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Calibration report “Probe EX3DV4” — SN: 7635

s, zerise ibrierdienst
Calibration Laboratory of S, B e e
Schmid & Partner e € cervizio sviszers di taratura
Engineering AG b= S  Swiss Calibration Service
Zeugnausstrassa 42, BI04 Zurich, Swizerland i

Boeredied by the Swiss Accreditation Sarvice (SAS]
The Swizs Accreditation Service is one of the signataries to the EA
Multilateral Agreemeant Tor the recognition of calibration certlficales

Accreditation o SCS 0108

Cléent Cetecom Advanced

Saprbricken, Germany

Certificate No. EX-T635_Jan2d

[ CALIBRATION CERTIFICATE

Obyact EX30V4 - SN:TE35

Cafibration procedusels] C0A CAL-01 w10, QA CAL-12410, QA CAL-14.4T7, QA CAL-23.VE6,
OA CAL-25.v8

Calibration procedure for dosimetric E-field probes

Calibration date January 15, 2024

This calbration certiicate documants the Iraceatility i naticnal slendards, which realize the physical units of measuraments (S}
The measuramenls and 1he urcartainies wih configance probaility are given on 1 fallswing peges and sre part of the cerlilicale.

Al eaFbrations have baen conducted = thi closed labortory [sefity: environment tamparaturs {22+ 3)°C and humidity < 70
Coalibration Equipemand used (MATE eritical for calibration)

Primary Shardands [5] Gl Daba (Ceriiicate M. Scheduled Calibraticn
Power matar MAP2 SN 104T7E 30-Mar-23 (No. 217 -[aEI4/DIENS) MarZd
Powear sensar NRP-Z81 SH: 103244 A0-Mar-23 [No. 217-00604) War-24
CCP DAK-3.5 (weghted) SH 1248 15-00l-23 {DCP-DAKS E-1248_Oa123) Ouigd
CCP OAK-12 SH:1016 05-0ck-23 [OCP-DARIZ1016_Detzd) | Dot
Aelerence 20 dB ADEALANT | GH: LLEBEE (20x) 30-Mar-23 (MNa. 217-058089) Mar24
OAEd : S BED. 16-Mar-23 {o. DAEA-B80_Mar23) | Mar-24
Aslerence Probe EXS0VA | BN: 1348 [-New-53 |He. EX3-7349_Roved] Mov-24
Secondary Standards [} Check D'ate {in Nousa) [ Scheduled Chack
Power matar E44198 Sh: GB41263E74 TE-Agr-16 (N Nousa check Jun-22} In house check: Jun-24 |
Prwer sensor E&412R S M4 149E0ET 06-Apr-16 (in housa chedy Jun-22) i hause check: Jun-24
Fiwer sensor E44124 Sh: 000110210 OB-Ape-16 {in house checs Jun-22) In house ehack: Jun-24
AF generator HF 86480 | SN: USS§42U01700 4-Aug-30 {in fiougs check Jun-22] " In house check: Jurn-24
| Metwork Analyzer EA358A [ SN 541080477 7-Mar-T4 (i hotge check Oct-22) In howse check: Qct-24 |
MNams Fungtion Sigrabyre l
| i |
Calibrated by Jaanna Lleshaj Labaratary Technician {ﬁfﬂ(ﬁé%’
appraved by Symn Ko Technical Maraper { ) ‘{:ﬁ_

lesusd: Jaruary 17, 2024

This calizretian cerlilicate ahall not ba reproduced except in full withaut written approval of the labonalory,

Page 1.of 22
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g S Schweizerischer Kaflbrierdienst
Ca!mraﬂnn Laboratory of gx-l\\:% o Service suisso el
5'351!“"?‘ & Partner =T ar Servizhy svizzero di taratura
Enginearing AG L= g S  Swiss Calibration Sarvice
Zeuphaussiracse 43, BI04 Zurich, Switzerlend *'ﬁ.,.lﬁﬁ‘
Aooredited by the Swiss Accreditation Sarvice (BAS) Accreditation Ma.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agreermenl for 1he recognition of calibration certificates

Glossary

TSL lissue simedating liquid

NOFRMz y.2 sensitivity in frée space

ConvF sanstivity in TSL ! NORMx y.z

DcP diggle compression point

CF crast factar (1iduly_cyeke) of the RF signal

ABCD madutation dependent knearization parametars

Polarization ¢ w rofation around probe axis

Polarization 8 # rotation arcund an axis that is in the plane normal fo probe axis {at measurement centes), ie., # =013

normal o probe axs
Connectar Angle  Information usaed in DASY systerm o a5gh probe sensor X 1o the robot coordinate systam

Calibration is Performed According to the Fellowing Standards:

a) |EC/IEEE 62209-1528, “Measurement Procedure For The Assessment Of Specific Absorption Rate OF Human Exposure
To Radio Frequency Fields Frorm Hand-Heid And Body-Waorm Wireless Communication Devices — Parl 1528; Human
Madels, Instrumentation And Procedures (Freguency Range of 4 MHz (0 10GHz)", October 2020,

bj KDB 285664, "SAR Measuramenl Reguineiments ke 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

» NORME 2 Assessed for E-field polanzation 8 = 0 (f < S00MHz in TEM-call; f = 1B00MHz: B22 wavegusde). NORMy vz

are only inlgrmediale values, Le., the uncertainties of NORM:y.z doss not affect the E7-field uncertainty inside TSL (see

below ConvF).

NOEM{TE W = NORM 2 * frequency_response {see Frequency Respanse Chard). This Enearization is implernernted in

DASY4 software versions later than 4.2, The uncerlainty of the fraguency response is inciuded bn the stated uncertainty of

ComvF

DCPx yx: DCP are numerlcal linearization perameters assessed based on the data of power sweep with GW signal. DCP

dogs mat depend on frequency nor madia,

PAR: PAR is the Peak to Average Ratio that is not caliorated but detsrmined based on the signal characteristics

o Axyz; Bxyz Cxpz: Dxyz; VAxpz: A B, C. D are numerical Beearizalion paramelers assessed based on the data of

power swesn for specitic modulation signal. The parameters do not depend on frequency nor media. VR is the maximum

calibration range expressed in AMS vollage acrass the diode,

ConvF end Bowndary Effect Perameters: Assaessed in lat phantom using E-field (or Teamperature Transter Standasqd for

= BOOMMHZ) and inside waveguide using analyiical fleld dstributions based on power measurements for = B00MHz. The

same seiupe are used for assessman of the parametars apofied for boundary compensation (apha, dapth) of which lypical

uncertzinty values are given. These parameters are wzed in DASYd software to improve probe accuracy close to the

bourdary, The sensilivily in TSL corresponds to NORME, 2 * ConwF whitaly the uncertainty sorresponds 10 that given for

CanvF. A freqguency dependent Comv is waed in DASY version 4.4 and higher which allows extending the validity from

5D MH2 10 £100 MHz,

ESpherical isotropy (30 deviation from isotropy) in a field of low gradients realized using a flat phantom exposed by a patch

anlanna,

= Sengor Offsel; The sensor afset comesponds 10 the oftsed of virual measurement cenfer fram the probe Hp (on probe axes)
Ma toleranca required.

= Connecfor Angle: The angle i@ assessed using the intarmaton galined by determining the MORMx [no uncertainty required).

*

Cerfificate No: EX-7635_Jan24 Page 2 of 22
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Appendix no.: 1-7799-24-01-04_TR1-A201-R01 Ceteco m

advanced
EX3DN4 - SN:7635 Jaruary 16, 2024
Parameters of Probe: EX3DV4 - SN:7635
Basic Calibration Parameaters
| Sensor X Sensor ¥ Sensor Unc {k = 2)
Horm (pimy®) B 0.75 061 065 =101%
[ocp jmn B 107.4 109.3 111.0 £4.7%
Calibration Results for Modulation Response
UID | Communication Systam Name ] A B c 5] VR | Max | Max |
dB | dBpV d8 | m¥ | dev. | Unc®
| k=2
0 W % | 000 0.00 106 | 0.00 | 1259 | 0.9% | =475
Y| 000 .00 1.00 1271
Z | oon 008 | 106 317
10352 | Pulse Wavelorm (200Hz, 10%) ¥ 150 80,72 663 10,00 | B0.0 | £29% | 2095%
Y| 181| &238 Tar GO0
Z| 164 61.40 (153 0.0
10353 | Puise Wavelorm (200Hz, 20%) ¥| ose &0.00 E35| 689 | 60.0 | £2.0% | t06%
¥ | 098 61,10 624 | HOO
Z| 0BE| &pa0 | 514 0.0 _
10354 | Pulse Wavelorm [200Hz, 0% ¥ | 046 | eod0 471 358 | 950 | +18%  +06%
¥ 044 &0.00 478 33.0
Z| 800 7FoO0o | T.00| | as0
10355 | Pulse Waveform [200Hz, B0%) X | 1248 | 15529 6O3 | 2.22 [ 120.0 | 22.1% | 2067
| ¥ | 1388 | 15287 583 | 1200 |
ZIAT [ 15733 | V4E|  [TZ00
10387 | QPSK Waveform, 1 MHz x| 060 €338 | 1242 1.00 | 1500 | z38% | t06%
Y| 067 B5EE 1217 1800 |
7| 083 63,38 1248 150.0
10388 | QFSK Waverorm, 10MHzZ X| 137 6545 [ 1385 000 | 1500 | 21.2% | t0.6%
¥ 134 BR51 1365 150.0 [
Z] 732| B91 | 1376 150.0 |
10396 | 64-0DAM Waveform, 100 kHz ®| 168 | BABO | 1566 | 401 | 1500 | =1.1% | 20.6%
Y| 180 G516 | 16593 150.0 [
B ] 54.54 1577 150.0 |
10395 | G64-0AN Waveform, 40 MHz | 284 GEOZ | 1457 | 000 | 1500 | =18% | +06%
Y| 283 | €620 14.96 1500 |
I ZET| 6643 | 1ham | 1500
10414 | WLAN CCOF, 64-0AN, 40MHBz ¥ | 400 66,41 1548 | 0.00 | 150.0 | =5.1% | t0.6%
Y| 381 6583 | 1514 150.0
Z| 373 €607 | 1518 150.0
Nede: For details on UID parameters see Appendlx
Tre raportsd uncertainty of measurament is stated as the standard uncertainty of measuremeant multipdied by the coverage
factor k-2, which for a normal distribution coresponds fo & coverage probakbility of approximataly 95%.

A The unceriaries of Neem X,¥.Z do net atiect e E2-lidd uncerlaingy insis TSL {ses Pages & and 6]
8 Lincarization parsneler Lncerlaimy fer maxmum specfed Aol strangih,
£ Uncortainty % tetermited usrg the max. davialion I finear responss sppfyg fectangular disrbuton and is gpriszed for 1he Squans of e Tied valos

Cerfificate No: EX-7835_Jan24 Page 3 of 22
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EXIDV4 - SN:7835 January 15, 2024
Parameters of Probe: EX3DV4 - SN:7635
Sensor Model Parameters
] (=] w ™ | T2 | 713 " | TS T6
1F #F | w1 me¥? | mev-! ms vz y!
5 104 Fa.57 33.03 4.6 0.00 480 [ 0.00 .00
¥ 88 | 7022 5560 | 460 0.00 406 066 oo | iom
z | Ak | w6osz 3234 | 28 i 000 | 480 04 go0 [ 100
Other Probe Parameters
Sansor Arrangement Triangular
Connactor Anghe 0.6
Mechanical Suﬁar.a Detaction Mode enablad
Cpfical Surtace Detection Mode disabied
| Probe Cwerall Lengtin F37 ram
| Probe Body Diameter ~ 10mm |
v o i
| Tip Diameter ) N 25mm |
Probe Tip to Sensor X Ealloration Point 1mm |
Probe Tip to Sensor ¥ Calibration Paint tmm |
Frobe Tip lo Sensor Z Calibration Point 1 mm
Recommended r;ﬂaamramga_m Distance from Surlace 1.4mm

Hobe: Moasuremend dislanoe from suriace can ba increased ta 3-4 mm for an Area Scan jon.

Carfificate No: EX-7835_Jan24 Page 4 of 22
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Appendix no.: 1-7799-24-01-04_TR1-A201-R01 Ceteco m
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EX3DV4 - SN:7635 January 15, 2024
Parameters of Probe: EX3DV4 - SN:7635
Calibration Parameter Determined In Head Tissue Simulating Media
"Mz | Relative | Conductivity” | ConvF X | ConvFY | ComFZ | Aipha® | Depth® | unc
Parmittivity® (Sirm) () k=2
8 55.0 0.75 17.21 17.21 1721 0.00 125 | £139%
13 55.0 0.75 707 | 17or | 1707 0.00 125 | 2153%
450 | 435 0.87 11.79 11.79 11.79 016 130 | +13.3%
600 42,7 0.88 10.99 wes | 1099 010 125 | +13.3%
750 418 0.80 1048 | 1041 1048 038 127 | stzow |
250 45 0.92 ‘0.3 10.07 10.33 038 127 | =120%
300 415 047 10.04 584 9.8 0.37 127 | +120%
1450 405 1.20 2.8 873 892 047 | tar | +12.0%
1640 40.2 141 877 857 | 885 0.43 127 | +120%
1750 40.1 137 562 858 873 026 127 | s120%
1900 40.0 1.40 855 B.43 8.64 028 127 | +120%
2150 30.7 153 B.35 8.24 8.43 0.30 127 | e1200
2450 39.2 1.80 7.96 7.84 B.02 0.30 127 | =12.0%
ze00 | @en | 196 786 | 770 | 704 0.28 127 | s120%

G Freguency validity abowe 300 MHz of + 100 MHz anty applies for DASY we.S and higher (seo Page £), oke i s resincted to +50 MHz. The uncerianty is &z
RSS of the CorvF uncertainty o calibration nequency and the uncertainty for tho indcated requency band. Frequancy valoity balow 300 MHz & 110, 25,
40, 50 arad TOMHz for Com assesements &t 30, 54, 128, 150 and 220 MHz respacivaly Yalcdty of CoraF assacaad ab 6MHz & 4-GMHz, and CoraF
agseaned gl 13MHz is B-18MHz Above S 3H2 fequency validity can be exlended lo £ 110MHz.

F The probas e calbrsied usEng lssus sivniating hguids (TS that dewiate foe ¢ and o by lege than £5% o the langs] values |Lyppically bettee than 23958
and are valid far TSL with devialions of ua ta =10%. IF TEL with devialions: fram the langet of kess than z5% are used, the cafbraton unoorfainties arn 10,95
Ior 0.7 « 3 (GHz and 12.1% lor 3 » B (GHZ.

3 Mpha/Dapih are deteraired during cibraion. SPEAG warrsnls et fe mmainiag dedation dus 1o he beurdsry sllect sher compersation s aleays ipss

tham = 1% for freguencies bekow 3 GHz and below 2% for frequencies between 3-8 GHz at any dstance eger $han hall the proba Tp dameber from e
Boundary.

Cerlificate No: EX-7835_Jan24 Page 5 of 22
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EX3004 - SN:TEIG January 15, 2024

Parameters of Probe: EX3DV4 - SN:T635

Calibration Parameter Determined in Body Tissue Simulating Media

f (MHz)® RAelative Conduclivity® | ConvF X | CorwF Y | ComvFZ | Alpha® | Depth® Unc
Permittivity” (Sim) mm) | (k=2)
450 56.7 0.4 11482 11.02 1182 011 1.20 +13.3%
| 60 56.1 0.95 11.27 11.27 127 010 | 135 | £133% |

c Frequancy valoity shove 500 MHz ot 21 00MHz only apples far DASY vd 4 and higher (see Page 2} sles & 15 resincied 1o 250MHEz, The uncartsinly @ e
RES of she ConvF urcer iy af calbration frequency and the urcerardy for the irdicated requency band. Freguercy validiy belie 300MHZ @ 210, 25,
40, 50 and TOMHz for ConwF assessments at 30; 64, 128, 150 and 220 MHz respactively. Vabdity o ComdF assessed al 0 is -8 Mz, ard Camd
assossed at 13 MHz is 519 MHz. Abows B GHz frequency validity can be extendsd 10 =110 M-z

® The probes are caliorated using 1ssue smulating Squids (TSL) that dmdale for £ and @ by less than $8% fom the target valses (ypicaly better fhan 23%)
and ana waldd for TEL with deviaiions of up o £ 10% I TEL with deviations from e jamgat of Ivss than +5% are used, The calbaion unceraintes are 11.1%
for 0.7 -3 GHz and 13.1% %or 3 - 6 GHz.

S miphamepth a1 cetermingd gurng calibralion. SPEAS warmnts 1hat the ramakring cewis¥on cue fo The Doundary efect ater compansaton |5 always kss

than 7% far frequences below 3 Gl and below +2% lor frequenoies between 3-6 GHz a1 any distanoe larger than haif the probe Hp diameter fiom the
By,

Cerlificale No; EX-7835_Jan24 Fage & of 22 B
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EXa0N4 - SM-7835 January 15, 2024

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide:R22)
15

14

13

0g

Frequency response (normalized)
L]
]
L
*
*
*

0B

0.7

0.8

0.5

O 200 400 60D BO00 1000 1200 1400 1600 1800 2000 2900 2400 2800
I [MHz)

= TEM #- RE2

Uneertainly of Frequency Response of E-fleld: +6 3% (k=2)

Cerlificale No; EX-7635_.Jan24 Page 7 ;;f a2
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EX30V4 - SMTE3S January 15, 2024

Receiving Pattern (¢), £ =0°

f=600 MHz, TEM, O° i= 1S-GOMHZ. A2z, 0°

EII:I“
[T [—— x
135° — 135/ 45* | ¥
Z £
Tat Tat
i . . \
. ! L] llII
I I . —at '| | i L R & II
13|;|'| . ..---'E‘;2 "a4 18’ “»3 14 | 0" 130'! A *,t.-ﬂ-__'{'ﬂ_ﬂ'ﬂ_“ﬂ_..‘--_ﬂ. N
| ‘.._,." ) | Ml i ' |
|II . 3 L] I'_l i 1 } Ll III|
""'.\_ % ™ Y | L S i
- - \\ ’ \ /
22\ 225 \“‘n s 315
a7 270"
05 |
g
§ 1 T P o e i o R ——— ]
|.l.= 1
-0.6 |
] B0 120 180 240 ann 380
Rl [*]
+ 100 MHz + BOOMHz 1800 MHz = 2500 MHz

Uncertainty of Axial Isolropy Assessment: +£0.5% (K=2)

Certdicate MNo: EX-TE35_Jan?d Paga & of 22
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Appendix no.: 1-7799-24-01-04_TR1-A201-R01 e cetecom

EX304 - SHTEIS

Dynamic Range f{SARhgaa)
(TEM cell, 1y = 1900 MHz)

January 15 2024

108 S
&
= ”
_i t[o ¥
Z P
@ v &
- 'i[:lal : .
lis e
1072 1971 12 10! 102
S8R [mWicm?)
= Rl coimpensaled +— coimpansated

2 —

1
E‘ ] - T e | = - - L L —
u i

-1 -

-2

1072 107 1 10t 10°
SAR [mWiom?]
= not compensaied = Compensabed

Uncartainty of Lingarily Assessmant: +0.5% (k=2)

Certificale Mo: EX-7535_Jan24 Page 8 of 22
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EX3DV4 - ENITE35 January 15, 2024

Conversion Factor Assessment

F=1800 MHz, WELS A22 (H_comwF]

o5 ';h
-._...
20 W,
£ X
g L
2 15 &
= .
g 10 -l'-h:
5 e
-
ae_
-
0
a ] 20 a0 L]
z [mm]
= analytical = measured

Deviation from Isotropy in Liquid
Error (4, &), f = 9300MHz

~i1.6
-g4 LX
3 . Y 2
b a | ¥ [deg]
135 iB0 = mn

¥ [deg] g gl

-1 =08 0% -04 -02 D 02 04 46 03 1
Uncartainty of Spherical Isotropy Assessment: +2.6% [R=2)

Certificate No: EX-7835_Jan24 Page 10l 22
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3 Calibration report “Probe EX3DV4” — SN: 7852

Calibration Labaratory of \A..,-l-u-:l._ 5 Schwelzerischer Kallbrerdienst
SohiRdA Farmer ﬁ}. e ﬁﬁi e sac

£ 5 -] L] LR
Engineering AG L & Swiss Calsbration Service
Zaughaussirsan 43, S04 Zuich, Switterind e
Pereerie by 1he Swiss Aenadiation Sarvies [SA5) Acereditation Mo SCS 0108

The Swiss Accredilalion Service is ona of the signaiories Lo the EA
Multilaberal Agreemsant for the recognition of calibration certificates

Client CTC advanced GmbH | Cartificate Ko EX-7852 Nov23
Eaarbribtioen, Gormmany
[ CALIBRATION CERTIFICATE l
Djact EX3DV4 - SM:TEEZ
Calration procadurais) OA CAL-01.10, QA CAL-12410, QA CAL-14.47, QA CAL-23 W6,
QA CAL-25.vB

Calibration procedure lor dosimetric E-lield probes
i Carirataon dae Movember 08, 2023

| This cabbealian cariiiate dosuments the traceablity fo natienal slarciens, which ralize the phyeical units sl messuraments (240,
| The measuramants and the uncoriaingas wilh confidence probablity are given on the nlowing pages and are par of the carificata,

| All calinrations have been condutied in the closed aboratory teciby: emarcrenen! lemperatiyng (22 5 3% and Doty < 70%
Gatbration Equgment used (METE critical for calioration)

Primary Slandsos (5] ol Dale (Gerfcai Mo, Toher e Calbraton
| Pomer malyr HRFZ SN 106778 50-Mar 23 [No, 21706804/ 09805) War-24
“Bowrr sensor AP 23 1 SN 103048 F bk 2 (P, £17- 00804 Mar-24
OGP OAK-3.5 weighled; | SH: 1243 U5-00-2a [oor Ak, o1 248_Di2d] Tlak
CCP DAR-12 "M 1018 | 05002 DGP-DRK - 1016 Octen; | octad |
| Ralorends 20 9B ARenuaior | BN: GLaihe (20w 027 (M, 21703800, T Marag N
GAEL SH: BET N V5 fkar 23 (Mo, DAEA-BE0_MArZs) War-24
Ficference Probe E5ocve | BM: 3013 | Ob-Jan-2d o ER3-E013 ke - |
Secondary Sardands i0 —=— Check Dl ir Fgosa) Sthaduled Chack
|_Pousr messr EA19E S GE41283874 [Mi-Ape- 16 {in house chack Jun. 22] In howse check, Jun-od |
Pt sensor Lad12h B YA 1458087 T-Ape-18 (in huouse Chech Jun ] In FEAsE check; Jun-g4
Powal aanaor E4Aioh | Gh: GOCTICET0 TE-Agr-16 (i NCUSE Chech, Jun-22| I Fouse check: Jun-2s
AF ganarair AP Geaa0 SN USHHZONTED | g 0 (n inise chathk Jur-22) I b o check: Jun-2d
“Tiebwork Analyzer ERIEEA | 530 USA000477 87 -hur-14 (i hiowse chock Ocl 22 TIn howss check, 024
Parne Furcilon Signatura
Galicratos by Hidoni 1 i H =
tin Geargadon Laboraiary Technician »"Il." <
/
Agprownd by S Kibn Tachrical Manager F o :
e

tssued: Kovember 08, 2033
Thig calbeation oeifizate shal not be reproduced macept in fdl withool seimens apprenl of he labocaorg

Carlificate No: EX-TBS2 Mow23 Page 1 al22
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Appendix no.: 1-7799-24-01-04_TR1-A201-R01 CeteCO m
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Calibration Laboratory of A B
Schmid & Partner ﬁﬁ G i et & e
Enginesaring AG & - S Swiss Calibration Service
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Glossary

TEL lissue smulaing igud

HORMY 2 sensitwity in free spaca

CarF aenadidny i TEL { HORME y 2

DCP diode compression poinl

cF crast eor {Hiduly_eyele) af fa RF signal
ABCD modulaton deperdent nearizafion parameders

Pofarizaton i rolElion eround probe &

Potarizaman 4 1 ratation around an axis thal & n the plare normal io probe aws (at maasureman center), ka., d=018
normal o proba axis

Conmector Angle  mioemalion used in DASY system io-align probe sensar X 1o the robot coardinate sysiem

Callbration i Performed According to the Following Standards:

a) IECIEEE B2209-1528, "Maasurement Procadure For The Assessment O Speclic Absorption Rate OF Human Exposure
To Radic Freguency Flekss From Hand-Held And Bogy-Worn Wineless Commynication Devices — Parl 1528: Heman
Modeks, Instrumerriation And Progedures (Freguency Range of 4 MHz o 10GHz)", Ooiober 2020.

&) KDB 885664, “SAR Measuremeant Requiremnants lor 100MHz 1o BGH:"

Methods Applied and Interpretation of Parameters:

= NOAM Y Assessed for E-ield pelasization 8 = 0 (1 < 900 MHE in TEM-cell; [ = 1800MHz: R22 waveguide). NORMoyz
are anty inbermediake values, Lo, the uncertainties of RORME Y.z does nol affect the E2-fald uncertaimly inside TSL (see

brediorey CarmeF ),

WNORMTIx w2 = NORMY, 2 * frequency. resparse (see Frequency Response Chart]. This linearization is impiamentad in

DAEY4 software versions later than 4.2, The ungertainty of the frequency response is included in the siated unceriaingy of

Cam'F.

OCPsp.z: DOP are auinencal inesizabon paramatens assessed based on the data of power sweap with CW signal. DCP

gioes nol depend an Irequency nor media

PAR: PAR is the Peak o Avarage Rafio thal is not cafibraled bl determined based on the signal characteristics

Aryz Bxwz, Cx g2 Dnp; VB2 A B C, I ara nismarical linaarizetion paramatens sssessed based on the data of

pawer swieep for specific modulabon sigral. The parametars da not depend on frequency nor media, VA s tha maximum

catbration range expressad i AMS wilage atross 1ha diods.

ConvF and Bowndary Effect Paramelsrs: Assessed in flat shantom wsing E-lisld (o Temparature Trarsier Standard for

= BODMHz) and insde waveguide veng analytcal leld diglributions based on powsr maasuremants for | = 800MHZ. The

same salups are Lsad for assasament of the parameters aopked for boundany compensation (alpha, degth) of which fvpecal

unceriainty values are givan. Thesa parametars & used in DASYS saftwarg to mprove probe socurscy close 1o the

boundary. The sensitvily in TEL coraspands to MORMy,y.z * ComE whimaby tha uncartainty coresponds i 1hal given far

CanvF. A drequendy depandent SorF 5 used in DASY version 4.4 and higher which allsws exiending the validity from

+ 50 MHz o 2100 MHz,

+ Sohancal isofrooy (20 devianon from soirony): ina tiekd of low gradients realized vsing a flat phantom spesed by & saich
ATdedng.

+ Sangor Offsat: The sensor offset comesponds to e afset of virlual measurement cerder from the probe tip fon probe asa).
Mo leranca requikad

+ Covmecior Angle: The angle is assessed using the informaticn pained By datermining the NORMr (no encerdlanly reguinad).

4

&
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EXIOVY - SN-TRER

Parameters of Probe: EX3DV4 - SN:7852

Nowember 08, 2023

Basic Calibration Parameters
Sensor ¥ Sensor ¥ Sensor Unec (i = 2]
Wzrm (uiivemT) B 0.56 0.54 D63 £101%
DGR (mv B 110.1 1087 | 110.5 24.7%
Callbration Results ftor Medulation Response
(U0 | Communication System Hame AT E c 7] VR | Max | Max
4B dB.ui dB my dev. | Ung®
k=2
i o ¥ 000 000 | 1.00 | 0001 1798 | 23.0% | 44.0%
¥ .00 0.00 1.00 ELEN
7 oo .63 T BEEER
TOS52 | PUIE Waveicern (200HE, 107) % 158 | 6077 | 645 | 10.00 | GO0 | +39% | 20.6%
¥ 745 | 803t | 621 | BRELE
Z| 146 B0.00 G2 | 50.0
10053 | Pulse Wavsianm (20062, 205 X | 4600 BOO0 | 1700 | B85 | BOA | 22.6% | 19.6%
Y| 68 B0 3 I ang
Z| oGz G000 504 A0 |
10354 | Puise Wavelorm (200HZ, 40%) X | 2400 F2D0 | 7DD | 3898 950 | s24% | t0E% |
Y| O0E | @687 | 045 EEa |
£ 057 | B000 | 480 EX]
10355 | Pulse Wavalnemn (200Hz, si07a) EAE TEAT | 1293 | 2% | 1200 | 21 6% | =060 |
Y| 407 | 15000 1.40 7204
27080 | 15654 | BEELE
" 103E7 EF Wavelorm, 1 MHz ¥| 048 B315 | 1211 | 1.00 | 1500 | +5.8% | +06%
¥ GAD Bi9a | 1i4d TR0
£ a47 Geaad | 1964 1500
TOEEE | CPSH Wavelarm, 10 MHz W T8 | Ghg1 | TSRS | 000 [ 1500 | 2100 | 196% |
¥ 1.13 | 6G40a | 1862 | 1500
Z| 136 | 6652 | 1400 JELTI
10396 | 64-CAM Wavelarm, 1D0KHZ W| 175 | ®©548 | 1507 | 301 | 150.0 | 20.0% | *08%
Y| .78 & E 16,06 iB0.0 |
2] V.73 | GAB7 | 158 150.0
10288 [ B4-0ARE Waveloem, 40MH:z x| ETh 6540 [ W03 | 000 | 1500 [ 287 | 205
Y| 64 E501 | 1475 1500
o E Bh.7e | 1518 B0 |
Tih4Te | WLAN CEOF SE-GAN, $0MHz TH| B85 | 604 | 1592 | 0.00 | 1500 | 360 | 29.6%
¥ 5.1 BE.58 | 16.57 [TTEH. |
_ FTEm | EeE | EEE [T ]

Medg: For dataits on IR paramesers sae Appandix

Tha reporied urcartainty of measurement is slated a6 tha standard uncartainty of measuremant muRiplied by the coverage
tactor k=2, which tor a normal distribution corresponds o & cowerage probabilty of appraximnabely B5%.

A Tha uncenainies of Nom XYZ S0 nod affect the B feld uncenainty isde TEL (ses Pagea £ 12 7]
ngﬂizaimmMum-iwh sranimum gpaclnd Soid srengt

£ Unenstuinty & ceterminid usieg e man. deviekon e insar response apoiying reciengular disrbetion 2nd s enessed 11 e squans o the Tk vaks,
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EX3Dn4 - SH:Ta52 Mevarmbear (8, 2023

Parameters of Probe: EX3DV4 - SN:7852
Sensor Model Parameters

| (] 2 | =« | i3] = | 13 T4 T8 ™ |
1" 1 v msv? | mav! | ms N2 !
= ¥ 5.8 a0 | 508 i) a4 068 T.00 100
Yy | 19 LE01 3244 Ta4 000 493 L] a.00 1.00
% | K] CFE e G 000 | 48 A | G0 | e |
Other Probe Parameters
| Sensar Amangement Triangutar |
Conreciar Angi 57|
Wiachanical Suraca Desection Mode F——
| Oplical Surtace Detection Mode disanied
| Prots Overall Length 357 mm
Fwapg__gqqy_!]ammr 10 mm
Tip Lengh =3 S
Tip Digrmatar 25mm
Prabe Tig to Sengar ¥ Caliteatian Pont 1.min
Probie Tip 10 Sensar Y Galibeation Pomt Tmm
Probe Tip io Sersor 2 Calbratan Poin] = T Amm
Recommended Measuremen Distanoe fraom Surface 1.4 mm

MO MEASLTRMINT (amancs o Fui San D Presnd i 35 =m i an A Soan b
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EXI0AL - BN TES2 Movamber 08, 2023

Parameters of Probe: EX3DV4 - SN:7852
Calibration Parameter Determined in Head Tissue Simulating Media

(M Relalive | Conductivity™ | ConvFX | ComF ¥ | ComFZ | Mipha® | Depth® | Une

Permitivity” (5/m) - (mm) | [k=2)

750 418 .89 .41 gd1 | o4t | pds | oso | sizow

BS0 | 415 oAz 514 5.14 a.14 0.43 OB | 2o

800 a5 097 .05 2.05 .05 041 0ED | +120%

1750 A0 137 £28 826 .28 041 086 | si20%

1900 400 1.40 788 780 788 034 0HE | +120%

[aam 192 180 ) 733 73 | 020 080 | 12w

[ ze00 3.0 1.56 741 | 741 741 030 | D8t | 120

5500 373 2m B.23 B:23 E.23 035 | 130 | a4

e 3.12 8.2 612 B.AZ 0.35 130 | t4ms

5200 350 458 FEn agt | 4et | oen 180 | L140%
ficiial Ee 476 476 476 456 040 1.80 140% |

BEOD 56 455 4.49 444 4.29 040 180 E140%

5800 355 5.07 4,35 4.35 4,35 040 180 =140%

-] 353 507 433 | 423 433 n40 | 1B 1400

E‘fmvajdfrmmulhéx‘uﬂuhh m&apﬁmbrmﬁ'ﬂdaﬂlhﬂmﬁ isoo Page 21, elso i ic rosirciod o =S MMz, Tha unoarkanty is o
BEE of the CarinF unicerisingy al and tha riainty for Tha indcalsd bequenoy bard. Frecueroy vilidiy bolow 300k s =10, 25,
41, mw?ummmrmmanu 1!! 150 andg 220 WHz raspacivaly. Walidiy ol SomnwF ascensed a1 MHz o 43052 and Comd
ansessed 21 b NHE 5 B0 MHz. Abowe BEH: keouonoy waldiy man b danesdoed lo +110M-z
Fﬁambumetbmhdmﬂmﬂ*m#h;lqﬂmmmx chiniabi Tor o wd o by Sk han = 59 o th taeget ories Mhypeially belhas than 200
e dre wiries e TEL with cviations of up o +7{f 1 TSL with devisrione horr the langed of lnes than +8% are used, Fo calionalion uncivlanies o 11.1%
lor ¥ - 3 e e 13.0% dor 3-8 Gz

# piphaDiepth are deteemined during callbaaion SFEAD wa TAm i the: emaiing ShAalion Sub i Do beuiary 6502 Allie oM AL i Swlys [

i 1% B i B FOH: ard ivlom 525 S fregusncies batwesn -6 (e 8t ary dstancs Gy ger fhan faF The pode o dameior boes fa
Bourndiny.
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EX30v4 - Sh-7as2 Nowarrber 08, 2023

Parameters of Probe: EX3DV4 - SN:7852

Calibration Parameter Determined in Body Tissue Simulating Madia

MKz~ Relative cnnuuumrf ComwF X | ConwF Y | ComvF Z Alplua_.'_ Depin® e

Permiltivity” {Sm} fmm) | (k=2
7ED 555 o9 o943 943 243 036 095 1205
a8 552 n.oa z3m B3 30 250 LE:] +12.0%
SO0 E50 1.05 o4 04 .04 245 DA | $120%
| 1m0 3.4 | 1.48 74 TED 783 3y 08 | 21208
1500 533 1.82 785 TES 7.E5 a5 0.0 +12.0%
2450 2.7 1.5 7.33 7.33 7.3 o3t | om0 | =120%

T 2m0 B2 & 298 | 7az | a3 7.3 b2 . 0.60 H12.0% |
2500 519 am 5.78 578 578 o40 | 430 4.0
700 519 355 £.74 574 574 040 1.35 +14.0P%
5200 w0 | 530 £27 &z a2 050 190 | w40
5300 48D 5.42 421 423 423 | o= 1.50 L1480
Lt ELY 585 400 400 400 | 050 1.90 +14.0%
B&00 485 5.77 392 232 a9z | 850 190 | seaom

| sapo 3.2 5.0 390 | as0 | 390 | 050 190 | s1a0m |

¥ Freuircy asinfsy ahove 300 W ol + 100 Mz ony aopies for DASY w4 and hgher (se Page Fh sle i reevidiod o +B0MHE. Tho uncer ety i fha
R85 ol the Cowf uncartainty & mkteation tesquency and ihe wiosraisly Be (he mak:aked insgusncy Sand . Erequoncy vailicily Balos 3008H: & 410, 35
40, 50 aird. T MHE for DoneF pasesamienis 61 30, B2, 198, 150 and 250 MHE resgictively. Vaidiy of Conef ascossed ai BMH2 & 4-8MHe, and CoF
F:Eiﬂ!mdll 13MH2 = 010 MHE Al 50 frsdeantcy sobicily can be nodencied by +410kH:

Trad probics &g Calibeatind uligg T Simicaing kudds (TSL) that oevans Jor £ and o by bss thas +55 kom e trget vakas (hpcaly berfor fnan +3%]
et e ke Bt TRL witt devidons of up do = W%, H TEL sith deviafons dom iha bagel of lees han =55% oo umod. the cabeation uncerainties am 31,15
b (6T - 0 GHe a0 13.1% ke 3 BIGHE
5 aiphaDepth ane determinea dering cakiration. SPEAG warsnle Fal o semaining devankon duo 52 e Doundoy afect Biter cosmpeesaiion s aways Bes
than + 1% Y Wisguirriis teloa 3 and beow = 2% for Imquennies Derween 3-8 GHz i any dElaos Biger Hus il the probe i damoter fmm the
Bemnztary

Cerificats Ne: EX-7852_Nowas Page B ol 23
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EX300a - SN Ta52 Movembar 08, 2023

Parameters of Probe: EX3DV4 - SN:T852
Calibration Pararmeter Delermined in Head Tissue Simulating Media

[t immzE Relative Conductivity™ | ComvF X | ConvF ¥ | CorvF 2 | Alpha® | Depth® Une
PermittivityF [Sim) {mim) (k=2
B500 345 6.07 480 480 480 | 020 250 +1B.8%

 Fragpemncy vaiiciy ot 6.3 GHz i -500= THAdHz, and + 700 Wiz 2 or abown TGk Trn snovtanty = the BSS ol e Somd urosrakly 0 cabbrrton
boquonoy and She unceranky o the ndicaled requornay oand,

F Tha probes are cabbrated using s Bimulating g (TL) thet deste or e ied o by e an 4105 bam S Snel v (peshy bt an = 54
e e vahed e TEL with cemdatars of up b 210%

5 aaghaTeps are detemned darng cabbraor. SPEAG warmsnls (hal B semaning devirni dut b e ooy sllecs ahar o mpacalion & aheargs besa
iy 5 15 bof Iroguancies Dalow 3 GHE, B 4 755 o Irdcguaachn Datwsan 340l and helow 4% 'or biquencies betsann G-10GHz & any dstarcs
Iaegar thin Fudl the peoks S Gamate: e Ba boundaty

Canilicate MNa: EX-TA52 Mow23 Page 704 23
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EX30N4 - SNTAGS2 Movambar 08, 2023

Frequency Response of E-Field
(TEM-Goll:ifi110 EXX, Waveguide:R2Z|

15+
T4
1.3%
R -0
H
|5}
£ b
E 11
B + . .
&
2
-
% 0.8
g |
= nad
|
07
06|
| 1
|
0.5 —
M0 400 800 BOD 1000 1200 1450 1550 180 2000 2H00 2400 2EA0 2EI0 3000 3200
f [MHz]
= TEM & A2
Unceniainly of Frequensy Responsa of Efiald; 26,59 (kad)
Carificate No: EX-T852_Now23 Page & of 22

Page 20 of 68




o cetecom
Appendix no.: 1-7799-24-01-04_TR1-A201-R01 advanced

EX3004 - SN:TES2 Movernber 08, 2023

Recelving Pattern (:4), & =10°

En 00 MMz, TEM, §° f= 18000 H:, RZ2. 0
: S

g i

® o L 1 |
:.f-[ﬁ-':--'l-‘—‘:s- iy
" "

= S

an"

05 |
g
E L i B
[T¥]

.7
0 B0 120 180 241 300 260
Ao [']
= 100MHz + GEOMH: 180 Bz - 2500 MHz
Uncaitainty of Asial lsolropy Assessment; 20,53 (k=E)
Corthieats Ne: EX-7852_Meved Page 8ol 23 a
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EX30V4 - SN TaeR November 09, 2023
Dynamic Range f(SAR.4)
(TEM call, fayg = 1900MHz)
10— —— —
P L
| 3
= ¥
= gt :
g .
[=3
7] o |
= -
B F -
= 11 | i
i |
0% 1! 107 10! 10#
SAR [mWen|
= il COFie ids el = pampéersated
- —)
1
)
.? i g -— -
w -
=1 -
=2
107 10 1 ' 10F
SAR [mWiem®]
il EREElad = comparsabed
Uncarainty of Lintarity Assessment; 20,6% (K=g]
Cartdicata No: EX-TEE2_Mov23 Page 1008 23
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EXZ0V4 - SN:TAS2 Mivambsar {8, 2023

Conversion Factor Assessment

1=1900 MHz, WELE AZ2 H_com)

SAA [Ikgh W]
in

= arahyticat = - easxired

Deviation from Isotropy in Liquid
Error {05, = SHOMHz

-1 ~0& -06 -4 23 O a2 0& 08 08 1
Uncertainty of Spherical lsolropy Assessment: =26% (k=)

Cartificate No: EX-T852_Now23 Paga 11 af 23
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Calibration report “750 MHz System validation dipole”
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Cartificate No.  DTS0V3-1041_May23

|CALIBRATION CERTIFICATE

|m,.¢. D750V3 - SN:1041
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QA CAL-05v12
Calibration Procedure for SAR Vabdation Sources betwean 0.7-3 GHz

Caibrazion date; May 11, 2023
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Calibration Laboratory of AT,

\HQ\_-;, 3 $ ‘Echwalzerischer Kalbrierdienst

Schmid & Partnar i’*ﬁ“‘"’ % G Service susse détatonnage

Engineering AG E i Sorvizio svizzero i taratura
Teughaussirasse 43, 5004 Zurich, Switeeriand *-cg'ﬁﬁ 5 fuvisa Calltration Sarvice
Accradtod By e Swiss Accrecitation Senice (GAS] Accreditation da.: SCS 0108
Thi Swiss Accreditation Service (s one of the signataries to the EA&
Muttilateral Agr tor the gnitien of calibration certificates
Glossary:
T&L tissue simulating liguid
ConvF sensitivity in TSL / NORM x.v.2
MA 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 Exposura To Radwo Fregquency Fields From Hand-Held And
Body-Waom Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Fraguency Range of 4 MHz to 10 GHz)", October 2020,

by KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz”

Additional Documentation:
¢} DASY System Handbook

Methods Applied and Interpretation of Parameters:

»  Moazurement 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

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

=  Aefurn Loss: This parameter is measurad with the source pasitioned under the liguid filled
phantam [as deseribed in the measurement condition clause). The Retum Loss ensures low
reflected power. No uncertainty required.

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

» 547 normafized: SAR as measurad, normalized to an input power of 1 W at the antenna
connector,

= S5AR for nominal TSL parameters: The measured TSL parameters are uzed to calculate the
naminal SAR result.

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

Cerificate Mo OFS0V3-1041_Mayz3 Paga 2ol @
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Measurement Conditions
DASY system configuration, as lar as nat gheen on pages 1
DASY Verslon DASYs2 V52104
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantam
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, oy, dz =5 mm
Freguency TEQ MHz = 1 MKz
Head TSL parameters
The following parameters and calculatons were appsed.
Temparature | Parmittivity Conductivity
Hominal Head T5SL parametars 22.0°C 418 0B mhoim
llmm'bﬂal:m TSL parameters (#2002 "C 41.526% 081 mhoim = B %
Head TSL temperature change during tesl =05 "C —
SAR result with Head TSL
SAR averaged over 1 cm® {1 g) of Head TSL Condition
SAR measured 250 mW input power 217 Wikg
SAR lar nominal Head T5L parametars noamnalized fo 1W B.52 Wikg £ 17.0 % (k=2) ]
BAR avaraged aver 10 em® (10 g) of Head TSL conditiar
SAR maasured 250 W inpul power 142 Wikg
SAR for nominal Head TSL pararnetens normalized t 1W | 5,60 Wikg = 16.5 % (k=2)
Body TSL parameters
The dollowing paramaters and calculatons ware apgiad.
Temperaiure Parmittivity Conductivity
Hominal Body TSL parameters 220°C 556 086 mho/m
Measured Body TS5L paramelers (22.0+02)°C 554 26 % 0.96 mha'm + 6 %
Body TSL ternperature change during test = 05"C -ias e
SAR result with Body TSL
SAR averaged aver 1 em® {1 g) of Body TSL Condition
SAR measured 250 mW input power 215 Wikg
SAR tor nominal Bedy TSL paramelers normalizad ko 1W B.60 Wikg = 17.0 % [k=2)
S8R averaged over 10 cm® (10 g) of Body TSL candition
SAR measured 250 mW input powar 1.42 Witk
SAR for naminal Body TSL parameters normalized 1o 1W 568 Wikg # 16.5 % (k=2) |

Certificate Na: DTSV 1041_May23
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Appendix (Additional assessments outside the scope of 5C5 0108)

Amtenna Parameters with Head TSL

Impedance, transiormed 1o leed point

54.511- 1.6 Q2
Retum Loss - 26.8 48
Antenna Parameters with Body TSL
Impadance, franshormed 1o feed paint 4.0 €2 - 4.4 |2
Retum Loss - 27 .0dB
General Antenna Parameters and Design
Elecirical Detay (one direction) | 101308

Afer long beern use with 100W radiated power, only & sight warming of the dipoéa naar the feadpoint can be measured

The dipode is made ol slandard semingsd coaxial cable, The center conductor of the feading line is drecily connacied to the

second arm of the dipoba. The anlenna is theredore shor-circuited for DC-signals, On $omi of the dipolas, small and caps
are pided o the dpola arms in order 10 mpaows malching wihen oaded sccarding o the position as explaingd nthe
“rieasuremant Cordtions® paregraph. The SAR data are nat atfeciad by this change The overall dipoke length is still

according to tha Standard.
Mo excassive force must be applied Lo the dipole grma, because they might Dend of lhe Sokiered connections nmar the
teadpoint may e damaged.
Additional EUT Data
[ Manutactured by | SPEAG

Caribeata Mo D7R0V3-1041_May23

Page daf &
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DASYS Validation Report for Head TSL

Drate: 110052023

Test Laboratory: SPEAG, Funch, Switzerland

DUT: Dipode 750 MHz; Type: D750V Serial: DT50V3 - SN: 1041

Comrmunmcation System: UTD 0 - CW; Frequency: 750 Mz

Medium parameters wsed: =750 MHz; o =091 5/m; =415 p= 1000 tg.fm‘
Phamtom section: Flat Section

Measurement Standard: DASYS (IEEEIECAANST CR3. 19-201 1)

DASY 52 Configuration:

.

-

Probe: EX3DVS - SNT349; ConvPO 0L LOLL, ROCLEY @ TS50 MU Calibrated: 11012023
Bensor-Surface: 4o (Mechanical Surface Detection)

Electronics: DAEA Sao 1: Calibrated: 19.12.2022

Phantom: Flat Phantom 4.9 (front); Type: QDR O0L P49 AA; Senal: 1001

DAY ST 52 10.41535) SEMCAD X 14.6.14(7301 )

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Sean (7x7x7 1 Cube 0:
Measurement grid: dx=3mm, dy=3mm, dz=3mm

Reference Value = 59.92 Vim: Power Drift = -0.06 4B

Peuk SAR (extrapolated) = 3,29 Wikg

SARL gh = 2.17 Wike: SAR(10 g) = 1.42 Wikg

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

Rario of SAR a1 M2 o SAR at M1 =65.7%

Maximum value of SAR (measuned) = 289 Wikg

48

0

1.80
=3.60
5,40
-1.20
5.00

0dB = 2.5% Wikg =4.61 dBW/kg

Carlificale Mo: D750V3I-1041_May21 Page 5af 8
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Impedance Measurement Plot for Head TSL

Bl Yew Chennel Swoep Cojbrabion Trace ook Morder System Wndow Hep

= o= — e—— |
Stahet [H1: 5N £ 1P A=l Dty LEL J
Carificate Me: DTS0VA-1041_May23 Page 8ald
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Antenna Parameters with Head TSL

From cal. data

Measured 2024-06-21

Impedance; transformed to feed
point

54.5Q -1.6]Q

52.7Q -3.1jQ

Return Loss

-26.8dB

-27.9dB

Page 30 of 68
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DASY5 Validation Report for Body TSL

Dane: (09,05, 2023

Test Laboratory: SPEAG, Zunich, Switzerland

DUT: Dipole 750 MHez: Type: D750V 3; Serial: D750V3 - SN:1041

Communication Sysiem: LD O - CW; Frequency: 750 MHz

Medium parameters used: [ = 750 MHz; o = L% S/m; £ = 55.4; p = 1000 kg/m?
Phantom section: Flat Section

Megsurement Standard: DASYS (IEEEAEC/ANSI CA319-201 1)

DASY 52 Configuration:

Probe: EX30V4 - SNTI49; ConvF(10,23, 10,23, 10,23) @ 750 MHz; Calibrated: 10.01.2023
Sensor-Surfece: 1.4mm (Mechanical Surface Detection)

Electronics: DAES Snedh; Calibrated: 19.12,2022

Phantom: Flat Phantom 4.9 (Back): Type: Q0 00R P49 AA; Serial: 1005

DASYS2 5210401 535). SEMCAD X 14.6.147501)

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

Refersnce Value = 5247 Vim: Power Drift = -0.00 JdB

Peak SAR (extrapolated) = 3.23 Wik

SAR(L gh = 2.15 Wikg; SAR(I0 2y = 1.42 Whkg

Smallest distance from peaks o all poims 3 dB below = 171 mm

Ratio of SAR at M2 1o SAR at M1 = 66.6%

Maximum vialue of SAR (measured) = 287 Wike

a6
1]

-1.80
-3.60
-5.40
-1.20
0.00

0 dB = 287 Wikg = 4.58 dBW/kg

Cendicate Moo DFS00VE-1081_MeyZ3 Paga 7 od B
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Impedance Measurement Plot for Body TSL

So: Tou el S SeRenem Bacy: S0 Mg e i e

s

Siim CHY1: 511

C" 1Port

Avg=2 Delap

Corificate Mo: DTE0VI-1041_May23
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Calibration report “835 MHz System validation dipole”

Calibration Laboratory of

Srhwelrerischer Kashrigrdlenst
Schmid & Partner Sarvice sulsse d'Gtakonnags
Engineering AG Servizio svizzero di taratura

Feughaupstrasss 43, 8004 Furich, Switosrand Swies Callbration Service

Accreditation Ne: SC5 0108

Apcredined by e Saiss Ancredialion Sendom {5AH]
The Swiss Accreditation Service |s one of the signatories to the EA
Multibsernl Agresmenl lor the recognilicn of calibration certificstes

Cient  CTC advanced GmbH
Saarbricken, Germany

Certricate Ho.  DB3SY2-4d153_May23

[CALIBRATION CERTIFICATE

Cibjeot

Cakbention procedsals)

Calinration cans

DB3IsVE - SMN:4d153

QA CAL-05.v12

Calibration Procedura for SAR Validation Sources between 0.7-3 GHz

May 11, 2023

Threir m weits arel e

Calbraton Eoupment aied (MATE oritical for calibration)

T calileaton cerificale doouments 1he fraceabéty o national standards, which rasize tho physical urils of measurements {51}
wath conlidenca probabibty ane giuen on e folkeing pages and are pan of &0 cerficale

Al cahiamlions have been condusted in Fe cloped Bbcesiany laciity, erdmoment fempanatum (22 + 3170 and fumekly < 78

Hibeark Anatvear Agiler ES3584

| SN LS4 10E04T T

F-Mai-14 (in house chack Ock-274

Hamrss Function
Calomted by Paulo Pira Ladoratory Tochncian
A By Swan K Technia Managess

This calbraton certficale shal rol bo reproduce escapl i bl sithoul wrtten approval of T labasalony

Erimany Standandt: __|m Gal Date (Canilicste K ) Scheduied Cakbraion
Power meter MAP2 SN A10ATTE 30-par- 21 {hip. 217-03804/0GA05) Mar-2a

Pt sengor NAP-251 EM: 103244 0-Blar-=5 {ho. 217-04804) Mar-24

Perwsd dacs s NAP-ZH1 SN 103345 -Map-Z3 (Mo 21 7-0080s) Mar-24
| Ralarancs 20 40 Atanuaior SN BHO2E0 {20 M- 20 (M 21 T-0000S Rdai-24

Typa-d mamach combiagion ;31 08EZ 05T FO-Mar-25 (M. F17-03850) [XFTRR]

Helennnos Probe EXI0WVY EN; T34 V0=Jar-23 [Ma, EX3-T38_Janddy Jan-24

DaEa BN B0 18D 27 (Mo, DAE4-E01 Dec2d) Dac-23

Secondary Slandards =] ] Chack Dabe {in hoese) Sih Chack
Baraer meler 44198 | GM GE30512475 B0t dd fin s el Oci-22) I hcissie checs Qo124
Power sermor HP B4BTA SH: LUSaTEITRY 0-0et-15 fin hoss check Del-22| In hoxse cherx 0124
Pareer seepor HF B4BIA ;HN. M35 07-0c1-15 [in housa chack Ool-22) I Pz chiscs: Ol-24
RF ganersion FRGS SMT-08 | GM: 100872 1-Jur-16 in house ched O0-23) I o cheoc Crol-54

In bouse chieoic: Ol 24

Tasiied: May 12, 2633

Certificate Ma: DA35VE-44153 May23
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Calibration Laboratory of Ny,

g Ischer Kallb =t
Schmid & Partner \\_"'_Ffr-{" Service sulsse d éalonrage
Engineernng AG Ty Servizio svizzero di tarstura
Zeughausstrasse £3, B004 Zurich, Switzertand v._ffJR:l\wx-" Swins Calibration Service
R T
Avcredilad by the Swiss Aurediaion Senice (3A5) Accreditation Ne.: SCS5 0108

The Swiss Acereditation Sarvics i ane of fhe shgnatorios ba the EA
Mailtiataral Agreamant 1or tha recogrition of calibration certificatas

Glossary:

TEL tissue simulating liguid

ConvF sensitivity in TSL/ NOAM =.y.z
A not applicable or not maasured

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 Freguency Fislds From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528. Human Models, Instrumeantation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", Gctober 2020,

b} KDB B65664, “5AR Measurement Reguiremeants 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 ceriticate. All figures stated in the certificate are valid at the frequency indicated.

=  Antenna Parametars with TSL The scurce is mounted in a touch configuration below the
center marking of the flat phantom.

»« Relumn Loss: This paramsater is measured with the source positioned under the liguid filled
phantom (as described in the measurament condition clavse). The Return Loss ensures low
reflected power, Mo 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.

« S5AR for nominal TSL parameters: The measured TSL parameters are used to caloulate the
narminal 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 distributicn comespends 1o a coverage
probability of approximatealy 95%.

Cenificate Mo: DEIEVZ-43153 May23 Page 2cd B
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Measurement Conditions
DASY system conliguration. @S 1af as nol green an page 1.
DABY Version DASYS2 WEZ.10.4
Extrapolation Advanced Extrapolation
Phantam Modular Fiat Phanaom
Distance Dipole Center - TSL 15 mem with Spacer
Zoom Scan Resolution dw. dy. dz = 5 mm
Freguenecy B35 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations wene applied.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters P20°C 415 080 mhiom
Measured Head T5L parameters {22.0£0.2) "G 26 % 0.94 mho'm £ 6 %
Head TSL temperature change during test =050 e -
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head T5L Condtion |
SAH measued 250 mW inpul power 2.49 Wig
SAR lor nomingl Head T5L parametars rearralized 10 1W 0.63 Wikg + 17.0 % (k=2)
SAR averagoed over 10 em? (10 g} of Head TSL oondition
SAR measured 250 MW ingut power 161 Wkg
SAR for nomiral Head TSL paramaters normalized bz 1W 627 Wikg = 16.5 % (k=2)
Body TSL parameters
The following pararnetens and calodabions were apped
Tt alure Permittivity Conductivity
Mominal Body TSL paramaters 220°C 562 0.897 mhadim
Measured Body TSL paramelers (20 =02 °C B2+ 0,88 mho'm =6 %
Body TSL temperature change during test =050
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 250 W npul owes 246 Wikg
SAR tor nominal Body TSL parametars. rrtrrdized (o 19 5589 Wikg + 17.0 % (k=2)
SAR averaged over 10 em® {10 g} of Body TSL pondition
SAR measured 250 mW ingut power 1.62 Wikg
SAR lar nominal Body TSL paramaters normalized te W 6,40 Wikg = 16.5 % (k=2)
Cartificata Mo: DE3EV2-4d153 May23 Page Zof 8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parametars with Head TSL

Impedance, ransformed to feed point

51.0 L2 - 3.5 2

Return Loss

- 258 dB
Antenna Parameters with Body TSL
Inpedance, ranstonmed 10 teed point 4650-T2j0
Ratum Loss © 216 dBE
Ganeral Antenna Parameters and Design
| Etectrical Delay fane direction) , 1438 ra |

Adter kong bern use with 100W radiabed powar, only a shght warming of the dipode near the feedpoint can be measured

The dipole is made ol slandard semirigid coaxial cable, The center conductor of the feading line | drectly connecied to the

sacond amy of 1he dipoée. The anbénnia is iherelore shorl-crewted for DC-signats, On some of the dipoles. small end cags
are pdded 1o the digola arms in order 1o smpoowse malching whan baded according to the positon as axplained in the
‘Measuramant Conditions® paregraph. The SAR data are nat affected by this change The overall dipole length is skl

according io tha Standard.

Mo excassive lorce musl be applied 1o the dipobe amms, because (hey might band or the solderad connections near the

feadpoint may ba damaged.

Additional EUT Data

| Manufaciuned by

SPEAG

Cremficata Mo: DBI5VE-40153_May23
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DASYS5 Validation Report for Head TSL

Date; 11.05,.2023

Test Laboratory: SPEAG, Zurich, Swilzerfund

DUT: Dipole §35 MHz: Type: DE3SV2: Serial: DEISYI - SN:4d 153

Communication System; LD O - CW; Frequency: 835 MHz

Medium parameters used: f= 835 MHz o= 094 S/m; 5 = 41.2; p = 1000 kg/m?
Phantem secticn: Flat Section

Measurement Standard: DASYS (IEEENEC/ANST CR3.19-201 1)

DASY 52 Configuration:

Probe: EX3DV4 - SMT349; ConvF(9.69, 2,69, 969 @ 835 MHz: Calibrated: 100012023
Sensor-Surfece: 1 4mm (Mechanical Surface Detection)

Electronics: DAES Sn601: Calibrated: 19.12.2022

Phamtom: Flat Phantom 4.9 (from ), Tvpe: QD 00L P49 AA; Senal: 1001

DASYS2 52.10.4(1335), SEMCAD X 14.6.14{7501)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (Tx7x7VCube 0
Measurement grid: dx=Smm, dy=5mm, dz=5mm

Reference Value = 63,18 Vim; Power Drift = -0.04 4B

Peak SAR (eximapolated) = 3.77 Wikg

SART g) = 249 Wike: SAR(I0 g) = 1.61 Wikp

Smallest distance from peaks to all poims 3 dB below = 16.3 mm

Ratio of SAR al M2 10 SAR wm M1 = 65.7%

Maximum value of SAR (measured) = 331 Wike

1]
<2.00
-4.00
4.0
-B.00
-10.00

0dB =331 Wikg = 5.20 dBWikg

Cotficate Ma: DESSVE- 43153 May23 Page BofB
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Antenna Parameters with Head TSL

From cal. data

Measured 2024-06-21

Impedance; transformed to feed
point

51.0Q -3.5]Q

49.7Q -4.5|Q

Return Loss

-28.9dB

-26.8dB

Page 38 of 68
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Impedance Measurement Plot for Head TSL

e Do Ol Sveo Cltrdan Liawe S Mater Spken Werkm (6

Stabs:  CHI: BT

C" 1:Poat By 01 Celany

LCL

Cartihcals Mo: DB3SV2-4d153 May23
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DASYS5 Validation Report for Body TSL

Drate: U9.05.2023

Test Labormory: SPEAG. Zunich, Switzerland

DUT: Dipole 835 MHz; Type: DE3SVI; Serial: D835V - SN:4d153

Commumcation System: UTD 0 - CW; Frequency: 835 MHz

Mediem parameters used: (= 835 MHz: o = 0.99 3/m: & = 55.2; p = 1000 kg/m”*
Phantom section: Flat Section

Measuremwent Standard: DASY S (IEEETECFANST CA3.19-2011)

DASY 52 Conliguration:

Probe: EX3DVA - SN7349; ConvF{9.85, 9.85, 9.85) @ 835 MHz; Calibrated; 10,01.2023
Sensor-Surface: 14mm (Mechanical Surface Detection)

Electronics: DAE4 Snd01; Calibrated: 19.12.2022

Phantom: Flat Phantom 4.9 (Back): Type: QD O0R P49 AA; Serial: 1005

DASYS2 52.10.4(1533), SEMCAD X [4.6.147501)

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

Reference Walue = 56.39 ¥Vim: Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.57 Wikg

SARD gh=2.46 Wik SAR(I0 g) = 1.62 Wikg

Smallest distance Mmom peaks to all points 3 dB below = 16 mm

Ratio of SAR 21 M2 o SAR a M1 = 69.1%

Maximum value of SAR (measured) = 3,19 Wikg

-1.50
-3.60
-5.40
-1.20
-5.00

0dB =319 Wikg = 5.04 dBW ke

Carttficabe Mo: DAR5V2-40153_May23 Page Tl E
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Impedance Measurement Plot for Body TSL

BT S I ok Mwdwr Sows ede bW

| e 635,500

A 210 Drndy

Camdicaba Mo: DEI5VE-40153_May23 Page BolB
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6  Calibration report “1800 MHz System validation dipole”

Calibration Laboratory of

g Schweizeriachar Kalibrierdlest
Schmid & Partner  Service suisss détalonnage
Engineering AG Servizio svizoen O tarmurs
Zoughaussirasse 43, B004 Zuvich, Switzerand S guiss Calibration Barvice
Accredied by the Swss Accrediabon Sece FSASE] hooreditation Mo SCS 0108

Tha Swiss Accroditation Serace s o of the sigratones to the EA
Muttilaberal Agreesmant for the recognition of calibration certificates

Chent

Ot

Callbraton proceduns)s)

Calibration dabe

This calbrabion certlcab doc b 1 bbby dards. which realize the physics’ units of smasremets (51}
The and the it W caorlich probabibly ane given o0 he following pages s are perl of the cenficata

Adl caibrafors have bean conducied in tha desed lanomatery faciity: environme ismponatune (22 + 3)7C and numidty = 7%

Calivration Equipmant used {METE crilcal for caiibralion)

| Primary Starndans D# (Cal Data {Cortficat No. | Schmduled Calbralion
Powest meter NRP SM 1047 TE G- (M. 317-0353500524 ) Apr-23
Pasenr sensar NRP.Z91 SH 103244 D22 [han. 21702524 Apr-23
Power sensar MRP.Z81 SN 103248 Od-Apr-22 (Mo, 21 7-00828) Apr-21
Referance 20 dB Aferruaior BN Brigand (20K D-Apr-22 (Mo, 217527 Apr-23
| Type-M mamatch combinaton ShE 0062 ¢ 0EEET OM-ARe-22 Mo, 21 7-052E) Apr-T3
Relarense Probe EX3IDVE M THD F1-Deec-21 (Mo, EXI-TA40_Dec2?) Dag-22
DAEA SH: B0 O2-May-T2 (Mo DAESA0_May22) Mlay-23
Sncondary Standards joe Chack Date (i beuse) Sk il Cnack
Powar mater E44108 Sh: GRFDS124TS B0-Ct-14 ey o check Oel-20) In house chack: Oee-22
Power senmor HP B4814, SN LUSATHIZTRY D7 -Oned-15 i hinusa ek Dod-70) In hodme (eck: Oe-22
Proweer sanscr HF B4514, SN MYI08EE1S CET-0c-15 din house Sheck Dol-30) In hiage chege Q0t-22
RF generator RAS SMT.O5 SNz 100972 A5-dre15 (i hoisa chiack Qo-20) In hodse chack: O3
Metwnrk Araiyzer Agient EBI48A, | SR USL1080477 T1-Mar-14 {in house check D205 In house check: Oct-23
] Mame Furction
Yo A g 1 dcaerieid
Apprones by

Citficate Na: DIBOOVE2G1_May2d Page 1 af 6
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Calibration Laboratory of Faaars

-} Schwelzerischer Kalbrierdienst

Schimid & Partrer '.\"“Q:"{i k‘. s Service suwisse datalonnage

Engineering AG % c Servizs swizosro & taraburs
Zeighausstrasze 43, B004 Jurich, Switzeriand .':"fﬂﬁf? S Swigs Calibration Service
Acoredied by e Swiss Accradtaton Service (SAS) hcereditation No.; SCS 0108
The Swiss Accreditalion Barvice is cne of the signataries io the EA
Multiateral Ag I for tha recognaticn of calibraticn carfificates
Glossary:
TEL tissue simulating liguid
ConvF sensitivity in TSL / NORM x.y.z
MIA not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEC/NIEEE 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 (Freguency Range of 4 MHz to 10 GHzY, 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:

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

=  Anfenna Paramelers with TEL! The source is mounted in & touch configuration below the
center marking of the flat phantom.

&  Relurn Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measuremant condition clause). The Relum Loss ensures low
reflected power. No uncertainty required.

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

= SAR normalized. SAR as measured, nomalized to an input power of 1 W at the antenna
connactor,

=  SAR for norminal TSL parameters: Tha measured TSL parameters are used o calculate the
naminal SAR result,

The reported uncerainty of measurement is stated as the standard uncerainty of measurement
muttipiled by the coverage factor k=2, which for 2 normal distribution comesponds to 8 coverage
probability of appraximately 95%,

Cartifcats Mo DI BO0GZ-201_May2d Page 2 ol &
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Measurement Conditions

DASY aystem configuratizn. as far as not given on page 1.
| BASY Version DASYS2 VEZ 104
Extrapolation Advanced Extrapolation
Phantom Madular Flal Phantam
ﬂulunt- Dipole Center - TSL 13 mm with Spacer
Zoom Scan Resolution | dx, dy, dz =5 mm
Fraguency : 1800 MHz £ 1 Mz

Head TSL parameters
The foiowing parameters and calculations were applied.

Temperature Parmmittivity Conductivity 1
Nominal Head TSL parameters 20°C 400 .40 mhoim
Measured Head TSL paramaters (#2320 &0.2)°C MEzE% 1.37 mhodm & 6 %
Head TSL temperature change during test =05°C —— -
SAR result with Head TSL
SAR averaged over 1 cn® (1g)of Head TSL | Caonditien
SAR measured 260 mWW irput power .40 Wikg
SAR for pominal Head TSL paramaters | normatized to 1W 3T.B Wikg £ 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Head TSL comdition
SAR rmeasuned | 250 mbW g prreer 481 Wikg
SAR for nomingl Head TSL paramaters | nomalized bo 1W 19.7 Wikg £ 16.5 % (k=2)
Cartificale Mo: D1800V2-231_MayZa Faga3 ol 8
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Appendix {Additional assessments outside the scope of SCS 0108)
Antenna Parameaters with Head TSL

Impedance, ransformed bo feed point d580-T40
Raturn Loss =211 48

General Antenna Parameters and Design

| Bleetica Delay fone dirsstian) | 1.193 ns

1

After bong term use with 100W radiated power, only & sight warming of the dipole naear the fesdosint can be measured,

The dipoke is made of standasd semirigid coaxial cable. The cenler conductor of the feeding Bna is directy connected 1o the
sacond arm of the dipebs. The antanna Is therafore shon-circuited for DC-signals. On some of the dipoles, smal end caps
are added to the Spale arms in ordes o imgrowe maiching when loaded accorging 1o e posilion as explained in sha
"Maasuramant Conditiona” paragraph. The SAR dala are nol affacied by this change. The sverall Ssalé length is still
acconding to the Standard,

Mo excassva force mus! be apphad fo the dipole arms, because they mighl bend or e soldersd cormections near ha
feadpoint may be damaged.

Additional EUT Data

|_Mam_!a:¢|ur=d by [ SPEAG ]

Cerlificate Mo: D BO0WE-2B1_May22 Paga 4ol §
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DASYS Validation Report for Head TSL

Date: 10052022

Test Laboratory: SPEAG. Zurich, Switzerland

DUT: Dipole 1800 MHz: Type: DISMIV2; Serial: D1S00V2 - SN:291

Communication System: UTD 0 - OCW; Fregquency: 1800 Mz

Medium parameters used: = 1800 MHz o = 1.37 S/m; &= 388 p = 1000 kg/m’
Phantom section: Fiat Section

Measurement Standard: DASY S (I[EEEECANST Ca3.19-2011)

DASY 52 Configuration:

Probe: EX3DY4 - SNT349: ConvFiB.63, §.63, 8.63) @ 1800 MHz; Calibrated: 31,12.2021
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sné0: Culibrated: 02.05.2022

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Sental: 1001

DASYS2 52 10415358 SEMCAD X 14.6.14(7301)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (TxTxTCube 0:
Measurement grid: dx=5mm, dy=5mm, de=5mm

Reference Value = 107.9 Vim; Power Drift = 0,05 dB

Peak SAR {(extrapolated ) = 17,5 Wikg

SAR(1 g1 =9.40 Wike: SAR(10 g) = 491 Wikg

Smallest distance from peaks to all points 3 dB helow = 1) mm

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

Maximum value of SAR (measured) = 14.0 Wiky

Corificate MNo: DTA00V2-299_May22 Page Sl B

-3.00

-6.00

-9.00

-12.00

-15.00

0dE =146 Wke=11.64 dBW kg
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impedance Measurement Plot for Head TSL

Be Www Channel Swgep Cabvstion Trate Siak Mgk System  Window  Help

Chbepge 20 o e
GRSt 1 EME GHe  — Siop 200000 CHe
—
1 in +
1
|5 0
Wt = - =
1500
M bh =l
ke
Haa - m—
£
Lani 21 Ch 1 e = P
Chi-Szunl | BT OHE —— ~ Soge DL GHE
Staws  CH1: KBTI ™ i1Pon A= Delay LEL

Cartifcate No: D1BD0VE-281_sayis Page G of &
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Calibration report “1900 MHz System validation dipole”

Calibration Laboratory of L ikt
% Aot g Schwezesnscher Halibrierdiens)
Schmid & Pariner e Service sulsse dMalennage
Erﬂlﬁeel'il'lg AG P Servizio svizzers di lersura
Zaughaussirasse 43, 8004 Zunich, Switsarland ‘%m" 5 Suwiss Caibration Barvies

Accrediing by the Swass Acoreditation Senice [SA5)
The Swiss Accreditilion Service is ane af the signatories. to the BA
Multsteral Agreement for the recognition of calibration certificates

Accreditation No: SCS 0108

Cartficate Ho. | D1900V2-5d009_May23

| Cabbration pressduru

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Cafbrason dale:

May 12, 2023

Thes callbraton cerificale documents the iraceabily 0 nations! stardards. whish reakee The physical urits of measurarssnts (Sl)
The moasuremedts e $he uncerakviss with confidence probablity an: given on the filloeing pages and Are part of the canificale.

| Al cabbrations hans Beer concucted in e closed labaratory acilty: envronment lempsatuns (22 & 21°C and Paarintity = 70%.
| Catibration Equigeent used (MATE erifica for caithrasion)

| Primary Standards

|ow Cal Dube (Corsficata He.) . Scheduled Callbralon
Prrwnr mater NP2 BT MhMar-23 {No, 21 T-03B0403R05] Mar-24 |
Brorser sansof MRP-2451 M Tha2a4 A0-arE3 (Mg T1T-00804) Mar-24
| Power sensor MRP-Z01 Sh: 100245 Bl-ar-23 (Mo, F17-03805) Mar-24
Feference 50 08 Ateruator Shd: BHIIG (20K} 30-Mar-23 (Mo, 2AT-03808) Mar-34
Type-h mismatch pombireton ShIT0G82 1 0E3ZT  30-Mar-23 (Mo TIT-03840) Mar-34
Reerlerancs Prabe EXS0VG SN Fiag 10kdan-23 (No, EX3-TIE_Jeniz3) Jar-24
DAES Sk E01 19-Dec 22 (Ne DAE4-6N  Decd?) Dai-23
Secandary Standards o# e ChechDate{inhouse) Scheduled Check
Power meter 43198 SN GRIBSIZATE  30-0ut-14 (in house check Dct22) I heerss chack: Deld |
Power sendor HP 84814 | &M LIS3THITAY OF-Chei-15 {in house chach Det-22) It bowme check Chef-24
| Powar saersod HP B4i1a, SH: MY41083315 O a0act-15 fin howss check D152} In hoese check Ocl-24
RF generator RES SMT-06 | GN: 1ooeT2 i-June15 [in house theck Dc-22)

Webwork Analyrer Agivers ERZSHA | SN US41080477

| Calibrated by:

Appirved try

Mamn

This calibrton cenificas shall nail bis regenduced aoeed in ull wishout wrilien approval of thes iaboratony.

A1-hltar 14 {in houss check Oct-72)

Funcson

In Rewme cheds- Get-24
In heuse check: Oo-24

Signahure

Iesisad May 18 2033

Certificate Mo: DI900V2-54008_ May23

Paga 1of 8
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Calibration Laboratory of {.r".ix_'_{;*, g Schwaiskrischer Kakbriordianst
Schmid & Partner = c Service suikse Fatalonnage
Enginearing AG T— Servizie svizzero & taratura
Zowsghausstrasss 43, 8004 Zurich, Switzariand 1‘*«-’..;"? o 5 gwiss Calibration Sorvice
Accredtitet By this Swiss Socrediaton Servce (SAS) Accreditation %o.2 SCS 0108

The Swiss Accreditation Service i one of the signatories o the EA
Multilatersl Agreempnt for the cogaition of calibration certificales

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NORM x,y.2
M A, not applicabla ar not measured

Calibration is Performed According to the Following Standards:

a) IEC/EEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Fraguency Fields From Hand-Held And
Body-Wom Wireless Communication Devices - Part 1528; Human Models, Instrumeantation
And Procedures (Frequency Range of 4 MHz to 10 GHzY, Oclober 2020

b) KDB 865664, "SAR Measurement Requirements for 100 MHz 1o 6 GHz"

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

»  Measurerment Condifions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the cerificate 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.

= Relurn Loss: This parameter is measured with the source posiioned under the liquid filled
phantom (&5 described in the measurement condition clause). The Retum Loss ensures low
reflected power. Mo uncertainly reguired.

«  SAR measured: SAR measured al the stated antenna input power,

»  SAR normalized: SAR as measured, normalized o an input power of 1 W at the antenna
connecior.

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

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

Cartificatn No: DI8000V2-54009_MayZl Paga 2ol B
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Measurement Conditions
DASY syetem configuration. as far as not

cetecom

advanced

ivan on page 1.

DASY Version DASY52 | V52.10.4
Extrapalation Advanced Extragolalion |
Phartom Modular Fat Phantom |
Distance Dipole Center - TSL 10 mm i with Spacer
Zoom Scan Resolution dw. dy. dz = 5 mm o

| Frequency 1800 MHz + 1 MHz

Head TSL parametars

The fokowing parametens and calculalions were spolled.

Temperalure Pemmittivity Conductivity
 Mominal Head TSL parametsrs zzn°c 400 1.40 mhom
.mmmdﬂndTSL parameters (22002)°C | HT£E% 1.40 mha'm + & %

Head TSL temperature change during test <05 °C | - -
SAR result with Head TSL
[mmnrm over 1em’ (1 g) of Head TSL Condtion
SAR mersured 250 mW inpul power 9.86 'Wikg

SAR for nominal Head T5L paramaters

normalized o 1W

38,1 Wikg £ 17.0 % (k=2

SAR averaged over 10 em’ (10 g) of Head TSL Sondigpn I

SAR measwad 250 mW input power | 5,18 Wikg

S5AR for nominal Head TSL parameters normalized o W | 208 Wikg £ 16.5 % (k=2)
Body TSL parameters

The foligwing paramebers acd calculalions wee applied.
Temperature Permittivity Canductivity

Mominal Body TSL parametars xno'c 53.3 1.62 rheiim

Maasured Body T5L paramaters (220402 "C 52.046 % 1.52 mhaim £ 6 %

Body T5L tempaerature change during test <0.5"C - —--
SAR result with Body TSL

SAR averaged over 1 om’ (1 g) of Body TSL Condition

SAR measurad 250 W input poer 101 Wikg

SAR for noeninal Body TSL parameters

narmalized o W

40,2 Wik + 17.0 % (ks2)

I

SAR averaged over 10 cm’ (10 g} of Body TSL

condition

SAR measured

250 MW input power

noernalized 1o 1W

5,29 Wikg
21,1 Wkg £ 16.5 % (k=2)

Cearlifcale Mo: 0 B000W2-50000 May23

Page 3ol 8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impetance, ranslommed o feed pont 5160+ 340
Return Loss -28.54d8

Antenna Parameters with Body TSL

[Wmpegsnce. wanstomed o feed point 4700+ 360 |
| Retum Loss - 26.4 dB |

General Antenna Parameters and Design

| Etactrical Dalay (ona diraction) 1187 ns

Afer long term wse with 100W radiated power. only a slighl warming of the dipole near the feedpoint can be measured

The dipcle is mada of standard semingid coaxial cable. The center conductor of the feeding line is directly connected io the
sacond arm of the degpole. The anienna s therafiore short-circuited for DC-signals. On soma of the dipoles. small end caps
ana added to the dipole arms in onder 10 improve matching when loaded according o the position as explained in the
“Maasurement Conditions” paragraph. Tha 54R data are not affacted by this change, Tha overall dipale length is sl
acoomnding bo the Standard.

Mo excessive foroe must be appied (o the dipole arms, because they might tend or the soldered conneclions near the
feadpeind iy be damaged.

Additional EUT Data
Manulactuned by | SPEAG
Cevtificate Ma: D1000V2-54008_May23 Page 4 of 8
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DASYS Validation Report for Head TSL

Drate: 12052023

Test Laboratory: SPEAG, Zunch, Switzerland

DUT: Dipole 1900 MHz; Type: D900V Serial: D900V - 5N :Sd009

Communication System: V1D 0 - CW; Frequency: 1904 Mz

Medium parameters used: £= 1900 Mz & = 1.4 S/m e = 38.7, p= 1000 kg'm'
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEJIEC/ANST Co3 192011}

DASYS? Configuration:

L]

Probe: EX3DV4 - SNT349; ConvF(8.35, 8.35, 8.35) i@ 1900 MHz; Calibrated: 10.01.2023
Sensor-Surface: | 4mm (Mechanical Surface Detection)

Electronics: DAES Snb01: Calibrated: 19.12.2022

Phaniom: Flat Phantom 3.0 (front)y, Type: QD (00 P30 AA; Senal: 1001

DASY 52 3200401535 SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Sean (Tx7xTHCube 0
Measurement grid: ds=5mm, dy=5mm, dz=5mm

Reference Value = 1080 Vim; Power Dnft = 0.08 dB

Peak SAR (extrapolated) = 17,9 Wikg

SAR(L g) = 986 Wike: SAR(10 g) = .18 Wikg

Smallest distance from peaks to all points 3 dB below = 10 mmy

Ratio of SAR at M2 to SAR an M1 = 55.5%

Maximum value of SAR (measured) = 15.2 Wikg

df

-1.00
-6.00
-2.00
-12.00
“15.00

0dB =152 Whkg=11.82 dBW/kg

Cartificate Mo: O S00VE-S0009_May23 Paga Sal 8
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Impedance Measurement Plot for Head TSL

Bk Vew Chaved Swiep Calbrabion Trace  Scalke Marker Systes Miedow belp

n boyge 3

s

Shi B 1 TH00 Ghz fop 2 10008 GHe
| Frme [ T T IH= 2§ 454 aF]
ey i il 4
[ [ T
oo
s s | —
b ot i i g =
1%
s o0 r I K
Lo oo -
o ) - o E—
LS 4 - | | |
baonn L Gh ! Surgu o 1 | [ el |
St Bl 1 0 ke o D Gz
Stas DHY. ETT 1Pt Aovged) Deday LCL
Cariificate Mo: D1B00VI-54000_Mayz3 Page 6 of 8
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Antenna Parameters with Head TSL

From cal. data

Measured 2024-06-21

Impedance; transformed to feed
point

51.8Q +3.4jQ

52.3Q +3.8jQ

Return Loss

-28.5dB

-27.4dB
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DASYS Validation Report for Body TSL

Date; 12.05. 2023

Test Laboratory: SPEAG, Zunch, Switzerland

DUT: Dipole 1900 MHz: Type: DI900V2: Serial: DI900YZ - SN 54009

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: = 1900 MHz o = 1.52 8/m; 5= 52; p = 1000 kg/m*
Phantom section: Flal Section

Measurement Standard: DASYS (IEEE/TEC/ANST Co3.19-201 1)

DASY 52 Contiguranon:

Probe: EX3DV4 - SMN7349; Convi(E.42, 8,42, 842 & 1900 MHz; Calibrated: 100012023
Sensor-Surface; 1.4mm { Mechanical Surface Detection)

Elecironies: DAES Sn601; Calibrated: 19, 12.202F

Phantomm: Flat Phantom 5.0 (back): Type: QD 000 PSO AA: Senal: 1002

DASYS52 52 10.4(1535); SEMCAD X 14.6 147501}

Dipole Calibration for Body Tissue/Pin=250 mW, d=1hmm/Loom Scan (777 Cube
Messurement grid: da=5mm, dy=5mm, dz=5mm

Reference Value = 1033 Vim; Power Dirift = -0.07 dB

Peak SAR (cxtrapolated) = 18,7 Wik

SARL gy = 10.1 Wikg: SAR(10 g) =529 Wikg

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

Ratio of SAR at M2 to SAR at M1 = 55. 7%

Maximum value of SAR (measured) = 15.2 Wikg

0dB =152 Wkg=11.82d8Wkg

Cartificala No: DTH00VZ-50008_ May23 Faga 7ol 8
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Impedance Measurement Plot for Body TSL

Bl ew Chervve Swpep Cofbrabon Trace Sodle Mher
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Calibration certificate of Data Acquisition Unit (DAE) — SN: 413
Calibration Laboratory of ﬂx""@*”'ﬁ, Schweizerischer Kalibrierdienst
Schmid & Partner = Service suisse d'étalennage
Engineering AG e Servizio svizzero di taratura
Zoughaussirasse 43, B004 Zurich, Switzerland bﬁ'ﬁﬂ;‘.r- Swiss Calibration Service
hocrediled by the Swiss Acoraditation Service [SAS) Accreditation Moz SCS5 0108

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

Client Cetecom Advanced

Certificete No: DAE3-413 Jan24
Samrbribchen, Germany

CALIBRATION CERTIFICATE

Clbject DAE3 - SD 000 D03 AA - SN: 413

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

Calibration date: January 15, 2024

This calibrabon cerilicate documents the fraceabllity to nationel standards, which realize the physical units of maasurarmants (51,
The measurements and the uncerainties with confidence probability are ghven on the lellowing pages and are part of the cenificate.

Al calibrations have been conducked in the closed laboratory facility: environment ternperature {22 < 3)°C and humidity < 70%.

Calibration Equipment used (METE critical for cabibration)

Primary Standards 10 Cal Date {Cartificate Mo Scheduled Galibration

Kaithiey Mullirmelsr Type 2001 SM: DE1027E 2B-AUG-23 (MoETe21) Aug-24

Sacondary Standards | I0# Check Date (in house) Scheduled Check

Auto DAE CaBbration Unit SE LWWS 053 A8 1001 ET-Jan-23 {in house check) I heassie chvech: Jan-24

Calibrator Box V2.1 SE UMS 0068 A8 1002 27-Jan-23 {in house check) In house check: Jan-24
MNams Funciion Signature

Calibrated by Dominkgue Stefien Lahoratony Technician

LY 'ﬁﬁwf

lgsund: Januaryg 17, 2024

Approved by Svan Kihn Technical Manager

This calibration certiicate shall not be reproduced except in full withowt written approval of the labaratory.

Certificate Mo: DAE3-413_Jan24 Page 1 of &
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Calibration certificate of Data Acquisition Unit (DAE4ip) — SN: 1842

Calibration Laboratory of 5“@?’9} Schwaizerischer Kalibrierdienst

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

Zeughaussirasse 43, B004 Zurich, Switzerland ¥ rr‘;;‘a\f Swiss Calibration Service

Accredited by the Swiss Accraditation Senvice (SAS)
The Swiga Accredilation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration cerlificates

Client CTC advanced GmbH

Saarbriicken, Germany

Accreditation Ne.: SCS 0108

Certificate No: DAE4ip-1842_Nov23

ICALIBFIATiON CERTIFICATE

Object DAE4ip - S0 000 D14 A - SN: 1842

Calibration procedurels)

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

| Calibration date: Movember 02, 2023

This calibrateon certdicate documents the traceability 1o national standards, which realize the physical units of measurements (S
The measuremants and the uncerainties with confidence probability ane given on tha fallewing pages and sre pan of the canicals.

All calibrations. hawe been conducted in the chosed |aboratory fagility: envirenment temperature (22 + 3)°C snd humadity < T0%

GCalibration Equipment used {M&TE critical lor calibration)

Primary Standards D& Cal Date {Certificate Mo,) Sehaduled Calibration
| Kaitritey Muttimeter Type 2001 SM: 0810278 29-A00-23 (No3T421) Aug-24
| Secandary Standards 10 a Check Date {in house) Scheduled Check
| Auta DAE Calibration Linit SE LWS 063 AA 1001 27-Jan-23 (in house check) In house checs Jan-24
Calibrator Box V21 SE UMS 006 AN 1002 27-Jan-23 (in house check) In house check: Jan-24
M Funttion Sigraiura
Calibrated ty: Adrian Gehring Laboeatory Technician /; Q
Pl
Approved by Swven Kihn Tachnical Manager : 'u’ I%?
o
VAR A

Izsued: Nowamber 2, 2023
| This calibration cedificate shall not be reproduced excepl in full without written aporovat of thi laboratory.

Certificate No; DAE4ip-1842_MNowva23 Page 1ol &
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10 Certificate of “SAM Twin Phantom V4.0, V5.0, V8.0”
Schmid & Partner Engineering AG
gineering S p e a g
Zeughausstrasse 43, 8004 Zurich, Switzerland
Phone +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, httpiffwwaw. 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 ) Regquirement B 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 . liguids. ** 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.

*  TheIT'IS CAD file is derived from [2] and is also within the tolerance requirements of the shapes of

the other documents.

ww

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.

Standards

[1] OET Bulletin 65, Supplement C, “Evaluating Compliance with FCC Guidelines for Human Exposure

to Radiofrequency Electromagnetic Fields", Edition 01-01

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

Technigues, December 2003

[3] 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] 1EC 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.

speag
Date 25.07.2011 Schmic & Paginer Engineering AG
zg %%%;W.%mr
PhaaB o) 4 7 o
Signature / Stamp VR oid ..ﬂ.{:‘fﬂgaq it

DocNo 881-QDO00P40C-H

Page 11}
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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:/fwww.speag.com
Certificate of Conformity / First Article Inspection
Item SAM Twin Phantom V8.0
Type No QD 000 P41 A
Series No TP-1912 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 o 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.

*  TheIT'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.

Standards

[1] KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

[2] |EEE 1528-2013, “Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques, June 2013

IEC 622091 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)", February 2005

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)", March 2010

[3]

[4]

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 p e a g

Schmid & Pariner Enginee<ng AG
Zeughausstrasse 43, B004 Zurich, Switzerland
Phone +41 44 245 9700, Fax +41 44 2459779
info@speag.com, Mitpfiwww.soeag com

Date 10.06.2015

Signature / SMMW

DocNo 881-QDO00P41A-A
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11 Certificate of “ELI Phantom V8.0’

Schmid & Partner Engineering AG S _E (-] Q q

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

Certificate of Conformity / First Article Inspection

Item Oval Flat Phantom ELI v8.0
Type No QD OVA 004 A
Series No 2048 and higher
Manufacturer Untersee Composites
Knebelstrasse 8, CH-8268 Mannenbach, Switzerland

Tests
Complete tests were made on the prototype units QD OVA 001 A, pre-series units QD OVA 001 B as
well as on some series units QD OVA 001 B, QD OVA 003 A and QD OVA 004A.

Test Requir t Details Units tested
Shape Internal dimensions, depth and | Bottom elliptical 600 x 400 Prototypes
sagging are compatible with mm, Depth 190 mm,
standards dimension compliant with [1]
forf= 375 MHz
Material thickness | Bottom: dimension compliant with all
2.0mm +/- 0.2mm [3] for f > BOO MHz
Material rel. permittivity 2 - 5, rel. permittivity 3.5 +/- 0.5 Material
parameters loss tangent < 0.05, atf<6 loss tangent < 0.05 samples
GHz
Material Compatibility with tissue Compatible with SPEAG Phantoms,
resistivity simulating liquids . liguids. ** Material
sample
Sagging Sagging of the flat section in within tolerance for filling Prototypes,
tolerance when filled with height up to 155 mm samples
tissue simulating liquid.

-k

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.

Standards

[1] KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

[2] |EEE 1528-2013, "Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques, June 2013

[3] 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 fo 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)", February 2005

[4] IEC 62208-2 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)", March 2010

Conformity

Based on the sample tests above, we certify that this item is in compliance with the uncertainty
requirements of body-worn SAR measurements and system performance checks as specified in [1 — 4]
and further standards.

§ p e a g
Date 10.06.2016 ) o
id & Partner Engineering AG
/ Bughausstrasse 43, 8004 Zurich, Switzerland
Signature / Stamp ONe +41 44 245 9700, Fax +41 44 245 9779

info@speag.com, Mipivaww.speag.com

DocNo 881-QDOVAODD4A-A Page 1(1)
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12 Application Note System Performance Check

12.1 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.

12.2 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.
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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.

12.3 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 | y2 o

uncertainty Value Distribution (19) | (10g) | = %, (19) |+ %, (10Q) | v
Measurement System
Probe calibration + 6.6 % Normal 1 1 1 |+ 66%|]+ 66% o0
Axial isotropy + 4.7 % | Rectangular | 3 1 1 [+ 27%|+x 2.7% o0
Hemispherical isotropy + 9.6 % | Rectangular | ' 3 0 0 [+ 00%|+ 0.0% o0
Boundary effects + 1.0 % | Rectangular | V3 1 1 [+ 06%|+ 0.6% o0
Probe linearity + 47 % | Rectangular | ' 3 1 1 [+ 27%|+ 2.7% o0
System detection limits + 1.0 % | Rectangular | V3 1 1 [+ 06%|+ 0.6% o0
Readout electronics + 0.3 % Normal 1 1 1 |+ 03%|+ 0.3% o0
Response time + 0.0 % | Rectangular | V3 | 1 1 |+ 00%|+ 00%]|
Integration time + 0.0 % | Rectangular | 3 1 1 [+ 00%|+ 0.0% o0
RF ambient conditions + 1.0 % | Rectangular | V3 1 1 [+ 06%|+ 0.6% o0
Probe positioner + 0.8 % | Rectangular | 3 1 1 [+ 05%|+ 05% o0
Probe positioning + 6.7 % | Rectangular | V'3 1 1 |+ 39%|+ 39%]| =
Max. SAR evaluation + 2.0 % | Rectangular | V3 1 1 [+ 12%|+x 1.2% o0
Dipole Related
Dev. of exp. dipole + 55 % | Rectangular | V3 1 1 [+ 32%|+ 3.2% o0
Dipole Axis to Liguid Dist. + 2.0 % | Rectangular | V3 1 1 [+ 12%|+ 12% o0
Input power & SAR drift + 3.4 % | Rectangular | 3 1 1 [+ 20%|+ 2.0% o0
Phantom and Set-up
Phantom uncertainty + 4.0 % | Rectangular | V3 1 1 [+ 23%|+ 2.3% o0
SAR correction + 1.9 % [ Rectangular | V3 1 [084]+ 11%|+ 09% o0
Liquid conductivity (meas.) + 50 % Normal 110781071+ 39%|x 3.6% o0
Liquid permittivity (meas.) + 5.0 % Normal 1]1026]026|+ 13%|+ 13% o0
Temp. unc. - Conductivity + 1.7 % | Rectangular | V3 |078]071[+ 08%|+ 07% o0
Temp. unc. - Permittivity + 0.3 % | Rectangular | V3 023026+ 00%|+ 00% o0
Combined Uncertainty + 10.7 % |+ 106 % | 330
2LLUEY ST £ 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.
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cDASY 6 - Uncertainty Budget for System Validation

for the 0.3 - 6 GHz range

Source of Uncertainty | Probability |Divisor| ¢ | ¢ | Standard Uncertainty | 2oy

uncertainty Value Distribution (1g) | (10g)| =%, (19) |+ %, (10Qg)| V¢
Measurement System
Probe calibration + 6.6 % Normal 1 1 1 |+ 66%|+ 66% o0
Axial isotropy + 47 % | Rectangular | V3 1 1 [£ 27%|x 27% o0
Hemispherical isotropy + 96 % | Rectangular | V3 0 0 |+ 00%|+x 00% o0
Boundary effects + 10 % | Rectangular [ v 3 1 1 [+ 06%|x 06% o0
Probe linearity + 47 % | Rectangular | V3 1 1 [+ 27%|x 27 % o0
System detection limits + 10 % | Rectangular [ v 3 1 1 [+ 06%|x 06% o0
Modulation Response + 0.0 % | Rectangular | V3 1 1 [+ 00%|]x 0.0% o0
Readout electronics + 03 % Normal 1 1 1 |+ 03%|+x 03%[ «
Response time + 0.0 % | Rectangular | V3 1 1 [+ 00%|]x 0.0% o0
Integration time + 0.0 % | Rectangular [ v 3 1 1 [+ 00%|]x 0.0% o0
RF Ambient Noise + 1.0 % | Rectangular | V3 1 1 [+ 06%|]x 06% o0
RF Ambient Reflections + 10 % | Rectangular [ V3 1 1 |+ 06%|+x 0.6% o0
Probe positioner + 0.04 % | Rectangular | V3 1 1 [+ 00%|x 0.0% o0
Probe positioning + 0.8 % | Rectangular \ 3 1 1 |+ 05%|x 05% 0
Max. SAR evaluation + 0.0 % | Rectangular | V3 1 1 [+ 00%|]x 0.0% o0
Dipole Related
Dev. of exp. dipole + 55 9% | Rectangular [ V3 1 1 [+ 32%|x 32% o0
Dipole Axis to Liquid Dist. + 2.0 % | Rectangular [ v 3 1 1 [+ 12%|x 12% o0
Input power & SAR drift + 34 % | 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 10841+ 19%|+ 16% o0
Liquid conductivity (meas.)°* + 25 % Normal 1107810711+ 20%|+ 18%|
Liquid permittivity (meas.)°"X + 25 % Normal 110231026+ 06%|+ 0.7% 0
Temp. unc, - Conductivity® + 34 % |Rectangular | V3 [ 0780711+ 15%|+ 14%]|
Temp. unc. - Permittivity®® + 04 % |Rectangular | V3 [023(026|+ 01%|+ 01%|
Combined Uncertainty t 95%|+ 94%
Expanded Std. Uncertainty + 190%|+ 188 %

Table 2: Uncertainties of a system validation with cDASY6 (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;
PAKif 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 Uncertainty P_rob_abil_ity Divisor— ¢_| Standard Uncertainty
Value Distribution (19) | (10g) | % %, (1g) |i %, (109)
Measurement System Errors
CF Probe Calibration Repeat. + 131 % Normal 2 1 1 + 93% [+ 93 %
CFEdrift  |Probe Calibration Drift + 1.7 %/ Rectangular [ V3 1 1 + 10%([+x 1.0%
LIN Probe linearity + 4.7 % /| Rectangular | ¥ 3 0 0 + 00% |+ 0.0%
BBS Broadband Signal + 0.0 %/ Rectangular [ V3 0 0 + 00% [+ 0.0%
ISO Probe Isotropy (axial) + 4.7 %] Rectangular | V 3 0 0 [+ 00%|+x 0.0%
DAE Data Acquisition + 0.3 % Normal 1 0 0 + 00% |+ 0.0%
AMB RF Ambient + 0.6 % Normal 1 0 0 + 0L0% [+ 0.0%
JAVR Probe Positioning + 05 % Normal 1 1029|029 ]|+ 01%|+x 01%
DAT Data Processing + 00 % 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.)® + 34 %|Rectangular [ V3 [078] 071 |+ 15% [+ 14%
EPS Phantom Permittivity + 14.0 % | Rectangular | ¥ 3 0 0 + 00% |+ 0.0%
DIS Distance DUT - TSL + 13 % Normal 1 2 2 |+ 26%|x 26%
MOD DUT Modulationm + 0.0 % | Rectangular | ¥ 3 1 1 |+ 00%|+ 00%
TAS Time-average SAR + 0.0 % | Rectangular | ¥ 3 1 1 + 00% |+ 0.0%
VAL Validation antenna + 32 % Normal 1 1 1 + 32% [+ 32%
Pin Accepted power + 20 % Normal 1 1 1 + 20% ([ 20%
Correction to the SAR results
C(g, ) |Deviation to Target + 19 % Normal 1 1 084 |+ 19% |+ 16%
u(ASAR) |Combined Uncertainty + 108 % [+ 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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12.4 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 [:Att3 1 } @

- Att2 L
® ——(ew) (e

&) —=
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:

e 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.

e 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.

e 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.)

e 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.

e 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.

e 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.
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* 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.

« 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.

12.5 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.

12.6 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:

e 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.

e 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.

e 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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