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Calibration report “Probe EX3DV4” — SN: 3944

Calibration Laboratory of ey e S Schwei her Kalibrierdi

SN /5 “ Service sulsse

Sd‘""d & Partner % ',f.é s \ c Pocors “w::ﬂm
Engineering AG o7 \a ./ S Swiss Calibration Service
Zoughaussissa 43, 8004 Zurch, Switzerdand T Ny v/
Acciedited by he Swas Accaditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accrediation Service Is one of the signateres to the EA
Multilateral Ag for the gnition of calibration certdicates
Chent { CTC advanced GmbH ContfcateNo. | EX-3944_May23

Saarbrilcken, Germany J
[ CALIBRATION CERTIFICATE ]

Object EX3DV4 - SN:3944

Cakbe3ion prceourals) QA CAL-01.v10, QA CAL-12v10, QA CAL-14v7, QA CAL-23.v6,
QA CAL-25.v8 |
Calibration procedure for dosimetric E-lield probes {

\ Caliorancn cane May 09, 2023

This calbeation certificate tho 0 stardards, which realze the phyacal unts of measurements (S1,
Tha measurements and the urcartamies with conlidance probatilty are gran on e Klkraing pages and are parn of the cantcats

All civrations have been conduciad » ihe Sosed laboratoey tacilty: emironmen lemperatwe (22 =3} 'C and humidity < 70%
Galbeaton Equipment used (M&TE oncal for calbranon)

Primary Slancards ’] | Cal Date (Cerslicane No.) | Scheduled Caleralion
Power meter NRPZ SN 104778 | 30-Mar-23 {No. 217-03304403505) | Mar-24
Powwr sansor NRP-Z91 SN 106244 | 30-Mar-23 (No. 217.0G304) Mar-24
A8 (weig SN 1249 | 20-Oct 22 (OCP DAK3 51248 _0Oct22) Ol 23
COCP AR SN0 20-Cc1-22 {OCP-DAK12-1016_0aZ2) Oc 2
|_Relerence 20 db Amenaaior | BN CL2552 (20x) 217.03800) Mo 24
T I M 23 (N DAES €80 Mr23) e 24
Refecanca Proba S530V2 SN 3013 06-2an-23 INo. ES3-3013_Jer3) Jan-24
Secundary Sandards | 10 Cryack D (i house| | Schweduied Check
Fowar matar 44106 SN GBA123G874 05-Ap-16 1N house Check Jun-z2) {1 house chece Jun-24
Spanr sorsoe E4S12A SN MYaiaGacaT 05 Apr18 (in howuse chedk Jun 22) I house chece An24
| Power sensor Eadi2A 1SN 000110210 | 06 Apr 18 in house check Jun-22} | In house checc Jn 24
| AF generalor HP B648C SN USasA2001700 04 Aug-93 in house check Jun 82) | In house chede Jun-2d |
Nefwork Anaiyzer EBa5aA | SN: USA1080477 31-Mar- 14 [in house check Oct-22) | Inhouse chece” Oci-24
Name Function Signgiure ‘
Calbeated by Jofirey Katzman Laharatory Tachnician j"/ .
Asprowed by Svent Kitn Techrical Manager R
2

Issuea. May 16, 2023
This calbranon cartifcat shall not D8 reproduced excapt in full wikou! wiitten aporoval of the Maboralory.

Cerlilicate No: EX-3944_May23 Page 1023
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Calibration Laborat ' o e ATl S Schwelzerischer Kalibrierdienst
' ory o S (€ AN Service suisse d'éalonnage

Schmid & Partner Wlacwma | | € Serviro svizzero & taratura

Engineering AG Ty \s 2/ 'S Swiss Calibration Service

Zoughauasirasse 43, B004 Zurch, Switzerlang 7Ny o £/

Accredited by the Swiss Accreditation Senvice (SAS) hccreditstion No.: SCS 0108

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

Multilsteral Agreement for the recognition of calibration certificates

Glossary

TSL tasue simulatng qud

NORM= y,2 sensiivity in free space

CorwF sensilivity In TSL / NORMx v,z

oce diode comprassion point

CF crast facor (1duty_cycle) of the RF signa

A.B.C.D meduiation dependent Inearization parameters

Polarzation ¢ w ion around proba axis

Polarzation o { rotation around an axs that is n the plane normal to probe axis (a1 measurement center), ie., 8=0ig

normal 1o probe axis
Connactor Angie  information used in DASY system to align proba sansor X 10 the robot coordnate system

Calibration is Performed According to the Following Standards:

a) IECHEEE 622091528, "Measurament Prozedure For The Assessmant Of Specitic Absorption Rate 8¢ Human Expasure
To Radio Freguency Fields From Hand-Helkd And Body-Wom Wireless Communication Devices — Part 1528: Human
Mogels, Instrumentation Ang Procedures (Frequency Range of 4 MHz (o 10 GHz)". October 2020.

b} KDB B55664, "SAR Measurement Raguirements for 100 MHz 10 6 GH2"

Methods Applied and Interpretation of Parameters:

+ NORMx.y2: Assessed for £-fiald polarizason & = 0 (£ < 900MHz in TEM-cell; f > 1800MHz: R22 waveguide). NORMx vz
are only intermediate values, i.e., the uncertantios of NORMx y.2 Soes not affect 1he E*-field uncertainty inside TSL (500
belkaw ConvF).

« NORM(T)x,y.2 = NORMx,y.2 “ frdquancy response (sae Fraquency Responsa Chart). This Imaarizaton is implemanted in
DASY4 software versions later than 4.2, The uncertanty of the Frequency resgonse is inciuded in the staled uncestainty ol
ConvF,

» DCPx.y.z. DCP are numerical linearization parameters assassed based on the data of power sweep with CW signal. DCP
does not depend on lrequency nor media

« PAR:PAR is the Peak 1o Average Ratio that is rat calibrated but determined based on the signal charactersiics

* Ax.yz; By Cxyz: Oxyz; VAxyz: A B C 0D are numerical ineanzation parameters 555as5ed based on the data of
power sweep for specific modulation signal. The parameters do not depend on Faguency nor meda, VA is the maximum
calibeation range expressad in AMS voltage across e dode.

* ConwF and Boundary Effect Parameters: Assessed i fat phaniom using E-fel {or Temperature Transter Standars for
f = 80OMHz) and nsice waveguikio usng analytical field distribusons based on power measuremants for £ > 800MHz, The
Sama selups are used for assessment of the parameters appied for boundary compensation {@pha. deptn) of which typical
uncertainty values ara given. Tnase paramatars are used in DASY4 software to impeove probe accuracy close o the
boundary. The sensitivity i TSL correspands 1o NORMx.y.2 * ConvF wherebly the uncertainty correspands to thal given for
CanvF, A frequency dependent ConvF is used in DASY version 4.4 and highar which alows extending the valigty from
+50MHz to =100 MHz,

« Sphaencal isotropy (3D deviation from isotropy) In 8 teld of low gradients reakized using a al phantom axpased by a palch
antenna

« Sensor Offsel. The sensor offsel corresponds Lo the oflset of virlual measurament center from e probe tip (an prode axs).
No toleranca required.

+ Connector Angle: The angle 15 assessed using the information gamed by datermining the NORMY (no uncartainty reguired).

Cerlificate No. EX-3944_May23 " Page2of23
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Test report no.: 1-4775/22-01-10-A advanced

EX3DV4 - SN:3944

May ©9, 2023
Parameters of Probe: EX3DV4 - SN:3944
Basic Callbration Parameters
Sensor X Sensor Y San_or z Unc (k = 2)
Norm (uVHVimE) & 053 063 0.41 +10.1%
oCP (mv) B 103.9 100.0 1040 A%
Calibration Resuits for Modulation Response
[UIb | Communication System Name A i & b) VR | Max | Max
{ d8 | dB WV d8 | mV | dev. | Unc®
k=2
o oW X|17000| o000 1.00 | 000 | 1642 | 2275 | 2475
‘ Y| 060 000" | 1. 1769
ZI0 000 | 1.00 | 1610
10352 | Pulse Wavator (200Rz, 10%) X[ 2000 9186 | 2113 | 1000 | 60.0 | =3.1% | 29.6% |
Y2000 6856 | 19.85 | 800
Z| 7% 7714 | 1542 | 600 |
| 10353 | Puise Wavalorm (200Hz, 20%) X | 2000 9395 | 2097 | 693 | B00 | <1.7% | +0.6%
Y| 2000 8866 | 1894 RG]
212000 8738 |73 B0l |
710354 | Puse Wavetorm (200Hz, 40°%) X1 2000 | 9768 | 2123 | 3098 | 050 | =12% | +9.6%
"Y1 2000 | d548 | 7830 950 |
7700 | 8635 | 1495 | 0| |
10355 | Puise Wavelorm (20067, 60%) X | 2000 | 90.16 | 20.41 | 222 | 120.0 | =1.2% | =9.6%
(Y2000 | 9145 |1802 | 1200 |
2] 0aa 80,95 547 71200 |
10387 | GPSK Wavelorm, t Mz X| 150 B4.74 | 1394 | 1.00 | 150.0 | =3.3% | 296%
Y| ¥74 1 6857 11523 500 |
Z1 128 €492 1361 | 50,0
10388 | OPSK Waveform, 10 MHz X| 200 ©643 | 1473 | 000 | 150.0 | =1.1% | 9.6%
Y| 235 eave 1589 1500
7| e | e6SD | 145 [ 1500
10396 | 64-QOAM Waveform, 100 kHz X| 283 | 7044 | 1881 | 301 [1500  109% | +96%
Y1 3 A0 | EEE 1500 |
Z1 238 6588 | 1642 | 150.0
10339 | 64-QAM Wavelarm, 40 MHz X | 334 | 6635 | 1525 | 000 | 1500 | +25% | 29.6%
Y| a5 esE 1563 1500 |
[Z2] 337 665 | 1526 [ 1500 |
10414 T WLAN CCDF, 64-QAM, 40 MHz X| 472 6520 |15 000 1500 | =44% | 296% |
Y| a8e A0 | 15, 1500
, 467 8556 [1535]  [19500]
Nota: For detalls on UID parameters see Appendix
The reported uncertainty of measurement is siated as the standard uncectanty of meas: 1t mukiplied by the coverag:
factor k=2, which for a normal cistribution corresponds to a caverage probabilty of approximately 95%

A Thee urceriaetins of Noon X,Y.2 oo nol atfect the £2-fieks uncermanty nsice TSL (see Pages 516 7).
By . nty for thedd srength
E Unceetainty i dalormingd uging 190 mas. Geviation 1om Seed eoponal RIph 03 mctirg dar Sstrbnon a0d 15 (areesed S0 he sguane of the ek vilue.

Cerisficate No: EX-3944 May22 Page 3 of 23
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Test report no.: 1-4775/22-01-10-A
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EX30V4 - SN:3344

May 09, 2023
Parameters of Probe: EX3DV4 - SN:3944
Sensor Model Parameters
I c1 (%] ® |..\1 1. | 13 | T4 T Te
3 fF 2 msv? | msv' | ms V2 v
X 443 331.25 35.50 1294 | 024 | 590 | 116 0.30 101
v 458 | 38016 3538 30.41 0.02 510 | 035 0.45 1.01
z | 352 26226 | 3525 | T 032 | 508 | 0.3 032 | 101
Other Probe Parameters
Sensor Arrangement | Trangular |
Conractor Angle 1776 |
Mechanical Surtace Detaction Moo | enabled |
Optical Suriace Oetection Mode = dsabled
[ Probe Overall Lengtn 337 mm
Probe Body Diamatar - 10mm
Tip Length = = 9mm
Tip Diameler 2.5mm
{ Prfabefp b_Sgsu X Calrabon Point 1mm |
| Prete Tip 10 Sensor Y Calorabion Point = 1mm
| Proge Tip 1o Sensor Z Cakbration Point 1mm
| Recommenced Measurement Distance from Surface - _ tAmm |

Note: Measuremarnt detance from surfaos can be incroased 00 3+4 mwn for an A Sean gt

Certficata No: EX-3844_May23 Page 4 of 23
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Test report no.: 1-4775/22-01-10-A
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EX30V4 - SN:3844 May 06, 2023

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

mm:)i‘ Relative Conductivity® | ComFX ConwFY ConwFZ | Alpha® | Depth® Une
Permittivity" (Sim) (mm) | (k=2)
13 550 0.7% 1765 | 1765 | 1785 | 000 100 | £133%
a0 | a5 | o087 | a7 | war | 1a7 | o016 | 130 | s139% |
800 427 088 1074 | 1074 | w74 | 040 125 | =133%
750 419 089 1055 | 1085 | 1055 | 044 082 | z12.0%
850 415 092 1000 | 1000 | 1000 | 044 080 | +12.0%
w00 415 097 | sar | e agt 038 087 | +120%
1750 0.1 137 865 865 865 | 028 086 | <120%
1900 | 400 140 | 855 855 855 | 024 | 088 | 120%
2450 @2 | 140 7.8 7.98 798 | 022 090 | +12.0%
2600 39.0 196 7.80 7.60 780 | 016 090 | +12.0%
3500 379 291 6.96 6.96 69 | 035 120 | +14.0%
2700 ar7 3.12 686 636 | 686 038 130 | =140%
| 5200 36.0 466 | 529 529 529 0,40 180 | =14.0%
5300 359 476 | 510 510 510 | 040 180 | s14.0% |
5500 356 496 487 4.87 487 | 040 180 | +140%
5600 | 355 507 a72 472 472 | 040 180 | +140%
5800 | 353 527 473 | 473 | 473 | 040 | 180 | s140%

CFMMMMWOI ozwwmwuwnnwmpmmz] olse 1t is restricied 10 <50 MMz The uncorianty is the
RSS of he ComF y af ey &0 the unceriainty 1r Iho indoaiod irogquency band. Foguoncy valdty below 300842 i +10.25
&ht’ﬂ’bmwwmu» &4, 1A|sommw-umum ity of ComvF assessod i 6 M2 i &9 Wz, and CovF
ammowsuwu—-cmu Ancren S GH2 Wacuency wakdty can be d 3+ MOMH2

Tﬂmtﬂumm‘mmwmﬂ&)mmbrmnwmnm 25% om e Neget vwoes fyoically Bt than 3%}
and are vald for TSL wis devistions of ua 10 4105 1 TSL with Savistions feam he trgt of ReG i + 5% &6 (el P CADAaIon Uncensmios ae 1115
0r07 - 3GHI AN 121% kor 3 - 5 Gz

@ NgraDept ae during SPERS 1t Ihe TOTANING Sevatan due 15 The Doundary sPect aftes COmpenealon i Mwins Has
Tan 419 ke agances Delow 3Gz 4nd Delow + 2% 10f MocuUansiees by 2EGHz 3l any O larges than hall the prode 1p clameter $om e
ooundary.

Cortficate No: EX-3244_May23 Page &of 23
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Test report no.: 1-4775/22-01-10-A
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EX3CV4 - SN:3944 May 09. 2023

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

f(MH2)© Relative Conductivity’ | ConvF X | ComvF Y ComvFZ Alpha® | Depth® Une
Permittivity” (5'm) - (mm) | (k=2
750 55 | oss 051 | 1051 | 1051 | 048 089 | =12.0%
850 552 098 | 1009 | w08 | 1008 | 051 083 | =12.0%
200 550 105 | 1010 | 1010 | 1010 | o030 102 | 212.0%
1750 s34 148 845 846 846 | 033 086 | =120%
1800 533 152 | 823 | 82 823 | 028 | 086 | #120% |
2450 527 196 789 7.89 788 | o019 080 | +120%m
2600 525 216 77 771 771 | 024 090 | s120%
3500 513 33 645 545 645 | 040 170 | <140%
3700 510 155 6.26 526 626 | 040 170 | +140%
5200 49.0 530 458 459 45 | 080 190 | +14.0%
5300 49 542 445 445 445 050 190 | +14.0%
5500 488 5.65 410 410 4.0 0.50 1.90 +14.0%
5500 485 S77 398 398 | 398 | 050 180 | +12.0%
| 5800 482 600 | 403 403 403 | 050 180 | =14.0%

© Fraquency veiisty 3bove 300MHz of <100 MHz omly spoline for DASY v8 4 and higher (se0 Page 2. dica 1 = restrictod 15 +5%0 Mz The unceranty  the
HES of e Comf uncmtanty 3 caloration frequency ard the unceriainty for the indicated reguency band. Froquency walkity bolow 300 MMz is +40. 25,
47,50 ana TOMH: %or Comf® assessmants st 30, 64, 120, 150 37d 220 MHz respactivsly. Vaddty of ConeF assessad ai 6MHz is S-3Mez. and TonvF
dzzeased o 13MHZ 5 5-19 02 Above 5GMZ oquorcy valdty tan bo esiendes 1 < 110MHz

" The protes ave cakbeated using Sesue smulating Squos (T5.) that daviate %07 ¢ 3nd @ by less han =5% ¥om F0 Sugat Wakes {fypcaly Detier than = 3%
and are vaid for TSL with deviasons of up 10 £ 2 0% I TSL with deviations 11om $1@ Jarger of less 1an +5% 2% used. 1he Lalizraton cncertanses e 11.1%
0T -3IGEans 131N i 3 - 60

S mpmaDepn are dang ion. SPEAG i the 9 Cvaban 0% 10 1he b ¥ ¥t i <O is abways oss

han « 19 lor Yequancis Dilow 3 G2 and Delow + 2% 1 Foguces Batwnen 3-6 GHZ 41 sy Batance langer Ban il the probe 1 Sanenas liom the
bouncry.

Cenificate No: EX-3944_May23 Page 6 of 23
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Test report no.: 1-4775/22-01-10-A CeteCO m
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EX30V4 - SN 3644 May 09, 2023

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

Tl (TR TR vy [eomwrrrTe v ex
f{(MHz)® | Relative | Conductivity | ComvF X | ConvFY | ConvFZ | Alpha® | Depth® | Unc
\ Permittivity® (S/m) ‘ 1 mm) | (k=2)
-~ .
6500 | 345 507 | 550 55 | 550 | 020 250 | +186%

© Froquency vaiaty al 6.5GHZ is - 600+ 700 MHz, and + 700N & of atove 7GHE. The urcsriinly i tha RSS of e ComF woirmanty @ caktraticn
':'M’Cy and the uncertainy foe he ndcaed lregquncy tand

Tra proben a9 Canaled ung I seulsing bgeds (TSL) that deviste for £ and o by loes thae =101 Irom . target vauos (fypcaly betior tham 4%
ang irw vabd for TSL with dovistions of up 1o +10%.
5 AiphaDepth ane determined during cHEmion SPEAG wairares tha! P emang 0o ason Sun 1o 1 Boundary 01T aller Compnration 5 amys s
han <15 for Inaguencos Delom 3 GHz . below +2% o1 Fequencies browoen 3-8 GMe; ang below +4% lor freqoencies botwoen 8-10 GMz ot any dslance
frger thae halt the probe Sp diameter %om the basndary.

Cersfhicate No: EX-3944_May23 Page 7 of 23
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Test report no.: 1-4775/22-01-10-A
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EX30N4 - SN:3944

Frequency Response of E-Field
(TEM-Call;ifi1 10 EXX, Wavegulde:R22)

09

Frequancy respanse {normaized)
.

08

0.7

08|

0%

May 09, 2023

f [MHz]

« TEM + R22

Uncenainty of Frequency Response of E-tield; =6 3% (k=2)

Certdicate No: EX 3944 May23 Page & of 23
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Test report no.: 1-4775/22-01-10-A CeteCO m
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EX30OV4 - SN:3944 May 08, 2023

Receiving Pattern (¢), 1 =0°

1=600 MHz, TEM. ¢ f=1800 MKz, R22, 0
90°

00"

AR 1 TR e =%}

¥ . : . A A < 45 o

. . . . ) V4

. - N v | . | Tot
P 3 ] . '

05
g |
E (1] = - O R e e s o B B e N T |
w

-05

o & 120 180 240 300 360
Rall [*]
« 100MHz « GO0 M2 1800 MHx + 2500MHz

Urncertainty of Axial Isolropy Assessment +0.5% (k«2)

Certiticate No: EX-3944 _May23 Page & of 23
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Test report no.: 1-4775/22-01-10-A advanced

EX30V4 - SN:3944 May 09, 2023

Dynamic Range f(SARjeqq)
(TEM cell, foyn = 1900MH2)
10%] 3
| .
10° e
= 1
s &
= 10 '
|4 p
=
L]
T
10?
102 0 wd w1
SAR [mWiem?]
= not compensated +  compensated
2r —
1
3 i
w
1
—2 | T S : - Y B
10-¢ w! 10¢ 10’ 10°
SAR [mWiem?]
* - nol compensaled - compensaed
Uncertainty of Lingarity Assassment: +0.6% (k=2)
Gortificate No' EX-3344_May2s Page 10 of 23
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Test report no.: 1-4775/22-01-10-A
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EX30V4 - SN.3944

Deviation

SAR [(Wikg)W]

-08

Conversion Factor Assessment

11900 Mz, WGLS R22 {H_corwF)

25|
3l '\

15

Q 10 20 an 40

» anaytical « measured

Deviation from Isotropy in Liquid

Ercor (¢, 9), 1 = 900 MH2z

136 o

® W o e
X [deg)
-086 -04 -02 0 02 04 06 08
Uncertainty of Spherical Isotropy Assassment: +2.6% (k«=2}

Cerlilicate No. EX-3344_May23

May 09, 2023

Paga 11 0f 23
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Calibration report “2450 MHz System validation dipole”

Calibration Laboratory of S, s, s Kalibrierd)

Schmid & Partner A fﬁ g Service suisse détalonnag
Engineering AG Servizio svizzero di taratura

mwx.mmm ".,({;\’\w?‘ ) S swiss Casibration Servies

Accredied ty 9w Swas Accrecitabon Sernca (SAS|
The Swiss Accreditation Service is one of the signatories to the EA
Multitaternl Agreement for the recognition of calibration centificates

Accredtation No.: SCS 0108

This calbration certicate documents the traceatiity 1o national standards. which realze the
The and the with confy

¥ units of (S1h
probabiity are gven on the follvaing pages and are part of the cericate.

Al have been cond

N Pie dosed Sboratory RAchity: ernvironment lemperature (22 £ 3)°C and humidity < T00%.

Calbeation Equipment used {(METE criticad for calibration)

Primary Starcsrds ID# Cai Date (Certficate No.) Scheduied
Powes moter NRP SN 104778 D4-Age-22 (No. 2170352503524} Apr-23
Power sensor NRP-291 SN: 103284 C4-20r-22 (No- 217-03524) Ape-23
Powar sensor NRP-291 SN 103245 O4-Apr-22 {No. 217-03525) Ape-73
Reference 20 8 Atteresior SN 843394 (20k) 04-Apr22 {No. 247-03527) Ape23
Typo-N msmatch combinaton SN 310882706327 OXAPr22 {Na, 217.03528) pe-23
Reference Probe EX3DV4 SN: 7348 31-Dec-21 (No. EX3-7343_Dec2) Dac22

| DAE4 SN 801 02-May22 (No. DAEA-601 May22) Atay-23
Secondary Sta ‘D& Chack Date (in house) Schwdund Chedck
Pawer mater £44198 SN: GB39512475 30-0ct-14 (i houss chack Cct-20) In house check: Oct-22
Power sersor HP B4E1A SN: US37292783 07-0ct-15 (in houss check Oct-20) In house check: 0ct-22
Pawer sensor HP B481A SN MY41063315 D7-0ct-15 (in house check Oct-20) In house chede 022
RF generator RAS SMT06 SK: 100972 SE-Jun-15 (in house check O-20) In house chedk: Oct-22
Netwark Analyzer Agilent E8358A | SN: US<1080477 31-Mar-14 {in house thack Ou-20) In Boese check: Oct-22

Function
Catibeased by

Apgroved by:

| Thie calboration ceriificabe shail rot b mprocuced sxcept in Rull wahiois weitien spprovel of tha laborstory.

Cartificate No: D2450V2-710_May22 Page 108
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Calibration Laboratory of L8,

Schmid & Partner e
Engineering AG E\w

Zaughausstrasse 43, 8004 Zurich, Switzestand % ,”"‘\. o

Accredhied by the Swiss Accrediason Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multitatersl Agreement for the recognition of calibration centificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

Ischer Kalib
Service suisse d'étalonnage
Servizio svizzero di tarstura
Swiss Calibration Service

Accreditation No.: SCS 0108

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

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

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

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

* Antenna Parameters with TSL. The source is mounted in a touch configuration below the

center marking of the flat phantom.

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

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

reflected power. No uncertainty required.

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

connector.

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

nominal SAR result.

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

probability of approximately 95%.

Certificate No. D2450V2:710_May22 Page20i8
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Measurement Conditions
DASY systemn configuration, as far as not given on page 1
DASY Version DASYS2 VE2.10.4
Extrapolation Advanced Extrapolation
Phantom Madular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 392 1.80 mhaim
Maasured Head TSL parameters (22.020.2)°C 382:6% 1.85 mhoim 2 6 %
Head TSL temperature change during test <05°C - —
SAR resuit with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Conditson
SAR measured 250 mW input power 132 Wikg
SAR for nominal Heao TSL parameters normalized to 1W 51.8 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® {10 g) of Head TSL condition
SAR measured 250 mW input power 6.09 Vikg
SAR for nominal Head TSL parameters nomalized to 1W 24.1 Wikg t 16.5 % (k=2)

Body TSL parameters
The lollowing parameters and caiculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.7 1.96 mbo'm
Measured Body TSL parameters (220202)°C 515¢6% 202 mhoim 2 6%
Body TSL temperature change during test <05°C . —
SAR result with Body TSL
SAR averaged over 1 cm® {1 g) of Body TSL Condition
SAR measured 250 mW input power 12.7 Wikg
SAR for nomenal Body TSL parameters nomalized o 1W 49.6 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ {10 g) of Body TSL condition
SAR measwed 250 mW input power 5.95 Wikg
SAR for nomina! Body TSL parameters narmalized fo TW 23.5Wikg £ 16.5 % (k=2)

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

Impedance. transformed to feed pont S28R+37iQ
Retumn Loss <269 d8

Antenna Parameters with Body TSL

Impedance, transformed to fead point 4930+43 0
Retumn Loss ~271dB

General Antenna Parameters and Design

[ Electrical Delay (one direction) I 1.159ns

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

The dpele is made of standard seminigid coaxzal cable, The center conductor of the feedng ina s directly connected to the
seconxd arm of the dipols. The antenna is tharafore short-circuited for DC-signals. On some of tha dipoles, emall end caps
are added to the dipole arms in order to improve matching when loaded accarding to the position as explained in the
“Measurement Conditions” paragraph. The SAR data are not affected by this change. The ovarall dipole length is st
according to the Standard.

No axcessive torce must be appled 1o the dipole arms, because thay might bend or the soldered connections near the
feadpont may be damagead

Additional EUT Data

[ Manutactured by SPEAG |

Certificata No: D2450V2-710_May22 Paga 4 0of8
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DASYS Validation Report for Head TSL
Date: 11.05.2022
Test Laboratory: SPEAG. Zurnich. Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial; D2450V2 - SN:710
Communication System: UID 0 - CW: Frequency: 2450 MHz
Medium parameters used: f = 2450 MHz o = 1.85 S/m: ¢, = 38.2; p = 1000 kg/m*

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

DASYS52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(7.96, 7.96, 7.96) @ 2450 MHz: Calibrated: 31.12.2021
¢ Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electromcs: DAE4 Sn601; Calibrated; 002.05,2022
« Phantom: Flat Phuntom 5.0 (front); Type: QD 000 PSO AA; Serial: 1001

o DASYS5252.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=3mm, dy=5mm, dz~5Smm

Reference Value = 116.1 Vim; Power Dnft = 0.02 dB

Peak SAR {extrapolated) = 26.3 Wikg

SAR(1 g) = 13.2 W/kg: SAR(10 g) = 6.09 Wikg

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

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

Maximum value of SAR {measured) = 21.8 Wikg

1-3.60
-1.20
-10.80

-14.40

-18.00

0dB = 21.8 Wkg = 13.38 dBW/ke

Cenificate No: D2450V2-T10_May22 Page50iB
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Impedance Measurement Plot for Head TSL

Fie Yew Chanel Sweep Calbeation Trace Scals Marker  System  Window Help

CA S Avgs 20
CAL Seat 225000 GMe e

Step ZES000 GHz

T O R
3.50 — ———
020 ‘ 4
45 00 — !

1003 P . R— -3
M —— - . + $ — +
oy J = . $ | ———
ot 00 ~-1 . —
20 00 : .
2% 09
L 00 O A e PO ]

Chs Rwl L300 Gy — Stop 2 63000 Ghe
Stahws  CH1 BT1 __ T 1Pat Avge20) Deloy LEL
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DASYS5 Validation Report for Body TSL
Date: 11.05.2022
T'est Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:710
Communication System: UID 0 - CW; Frequency: 2450 MHz .
Medium parameters used: = 2450 MHz: 6 = 2.02 S/m: 5, = 51.5; p = 1000 kg/m’

Phantom section: Flat Section
Measurement Standard: DASY S (IEEE/TEC/ANS] C63.19-2011)

DASYS52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(8.12, 8.12, 8.12) @ 2450 MHz: Calibrated: 31.12.2021
+ Sensor-Surface: 1.4mm (Mechanical Surface Detection)
o Electronics: DAEA Sn601; Calibrated: 02.05.2022
« Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

» DASYS2 52.10.4(1535); SEMCAD X 14.6,14(7501)

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

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

Peak SAR (extrapolated) = 24,0 Wikg

SAR(1 g) = 12,7 W/kg; SAR(10 g) = 5.95 W/kg

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

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

Maximum value of SAR (measured) = 20.0 Wikg

-3.60
-7.20
-10.80
-14.40

-18.00

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

Certificate No: D2450V2-710_May2? Page 7 of 8
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Impedance Measurement Plot for Body TSL
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Antenna Parameters with Head TSL

From cal. data Measured 2023-06-06

Impedance; transformed to feed

. 528Q + 37jQ |524Q + 11j0
point

Return Loss -26.9 dB -31.7 dB
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4  Calibration certificate of Data Acquisition Unit (DAE) — SN: 477
Calibration Laboratory of S, Schweizerischer Kailbrisesionst
Schmid & Partner Fras——"a Service suisse détalonnage
Engineering AG S Servizio svizzero d taratura
Zeughausstrasse 43, 3004 Zurich, Switzecland f-,,'/’;‘\}\\,\? Swiss Calibration Service
R VS
Accrediled by the Swiss Accreditation Senvice (SAS) Accreditation No.: SCS 0108
The Swiss Accrecitation Service is one of the signstories to the EA
Muttilateral Agr for the recognition of calibration caetificates
cient  CTC advanced GmbH
i Certificate No: DAE3-477_May23
CALIBRATION CERTIFICATE |
Object DAE3 - SD 000 D03 AA - SN: 477
|
| Caliteation procedure(s) QA CAL-08.v30
Calibration procedure for the data acquisition electronics (DAE)
Caboaicn dane: May 11, 2023
This calwation cadificate documants the traceabity to natonal standards, which @alze 1he physcal uits of messurements (S1)
The magsuraments and the uncertsrties with corficence prodadiity are ghen oo tha 1Bowing pages and aré pant of The ceticale
Al calbrations have been conduciad in the ciosed laboratory tacilty: environment femperature (22 + 3)°C and humidty < 70%.
Calibration Equipment used (MATE criical for calbrascn)
Pritméry Standanss |ID# Gai Date (Cortitcata No ) Scheduled Caliration |
Keithley Mutimeter Type 2000 | SN 0810278 29-A0G-22 (No: 3A339) Nag23
Secondary Standants |oe Check Dane (1n house) Scheduded Chock
| Auto DAE Calbeation Unit SE UWS 053 AA 1001 27-Jan-23 (in housa check) In house chack: Jan-24
Catbrator Box V2. SE UMS 008 AA 1002 27-Jan-23 (in house check) in housa chack: Jan-24
Narmw Furction Signature
Calibrated by Adran Gohring Laboratory Technician i
N =
Appeaved by: Sven Kohn Technical Marage: i ] r
WL Lbed
Issued: May 11, 20735

This calbeation centifcate shab not be reproduced except in 1ull without writen approval of the iabaratory

Cenificate No: DAES-477_May23 Page 1015
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5  Certificate of “SAM Twin Phantom V4.0, V5.0, V8.0”

Schmid & Partner Engineering AG

|»

p e a

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 other documents.

ok

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

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] 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

[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] 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.

Date 25.07.2011

Signature / Stamp

speag

Schmid & ner Engineering AG
Zeuglfausstrass€ 43, Boﬁl‘%ﬂan
PReeg 1O Fap 46 77¢

S sneag.com

Doc No 881-QD 000P40C-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

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 items
Material rel. permittivity 2 — 5, rel. permittivity 3.5 +/- 0.5 | Material
parameters loss tangent < 0.05, at f s 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.

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

*x

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 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.

Date

s p e a g

10.06.2015

Schmid & Partner Enginee‘ing AG

Signature / Stam%%d

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

DocNo 881-QDO000P41A-A

Page 1(1)
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6 Certificate of “ELI Phantom V8.0’

Schmid & Partner Engineering AG

7
ks
®
1]
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 1565 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] |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 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] |EC 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 gq
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, hitp/www.speag.com
DocNo 881-QDOVAOO4A-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| Ci ¢i_| Standard Uncertainty | 2 op

uncertainty Value Distribution (19) [ (109) | + %, (19) | £ %, (10Q) | V.q
Measurement System
Probe calibration + 6.6 % Normal 1 1 1 |+ 66%[+ 66%]|
Axial isotropy + 4.7 % | Rectangular | 3 1 1 [+ 27%|+x 2.7% 0
Hemispherical isotropy + 9.6 % | Rectangular | 3 0 0 |+ 00%[+ 0.0% 0
Boundary effects + 1.0 % | Rectangular | 3 1 1 [+ 06%|+ 0.6% 0
Probe linearity + 4.7 % | Rectangular | V3 1 1 |+ 27%[+x 27%]| =
System detection limits + 1.0 % | Rectangular | V3 1 1 [+ 06%|+x 06% 0
Readout electronics + 0.3 % Normal 1 1 1 |+ 03%[+ 03%]| =
Response time + 0.0 % | Rectangular | 3 1 1 [+ 00%|+ 0.0% 0
Integration time + 0.0 % | Rectangular | V3 1 1 [+ 00%|+ 0.0% 0
RF ambient conditions + 1.0 % | Rectangular | V3 1 1 [+ 06%|+x 0.6% 0
Probe positioner + 0.8 % | Rectangular | V3 1 1 [+ 05%|+ 05% 0
Probe positioning + 6.7 % | Rectangular | V3 1 1 [+ 39%|+ 39% 0
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%|+ 3.2% 0
Dipole Axis to Liguid Dist. + 2.0 % | Rectangular | V3 1 1 [+ 12%|+x 12% 0
Input power & SAR drift + 3.4 % | Rectangular | V3 1 1 [+ 20%|+x 20% 0
Phantom and Set-up
Phantom uncertainty + 40 % | Rectangular | V'3 1 1 |+ 23%[+x 23%]| =
SAR correction + 1.9 % [ Rectangular | V3 1 10841+ 11%[+ 09% 0
Liguid conductivity (meas.) + 50 % Normal 110781071+ 39%|+ 3.6%[ =
Liguid permittivity (meas.) + 50 % Normal 11026026 13%|x 13% ©
Temp. unc. - Conductivity + 1.7 % | Rectangular | V3 [0.78[ 071 [+ 08%|+ 07 %[
Temp. unc. - Permittivity + 0.3 % | Rectangular | V3 [023]026[+ 00%[|+ 0.0% 0
Combined Uncertainty + 10.7 %]+ 106 % | 330
Expanded Std. £ 214%|+ 211 %
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 [Dvisor] ¢ | ¢ | Standard Uncertainty | ;2o

uncertainty Value Distribution (1g) [(20g)| =%, (19) |+ %, (109)| Veq
Measurement System
Probe calibration + 66 % Normal 1 1 1 |+ 66%|+x 66%| =
Axial isotropy + 47 % | Rectangular | V3 1 1 |2 27%|x 27% 0
Hemispherical isotropy + 96 % | Rectangular| 3 0 0 [+ 00%[+ 00%]| =
Boundary effects + 10 % | Rectangular | V3 1 1 |+ 06%|x 06% 0
Probe linearity + 47 % | Rectangular| 3 1 1 |+ 27%[+x 27%]| «
System detection limits + 10 % | Rectangular | V3 1 1 |+ 06%|x 06% 0
Modulation Response + 0.0 % | Rectangular | V3 1 1 |+ 00%[+x 00%]| =
Readout electronics + 03 % Normal 1 1 1 |+ 03%[+ 03%]| =
Response time + 0.0 % | Rectangular| 3 1 1 |+ 00%[+x 00%]| ~
Integration time + 0.0 % | Rectangular | V3 1 1 [+ 00%[+ 00%]| =
RF Ambient Noise + 10 % | Rectangular | V3 1 1 |+ 06%|x 06% 0
RF Ambient Reflections + 10 % | Rectangular | V3 1 1 |+ 06%|x 06% 0
Probe positioner + 0.04 % | Rectangular | V' 3 1 1 [+ 00%|+x 0.0% 0
Probe positioning + 0.8 % | Rectangular | V3 1 1 |+ 05%|+x 05% 0
Max. SAR evaluation + 0.0 % | Rectangular | V3 1 1 [+ 00%|x 0.0% 0
Dipole Related
Dev. of exp. dipole + 55 9% | Rectangular | V3 1 1 |+ 32%|x 3.2% 0
Dipole Axis to Liquid Dist. + 2.0 % | Rectangular | V3 1 1 [£ 12%|x 12% 0
Input power & SAR drift + 34 % | Rectangular | V3 1 1 [+ 20%|x 20% 0
Phantom and Set-up
Phantom uncertainty + 40 % | Rectangular | V3 1 1 |+ 23%|x 23% 0
SAR correction + 19 % Normal 1 1 10841+ 19%[+ 16% 0
Liquid conductivity (meas.)°"X + 25 % Normal 110781071+ 20%|[+ 18% 0
Liquid permittivity (meas.)°™< + 25 % | Normal 11023[026[+ 06%[+ 07%[ -
Temp. unc. - Conductivity®® + 34 % [Rectangular | V3 [ 078071 [+ 15%[+ 14%[
Temp. unc. - Permittivity®® + 04 % |Rectangular | V3 | 023|026+ 01%|x 01%|
Combined Uncertainty + 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;
PAK if SPEAG'’s high precision dielectric probe kit (DAK) is applied.
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Uncertainty Budget for System Validation
(Frequency band: 300MHz - 6GHz range) with DASY8 System

. Uncertainty | Probability |.. . Ci Ci Standard Uncertainty
Symbol Error Description | Distributi Divisor S S
Value istribution (19) | (@0g) | %, (19) |J_r %, (10g)
Measurement System Errors
CF Probe Calibration Repeat. + 131 % Normal 2 1 1 + 93% [+ 93 %
CFdrift  |Probe Calibration Drift + 1.7 %/ Rectangular [ ¥ 3 1 1 + 10%|+x 1.0%
LIN Probe linearity + 4.7 %] Rectangular | V 3 0 0 + 00%[|x 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%[|[+ 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%
JAVR Probe Positioning + 05 % Normal 1 0291029 |+ 01%|x 01%
DAT Data Processing + 00 % Normal 1 1 1 + 00%|+ 0.0%
Phantom and Device Errors
LIQ(o) [conductivity (meas.)P¥ + 25 % Normal 1 |078[071 |+ 20% |+ 18 %
LIQ(To) |Conductivity (temp.)®® + 3.4 %|Rectangular [ V3 [078] 071 |+ 15% |+ 14%
EPS Phantom Permittivity + 14.0 % | Rectangular | V 3 0 0 + 00%[|x 0.0%
DIS Distance DUT - TSL + 1.3 % Normal 1 2 2 + 26% | 26%
MOD DUT Modulationm + 0.0 %] Rectangular | V 3 1 1 + 00%[|x 0.0%
TAS Time-average SAR + 0.0 %/ Rectangular [ ¥ 3 1 1 + 00%|+ 0.0%
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, 0) |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;

PAK 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 [: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:

+ 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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