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as stated in the accreditation certificate starting with the
registration number: D-PL-12047-01-00.
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Test report no.: 1-6614/23-01-09_TR1-A201-R01 Ceteco m
advanced

Calibration report “Probe EX3DV4” — SN: 3944

Calibration Laboratory of isch "““ﬂ';‘ di

Schimid 2 Partner Servito svizaws @ trwaws

Engineering AG S Swiss Calibration Service

Zoughaussirasse 43, 8004 Zunch, Switzerland

Accredied by he Swas Acceditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is one of the signatorkes to the EA

Muktilateral Ag; for the recagnition of calibration certdicates

Chent [ CTC advanced GmbH Centificate No, EX-3944_May23

Ssarbrilcken, Germany

| CALIBRATION CERTIFICATE |

Object EX3DV4 - SN:3944

Caibeation procaurals) QA CAL-01.v10, QA CAL-12.10, QA CAL-14.v7, QA CAL-23.v6,
QA CAL-25.v8 ‘
Calibration procedure lor dosimetric E-lietd probes ‘

Caliorancn cane May 09, 2023

This calbeation certificate documents the fraceabdity o national starcards, which realze the physcal unts of measurements (S0,
Tha measurements and the ucsrianhes with conlidance probatilty are gran on e Klkraing pages and are parn of the canitcats

Al cHibrations have been conduched 1 he Gosed laboratoey tacilty: emdironmen lemperatwe (22 = 3] 'C and humidity < 70%
Galbeaton Equement used IMATE oncal for calbranon)

Pricnty Slancards D | Cal Date (Cerslicane No.) | Scheduled Caloralion
Power meter NRPZ SN104778 | 30-Mar-23 {No. 217-0330443505) | Mar-24
Power sensor NAP-291 | 30Mar-23 (No. 217 -0G304) Mar-24
CCPDAK3 S | 20-0ct 22 (OCP DAK3 51248_0Oct22) Oc1 23
COCPBARS 2 20-Oc1-22 (OCP-DAK12-1016_0a22) | Oy 3
| Avierence 20 dB Amenuaiol | 30Mai 23 (No_217.03800] Mar24
DAEA SNk 16-War- 23 (o DAES 685 War23) Ve 24
Rifecanca Probe 53002 | 06~2an-23 (N0 ES3-3013_Jer3) Jan-24
Secundary Sandards | 0 Cryack D (m house| | Schedued Chedk
Powar moler £A44 106 SN GeA1235874 06-Ape-16 (i house chedk Jun-22) 117 house chece Jun-24
ﬁ:mrmnspf E4s12A SN MYalasecar 05 Apr18 (In house chedk Jun 22) In Neuse chece AN 24
| Power sensor Ead12A SN 000110210 | 05 Apr 16 in house check Jun-22) | In house check X024
| AF generalor HP 88480 SN: USasA2001700 04 Aug-9 (in house chek Jun 32) | In house chede Jun-84 |
T NRiwork Anaiyzer EBASEA | SN USA1080477 31-MAar-14 in DoUSE Cvack Ocl-22) | T hous chece” Oct-24
Name Function Sigl L} |
Calbeated by Jofirey Katzonan Laharatory Techniosn (j’/ :
Asprowed by Sven K Techrical Mariogor "')‘ o A
S

Issuea. May 16, 2023
This CAIbraton cartiicats shall nof De 7eproduced excapt in full wikou! wiilten poroval of the aboralory.

Cerlilicate No- EX-344_May23 Paga 10123
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Test report no.: 1-6614/23-01-09_TR1-A201-R01 Ceteco m
advanced

Calibration Laboratory of A SN S

Schmid & Partner oS (° | c

Engineering AG =y % 4/ 'S Swiss Calibration Service
Zoughausstrasse 43, B004 Zurich, Swilzevland AW o £

Actreditee by the Swiss Aceregitation Service (SAS) heereditstion 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 nasue simulatng hqud

NORMz= y,2 sensiivity in free space

CorF sensitivity In TSL / NORMx v,z

oce diode compression point

cF crast facior (1:duly_cycle) of the RF signal
A.B.C.D medulation dependent inearization parameters

f W w rotation around proba axis

Polarization ¢  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 sensor X 10 the robot coordnate system

Calibration is Performed According to the Following Standards:

a) IECHEEE 62209-1528, "Measuramant Procedurs For The Assessmant Of Specitic Absorption Rate O¢ Human Expasure
To Radio Freguency Fleids From Hand-Haki 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 855664, "SAR Measurement Raguirements for 100 MRz 10 6 GH2"

Methods Applied and Interpretation of Parameters:

+ NORMx.y.2: Assessed for £-fiald polarizason & = 0 (£ < 300 MHz in TEM-cell; f > 1800MHz: R22 waveguide). NORMx vz
are only intermediate values, i.e,, the uncertanties of NORMx,y.2 8oes not affect 1he E*-fiedd uncertainty inside TSL (s0e
vekw ConvF).

« NORM(TIx,y.2 = NORMx, .2 * fraquancy response (see Frequency Responga Chart). This imaarization is imglemeanted in
DASY4 software versions later than 4.2, The uncertanly of the requency resgonse is inclded in the stated uncestainty ol
ConvF,

* DCPx.y.z. DCP are numerical linaarnzation 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 s rat calivrated but determined based on the signal charactersstics

* Ax.yz; Bxy.z; Cxyz: Oxyz; VAxyz: A B C O are numerical inganzation parameters 5ssassed based on the data of
power sweep or specific modulation signal. The paramaters do not depend on Faguenty nor meda, VA is the maximum
calibeation range expressed in AMS voltage acloss me gode.

+ ConwF and Boundary Effect Ps A d 1 fat phantom using E-fiels {or Temperature Transter Standards for
f = 80OMHz) and nsice waveguikio usno analytcal hield distribumons based on power measuremants for f > 800MHz, The
S&Ma selUps are used %or assessment of the parameters appied for boundary compensation {@pha. depth) of which typical
uncertainty values ara given. Tnese paramatars are used in DASY4 software to impeove probe accuracy close 1o the
boundary. The sensitivity in TSL corraspands 1o NORMx.y.2 * CorwF whereby the uncertainly corespands 1o thal given for
ConvF. A freguency dependent ConvF is used in DASY version 4.4 and highar which alows extending the valigty from
+50MHz to =100 MHz,

« Sphancal isotropy (30 deviation from lsatropy) In a feld of low gratients realized using a Nlal phaniom axpgased by a palch
anrtenna

« Sensor Olfsel. The sensor ofisel corresponds Lo the ofiset of virlual measurament center from ¥ie probe tip (on prote axs).
No tolerance required.

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

Cerlificate No. EX-3944_May23 " Page2ofs
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Test report no.: 1-6614/23-01-09_TR1-A201-R01

cetecom

advanced

EX3DV4 - SN:3944

May 09, 2023
Parameters of Probe: EX3DV4 - SN:3944
Basic Callbration Parameters
Sensor X Sensor Y Sensor Z Unc (k -2)
Norm (uViVimy) A 053 0863 0.41 +101% |
acP (mv) B 103.9 100.0 1040 =A.7%
Calibration Resuits for Modulation Response
[UIb | Communication System Name A B_| ¢ D VR | Max | Max
{ d8 | dB v d8 | mV | dev. | Unc®
k=2
o W X| 000 000 | 1.00 | 000 | 1642 | 2.79% | 24,75 |
‘ Y| 0460 000" 1.00 BGE)
2] 000 000 | 1.00 161.0
10352 | Pulse Wavatorm (200Hz, 10%%6) X|2000 7 6186 2113 | 1000 | 60.0 | =3.1% | 20.6%
Y[ 2000 | 6856 | 19.65 | T800
Z| 727 7744 | 1547 600 |
10353 | Puise Wavalorm (200Hz, 20%) X| 2000 9395 | 2097 | 603 | B0.0 | £1.7% | +9.6%
Y| 2000 8866 | 1894 B0
200 | 8755 | 1713 800 |
10354 | Puise Wavetorm (200Hz, 40°) X1 2000 | 9768 |21.23| 398 | 950 | =12% | +9.6%
Y100 | auds |83 950 |
ZIH00 | 86 [ 149 850 ‘
710355 | Puse Wavelorm (20067, 60%) X | 2000 | 99.16 | 20.41 | 222 | 120.0 | <1.2% | <9.6%
Y2000 | 9145 | 1802 | 1200 |
Z| 05 £0.55 547 71200 |
10387 | GPSK Wavelorm, t MHz X| 150 64.74 | 13.94 | 1.00 | 150.0 | =3.3% | 29.6%
V74T eesY 1523 500 |
Z1 128 éadz 1301 | T500
10388 | GPSK Waveform, 10 MHz X| 200 ©643 | 14.73 | 0,00 | 150.0 | =1.1% | +9.6%
Y1 235 687 [ 1589 1500 |
rABRE 6550 | 14 150.0
10396 | 64-QAM Waveform, 100kHz X| 283 | 7024 | 1861 | 301 [ 1500  09% | £96% |
Y A00 | v0A0 | Ees 1500 |
21295 6598 | 16.42 | 150.0
710389 | 64-QAM Wavelorm, 40 MRz X | 334 | 6635 | 1525 | 000 | 1500 | +25% | 29.6%
Y| aas| ess [ 1563 150.0
(2] 3 . [[1560]
(70414 T WLAN GCDF, 64-QAM, 40MHz X | 472 2 000 | 1500 | =44% | 296%
Y| a8z [ 15, 150.
| AR A ?ursrﬁssg 19500
Nota: For detalls on UID parameters see Appendix
The reported uncertainty of measurement s statad as the standard uncertainty of measurament muliplied by the coverage
factor k=2, which for a normal cistribution corresponds to a caverage prodabilty of approximately 95%

;mnm-wnnumcmxvzoommwe’dwmmmtst,um-nsm n
i

for thedd srength
Eu»:wnwwmmw CeViation oM Sod ASEONa RIRH N cirg b i s 30d 15 DEreest0 10 the sguare of the iekd vilue.

Ceriiticate No: EX-3944_May22 Page 3 of 23
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» -~ oo cetecom
Test report no.: 1-6614/23-01-09_TR1-A201-R01 advanced

EX30V4 - SN:3344

May 09, 2023
Parameters of Probe: EX3DV4 - SN:3944
Sensor Model Parameters
) (4] [+] a | TN T | A% -1 1 T 16 |
1F F V' msv? msV' ms V2 v
x 443 33125 35.50 1214 024 | 510 1.16 0.30 1.00
¥ 458 389.16 |~ 3538 3041 0.02 510 085 0.45 1.01
—z | 952 262.26 3529 724 032 | 508 | 0.3 032 | 10
Other Probe Parameters
Sensor Arrangement | Trangular |
Cennactor Angle 1778 |
Mechanical Surtace D ) Moda | enabled |
| Optical Surtace Oetection Mode N Ssabled
Probe Overall Length 7 337 mm
Probe Body Diamater o - 10mm
Tip Length 9mm
T Ui, LD
| Probe T to Sensor X Calration Point 1mm
| Probe Tip 1o Sensor Y Caloration Point = 1mm
| Prove Tip 1o Sensor Z Cakbration Point 1mm |

| Rex wad M ement Distance from Surface | tAmm i
Note: Measuremarn detance from surace can be incioased i 3-4 o for an A Scan b

Certficata No: EX-3244 May23 Page 4 of 23
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Test report no.: 1-6614/23-01-09_TR1-A201-R01

cetecom

advanced

EX30V4 - SN:3%44 May 06, 2023

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

um-u)é Relative Conductivity® | ComFX ConwFY ConwFZ | Alpha® | Depth® Unc
Permittivity" (Sm) (mm) | (k=2)
13 550 0.75 1765 | 1765 | 1785 | 000 100 | +133%
a0 | a5 | o0e7 | a7 | war | 1ma7 | ote | 130 | e139% |
800 27 088 10.74 1074 1074 0.0 1.2% 213.3%
50 a8 088 1085 | 1055 | 1055 | 044 0Bz | =12.0%
850 a5 092 1000 | 1000 | 1000 | 044 080 | +12.0%
w00 a5 | oer | s | am a8t 038 087 | +120%
1750 201 1.37 865 265 865 | 028 086 | =120%
1900 | 400 140 | 855 855 855 | 024 | 088 | 2120%
2450 92 180 7.8 798 798 | o022 090 | +12.0%
2600 39.0 196 7.80 7.80 780 | 016 090 | +12.0%
3500 379 291 6.96 6.9 696 | 038 130 | +14.0%
2700 377 312 636 63 | 68 | 035 130 | £140%
| 5200 36.0 466 529 529 529 0.40 1.80 =14.0%
| sa00 359 476 | 580 510 510 | 040 180 | +140% |
5500 385 496 487 487 487 | 040 180 | +140%
5600 | 355 507 472 | A2 | 472 | 040 180 | +140%
5800 | 353 527 473 | a3 | am 040 | 180 | s140%

C Fraquency valigty ateve 300MHz of +100MH2 cnly appies tor DASY v4.4 and bgrer (soe Page 2), oise 1t is restricied 1o <50 MMz The uncerianty is the
RSS of he ComF cnce 1ainmy af CRRMION ogquency &nd the unceriainty 1r o indoaiod regquency tand. Foguoncy valdty below 300Nz 5 +10.25
A0 50 890 TOMHE for ComeF assessmants a1 30, £4, 128, 150 and 220 MHz raspecivaly. Vil of ComvF assessod il 6 M2 is &9 Wz, and CovF
AASREC & TIMHZ 3 O-1QMHr, Ancus S GH2 aduency wakdity 2an be Ged 3 4 MIOMH2

F The probes e caltraled using ¥xssn mimedating Souids (TSL) ol chinviate e £ A0 o By 3060 T 5 5% o e Taeget vioes yaicaily Bener than +3%)
and are vald for TSL wits devisticns of uo 10 2105 1 TSL with davisticns feom e target of lda thin + 3% 06 100 PR CaDaNon uncensnios ae 11.1%
007 -3GHT AN 121% kor 3 - 5 G

@ mgraDepts a'e detormined duning caltration. SPEAG warmams 1hat fhe Tomaning deviatan dus 1 The Doundary stect sfle compensaton s Mwiys Has

TN 419 ke (g ncs Delow 3Gz And beow + 2% 0! MocuUenss 3E5GHz af any larges than haf the prode 1p dlameter 1'om e
oundary.
Cortficata No: EX-3244_May23 Page 5of 23
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Test report no.: 1-6614/23-01-09_TR1-A201-R01

cetecom

advanced

EX30V4 - SN:39a4 May 09. 2023

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

(MHz)© Relative Conductivity” | ConvF X | ComFY  ComvFZ I Alpha® | Depth® | Unc

Permittivity” (5'm) (mm) | (k=2
750 55 | o0ss 1051 | 1051 | 1051 | 048 089 | =120%
850 552 098 | 1009 | wos | 009 051 083 | =12.0%

200 550 105 | 1010 | 1000 | 1000 | 00 102 | +120%
1750 X 148 845 846 846 | 033 086 | =120%

| 1900 533 152 | 823 8.23 821 | 028 | 086 | z120% |
2450 527 196 789 7.89 788 | 019 090 | +120m
2600 525 216 N ENAl 7.71 024 0980 £120%
3500 513 3.3t 645 845 6.45 0.40 170 <140%
3700 51.0 255 6.26 526 626 | 040 170 | +140%
5200 49.0 530 458 459 45 | 050 190 | +14.0%
5300 49 542 445 445 445 050 190 | +14.0%
5500 486 5.65 210 410 410 | 050 190 | £14.0%
5600 485 s77 398 398 | 398 | 050 180 | +12.0%
5800 482 6.00 | 403 4.03 4.03 0.50 1.80 =14.0%

C Fraguency vainty above 300 MHz of <100MHz orly spoline for DASY w8 4 3nd higher (o0 Page 21, oita i = rectrictnd 15 =50 Mz The uncertanty = the
HSS of e Convf uncartanty 3 cantration frequency ard tho unceriainty for $he indkcated reguency dand. Froquonay walkity bolow 300 Mz is +40, 25,
4. 50 ang TOMM: %or Comf® assessmants &t 30, 64, 120, 150 37d Z20 Mz respactively. Vasdty of ConvF assessed at 6MHz is -9 MRz, and Tonvk
Azzessed o 13MHZ s 919 W2 Above SGMZ egquorcy valdty can bo eslondes o + 110MHz

“ The protes ave calbeated using Sese smulating bauos [T5.) that deviaie o £ and o by kees han 5% Fom 16 Suge vakes {tyfcaly Detier than = 3%
and are vaid for TEL with doviasons of Lp 0 + 0% I TSL with daviations 1om 91 3rger of leds 1an +5% 2% used. 1he Lalralon cnodr tainses e 11.1%
07 -3GEand 131% i 3 - 600

S yomaDeptn are danng 0. SPEAG ha the 1 Cakan B8 10 1 Doundary @¥act aflie cOMPInsaton is aways hss
Man + 19 e Rguancis Dow 3G and Delow + 2% 0 Foguencis Bammen 3-6 GH2 41 sy Satance linger Ban hill tho prote 1g Sanimsd lom tha
Boundary

Ceniticate No: EX-3944_May23 Page 6 of 23
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Test report no.: 1-6614/23-01-09_TR1-A201-R01 Ceteco m
advanced

EX30V4 - SN-3044 May 09, 2023

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

| R [T e [rry—reTer e ol
1 {MHz)© Relative Conductivity" | ComvF X | ConvF Y [comrz | Alpha® | Depth® Unc
\ Permittivity® (s'm). ‘ j (mm) | (k=2)

6500 1 345 6.07 | 5.50 550 I 5.50 020 250 +£18.6%

© Frequency vaigty 3l 6.5GHZ 15 - 600+ 700 MHZ, ana + 700N &t of aowe 7GHe. The urserimty o the BSS o 1he ComF woirmanty @ caktration
froguency and tha unceriainty foe he ndcaed lregquncy tand

F Tre probes are cae g s v bgeds (TSL) that deviste for £ and o by loes thae +10°% Irom e targed valuos (lypcaly betior than <4%)
Aang iew vabd for TSL with dovislions of up 1o +10%.

5 AiphaDepth ane determined durieg cltaton SPEAG watRnls INa! B SRman g 08aanon Sun 10 1 BOUndary o60T aller COMERraion 5 s Mss

it =15 for nspenicos Delom 1 GHz. below +2% for equencies browoen 3-8 G and below +4% ke freqoencies hotwoen 810 GHz ot any dslance
farger thae hatt the probe S diamete fom the basndary

Cersfhicate No: EX-3944_May23 Page 7 of 23
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Test report no.: 1-6614/23-01-09_TR1-A201-R01 Ceteco m
advanced

EX3DV4 - SN:3944 May 09, 2023

Frequency Response of E-Field
(TEM-Call;ii110 EXX, Waveguide:R22)
15 I

09

Frequancy respanse {narmaized)
.
.

0g

08

0%

0 200 400 60O 800 1000 1200 1420 1600 1800 2000 2200 2400 2600 2800 3000 3200
f [MHz]
. TEM + R22

Uncenainty of Frequency Response of E-eld: =6 3% (k=2)

Certdicate No: EX 3544 May23 Page 8 of 23
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Test report no.: 1-6614/23-01-09_TR1-A201-R01 Ceteco m
advanced

EX30OV4 - SN:3944 May 08, 2023

Receiving Pattern (), 71 =0°

£=1800 MKz, R22, 0
90°

3 —_—

X | ST .\"n\ - X i
- ¥ |3sr/" B . ol e
. z g . . ' z
> 7% o N \ | + Tot ’/ o y \ | Tot
I i ' 1 ' o\ £4 . X - ‘l
f ’ l 5 * . * '| ll 3 . ) P l|
180° I R Rt M DT T | o 180° ' . o " sopBplos oggn so !o
| o LN v 1] l Vo e T
.'. y o ) ll 1 y . b . »l
= . T , y . ',n \ . ' » ,'
\ N\ . — . f \* . bae 1P d /
. s - » '\ . »
200 270°
i'
05

Error [dB]

(1] 5 S e R e L, B 8 & i = N £ o T

05
0 60 120 180 240 300 360
Roll [*]
. 100MHz . BODMM: 1800 Mz . 2500MHz
Uncertainty of Auial sotropy Assessment: +0.5% (k«2)
Cortiticate No: EX-3944_May23 Page & of 23
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_ cetecom
Test report no.: 1-6614/23-01-09_TR1-A201-R01 advanced

EX30V4 - SN:3944 May 09, 2023

Dynamic Range f(SARpeqq)
(TEM cell, foyy = 1900MH2)
o =
0%
= :
= &
= 10 '
z '
=
1]
BT
10?
10-2 10 w00 HEESS . B
SAR [mWem?]
= not compensated « compensated
2 — =
1
% 0 » s
15
w
1
-2 e o —— 2 S TYEB
102 0! 10° 107 10°
SAR [mWiem?]
« - nol compensated « compensaled
Uncertainty of Lingarity Assassment: 40 6% (k=2
Cortificate No- EX-3344 May2s Page 10 0l 23
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Test report no.: 1-6614/23-01-09_TR1-A201-R01

cetecom

advanced

EX30V4 - SN:3944

Conversion Factor Assessment

11900 MHz, WGLS R22 {H_corwF)

25(%

o/ \

15

SAR [(Wikg) W]

0 10 20 30 40

» anaytcal « measured

Deviation from Isotropy in Liquid
Ervor (¢, 0), 1 = 900 MH2z

Dewiation

T
X [deg]

om0

-1 -08 -0& -04 -02 0 02 04 06 08 1
Uncertainty of Spherical Isotropy Assassment: 4+2.6% (k«2}

May 09, 2023

Cerlificate No. EX-3344_May23 Paga 11 ot 23
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Test report no.: 1-6614/23-01-09_TR1-A201-R01 advanced
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Calibration report “Probe EX3DV4” — SN: 7852

Calibration Laboratory of AT S s Matodord
Schmid & Parter = B
Engineering AG e S Swiss Colibration Service
Zaughausstrasse 43, 8004 Zurich, Swizerisnd R
[ by the Swiss A i Setvioy (SAS) Accreditation No.: SCS 0108
The Swiss Accredilation Service is one of the signatories to the EA
Muitilateral Agreemant for the recognition of calibration certificates
T 1
Client CTC advanced GmbH Centificate No. EX-7852_Nov23
Saarbricken, Germany
| CALIBRATION CERTIFICATE |
Oiject EX3DV4 - SN:7852
|| Camrmton procedursisy QA CAL-01.v10, QA CAL-12.v10, QA CAL-14.v7, QA CAL-23.v6,
} QA CAL-25.v8
Calibration procedure lor dosimetric E-ield probes
\
i Caibraton date November 08, 2023
Thiz caltieabion carSficate do the traceabiity %0 national stancaros, which realize tha physical units o messuraments (24).

The measuraments and the uncanainges with confidence orobabifty are given on the folowing pages and are part of the carticats,
All calivraions hawe been cundutied in the closed ‘aboratory tacity: andrcament lemperaliure (22 + 3)°C and humidly < 70%
Catbratian Equipment used (METE critical for caioraticn)

Prmary Stardsds (%] Cal Date (Certficais No.) Scheduted Calbegtion
Power motor NREZ SN 104778 50-Mar23 (No. 217-0G504.03805) Mar-24
| Power sensor NRP-Z31 SN 103244 F0Wear 23 (Mo, 21705804 \iar24
GCP DAX-3 5 (weighico) SN: 1269 05-0¢t-23 (OCP-DAKS, 5-1248_0ci23) Ot 24
CCP DAK-12 1016 05-0¢1-23 {00P-DAK12-1016_0w2d, Ocr2e
Rolerence 20 JB ARSNURIOr | SN: COEss2 (2040 30-Maw-23 (M. 217-03809) T T Marda =]
DAE4 | SN 660 |16 Mar 23 (No, DAEA-660_MarZs) Mar-24
Reforence Probe E590V2 | 5M. 9013 | 0B-Jan23 No ES3-3013 3| 24
Secondary Standands [[3) Creck Dale (0 housa) Schaduled Check
Power Mol 44196 SN GBe1203874 D6-Ap-16 {in house chack Jun.22) I hGUs® check: Jun-2d
Powar sensor a4 127 BN MY 41458087 06-Agr-16 (in house check Jun22] In house check: Jun-24
Power sansor E4412A SN 006710210 D6-Apr-16 {in house chec Jun-22) | I heuse check: Jun24
TRF generalor H 864G SN USSAZU0 160 DA 39 (in honse Chick Jur-22) I heuse check: Jun-24
vetwork Analyzer ES358A | 5N US41080477 31-Mar-18 (in house check Ocl22) | 10 houss check, Oct-24
Nane Function Sgnatura
B > =
Galbrates by Aigoria Georgadeu Laboratory Technician TH =
s {
Approvod by S Kibn Tochrical Manager : R
ksucd: November 08, 2023
This calbeation cenificate shal not be reproduced macept in il withaul wrimen approval of the latcratory
Certificate No: EX-7852_Nowv23 Page 10123
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Test report no.: 1-6614/23-01-09_TR1-A201-R01

cetecom

advanced

Ay S Schwelzerischer Kalibrierdienst
Calibration Laboratory of P Service suisse d'étalonnage
Schmid & Partner % C  servizio svizzer d taraturs
Engineering AG e S Swiss Cafibration Service
Zaughaussitasse 43, 8008 Zurich, Switzodand t.,_@,,-\}
Accradted by the Swiss Accredtaton Servioe (SAS) Accraditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreement for the recognition of calbration certidicates
Glossary
TSL tissue simulating fiquid
NORMx,y.z sensitvity in free space
CamfF sensitdty in TSL / NORMx y.2
DCP diode comprassion point
CF crest factor (1iduty_cycie) of the RF signal
A BCD modulaton dependent Inearization parameters
Polarizaton ¢ @ rotation around peobe axs
Pokari 1 4 1) rotation arcund an axis that s » the plane normal 1o probe axs (at measuremant center), Le, =018

normal to probe axis
Connecior Angle  informalion used in DASY system 10 align probe sensor X 1o the robat coordinate systemn

Callbration Is Performed According to the Following Standards:

a) IECIEEE 62209-1528, "Measurement Procadure For Tha Assessment Of Specitic Absoration Rate Of Human Exposwre
To Radio Frequency Fiekis From Hand-Heid And Bogdy-Worn Wireless Communication Devices - Part 1528: Homan
Modets, instrumesiation And Procedures (Fraquency Range of 4 MHz to 10GHz)", October 2020,

b} KDB 8656864, "SAR Measurement Requiremneants for 100 MHz 1o BGHz"

Methods Applied and interpretation of Parameters:

« NORAMx.y.z: Assessed for E-lield polarization = 0 (f = 900 MHz in TEM-cell; 1 > 1800MHz: B22 waveguide). NORMx v,z
are only intermediate values, 1.¢., the uncertainties of NORMx y.z does not attect the E*-fiala uncertainty inside TSL (see
below ConvF),

+ NORMiTix, 5.2 « NORMx,y.2 * frequency_response (see Frequency Response Chart). This linearization is implamented in
DASY4 software versicas later than 4.2, The uncertainty of the frequency responsa is included in the stated uncertainty of
CorwF.

+ DCPxy.z: DOP are numerical linearzation paramaters assessed based on the data of power sweap with CW signal. OCP
does nol depend on frequency nor media.

« PAR: PAR is the Peak to Average Ratio that iz not calibraled bul determined based on the signal characteristics

» Axyz, Bxy2, Cxy2: Oxy2; VRxy2:A 8, C Darar rical linearization par ¢ based on the data of
pawer swoep for spacific modulation signal. The parametars de not depend on frequency nor media, VR & tha maximum
cadbration range expressad i AMS woltage across the dicde.

*« CorwF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer Standard for
< BODAMHZ) and inside waveguide usng analytcal liekd distributicns based on power measuremants for # = 80DMHz. The
same satups are usad for assassment of the parametars appled for boundary compensation (alpha, depth) of which typical
uncertainty values are given. Thesa parameters are Lsed in DASY4 software 1o improve probe aosuracy close 10 the
boundary. The sensitvity in TSL comespands to NORMx,y.z * CornvF wheraby the uncertainty corresponds o 1hat given for
ConvF. A lrequency dependent CorwF is used in DASY version 4.4 and higher which allows extending the validity from
+50MHz 1o 2100 MHz,

* Sphancal isotropy (3D deviation from (solropy): in a field of low gradients realized using a fiat phantom exposed by & paich
amenna.

« Sensor Offsat: The sensor offset coTesponds to the offset of virlual measurement center from the probe tip {on probe axs).
No toleranca requiad.

+ Connecior Angle: The angle is assessed using the informaticn gained by determining the NORMYx (no uncertanty requirad).

Certficate No: EX-7852_Now23 Page 2 of 23
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Test report no.: 1-6614/23-01-09_TR1-A201-R01 Ceteco m
advanced

EX3DV4 - SN7852 November 08, 2023

Parameters of Probe: EX3DV4 - SN:7852

Basic Calibration Parameters
Sensor X Sensor Y SensorZ = Unc(k=2)
Norm (uV/AVIm)®) A 0.56 0.54 0.63 | £10.1%
DCP (mv) © 110.1 108.7 110.5 | 44.7%

Calibration Results for Modulation Response

W—]'mmmm A B c | 0 VR | Max | Max |
d8 | dB,pv d8 | mv | dev. | Unct
k=2
0 [ X1 0.00 000 | 1.00 | 000! 179.3 | 23.0% | £4.7% |
Y 0.00 D00 | 1.00 581 |
Z. 000 0,09 1.00 168.7 |
10352 | Putse Wavesoem (200Hz, 107%) X 158 | 60.77 | 635 | 10.00 | 600 | +33% | +9.6%
Y1 9a5 | s | 62 E0.0 |
Z| 146 | 6000 | 6 600 |
10353 | Pulse Waveform (20002, 20%) X | @600 | 8000 | 1100 | 899 | 800 | =2.5% | +9.6%
Y o8& 6000 | 483 ~ 800 |
Z| 082 | 6000 | 508 80.0
10354 | Pulse Wavedorm {200z, 40%) X| 2400 | 7200 | 700 | 396 950 | s2.4% | +66%
Y100z | 2887 | 045 350
Z| 057 | 6000 | 3.0 | 950 |
10355 | Pulse Wawalorm (200Hz, 60°6) IX 79757 18007 | 1233 | 222 | 1200 | £16% | £9.6%
[Y]| 401 | 16000 | 140 1200 |
77040 | 15654 | 248 120.0 |
10387 | OPSK Wavelorm, 1 MHz X| 048 63.15 | 1211 | 1.00 | 1500 | 3.6% | 29.6% |
Y 0.40 6193 | 1103 | 150.0
Z1 047 | 6239 | 1164 150.0 | ‘
| 03BE | GPSK Wavelorm, 10 MHz XT3 6551 [13%8 0 150.0 | <1.0% | 19.6% |
Y1 1..3 | 6495 | 12,62 | 31500
Z| 138 | 8652 | 1400 150.0
10396 | 64-QAM Wavelorm, 100kHz X| 1.75 | 8518 | 1597 | 301 | 1500 | 20.9% | 0.8%
VI 1| 653 LTG"&“ 1500 |
Z| 173 | 6487 | 1579 | 150.0 |
10399 | 64-GAM Wavelorm, 40NHz X| 275| 6840 | 1508 | 0. 150.0 | 12.1% | £9.6% |
Y| 264 66501 | 1475 150.0
» Z| 284 | 6672 | 1518 500 ]
10414 | WLAN CCDF. 64-QAM, 40 MHz X| 365 | 6604 | 1512 | 0.00 | 150.0 | £3.6% | +9.6%
Y| 371 B6.52 | 15.27 "I50.0 |
7| A | a5 | 1850 { 0.0
Note: For gataits on UID paramesers see Appandix
The reported uncartainty of measurement is stated as the standard uncartainly of measurement mukiplied by the coverage
tactor k=2, which for a nocmal cistribution corresponds 1o & coverage probabilty of appraximately 85%.

A Tha unconaintios of Noem X.Y,Z 20 nol affest the E2 fel unceriainty ixside TSE {sae Pages 515 7).
P Lo zation carmmote uncelsmy fon masieus peclsa Sed srengt.
‘ummtawmwvnm- devirson o knear mesponse Spoiying recangular disrbation and 'S axpressed or the squire of the el vakse.

Certificate No: EX-7852_Nov23 Page 30f 22
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Test report no.: 1-6614/23-01-09_TR1-A201-R01

cetecom

advanced

EX3DV4 - SN.7852

Parameters of Probe: EX3DV4 - SN:7852

November (8, 2023

Sensor Model Parameters
(5] c2 « m T2 [ T3 T4 15 16
[ 1F . 5 msV-? mgV-' ms v32 v-!
x B2 58.29 3210 392 0.00 4.50 063 0.00 1.00
¥ 9 5601 3244 244 0.00 #.93 069 0.00 1.00
z 51 5385 .68 658 000 | a0 6N .00 T
Other Probe Parameters
Sensor ~A.vrmgtuY{{.'\'_\t Triangular
Connector Angle 57
Mechanicai Surface Desection Mode enatled
Optical Surtace Detection Mode disatled
Prota Overall Leagth | 337mm
Praba Body Diameter o 10mm
Tip Length S mm
Tip Diameter 25mm
Prabe Tip %o Sensor X Caliteation Pont imm
Probe Tip 1o Sensor Y Calibeation Pont 1mm
Probe Tip 1o Sersor 2 Caliraton Point = 1mm
Recommended Measurement Distance from Surface 1.4mm

Note: Moasuronmant Calanch Fom Suics Sin Die Moreasnd o 34 =m lor an Awg Scan b,

Certificate No: £X-7852_Nova23

Page 4 of 23
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Test report no.: 1-6614/23-01-09_TR1-A201-R01 Ceteco m
advanced

EX3DV4 - SN:7852 November 08, 2023

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

1 (MHz)© Relative Conductivity” | ConvF X | ConvFY | ConwFZ | Alpha® | Depth® Une
Permittivity" (§/m) (mm) | (k=2)
750 414 0.89 9.41 9.41 9.41 0.43 080 | 2120%
850 N5 ¢.92 914 914 9.14 0.40 080 +12.0%
900 a5 0a7 s05 205 8.05 0.41 0.80 +12.0%
1750 40.1 137 828 828 828 0.4 0486 +120%
1800 40.0 140 789 789 789 034 088 +120%
2450 9.2 | 180 733 723 7.33 020 080 | +120%
| 2800 38.0 1.98 741 741 741 0.30 080 +12.0%
| 3800 379 291 6.23 623 | 6.23 0.35 1.30 414.0%
3700 377 312 6.2 6.12 T 612 @ 035 1.30 +14.0%
5200 360 466 401 491 49t | 00 180 | +140%
5300 359 4.76 476 476 476 0.40 180 | £140%
5500 2356 495 4.49 449 449 0.40 180 | L14.0%
5600 355 5.07 425 435 435 040 180 | £140%
5800 353 527 433 | 4m 433 0.40 180 | 214.0%

"rmmqmmmumoc-moumwwmmoasv-uwnmummzn 0ks0 I it rozirictod 1o =50 MHE The wnoartanty s o
HSS of the CoraF uncertainty al cabraton frequency and he or the band. Freauorcy valdty bo'ow 300MHz is =10, 25,
40, 50 and 70 Nz for ConvF assessmanis a8 30, 64, 128, vsowzmwmmmoumsmasw.swmwm
20505500 3 A INER & S-13MH2. Abave 5GH2 Wecuoncy «ldly can be extendod 1o +110M=

¥ The probes aro s inaled usng sue SMolifing SOUIs | TSL) that divis 556 v A9 or by N8 Than +5% Roem the gt «ales [tycaly bette han =39,
v are v e TS with Sviations of up 1o 105 1 TSL vt devigions o the targol of loes than +5% are used, o caloralion uncartansos e 11.1%
Gro 7 - 3G and 13 0% Yor 3-0 GHz

5wmwnnmmmmwwmm SPEAG wamams !at the remaining SHANCN S0 10 1a Beundary OM00] Allie COMPINSANON i Swiys lEds

an £1% ke beguencies baow 30H: ard Drlewm 22% O Fequencies butawen 36 GHe o any detancs rger than Sal the prode 19 diameter bom he
Doundary.

Certicate No. EX-7852_Nov23 Page 5of 23
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Test report no.: 1-6614/23-01-09_TR1-A201-R01

cetecom

advanced

EX30V4 - SN7852 November 08, 2023

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

1(MHZ)® Relative Conductivity™ ConwFX | ConwFY | ComFZ = Alpha® | Depth® Unc

| Permittivity” (sim) (mm) | (k=2

750 555 | 098 943 943 9.43 0.36 095 £120% |
850 £52 | o038 239 839 939 050 080 | +120%

300 55.0 | 1.05 204 2.04 9.04 245 085 | £120% |

| 17%0 534 148 789 759 729 047 088 | =120% |
1500 533 152 765 765 7.65 035 088 | 2120%
2450 52.7 1.95 7.33 733 7.33 031 0580 | 21200
2600 525 218 7.3 743 7.43 0.23 0.50 H12.0%
3500 513 331 578 578 5.78 0.40 130 | £14.0%
3700 510 355 574 574 574 | 040 1.35 +14.0%
5200 45.0 530 427 427 427 | 0% 1.90 £14.0%
5300 489 5.42 423 423 423 0.50 190 | £14.0%
5500 486 565 4.00 4.00 400 0.50 1.90 +14.0%
5600 435 577 392 392 392 0.50 1.90 £14.0%
5800 48,2 6.00 390 390 290 0.50 150 214.0%

 Friquency sty above 300 Mz 0l £100 Mz oy apeios for DASY W& and highes (see Page 24, ciza ¢ 5 recidiod 10 +BOMHZ, Tho uncertsimy is the
R3S ol oy ComvF uncariainty & cakbration Soquency and Ihe urcenaisty ke the rdi:shad fnsguency dand. Frag.ancy varkcily balow 200MH2 & 1025
40, 50 and 70 MMz for ComF pasesaments 1 30, B, 128, 150 and 220 M respactnely Vakity of ConF as50ss0d 3t SMH2 & 4-9MHz, and ComF
gswmdaisumao-vsw Abbor S G frageancy vaiicily can be codencod 1o + < 10MHE

Tre probes a6 CAteannd uking 1ee Simiiaing kids (TSL) 13t cevins 1o £ and o Dy kss thas +55 kom e target vaks (lypicaly botor fman +3%]
s e vabd for TSL with devigtons of up %0 = 10%. M TSL sfth cevasfions Yom e Largel of kess han = 5% 0% uzad., the calibeasion unoemainties ar 91.1%
ke 0.7 -3 GHe 376 13.1% kor 3. BGHEZ
“mmmmmmmmumwA SPEM!Mmnuvmnqmmwmwmmmwmm‘u
than + 1% Sor lreduanias Daloor 3Gz 3nd betow =2% %or Inquencies between 3-8 GH at arty Sxtanor e ths hatt the probe b dameser fom the
bosndary

Certificate No: EX-7852_Now23 Page 6 o1 22
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Test report no.: 1-6614/23-01-09_TR1-A201-R01

cetecom

advanced

EX3DV4 - SN:Tas52 Novembear 08, 2023

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

1 (MH2)© Relative Conductivity® | CorvF X | ComwFY | ConvFZ | Alpha® | Depth® une |
Permittivity® (S/m) {mm) (k=2) |
| 8300 345 | 6.07 480 480 480 020 250 £1B6% |

© Fraguancy vty at 6.3 GH2 is -500'-700MHz, and +700 Mz al o above 7 Gz Tha uncortanty = the RSS of 20 Comé uroxaicly ot calbaron
broquoncy and $ie unceranty %o the indcaled trequoray band.

F The peobes ae caktvated USG ESS Simuating Sguics (TSL) thae devide 106 S & By b han + 105 bam S Snet v |yposdly betlee han < 6%)
are8 o vali! G TSL with coviarions of up 10 £10%

S asaeps are determned darng caltvaion. SPENG warmants that SONENNG Cenatos dul 1 I Houndary et aber Componsation & ahvigs bess
han + 15 ko requencies Delow 3GHz, Berow « 25 for fragaiacins bateean 3-6Gie; 403 balow £4% ‘or kequendies Setween 6-10 GHz & any dstarcs
Iger than Fu tha prote 5 clameter from Bo Boundsy

Cenificate No: EX-7852_Nov23 Page 70123
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Test report no.: 1-6614/23-01-09_TR1-A201-R01 advanced

EX3DV4 - SN:7852 Novambar 08, 2023

Frequency Response of E-Field
(TEM-Celk:ifi110 EXX, Waveguide:A22)

14

0.8

Frequency rasponse (normalized)
Ll
>
-~

08

07

06}
|

050200 400 600 800 1030 1200 1400 1500 1800 2000 2200 2400 2600 2600 3000 3200

f IMHz)

- TEM + R22

Uncertainty of Frequency Response of Eield: 26.3% (ke2)

Certificate No: EX-7852_Nov23 Page 8 of 22
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Test report no.: 1-6614/23-01-09_TR1-A201-R01 Ceteco m
advanced

EX30V4 - SN.7852 November 08, 2023

Recelving Pattern (), {1 =0°

f=500 MMz, TEM, 0° f=1800 MKz, R22, ¢’
0" 90"

\—
oy

05 1
¢ |
E L el —— Bt d

w
-05 ‘
J

0 &0 120 180 240 300 350
Rot [']
« 100MHz + BOOMMHz = 1800 Mz - 2500 MHz
Uncertainty of Adal Isolropy Assessment: 0,5% (k2|
Certticate No: EX-7852_Novad Page 901 23
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Test report no.: 1-6614/23-01-09_TR1-A201-R01 Ceteco m
advanced

EX30v4 - SN.T852 Noverber 08, 2023
Dynamic Range f(SARneaa)
(TEM cell, foyy ~ 1900MHZ)
105 - — —
10° Ao
] ‘ .
s-' .
e 10* »
& “
(=3 ’
2 ¥
3 P
= 0! g
| p
102
7 W 10 0
SAR [mWicn)
+- not compensates +- compersated
2 .

)
EO - ~—ooux;:_:'°-
w -

-4 -

-2 -

1072 10! 10° 10' 107
SAR [mWiem®]
- 0l compensated - - compensated
Uncartainty of Linearity Assessment; 10.6% (k=2)
Certdicate No: EX-7852_Nov23 Page 100423
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Test report no.: 1-6614/23-01-09_TR1-A201-R01 advanced

EX30V4 - SN:7852 November 08, 2023

Conversion Factor Assessment

1« 1900 MH2, WGLS R22 (H_comvF)

30
‘.
2slc...
£ = 3
2
£ 15 \
3 \
2 0 b
s A - -
% 10 70 30 %
2 [mm)
« - analytical *  measured
Deviation from Isotropy in Liquid

Error (0.0), = S00MHz

25

X (deg] N8 sea®

-1 -08 06 -~04 .02 o 02 04 06 08
Uncertainty of Spherical Isotropy Assessment; =2.6% (k=2)

Certificate No: EX-7852_Nov23 Page 11 0f 23
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Test report no.: 1-6614/23-01-09_TR1-A201-R01
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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 Swizs Accradaation Servce [SAS)
The Swiss Accreditation Service Is one of the signatories to the EA
Multilsteral Agreement for the recognition of calibration certificates
Client  CTC advanced GmbH
Saarbrucken, Germany

Service sulsse d'é¢tatonnage
Servizio svizzero ¢l taratura
Swiss Calibration Service

nwown

Accreditation No.: SCS 0108

Cectificate No. CLA13-1026_Aug23

|CALIBRATION CERTIFICATE

Ot

Calibrasion procedured(s)

| Caltration dale:

Primary Standards

Tris CHRbEtion Cormficase 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

ity 10 nation 3

Catbration Equpment used (MATE critical for calbeation)

D

y faciey: ter

which realize the piysical unfts of maaswraments (1),
The measurements and ha uncarainmes with confidenca peobabdity &e given on The foliowing pagss and are pant of the certificate

e (22 « 3)°C and humicity < 70%

Cal Date (Caniticate No Scheduled Caibrabion
Power matec NRP2 SN 10aT7R 30-Mar 23 (No. 21703804/03805) Mar-24
Power secscr NRP-291 SN: 103234 30023 {No. 217-03804) Mar-24
Powes samace NAP-281 | SN: 100248 30-Mar-23 {Nc. 217-03806) Mar-24
| Referance 20 ¢B Atlenuator SN: CC2552 [20) A0-Ma-23 {No. 217-03805) Mar-24
Type-N mismatch combination SN: 310862/ 06327  30-Mar-23 (Mo 217-03810) Mar-24
Reference Probe EX30V4 SN: 3877 06-Jarv23 (No. EX3-3877_Jan23d) Jan-24
DAE4 SN: 654 2758023 (N, DAFE4-E54_Jand3) Jan-24
| Secondary Starvsds D* ___ Chick Dato {in house) Scheduled Check
Fowveer mater NRPF2 SH 107133 08-Now-2¢ (in house check Dac-22) In houte check: Dec-24
Fowar 5ensor NRP-291 SN- 100822 15:0ec-08 (in hause chack Dec22) I osss check: Dec-24
Fowar sansor NRP-291 SN 100418 01-Jan-04 (n house check Dac 22} In houss check Dec-24
AF generalor HP 8648C | SN USIBA2U0M 700 04-Aug-93 {in house check Jun22} I0 Poise chack. Jun-24
Network Anglyzer Aglent SEGSEA | SN US41000477 31-Mar-14 (ir house check O 22) Iy oot chwsck | Oct-24
Name Function Signature
Calbeatod T h \
by Joton Kastras Labceatory -:mmc#, w -
U
Approved by Sven Kibn Technical Manager

| Ths caibration corficata shall not b6 reprocuced exoeph in full without written appeaval of the

K=% é A

lssuedt August 31, 2023

Certtcate No: CLA13-1026_Aug23
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Test report no.: 1-6614/23-01-09_TR1-A201-R01 Ceteco m
advanced

Calibration Laboratory of L8, S s Mot Kaliatarch
Schmid & Partner oS G Service suisse détaionnage
Engineering AG T Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzoriand N S Swiss Calibration Service
Myl
Accredited by the Swss Accrediiation Service (SAS) Accreditation No.; SCS 0108

The Swiss Accrectation Service is one of the signatories to the EA
Multiiateral 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:

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

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

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

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

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

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

Certificate No: CLAT3-1025_Aug23 Page 2016
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Test report no.: 1-6614/23-01-09_TR1-A201-R01

cetecom
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Measurement Conditions
DASY systam configuration_as far as not given on page 1
DASY Version DASYS V52104
Extrapolation Advanced Extrapolation
Phantom ELI4 Fiat Phantom Shell 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 53716% 0.72 mho/m = 6%
Head TSL temperature change during test <05°C
SAR resulit with Head TSL
SAR averaged over 1 em? (1 g) of Head TSL Condition
SAR measured 1 W input power 0.456 Wikg
SAR far nominal Head TSL paramaters nomalzed to 1W 0.469 W/kg = 18.4 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 1 W input power 0287 Wikg
SAR for nominal Head TSL parameters normalized to 1W 0.295 Wikg = 18.0 % (k=2)

Cenificate No: CLA13-1026_Aug23
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Test report no.: 1-6614/23-01-09_TR1-A201-R01 Ceteco m
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transtormed to teed point 5514-5410
Return Logs -23.0dB

Additional EUT Data

| Manutactured by | SPEAG |

Certifcate No: CLAY2-1026_Aug23 Page 4 ot 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(13.33, 15.33, 15.33) @ 13 MHz; Calibrated: 06.01.2023
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn634; Calibrated: 27.01.2023

Phantom: ELI v6.0: Type: QDOVAOO3AA; Serial: TP:2034

DASYS2 52.10.4(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 (: Mcasurement grid: dx=4mm, dy=4mm, dz=1 4mm

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

Peak SAR {extrapolated) = 0.90 W/kg

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

Smallest distance from pesks to all points 3 dB below = Larger than measurement grid (> 14 mm)

Ratio of SAR at M2 to SARai M1 =78.1%

Maximum value of SAR (measured) = 0.661 Wikg

-6.90

-13.80

-20.69

-27.59

-34.49

0dB = 0.661 W/kg = -1.80 dBW/kg

Certificate No: CLA13-1026_Aug23 Page 5oi 6
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Impedance Measurement Plot for Head TSL
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Calibration report “2450 MHz System validation dipole”

Calibration Laboratory of N, e < pp—

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

Zeughausstrasse 43, 8004 Zurich, Switzarland ’@“ G5/ S swiss Catibeotion Seevics

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

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

This caltration certicate the ity 1o which realze the phy units ot (S}
The and the with confy probabiity are gven on the follvatng pages and are part of the cercate.
Al have been cond

n e dosed Bboratony fachity: ermironment lemperature (22 £ 3)°C and humidity < 0%,

Calbeation Equipment used {(MSTE criticad for calibration)

Primary Starcards 0¥ Cai Date (Certficate Nc.) Scheduied C
Power maoter NRP SN 104778 D4-Age-22 (No 2170352506524 Apr-23
Power sensor NRP-Z91 SN 103284 C4-A0r-22 (NO: 21703524} Ape-23
Powear sensar NRP-Z91 SN 103245 O4-Apr-22 {No. 217-03525) Ape-23
Reference 20 o8 Atterasator SN 840394 (204) O4-Apr22 (No 217-03527) Ape-23
Type-N msmatch combnation SN 310982 1 06327 04-Apr-22 {(No, 217.03528) Ape-23
Reference Probe EX30V4 SN: T340 31-Dec-21 (No. EX3-7348_Dec2) Dac-22

| DAE4 SN 801 02-May-22 (No. DAE4-E01 - May22) Alay-23
5 v Sta ‘D& Chack Date (in heuse) Schwinc Check
Pawer mator 44138 SN: GB39512475 30-0ct-14 (in house check Cot-20) In house chezk: 022
Power serscr HP 84814 SN US3T292783 07-0ct-15 (in house check Oct-20) In house check: Oct-22
Power sensor HP B481A SN MY41063315 07-0ct-15 (in house check Oct-20} In house chedk Oct22
AF gencrator R&S SMTLS SN: 100972 *5-Jun-15 (in house check Oc-20) In house chack: Oct-22
Netwark Analyzer Agilent ESI58A | SN: US41080477 31-Mar-14 {in house thack Ou-20) In house check: Oct-22

Function

Catibeated by

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

Certificate No: D2450V2-710_May22 Page 108
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Calibration Laboratory of

s Ischer Kalib
Schmid & Partner Service suisse détalonnage
Engineering AG Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzeriand Swiss Calibration Service
Accradiied by 1he Swiss Accrednason Senios (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

Centificate No. D2450V2:710_May22 Page 2ol B
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Measurement Conditions
DASY systern configuration, as far as not given on page 1
DASY Version DASY52 VE2.10.4
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 392 1.80 mhoim
Measured Head TSL parameters (22.0202)°C 382+6% 1.85 mhaim 2 6 %
Head TSL temperature change during test <05°C = =
SAR resuit with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Conditson
SAR measurad 250 m\WV Input power 132 Wikg
SAR for nominal Heac TSL parameters normalized to 1W 51.8 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® {10 g) of Head TSL condition
SAR measured 250 mW input power 6.09 Vikg
SAR for nominal Head TSL parameters nommalized to 1W 24.1 Wkg £ 16.5 % (k=2)
Body TSL parameters
The following parameters and caiculalions were asplied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.7 1.96 mbo'm
Measured Body TSL parameters (220:02)°C 515¢6% 202 mhoim 2 6%
Body TSL temperature change during test <05°C - —
SAR result with Body TSL
SAR averaged over 1 cm® {1 g) of Body TSL Condition
SAR measured 250 mW input power 12.7 Wikg
SAR for nomenal Body TSL parameters nomadized o 1W 49.6 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ {10 g) of Body TSL CONtion
SAR measured 250 mW input power 5.95 Wikg
SAR for nominal Body TSL parameters narmalized fo TW 23.5Wikg £ 16.5 % (k=2)

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

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

Antenna Parameters with Body TSL

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

General Antenna Parameters and Design

[ Elecirical Delay (one dwection) ] 1.159ns

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

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

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

Additional EUT Data

[ Manutactured by [ SPEAG |

Certificata No: D2450V2-710_May22 Paga £ 0of8
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DASYS Validation Report for Head TSL

Date: 11.05.2022

Test Laboratory: SPEAG, Zurich. Switzerland

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

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

Medium parameters used: f = 2450 MHz o = 1.85 S/m: 2, = 38.2; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(7.96, 7.96, 7.96) @ 2450 MHz: Calibrated: 31.12.2021
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electromes: DAE4 Sn601; Calibrated:; 02.05.2022

Phantom: Flat Phantom 5.0 (front); Type: QD 000 PSO AA; Serial: 1001

DASYS2 52.10.4(1535); SEMCAD X 14.6.14(7301)

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

Reference Value = 116.1 Vim; Power Dnft = 0.02 dB

Peak SAR {(extrapolated) = 26.3 Wikg

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

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

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

Maximum value of SAR {measured) = 21.8 Wikg

1-3.60

-1.20

-10.80

-14.40

-18.00

0dB = 21.8 Wke ~ 13.38 dBW/ke

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

From cal. data Measured 2023-06-06

Impedance; transformed to feed

\ 528Q + 37jQ |524Q + 11jQ
point

Return Loss -26.9 dB -31.7 dB

Page 37 of 51
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DASYS5 Validation Report for Body TSL
Date: 11.05.2022
T'est Laboratory: SPEAG, Zurich, Switzerland

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

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

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

DASY52 Configuration:
»  Probe: EX3DV4 - SN7349; ConvF(8.12. 8.12, 8.12) @ 2450 MHz: Calibrated: 31.12.2021
+ Sensor-Surface: 1.4mm (Mechanical Surface Detection)
¢ Electronics: DAEA4 Sn60; Calibrated: 02.05.2022
+ Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

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

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

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

Peak SAR (extrapolated) = 24.0 Wikg

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

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

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

Maximum value of SAR (measured) = 20.0 Wikg

-3.60
-1.20
-10.80
-14.40

-18.00

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

Certificate No: D2450V2-710_May22 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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6  Calibration certificate of Data Acquisition Unit (DAE) — SN: 477
Calibration Laboratory of Schweizerischer Kalibrieesionst
Schmid & Partner Service sulsse détalonnage
Engineering AG Servizio svizzero & taratura
Zeughausstrasse 43, 3004 Zurich, Switzerland Swiss Calibration Service
Accrediled by the Swiss Accreditation Senece (SAS) Accreditation No.: SCS 0108
The Swiss Accreciation Service is one of the signstories fo the EA
Mubtilateral Agr for the recognition of calibration caetificates
cient  CTC advanced GmbH
R Certificate No: DAE3-477_May23
CALIBRATION CERTIFICATE |
Object DAES3 - SD 000 D03 AA - SN: 477
|
| Calitetion procedure(s) QA CAL-08.v30
Calibration procedure for the data acquisition electronics (DAE)
CabICn dane: May 11, 2023
This calwation cadificate documants the traceabity to natonal standards, which @alze the physcal wits of messurements {S1)
The magsuraments and the uncertsrties with corficence prodaniity are ghan o tha 1Bowing pages and are pan of the cedicals
Al calbrations have been conduciad in the citsed laboratory facilty: environment femperature (22 + 3)°C and humidty < 70%
Calibration Equipment used (MATE criical for calbrascn)
Priméry Standanss |ID# Gai Date (Cortitcate No ) Scheduled Calieation |
Keithley Mutimeter Type 2000 | SN 0810278 29-Aug-22 (N 3A330) hug23
Secondary Standands lwe Checx Dang (10 house) Scheddes Chock
| Auto DAE Calibeation Unit SE WS 053 AA 1001 27-Jan-23 {in housa check) in house chack: Jan-24
Cabtextor Box V2.1 SE UMS 006 AA 1002 27-Jan-23 (in house check) in house chack: Jan-24

Narmwe Furction Signature
Calibrated by Adrian Gohring Laboratory Technician 7 e 1
N = |
=
Appeaved by Sven Kohn

Techrica Marage: W, Q_U,Uli {

Issuad: May 11, 2023

This calbeation cantifcata shab not be sapraducad excepl in ull without writen approval of the lanaratory

Cenificate No: DAE3-477_May23 Page 1015
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Calibration certificate of Data Acquisition Unit (DAE4ip) — SN: 1842

Calibration Laboratory of S8, Schweizerischer Kalibrierdienst

Schmid & Partner % Service suisse d'étalonnage
Engineering AG T Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland s //,"_\:\\v"\ Swiss Calibration Service

ol

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

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

Multilateral Agr for the gnition of calibration certificates

Chamt sc::m:f"'“d i Gentificate No: DAE4ip-1842_Nov23

CALIBRATION CERTIFICATE

Chject DAE4ip - SD 000 D14 A - SN: 1842

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

Calibration date: November 02, 2023

This calibration certdicate documents the traceability 1o national standards, which realize the physical units of measurements {S1)
The measurements and the uncertainties with confidence probability are given on the following pages and are pan of the cendicale.

All calibrations have been conducted in the ciosed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D # Cal Date (Certdicate No.) Scheduled Calibration
Keithiey Muttimeter Type 2001 SN: 0810278 29-Aug-23 (No:37421) Aug-24

| Secondary Standards 10" Check Date (in house) Scheduled Check

| Auto DAE Calibraticn Unit SE UWS 053 AA 1001  27-Jan-23 (in house check) In house check Jan-24
Calibrator Box V2.1 SE UMS 008 AA 1002  27-Jan-23 (in house check) In house check: Jan-24

Name Function Signature
Calibrated by: Adrian Gehring Laboratory Technician /7

/'; v {Q@(Aw«(

Issued: November 2, 2023

Approved by: Sven Kahn Technkal Manager

| This calibration cenificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No; DAE4ip-1842_Nov23 Page10o!5
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Certificate of “SAM Twin Phantom V4.0, V5.0, V8.0”

Schmid & Partner Engineering AG s p e a 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

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 p e a a
Date 25.07.2011 Schmid & ner Enigineering AG
Zeugﬁ‘cﬁiﬁ"s;d& sogy%?i%rlan
Phan) 01 4 L 77¢
Slgnaturel Stamp / ¢ W 32([ <neag.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

arameters 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.

the other documents.

**

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] 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.

Date

10.06.2015
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9 Certificate of “ELI Phantom V8.0”

Schmid & Partner Engineering AG
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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] |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 g
Date 10.06.2016 : s
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-QDOVAOO4A-A Page 1(1)
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10 Application Note System Performance Check

10.1 Purpose of system performance check

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

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

10.2 System Performance check procedure

Preparation

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

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

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

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

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

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

10.3 Uncertainty Budget

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

* RF ambient conditions

* Dipole Axis to Liquid Distance

* Input power and SAR drift measurement

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

Note: All errors are given in percent of SAR, so 0.1 dB corresponds to 2.3%. The field error would be half of
that. The liquid parameter assessment give the targeted values from the dipole document. All errors are
given in percent of SAR, so 0.1dB corresponds to 2.3%. The field error would be half of that.
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System validation DASY 5/8 and cDASY®6

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 or

uncertainty Value Distribution (1g) | (10g) | £ %, (1g) |+ %, (10Q) | Vs
Measurement System
Probe calibration + 6.6 % Normal 1 1 1 |+ 66%[+ 6.6% o0
Axial isotropy + 4.7 % | Rectangular | V3 1 1 [£ 27%|x 27% 0
Hemispherical isotropy + 9.6 % | Rectangular | V3 0 0 |+ 00%[+ 0.0% 0
Boundary effects + 1.0 % | Rectangular | V3 1 1 [+ 06%|+ 06% 0
Probe linearity + 47 % | Rectangular [ V3 1 1 |+ 27%[+x 27%]| =
System detection limits + 1.0 % | Rectangular | 3 1 1 [+ 06%|+x 06% 0
Readout electronics + 0.3 % Normal 1 1 1 |+ 03%[+ 03% o0
Response time + 0.0 % | Rectangular | V3 | 1 1 |+ 00%|+ 00%]|
Integration time + 0.0 % | Rectangular | V3 1 1 [+ 00%|+ 0.0% 0
RF ambient conditions + 1.0 % | Rectangular | 3 1 1 [+ 06%|+ 06% 0
Probe positioner + 0.8 % | Rectangular [ V3 1 1 |+ 05%[+ 05%] =
Probe positioning + 6.7 % | Rectangular | V3 1 1 [+ 39%|+ 39% 0
Max. SAR evaluation + 2.0 % | Rectangular | V3 1 1 [+ 12%|+ 12% 0
Dipole Related
Dev. of exp. dipole + 55 % | Rectangular | V3 1 1 [+ 32%|+ 32% 0
Dipole Axis to Liquid Dist. + 2.0 % | Rectangular | V3 1 1 [£ 12%|+x 12% 0
Input power & SAR drift + 3.4 % | Rectangular | V3 1 1 [+ 20%|+ 20% 0
Phantom and Set-up
Phantom uncertainty + 4.0 % | Rectangular | V3 1 1 [+ 23%|+ 23% 0
SAR correction + 1.9 % | Rectangular | V3 1 [084]+ 11%[+ 09%]| =
Liquid conductivity (meas.) + 50 % Normal 11078]071|+ 39%|+ 3.6% 0
Liguid permittivity (meas.) + 50 % Normal 11026026 13%|x 13% ©
Temp. unc. - Conductivity + 1.7 % | Rectangular | V3 1078|071 [+ 08%|+ 07% 0
Temp. unc. - Permittivity + 0.3 % | Rectangular | V3 ]0.23]026[+ 00%|+ 0.0% 0
Combined Uncertainty + 10.7 %| + 106 % | 330
Expanded Std. £ 214%|+ 21.1%
Uncertainty

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

The RF ambient noise uncertainty has been reduced to +1.0, considering input power levels are = 250mW.
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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 | 2o

uncertainty Value Distribution (19) | (10g)| *%, (19) |+ %, (109)| Vex
Measurement System
Probe calibration + 6.6 % Normal 1 1 1 [+ 66%[+ 6.6% %0
Axial isotropy + 47 % | Rectangular | V3 1 1 |+ 27%[+ 27%]| =
Hemispherical isotropy + 9.6 % | Rectangular | V3 0 0 |+ 00%|+x 00% o0
Boundary effects + 10 % | Rectangular | V3 1 1 |+ 06%|+x 06% o0
Probe linearity + 47 % | Rectangular | V3 1 1 |2 27%|x 27 % o0
System detection limits + 10 % | Rectangular | V3 1 1 |+ 06%[+ 06%]| =«
Modulation Response + 0.0 % | Rectangular | V3 1 1 |+ 00%|x 0.0% o0
Readout electronics + 03 % Normal 1 1 1 [+ 03%[+ 03% %0
Response time + 0.0 % |Rectangular [ v3 | 1 1 |+ 00%|+ 00%]|
Integration time + 0.0 % | Rectangular | V3 1 1 |+ 00%|+x 0.0% o0
RF Ambient Noise + 10 % |Rectangular | v3 | 1 1 |+ 06%|+ 06%]|
RF Ambient Reflections + 10 % | Rectangular | V3 1 1 |+ 06%|+x 06% o0
Probe positioner + 0.04 % | Rectangular | V3 1 1 |+ 00%|+x 0.0% o0
Probe positioning + 0.8 % | Rectangular | V3 1 1 |+ 05%|+x 05% o0
Max. SAR evaluation + 0.0 % | Rectangular | V3 1 1 |+ 00%[+ 0.0% o0
Dipole Related
Dev. of exp. dipole + 55 % | Rectangular | V3 1 1 |+ 32%|x 32% o0
Dipole Axis to Liguid Dist. + 20 % | Rectangular | V3 1 1 |+ 12%|x 12% o0
Input power & SAR drift + 3.4 % | Rectangular | V3 1 1 |+ 20%|x 20% o0
Phantom and Set-up
Phantom uncertainty + 40 % | Rectangular | V3 1 1 [+ 23%[+ 23%]| =
SAR correction + 19 % Normal 1 1 084+ 19%|+x 16% %0
Liquid conductivity (meas.)°X + 25 % Normal 110781071+ 20%|x 1.8% 0
Liquid permittivity (meas.)°X + 25 % Normal 11023]026|+x 06%[+ 0.7% o0
Temp. unc. - Conductivity>" + 34 % |Rectangular | V3 [078[071 [+ 15%[+ 14%]| =
Temp. unc. - Permittivity®® + 0.4 % |Rectangular | V3 |023[026|+ 01%|+ 01%|
Combined Uncertainty t 95%|x 94 %
Expanded Std. Uncertainty + 19.0%|+ 188 %

Table 2: Uncertainties of a system validation with 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;
bAKif 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

I Uncertainty | Probability | .. . Ci G Standard Uncertainty
Symbol Error Description S Divisor - -
Value Distribution (19) | (10g) | * %, (1g) |i %, (10g)
Measurement System Errors
CF Probe Calibration Repeat. + 13.1 % Normal 2 1 1 + 93% |+ 93 %
CFdrift  |Probe Calibration Drift + 1.7 %] Rectangular | ¥ 3 1 1 + 10%|x 1.0%
LIN Probe linearity + 4.7 %/ Rectangular [ vV 3 0 0 + 00%|+ 0.0%
BBS Broadband Signal + 0.0 %| Rectangular | ¥ 3 0 0 + 00%|+ 0.0%
ISO Probe Isotropy (axial) + 4.7 %/ Rectangular | vV 3 0 0 + 00%|+ 0.0%
DAE Data Acquisition + 0.3 % Normal 1 0 0 |+ 00%|+x 0.0%
AMB RF Ambient + 0.6 % Normal 1 0 0 |+ 00%|x 0.0%
Agys Probe Positioning + 05 % Normal 1 029|029 |+ 01% |+ 01%
DAT Data Processing + 0.0 % Normal 1 1 1 + 00%[|+ 0.0%
Phantom and Device Errors
LIQ(o) Conductivity (meag,)DAK + 25 % Normal 1 078 071 |+ 20% |+ 18%
LIQ(To) |Conductivity (temp.)®® + 3.4 %|Rectangular[ V3 078|071 |+ 15%[+ 14%
EPS Phantom Permittivity + 14.0 % | Rectangular | V 3 0 0 + 00%|+ 0.0%
DIS Distance DUT - TSL + 13 % Normal 1 2 2 |+ 26%|x 26%
MOD DUT Modulationm + 0.0 %[ Rectangular | V3 1 1 + 00%|+ 0.0%
TAS Time-average SAR + 0.0 % | Rectangular | ¥ 3 1 1 |+ 00%[+ 0.0%
VAL Validation antenna + 3.2 % Normal 1 1 1 + 32%|x 32%
Pin Accepted power + 20 % Normal 1 1 1 + 20% |+ 20%
Correction to the SAR results
C(g, 0) [Deviation to Target + 19 % Normal 1 1 084+ 19% |+ 16%
u(ASAR) |[Combined Uncertainty + 10.8 % |+ 10.7 %
U Expanded Uncertainty + 217 % |+ 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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10.4 Power set-up for validation

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

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

&) —=
Dipole

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

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

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

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

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

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

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

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

10.5 Laboratory reflection

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

10.6 Additional system checks

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

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

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

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