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Accredited Test Laboratory:

The testing laboratory (area of testing) is accredited according
to DIN EN ISO/IEC 17025 (2018-03) by the Deutsche
Akkreditierungsstelle GmbH (DAKKS)

The accreditation is valid for the scope of testing procedures
as stated in the accreditation certificate starting with the
registration number: D-PL-12047-01-00.
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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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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.: 1-7216-23-01-06_TR1-R01
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EXI0V4 - SN:7852 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%
OCP (mv) B 1101 1087 1105 44.7%
Calibration Results for Modulation Response
"UID T Communication System Name A B c 0 VR | Max | Max
48 | dB,pv d8 | mV | dev. | Unc®
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 1637 |
10352 | Putse Wavesoem (200Hz, 107%) X 158 | 60.77 | 635 | 10.00 | 600 | +33% | +9.6%
Y1935 | ®aT | 621 8.0 |
Z| 46| 6000 | 6 600 |
70953 | Pulse Wavelorm (2002, 20%) X | 4600 | 8000 | 1300 | 899 | 800 | =2.5% | 29.6%
Y| 08 6000 | 483 ~ 800 |
Z| 082 | 6000 | 504 80.0
10354 | Pulse Wavedorm {200z, 40%) X| 2400 | 7200 | 700 | 396 950 | s2.4% | +66%
Y1 002 | 72687 | 015 350
Z| 657 | 6000 | 3.90 80
10355 | Pulse Wawalorm (200Hz, 60°%) X | 973 | 18917 | 1233 | 222 | 1200 | £16% | £9.6% |
[Y]| 401 | 16000 | 140 1200 |
TZ040 | 15654 | 248 | 1200 |
10387 | OPSK Wavelorm, 1 MHz X 048 63.15 | 1211 | 1.00 | 1500 | 3.6% | 29.6% |
VI 040 6193 | 1103 1500 |
Z1 047 | 6239 | 1164 "150.0 |
| 10388 | GPSK Wavelorm, 10 MHz X[ 126 6551 13587 0 150.0 | £1.0% | 196% |
Y1 1..3 | 6495 | 12,62 | 1500
71 138 | 8652 | 1400 "350.0 |
10396 | 64-QAM Wavekorm, 100KHz X| 1.75 | 8518 | 1597 | 301 | 1500 | 20.9% | 0.8%
Y| 15| 863 |18 1500 |
Z| 173 | 6487 | 1579 | 150.0
770399 | 62.0AM Wavelorm, 40 MHz X 275 6540 | 1508 | 1500 | 1215 | £9.6%
Y| 264 66501 | 1475 150.0
» Z| 284 | 6672 | 1518 500 ]
10414 | WLAN CCOF. 64-QAM, 40 Mz X| 365 | 6604 | 1512 | 000 | 150.0 | £3.6% | £9.6%
Y| 371 | 6652 | 1527 "156.0 |
Z|aE B3| 1530 l 150.0

Note: For gatals on UID parameters 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 Norm X.Y,Z 20 not affest the E2 ek uncerainty i*side TS (sae Pages £ 10 7).
S Lieomization canmmoms Gnceisery for rasieus 1peclng Seid srengt.

£ Unontnnty & cierminnd usiag - an devianson o knear msponse apoiying rectangular dsrbation 20d s axpressed for the squane of the field vake.

Certificate No: EX-7852_Nov23

Page 30f 22
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EX3DV4 - SN.7852

Parameters of Probe: EX3DV4 - SN:7852

November (8, 2023

Sensor Model Parameters
c1 c2 « m T2 [ T3 T4 15 16
F 1F v-! msV-? mgV-' ms v32 v-!
x B2 58.29 32.10 392 0.00 4.80 063 0.00 1.00
y 79 5601 3244 244 0.00 #.93 069 0.00 1.00
z (X 5285 388 | 658 0.00 480 0N 6.00 T
Other Probe Parameters
Sensor Arrangement Triangular
Conrector Angie S
Mechanical Surface Desection Mode enasied
Optical Surtace Detection Mode disatled
Probe Overall Length 337 mm
Praba Body Diameter 10mm
Tip Length amm
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: EX-7852_Nov23 Page dof 23
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Test report no.: 1-7216-23-01-06_TR1-R01 cetecom
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 0.89 941 | 941 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 82a 0.4 0486 +120%
1800 40.0 140 789 789 789 034 088 +£120%
2450 9.2 1.80 733 723 7.33 020 080 | +120%
| 2800 38.0 1.98 741 741 741 0.30 080 +12.0%
| 3800 379 291 6.23 6.23 6.23 0.35 1.30 414.0%
3700 377 312 6.2 6.12 I 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 5.07 435 435 435 040 180 | £140%
5800 353 527 433 433 433 0.40 180 | 214.0%

‘memmuludgawumwwuwo&sv-t.dwnmumohwzi.muummnorsom& Tra uncortanty is o
HSS of the ComaF uncertainty al cabraton frequency and he uncertainty %o the ndcaiad frequency band. Freauorcy valdty beow 300MHz is =10, 25,
40, 50 and 70 N4z for ConvF asseasments at 33, 64, 128, 150 and 220 MH2 rospacsivaly. ValidRy of ConvF ascessed at 6 MHZ is -3 M=2. and ComF
20505500 3 A INER & S-13MH2. Abave 5GH2 Wecuoncy «ldly can be extendod 1o +110M=
‘"ammmeummmmmm:mmmurnammm +5% froem the Sepst viles [typrcaly Deltee ean = 5%
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%
Lro7 - 3Gz and 13 0% r 3-8 GHz

& AiphaDegth are determinad durieg colltraton SPEAG aamams ha the remaining Shiancn due 10 1o Beundary 63021 Allor CONPEOSANON it Shwiys s

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.

Certficate No: EX-7852_Nov23 Page 5cf23
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Test report no.: 1-7216-23-01-06_TR1-R01 Ceteco m
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 9.43 943 9.43 0.38 095 | +120% |
850 552 |  oss 239 839 939 050 080 | +120%

900 55,0 | 108 204 2.04 9.04 045 085 | +120% |

1750 53.4 149 789 759 7.89 037 088 =120% |
1800 533 152 765 75 7865 035 085 | 2120%
| 2450 52.7 1.95 7.33 733 7.33 031 080 | 21208
| 2600 525 216 7.3 743 7.43 023 080 | +12.0%
3500 513 341 5.78 578 5.78 0.40 130 | £14.0%
3700 510 355 574 574 574 | 040 135 | +140%
5200 45.0 530 427 427 427 | 050 1.90 £14.0%
5300 489 5.42 423 423 423 0.50 190 | s140%
5500 486 565 400 400 400 0.50 1.90 +14.0%
5600 435 577 392 392 392 050 190 | £140%
5800 492 6.00 390 390 290 0.50 190 | 2140%

© Frogquercy esfasty above 300 NHZ 0l £100 M2 oy aopies for DASY W & and higher (sae Page 24, cleo ¢ 5 recvicind 10 +B0MHZ, Tho uncertsinmy i fha
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
gswmdauwvao-vsm 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 -3GH: 376 13.1% kr 3. BGHE
G aphaOeph are detormines during caltratien. SPEAG warants Fal Bo fenarning deviarion due 0 1ne DIUNCary Mect Mtar corpesaation Is awaye ‘ess
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.: 1-7216-23-01-06_TR1-R01 cetecom
advanced

EX3DV4 - SN:7as2 Novembar 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) |
6300 345 | 6.07 480 480 480 020 250 £1B6% |

© Fraguency vaidty a2 6.3 GHz i ~500'-700MHZ. and +700 Mz 3l or above 7 Gz The uncortanty = the RSS ol 10 Comf uroxtaity ot calbrrion
broquoncy and $ie unceranty %o the indcaled trequoray band.

F The probies e Calleatnd using 55 Siuating Sguics (TSL) thae devate 06 « e o Dy lees a0 + 104 bam i Sarge v (lypesly betiee han < 6%)
ored G valc! for TSL with coviariors of up 1o £10%

S AghaOeps are determned durng calvaon. SPENG warmants that e TOTMANNG Sevana® ol 1 Ihie Doundiry SiNc abar Comporsaion & ahviys kes
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.: 1-7216-23-01-06_TR1-R01 Ceteco m
advanced

EX3Dva . SN:7852 Novambar 08, 2023

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

14

0.8; |

Frequency response (normalized)
»
.

08

07

06}
|

|:,'50 200 400 €00 200 1000 1200 1460 1600 1800 2000 2200 2400 2600 2800 3000 3200

f[MHz]

- TEM + R22

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

Certificate No: EX-7852_Nov23 Page 8 of 23
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Test report no.: 1-7216-23-01-06_TR1-R01 cetecom
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.: 1-7216-23-01-06_TR1-R01

cetecom

advanced

EX30V4 - SN:7852 November 08, 2023
Dynamic Range f(SARneaa)
(TEM call, ey = 1900MHZ)
105 - - —y
10° o
| g
L]
= ol i
= 10 A~
E
2 »
3 ©
= 0! g
102
107 107! 100 10' 102
SAR [mWicm®)
«- not compensates + compensated
2 —
1
8
5 Q - R oy o e G g
& R
-4 .
-2 —
1072 10! 10° 10 107
SAR [mWiem®]

«— N0l compéensated

- compensated

Uncartainty of Linearity Assessment; 10.6% (k=2)

Cartéicate No; EX-7852_Nov23 Page 100423
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Test report no.: 1-7216-23-01-06_TR1-R01 Ceteco m
advanced

EX30V4 - SN:7852 November 08, 2023

Conversion Factor Assessment

1« 1900 MH2, WGLS R22 (H_comvF)

30
‘.
2slc...
£ = 3
2
£ 15 \
3 \
2 o "
5 RS E
% 10 20 30 40
2 [mm)
« - analytical *  measured
Deviation from Isotropy in Liquid

Error (0.0), = S00MHz

'
'
'
'
'
'
'
'

X (deg]

-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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3  Calibration report “900 MHz System validation dipole”

Calibration Laboratory of PR S Schmezsrischor Kalibrierd)

Schmid & Partner i) ¢ Servies wisse détalonnage
Engineering AG b g Servizio svizzero dl tarstura

Zeughausstrasse 43, 8004 Zurich, Switzerland RN S Swiss Calibration Service

Accredted by the Swiss Accreditation Service (SAS)
The Swiss Accraditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client  CTC advanced GmbH
Saarbricken, Germany

Certificate No. DOOOV2-102_Jan24

Accreaation No.: SCS 0108

CALIBRATION CERTIFICATE

Object DI00V2 - SN:102

Cafbralion procadurels) QA CAL-05.v12

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calbrakon date: January 10, 2024

This cafibration cermtlicate documents tha acaabiity to natcnal standards, which realize the physcal units of measurements (S1)
The measurements and e uncanainties with confidence protiabiity are given 01 1he 10FOWING Pages and are part of the cerificate

Al t have boon

d in the closed aboeatony IRcilty. erwironment tomparature (22 = 51°C and hurmdity < 70%,

Caltention Fquiprment used {MATE cntical for calioration)

Priméry Stardands [ID* Cal Date {Cenficate No.) Scheduled Calbeation
Power metes NRP2 | sn 104773 30-Mar-23 (Na, 217-C380403805) Msr-24
Power sensor NAP-21 SN 103244 30-Mar-23 (No. 217-03304) Mar-24
Power sersor NRP-Z81 SN: 103245 30-Mar-23 (No. 21703505} Mar-24
Hoterence 20 4B Anenualor SM; BHIZH (20 30-Mar 23 (No. 217-03808) Mar-24

| Type-N mismach combination | SN: 3106687 / 08327 30-Mar-23 {No. 217-03810) Mar-24
Refecence Probe EX30V4 SN: 7348 03-Now-23 (No. EX3-7348 Now23) Now.24
DAE4 SN: 801 00-0ct-23 (No. DAE4-601_ De23) Octas
Secondary Standsrds liow Chack Date {in house) __Scheguled Checs
Fomar motor E44158 | st GB3ssI247% 30-0ct-14 [in houes chack Oct22) In hrouse check: Oct-24
Powor sensor MP B401A | 8N: US37292783 07-0c4-15 (in houae theck Oct-22) In house check: Oct-24
Pawer sersor HP 84814 | BN MY41093315 07-008-15 (n howse chack Oct22) In housa check: Oct-24
AF generator RAS SMT-06 | SN 100872 15-Jn-15 {in hausa check Oct22) 10 house check: Oct-24

Network Anatyzer Agitent EBIS8A | SN US41060477 310414 {in house check Oct-22) In house chack: Oct-24

Narme Function Sigraturo
f Caibrated by Kredimk Franjé Laboratory Technician ‘%
Approved by: Swvee Kibn Techvical Managar

.

lssued Jaruary 11, 2024

Thes calbeation cactificate shall not be reproduced axoedt in 41 without written apoeoval of the laboratory

Cenficate No: DS00OV2-102_Jan24 Page 10!8
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Calibration Laboratory of S8, s Kelib

Schmid & Partner % G Service auisse détalonnage
Engineering AG ) T s Servizio svizzero di tarstura

Zoughaussirasse 43, 8004 Zurich, Switzeriand LNy Swiss Calibration Service

Accredited by the Swss Actreditation Service (SAS) Accreditation No.. SCS 0108

The Swiss Accreditation Servics is one of the signatories 1o the EA

Multitateral Agr it for the gnition 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) |EC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528 Human Madels, 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:
¢) 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 fo 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 normat distribution corresponds to a coverage
probability of approximately 95%.

Cenificate No: DSO0OV2-102_Janz4 Page20f B
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Measurement Conditions
DASY sy configuration, as far &s not given on page 1
DASY Version DASYS2 V52104
Extrapolation Advanced Exiragolation
Phantom Mocular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx,dy. dz2 =5 mm
Frequency 900 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations ware apphed.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.97 mha/m
Measured Head TSL parameters (220202} 'C 4231+8% 0.85 mhao/m = 6 %
Head TSL temperature change during test <05°C e -
SAR result with Head TSL
SAR averaged over 1 cm’ {1 g} of Head TSL Condaion
SAR measured 250 mW input power 2.70 Wkg
SAR for nominal Head TSL parameters nomatzed to 1W 11.0 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW Input power 1.74 Wikg

SAR for nominal Head TSL parameters

normakized to 1W

7,08 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.0 1.05 mha/m
Measured Body TSL parameters {220202)°C 55418% 1.02 mho/m = 6 %
Body TSL tempersture change during test <05°'C e
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.75 Wikg
SAR for nominal Body TSL parameters nermalized 10 TW 11.3 Wikg = 17.0 % (ks2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW ingut power 1.80 Wg
SAR for nominal Body TSL parameters normalizad to TW 7.33 Wikg = 16.5 % (k=2)

Cartificate No: DS00V2-102_Jan24
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed 1 feed point

52404 19j0

Return Loss

-30.5d8
Antenna Parameters with Body TSL
Impadance, transformed to feed pomt 650-150
Return Loss -282dB
General Antenna Parameters and Design
| Etectrical Delay (one directon) | 1.382ns i

After tong term use with 100W radiated power, only a sight warming of the dipole near the feedpoint can be measuwred.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding ine s directly connected (o the

second arm of the dipoie. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, smaf end caps
are sdded 1o the dipoie arms in order to imprave maiching when loaded accordng fo the posiion as explained in the
M ment Conditions™ paragraph, The SAR data are not affacted by this change The overall dpcle length is still

according to the Standard

No excessive force must be applied o the dipole arms, because they might bend or the soldered conneclions near the

feadpoint may be damaged.

Additional EUT Data

| Manutacturee by

SPEAG

Certificate No: DS00V2-102_Jan24
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DASYS5 Validation Report for Head TSL

Date: 10.01.2024
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 900 MHz; Type: D900V2; Serial: DY00V2 - SN:102

Communication System: UID 0 - CW; Frequency: 900 MHz

Medium parameters used; £ =900 MHz; 6 = 0.95 S/m; & = 42.3; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
« Probe: EX3DV4 - SN7349: Conv(9.62, 9.62, 9.62) & 900 MHz; Calibrated: 03.11.2023
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 03.10.2023
o Phantom: Flat Phantom 4.9 (front); Type: QD 001 P49 AA; Senal: 1001
o DASYS252.10.4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 66.35 V/m; Power Drift = -0,04 dB

Peak SAR (extrapolated) = 4.12 Wikg

SAR(1 g) = 2.70 W/kg; SAR(10 g) = 1.74 W/kg

Smallest distance from peaks 1o all points 3 dB below = |5 mm

Ratio of SAR at M2 o SAR at M1 = 65.9%

Maximum value of SAR (measured) = 3.62 Wikg

-10.00

0dB =3.62 Wikg = 5.58 dBW/kg

Certficate No: C900V2-102_Jan24 Page Sof 8
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Impedance Measurement Plot for Head TSL

e Wiaw Chamel Swaep Cabualon liace Gede Maker Spitem  wincow Hep

Ch1&wge 0 - S0
ChY Stwt 190 000 Mg —_— Sop | 10000 OHg

—
e — -
o —
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B0 00 4 "2
25 50 5
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Chi Scant 700000 Meiz —_— Hep 1 10000 Gl
St CHY BT T jeiPet Avge] Delay LCL
Certificate No: CO00V2.102_Jan24 PagaGof 8
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DASY5 Validation Report for Body TSL

Date: 10.01.2024
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 900 MHz: Type: D900V2; Serial: D900V2 - SN:102

Communication System: UID 0 - CW: Frequency: 900 MHz

Medium parameters used: f = %00 MHz; 6 = 1.02 8/m: & = 55.4; p = 1000 kg/m*
Phantom section: Flat Section

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

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(9.81, 9.81,9.81) @ 900 MHz; Calibrated: 03.11.2023
o Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601: Calibrated: 03.10.2023
« Phantom: Flat Phantom 4.9 (Back); Type: QD 0OR P49 AA: Serial: 10X5

« DASYS252.10,4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 60,76 Vim: Power Drift = -0.00 dB

Peak SAR (extrapolated) = 4.07 Wikg

SAR(1 g) = 2.75 W/kg: SAR(10 g) = 1.8 Wikg

Smallest distance from peaks to all points 3 dB below = 15 mm

Ratio of SAR at M2 to SAR at Ml =67.7%

Maximum value of SAR (measured) = 3.66 Wikg

dB

I 0
-2.00
-4,00

-6.00

-10.00

0 dB = 3.66 Wikg = 5.63 dBW/kg

Certficate No: 0900V2-102_Jan24 Page 70l 8
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Impedance Measurement Plot for Body TSL
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4  Calibration certificate of Data Acquisition Unit (DAE4ip) — SN: 1842

Calibration Laboratory of s““‘&""}""’z S ischer Kalibrierdi
Schmid & Partner ita%!;/_/m& C Servics suisse détalonnage
Engineering AG s Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland

8
"

'4,//"?\\&‘ .,c»"g S Swiss Calibration Service
IATR

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Chet R SVARCSHSIDIS Centficate No: DAE4ip-1842_Nov23
Saarbriicken, Germany

CALIBRATION CERTIFICATE

Accreditation No.: SCS 0108

Object 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 s {S1)
The measurements and the uncerainties with confidence probability are given on the following pages and are pan of the centticale.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards l D# Cal Date (Certdicate No.) Scheguled Calibration
Keithiey Mutimeter Type 2001 | sn: os10278 29-Aug-23 (No:37421) Aug-24
| Secondary Standards |ioa Check Date (in house) Scheduied Check
: Auto DAE Calibration Unit SE UWS 053 AA 1001  27-Jan-23 (in house check) In house check Jan-24
Calibrator Box V2.1 SE UMS 006 AA 1002  27-Jan-23 (in house check) In house check: Jan-24
Name Function Signature
Calibrated by: Adrian Gehring Laboratory Technician /7
o,
Approved by: Sven Kihn Technkal Manager K \/
VR

Issued: November 2, 2023

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

Certificate No; DAE4ip-1842_Nov23 Page10f5
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5 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
Zeug@ﬁﬁi;m, sogy%?iwgrlan
Phan) 01 4 L 77¢
Slgnaturel Stamp / ¢ m 32([ <neag.com
DocNo 881-QD000P40C—-H Page 1(1)
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Schmid & Partner Engineering AG

S p e

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 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.

**

Standards

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

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

[3] IEC 622091 ed1.0, “Human exposure to radio frequency fields from hand-held and body-mounted
wireless communication devices - Human models, instrumentation, and procedures - Part 1:
Procedure to determine the specific absorption rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

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

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

and further standards.
s p e a g :
Date 10.06.2015 Schmid & Partner Enginee‘ing AG

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

Signature / Stam% %’

DocNo 881-QDO000P41A-A

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

Schmid & Partner Engineering AG

lo
IS
®
)
Q

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

Certificate of Conformity / First Article Inspection

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

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

Test Requirement Details Units tested
Shape Internal dimensions, depth and | Bottom elliptical 600 x 400 Prototypes
sagging are compatible with mm, Depth 190 mm,
standards dimension compliant with [1]
for f > 375 MHz
Material thickness | Bottom: dimension compliant with all
2.0mm +/- 0.2mm [3] for f > 800 MHz
Material rel. permittivity 2 — 5, rel. permittivity 3.5 +/- 0.5 Material
parameters loss tangent < 0.05, at f< 6 loss tangent < 0.05 samples
GHz
Material Compatibility with tissue Compatible with SPEAG Phantoms,
resistivity simulating liquids . liquids. ** Material
sample
Sagging Sagging of the flat section in within tolerance for filling Prototypes,
tolerance when filled with height up to 155 mm samples
tissue simulating liquid.

'

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

Standards

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

[2] |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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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 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.

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 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 cDASY®6 (0.3-6GHz).

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

Footnote details:

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

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.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.

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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