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Client

Cetecom Advanced

Ssarbricken, Germany

Certificate No.

EX-3944_May24 J

| CALIBRATION CERTIFICATE

Ceject

Calbration prooedures)

Calibraten date

Ths calbration cerahcate oowmems m uaeo&my 0 natonal standads, which realize the
with

EX3DV4 - SN:3944

QA CAL-01.v10, QA CAL-12.v10, QA CAL-14.v7, QA CAL-23.v8, ‘

QA CAL-25.v8

Calibration procedure for dosimetric E-field probes

May 21, 2024

The and the

J urits of (59,
Y 2@ ghven on 1he lolowing pages &nd are part of the certiticate.

All calibrations have been conducled in the chksed Rboralory Saciily. ewifronmen] lemperalure (22 + 3)°C ard humidiy « 70%

Caibravon Equpmant used (METE crilical for caliration)

Primary Standards [o Cal Dare {Covtilicane No.j | Scheduled Ci
Power mene: NAP2 SN 104778 26-Mar-22 (No. 21704036°04037) War-25
Powar sansor NRP-Z91 SN: 103244 “26-Mar24 (No. Z17-04036) Mar35
‘OCPDAK 35 (weghted) | SN: 1249 08-Oct-23 [OCH-DAKS 5-1249_0ciz3) Oct-24_
| OCPDAK: 2 SN 1016 08-0ct-23 (OCH-DAKIZ-1015_0ctz3) Oct-24
_Ficference 20 o8 Atforuaior ﬁ ﬁss& 20 | 2%-Mar-24 (No. 217-040486) Mar 25
DAE4 | 73-Feb-24 (No. DAEA-660_Febls) Fon-25
| Redavence Probe EXIDVA SN ms 03-Now 23 [No. EX3-7349_NavZ3) Nav-24 y
Secondery Standards T Check Date (in house) Schedued Check
Mmm E44198 SN- GBarzsasre 05 Ape- 16 (i Pouise chiack Jun-22) 12 house chack: Jun-24
“Power sensor C4412A SNMYZ1698067 | OB-Apr16 (n house check An 22) | In house checx Jun-24 ‘
[Power sensor E4412A | SN: 000110210 | 06-Ape-16 (i house check An-22) | In house check Jun-24
RF&WWMC SN: US36a2001700 | 0&-Aug-3 (in house chedk Jun-22) ! In house chece Jun.24
Notwork Analyzer 63584 | SN: USeTos0ars 31:Mar 14 {in house check Oct-22) in house checx Oct2a |
Nama Funclion Signature
Catbrated by Josnna Lieshaj Laboratory Technician W 7 ‘7
Appeoved oy Sven Kohn Technica) Manager

This calration cersficate shal not be reproduced except in full without writien appeaval of the faboratory,

Certificate No: EX-3944_May24

SR

Issad; May 21, 202¢
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Calibration Laboratory of A wmlN 'S Schwstutschor Kafbriordivast
: AN £y ) Service suisse d'étalonnage

Schmid & Partner i C. Servirio wrizzem o torstirs

Engineering AG ' R 3 2/ S Swiss Calibration Service

Zeughaussirasse 43, B004 Zurich, Switzedand BN N

Accreciied by e Swiss Accreditation Servics (SAS) Accrediation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA
Multiateral Agreemaent for the mecognition of calibeation centificates

Glossary

TSL tissue simulating Iqud

NORMx yz sensitivity in free space

CorwF sensitivity in TSL/ NORMx.y.z

oce diode comprassion point

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

A B.C.D modulation dependent inearzaton parameters

Polanzation ¢ @ rotason around probe axs

Polanzation ¢ & rolaticn around an axis that is in the plane normal 10 probe axis (at measurement center), le, 0 =05
normal to probe axis

Connector Angie  Information used in DASY system 1o align probe sensor X 1o the robol coordinale system

Calibration is Performed According to the Following Standards:

a) IEC/IEEE 62209-1528, "Measurement Precadure For The Assessment OF Speciéic Absorption Rate Of Human Exposure
To Radio Frequency Fields From Hand-Heid And Body-Worn Wireless Communication Devices - Part 1528 Hyman
Medeis, Instrumentation And Procedures (Frequency Range of 4 MKz 10 10 GHz)", October 2020.

b) KDB 865664, “SAR Measurement Requirements for 100 MMz 1o § GHz"

Methods Applied and Interpretation of Parameters:

 NOFRMx y.2: Assessed for E-finki polarization 0 = 0 (f < B00MHz in TEM-ce?; f > 1800MHz: R22 waveguide). NORMx,y.2
are only intermediate values, i.e., the uncertainties of NORMx.y.z does not affect the Efield uncartainty inside TSL (see
below ConvF).

« NORMf)x.y.z = NORMX 3.2 * frequency_raspense (see Frequancy Response Chart). This lingarzation is implemented in
DASY4 software versicns later than 4.2 The uncertainty of the frequancy responsae is included In the stated uncertainty of
CorwF.

* DCPx.y.z: DCP are numarical fi tion parametars d based on the data of power sweep with CW signal. DCP
does not depend on frequency nor media

+ PAR: PAR i the Peak to Average Ratio that Is not calibated but determined basad on the signal characteristics

= Axyz Bryz; Cxyz; Dxyz; VRxyz: A, B, C, D are numencal linearization paramelers assessed based on the data of
power sweep for specilic medutation signal, The parameters do not depend an Irequancy nor media. VA is the maximum
calibration range expressed in RMS waltage acrass the diode

+ ConvF and Boundary Effect Pa % A d in #at phantom uging E-field (er Temperature Transtar Standard for
f = 800MHz) and inside waveguide using analytical field distriutions based on powsr measuraments for f > 800MHz. The
same selups are used for t of the p applied for boundary compensation (alpha, depth) of which typical

uncerianty values are given, Thesa paramelers are used in DASY4 soltwara to improve probe aceuracy close to the
boundary. The sensitrity in TSL comesponds to NORMx. .z * ConvF wheredy the uncerlanty corresponds ta that given for
CanvF, A frequency dependent ConvF is used in DASY version 4.4 and higher which aliows exiending the validity from
+50 MHz to = 100 MHz.

+ Spherical isotropy (3D dewviabion from isotropy). 0 a lield ol low gradients raaized using a fiat phaniom exposed by a paich
antenna.

« Sensor Otffset: The sansor oflzet corraspands 1o the offset of virtual maasuremant center from the probe tp (on probe axis),
No tolerance required.

* Connector Angle: The angle is assessad using the nformation geined by determining the NORMx (no uncertainty required).

Certificate No: EX-3944_May24 Page 2 of 22
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EX30V4 - SN-3844 May 21, 2024
Parameters of Probe: EX3DV4 - SN:3944
Basic Calibration Parameters
Sensor X SensorY | SensorZ | Unc(k=2)
Norm (pVi(vim)®) A 0.56 061 042 L #104%
DCP (mv) B 101.2 100.7 | 1038 14.7%
Calibration Results for Modulation Response
"UID | Communication System Name & | B © 1] VR | Max | Max
d8 | dBuv d8 | mv | dev.  UncE
! | k=2
0 W TIXTT000 000 | 1.00 000 1208 | 21.2% | 4.7%
Y| 000 006 | 100 140.7
Z] 000 0.00 .00 | 1323
10352 | Pulse Wavelorm (200Hz, 10%) X | 2000 | 6222 | 2158 1000 | 600 | 22.8% | 19.6%
Y2000 9534 | 2411 7600 |
'Z| 2000 | 8849 | 18.00 | 600
10353 | Puise Wavelorm (200Kz, 20%) X| 2000 9354 | 2135| 609 800 | +1.3% | £0.6% |
Y2000 96 372 80 ‘
Z| 2000 7 9018 | 1478 800
10354 | Pulse Wawelorm (200Hz, 40%) X | 2000 | 9785 | 2220 a88 | 850 | £13%  296% |
Y| 2000 | 100! 7431 950 ‘
"Z1 2000 9511 | 1aa1 850 |
10 Ise Wavelorm (200Hz, 60%) X[ 2000 | 10486 | 2440| 222 | 1200 | £1.3%  +9.6% |
¥ 2000 | 107.27 | 2547 | T1260 |
(272000 | 10443 | 2373 1200 |
10387~ QPSK Wavelorm, 1 MHz X1 180 6591 | 1559 100 | 150.0 | <1.7% | +96%
v 188 8518 | 15471 TI50.0 |
ey | T2V ere0 | 1567 ) TI50.0
10388 | QPSK Wavedorm, 10 MHz X| 240 6903 | 1630 | 000 1500 | =1.1%  +9.6%
Y| 248 6888 | 16.09 T150.0 |
- _ 7| zzm | wedes | 1827 | 1500
10396 | 64-OAM Wavetorm, 100 kHz . X| 288 7010 | 1856 | 301 1500 | =08% | £96%
Y| 344 T176 | 1929 | 79500 |
| . Z| 268 7061 | 1896 0
10399 | 64-QAM Wavedorm, 40 MHz X] 3% 6704 | 1580 | 0.00 1500 +0.7% | +9.6%
(Y| 358 | 6702 | 15.73 1800
e pouz s [Z] 734278635 | 1575 (1500
10414 | WLAN CCDF, 84.QAM, 40 MHz [X| 4B4| 6548 | 1546 0.00  150.0  +1.7% | +9.6%
Y| 488 | @548 | i54a 500
[Z1 47| esas | 54 1500 |

Note: For datails on UID parameters see Appendix

Therepmaduminydmnsmmisstmdumwmwdmusunmwtmnbledwmmaoo
facior k=2, which for a normal distribution carresponds 1o a coveraga probabilty of approximately 85%.

:mmmo'wmx,v,zmmmmefmmmyn«mrmhousws\
U : xirus specind bed

¥
€ Uncertanty s determired usirg Pa mas.

o ivmar

applying

Palar dSrDuton and is wepresie ke ihe soue of ho eld vakoe.

Cartéicate No: EX-3344_May24
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EX3DV4 - SN:3844

May 21, 2024
Parameters of Probe: EX3DV4 - SN:3944
Sensor Model Parameters
ci c2 « T 2 T3 T4 15 T8
1F F v msV? | msv' ms y-3. vt B
x 380 35419 3489 21.26 0.00 510 0.82 029 1.00
Ty | €08 | 44e3s | 3830 | 2200 060 | 510 136 0.3 161
2 | 389 | 28385 34.06 12.14 0.00 503 154 0.02 1.00
Other Probe Parameters
| Sensor Arrangement Triangular
Connector Angle - 15
Mechanical Surface Detection Mode enabled
| Optical Surface Datection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10mm
Te Lonbﬂ) | Smm
Tip Diamatar | 25mm
| Probe Tip 1o Sensor X Calbration Point o ELLY
Probe Tip 1o Sensar Y Calibration Point 1mm
| Probe Tip 1o Senisor Z Calibration Pont o T Vom |
| Recommended Measurement Distance from Surface | 14mm

Note: Moasuremant cistance bom surlace can be increased 10 54 mm or is Aws Scan job,

Certificate No: EX-3944_May2é
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EX3DV4 - SN:3944 May 21, 2024

Parameters of Probe: EX3DV4 - SN:3944
Calibration Parameter Determined in Head Tissue Simulating Media

1(MHz)° |  Relative | Conductivity” ConvF X | wvi ComFZ | Apha® = Depth®  Unc
Pormittivity” (s/m) (mm) | (k=2)
6 | 550 0.75 1960 | 1960 | 1960 | 000 125 | +133%
13 550 075 276 | 1778 | 1778 | o000 125 | +133%
450 435 087 "5 | 1as | was | ote 130 | +133% |
800 427 0.88 1066 | 1066 | 1066 | 010 125 | +133%
750 419 089 817 | 1002 943 | 037 127 | 411.0%
850 415 0.82 897 549 929 | o037 127 | 411.0%
800 415 | 097 .67 968 | BES " ow 127 | 211.0%
1450 405 1.20 8.07 852 = 827 0.35 127 | +11.0%
" 1840 02 131 784 | 844 815 | 0 127 | +11.0%
| 1750 401 137 7.79 841 8.04 0.25 1.27 +11.0%
1900 400 140 767 822 788 028 127 | s110%
2150 387 153 751 803 = 770 029 1.27 11.0% |
2300 95 167 7.41 7.90 759 | 028 127 | £11.0%
2450 392 1.80 733 785 749 | 029 127 | s11.0%
2600 39.0 1.98 721 768 733 | o028 121 | £11.0%
3300 @2 27 667 708 676 | 034 127 | $131%
3500 37.9 281 659 | 702 6.67 034 127 | 131%
Lm0 | a7 312 6.52 884 | 681 | 03§ 127 | 2131%
5200 360 466 534 | 565 53 | 036 151 | $13.1%
530 359 . a7e 520 | 541 509 0.29 185 | +13.1%
5500 356 496 a7 504 | 478 | 041 161 | £13.1%
5800 355 507 462 488 461 | 03 173 | 2131%
5800 353 527 487 485 45t 0.41 178 | =131% |

°Mw‘d«ymmmv'vww:w“vmvudmmxmmm olse il 5 msltricted 10 $50MHz The uncertairty is tre
RSS of the Comé ¥ ang fe for the Iracuency band. Frogquersy wibdity beoow J00MMz s 10, 25
40, scmnwvc«wmus&u 128, 950 and 220 MHZ mspectwly. Vikety of CormF sssestod 31 & MM2 15 4-5MH2, and Conve
mmam-ﬂ-lom Aove 6 GH2 requency val dity can be sawnced 1o £ 110 Ms
mmwcmmmsworQGlmmm\wzwcwmmw&mmwm'mvwm 13%)
and are vad 1o¢ TSL with caviations of up 19 + 10% € SAR corecton & apgied
9 NphaDepth ars ditermmiond curing SPEAG tatthe g & Aot ¥ 4! atter comp s Fways loss
an £1% for frequencies beiow 3 GH2 ard Dalow 12% for Meguenciss betwwen 3-8 GMs of any distance larper than half the proe 1p clamener Lom e
zourdary.

Certificate No: EX-3944_May24 Page 5 of 22
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EX3DV4 - SN:3344 May 21, 2024

Parameters of Probe: EX3DV4 - SN:3944
Calibration Parameter Delermined in Head Tissue Simulating Media

Permittivity” {Sim) | | mm) (k=2

f(MHz)° | Relative | Conductivity” | ComvF X | ConvF Y | ConvFZ | Alpha®  Depth® Uncal

6500 us | 68.07 558 579 553 020 7 1.27 =18.6%

CFM wiliciy at 6 5GHz 5 6007 TOOMH2, and + O M2 a! o abowe 7Gx Tre uncedanty & the ASS of e Conf uscenainty Al cnbaton
1reguency and 1o unzatanty or the ndicaled Inguecy Sand

F T probes aee caltratnd usieg Sesue smudaing Squios (TSL) thar desiate 10r ¢ 070 & by 1855 nan = 17% om e sarget vakues (hpically bemer Pian +6%)
ang wre vabd for TSL with deiartons of wp 10 210%

Gmmm«ncmmwo-m, SPEAG wirriels 1hal It tenanng devaton tue 1o the boundary stiect aber compansaton & atways less
thiw &£ 9% lor fracuancins below 3GHE; below 22% for fragquancies batween 3-6GHz: anc below +4% 1or frequercies detween 6+10GHZ a1 any dstance
Langer than hak (he probe 1p Glamater 0™ e Doundary.

Cartificate No: EX-3944 May24 Page € of 22
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EX30V4 - SN3944 May 21, 2024

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

08

Fraquency response (normalzed)
L
.
.
»
-
-

08
0.7/
06

. — |
0'50 200 400 600 80D 1000 1200 1400 1600 1800 2000 2200 2400 2600

f [MHz]

« TEM ¢ R22

Uncenanty of Frequency Responsa of E-lleld: +6.3% (k=2)

Cerlificate No- EX.3944_May24 Page 7 of 22
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EX30V4 - SN 3944

May 21, 2024
Receiving Pattern (¢), 9 = 0°
1-600 Mz, TEM, 07 1=1800 MHz, R22, 0°
90’ 50°
e Ty (X | PR R -— X
135" i N 45° ¥ 138° . 45 Y
/ 7 % \ < / A Sl [
/ I . \ A ot | ,"/ .‘ - h \‘ TOL
\ / A4 \
v’ ! % . \. ,\ d . . F 'n‘
f . 2 . . -- ¥ cen . I" ( 3 " " 2 }"
180° | X ool 04 08 A 13 1 op 180" . T A VR R SR
II\ \d » ’ "l . e . 4 /
\ | ~ . /_.l . 3 //
\ . - - \ . -
. . 5
X S N - 2 //
225 Py 225 . Pt
Pl e
05
s © “‘*—'",i':::"':"'-"‘Ll:»-*"’f:::'w
[} " X
-05
0 80 120 180 240 300 360
Roll ]
« 100MHz « 600MHz 1800 MHz - 2500 MHz

Uncenainty of Axial isolropy Assaessment: +0 5% (ks2)

Certificate No: EX-3944_May24
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EX3DV4 - SN:3944 May 21, 2024
Dynamic Range f{SARpaq)
(TEM cell, 1, = 1900 MHz)
108
107
= 1
.
= ‘
3 10 ) S
‘§ o
T
107
B 10~ 10! 100 10! BT
SAR [mWicm?]
= not compensated . compensated
2
1
o
2
50 S v S P N
= .
| |
\
-2l — -
1072 10 10° 10! 102
SAR [mWiem?®]
= not compensated + compensaled
Uncertainty of Linearity Assessment: +0.6% (k=2)
Cartdicate No: EX-3944_May24 Page 9 of 22
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EX30V4 - SN 3844

Conversion Factor Assessment

1=1900 MHz, WGLS R22 (H_comvF)

1

=y

SAR [(Wikg) W]

0 10 20 30 40
z {mm)

- analytcal -+ measurad
Deviation from Isotropy in Liquid

Error (@, 8), f = S00MHz

-1 08 -06 -04 -D2 0 02 04 06 OB
Uncertainty of Spherical isotropy Assessment. +2.6% (k=2)

May 21, 2024

Cerlificate No; EX-3944_May24 Page 10 of 22
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Calibration report “13 MHz System validation dipole”

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zewghausstrasse 43, 8004 Zurich, Switzerfand

Accrecited by the Swiss Accradaation Servce [SAS)
The Swiss Accreditation Service Is one of the signatories o the EA
Multilsteral Agreement for the recognition of calibration certificates

Cliest  CTC advanced GmbH
Saarbrucken, Germany

c Service sulsse d'¢tatonnage
Servizio svizzero ¢ taratura
S Suiss Calibration Service

Accrediation No.: SCS 0108

Cectificate No. CLA13-1026_Aug23

|CALIBRATION CERTIFICATE

Oupent

Calibrasion procedure(s)

| Caltreation dale:

Tris CHRbElion Corficase Jocuments the

Al calibrations have boen conducted in the chosed

CLA13 - SN: 1026

QA CAL-15.v10

Calibration Procedure for SAR Validation Sources below 700 MHz

August 30, 2023

bRty 15 natona 3

y faciey:

Catbraton Equpment used (MATE critical for calbeation)

which realize the pfrysical uns of maasuraments (51).
The measurements and ha uncarainmes with confidenca peobabdity &6 given on The feliowing pagss and are pant of the certificate

erpamiue (22 « 3)°C and buwicity < 70%

Primary Standards D Cal Date (Caniticate No Schedulec Calibrabion
Power mater NRP2 SN 10aT7R 30-Mar 23 (No. 21703804/03805) Mar-24

Power secscr NRP-Z91 SN: 103234 30-Mar .73 {No. 217-03804) Mar-24

Powes sacace NAP-281 | SN: 100248 30-Mar-23 {Nc. 217-03806) Mar-24
| Refecance 20 0B Allenuator SN CC2552 [20x) A0-8-23 {No. 217-03808) Mar24

Type-N mismanch combination SN; 310862/ 05327 30-Mar-23 (Mo 217-03810) Mar-26

Reference Probe EX30V4 SN: 3877 06-Jarv23 (No. EX3-3877_Jan23d) Jan-24

DAE4 SN 654 27-Jan-23 (No. DAE4A-E54_Jand3) Jan-24
| Sacondary Starviwds. 08¢ __ Chieck Dafo (i house) Sehaguled Check
Fovesr mater NRF2 SH 107133 08-Now-2% (in house check Dac-22) In houte chock: Dec-24
Fovear 5ans0r NRP-291 SN- 100822 15:0ec-08 (in house chack Dec22) I onsss check: Dec-24
Fowar sansor NRP-Z91 f SN 100418 01-Jan-04 (n house check Dac 22} In houss check Dec-24
AF gencralor HP 88480 | SN USIBA2UOTTOD  O4-Aug-99 {in house check Jun22} 10 s chack. Jun-24
Natwerk Anglyzer Agient EBGSEA | SN US41000477 31-Mar-14 (in house check Oct22) Iy o chwck | Ot-24

Name Function Signature
Calbeatod T “h \
by Joton Kastras Laboratory mc_%? w -
U
Approved by Sven Kibn

Techrical Managar

This caibration corficata £hall N0t b6 MEIocuCed Bxoeph in full without written appeaval of the

& ( A%

tssuedt August 31, 2023

Ceettcate No: CLA13-1026_Aug23

Page 10t §
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Calibration Laboratory of PR g s her Kalibrieedi
Schmid & Partner % G Service suisse détaionnage
Engineering AG B & Servizio svizzero di taratura
AN S
Teughausstrasse 43, 8004 Zurich, Switzerland . '/'\I > Swiss Calibration Service
vl
Accredited by the Swss Accrediiation Service (SAS) Accreditation No.; SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

Certificate No: CLA13-1026_Aug23 Page 2016
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Measurement Conditions
DASY system configuration_as far as not given on page 1
DASY Version DASYS V52,104
Extrapolation Advanced Extrapolation
Phantom ELI4 Flat Phantom Shetl thickness: 2 £ 0.2 mm
EUT Positioning Touch Position
Zoom Scan Resolution dx.dy=40mm,dz =1.4mm Graded Ratio = 1.4 (Z direction)
Frequency 13 MHz + 1 MHz
Head TSL parameters
The following parameters and caiculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 55.0 0.75 mha/m
Measured Head TSL parameters (220202)°C 537126% 0.72 mhaim = 6 %
Head TSL temperature change during test <05°C e
SAR resuit with Head TSL
SAR averaged over 1 em? (1 g) of Head TSL Condition
SAR measured 1 W input power 0.456 Wiky
SAR far neminal Head TSL paramaters nomalzed to 1W 0.469 Wikg = 18.4 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL conditicn
SAR measured 1 W input power 0.287 Wikg
SAR for nominal Head TSL parameters normalized to 1W 0,295 Wikg = 18.0 % (k=2)

Cenrificate No: CLA13-1026_Aug23

Page 306
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, ranstormed to teed point 5514-540
Returmn Loss -23.0dB

Additional EUT Data

| Manutactured by i SPEAG |

Certkcate No: CLA121026_Aug23 Page 40l 6
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DASYS Validation Report for Head TSL
Date: 30.08.2023
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: CLA13; Type: CLA13; Serial: CLA13 - SN: 1026
Communication Systern: UID 0 - CW; Frequency: 13 MHz
Medium parameters vsed: f= 13 MHz: 0 = 0,72 S/m; £ = 53.7; p = 1000 kg/m’

Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
« Probe: EX3DV4 - SN3877; ConvF(15.33, 15.33, 15.33) @ 13 MHz; Calibrated: 06.01.2023
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn654; Calibrated: 27.01.2023
¢ Phantom: ELI v6.0: Type: QDOVAOO3AA; Serial: TP:2034
« DASYS252.10.4(1535); SEMCAD X 14.6.14(7501)

CLA Calibration for HSL-LF Tissue/CLA-13, touch configuration, Pin=1W/Zoom Scan,
dist=1.4mm (8x10x8)/Cube 0: Mcasurement grid: dx=4mm. dy=4mm, dz=1.4mm

Reference Value = 30.79 Vim; Power Dnift = -0.04 dB

Peak SAR {extrapolated) = 0.90 Wikg

SAR(] g) = 0.456 W/kg; SAR(10 g) = 0.287 W/kg

Smullest distance from peaks to all points 3 dB below = Larger than measurement grid (> 14 mm)
Ratio of SAR at M2 1o SAR ai M1 =78.1%

Maximum value of SAR (measured) = 0.661 Wikg
dB

-6.90

-13.80
-20.69
-27.59

-34.49

0dB =0.661 W/kg = -1.80 dBWrkg

Certificate No: CLA13-1026_Aug23s Page Soi6
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Impedance Measurement Plot for Head TSL
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4  Calibration certificate of Data Acquisition Unit (DAE) — SN: 477

Calibration Laboratory of SN, 5 X

Schmid & Partner M G Strvice suisse détaionnage
Engineering AG i Servizio svizrero o tarstura

Zeughausstrasse 43, 3004 Zurich, Switzerland ’-?,,_,./,‘3\‘.\‘__\? S Swiss Calibration Service

Accrediled by the Swiss Accraditation Senvce (SAS)
Thae Swiss Accreditstion Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client Cetecom Advanced
Certificate No: DAE4-477_May24

(CALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BO - SN: 477

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

Caliration date: May 22, 2024

This caltration certfcala documents e tracsabilty 10 nabonal standards, which reafize the pysical units of meas,sements (S1)

The vents and the i with contid [ are grven on the felowng pages and asa pan ol the ceilicane

Al ions have boen cond n e closed laboeatory fasiny: erwircnment termpanlure (22 = 317G and humidity < 70%,
Calbration Equpment used (MATE critical 1or caltoration)

Pamary Standards (o ‘Cal Date (Certficats Na.) Scheculed C
| Kaithiey Mulfometer Type 2001 SN: 0810278 20-AuG23 (N0 37421} Aug-24

Secondary Standards Ll o Check Dato (n house) Schadues Cneck

Auto DAE Caibrason Unt SE UWS 053 AA 1001 23-Jan-24 [in house creck) In house check: Jan-25
Calibeator Box V21 | SE UMS 00€ AA 1002 23-Jan24 (In house check) in house check: Jan-25

Name Functicn Signaturs
Cabbeatad by Adrian Gebring Laboratory Technican

)2

Approved by. Svan Kihn Tectvical Marager \ V @;—\th U

kesved: May 22, 2004
This calibration cenficato shali not be repraduced axcepl in Tul witheut writien approval of the adomtoey

Cantificate No: DAE4-477_May24 Paga 1015
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5  Certificate of “SAM Twin Phantom V4.0, V5.0, V8.0”

Schmid & Partner Engineering AG

S p e a g

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

Certificate of Conformity / First Article Inspection

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

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

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

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

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

ok

Standards

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

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

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

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

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

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

s peag
Date 25.07.2011 Schmic & Pagtner Engineering AG
Zeug(;@ﬁs 43, 80’9;2?@1 jferlan
Phan) 01 4 ¥ 77¢
Slgnature/Stamp / ¢ m 'a'z':éweaq.com

Doc No 881-QD 000 P40 C-H Page 1(1)
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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://www.speag.com

Certificate of Conformity / First Article Inspection

Iltem 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 items
Material rel. permittivity 2 — 5, rel. permittivity 3.5 +/- 0.5 | Material
parameters loss tangent < 0.05, at f < 6 GHz_| loss tangent < 0.05 samples
Material resistivity | Compatibility with tissue Compatible with SPEAG Phantoms,
simulating liquids . liquids. ** Material sample
Sagging Sagging of the flat section in < 1% for filling height up Prototypes,
tolerance when filled with tissue | to 155 mm Sample testing
simulating liquid.

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

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

*r

Standards

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

[2] IEEE 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 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

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

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 & Partner Enginee‘ing AG
Zeughausstrasse 43, 8004 Zurich, Switzerland
Phone +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, hitp//www.soeag.com

Date 10.06.2015

Signature / Stam// 4‘

DocNo 881-QD 000 P41A-A Page 1(1)
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6 Certificate of “ELI Phantom V8.0”

Schmid & Partner Engineering AG

I
]
®
o
Q

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

Certificate of Conformity / First Article Inspection

ltem 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 Requirement 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]
for f > 375 MHz
Material thickness | Bottom: dimension compliant with all
2.0mm +/- 0.2mm [3] for f > 800 MHz
Material rel. permittivity 2 — 5, rel. permittivity 3.5 +/- 0.5 Material
parameters loss tangent < 0.05, at f< 6 loss tangent < 0.05 samples
GHz
Material Compatibility with tissue Compatible with SPEAG Phantoms,
resistivity simulating liquids . liquids. ** 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.

'

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] |IEEE 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 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

[4] IEC 62209-2 ed1.0, “Human exposure to radio frequency fields from hand-held and body-mounted
wireless communication devices - Human models, instrumentation, and procedures - Part 2:
Procedure to determine the specific absorption rate (SAR) for wireless communication devices used
in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", 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.
S p e a g
Date 10.06.2016 : :
id & Partner Engineering AG
. / ‘Gughausstrasse 43, 8004 Zurich, Switzerland
Signature / Stamp one +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, htp/Awww.speag.com
DocNo 881-QDOVAO004A-A Page 1(1)
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7  Application Note System Performance Check

7.1 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.

7.2 System Performance check procedure

Preparation

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

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

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

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

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

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

7.3 Uncertainty Budget

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

* RF ambient conditions

* Dipole Axis to Liquid Distance

* Input power and SAR drift measurement

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

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

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

for the 0.3 - 6 GHz range

DASY 5 - Uncertainty Budget for System Validation

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

uncertainty Value Distribution (19) | (109) | + %, (19) | £ %, (109) | Veq
Measurement System
Probe calibration + 6.6 % Normal 1 1 1 |+ 66%[+ 66%] =
Axial isotropy + 4.7 % | Rectangular | V'3 1 1 |+ 27%[+x 27%] =
Hemispherical isotropy + 9.6 % | Rectangular | V3 0 0 |+ 00%[+ 0.0% 0
Boundary effects + 1.0 % | Rectangular [ V3 1 1 |+ 06%[+ 06%]| =
Probe linearity + 4.7 % | Rectangular | V3 1 1 [+ 27%|+x 27% 0
System detection limits + 1.0 % | Rectangular | V3 1 1 |+ 06%[+ 06%]| =
Readout electronics + 0.3 % Normal 1 1 1 |+ 03%[+ 03%]| =
Response time + 0.0 % | Rectangular | V3 1 1 [+ 00%|+ 0.0% 0
Integration time + 0.0 % | Rectangular | V3 1 1 |+ 00%[+ 00%]| =
RF ambient conditions + 1.0 % | Rectangular [ V3 1 1 |+ 06%[+ 06%]| =
Probe positioner + 0.8 % | Rectangular | V3 1 1 [+ 05%|+ 05% 0
Probe positioning + 6.7 % | Rectangular | V'3 1 1 |+ 39%[+ 39%]|
Max. SAR evaluation + 2.0 % | Rectangular | V3 1 1 [+ 12%|+x 12% 0
Dipole Related
Dev. of exp. dipole + 55 % | Rectangular | V3 1 1 [£ 32%|+x 32% 0
Dipole Axis to Liquid Dist. + 2.0 % | Rectangular | V3 1 1 [+ 12%|+ 12% 0
Input power & SAR drift + 3.4 % | Rectangular | V3 1 1 [+ 20%|+ 20% 0
Phantom and Set-up
Phantom uncertainty + 40 % | Rectangular | V3 1 1 |+ 23%[+ 23%]| =
SAR correction + 1.9 % | Rectangular | V3 1 1084+ 11%[+ 09% 0
Liguid conductivity (meas.) + 50 % Normal 110781071+ 39%|+ 36%[ =
Liquid permittivity (meas.) + 50 % Normal 11026]026|+ 13%|+x 1.3% 0
Temp. unc. - Conductivity + 1.7 % | Rectangular | V3 078071 [+ 08%|+ 07 % 0
Temp. unc. - Permittivity + 0.3 % | Rectangular | V3 ]0.23]026[+ 00%|+ 0.0% 0
Combined Uncertainty + 10.7 %| + 106 % | 330
SLLUIEY 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[ Ci ¢ | Standard Uncertainty | 2 o

uncertainty Value Distribution (19) | (10g)| *%, (19) |+ %, (109)| Vex
Measurement System
Probe calibration + 66 % Normal 1 1 1 [+ 66%[+ 6.6% 0
Axial isotropy + 47 % | Rectangular | V3 1 1 |2 27%|x 27% o0
Hemispherical isotropy + 9.6 % | Rectangular | V3 0 0 |+ 00%|+x 00% o0
Boundary effects + 10 % | Rectangular | V3 1 1 |+ 06%|x 06% o0
Probe linearity + 47 % | Rectangular | V3 1 1 |2 27%|x 27% o0
System detection limits + 10 % | Rectangular | V3 1 1 |+ 06%[+ 06%]| =«
Modulation Response + 0.0 % | Rectangular | V3 1 1 |+ 00%|+x 0.0% o0
Readout electronics + 03 % Normal 1 1 1 [+ 03%[+ 03% %0
Response time + 0.0 % | Rectangular | V3 1 1 [+ 00%[+ 00%]| =
Integration time + 0.0 % | Rectangular | V3 1 1 |+ 00%|+x 0.0% o0
RF Ambient Noise + 1.0 % [Rectangular | V3 | 1 1 [+ 06%|+ 06%| -
RF Ambient Reflections + 10 % | Rectangular | V3 1 1 |+ 06%|+x 06% o0
Probe positioner + 0.04 % | Rectangular | v3 | 1 1 |+ 00%|+ 00%]|
Probe positioning + 0.8 % | Rectangular | V3 1 1 |+ 05%|+x 05% o0
Max. SAR evaluation + 0.0 % | Rectangular | V3 1 1 |+ 00%[+ 0.0% o0
Dipole Related
Dev. of exp. dipole + 55 % | Rectangular | V3 1 1 | 32%|x 32% o0
Dipole Axis to Liguid Dist. + 20 % | Rectangular | V3 1 1 |2 12%|x 12% o0
Input power & SAR drift + 3.4 % | Rectangular | V3 1 1 |+ 20%|x 20% o0
Phantom and Set-up
Phantom uncertainty + 4.0 % | Rectangular | V3 1 1 [+ 23%[+x 23%]| =
SAR correction + 19 % Normal 1 1 084+ 19%|x 16% %0
Liquid conductivity (meas.)°X + 25 % Normal 110781071+ 20%|x 1.8% 0
Liquid permittivity (meas.)>* + 25 % Normal 1023|1026+ 06%|[x 0.7% 00
Temp. unc. - Conductivity®: + 3.4 % | Rectangular V3 [078]071]+ 15%[|+ 14% o0
Temp. unc. - PermittivityBB + 0.4 % | Rectangular V3 [023]026|+ 01%|+ 01% ©
Combined Uncertainty t 95%|x 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;
DAKif SPEAG’s high precision dielectric probe kit (DAK) is applied.
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Uncertainty Budget for System Validation
(Frequency band: 300MHz - 6GHz range) with DASY8 System

Symbol Error Description Un{:/ertainty P.ropabil_ity Divisor = G| Standard Uncertainty
alue Distribution (1g) | (10g) | * %, (19) | + %, (100)
Measurement System Errors
CF Probe Calibration Repeat. + 13.1 % Normal 2 1 1 + 93% |+ 93 %
CFdrift  |Probe Calibration Drift + 1.7 %] Rectangular | ¥ 3 1 1 + 1.0%[|+ 1.0%
LIN Probe linearity + 4.7 %/ Rectangular | V 3 0 0 + 00%|+ 0.0%
BBS Broadband Signal + 0.0 % | Rectangular | ¥ 3 0 0 |+ 00%|x 0.0%
ISO Probe Isotropy (axial) + 4.7 %/ Rectangular | ¥ 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 |+ 00%|x 0.0%
Agys Probe Positioning + 05 % Normal 1 0291029 |+ 01% |+ 01%
DAT Data Processing + 0.0 % Normal 1 1 1 + 00%[|+ 0.0%
Phantom and Device Errors
LIQ(o) Conductivity (meas.)®¢ + 25 % Normal 1 078071 |+ 20% |+ 18 %
LIQ(To) |Conductivity (temp.)®® + 3.4 %|Rectangular [ V3 078|071 |+ 15%[+ 14%
EPS Phantom Permittivity + 14.0 % | Rectangular | V 3 0 0 + 00%|+ 0.0%
DIS Distance DUT - TSL + 13 % Normal 1 2 2 |+ 26%|x 26%
MOD DUT Modulationm + 0.0 %[ Rectangular | V3 1 1 + 00%|+ 0.0%
TAS Time-average SAR + 0.0 %[ Rectangular [ V3 1 1 [+ 00%|+ 00%
VAL Validation antenna + 32 % Normal 1 1 1 + 32%|x 32%
Pin Accepted power + 20 % Normal 1 1 1 + 20% |+ 20%
Correction to the SAR results
C(e, o) |Deviation to Target + 19 % Normal 1 1 084+ 19% |+ 16%
u(ASAR) |Combined Uncertainty + 10.8 % |+ 10.7 %
U Expanded Uncertainty +21.7% | 21.5%

Table 6.2.1: Uncertainty of a system validation with DASY8 system (300MHz - 6 GHz).

The RF ambient noise uncertainty has been reduced to + 1.0, considering input power levels are = 250mW.
All listed error components have ?e f fequal to «.

Footnote details:

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

DAK if SPEAG’s high precision dielectric probe kit (DAK) is applied.
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7.4 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 L} — } } @
Att3
Att2 |;
® S
Attl

) —=
Dipole

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

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

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

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

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

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

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

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

7.5 Laboratory reflection

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

7.6 Additional system checks

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

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

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

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