA
Muitsateral Agreement for the recogedtion of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx.y,z sensitwily in free spaca

ConvF sensifivity in TSL / NORMx,y,z

oCcP diode compression point

CF crest factor (1iduty_cydie) of the RF signal

AB.CD modulation dependent linganzation parameters

Polarization ¢ @ rotation around probe axie

Potarization 5 B rotation around an axis that is in the plane normal to probe axis (8t measurerment center),
i.e., 3 = 0is normal t¢ probe axis

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

Calibration is Performed According to the Following Standards:
a) |ECAEEE $2200-1528, "Measwement Procedure For The Assessment Of Specilic Absorption Rate Of Human
Exposure To Radio Frequency Fields From Hand-Held And Body-Worn Wirgkess Communication Devices -
Part 1528: Human Maodels, Instrumentation And Procedures (Fraquency Range of 4 MHz 10 10 GHz)", Octaber
2020

b) KOB 865864, “SAR Measurement Requiremants for 100 MHz to 6 GHz"

!Aethods Applied and Interpretation of Parameters:
NORMx.y.z: Assessed for E-fleid polarization § = 0 (f < 900 MHz in TEM.cell, { > 1800 MMz R22wavegu-de)
NORMy,y,z are only intermeds I Le., the es of NORMx,y.z does not affect the E*-feld
uncertainty inside TSL (2ee telow ConviF),

*  NORM(fx.y.z = NORMx.y,z * frequency_response (see Frequency Respanse Chan), This ineanzation is
Implemented in DASY4 scftware versions later than 4.2. The uncertainty of the frequency respanse is included
in the stated uncerainty of ComvF,

» DCPx,yz DCP are numercal linearizabon parameters assessed based on the dala of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

* PAR:PAR s the Paak to Average Ratio that is not cakbrated but determined based on the signal

characleristics

o Axy.z Bryz Cxyz Dxyz VRxyz A B C, D are nurmerical inearzation parametars assessed based on
the data of power sweep for specfic madulation signal. The p wers oo not d d on frequency nor
media. VR is the maxmum calibration range expresaed in RMS voltage across the diode

« ConvF and Boundary Effect Pa. e d in flat pi 1 using E-field {or Temperature Transfer
Standard for f < 800 MHz) and inside waveguiae using analytical field distributions based on power
measurements for > 800 MHz. The same setups are used for 1t of the par J pphad for

boundsary compensation (sipha, depth) of which typical uncenainty vaiues are 9ivon. These paramelters are
usad in DASY4 software 10 imgrove probe accuracy closa 1o the boundary. The sensitivity in TSL correspands
10 NORMx.7.z * ConvF whereby the uncernzinty correspands fo that given for CanvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which alows extending the validity from 2 50 MHz to = 100
MHz

s Sphercal isotropy (30 deviation from isotropy): In a field of low gradients realized using a flat phantom
exposed by a patch antenna

s Sensor Offset: The sansor offset correaponds 10 the offset of virual measurement center from the probe tp
(on probe axis). No tolerance required,

* Connector Angls: The angle Is assessed using the information gained by determining the NORMx (no
uncertainty required).

Canificate No: EX3-7566_Aug21 Page 2 0f 22

Page 4 of 46




Test report no.: 1-2868/21-03-03-B CTC i | advanced

member of RWTUV group

EX3DV4 - SN:7568 August 16, 2021
DASY/EASY - Parameters of Probe: EX3DV4 - SN:7566
Basic Calibration Parameters
Sensor X Sensor Y Sensor Z - Unc (kw2)
Norm (EV/(Vim ) 0.66 047 052 { +101 %
_OCP (mv)° 99.8 95 B804 e
Calibration Results for Modulation
uin Communication System Name A B | D Max Max
48 | ¢Bpv a8 mv Unes
ka2)
0 oW X 00 | 000 | 100 | 000 | 1485 | 2389 | 247
¥ 000 | 000 . _1.00 1385 |
. Z | 000 | 000 | 1.00 133,
10352- | Puize Wavolorn (200Hz 109) X | 2000 | 9469 | 2256 | 10.00 | 600 | 40% | 296 %
ARA Y | 2000 | 9386 | 222% €0.0
! Z | 2000 | 9026 | 1667 €0.0 .
10353. | Puse Wawelom (200HZ, 209%) X_| 20.00 | 9463 171 | 69% | BOD | $26% | £96%
ALD _Y | 2000 | 99.14 368 80.0
| | Z | 2000 | 9272 590 800 |
10358 | Puisa Wavefomy (200Hz, 40%) X_| 2000 | 9967 309 | 398 | 950 | +14% | £t96%
AN ¥ 2600 | 19156 | 2612 95.0
Z 72000 | 9727 | 2095 | a5 0
10356 | Pulas Wavalom (200Hz, 60%) X_| 2000 | 108,04 | 2637 | 222 | 1200 | £10% | £96%
AAA ¥ 00 | 12862 | 3441 | {1200
Z | 2000 | 100.25 | 2548 | 1200
10387 | PSK Waweform, 1 MHz X_| 193 | €788 | 1627 | 100 | 1500 | =18% | 208 %
ANA Y | 176 | 6723 | 1576 | 1500
z 95 | 69.16 | 1653 | 150.0
10388- | QPSK Wavesorm, 10 MAz X | 286 7049 | 17.03 | 000 | 1500 | =1.0% | 266 %
AAA Y | 229 6356 @ 1630 150.0
Z | 264 | 1057 | 17.27 | 1500
10356- | S4-QAM Wavalorm, 100 KRz X | 322 | 72 19.89 | 301 | 1500 | =11% | 2068 %
AAA Y | 275 | 6888 | 1734 150.0_|
Z | 283 | 70.13 0% 150.0
10359- | 64-QAM Waveform, 40 Mz X 52 7.5 18 | 000 | 1500 | 209% | 95 %
AAL Y | 356 7.3 508 “150.0_
T | . z ) 774 | 1631 50.0
10474- | WLAN CCDF, 84-QAM, 40MHz | X | 484 | 6563 64 | 0.00 S00 | +198% | +96%
A ‘ Y| 487 | 6574 70 0.0
| Z | 495 | esa2 77 1500 |

Nota: For details ea UID parameters see Appendix

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%.

:Tmmmmmxvzmwmns‘mnwmlsumws)

‘“ parameter y Not recdred

Unzemainty o detarminad uasng e max. hen from Snesr resp Apclying rectangAdar dsIiDuon ang s Gxpragssd for the squere of fo
fieid vahie.

Cartificate No: EX3-7566_Aug21 Page 3 0f 22
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EX3DV4- SN.7566

August 18, 2021
DASY/EASY - Parameters of Probe: EX3DV4 - SN:7566
Sensor Model Parameters
[ [ e [ a '[— T T2 T3 T4 s T6
| F F v msV? | msV"' ms_| Vv ¥ :
| X | 523 | 3BB47 | 3537 | 2079 0.00 5.08 1.00 028 1.01
Y 420 | 31334 | 23555 9.65 0.19 506 000 | 028 | 1.00
| SR 495 | 36802 | 3543 | 1274 000 | 508 | D4z 031 | 101
Other Probe Parameters
Sensor Arrangement Triangular
[Connecior Angle ") o 606
Mechancal Surface Cetection Mode enabled |
Optical Surface Detecton Mode disabled
Prote Overall Length 337 mm
Prooe Body Diemeter o T omm |
T Length - 9mm
Tip Diameter 1 25mm
Probe Tip 10 Sensor X Callbration Point Tmm |
Probe Tip 1o Sensor Y Calibration Pomt 1mm
"Probe Tip lo Sensor Z Calibration Poinl T mm
Recommended Measurement Distance from Surlace 1.4 mm

Note Measurement distance from surface can be mcreased © 3-4 mm for an Aree Scan job.

Cencate No: EX3-7566_Aug21 Paged ot 22
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EX30V4- SN.7566 August 16, 2021

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7566

Calibration Parameter Determined in Head Tissue Simulating Media

1{MHz)® p.?,‘nﬁ'u,' ‘ m@ " ConvE X | ConvFY | ConvFZ | Alpha® m“ 4‘:-“;1
750 419 089 1023 | 1023 | 1023 | 050 | 080 | +120%
850 415 092 9.94 9.94 ped | 039 | o0se | £120%
900 418 0.97 e17 | a7 g77 | 038 | o097 | s120%
1750 401 137 | 858 | sse | sss | ozr | ose | +120% |
1900 400 1.40 820 | 820 | 820 | 031 | o088 | +120%
2450 32 1.80 7.54 7.54 754 | 031 | oso | +120%
2600 30,0 1.96 7.40 7.40 740 | 038 | oo0 | +120%
3500 379 291 689 | 889 | 689 | 030 | 135 | £140%
3700 377 3142 676 | 676 | 676 | 030 | 135 | s140%

| 5200 36.0 166 542 | 542 542 | 040 | 180 | £140%
5300 359 4.76 530 | 530 530 | 040 | 180 | s140%
5500 356 4.96 489 | 489 | 489 | 040 | 180 | $+160%
5800 383 | 527 | a7 | arr | armr | o40 | 180 | +140%

* Fraquancy wiskddy sbove 300 Mz of \oowawmuumswumm‘mmzxmnammsom The
uncerainty & e RSS of Ihe Con? y al y 4nd e 1y for o incicaled frequency band, Frequency vasdty
below 300 MHz I5 = 10, 25, 40, sownutfumfmmam 64, 128, !Mw?!ﬂ%nﬁpocmcu Valicity of Cornf assesacd af
G MHz i5 &3 MHz, and ConvE assessed & 13 M2 & 9-19 MH2 Abave § GHz frequency ity can be edended 10 + 110 MHz.

* A frecuencies up 1 8 GHz, P valaity of 1ssue paramelers (< and 4) con be relaxed (o + 105 I Mguld compansaion fomvuda & appbed %
Measured SAR values. The uacedanty is the RSS of the Corrvt uncertaity for indcatied targes Bssue parmmeles.

° AipnaDepth are cotemined durng Cbraon SPEAG warrants thet the remaming deviaion due %o the boardary effect after compensatice is

ahweys less Fan ¢ 195 for froquencies below 3 GHZ and badow = 29 for frequencies tetween 3-6 GHz 81 571y dstance larger than hait the probe Sp
chsmmier from Ihe boundary.

Cerlificale No- EX3-7566_Aug21 Page 5 of 22

Page 7 of 46




Test report no.: 1-2868/21-03-03-B CTC ||| advanced

member of RWTUV group

EX3DV4- SN-T565 August 16, 2021

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

Fregquency response (normaized)
-
o
»
>
.
’

0 500 1000 1500 2000 2500 3000
£ [MHz]

e e

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)

Centificate No: EX3-7566_Aug21 Page 6 ol 22
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EX30DV4.- SN-7586 August 16, 2021

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz R22
Y
3 - L ./ . L :

i -
™ 00P-eP-a- - .- . s US s 2 e
.g..lf .:'—:j..‘.'.ﬂ!‘a‘0‘.'4"*7':——'93»31‘?:!34
-, . H
B £y ; PP S ) G TS S S T
-150 ; o 100 "W
) Rod ']
B - . o
';\T‘li(; N.;M'.‘:L.- --..'t'.'lf!nf ;-'_-F‘*w
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
Cortificate No: EX3-7565_Aug21 Page 7 ol 22
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EX3DV4- SN.7566 AlLgust 16, 2021

Dynamic Range f(SARpeaq)
(TEM cell , fou= 1900 MHz)

10° stk
S
i .
.»' '
= 100 A
g
=3 rid
7] *
2 7
E 10°+ s
-
«
.
00? »
hd
.
v
10° 104 0 10° 10 0 0
SAR [mWiem3}
K3 o]
ol compensated compensated

) |

§ o .N“-""""—ﬂf"‘-:.. LIE B TIPSR S

th .

P4 1
190 19 0 109 o w 10
SAR [mWiem3)
. L.
not compersatec compensated
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Certificate No: EX3.7586_Aug21 Page 8of 22
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EX3DV4- SN 7566 Augusl 16, 2021

Conversion Factor Assessment

{ = 850 MHz WGLS R% (H_convF) 1= 1750 MHz WGLS R22 (M_tonwF)

AT IR

o

Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz

Daviabion
'_rb("»‘slooo‘:
coman RO
/
/

45

-t0 08 ©O6 04 £2 00 92 04 05 08 10

Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Certficate No: EX3.7586_Aug21
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Calibration report “Probe EX3DV4”

Calibration Laboratory of S
Schmid & Partner o
Engineering AG w
ZoUENAURSIrasse 43, BI04 Zurich, Swizardanc LA

Actredited by the Swiss Accreditation Servics (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreement for the recognition of calibration certificates

S
Cc
s

Schweizerischer Kaid
Service sulsse d'éalonnage
Servizio svizzero di taraiura
Swiss Calibration Service

Accreditation No.: SCS 0108

Cantificate No

EX-7566_Aug22

| CALIBRATION CERTIFICATE

QA CAL-01.v9, QA CAL-12.v9, QA CAL-14.v6, QA CAL-23.v5,

Calibration procedure for dosimetric E-field probes

Gt EX3DV4 - SN:7566
Caimanco procedure(s) f

QA CAL-25%7
Catbegion dste August 23, 2022

Thes calbraton certificate documants tha Yaceabity 30 nalionsl Standards. which realzo tha chy
Tha measurements and the uacartginies with confidencs probablity are guan on the foliowkng 23968 and are part of the cenficas.

units af

nants (51}

Al cylbrations have baan conduciad in the cosed Wooratory faciity: ervronment termperalueg (22 1 31°C and humidty < 70%.

Calbrafion Equpmen! used MATE cracal for calivration)

["Primary Standards 3] Cal Cale (Centifcale No) 5cnecuted Calloranan
Fowar mear NAP SN 104778 04-Ape-22 {No, 217-00825.03524) Apr-23
Powor scrsor NAP-Z291 SN IGEaa 0d-Aor 22 (No. 217 00524] Aor s
OCF DARS3S tweighted) SN 1249 "20-0ct-21 (OCP-BAK3 51283 Oc2T) Oc1-22
OCP DAK-12 SN0 200121 [OGP-DAK12-1016_Oc21) | Cerez
Timlerence 20 B Avonualor | SN GG2562 (20x) (d-Apr 22 No. 21706527 Ape-Zs
DAEd 3 | SNssa 13- Ocl-2z
Felerance Probe EOOVE | SN: 3013 7 Oac-22
Secongary Swandards R Chach Dile (A house] Schaculed Chedk
Pawer mefor £44198 SN. QR4 ZSETs 06-Aar-18 {in houge check bn-22) N nouse Ck: Jun-24
Puwer sascr E4412A | SN AYA1£GB087 _06.A0r 16 fin house chock Jun-i2) 7 oS0 Chock: Jun-24
Pomer sersor E4812A | SN 000110290 08 Aar-16 In houae cneck Jun-22) | I nouze chock: Iin-2&
RF gereralor HP BBABC | SN, US3642L01700 04-Ag-08 (in hoise chece Jun-22) ¥ house check: Jun-24
Network Anaiyzer E8356A | SN USa1 680477 31 Mar T4 in housw checs O6-20) R e
Nama Function Sigrasurn.
Caliraed by Jeton Kasirall Laboratory Tochnican &é
Approved by Swenr Kidhn Technical Marager g &?’__’

Thiz calbrason centibcale shal rot be reproduced macopt in full withois writhen sppeoval of the laboratory.

Contificata No: EX- 75966 Aug22

Pago'.c-'m

Issued: August 24, 2022
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: A Schwaizerischer Kalid
Cllibfabon Laboratory of Sk Barvioe v e driiad
Schmid & Partner % € sarvizio svizzero di taratura
Engineering AG Pr— S Swiss Calibration Seevice
Zeughaussrasse 43, 8004 Zuekh, Swzerand R W

Aocroditod by tha Swiss Accredilation Sarvice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 10 the EA
Multitateral Agreement for the recognition of calibration certificates

Glossary

TSL tissue simuiating laukd

NORMzx,y.2 sensilivily in Iree space

CormF sensitivily in TSL/ NORMx,y.2

DCP diode compression point

CF cres factor (1/duty_cycle) of the RF signal
ABCD modulation dependant Inearization parametars

Polarization ¢ W retation around probe axs

Potarization # £ rolation around an 05 that 1S in the plane normal to probe gxis (at measuremant center). ie., #=01&
normal 10 probe axis

Connactor Angle  informabion used in DASY sysiem 3¢ align probe sensor X %0 the robot coardinate sysiem

Calibration is Performed According to the Following Standards:

a) IECIEEE 622091528, "Measurement Procadure For The Assessment Of Spacific Absorption Rate Of Human Fxposure
To Radio Frequency Fieids From Hand-Held And Body-Warn Wireless Communication Devices - Part 1528; Human
Modats, Instrumentation And Precadures (Frequency Range of 4 MMz 10 10 GHz)", Ociober 2020,

o) KDB 865664, “SAR M vent Requs %5 lor 100 MHz 10 6 GHE

Methods Applied and Interpretation of Parameters:

* NORMx y.z: Assessed for E-eld palarization & = 0 {/ < BOOMHZ in TEM-cell; f » 1800MHz: R22 waveguide). NORMxy.2
are only inlermediane valves, i.e,, Ihe uncerlanties of NCAMx, .z daes nat alfast the E2.field uncartanty inside TSL {see

below ConvF),

NORM(f)x,y.2 « NORMx,y.2 " lrequency_responise (see Frequency Response Chart), This inearization s implemented

DASY4 software versians later than 4.2, The uncariainty of the Irequency respease is included in the stated uncartainty of

ConvF..

* DCPx.y2: DCP are numerical linearization parameters assessod based on the data of power sweep with CW signal. DCP
does not depand on frequency nor medka.

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

Axyz Bx.y.z; Cxy2 Dxyz; VR yz: A B C. D are numercal linearization paramesers assessod based on the data of

power sweep for specific meduation signat. The paramaters do not depend on frequency nor medka, VA s the maximum

calvraton range expressed in RMS volage across the dicde.

ConvF and Boundary Effect Parameters. Assessed in flat phantom using E-lelo (or Temperature Transfor Standard for

f = BOOMHZ) and insde waveguide using analytical Selo distributions based an power measuremants for f > 800MHz. The

same setups e vsed for assessmant of the parameters appied for boundary compensation {aipha. dept) of which typical

uncertainty vaiues are given, These paramerers are used in DASY4 softwara to Improve probe accuracy clase 1o the -

boundary. Tha sanativily in TSL corresponds 1o NORMx,y.z * CanvF whersby the uncertainty comaspands o that given fof

ConvF A frequency dependent Convi™ is usad in DASY warsian 4.4 and higher which allows axtanding the validity froem

£50MH2Z 1o 4100 MHz.

+ Spherical isatropy (30 deviaton from isofropy). in 8 lield of low gradients realized using & Nlat phantorm exposed by 3 palch
antenna.

+ Sensor Offsel: The sensor offeet coraspands to the aftset of vriual measurement center from the probe 1ip (on probe axis).
Na tolerance required,

+ Connactar Angle: The angle & assessed using tha infarmation ganed by determining the NORMx (no uncertainty requred).

Caertificate No: EX.7568_Aug22 Page 2 of 21
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EX30V4 - SN7566 August 23, 2022

Parameters of Probe: EX3DV4 - SN:7566

Basic Calibration Parameters

i Sensor X Sensor Y Sensor Z Unc (k=2)
| Noem {uVi(vim)®) & | 0.86 0.47 0.5t +10.1%
[ocP mvi B | 9.1 %2 100.2 24.7%

Calibration Results for Modulation Response

[UID~ | Communicstion System Name A B c O T VA | Max | Max
d8 | dB v d8 | mv | dew | unc®
k=2
[ cw X060 000 | 106 | 0007 14FE | £26% | 24 7%
Y1 060 000 | 1.00 1571
Z| o 0067 1.00 1502
10352 | Puza Wavelorm (200Hz, 10%) K| 2000 | ©B.46 | 19.42 | 10.00 | 60.0 | 23.1% | +9.6%
Y2000 EssE s 600
Z| 14.50 8319 | 17.00 | 80.0
10353 | Puise Wavelorm (200Hz. 20%) X RTGEJ“"W 1663 | 595 | 800  41.9% | +0.6%
V{2000 | 9170 | 1943 | 804 |
(22000 | 8661 | 17.04 | 800 |
10854 | Puise Wavelorm (200RzZ, 405%) X[ 2000 | 8681 | 1627 398 | 950 | &1 4% | 20.6% |
Y00 9514 | 1949 950
T2 2600 87,64 | 16,39 | 950 |
10355 | Pulse Waveform {200Mz, 60%) TX[ 2000 | 92.63 | 18.45 | 222 | 1200 | 21.1% | =9.6% |
Y1000 T 928 1662 1200
(212000 B870 | 15.8 | 260 |
10337 | OPSK Wavelorm, 1MHz UK iaTT 6649 1526 | 100 1500 | <2.6% | <9.6%
Y vaa T w53y a0 T150.0
Z] 168 6516 | 1494 | T T50.07|
10336 | OPSK Wavelorm, 107z X 2% 867 | 1602 | 0,00  150.0 | 20.9% | +9.6%
Y 292 6789 | 15.50 | 150,07
Z| 226 6.8 | 1592 | 56,0 |
10396 | 54-CAM Wavelorm, 100 kHz TUXT808 7 7140 | 1933 | 3.01 | 1500 | =1.1% | 20.5%
Y| 223 | 6669 | 1705 | 73500
2284 7025 [ 88| 7800
10399 | 64-OAM Wavetorm, 40 Wz X1 358 6747 | 1595 | 000 1500 | =22%  06%
[Y1 345 &714 | 1572 150.0°
[ . 71 354 | e7er | 582 00| ,
10474 T WUAN CCOF, 64-GAM, 40z X| 488 | 6595 | 1571 | 0.00 | 150.0 | =4.1% | $04%
YT %80 6581 | 1561 “150.0
Z| 492 | 65E2 | 1553 1500 |

Nate: For desails on UID parametars see Appendx

The raported uncertainty of measurement is stated as the standard urcertainty of measurement multiplied by the coverage
factor k=2, which lor & norma distrioution comssponds to a coverage probability of apsroximately 95%.

A Tre uncoranies of Norm X Y2 do ot shoct By E2 50id uncertanty aios TEL (sew Page 5
R Unaarizanen :

Pt Y for feid spengts.
£ Urcartainty & demrmeed uEng tho max. on from Fnear apshery

Uk A ANC & Capressed ke Ihe seusre of Ihe liokd vatse.

Certificate No: EX-7966_Aug22 Page 2 of 21
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EX30V4 - SN.7566 August 23, 2022

Parameters of Probe: EX3DV4 - SN:7566

Sensor Model Parameters
[ T | o2 @ Ti 72 T3 @ [ T T8 -
F 1F v msV 2 msy-? ms V-2 v
x 494 368.60 3570 | i | 0.00 5.09 094 031 | 10t
¥ 394 | 29786 36.31 10,22 037 | 510 0.00 0.35 1.07
Tz | W72 | 35425 35587 1858 | 000 | 508 073 0.30 .67 |
Other Probe Parameters
Sensor Arrangement " Trangular |
Cannecior Angle .1
Mechancal Surface Detection Mode enatled
Optcal Surface Datection Mode disabled
Probe Overad Lengih T 33rmm
Probe B.o}; Diamaoter 10mm
To Lengm fmm
T Oiameter 25mm |
Probe Tip 1o Sensor X Cakoration Pairs tmm |
| Proge Tip 10 Sensor Y CaRoration Poirs o tmm |
Probe Tip 10 Sensor Z Calibraticn Pont E Tmm
Recommended Measurement Distance from Surlace 7 1.4mm

Note: Moazuremant dstance fiom w«h::mubuvusmlos-dmmkrmms:&m

Certificate No: EX-7586_A0ga2 Page 4 0121
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EX30V4 - SN 7566 August 23, 2022

Parameters of Probe: EX3DV4 - SN:7566
Calibration Parameter Determined in Head Tissue Simulating Media

1 (MH2)© Relative Conductivity® | ConwF X | ConvF Y | ConvFZ | Alpha® | Depth® Unc
Permittivity” (S/m) (mm}) (k=2)
T | se | oss 1030 | 1030 | 1030 | 047 080 | +120%
850 a5 0.92 1002 | 1002 | 1002 | o042 089 | w120%
900 a6 0.97 989 989 | 989 | 049 080 | z120%
[ s 03 1.a7 865 865 865 | 025 086 | +120%
1900 0.0 140 | @29 | @29 828 | 025 086 | =120%
| 2450 9.2 | 1.80 | 775 7.75 7.75 0. 0.50 =12.0%
2600 9.0 196 754 7.54 754 | 024 080 | =120%
0 | 78 291 5.96 6.96 896 | D030 135 | £140%
3700 77 112 677 677 677 | 030 135 | =140%
5200 8.0 488 5.46 546 546 | 040 180 | <140% |
5300 359 476 535 535 535 | 040 180 | £14.0%
5500 356 4.96 492 192 492 | o040 180 | =140%
5600 355 507 477 ar 477 | oca0 180 | =140
5800 353 527 284 484 484 | 040 | 180 | s140%

© Fraquancy vakaity sxre SIOMR of + 14O M-z onfy aopses for DASY Wi 4 s Nghee (soe Page 2. 0co 4 & rostrichod 1o «50 MHe. Tre uncinsinny & the
FSE of the Corsf proeciaity ot G300 $0quancy and 19 wrcainy for e nacaind froquenty band. Froguency waldity befow SIOMM is <10 24
40, 50 and 70 MHZ bor ConvE azsozamonts 01 30, 64, 128, 150 and Z20MH2 respectively. Valdty of ComF assessed Al EMHZ s 00 g ComF
wsmssod 3 13MHE 5 S 13M- Abiva SCHE fraauercy valdty can bo auisnded 50 = 110MHz
'&mmms@v.mmdmwmuwmmum»:1mnmmmumacm»m¢osm
Wuos A vequencios iove 3 CHY, 1 wdidily of Hssue p {tardolis 316 +5% The Lainy i3 Ine RSS of the Cora® unceriairty Sor

Sarged tissue *
5waommmmmutmm.SPm“rmwmw'mmmﬁvdmme:mmmnwm
AN » 195 ke fragaincas below 2GHz and below + 2% for heguencan betesan 3-4 Gz 3 any distance latgar than Tal fhe trebe 1o dameter from tho
Soundry

Certiticate No. EX-7568_Aug22 Page Sof 21
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member of RWTUV group

EX30V4 - SN:7566 August 23, 2022

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

1.4
13
l

= 12]
2 .
8
§ 1.1 .
3 .
<
B 4 * .
§ ’ . .
=
£ 09 ‘
£
g
* oas|

07 ‘

08 '

05t e

“Y¢ 200 400 60D BO0 1000 1200 1400 1600 1500 2000 2200 2400 2800 2800 3000 3200

1 IMHz]
. TEM s R22
Uncertainty of Fraguency Response of E-fald: £6.2%, (k=2)
Certilicate No. EX-7566_Aug22 ' Page 6 of 21
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Test report no.: 1-2868/21-03-03-B CTC i | advanced

member of RWTUV group

EX3DV4 - SN:T566 Augus! 23. 2022
Receiving Pattern (¢), 6 =0°
1=600 MHz, TEM, 0 1-1800 MHz, R22. ¢
S0 o0
- _-.— N _(_4”_ XEN .  (—
135° . : N 45 3 NS e
’/, S S N e o [
LS -9 voa N\ |- Tot
..' . A . . .\
{ p o ¥ \ I'
180 | <" Y ppheos odge 1o |
| . . . . -
\ .yl 4 g ¥ ' ] ‘4
l".\. d : i : . 7 1 b . /
4. 4 \ .- A /
b ‘ ’ ‘/ \ g p ‘/
225\\ i | oA 225\\\ . 315
270° 270°
05
) i
x o.lll'o!l81—1:.1..V,z,n-lfullv‘—--q::.x,-;o
&
-0.5
0 &0 120 180 240 300 360
Aol ']
+ 100MHz ~ 60OMHz 1800 MHz - 2500 MHz

Uncersainty of Axal Isolropy Assessment: —0.5% (ks2)

Cerificate No: EX-7586._Augz2
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EX30V4 - SN:7566 August 23, 2022

Dynamic Range f{(SARpeaq)
(TEM cell, foyu = 1900MH2)

100
|
1065 "
5; '
3 10%) o
z | N
3 | '
g | ;
< |
103! »
|
|
al
107 ‘s
102 0w 107 10 102
SAR [mWiem?]
= not compensaled « compensated
S - —
1}
g
> 0 s IR 2o It T e > —- .
g T
w - |
=1 s
1072 10 10° o 10" 102
SAR [mWicm?|
- nat compensated + compensated
Uncartainty of Lingarty Assagsment: +0.6% {k«2)
Certificata No: EX'TS&_M?E Page 8ot 21
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EX30V4 - SN7568 August 23, 2022

Conversion Factor Assessment

=1900 MHz, WGLS R22 (H_convF)

SAR [(WkgVW]
o

10} 2

0 0 20 20 40
z[mm|

- anaiytical « measured

Deviation from Isotropy in Liquid
Error (¢, 57), 1 = 900 MHz

Desiaton
)
o
ol

N5 400

! -08 -08 -04 -02 0 02 04 08 08 1
Uncertanty of Spherical Isotropy Assessmant: +2.6% (k=2)

Cerificate No: EX-7564_Augas Pagedofal
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4

Calibration report “900 MHz System validation dipole”

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzertand

Accredited by tha Swiss Accreditaion Servee (SAS)
Tho Swiss Accraditation Service is one of the signatories to the EA
Multdsteral Agreement for the recognition of calibration certificates

Ths conmneate &

Al have boen

enks the

d in e closed

e{"‘ﬂ“'" .'"h‘
S

&
=, '3
f.“;/,-}‘_\?

ol

ity 1o nasonal stancads, which reaize the phy

Accreditation No.: SCS 0108

y faclity.

Catiration Equipment ysed (MATE crics foe calibration)

urits of (S

Tha messuremens anc the unceriaries with conficence prodability are ghaen on e folowing pages and gre part of the certcale,

temperatune {22 # 3)°C and humidity < 0%

Primary St DN Cal Date (Canficane No.) _ Schwduied C \
Powar maser NRS SN 104778 O4-Apr-22 {NC. 2170382803524} Apr-23
Powne sersor NRP-Z81 SN 103244 04-Apr-22 N0, 217-03524) Ape-23
Power sarscr NRP-Z91 SN 103245 08-Ape-22 (No. 217-03525) Ape-23
Referunce 20 08 Atlenuator SN: BHEGS (20K} 04-Ape-22 (No. 21703527 Agr-23
Typs-N mismaich combination SN: 310882 J 06327 04-Agr-22 (No. 217-03528) Apr23
Reference Probe EX3DV4 SN 7343 31-Dec-21 (Mo, EX3-7348 Dec21) Dec-22
DAE4 EN: 60T 02-May-22 (No. DAE4-601_May22) May-23

| Secondary Standard o8 Chack Date (in houss) Schedutng Chock
Power meter £44186 SN: GB38S 12475 30-Oct-14 (i house check Oct-20) In house check: O-22
Power sensor HP S481A SN USIr202783 07-0ct-15 {In housa chack 0ct-20) In house chect. Oct-22
Bower sensor HP 54814 SN: MY41083315 07-Oct- 15 [in house chack O-20) I house check. Oct-22
RF generstor RAS SMT-06 SN: 100872 15-Jun<15 (i house check Oct-20) In housa check: Oct-22
Network Analyzer Agilent EBISEA | SN: US41080477 31N 14 (i housa check Oct-20) I house chack: 22

Name Function Sgraure

| Calteated by : "o O T

Approved by

Issuad July 12, 2022

This cafitralion cortificate shall not be mproduced @xcept in full without wellen approval of ihe laboratory.

Certificate No: CA00V2-102_Jul22

Page 10l 8
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Calibration Laboratory of o

., Sen Kalibrierd

Schmid & Partner ] Service suisss d'¢alonnage
Engineering AG T Servizio svizzero 6 taratura

Zeughaussirasse 43, 8004 Zudich, Switzeriand s, ,‘ﬁ_\‘.« Swiss Calibration Service

Accredaed ty ha Swiss Actreditation Servioz (SAS) Accroditation No: SCS 0108

The Swiss Accreditation Service is one of the signstories 1o the EA

" al Ag for the recog of calibeation certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y.Z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

« 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 mounited 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 fow
reflected power. No uncertainty required.

o 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 s 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%.

Certificale No. DB00OV2-102_Jul22 Page 208
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Measurement Conditions
DASY systern cenfigurstion, 3s far as not given on page 1.
DASY Version DASYS52 V52104
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy.dz = 5mm
Frequency 900 MHz £ 1 MHz -
Head TSL parameters
The foliowing parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.97 mhoim
Measured Head TSL parameters {220£02)*C 4PTL6% 0.95 mhovm £ 6 %
Head TSL temperature change during test <D5°C e —
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Conditon
SAR measured 250 mW input power 2,66 Wikg
SAR for nominal Head TSL paramaters nomalized o AW 10.7 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condnion
SAR measured 250 mW input power 1.71 Wikg
SAR for nominal Head TSL parameters normatized to 1\W 6.89 Wikg £ 16.5 % (k=2)
Body TSL parameters
The followng parameters and calculations were applied.
Temperature Permittivity | Conductivity
Nominal Body TSL parameters z2z20°C 55.0 1,05 mheim
Measured Body TSL parameters (220+02)'C 548+6% 1.04 mhoim 26 %
Body TSL temperature change during test <05°C _ -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 260 mWV input power 270 Wikg
SAR for nominal Body TSL parameters normalized to TW 10.9 Wikg + 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measwred 250 mW input power 1.75Whkg

SAR for nominal Body TSL parameters

normalized o 1W

7.04 Wikg £ 16.5 % (kn2)

Certficate No: DO00V2-102_Ju2

Page 3of8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

impedance, transformed to fead point 5190+0410
Return Loss | -34248

Antenna Parameters with Body TSL

Impedance, iransfarmed to feed point 4AT10Q-27 02
Retumn Loss -27.3dB

General Antenna Parameters and Design

| Etecirical Delay (one directicn) | 1382 s 3

Merlongwrmusowi'lh1DOWrswadpoaver.only:sligh!wmhgofﬂwdipolenwmefeodpoﬂcanbemeasuredv

The dipole is made of standard semirigid coaxial cable. The center conducter 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 dpcles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the posilion as expigined In the
"Measurement Conditions” paragraph. The SAR data are nol affected by this change. The overall dipoie fength is still
according to the Standard

No excessive force must be applied to the dipole amms. because they might bend or the soldered connections near the
feedpoint may be d >

Additional EUT Data

| Manutactured by | SPEAG ]

Certificate No: DBOOV2-102_Jul22 Page 4 0/8
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DASYS5 Validation Report for Head TSL
Date: 08.07.2022
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 900 MHz; Type: DO00V2; Serial: DIOOV2 - SN:102
Communication System: U1D 0 - CW; Frequency: 900 MHz
Medium parameters used: £= 900 MHz; 6 = 0.95 S/m: & =40.1ip = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS {IEEL/IEC/ANST C63.19-2011)
DASY 52 Configuration:
«  Probe: EX3DV4 - SN7349; ConvF(9.62, 9.62, 9,62) (@ 900 MHz, Calibrated: 31.12.2021
+ Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« FElectronics: DAE4 Sn601; Calibrated: 02.05.2022
« Phantom: Flat Phantom 4.9 (front); Type: QD OOL P49 AA; Serial: 1001

e DASYS2 52.10.4(1535), SEMCAD X 14.6.14(7501)

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

Reference Value = 65.63 Vim; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 4.05 Wikg

SAR(1 g) = 2.66 W/kg; SAR(10 g) = 1.71 Wikg

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

Ratio of SAR at M2 to SAR at M1 = 65.8%

Maximum value of SAR (measured) = 3.54 Wikg

0dB = 3.54 Wkg =549 dBW/kg

Certificate No: DAOOV2-102_Ju2 Page §of 8
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Impedance Measurement Plot for Head TSL

Chlaags 20
Chi: Ser T00 000 Moy S1op 1.90000 GHe
—
ow‘-? > ] 300 Q00000 Mz -3 34 &
500
020 -
$.90 — E -
| -

o 0d
1500
R0 60
[25.00
ko 0}
15 00 h | |

20 l_.‘j‘ﬂ"i‘ 0 I ] j l S —

Chi: Sewt JOO 000 MHe  ——— S1op 1 19000 GHe
Status  CHI: 511 1 C*1PoR Avga2l Delay LCL

Certificale No: D900V2-102_Julz2 Page 6oft
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DASYS5 Validation Report for Body TSL

Date: 08.07.2022
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 900 MHz; Type: DY00V2; Serial: DOOOV2 - SN:102

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

Medium parameters used: £ 900 MHz: o = 1.04 §/m; &= 548, p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
« Probe: EX3DV4 - SN7349: ConvF(9.81, 9.81, 9.81) @ 900 MHz; Calibrated: 31.12.2021
« Sensor-Surface: |.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated; 02.05.2022
« Phantom: Flat Phantom 4.9 (Back); Type: QD 00R P49 AA; Serial: 1005

¢ DASYS5252.10.4(1535); SEMCAD X 14.6,14(7501)

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

Reference Value = 59.82 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 4.01 Wike

SAR(I g) = 2.7 Wikg; SAR{10 g) = 1.75 W/kg

Smallest distance from peaks to all points 3 dB below = 15.7 mm

Ratio of SAR at M2 to SAR at M1 = 67.3%

Maximum value of SAR (measured) = 3.59 W/kg

0dB - 3.59 Wikg ~ 5.55 dBWrkg

Centificate No: DB00OV2-102_Julz2 Page 7of 8
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impedance Measurement Plot for Body TSL
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500  — =
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5 Calibration report “2450 MHz System validation dipole”

Calibration Laboratory of N, e < pp—

Schmid & Partner =0 0 \" g Service suisse d'éalonnage
Engineering AG % Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzarland “(’:’i\wﬁ G5/ S swiss Catibeotion Seevics

A 4 try $ve Swas A Sernca (SAS| Accrediation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration centificates

This caltration certicate the ity 1o which realze the phy units ot (S}
The and the with confy probabiity are gven on the follvatng pages and are part of the cercate.
Al have been cond n e dosed Bboratony fachity: ermironment lemperature (22 £ 3)°C and humidity < 0%,

Calbeation Equipment used {(MSTE criticad for calibration)

Primary Starcsrds ID# Cai Date (Certficate Nc.) Scneduled C
Power moter NRP SN 104778 D4-Age-72 (No. 217-0352503524) Ape-23
Power sensor NRP-Z91 SN 103284 C4-A0r-22 (NO: 21703524} Ape-23
Powar sensar NRP-231 SN 103245 O4-Apr-22 {No. 217-03525) Ape-23
Reference 20 08 Afteresion SN 80304 (20%) 04-Apr22 (No. 217-03527) Ape-23
Typa-N mismatch combination SN 10082 706327 O4-Apr-22 {No, 217.03528) Ape-23
Reference Probe EX30V4 SN: T340 31-Dec-21 (No. EX3-7348_Dec2) Dac-22
| DAE4 SN 801 02-May-22 (No. DAES-801 May22) May-23
5 v Sta ‘D& Chack Date (in heuse) Schwinc Check
Pawer meter £44138 SN: GB39512475 30-0ct-14 (in house chack Oct-20) In house chesk: Oc-22
Power sersor HP 84814 SN: US37292783 07-0ct-15 (in houser check Oct-20) In house check: Oct-22
Pawer sensor HP B481A SN MY41063315 07-0ct-15 {in house check Oct-20} In house check 022
AF gencrator R&S SMTLS SN: 100972 *5-Jun-15 (in house check Oc-20) In house chack: Oct-22
Neswark Analyzer Agilent ES358A | SK; US<1080477 31-Mar-14 {in house thack 0u-20) In bouse check. OG22
Function
Cavibeased by
Apgroved by

Issued: May 12, 2062

| This olrabin corbcate shll ot e reprosuced excopt in uf wihcut witen apporal of the laborsoey

Certificate No: D2450V2-710_May22 Page 108
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Calibration Laboratory of S s s Ischer Kalik
Schmid & Partner ——e c Service suisse o'étalonnage
Engineering AG % Servizio svizzero di tarstura
Zaughausstrasse 43, 8004 Zurich, Switzeriand s S Swiss Cativeation Service
AES
Accradiied by 1he Swiss Accrednason Senios (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multiiatersl Agreement foe the recognition of calibration centificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:
a) IEC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific

Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-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 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 parametlers: 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%.

Centificate No. D2450V2:710_May22 Page 2ol B
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Measurement Conditions
DASY systern configuration, as far as not given on page 1
DASY Version DASY52 VE2.10.4
Extrapolation Advanced Extrapolation
Phantom Madular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 392 1.80 mhoim
Measured Head TSL parameters (22.0202)°C 382+6% 1.85 mhaim 2 6 % |
Head TSL temperature change during test <0s°'C = =
SAR resuit with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Conditvon
SAR measurad 250 m\WV Input power 132 Wikg
SAR for nominal Heac TSL parameters normalized to 1W 51.8 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® {10 g) of Head TSL condition
SAR measured 250 mW input power 6.09 Vikg
SAR for nominal Head TSL parameters nommalized to 1W 24.1 Wkg £ 16.5 % (k=2)

Body TSL parameters
The loliowing parameters and caiculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.7 1.96 mho'm
Measured Body TSL parameters (220:02)°C 515¢6% 202 mhoim 2 6%
Body TSL temperature change during test <05°C - —
SAR result with Body TSL
SAR averaged over 1 cm® {1 g) of Body TSL Condition
SAR measured 250 mW input power 12.7 Wikg
SAR for nomenal Body TSL parameters nomalized o 1W 49.6 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ {10 g) of Body TSL CONtion
SAR measwed 250 mW input power 5.95 Wikg
SAR for nominal Body TSL parameters narmalized fo TW 23.5Wikg £ 16.5 % (k=2)

Certficate No: D2450V2-710_May22
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impegance. transformed to feed pont S28R+37iQ
Retum Loss <269d8

Antenna Parameters with Body TSL

Impedance, transformed to fead point 4930+43 10
Return Loss -271dB

General Antenna Parameters and Design

[ Elecirical Delay (one dwection) ] 1.159ns

ARer long term use with 1000V radiated power, only a slight warming of the dipcle near the feedpoint can be measured

The dpcle is made of standard semirigid coaxial cable, The center conductor of the feeding ina s directly connected to the
second arm of the dipole. The antenna is therafore short-circuited for DC-signals. On some of tha dipoles, emall end caps
are added to the dipole arms in order to improve matching when loaded accarding to the position as explained n the
“Measurement Conditions” caragraph. The SAR data are not affectad by this change. The avarall dipole length is stdl
according to the Standard.

No axcessive force must be appled 1o the dipole arms, because thay might bend or the soldered connections near the
faadpont may be damagad

Additional EUT Data

[ Manutactured by [ SPEAG |

Certificata No: D2450V2-710_May22 Paga £ 0of8
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DASYS Validation Report for Head TSL
Date: 11.05.2022
Test Laboratory: SPEAG, Zurich. Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:710
Communication System: UID 0 - CW: Frequency: 2450 MHz
Medium parameters used: f = 2450 MHz o = 1.85 S/m: 2, = 38.2; p = 1000 kg/m*
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2011)
DASYS52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(7.96, 7.96, 7.96) @ 2450 MHz: Calibrated: 31.12.2021
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated; 02.05.2022
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 PSO AA; Serial: 1001

o  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=3mm, dy=5mm, dz~5Smm

Reference Value = 116.1 Vim; Power Dnft = 0.02 dB

Peak SAR {(extrapolated) = 26.3 Wikg

SAR(1 g) = 13.2 Wikg: SAR(10 g) = 6.09 Wikg

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

Ratio of SAR at M2 to SAR at M1 = 50%

Maximum value of SAR {measured) = 21.8 Wikg

1-3.60
-1.20
-10.80
-14.40

-18.00

0dB = 21.8 Wke ~ 13.38 dBW/ke

Certificate No: DZ450VZ-T10_May22 Page 5018
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Impedance Measurement Plot for Head TSL

Fie Yew Chanel Saeep Calbeation Trace Scals Marker System Window Help

CA Y mgs 20

CAL Seat 225000 GMe Sp ZHS000 Gz
T R e T,
550 AT ] |
090 - " 4 4 4
500 - S— - } i
00—t : —
10— e . 4 $ — %

SRUI - S . | ———— -

2% 0% -~ ~g . - —
20 00 :

%00 \

b0 00 CM 1 Avg = PO l

A Rl L 500Gy — Siop 263000 Gk
Stahus  CH1 BTl 1Pt Avge20 Delay LEL
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DASYS5 Validation Report for Body TSL

Date: 11.05.2022
T'est Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:710

Medium parameters used: = 2450 MHz: 6 = 2.02 S/my 5, = 51.5; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASY S (IEEE/IEC/ANS] C63.19-2011)

Communication System: UID 0 - CW; Frequency: 2450 MHz

DASY52 Configuration:
»  Probe: EX3DV4 - SN7349; ConvF(8.12. 8.12, 8.12) @ 2450 MHz: Calibrated: 31.12.2021
+ Sensor-Surface: 1.4mm (Mechanical Surface Detection)
+ Electronics: DAE4 Sn60; Calibrated: 02.05.2022
+ Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002
o DASYS2 52.10.4(1535); SEMCAD X 14.6,14(7501)

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

Reference Value = 105.8 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 24.0 Wikg

SAR(I g) = 12.7 Wikg; SAR(10 g) = 5.95 W/kg

Smallest distance from peaks to all points 3 dB below = 8.9 mm

Ratio of SAR at M2 to SAR at M1 = 54.1%

Maximum value of SAR (measured) = 20.0 Wikg

-3.60
-1.20
-10.80
-14.40

-18.00

0dB = 20,0 Wkg = 13.00 dBW/kg

Certificate No: D2450V2-710_May22 Page 7 of 8
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Impedance Measurement Plot for Body TSL

e Yew Channel Swpep Calrsbon Jrace Scsle Maker System  Window  Help

Chl AT 2
SAE: Stat 2 25000 Gher

Hop & 65000 G e
—
0.00 _ oy deonnT TIkd= Y (IS0 o4F
0
000
500
10,60 — —
1560 — =
Lo 09 . —
|
ol = e i
.03 — :
35 00
lao0d L Chtawga Po | 1 N L ]
Cal: St 2 25008 G e Sacp 235000 Gz
S CHT: B lct1Pat Avge2i) Delay Lo
Cortificate No: D2450v2-710_May22 Page8of 8

Page 36 of 46




Test report no.: 1-2868/21-03-03-B

cTC||

| advanced

member of RWTUV group

6

Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of S s ischer Kalibei
: LA ischer Kalibe
Schmid & Partner ) c Service suisse déaionnage
Engineering AG g Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand N S suiss Catibration Service

Accradiled by the Seiss AccredBiaton Senice (SAS]
The Swiss Accreditation Service is one of the signateries to the EA
Wultilateral Agreement for the rocognition of calibration certificates

Accreditation No.: SCS 0108

ciemt  CTC advanced GmbH Certificate No: DAE4-1387_Aug22
|CALIBRATION CERTIFICATE
Objact DAE4 - SD 000 D04 BM - SN: 1387

Cafbedtion procedurals)

QA CAL-06.v30
Calibration procedure for the data acquisition electronics (DAE)

Calibration dase: August 17, 2022

This caibration cemticata documents tha ¢ to natoral dards, which realize the pryscal unss of measuraments (S1)
The messumants and e unceranes with contidence probablity are given on the loRowing pages and are pan of The ceriicats.

All calinrations have been conducted in Ihe closad laboralony Tachey. ovirnment lamparatune (22 = 3)°C and humidity « 70%

| Catbeation Equiprnent used (MATE critica? for calkvation)

| Galbrator Box V2.1 SEUMS 005 AA 1002 24-Jan-22 (in house check)

Functicn Signature
Calbesded by Dominique Steffen Latoratory Technicien %
Approed by Sven Kibn Tachnical Manager

Primary Standscds [iDa Cal Dete (Certficate No.) _ Seheduied Cakbeation

Keithiey Muttimator Typo 2001 | SN; 0810278 S1-Aug-21 (No:31368) Aug-22
| Cecendary Stardares =10 Chack Dt fin house} Scheculed Choeck d
{ Ao DAE Caltoeation Uni | SE LIWS 058 AA 1001 24-Jun-22 {in house chwck) In nousa check: Jan-23

in housa check: Jan-23

\ (V. (Q MULU

Issuad: August 17, 2022

This calbration cenficalo shal not be reproduced excep! in 1ul without writen 2oproval of she Saboralory:

Certificate No: DAE4-1387_Augz2 Paga 10t5
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Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of L, s rAscher Kalib
SN
Schmid & Partner " (S; Service sulsse d'étalonnage
Engineering AG S Servizio svizzaro di taraturs
Zeughausstrasse 43, 8004 Zurich, Switoertand Y ,@M\-‘ S Swiss Calibration Service
Accrediled by the Swisa Accraditaton Sanice (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

cient  CTC advanced GmbH Cortiticate No: DAE4-1387_Aug?21
CALIBRATION CERTIFICATE |

Otjoct DAE4 - SD 000 D04 BM - SN: 1387

| Caibeation procacurels) QA CAL-D6.v30
Calibration procadure for the data acquisition electronics (DAE)

| Casbeaton date August 06, 2021

Tres calbeanon candicae documants e Haceabiity o natioed standards, which realize tha physical Lnits of maaswramants (5,

Tha maasurements and !a uncataintes with contidenca peobabiity am givan an the foliowerg pages and ara part of the cediticate.

All calinrations have Daen conducted in he closad IBboratony laciity. environment erpanaiee (22 « 3)°C and humidity < 70%
| Calbration Equipean used (MATE cntical for caleation)
| Pimary Standasds lipa Cal Date (Conificaze Ne ) Schwckied Caibraton

Keahiey Multimeter Type 2001 ] SN: p810eTa 07-Sep-20 (No:2BE4T) Sep-21

Secondary Stardaeds |1D* Chick Date (in houss) S Check

Ao OAE Calbration Une SE UWS 03 AA 1007 O7-Jan-2% (in houso check) In house cheok: Janv 22

Cafbrasor Box V2.1 SE UMS 005 AA 1002 O7-Jan-21 (i house check) In house check: Janr-22

Name Furcticn Signsture
Cadbeasad by Adrian Gehring Luboratory Technician / (
|

Approved by Sven Kobn Depusty Manages

' i.’ @Q LWL

1ssued: August 6, 2021
| This caibration certdficate shall not be reproduced except in full withcot written approval of the |

Cenficate No: DAE4-1367_Aug21 Page 1 of §
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Certificate of “SAM Twin Phantom V4.0 and V5.0”

Schmid & Partner Engineering AG

S p e a g

Zeughausstrasse 43, 8004 Zurich, Switzerland
Phone +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, http://www.speag.com

Certificate of Conformity / First Article Inspection

Item SAM Twin Phantom V4.0 and V5.0
Type No QD 000 P40 C
Series No TP-1150 and higher
Manufacturer Untersee Composites
Knebelstrasse 8, CH-8268 Mannenbach, Switzerland
Tests

Complete tests were made on the pre-series QD 000 P40 A, # TP-1001, on the series first article QD
000 P40 B # TP-1006. Certain parameters are retested on series items.

Test Requirement Details Units tested
Dimensions Compliant with the geometry IT'IS CAD File * First article,
according to the CAD model. Samples
Material thickness | 2mm +/- 0.2mm in flat section, in flat section, First article,
of shell other locations: +/- 0.2mm with in the cheek area Samples,
respect to CAD file TP-1314 ff.
Material thickness | 6mm +/- 0.2mm at ERP First article, All
at ERP items
Material rel. permittivity 2 — 5, rel. permittivity 3.5 +/- 0.5 | Material
parameters loss tangent < 0.05, at f < 6 GHz | loss tangent < 0.05 samples
Material resistivity | Compatibility with tissue Compatible with SPEAG Phantoms,
simulating liquids . liquids. ** Material sample
Sagging Sagging of the flat section in < 1% for filling height up Prototypes,
tolerance when filled with tissue | to 155 mm Sample testing
simulating liquid.

*

The IT'IS CAD file is derived from [2] and is also within the tolerance requirements of the shapes of
the other documents.

Note: Compatibility restrictions apply certain liquid components mentioned in the standard,
containing e.g. DGBE, DGMHE or Triton X-100. Observe technical note on material compatibility.

ok

Standards

[1] OET Bulletin 65, Supplement C, “Evaluating Compliance with FCC Guidelines for Human Exposure
to Radiofrequency Electromagnetic Fields”, Edition 01-01

[2] IEEE 1528-2003, “Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques, December 2003

[38] IEC 62209-1 ed1.0, “Human exposure to radio frequency fields from hand-held and body-mounted
wireless communication devices - Human models, instrumentation, and procedures - Part 1:
Procedure to determine the specific absorption rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", 2005-02-18

[4] IEC 62209-2 ed1.0, “Human exposure to radio frequency fields from hand-held and body-mounted
wireless communication devices - Human models, instrumentation, and procedures - Part 2:
Procedure to determine the specific absorption rate (SAR) for wireless communication devices used
in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", 2010-03-30

Conformity
Based on the sample tests above, we certify that this item is in compliance with the uncertainty

requirements of hand-held SAR measurements and system performance checks as specified in [1 — 4]
and further standards.

s peag
Date 25.07.2011 Schmic & er Engir AG
zZug\(;%_Es%f; 43,98(;;4}%%%dan
S EYAR s c
Signature / Stamp A s 5&;::% g+ 77

0 sneag.com

DocNo 881-QD000P40C—-H Page 1(1)
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9  Application Note System Performance Check

9.1 Purpose of system performance check

The system performance check verifies that the system operates within its specifications. System and
operator errors can be detected and corrected. It is recommended that the system performance check is
performed prior to any usage of the system in order to guarantee reproducible results.

The measurement of the Specific Absorption Rate (SAR) is a complicated task and the result depends on
the proper functioning of many components and the correct settings of many parameters. Faulty results due
to drift, failures or incorrect parameters might not be recognized, since they often look similar in distribution
to the correct ones. The Dosimetric Assessment System DASY incorporates a system performance check
procedure to test the proper functioning of the system. The system performance check uses normal SAR
measurements in a simplified setup (the flat section of the SAM Twin Phantom) with a well characterized
source (a matched dipole at a specified distance). This setup was selected to give a high sensitivity to all
parameters that might fail or vary over time (e.g., probe, liquid parameters, and software settings) and a low
sensitivity to external effects inherent in the system (e.g., positioning uncertainty of the device holder). The
system performance check does not replace the calibration of the components. The accuracy of the system
performance check is not sufficient for calibration purposes. It is possible to calculate the field quite
accurately in this simple setup; however, due to the open field situation some factors (e.g., laboratory
reflections) cannot be accounted for. Calibrations in the flat phantom are possible with transfer calibration
methods, using either temperature probes or calibrated E-field probes. The system performance check also
does not test the system performance for arbitrary field situations encountered during real measurements of
mobile phones. These checks are performed at SPEAG by testing the components under various conditions
(e.g., spherical isotropy measurements in liquid, linearity measurements, temperature variations, etc.), the
results of which are used for an error estimation of the system. The system performance check will indicate
situations where the system uncertainty is exceeded due to drift or failure.

9.2 System Performance check procedure

Preparation

The conductivity should be measured before the validation and the measured liquid parameters must be
entered in the software. If the measured values differ from targeted values in the dipole document, the liquid
composition should be adjusted. If the validation is performed with slightly different (measured) liquid
parameters, the expected SAR will also be different. See the application note about SAR sensitivities for an
estimate of possible SAR deviations. Note that the liquid parameters are temperature dependent with
approximately — 0.5% decrease in permittivity and + 1% increase in conductivity for a temperature decrease
of 1° C. The dipole must be placed beneath the flat phantom section of the Generic Twin Phantom with the
correct distance holder in place. The distance holder should touch the phantom surface with a light pressure
at the reference marking (little hole) and be oriented parallel to the long side of the phantom. Accurate
positioning is not necessary, since the system will search for the peak SAR location, except that the dipole
arms should be parallel to the surface. The device holder for mobile phones can be left in place but should
be rotated away from the dipole. The forward power into the dipole at the dipole SMA connector should be
determined as accurately as possible. The actual dipole input power level can be between 20mW and
several watts. The result can later be normalized to any power level. It is strongly recommended to note the
actually used power level in the ,comment*-window of the measurement file; otherwise you loose this crucial
information for later reference.

Page 40 of 46



Test report no.: 1-2868/21-03-03-B CTC || | advanced

member of RWTUV group

System Performance Check

The DASY installation includes predefined files with recommended procedures for measurements and
validation. They are read-only document files and destined as fully defined but unmeasured masks, so you
must save the finished validation under a different name. The validation document requires the Generic Twin
Phantom, so this phantom must be properly installed in your system. (You can create your own
measurement procedures by opening a new document or editing an existing document file). Before you start
the validation, you just have to tell the system with which components (probe, medium, and device) you are
performing the validation; the system will take care of all parameters. After the validation, which will take
about 20 minutes, the results of each task are displayed in the document window. Selecting all measured
tasks and opening the predefined “validation” graphic format displays all necessary information for validation.
A description of the different measurement tasks in the predefined document is given below, together with
the information that can be deduced from their results:

» The ,reference” and ,drift measurements are located at the beginning and end of the batch process.
They measure the field drift at one single point in the liquid over the complete procedure. The indicated
drift is mainly the variation of the amplifier output power. If it is too high (above + 0.1dB) the validation
should be repeated; some amplifiers have very high drift during warm-up. A stable amplifier gives drift
results in the DASY system below + 0.02 dB.

+ The ,area scan“ measures the SAR above the dipole on a parallel plane to the surface. It is used to
locate the approximate location of the peak SAR with 2D spline interpolation. The proposed scan uses
large grid spacing for faster measurement; due to the symmetric field the peak detection is reliable. If a
finer graphic is desired, the grid spacing can be reduced. Grid spacing and orientation have no influence
on the SAR result.

+ The zoom scan job measures the field in a volume around the peak SAR value assessed in the previous
-area“ scan (for more information see the application note on SAR evaluation).

If the validation measurements give reasonable results, the peak 1g and 10g spatial SAR values averaged
between the two cubes and normalized to 1W dipole input power give the reference data for comparisons.
The next section analyzes the expected uncertainties of these values. Section 6 describes some additional
checks for further information or troubleshooting.

9.3 Uncertainty Budget

Please note that in the following Tables, the tolerance of the following uncertainty components depends on
the actual equipment and setup at the user location and need to be either assessed or verified on-site by the
end user of the DASY system:

* RF ambient conditions

* Dipole Axis to Liquid Distance

* Input power and SAR drift measurement

* Liquid permittivity - measurement uncertainty
* Liquid conductivity - measurement uncertainty

Note: All errors are given in percent of SAR, so 0.1 dB corresponds to 2.3%. The field error would be half of
that. The liquid parameter assessment give the targeted values from the dipole document. All errors are
given in percent of SAR, so 0.1dB corresponds to 2.3%. The field error would be half of that.
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System validation DASY 5/8 and cDASY6

In the tables below, the system validation uncertainty with respect to the analytically assessed SAR
value of a dipole source as given in the IEC/IEEE 62209-1528 standard is given. This uncertainty is
smaller than the expected uncertainty for mobile phone measurements due to the simplified setup
and the symmetric field distribution.

for the 0.3 - 6 GHz range

DASY 5 - Uncertainty Budget for System Validation

Source of Uncertainty | Probability |Divisor] ¢ | ¢ | Standard Uncertainty | 2 o

uncertainty Value Distribution (1g) | (10g) | £ %, (1g) |+ %, (100) | Vs
Measurement System
Probe calibration + 6.6 % Normal 1 1 1 |+ 66%[+ 66%]| =
Axial isotropy + 4.7 % | Rectangular | V3 1 1 [£ 27%|x 27% 0
Hemispherical isotropy + 9.6 % | Rectangular | V'3 0 0 |+ 00%[+ 0.0% 0
Boundary effects + 1.0 % | Rectangular | V3 1 1 [+ 06%|+ 06% 0
Probe linearity + 47 % | Rectangular [ V3 1 1 | 27%[+x 27%] =
System detection limits + 1.0 % | Rectangular | V3 1 1 [+ 06%|+x 06% 0
Readout electronics + 0.3 % Normal 1 1 1 |+ 03%[+ 03%]| =
Response time + 0.0 % | Rectangular | V3 | 1 1 |+ 00%|+ 00%]|
Integration time + 0.0 % | Rectangular | V3 1 1 [+ 00%|+ 0.0% 0
RF ambient conditions + 1.0 % | Rectangular | V3 1 1 [+ 06%|+ 06% 0
Probe positioner + 0.8 % | Rectangular [ V3 1 1 |+ 05%[+ 05%]
Probe positioning + 6.7 % | Rectangular | V3 1 1 [+ 39%|+ 39% 0
Max. SAR evaluation + 2.0 % | Rectangular | V3 1 1 [+ 12%|+ 12% 0
Dipole Related
Dev. of exp. dipole + 55 % | Rectangular | V3 1 1 [+ 32%|+ 3.2% 0
Dipole Axis to Liquid Dist. + 2.0 % | Rectangular | V3 1 1 [£ 12%|+x 12% 0
Input power & SAR drift + 3.4 % | Rectangular | V3 1 1 [+ 20%|+ 20% 0
Phantom and Set-up
Phantom uncertainty + 4.0 % | Rectangular | V3 1 1 [+ 23%|+ 23% 0
SAR correction + 1.9 % | Rectangular | V3 1 [084]+ 11%[+ 09%]| =
Liquid conductivity (meas.) + 50 % Normal 11078]071|+ 39%|+ 3.6% 0
Liguid permittivity (meas.) + 50 % Normal 11026026 13%|x 13% ©
Temp. unc. - Conductivity + 1.7 % | Rectanqular | V3 ]0.78] 071 [+ 08%|+ 07% 0
Temp. unc. - Permittivity + 0.3 % | Rectangular | V3 ]0.23]026[+ 00%|+ 0.0% ©
Combined Uncertainty + 10.7 %| + 106 % | 330
Expanded Std. £ 214%|+ 21.1%
Uncertainty

Table 1: Measurement uncertainties of the System Validation with DASY5 (0.3-6GHz). The RF ambient

noise uncertainty has been reduced to £1.0, considering input power levels are = 250mW.

Page 42 of 46




Test report no.: 1-2868/21-03-03-B

cTC||

| advanced

member of RWTUV group

cDASY 6 - Uncertainty Budget for System Validation
for the 0.3 - 6 GHz range

Source of Uncertainty | Probability |Divisor[ Ci ¢ | Standard Uncertainty | 2o

uncertainty Value Distribution (19) | (10g)| *%, (19) |+ %, (10Q)| Vex
Measurement System
Probe calibration + 6.6 % Normal 1 1 1 [+ 66%[+ 6.6% %0
Axial isotropy + 47 % | Rectangular | V3 1 1 |+ 27%[+ 27%]| =
Hemispherical isotropy + 9.6 % | Rectangular | V3 0 0 |+ 00%|+x 00% o0
Boundary effects + 10 % | Rectangular | V3 1 1 |+ 06%|+x 06% o0
Probe linearity + 47 % | Rectangular | V3 1 1 |2 27%|x 27% o0
System detection limits + 10 % | Rectangular | V3 1 1 |+ 06%[+ 06%]| =
Modulation Response + 0.0 % | Rectangular | V3 1 1 |+ 00%|x 0.0% o0
Readout electronics + 03 % Normal 1 1 1 [+ 03%[+ 03% %0
Response time + 0.0 % |Rectangular [ v3 | 1 1 |+ 00%|+ 00%]|
Integration time + 0.0 % | Rectangular | V3 1 1 |+ 00%|+x 0.0% o0
RF Ambient Noise + 10 % |Rectangular | v3 | 1 1 |+ 06%|+ 06%]|
RF Ambient Reflections + 10 % | Rectangular | V3 1 1 |+ 06%|+x 06% o0
Probe positioner + 0.04 % | Rectangular | V3 1 1 |+ 00%|+x 0.0% o0
Probe positioning + 0.8 % | Rectangular | V3 1 1 |+ 05%|+x 05% o0
Max. SAR evaluation + 0.0 % | Rectangular | V3 1 1 |+ 00%[+ 0.0% o0
Dipole Related
Dev. of exp. dipole + 55 % | Rectangular | V3 1 1 |+ 32%|x 32% o0
Dipole Axis to Liguid Dist. + 2.0 % | Rectangular | V3 1 1 |2 12%|x 12% o0
Input power & SAR drift + 3.4 % | Rectangular | V3 1 1 |+ 20%|x 20% o0
Phantom and Set-up
Phantom uncertainty + 40 % | Rectangular | V3 1 1 [+ 23%[+ 23%]| =
SAR correction + 19 % Normal 1 1 0841+ 19%|x 16% %0
Liquid conductivity (meas.)°X + 25 % Normal 110781071+ 20%|x 1.8% 0
Liquid permittivity (meas.)>* + 25 % Normal 1023|1026+ 06%|[x 0.7% 00
Temp. unc. - Conductivity®: + 34 % |Rectangular | V3 [078[071 [+ 15%[+ 14%]| =
Temp. unc. - Permittivity®® + 0.4 % |Rectangular | V3 |023[026|+ 01%|+ 01%|
Combined Uncertainty t 95%|x 94 %
Expanded Std. Uncertainty + 19.0%|+ 188 %

Table 2: Uncertainties of a system validation with cDASY®6 (0.3-6GHz). The RF ambient noise uncertainty
has been reduced to +1.0, considering input power levels are = 250mW.

Footnote details:

BB if SPEAG’s broad-band liquids (BBL) are used that have low temperature coefficients;
DAK if SPEAG’s high precision dielectric probe kit (DAK) is applied.
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Uncertainty Budget for System Validation
(Frequency band: 300MHz - 6GHz range) with DASY8 System

Symbol Error Description Un\c/ertainty P.rob_abil_ity Divisor o i Standard Uncertainty
alue Distribution (1g) | (10g) | * %, (1g) | + %, (10g)
Measurement System Errors
CF Probe Calibration Repeat. + 13.1 % Normal 2 1 1 + 93% |+ 93 %
CFdrift  |Probe Calibration Drift + 1.7 %] Rectangular | ¥ 3 1 1 + 10%|x 1.0%
LIN Probe linearity + 4.7 %/ Rectangular [ V 3 0 0 + 00%|+ 0.0%
BBS Broadband Signal + 0.0 %| Rectangular | ¥ 3 0 0 + 00%[|+ 0.0%
ISO Probe Isotropy (axial) + 4.7 %/ Rectangular | vV 3 0 0 + 00%|+ 0.0%
DAE Data Acquisition + 0.3 % Normal 1 0 0 |+ 00%|+x 0.0%
AMB RF Ambient + 0.6 % Normal 1 0 0 |+ 00%|x 0.0%
Agys Probe Positioning + 05 % Normal 1 029|029 |+ 01%|+x 01%
DAT Data Processing + 0.0 % Normal 1 1 1 + 00%[|+ 0.0%
Phantom and Device Errors
LIQ(o) |Conductivity (meas.)®** + 25 % Normal 1 078|071+ 20% |+ 18%
LIQ(To) |Conductivity (temp.)®® + 3.4 %|Rectangular[ V3 078|071 |+ 15%[+ 14 %
EPS Phantom Permittivity + 14.0 % | Rectangular | V 3 0 0 + 00%|+ 0.0%
DIS Distance DUT - TSL + 13 % Normal 1 2 2 |+ 26%|x 26%
MOD DUT Modulationm + 0.0 %[ Rectangular | V3 1 1 + 00%|+ 0.0%
TAS Time-average SAR + 0.0 % | Rectangular | ¥ 3 1 1 |+ 00%[+ 0.0%
VAL Validation antenna + 3.2 % Normal 1 1 1 + 32%|x 32%
Pin Accepted power + 20 % Normal 1 1 1 + 20% |+ 20%
Correction to the SAR results
C(g, 0) [Deviation to Target + 19 % Normal 1 1 084+ 19% |+ 16%
u(ASAR) |[Combined Uncertainty + 10.8 % |+ 10.7 %
U Expanded Uncertainty +21.7% | 21.5%

Table 6.2.1: Uncertainty of a system validation with DASY8 system (300MHz - 6 GHz). The RF ambient
noise uncertainty has been reduced to + 1.0, considering input power levels are = 250mW. All listed error
components have ?e f fequal to «.
Footnote details:

BB if SPEAG’s broad-band liquids (BBL) are used that have low temperature coefficients;

DAKif SPEAG’s high precision dielectric probe kit (DAK) is applied.

Page 44 of 46




Test report no.: 1-2868/21-03-03-B CTC || | advanced

member of RWTUV group

9.4 Power set-up for validation

The uncertainty of the dipole input power is a significant contribution to the absolute uncertainty and the
expected deviation in interlaboratory comparisons. The values in Section 2 for a typical and a sophisticated
setup are just average values. Refer to the manual of the power meter and the detector head for the
evaluation of the uncertainty in your system. The uncertainty also depends on the source matching and the
general setup. Below follows the description of a recommended setup and procedures to increase the
accuracy of the power reading:

dir.
. 3dB .
Signal Low cable
Generator Pass I = } } @
Att3
Att2 |;
® =
Attl

&) —=
Dipole

The figure shows the recommended setup. The PM1 (incl. Attl) measures the forward power at the location
of the validation dipole connector. The signal generator is adjusted for the desired forward power at the
dipole connector and the power meter PM2 is read at that level. After connecting the cable to the dipole, the
signal generator is readjusted for the same reading at power meter PM2. If the signal generator does not
allow a setting in 0.01dB steps, the remaining difference at PM2 must be noted and considered in the
normalization of the validation results. The requirements for the components are:

+ The signal generator and amplifier should be stable (after warm-up). The forward power to the dipole
should be above 10mW to avoid the influence of measurement noise. If the signal generator can deliver
15dBm or more, an amplifier is not necessary. Some high power amplifiers should not be operated at a
level far below their maximum output power level (e.g. a 100W power amplifier operated at 250mwW
output can be quite noisy). An attenuator between the signal generator and amplifier is recommended to
protect the amplifier input.

* The low pass filter after the amplifier reduces the effect of harmonics and noise from the amplifier. For
most amplifiers in normal operation the filter is not necessary.

+ The attenuator after the amplifier improves the source matching and the accuracy of the power head.
(See power meter manual.) It can also be used also to make the amplifier operate at its optimal output
level for noise and stability. In a setup without directional coupler, this attenuator should be at least
10dB.

+ The directional coupler (recommended 3 20dB) is used to monitor the forward power and adjust the
signal generator output for constant forward power. A medium quality coupler is sufficient because the
loads (dipole and power head) are well matched. (If the setup is used for reflective loads, a high quality
coupler with respect to directivity and output matching is necessary to avoid additional errors.)

» The power meter PM2 should have a low drift and a resolution of 0.01dBm, but otherwise its accuracy
has no impact on the power setting. Calibration is not required.

+ The cable between the coupler and dipole must be of high quality, without large attenuation and phase
changes when it is moved. Otherwise, the power meter head PM1 should be brought to the location of
the dipole for measuring.

+ The power meter PM1 and attenuator Attl must be high quality components. They should be calibrated,
preferably together. The attenuator (310dB) improves the accuracy of the power reading. (Some higher
power heads come with a built-in calibrated attenuator.) The exact attenuation of the attenuator at the
frequency used must be known; many attenuators are up to 0.2dB off from the specified value.

+ Use the same power level for the power setup with power meter PM1 as for the actual measurement to
avoid linearity and range switching errors in the power meter PM2. If the validation is performed at
various power levels, do the power setting procedure at each level.
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+ The dipole must be connected directly to the cable at location “X”. If the power meter has a different
connector system, use high quality couplers. Preferably, use the couplers at the attenuator Attl and
calibrate the attenuator with the coupler.

+  Always remember: We are measuring power, so 1% is equivalent to 0.04dB.

9.5 Laboratory reflection

In near-field situations, the absorption is predominantly caused by induction effects from the magnetic near-
field. The absorption from reflected fields in the laboratory is negligible. On the other hand, the magnetic field
around the dipole depends on the currents and therefore on the feed point impedance. The feed point
impedance of the dipole is mainly determined from the proximity of the absorbing phantom, but reflections in
the laboratory can change the impedance slightly. A 1% increase in the real part of the feed point impedance
will produce approximately a 1% decrease in the SAR for the same forward power. The possible influence of
laboratory reflections should be investigated during installation. The validation setup is suitable for this
check, since the validation is sensitive to laboratory reflections. The same tests can be performed with a
mobile phone, but most phones are less sensitive to reflections due to the shorter distance to the phantom.
The fastest way to check for reflection effects is to position the probe in the phantom above the feed point
and start a continuous field measurement in the DASY multi-meter window. Placing absorbers in front of
possible reflectors (e.g. on the ground near the dipole or in front of a metallic robot socket) will reveal their
influence immediately. A 10dB absorber (e.qg. ferrite tiles or flat absorber mats) is probably sufficient, as the
influence of the reflections is small anyway. If you place the absorber too near the dipole, the absorber itself
will interact with the reactive near-field. Instead of measuring the SAR, it is also possible to monitor the
dipole impedance with a network analyzer for reflection effects. The network analyzer must be calibrated at
the SMA connector and the electrical delay (two times the forward delay in the dipole document) must be set
in the NWA for comparisons with the reflection data in the dipole document. If the absorber has a significant
influence on the results, the absorber should be left in place for validation or measurements. The reference
data in the dipole document are produced in a low reflection environment.

9.6 Additional system checks

While the validation gives a good check of the DASY system components, it does not include all parameters
necessary for real phone measurements (e.g. device modulation or device positioning). For system
validation (repeatability) or comparisons between laboratories a reference device can be useful. This can be
any mobile phone with a stable output power (preferably a device whose output power can be set through
the keyboard). For comparisons, the same device should be sent around, since the SAR variations between
samples can be large. Several measurement possibilities in the DASY software allow additional tests of the
performance of the DASY system and components. These tests can be useful to localize component
failures:

+ The validation can be performed at different power levels to check the noise level or the correct
compensation of the diode compression in the probe.

+ If a pulsed signal with high peak power levels is fed to the dipole, the performance of the diode
compression compensation can be tested. The correct crest factor parameter in the DASY software must
be set (see manual). The system should give the same SAR output for the same averaged input power.

+ The probe isotropy can be checked with a 1D-probe rotation scan above the feed point. The automatic
probe alignment procedure must be passed through for accurate probe rotation movements (optional
DASY feature with a robot-mounted light beam unit). Otherwise the probe tip might move on a small
circle during rotation, producing some additional isotropy errors in gradient fields.
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