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2  Calibration report “Probe EX3DV4”

Calibration Laboratory of

Schweizerischer Kalibriardienst

Schmid & Partner Service suisse d'etlonnage
Engineering AG Sarvizic aviszero & taratura

Zoughsusstrasse 43, 8004 Zurich, Switrarisnd Swiss Callbration Service

A 4 by tha Swiss A Senvics (SAS) Accreditation No.: SCS 0108

The Swess Accreditation Service is ore of the signatorios to the EA
Muttiateral Agreement for the recognition of calbration certificates.

Thiss cabty e do ihe tracestally 1o nadonal slondacds, which realize the physcal it of 151}
The and e wih probabiity are given on the folomng pages and are pan of the centificae.
Al calbrations have bean conducied in the dasod y facilty aond 122 2 Z1°C and bumickty < 70%

Cattvaton Equipownt used (METE wiical ke cattnabon)

Primary Standarcs (3] Cal Date (Cortifcate No ) Scheded C 4
Power meter NRP SN: 14775 06-AprZ! {No. 217-03201)03202) Age-22
Powwe sansce NRP-Z91 SN- 103244 06-Apr2) {No. 217-03261) Apr 22
Powor senser NRP-Z01 SN: 196245 C8-Ape-21 INo. 217-05262) Age-22
2008 SN: CC2552 (20%) O-Apr-21 (N, 217-03343) Ape-22
DAES SN: 650 730020 (No. DAE4A660 Dec20) | Dec21
Referenca Probe E530V2 SN 3013 $-Dec-20 {No. ES3-3013_Dec20) Dec-21
Standards 0 Check Cale {in house) Scraduked Check
Power metor E4<106 Sk GRA12333T6 O8-Ape-16 (n house check Jun-20) 1 house check: Jun-22
| Power sensor E&L12A SN MY41498087 08-Age-18 (s houss check Jun-20} 1 house check: Jun22
| Power sensor 42124 SN 0CO1 10240 08-Agr-18 (i houss check Jun-20} I Poush Gheck Jun-22
__RF genarior HP 38460 SN USIB4U01 100 04-Aug-92 (n house check Jun-20} In house chack. Jun-22
| Network Anahazer EB35S34 SN US41080477 31-Man-14 (in Pouse check Oc-20) in howse chack: Oct21
Fenctien
Caritwined by
Approved by

Is5eed. August 21, 2021

This colibraton certicate soall not 08 repreducid excegd in fll withoul wiithkén approval of the faboriory.

Cortificate No: EX3-7566_Aug21 Page 1 of 22
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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
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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
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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.7568 August 16. 2021
Dynamic Range f(SARpeaq)
(TEM cell , fuu= 1900 MHz)
10° ..
— ..0’ L ]
2
£ Ve
[ <
£ 10+ "o
co? »
hd
.
10° 104 0 10 10 0 0
SAR [mWiem3}
. o)
ol compensated compensated
@
2
5 o e T S s
:J .
2 |
10 12 10 109 o " 10
SAR [mWiem3)
K3 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

Page 9 of 22
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3  Calibration report “Probe EX3DV4”

Calibration Laboratory of S,

Schmid & Partner %“ = £
Engineering AG e

Zeughausstrasse 43, BI04 Zurich, Switeriand ‘,4"@»,,-

Accreciled by T Swiss Accealaion Senvice (SAS)
The Swiss Accroditation Service is one of the Bgnatories 10 the EA
Multilateral Agreement for the recognition of calibration cartificates

Caltranon protadure|s)

Catbration date:

Tris colbreaion cerificate documents the racostebty 1o nidonal standards. whach resfzs e plyscad uets of meisurmments |50

Schweolzorischer Kalibrierdienat
Service suisse d'¢talonnage
Sesvizio svizzero di taratura
Swiss Cabbration Service

This calbration cerificale shal nof be reproduced except in fuld withow wilten soprovi of T Ecatory.

Tne ms and the with probabity are given on e followng pages and are part of the cerificate

All it shons kv beea condachked in P dosnd Bboralory Bakly eov % (22 + 37°C and humiity < 70%

Cotbraton Equipment osed (MATE criical for calbration)

Primacy Stw [s] Cal Dy (Cornficane No ) Sehedumd Castranon

Power mewer NRP SN: 104778 S Apr21 (No. 217-03291/03292) Apr22

Power sersor NRP-Z91 SN 103244 D2Apr21 (No. 21703291 ) Apr22

Power sansor NRP-Z61 SN 103248 D8-Apr21 (Ne 217-03292) Apr- 22

Rederarca 20 6B Antanustor SN CC2552 (aCx) O9-Age-21 (No 217-03343) Ape-2Z

DAES SN 680 13.0ct-21 {No. DRE4.560_Ocl21) Oct-22

Relerence Probe ESION2 SN 3013 27.Dec21 (No. ES33013 Dec21) Dec22

Sewodary Standants 2] Chack Die (in house) Schadued Check

Power meter E44156 SN. GB41293574 CG-Apr-16 (in Fouse chack Jun-200 In housa check: Jun-22

Power sensor E44124 SN: MY4 1458007 C6-Apr-16 (in house check Jun-20) In house chezk: Jun-22

Powsr seosce £44124 SN 0001 10210 C6-Ap-18 (in house chack Jun-20) In house chadk: Jun-22

RF gereralor HP 55480 SN US3842001700 04-A00-99 (i housa chack Jun-20) n house chack Jun-22
Aralyzer E2358A SN US41080477 31-Mar-14 (n howse chock Oct-20) In house check: Oct-22

Name
Cabbrated oy Jelon Ka
Approved by.

Cendcate No EX3-7635_Janz2 Page 10124
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Calibration Laboratory of s s Kalib
Schmid & Partner G Service suisse d'étalonnage
Engineering AG s Servizio swizzero di tarstura
Zoughauastrasse 43, BO04 Zurich, Switzertand Swiss Calibration Service
Accrasind by the Swiss Accrodtation Service (SAS) Accroditation No.: SCS 0108
The Swiss Accreditation Service is cae of the signatories 10 the EA
Multiateral Agreement for the recognition of calibration certficates
Glossary:
TSL tissue simulating kquid
NORMxy.2 sensitivity in free space
ConvF sensibvctynTSUNORMxyz
DeP ciode COMpression poi
CF crest factor (wuy cyde) ofme RF signal
ABCD dutation t Enearization parameters
Pelarization o p rotation amund probe axis
Polarization § 3 rotation arcund an axis that s in the plane normal fo probe axis (3t measurement center),
ie., 5= 0is normal to probe axs
Connecter Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:
8) |ECNEEE 62208-1528, "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 Modets, Instrumentation And Precedures (Frequency Range of 4 MHz to 10 GHz)", October
2020.
b) KDB 885664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Momoda Applied and Interpretation of Parameters:
NORMy.y.z: Assessed for E-field polarization 4 = 0 {f = 900 MHz in TEM-cell: f > 1800 MH2: R22 wavegusde).
NORMx.y z are only intermediate vaiues, | ¢, the uncertantes of NORMX,y,Z does not affect the E%figid
uncertainty inside TSL (see below ConvF)

o NORM(f)xy.z = NORMx.y.Z * fre D (see Freg y Response Chart). This linearization is
implemented in CASY4 softmro votl»ons later than 4 2. The uncertamty of the frequency response s inciuded
in the stated uncertainty of ConvF

o  DCPxy.z: OCP are numerical ineanzation parameters assessed based on the data of power sweep with CW
signal {no uncartainty required). DCP daes not depend on frequency nar media

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

o Axyz 8xyz Cxyz Dryz VRxyz A B C Dare numerical ineanzalion 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 calbration range expressed n RMS voltage across the diode.

* ConvF and Boundary Effect Paramelers. Assesged in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distrbutions based on power
measurements for f > 800 Mz The same setups are used for assessment of the parameters applied for
boundafy compensation (alpha, depth) of which typical uncertanty values are given. These parameters are
usad in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL coresponds
to NORMx.y,2 * ConvE whereby the uncertainty corresponds to that given far ConvF. A frequency dependent
ConvF Is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to + 100
MHz

o Sphencal sofropy (3D deviation from isotropy) In a field of low gradhents reakzed using a flat phantom
exposed by a patch antenna

* Sensor Offset The sensor offset corresponds to the offset of virtual measurement center from the prabe te
{on probe axis). No tolerance required.

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

Cenficate No. EX3.78356_Jan22 Page 2.0 24
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EX3DV4 - 5N 7635 Jarwary 14 2022

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7635

Basic Calibration Parameters
|

Sensor X Sensor Y Sensor Z Unc (k%2)
Norm (uV/(Vim)4* | 0.73 060 065 £10.1%
DCP (mv)" | 106.9 1083 106.6
Calibration Results for Modulation Res
Ui Communication System Name | A B | ¢ 5] VR Max Max
dB | dBgv a8 my  dev. Unc®
0 cW X [ 100 | 000 | 148§ | £30% g(:.'vz%
Y | 000 | 000 1.00 167
s Z | 000 | 000 | 100 157 4
"10352- | Putse Wavelorm (200Hz, 10%) X | 137 | €000 | 586 | 1000 | 600 | *35% | =896%
ARA Y | 12€0 | 7400 | 1100 600 |
2| 157 | 6089 | 663 €0
10853 | Pulse Wavelom (200Hz, 20%) X | 2000 | 7400 | 000 | 695 | 80O | 230% | 256%
ARA Y 171060 | 7200 | 900 £0
Z1 0 6000 | 504 80,
10354- | Puise Wavefomn (200Hz, 40%) X | 021 | 14198 | 007 | 396 : T271% | 266 %
ALL, Y | 052 | 6000 | 385
Z | 2400 | 7200 | 700 35.0
110355- | Puse Wavelom (200HZ 60%) X | 841 | 15873 | 1808 | 222 | 1200 | =17% | t96%
MDA ¥ | 1104 15724 | 718 1200
—— Z 15918 | 1618 1200
10337- | CPSK Wavaloem, 1 MH2 X 45 | 8160 | 1081 | 100 | 1500 | =44 % | £98%
AR Y 4 62 35 174 0.0
Z .4, 8183 | 1093 0.
10388- | CPSK Waveform, 10 MHz X | 115 | 6225 | 1281 | 000 00 | =00% | 296 %
AAA Y 1.24 6527 1 1 0.1
£ | 118 4 75 1273 150.
10386 | 64-QAM Wavelorm, 100 kHz X1 16 53.55_| 1541 | 301 | 1600 | +10% | 96 %
AAL Y | 167 3631 | 1584 | 1500
v k) 6.__511! 16 41 150.0
10388, | 64-0AM Waveform 40 MHz X | 269 | 6547 | 1455 | 000 | 1500 | +25% | 96 %
ARA Y | 272 | 6568 | 1485 | 1500
Z | 266 | 5593 471 150.0
10414 | VAN CCOF, 64-QAM. 40MHz X 84| 55.05 20 | 000 | 1500 T #42% | +98%
- AAA Y 79 &8 35 31 150
{ F3 74 50 | 1527 1500

L
Note: For details on UID parameters see Appendix

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

:mmmmx.v,zummwE'mmwmts:.tmkumﬂ
non

w:«uw;mgmnmn o Yow lneer ] GUar dsbitution and s expressed o 1w sauanm ol 1
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Test report no.: 1-2868/21-03-02 CTC ||| advanced

member of RWTUV group

EX30V4- SN7635 Januacy 14, 2022
DASY/EASY - Parameters of Probe: EX3DV4 - SN:7635
Sensor Model Parameters
c1 c2 a T T2 T3 T4 75 T6
F F V' | mev? | msv' | ms v g
X 99 71.91 3360 508 0.00 491 0.00 008 1.00
| Y 88 62.37 32.32 5.51 0.00 4.90 0.51 0.00 1.00
i Z 81 57.79 32.91 344 0.00 494 062 0.00 1.00
Other Probe Parameters
Sensor Arrangement | Triangular
Connector Angle () -179.5
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Cverall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 25mm
Prote Tip to Sensor X Calibration Peent 1mm
Prote Tip to Sensor Y Cabration Point Tmm |
Probe Tip to Sensor Z Calibration Paint Tmm |
Recommended Measurement Distance from Surface 14 mm
Note: Measurement d from surface can be d to 3-4 men for an Area Scan job,
Certificate No EX3-7635_anz2 Page 40f 24
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member of RWTUV group

EX30V4- SN:T638 January 14 2022

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7635

Callbmlon Parameter Determined in Head Tlssuo S$mulaﬂn9 Media

| 1(MH2)° mg' °°'{‘f,"v""’ 1 ConvEX | ConvFY | ConvFZ | Alpha® | o.";.::; | g‘t:-mg
——

450 435 0.87 176 | 1176 | 1176 | 016 | 130 | +133%
600 427 088 1103 | 1103 | 1103 | 010 | 125 1 $133% |
750 419 088 1073 | 1073 | 1073 | ost | o080 | £120%
850 415 0.2 1046 | 1046 | 1046 | 050 | 082 | +120%
900 | 415 097 1037 | 1037 | 1037 | 047 | 080 | =2120%
wso | 405 | 120 926 | 926 926 | 033 | 080 | 2120%

1640 | 402 1.31 9.14 9.14 944 | 031 | 080 | $120%
1750 40.1 1.37 911 9.11 811 | 023 | 086 | +120%
1900 40.0 1.40 873 873 873 | 034 | o086 | £120%
2150 | 307 153 | 848 248 848 | 033 | 086 | £120%

2450 | 2 | 180 | 785 | 795 | 795 | 037 | 090 | £120%

°¢.mkumaoow:dfmaumaw-mmwmsvuAmmoumzs Al B rescied 1o 1 S0 MHz The
wcadanty s the RSS of the Comé at ¥ and e y for e raguency band. Frequancy valdly
Dblow 300 MHz 16 2 10, 25, 40. 9 and 70 MHz for Comv assessments at 30, 64, 128, 1sowzzom-¢mmmm Valisity of ComF assessed at
6 W2 & 4-0 Mz, andd Com assensed al 13 MHz & 919 MMz Above 8 GHz frequency validity can be exdended 1o = 110 MHz

* At frequencies delow 3 GHz. the vakdty of issoe parametens |« and o) can be relaxad 10 = 10% ¥ IQuit covpansation oMU & Appee 1o

measwed SAR vakses Al frequences above 3 GH2, 2w vidicity of S53ue & slcada)is 10 £ 5%, The urcertanty s the RSS of
the ConwF uncertanty %or indicated targe! 55508 paramelens
% Alpha/Dep are dotermined daing calbration. SFEAG warmants that the ! cum 1o the y o¥oct sftor v e

always jess than < Q%mm:musbmBGHzaMwmr?ﬂh:&nmm“MuquWMM&emu
dismeler from e boundary.

Centificate No: EX3-7635_Jan22 Page 5ol 24
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Test report no.: 1-2868/21-03-02 CTC || advanced

member of RWTUV group

EX3DV4- SN 7635 January 14 2022

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7635

Calibration Paramotor Dmrmined in Body Tissue Simulating Media
Co J'uu, | Depthd

nc
|t {MHz)© Potmm__vny' (8Im)* ConvF X | ConvF Y | ConvFZ | Alpha®| (mm) (=2}
450 56.7 0.54 11.93 11.93 11.83 011 120 $133%
600 561 095 | 1124 | 1124 | 1124 | 010 | 135 | :2133%

9 Froguency valisity above 300 MHz of £ 100 MHz eniy lefDASVv‘AaMN’w(m Pm’l e i & resincied (o = 50 MHZ The
wncintnty is the RSS of 9 Com o y at ¥ and the ty for e #led frequency tand. Frequancy vaildty
Eolow 300 MHZ 15 £ 10, 25, 40 S0 and 70 MMz for Comf msmm:a!.’! 4, 123, 150“220%% Valdity of Cormnf sssessec at
6 MEZ i5 4-9 MHz, and Cornl assessad 8113 MHZ 15 519 MHz. Abcve 5 GHz Tregquency vahdity Can ba extended o = 110 Mz

" Al frequancies below 3 Giz, the valdty of bssue parametens {c and o) can be reliead 10 + 10° ¥ fquid compersation formia s appiied 1o
measwred SAR values. Al feguences above 3 GHZ. the validity of Sesus parameters (c and o) ks resticied to + 5% The uncenainty is the RSS of
nmwmmmmmwwmupamm

* Apha'Degth are determined curing SPEAQ 1hat the 1 due 10 the boundary effect after compensation i
ohmiwsman:l%m!vequendnwon:»cummumzmkvim;nmnmnmyamWMthumw
dametes from the boundary

Certificate No EX3-7635_Janz2 Page § of 24
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Test report no.: 1-2868/21-03-02 CTC ||| advanced

member of RWTUV group

EX3DV4- SN 7635 Janusry 14 2022

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7635

Calibration Panmour Determined In Hoad Tlssue Slmulatlng Media

—ad P T = |
1 (MKz)© Pumth}' (Smy* ConvFX | ConwF Y | ComvFZ | Alpha® | (mm) (k=2) !
6500 | 45 807 | 580 | 580 560 0.20 ‘_7‘2.50 2186% |

© Frequency valisity abowe 6GHZ % £ 700 Mz The uncrainty i 1he RSS of the Coowf uncertanty at calbration fracuency and the uncertanty for
e indcated frequency band
" Al oquerces §-10 Gz, the validly of bszue parameters (¢ and ») Zan be relaxed 0 + 10% £ kquid componsation formua i apphad 1o easwred
SAH values. The unceranty is the RSS of e ComE uncanaingy for ndicated target uqul- L alen

“ AlphaiDeptn are determned dunng SPEAG that the i\ G0 10 e boundaty «Mact 38 Compansation is

Bhways less than £ 1% for frequencies befow 3 GHz. m-:nuwmaém and Dalow 3 45 for requanciés betwmesn 6-10
Giiz o any Gstance larger 1an haf the prode Nip clameter from T boundary

Cenifcate No. EX3.7635_Jan22 Page 7of 24
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Test report no.: 1-2868/21-03-02

cTC||
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member of RWTUV group

EX30DV4- SN 7835 January 14, 2022

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

05 i i T s outl | 1 L} L
0 1'50) 2000 2500 3000
o R
Rz

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

Certificate No® EX3-7635_Janz2 Page 8ol 24
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Test report no.: 1-2868/21-03-02 CTC ||| advanced

member of RWTUV group

EX30V4~ SN 7838 January 14, 2022

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz,R22
L %
£ & ™ £
” 5 »
J ; g
% it ¢
- 3 b
oo ! '..":..CA 3¢ opae P » 7. = ."' 5. o o e
.- Y t " H -
stf . L |
. 4 ’
.
' et e b ) 56
. P
" . B . . o
Tat X Y Z T X Y Z

Q5+
;00’."'04 ."”*’...'O'-'...""fi'll e esay ..:..
& L
-0.')\
‘ 3 < ] i 1 1
%0 100 -50 0 50 100 %0
x| () e Lz L]
1063 euo‘w't 1800 Wiz 'Aob'd—«
Uncertainty of Axial Isotropy Assessment: + 0.5% (k=2)
Cerificate No EX2-7635_Janz2 Page 90f 24
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Test report no.: 1-2868/21-03-02
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member of RWTUV group

EX3DV4- SN 7635

Dynamic Range f(SARheaq)

(TEM cell , fovw= 1900 MHz)

iy
«
-

Input Signal [uV]

-

L=}
=

A,

102 d
,‘.
.’.‘
P,
T T T T
103 102 10! 1 o w02
SAR [mWem3]
) (o]
not compenaated compensated
2
5 0 -7 e ) SO o e o o
O e
-1
2 1 T |
10? 10? 0" 100 10° 10t
J SAR [memd] ]
’
ot compensated compersated

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

Cartificate No. EX3-7635_Jan22 Page 10 0f 24
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Test report no.: 1-2868/21-03-02 CTC || |

EX30V4- SN T63%5 January 14 2022

Conversion Factor Assessment

f = 850 MHz WGLS RS (H_conf) { = 1500 MHz WGELS R22 (M_comné)
o
2 -
;:; 3 ? x
5 b
o P X * - @ 5 Lk B N A » » &
zjowr| Loy
. . ’ .
O e wecs e )
Deviation from Isotropy in Liquid
Error ($, 8), f = 900 MHz
0 08 06 D4 L2 00 02 04 06 083 10
Uncartainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
Certificate No: EX3-7635_Janz2 Page 110l 24

Page 22 of 55

member of RWTUV group



CTC || advanced

member of RWTUV group

Test report no.: 1-2868/21-03-02

4  Calibration report “450 MHz System validation dipole”

Calibration Laboratory of 0, S Schweizerischar Kalibriersionst

Schmid & Partner e C Service suisse détalonnage
Engineering AG T Servizio svizzero di taraturs

Zeughausstrasse 43, 3004 Zurich, Switzeriand YN S swiss Catibration Servics

RN

Accrediied by the Swiss Accreditation Savice (543)
The Swiss Accreditation Sorvice is ono of the signatores to the EA
Multilateral Agroamant for the recogaition of calibration certificates

Accreduation No,: SCS 0108

cuent  CTC advanced GmbH Cortificate No: D450V3-1080_Jan20
CALIBRATION CERTIFICATE
0ot D450V3 - SN:1080

QA CAL-15v9
Calibration Procedure for SAR Validation Sources below 700 MHz

Caibration procedure)s)

Calibration date:

January 15, 2020

This calbreation cenficale documents tha lraceabilly 1o nahona standargs, which reakzs the phy units ot varts (S1)
The measurements and the urcertantios with corddence protatiily are ghven on e folowing pages and are part of the cemfcate

A catbrancns have besn conducted in the clased Iabersary facilty: anvirorment semparaues (22 £ 3)°C ang humdity < T0%

Catbraben Equipment usad (MAATE critical for cabation)

Primary Slandards libe Caf Date (Certiticate No ) Scheculed C

Power metar NRP [ sn: 104770 03-Ape- 18 (N 217-028E2N02853) Age-70

Powar safeor NRE-Z51 SN 106244 03-Apr-13 [No. 217-02892) Ape20

Power samor NRP.251 SN: 103245 03-Apr-18 {No. 217-02803) Apr-20

Refernnoe 20 9B Attenuatar SN: 8277 (20x) 0480719 (No. 217.02838) Apr-20

Type-N mismanch combination SN 50472706327 O4-Apr 18 (No. 217-02835) Apre-20

Ralerence Prote EXGOV4 SN 3877 31-Dec19 {No. EX3-3877_Dec19) DOoc-20

DAE4 SN 654 27-Jun-19 (No. DAES-654_Jun1g) Jun-20

Secondary Standancs l iow Chack Date (n house) Senedued Chack

Pawer mater E447158 .' SN GB41293874 06-Apr-16 (in house chack Jun-18) In house check: Jun-20

Pawer sansar 44124 SN MY41205087 06 Ape-16 (in house chack Jun-18) n nouss check: An-20

Power sensor F44124 SN Q00119210 08-Ape-15 {in houss check Jun-18) In house check Jun-20

RF generatar P 86430 SN USI42001700  04-Aug &6 (n house chadk Jun-18) In house chede Jun-20

Netwatk Analyzer Agient EBISEA | SN; US41080477 31-Mar-14 {in house check Oct 19) In heuse chack: Oct.20
Name Function Signature

Calbeaad by Michae! Woar Laboratory Tachnician wétj_

Approwed by K38 Fokowe Tachnical Marager

S

Issuad: January 18, 2020

Thia calbratcn canficate shall not be reproduced axcapt in ful withau! witten approval of the laboratory

Certificate No: D450V3-1060_Jsn20
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Calibfation Laboratory of i\'“"v\l_lz"""'/,; S  Schweizeri Kalibri
Schmid & Partner ;% c Service suisse d'étalonnage
Engineering AG =S Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzertand U S Swiss Calibration Sarvice
Accredited by the Swiss Accredeation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multifateral Agraement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62208-1, "Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

c) |EC 62209-2, "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)", March 2010

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

Additional Documentation:
e) DASY4/5 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,

» FElectrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

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

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

» SAR for nominel 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%.

Certificate No: D450V3-1060_Jan20 Page2of8

Page 24 of 55




Test report no.: 1-2868/21-03-02

Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52103
Extrapolation Advancad Extrapolation
Phantom ELI4 Flat Phantomn Shell thickness: 2+ 0.2 mm
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution ax, dy, dz =5 mm
Frequency 450 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 435 0.87 mha/m
Measured Head TSL parameters (220x02)°C 441126% 0.87 mhoim +6 %
Head TSL temperature change during test <05°C e _—
SAR result with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAR measured 250 mW Input power 111 Whkg

SAR for neminal Head TSL parameters

normalized to TW

4.45 Wikg £ 18.1 % (k=2)

SAR averaged over 10 cm’ (10 g) of Head TSL

condition

SAR measured

250 mW input power

0.745 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

2.99 Wikg £ 17.8 % (k=2)

Body TSL parameters
The following parameters and calculations wers applied.
Temperature Parmittivity Conductivity
Nominal Body TSL parameters 220°C 56.7 0.94 mho/m
Measured Body TSL parameters (22020.2)“C 563:6% 0.94 mho/m 2 6 %
Body TSL temperature change during test <05°*C - -
SAR result with Body TSL
SAR averaged over 1cm’ (1 g) of Body TSL Condilion
SAR measured 250 mW Input power 115 Wihg
SAR fer nominal Body TSL parameters normalized to TW 4,59 Wikg £ 18.1 % (k=2)
SAR averaged over 10 cm’ {10 g) of Body TSL condition
SAR measurad 250 mW input power 0.773 Wike

SAR for nominal Bedy TSL parameters

normalized to 1W

3.09 Wikg £ 17.6 % (k=2)

Certficate No: D450V3-1060_Jan20
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Test report no.: 1-2868/21-03-02 CTC ||| advanced

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

Impedance, transformed to feed paint $8.10-18j0
Retum Loss -2144dB

Antenna Parameters with Body TSL

Impedance. transformed 1o feed point 5500-6212
Return Loss -224dB

General Antenna Parameters and Design

[ Electrical Delay (one directon) I 1.360 ng

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 feading line is directly connected to the
second arm of the dipole, The antenna is therefore short-circuted for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in arder to improve malching when loaded according to the posilicon as explained In the
"Measurement Conditions” paragraph. The SAR data are not affecled by this change, The overall dipole length is still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG
I ]

Certificate No: D450V3-1080_Jan20 Page d of 8
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DASYS5 Validation Report for Head TSL

Date: 08.01.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 450 MHz; Type: D450V3; Serial: D450V3 - SN: 1060

Communication System: UID 0 - CW; Frequency: 450 MHz

Medium parameters used: =450 MHz; ¢ = 0.87 S/m; & = 44.1; p = 1000 kg/'m®
Phantom section: Flat Section

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

DASYS2 Configuration:
e Probe: EX3DV4 - SN3877; ConvF(10.58, 10.58, 10.58) @ 450 MHz; Calibrated: 31.12.2019
o Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn654; Calibrated: 27.06.2019
» Phantom: ELI v4.0; Type: QDOVAO01BB: Serial; TP:1003
o« DASYS252.10.3(1513); SEMCAD X 14.6,13(7474)

Dipole Calibration for Head Tissue/d=15mm, Pin=250mW/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=3mm, dy=Smm, dz=Smm

Reference Value = 38.56 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 1.72 Wikg

SAR(1 g) = 1.11 W/kg; SAR(10 g) = 0.745 Wikg

Ratio of SAR at M2 10 SAR at M1 = 64.4%

Maximum value of SAR (measured) = 1.50 Wikg

dB
0

-2.00
-4.00

-10.00

0 dB = 1.50 Wkg = 1.76 dBW/kg

Cartificate No. D450V3-1080_Jan20 Page 50of B
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Impedance Measurement Plot for Head TSL

Elo Yew Channel Swgep Calbration Jrace Scale Marker System Window bep
.""’_\1

Chisugs 20
Chi- Star 290,000 MHz

Stop 650 000 MHz2

10 00

qO0R00

Sw

0 00

}5. 00

1900

15 0
R0 (0

2300

2000

35 00
L0 00 Ch | Ang = |00

Chi. St 250 000 Mg

Hop $50 000 Mz
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Antenna Parameters with Head TSL

From cal. data

Measured 2022-04-22

Impedance; transformed to feed
point

59.1Q -1.8jQ

56.7Q -2.4jQ

Return Loss

-21.4dB

-23.5dB
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DASYS Validation Report for Body TSL
Date: 15.01.2020

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 450 MHz; Type: D450V3; Serial: D450V 3 - SN: 1060

Communication System: UID 0 - CW: Frequency: 450 MHz

Medium parameters used: f =450 MHz; 6 = 0.94 $/m: & = 56.3; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
» Probe: EX3DV4 - SN3877; ConvF(10.58, 10.58, 10.58) @ 450 MHz; Calibrated: 31.12.2019
= Sensor-Surface: | 4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn654; Calibrated: 27.06.2019
» Phantom: ELI v4.0; Type: QDOVAO01BB: Serial: TP: 1003
« DASYS5252.10.3(1513); SEMCAD X 14.6.13(7474)

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

Reference Value =41,51 V/m; Power Drift =-0.03 dB

Peak SAR (extrapolated) = 1.75 W/kg

SAR(1 g) = L.15 W/kg; SAR(10 g) = 0.773 W/kg

Ratio of SAR at M2 10 SAR at M1 = 63.7%

Maximum value of SAR (measured) = .54 Wikg

dB

0dB = 1.54 W/kg = 1.88 dBW/kg

Centiicate No: D450V3-1060_Jan20 Page 7 of 8
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Impedance Measurement Plot for Body TSL

fle View Chanosl Swesp Celbvstion Trace Scake Maker System Window Heb

10 00
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000

15 00

110,00
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0.
25 00
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=0 00
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Chi: Seart 250000 MKz

57 140 f F
100000 Mz

10000 M2

65021 O
b 1846 ()

ac mi

Stop 630 000 MHz

'411 dE

Ch 1 Avg

20

Cnl- Stan 250.000 MHe

Sty CH1 Bi1 | C°1Pot
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Stop £50 000 MHE

LCL
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5 Calibration report “600 MHz System validation dipole”

Calibration Laboratory of S, s Ischer Kallbrierd)
Schmid & Partner e (S: Service suisse G'étalonnage
Engineering AG D3 s Servizio svizzero di taratura
Zoughausstrasse 43, 2004 Zurich, Switzerland 2 ’f?}w Swigs Calibration Service
Accrecited by the Swiss Acoreditation Servce [SAS) Accreditstion No.: SCS 0108

Tha Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreament for the recognition of calibration certificates

TR = = ] e
4

i
A T ST S
R D Y

Object

Caibrafion peocedure(s)

Catbeaton date: 1 T RN (IS B2 Ty
This Cartifcate the Lehty 10 Nab sharciards, which reaize the physics! units of (-0
The and the 1 with conky = #re gven on the following pages avd sre part of the cerifcate.
Al calib hava baen cond n e dosed kb y faciity. e £6 172 % 3C And huemicity < TO%.

Calibraton Equipment used (MATE criteal for calbeation)

Prvary Standarcs o8 Gt Date (Cavticat: No) Scheduied Cawration
Power meter NRP SN 104778 D4-Apr-22 (No. 217-0382503524) Apr-23

Power sensor NRP.291 SN 105244 04-Ape-22 (No. 217-00524) Apr-22

Power sansor NRP-291 SN. 103245 04.Apr22 (No 217-03525) Ape-23

Reference 20 cB Alterussior SN CC2552 (20x) 04-Apr22 (No. 217-03527) Apr-23

Type-N mismalch combination SN. 310382 ) 06327 D4-Apr-22 (No. 217-03528) Apr23

Reference Probe EXI0V4 SN: 3817 31-Dec-21 (No. EX3.3877_Dec21) Dec-22

DAE4 SN: 654 26-Janr22 (No. DAES-654_Jand2) dan-73

| Secondary Stinderds o1} Chock Dats (1 howase) Sthedued Check
Power meter E44188 SN: GBa1283874 DE-Ape-16 (in house check Jun-20) in house check. Jun-22
Power sensor E4492A SN: MY41402087 06-Agr-16 (in housa check Jun-20) In house check. Jun-22
Power sentor E4412A SN: 000110210 06-Age-16 (in house check Jun-20) In house chack: Jun-22
RF generaar HP 5645C SN USISA2U01700 D4-A0-99 (in bouse chedk Jun-20) In house check. Jun-22
Network Analyzer Agilent ES8358A | SN: US41080477 31 Mar-14 (in house chack OcL.20)

|Cmbr.

Aoproed by

lm‘mnmmmmuwwmmmmmamdmwm
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Calibration Laboratory of _&-f:'\;"_,"/'v;,_, S Schweinerscher K
Schmid & Partner s G Service suisss détalonnage
Engineering AG e Senvizio svizzero di tarstura
Zoughausstrasse 43, 8004 Zurich, Switzertand Ny S Swiss Calibeation Service
Accrediled by the Swiss Accreditstcn Senvice (5A5) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signataries to the EA
Multhateral Agreament for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

Centificate No: DEOOV3-1015_May22 Page 2of6
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Measurement Conditions
DASY system configuration, as far as nol given on page 1.
DASY Version DASYS52 V52104
Extrapolation Advanced Extrapoiation
Phantom ELI4 Fiat Phantom Shell thickness: 2 + 0.2 mm
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx. dy, dz = 5mm
Frequency 600 MH2 £ 1 MHz
Head TSL parameters
The following parameters and calcuations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C a7 0.88 mhao/im
Measured Hoad TSL parameters {220£02)°C 43126% 0.92 mho/m £ 6 %
Head TSL temperature change during test <05°C - —
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW ingut power 1.63 Wikg
SAR for nominal Head TSL parameters normaiized to 1W £.31 Wikg £ 18.1 % (k»2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 107 Wikg
SAR for nominal Head TSL parameters normalized to 1W 4.17 Wikg £ 17.6 % (k#2)
Certificate No: DS00V3-1015_May22 Page 3ol 6
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Appendix {Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed pont 5690-17 0
Retumn Loss -23.5¢8
General Antenna Parameters and Design
| Esectrical Delay (one direction) | 1150 ns |

Alter long term use with 100W radiated powsr, only a sight warming of the dipole near the feedpoint can be measurad.

The dipole Is made of standard semirigid couxial cable, The center conductor of the feeding kne & 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 1o the dipole arms in orger 1o improve matching when loaded according 1o the posilion as explained in the
"Measurement Conditions” paragraph. The SAR ¢21a are not affected by this change. The overall gipole length is still

according to the Standard.

No excessive force must be applled 1o the digole arms, because they might bend or the soldered connections near the

feedpoint may be damaged

Additional EUT Data

[ Manufactured by

SPEAG

Certificato No: DEOOV3-1015_May22
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DASYS5 Validation Report for Head TSL
Date: 18.05.2022
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 600 MHz: Type: D600V 3; Serial: D600OV3 - SN: 1015
Communication System: UID 0 - CW: Frequency: 600 MHz
Medium parameters used: £ = 600 MHz; 6 = 0.92 S/m: & = 43.1; p = 1000 kg/m'
Phantom section: Flat Section
Measurement Standard: DASY'S (IEEE/IEC/ANSI €63.19-2011)
DASY 52 Configuration:
» Probe: EX3DV4 - SN3877; ConvF(10.08, 10,08, 10.08) (@ 600 MHz; Calibrated: 21.12.2021
« Sensor-Surface: I.4mm (Mechanical Surface Detection)
« LElectronics: DAE4 Sn654; Calibrated: 26.01.2022
+ Phantom: ELT v4.0; Type: QDOVAOD1BB; Serial: TP: 1003
o  DASYS52 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=Smm, dz=5Smm

Reterence Value = 50.36 V/m; Power Dnift = -0.03 dB

Peak SAR (extrapolated) = 2.58 Wikg

SAR(1 g) = 1.63 W/kg: SAR(10 g) = 1.07 W/kg

Smallest distance from peaks to all points 3 dB below = 23.3 mm

Ratio of SAR at M2 to SAR at M1 = 63.5%

Maximum value of SAR (measured) ~ 2.22 Wikg

-1.80
-3.60
-5.40

-1.20

-9.00

0dB =222 Wikg = 3.46 dBW/kg

Certificate No: DEOV3-1015_May22 Page 5of6
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Impedance Measurement Plot for Head TSL
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6  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 Ischer Kalib
Schmid & Partner ——e Service suisse o'étalonnage
Engineering AG % Servizio svizzero di tarstura
Zoughausstrasse 43, 8004 Zurich, Switzeriand Rl Swiss Calibration Service
A
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.

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

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

reflected power. No uncertainty required.
SAR measured: SAR measured at the stated antenna input power.

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

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

nominal SAR result.

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

Centificate No. D2450V2:710_May22 Page 2ol B
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Measurement Conditions
DASY systemn configuration, as far as not given on page 1
DASY Version DASY52 VE2.10.4
Extrapolation Advanced Extrapolation
Phantom Maodular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spaocer
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 <0S5°'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 Viikg
SAR for nominal Head TSL parameters normalized to 1W 24.1 Wikg 2 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)
Centificate No: D2450V2-710_May22 Page 3of B
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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

Cenificate No: D2450V2.710_May22 Pageof &

Page 43 of 55




Test report no.: 1-2868/21-03-02 CTC ||

| advanced

member of RWTUV group

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
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Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laberatory of A Schwelzerischer Kalibrierdlenst

Schmid & Partner A 2 Service sulsse d'étatonnage
Engineering AG ) Servizio svizzero di tarmturs

Zeughsussirasse 43, 8004 Zurich, Switoertand e S guiss Calibeation Service

Accreditad by the Swiss Accradiaton Sanvice (SAS) Accreditation No.: SCS 0108

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

Multilateral Agreemant 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
| Caibration procacurals) QA CAL-D6.v30

Calibration procedure for the data acquisition electronics (DAE)

| Casteaton date August 06, 2021

Tres calbranon candficae documants s Haceabiity 1o natioedl standards, wiich realize tha physical Lnits of maasuraments (54,
Tha measurements and ™ha uncataintes with contidenca probabiity am givan an the loliowerg Dages and e parn of the cadilicate,

All calinrations have Dasn conducted in the closad IRboratory laciity. environment ienparnaliee (22 « 3)°C and humidity < 70%

| Caltration Equipean used (MATE cnticad for calibvation)

| Primary Standasds lipa Cal Date (Coaificace Ne.) Sehvechind Culbraton
Kefthiey Multimster Type 2001 | SN: 0670878 (7-Sep-20 (No:2BE47) Sep-21

Secondary Standags [1D# Chieck Dats {in houss) Scheduled Check

Auto DAE Calbration Une SE UWS 063 AA 1007 OF-Jdan-2t (in houso check) In housa cheok: Joanv 2?2

Catbrator Box V2.1 SE UMS 006 AA 1002 O7-Jan-21 (n house check) In house check: Jan-22

Name Fursticn Signsture
Cadbrasad by Adrian Gehring Luberatory Technician / {
?

Approved by Sven Kohn Depesty Manages

;.'U @Q st/

Hssued. August 6, 2021
| This caibration certdficabe shall not be repeoduced except in full withoot written approval of the labaratory

Cenficate No: DAE4-1367_Aug21 Page 1 of &
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8 Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of \\:\Q\_'_,;’/,r S Schweizerischer Kalibrierdienst
Schmid & Partner s G Service suisse o étalonnage
Engineering AG rmn? Servixic svizzero di tarstura
Zoughausstrasse £3, 8004 Zurich, Switzerland NG b/ 'S  swiss Catibeation Service
LA ~a
Accradined Ly e Swiss Accredtalion Serdos (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA
Multéateral Agresment for the recognition of calibration cenificates

cient  CTC advanced GmbH Certificats No: DAE3-413_Jan22

CALIBRATION CERTIFICATE

Object DAES - SD 000 D03 AA - SN: 413

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

Calbration date: January 07, 2022

This caibration certificate documents the Yaceabiily 1o naional S1andacs, which ealze the physcal units of measuremants (Si)
The Measurements and the uncerdanies with comtdence proDRDTNY are ghvan 0n the $alowing pages and are part of the cenficale.

All calbealions i been conducted in the closed laboratary faciity: enviranmant temperature (22 + 3} C and humidty « 70%.

Calibration Equipment vsed IMETE crivcal for calbrason)

Primary Standards [ID¥ Cal Dato [Certfival No)

Scheduled Caltration
Kaithley Matimeter Type 2000 | SN 0810278 31.Aug-24 (N0:31368) Aug-22
Secondary Standards D Check Date (i house) Scheduled Check
Ausa DAE Calteabion Une SE UWS 053 AA 100! 07-Jan-21 (in housa checs) In howse chede Jan27
Calbeamor Box V2.1 SE UMS 006 AA 1002 O7-Jan-21 (n housa check) In howse chedk Jan-22
Name Funcion Signatire
Calibrated by Adrian Gelring Labomalory Technician k
Approved by Svee K Oeputy Manager v f
| ‘b e U.ULM/

Issued January 7, 2022

This calbrabon cerificate Sal nol be reprocuced excapt in Ml without witten appeaval of the laboratory,

Cenficate No: DAE3-413_Jan22 Page 10t 5
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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
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10 Application Note System Performance Check

10.1 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.

10.2 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 20mwW 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.
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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.

10.3 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 IEEE1528 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 51 of 55




Test report no.: 1-2868/21-03-02

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.
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10.4 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.

10.5 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.g. 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.

10.6 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.

Page 55 of 55



