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2 Calibration report “Probe EX3DV4” — SN: 7566
O, S Schwelzerischer Kallbrierdienst
Callhfatlon Laboratory of \\\\{:,// % o Sorvice susse d talonnage
Schmid & Partner lacamA Servizio svizzero di taratura
Engineering AG el S Swiss Calibration Service
Zeughaugstrasse 43, 3004 Zurich, Swazerland /,/;\\\\

Accredited by the Swiss Accreditalion Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA

Acereditation No.: SCS 0108

Multitateral Ag for the gnition of calibration certificates
Client Cetecom Advanced Cortificate No. EX-7566_Aug24
Saarbricken, Germany
CALIBRATION CERTIFICATE
Cbjact EX3DV4 - SN:7566
Calbration procadurels) QA CAL-D1.v10, QA CAL-12.v10, QA CAL-14.v7, QA CAL-23.v6,
QA CAL-25.v8
Calibration procedure for dosimetric E-field probes
Calibeation date August 12, 2024
This calibeation certificate documants the raceabiity to national standards, which realize the physical unite of measurements (S1).
The measurements ana the uncartainties with confidence probability are given oa the folowing pages and are part o the certificats
Al calioratons have bean conducted In tha closed |aboratory laciity.! environment lemperature (22 + 3)°C and humidity < 70%.
Catbration Eguipmant usad METE crtcal for calibration)
“Primary Stardarda [ Cal Dale (Certificate No,) | Scheduled Calbration
Power mater NRP2 SN: 104778 26-Mar-24 (No, 217-04036/04037) | Mar-25
|_Power sensor NRP-Z91 SN. 103244 28-Mar-24 (No. 217-04035) Mar-25
CCP DAK-35 (waighted) | SN: 1249 05-0ct:23 [OCP-DAK3 5-1245_0x123) Oct-24.
OCP DAK-12 SN 1016 05-0c1-23 (OCP-DAK121016_0ct2a) QOct-24
Aelerence 20 d8 Attaruator | SN CC2652 (20x) 26-Mar-24 {No. 217-04048) WMar-26
DAEA SN: 650 | 23-Fel-24 (No. DAE4-B60_Feb2d) Fob-25
[ Aelerence Probe EXA0VA | SN: 7349 1708-Jun-24 [No_ EX3-7349_Jun2d) Jun2%
Secongary Standards [ Check Daw {in hausa) Scheduled Chack
Power meter E44168 SN: GE41293874 06-Apr-16 {in house check Jun-24) In house chack Jun-26 |
Power sansor £4412A, SN: MYa1assoe7 06-Ape-18 (In Nousa check Jun-24) in house check: Jun-26 |
Power sarsor E44124 SN 000110210 06-Apr-16 (In house check Jun-24) ¥ house chack. Jun-256
RBF genarator HP 8643C | SNI US3642001700 04-Aug 39 (n house chack Jun-2a) W houge check: Jun-28
Nelwors Anatyzar EQ3584 | SN: US31080477 31-Mar-14 (in house check OG1-22) ¥1 houge check. Ocl-24
Name Functon Signalure
Calibrated by Kredimir Franjic Laboralory Technician K
Appeovad by Sven Kishn Tachnical Manager ﬁé\ =

Issuad: August 12, 2024
This calbration cartificate shall nat be reproducad excapt in 1wl without written appeoval of the laboratory.

Cerlificate No: EX-7566_Aug24 Page 1 of 22
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Calibration Laboratory of \\%/;,’ S :::'vw‘:i::;ilsm 2'.'::""""".,".,. st
Schmid & Partner : i c Servizio svizzero di taratura
Engineering AG D S Swiss Calibration Service
Zeughausstrasse 43, 8004 Zurich, Switzerdand "’-.,@\G‘"

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

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration cartificates

Glossary

TSL tissue simulating hquid

NORMx.y.z sensitivity in free space

ComwF sensitivity in TSL / NORMx.y,2

DCP dioda compression paint

CF crest factor (1/duty_cycle) of the RF signal
AB.CD modulation gependent linearizabion parameters

Polarization ¢  rotation around probe axis

Polarization #  rotaticn around an axis that is in the plane normal 10 probe axis (al measurement center), ie., ¥ = 0is
narmal to probe axis

Connector Angle  information used in DASY system 1o align probe sensor X to the robol coordinate system

Calibration is Performed According to the Following Standards:

a) |IECYEEE §2209-1528. "Measurement Precedure For The Assessment Of Specific Absorption Rate Of Human Expesure
To Radic Frequency Fields From Hand-Held And Body-Worn Wirgiess Communication Devices — Part 1528: Human
Madeis, Instrumentation And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020,

b) KDB 865664, "SAR Measurement Requirements for 100MHz 10 6 GHz"

Methods Applied and Interpretation of Parameters:

+ NORMx,y.2: Assessed for E-field polarization &= 0 (f < 900 MHz In TEM-cell; f > 18000Mz: R22 waveguide). NORMx.y,z
are only inlermediate values, i.e., the uncertainties of NORMx y.z does not affect the E-field uncerlainty inside TSL (see

below ConvF).

NORAM(f)x,y.z = NORMx,y.2 * fraquency_response (see Frequency Response Chart). This linearization is implemented in

DASY4 software versions later than 4.2, The uncartainty of the fraquency respanse is included in the stated uncertainty of

ComvF,

DCPx.y.z: DCP are numerical linvarization parameters assessed based on the data of power sweep with CW signal. DCP

does not depend on frequency nor media.

PAR: PAR is the Peak to Average Ratio that is not calorated but determined based on the signal characteristics

Axy.z: Bxyz: Cx.y2; Dxyz; VRx yz: A B C, D are numerical inearization parameters assessed basad on the data ol

power sweep lor specific modulation signal- The paramelers do not depend on frequency nor media, VR is the maximum

calibration range expressed In AMS vollage across the diode,

ConvF and Boundary Effect Parameters: Assessad In flat phantom using E-field {or Temperature Transter Standard for

1= 800MHz) and inside waveguide using analytical held distrbutions based on power measurements for f > BOOMHz. The

same setups are used for assessment of the parameters applied for boundary compensation {aipha, depth) of which typical

uncertainty vaiues are given, These parameters are used in DASY4 soltware to improve probe accuracy close 1o (he

boundary, The sensitwity in TSL corresponds to NORMx.y.z * CorvF whereby the uncertainty corresponds to that given for

ConvF. A frequency cependent ConvF is used in DASY version 4.4 and higher which allows exlending the validity from

50 MHz 16 100 MHz.

Spherical isotropy {30 deviation from isotropy): in a tleld of kow gradsents realized using a flat phantom exposed by a patch
antenna,

Sensor Offset: The sensor offset corresponds 1o the offset of virtual measurement center from the probe tip {on probe axis).
Nao tolerance required.

* Connector Angie: The angle is assessed using the informaticn gained by determining the NORMx (no uncenainty required)

Certificate No: EX-7566_Aug2é Page 2 of 22
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advanced
EX30V4 - SN:7586 August 12, 2024
Parameters of Probe: EX3DV4 - SN:7566
Basic Calibration Parameters
Sensor X Sensor Y Sensorz | Unclk=2)
Norm {uV/(v/m)?) & 0.66 0.48 054 £10,1%
DCP (mV) B 101.2 1014 101.7 +47%
Calibration Results for Modulation Response
"UID | Communication Sysiem Name A |- 7 D VR | Max | Max
de | dB,uV d8 | mV | dev. | Unc®
k=2
0 cW X | 0.00 0.00 1.00| 000 | 1183 | +24% | +4.7%
Y| 0.00 0.00 1.00 14495
Z | 0.00 0.00 1.00 1314
10352 | Pulss Wavelorm (200Hz, 10%) X | 20.0C 93.70 22,40 1 10,00 | 600 | £2.9% | +9.6%
Y| 20.00 BE8.15 18.93 60.0
00 9382 | 22.06 60.0
10353 | Pulse Waveform (200Hz, 20%) X | 20.00 9473 | 2196 699 | 800 | =1.4% | +06%
Y | 20.00 8952 | 1861 §0.0
Z | 20.00 9768 | 2285 £0.0
10354 | Pulse Wavelorm (200Hz, 40%) X | 20.00 98.17 | 2238 398 | 950 | 21.2% | +9.6%
Y| 2000 | 9380 | 1961 950 |
I Z| 2000 [ 10373 | 2420 850 |
10355 | Pulse Wavetorm (200Hz, 60%) X|2000] 10236 | 2310 | 222 | 1200 | +1.1% | +9.6%
Y2000 | 161.25 | 2187 120.0
Z| 2000 | 10891 | 2525 1200
10387 | QPSK Waveferm, 1 MHz X| 166 5465 | 1422 1.00  150.0 | +2.0% | +9.6%
Y| 1.65 66.77 15 150.0
Z| 181 5458 14.08 150.0
10388 | QPSK Waveform, 10 MHz X 215 66,64 14.84°| 0,00 | 160,0 | £1.1% | +9.6%
Y1 217 67.86 15.80 150.0
"Z| 210 | 6646 | 14,76 150.0
10396 | 64-QAM Wavelorm, 100 kHz x| 293 69.77 18.26 | 3.01 | 150.0 | £0.8% | +9.6%
Y| 282 7007 18.87 1500 |
Z| 276 69.01 17.84 1500
10399 | 64-QAM Wavelorm, 40 MHz X 351 6668 1540 | 0.00 | 1500 | =0.9% | =9.6%
Y] 347 67.05 15.80 150.0
Z| 347 6655 | 1535 150.0 | '
10414 | WLAN CCDF. 64-CAM, 40 MHz X 474 64.80 1288 [ 0.00 | 150.0 | =1.95 | 29.6% |
278 65.66 1557 150.0
Z| 497 | #%E0 15.36 1500
Note: For detaits on UID parameters see Appendix
The reported uncertainly of measurement is stated as the standard uncertainty ol measurement multiplied by the coverage
factor k=2, which for a normal distribution corresponds to a coverage probatility of approximataly 85%.

& The uncertantias ol Neim X.¥.Z do not affect the E7.tiakd uncselainly insie TSL [soe Pages 5 and 6),
E Unearzation paramatar uncenarey for m e fakd grangth.
E Unoartainty @ datarmingd using the max. deviation fram [near applying

guiar distrbution and is exprassed for the sauara af the lekd valus,

Certilicate No: EX-7566_Aug24 Page 3 of 22
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Test report no.: 1-9201-24-01-03_TR1-R01 cetecom

advanced
EX30V4 - SN.7566 August 12, 2024
Parameters of Probe: EX3DV4 - SN:7566
Sensor Model Parameters
ci c2 « m T2 T3 T4 T5 T6
tF fF v msV-2 msV-' ms vz v
X 518 38431 3498 19.96 0.04 510 1.28 0.25 1.0
¥ 38.3 283.67 35.09 15.62 0.00 5.04 1.63 0.02 1.01
z 428 36487 3547 1125 | 004 500 1.08 0.28 1.01
Other Probe Parameters
Sensor Arrangement [ Triangutar |
Connector Angle | s
Mechanical Surtace Detection Mode enabled
Cptical Surface Detection Mode disabled
Probs Overall Length 337mm
Probe Body Diameter 10mm
Tip Length gmm
Tip Diameter Z25mm
Probe Tip to Sensar X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1mm
Proba Tip to Sensor Z Calioration Point 1 mm
[ Recommended Measurament Cistance from Surface 1.4mm

Note: Measurement diszance from surlacs can be incraased 10 3—1 mm e a0 Areg Scan ob.

Certificate No: EX-7566_Aug24

Page 4 of 22
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Test report no.: 1-9201-24-01-03_TR1-R01 cetecom
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EX3DV4 - SN:7566 August 12, 2024

Parameters of Probe: EX3DV4 - SN:7566
Calibration Parameter Determined in Head Tissue Simulating Media

f(MHz)® | Relative | Conductivity® ‘ ConvF X | ConvFY | ComvFZ | Alpha® | Depth® [ Unc”
Permittivity” (S/m) (mm) | (k=2)
750 419 0.88 1031 | 1008 925 | 035 127 | +11.0%
850 a5 0.02 10.02 9,81 3.01 035 127 | #11.0%
300 45 0.87 2.95 9.73 893 | 035 127 | +11.0%
1730 401 1.37 8.41 822 755 0.35 1.27 £11.0%
1900 40.0 140 8.13 795 730 | 035 127 | =11.0%
2450 302 1.80 7.67 7.50 589 | 035 127 | +11.0%
2600 39.0 1.96 7.74 757 695 | 035 127 | +11.0%
3300 a2 271 582 6.67 612 | 034 127 | +131%
3500 379 29 6.89 6.74 6.19 0.34 1.27 +13.1%
3700 37.7 312 5.69 674 618 | 03¢ 127 | 213.1%
3900 375 3.32 B.72 6.57 6.04 0.34 127 +13.1%
5200 36.0 4.66 562 550 505 | 031 139 | +134%
5300 359 4.76 563 551 506 030 1.38 +13.1%
5500 35.6 496 526 5.15 472 | 028 136 | +13.1%
5600 35.5 5.07 507 4.96 455 | o027 135 | +13.1%
5800 353 527 5.06 495 | 454 | 028 134 | 4131%

© Frouency validty abowe 300 MH2 o 100 MHz cely spodes for DASY 4a.a and tigher (zee Page 2), cize #1135 resinciod 10 =50 MMz The uncertainty is the
ASS of the CormF uncerlainty & catbraion fequency and Iha uncertainly s the indcaled trequancy bang. Froguenrcy validity beloy 300 Mz Is +10, 25,
a0, 50 and 70 MHz for CorwF assessments o1 30, 64, 128, 180 ard 220 MHz respecivay. Valaily of Convk assessed at BMHZ is 4-9MHz, and CorwF
astessad al 13 MMz is 9-19 MHz. Atcove 5 Griz ¥equency valaity can be extended 1o + 1 {0MHZ

F e probes ars cali using tsous 5 0 liguds | TSL) that deviate %or ¢ and o by kess than £5% from he targel vaiues (typicaly benee than 3%}
ana are vald for TSL wih ceviadons af up 1o 1 10% £ SAR coracicn is apgied,

G Alpha'Depth arn determined during calbration. SPEAG wamans that the I CAvRA 0N tue 10 B boundiry effect sler compersation = ahways less
than +1% for frequencies below 3 GHz and bokew & 2% for equencies batween 3-8 GH2 &y gigiencs larger than hall the probe tp dameter rom s
bourdary,

" The stated unostainty B the total calbration unceriarty (A = 2) ol Nosm CoowF. Tris & squivalant o the Lrcariaity compansnt with the symibol CF in
Table 9 of IECIEEE 62208-1523:2020.

Certificate No: EX-7566_Aug24 Page 5 o1 22
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Test report no.: 1-9201-24-01-03_TR1-R01 cetecom
advanced

EX3DV4 - SN:7566 August 12, 2024

Parameters of Probe: EX3DV4 - SN:7566

Calibration Parameter Determined in Head Tissue Simulating Media

f(MHz)® | Relative | Conductivity™ | ConvFX | ConvFY | ConvFZ | Aipha® | Depth® | Unc"
Permittivity" (S/m) . ‘ (mm) (k=2)
§500 | 345 5.07 552 | 540 | asms | o020 127 | s180%

© Froquenoy vatdity at 6.5 Gz is ~600/ - T00 Mz, and + 700 MH2 &1 or abowve 7 GHz, The unceetainty is e RSS of the Corwk uncerfainty at calioration
freguancy ang the uncertainty for the ndcated frequancy band.

F The probes are calibrated Laing 18509 simulatng liquos (TSL) that deviate for 2 and o by fess than + 10% from $is target vakoss (hypicaly betier than 16%)
ard ae vald lor TSL with deviations of up o £107%

C AphaDepth are deterrined dureg calbeation. SPEAG wamants Mal tha remaining deaation dua fo the y etioct after cor Vis aways ees
man =1% for irecuencies baiow 30HZ. beloa 2% 1 Irequandies betwaen 3-6 GHz; and below +4% for treouencies batwaan E-~10GHz at any distarce
arger than hat the probe bp dismeter fram the boundary.

¥ Tre staled uncariainty is the tatal calbration uncertainty (k = 2) of Narm CameE. This is aquwalent 30 fhe unsertainly companant wilh Ihe symbal CF
Tate § of EC/IEEE 62209-1520:2020.

Certiticate No: EX-7566_Aug24 Pags 6 of 22 -
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Test report no.: 1-9201-24-01-03_TR1-R01 cetecom
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EX30DV4 - SN:7566 August 12, 2024

Frequency Response of E-Field
(TEM-Cell:ifi1 10 EXX, Waveguide:R22)
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Uncertainty of Frequency Response of E-field: +6.3% (k=2)

Cerlificate No: EX-7586_Aug24 Page 7 of 22
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EX30V4 - SN:7566 August 12,2024

Receiving Pattern (¢), §=0°

f=600MHz, TEM, 0°

I=1800 MHz, R22, 0"
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Uncertainty of Axial Isciropy Assessment: +0.5% [k=2)

Certificate No: EX-7566_Aug2é Page 8 of 22
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Test report no.: 1-9201-24-01-03_TR1-R01 advanced

EX30V4 - SN:7566 August 12, 2024

Dynamic Range f(SARpead)
(TEM cell, fuyy) = 1900MHz)
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Uncertainty of Lingarity Assessment: +0.6% [x=2)
Certilicate No: EX-7566_Aug24 Page 9 o1 22
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Test report no.: 1-9201-24-01-03_TR1-R01

@ cetecom
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EX3DV4 - SN:7568

SAR [(WikghW]

-1 -068 -D&

Conversion Factor Assessment

1=1900 MHz, WGLS R22 {H_corvF)
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Deviation from Isotropy in Liquid
Error (,0), = 900 MHz

180 225 270
X [deg)

04 -02 0 02 04 08
Uncertainly of Spherical Isotropy Aseessment: +2.6% (k=2)

August 12, 2024

Certificate No: EX-7566_Aug24

Page 10 of 22

Page 12 of 67




Test report no.: 1-9201-24-01-03_TR1-R01
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3  Calibration report “Probe EX3DV4” — SN: 7852
g, S Schweizerischer Kalibrierdienst
Calibration Laboratory of .o\‘\:// A ity ;.an"
Schmid & Partner % C  garvizio svizzero i taratura
Engineering AG et S  Swiss Colibration Service
Zoughaussirasse 43, 8004 Zurich, Switzarland KN

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

Accreditation No.: SCS 0108

Client Cetecom Advanced Certificate No. EX-7852_Nov24
Saarbricken, Germany |
| CALIBRATION CERTIFICATE
| ]
Objact EX3DV4 - SN:7852
Cedbration procedure(s) QA CAL-01.v10, QA CAL-12.v10, QA CAL-14.v7, QA CAL-23.v6,
QA CAL-25.v8
Calibration procedure for dosimetric E-field probes
Caibration date November 13, 2024

This caloration cerfificate documents the fracsability to national slandards, which realize tha physical units of measurements (SI).
The measurements and the uncertalnties with confidence probabifty are given oa the lofiowing pages and are part of the certficate.

All calibrations have been conducted in the closad laboratory faclity: erdronment temperature (22 4 3)°C and humidity < 70%,
Calibration Equipment used (MATE critical for calibeation)

mary Standards | D Cal Date (Certificate No.) | Scheduled Caliveation
Powar meter NAP2 | SN: 104778 26-Mar-24 {No. 217-04036:04037) Mar-25
Powar sersar NAP-291 SN: 103244 26-Mar-24 No, 217-D4036) Mar-25
OCP DAK-3.5 (weighted) SN:1249 23-Sep-24 (OCP-DAKS.5-1249_Sep24) Sep-25
OCP DAK-12 SN 1076 24-Sop-24 (OCP-DAK12-1016_Sapad) Sap25
Reforence 20 0B Aflanugioe | SN: CL2s52 (20%) 26-Mar-24 (No. 217-04046) Mar-25
DAEZ SN: 660 23-Fob-24 (No, DAES-B0_Feb2d) Fep-25
Roleronce Probe EXADVA | SN 7349 03-Jun-24 (No. EX3-7349_Jun2d) 25 ]
| Secondary Standards D Cneck Date {in hause) Schedued Chack
Powee meler £44198 SN: GBa1293874 06-Apr-16 (in hoLse check Jun-24) in house chack: Jun-26
~Power sensor E44124 SN: MY41488087 06-Apr-16 {in house chack Jun-24) In house check: Jun-26
Power sensor E4412A SN: D00110210 05-Apr-16 {in house check Jun-24) In house check: Jun-26
RF peneralor HP BEABC SN: US3642001700 04-Auyg-59 (in hause check Jun-24) i house check: Jun-26 |
Network Analyzer EB3SEA | SN US&1080477 31-Mar-14 {in house check Sap-24) in housa check; Sep-26
. 1
Name Function Si re [
Calbratad by Jotfrey Katzman Laboratory Teehnician /,j,/’ — 2
» s
Approved by Sven Kilhn /1.9/ //é

Technical Manager " l )

ssuad; November 13, 2024
This calbratan certificate shall nat be repraducod excapt in full without written approval of the laboratory.

Certiicate No: EX-7852_Nov24

Page 1 of 22
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Test report no.: 1-9201-24-01-03_TR1-R01 cetecom
advanced

Calibration Laboratory of S, S :ma:unlam K‘:Lmﬁ-m t
Schmid & Partner P G garvinio s¥E2ee @ Marvars
Engineering AG s S Swiss Calibration Service
Zeughaussirassa 43, 8004 Zurich, Swazerland “ ﬁ\‘

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

The Swiss Accreditation Service s one of the signatories 1o the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary

TSL tigsue simulating liquid

NORMx,y.2 sensitivity in Iree space

ConvF sensitivity in TSL / NORMx,y.z

DCP diode compression point

CF crest factor (1/duty_cycle) of the RF signal
A,B,.C D medulation dependent linearization parameters

Polarization ¢ @ rotation around probe axis

Polarization ¢ 1l rotation around an axis that is in the plane normal to probe axis (at measurement center), e, #=0is
normai to probe axis

Connector Angle  information used in DASY system to afign probe sensor X o the robot coordinate system

Calibration is Performed According to the Following Standards:

a) IEC/EEE 62208-1528, "Measurement Procedure For The Assessment Of Specific Absorption Rate O1 Human Exposure
To Radio Frequency Fields From Hand-Held And Body-Woern Wireless Communication Devices — Part 1528: Human
Models, Instrumentation And Procedures (Frequency Range of 4 MHz to 10 GHz)", Cclober 2020,

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

Methods Applied and Interpretation of Parameters:

« NORMx,y.z: Assessad for E-field polarization & = 0 {f = 90DMHz in TEM-cell; { > 1800 MHz: R22 waveguide). NORMx.y.z
are only intermediate values, i.e.. the uncertainties of NORMx y,z does not affect the E2-field uncertainty inside TSL (see

below CormwF).

NORM{fIx.y.z = NORMx,y.z " Irequency_response (see Frequency Response Chart). This linearization is implemented in

DASY4 software versions later than 4.2, The uncertainty of the Irequency response Is included In the stated uncertainty of

ConvF.

DCPx,y,z: DCP are numerical linearization paramaters assessed based on the data of power sweep with CW signal. DCP

does not depend on frequency nor media.

PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal characteristics

Ax.yz; Bz Cxyz: Dxy.2; VRx,yz: A, 8, C. D are numerical linearization parameters assessed based on the data of

power sweep for specific modulation signal. The parametars do not depend on frequency nof media. VR is the maximum

calibration range expressed in RMS vollage across the diode.

ConvE and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transter Standard for

f = 800MHz) and inside waveguide using analytical field distributions based on power measurements for { = B0OMHz. The

same selups are used for assessment of the parameters applied for boundary compensation (alpha, depth) of which typical

uncertainty values are given, These parameters are used in DASY4 software to improve probe accuracy close to the

boundary. The sensitivity in TSL corresponds to NORMx,y.z * ConvF whereby the uncertainty corresponds 1o that given for

ConvF, A frequency dependent ConvF is used in DASY version 4.4 and higher which allows extending the validity from

+50MHz to +100 MHz.

Spherical isotropy (3D deviation from isctropy): in a field of low gradients realized using a flat phantom exposed by a patch
antenna,

Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the probe tip (on probe axis).
No tolerance required.

« Connector Angfe: The angle is assessed using the information gained by determining the NORMx (no uncertainty required).

Certificate No: EX-7852_Nov24 Page 2 of 22
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Test report no.: 1-9201-24-01-03_TR1-R01 cetecom
advanced

EX3DV4 - SN:7852 November 13, 2024

Parameters of Probe: EX3DV4 - SN:7852

Basic Calibration Parameters

| SensorX | SensorY Sensor Z Unc (k =2)
! Norm (pVi(Vim)Z) & 0.56 ‘ 0.58 0.57 +10.1%

| ocp (mv) B 1086 109.0 107 +4.7%

Calibration Results for Modulation Response

"UID | Communication System Name T T A B [ D VR | Max | Max
dB | dB/pV d8 | mV | dev. | UncE
k=2
0 CwW X | 000 0.00 100 | 0.00 | 1335 | £2.2% | =4.7% |
Y| 0.00 0.00 1.00 1456
Z| 000 0.00 1.00 1371
10352 | Pulse Waveform (200Hz, 10%) X1 142 | 6047 631 | 10.00 | 60.0 | 229% | +9.6%
Y| 156 | 6074 6.44 T 60.0 |
Z| 1% | 8128 | 872 60.0 |
710353 | Puise Waveform {200Hz, 20%) X [ 1000 | 7200 900 699 | 800 | £25% | =9.6%
Y| 084 6000 497 80.0 |
21 084 6000 | 487 80.0
10354 | Puise Wavelorm (200Hz, 40%%) "X 042 6000 404 | 398 | 950 | +1.8% | +9.6%
Y| 2400 | 7200 7.00 350
Z 2400 | 72.00 7.00° 95.0
10355 | Pulse Wavelorm {200Hz, 60%) X[ 1005 | 157.34 333 222 1200 | £1.8% | =9.6%
Y| 1124 | 15461 11.23 1200
Z| 880 | 15892 | 6.14 120.0
10387 | QPSK Wavelorm, 1MHz X1 061 6514 | 1347 | 100 | 150.0 | £3.1% | +9.6%
Y| 050 62 .68 11.95 | "150.0 |
'Z| 049 | 8403 | 1294 1500
10388 | QPSK Waveform, 10MHz X| 142 | 6692 | 1442 000 | 1500 | £1.0%  29.6%
Y| 127 6548 | 1347 150.0
Z1 130 | 6676 | 1398 1500
10396 | 64-QAM Waveform, 100kHz TX] 180 | 6540 | 1625 201 | 150.0 | +0.9% | +9.6%
Y| 170 6445 | 1561 150.0
Z| 174 | 6515 | 15896 3
10339 | 64-QAM Wavelorm, 40 MHz X| 289 | 6682 | 1534 0.00 | 150.0 | +1.5%  296%
Y| 277 6626 | 1495 150.0
Z| 277 | 6681 | 1524 !
10414 | WLAN CCDF, 64-QAM. 40 NHz X| 385 6643 | 1543 | 0.00 | 150.0 | +2.4% | +9.6%
Y| 37 6597 | 15.10 150.0
Z| 366 | 6641 1537 1500
Note: For details on UID paramelers see Appendix
l The reported uncertainty of measurement is stated as the standard uncertainty of measurement multiplied by the coverage
l {actor k=2, which for a normal distribution corresponds to a coverage probability of approximately 85%.

A The uncartsnties of Norm X,Y,Z do rot atkect the E2-fald unceranty inside TSL (508 Pages 5 and &),
9 Linearzation paramater urcerlainty for maximumm spachied lield strengin,
E Unoertainty = determined usng the max. deviation lrom linear respanse apply rg reclangulsr distrkution and is axpressec for 1he square of the Teld vale

Certficate No: EX-7852_Nov24 Page 3 of 22
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Test report no.: 1-9201-24-01-03_TR1-RO1 cetecom
advanced

EX3DV4 - SN:7852 November 13, 2024

Parameters of Probe: EX3DV4 - SN:7852

Sensor Model Parameters
(3] c2 a T T2 T3 T4 15 T6
{F F v-! msV? msV-? ms v2 v
% 2.1 6421 32.27 3.36 0.00 4.90 0.56 0.00 1.00
y 87 | 61.72 3212 367 0.00 4.90 0.51 0.00 300 |
z | 76 | 5347 | 3154 | 343 | 000 4.90 0.56 0.00 1.00 |
Other Probe Parameters
Sensor Arrangement Triangular |
Connector Angle o 123"
Mechanical Suriace Detection Mode enabled
| Optical Surface Detection Mode disabled
Probe Overall Length 337mm
Probe Body Diameter N 10mm
Tip Length amm
| Tip Diameter 25mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Peint 1mm
Probe Tip 1o Sensor Z Callbration Point C 1mm
Recommended Measurement Distance from Surface 1.4mm

Note: Maasurement dstance from surface can be incressed 1 3-4 mm for a0 Area Scan job

Certificata No: EX-7852 Nov24 Page 4 of 22
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Test report no.: 1-9201-24-01-03_TR1-R01 cetecom
advanced

EX30V4 - SN:7852 November 13, 2024

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

1 (MHz)® Relative Conductivity® | ConvF X | ConwF Y | ConvFZ | Alpha® | Depth® | UncH

Permittivity™ (S/m) (mm) (k=2)

750 418 0.89 8.44 8.71 9.08 0.37 1.27 =11.0%
850 415 0.92 7.98 8.25 8.59 0.37 1.27 £11.0%
200 415 0.97 8.07 8.33 8.68 0.37 1,27 +11.0%
1750 40.1 1.37 7.33 7.57 7.89 0.36 1.27 +11.0%
1900 40.0 1.40 6.86 7.08 7.28 0.36 127 £11.0%
2100 39.8 149 6.85 7.07 7.36 0,36 1.27 +11,0%
2450 392 1.80 6.50 6.7 6.99 0.36 1.27 =11.0%
2600 39.0 1.96 655 6.76 7.04 0.36 1.27 +11.0%
3500 a7.g 291 5.94 613 538 0.35 1.27 +13.1%
3700 37.7 312 594 6.13 6.39 0.35 127 £13.1%
3900 375 332 6.08 629 6.55 0.34 1.27 +13.1%
5200 36.0 4,66 520 522 551 0.31 1.27 +13.1%
5300 359 478 503 5.05 534 0.30 1.27 +13.1%
5500 356 4.96 463 465 49 0.29 1.27 +13.1%
5600 355 5.07 4.80 4.82 5.10 0.28 127 +13.1%
5800 353 5.27 463 465 491 0.26 127 +13.1%

C Frequancy valcity above 300MHz of =100 MH2 orly apples 1or DASY w4 and higher (see Page 2}, eise 1 is reslricied 1o 250MHz. Tha uncartainty is the
RSS of the ConvF unceriainty at calbeation frequency and the uncertarty for the incicated frequency band. Frequency validty below 3C0MHz i 210, 25
40, 50 and 70 Mz for ConvF assessments at 30, 84, 128, 150 and 220 MHz respactively. Valoity of ConvF assessed at 6 MHz s £-8 MHz, and ConvF
azzossed at 13 MHz is 5-19 MHz. Above 5 GHz frequency validty can be extendad %0 £110MH2.

F The peobes are cal using 1ssue g lquids (TSL) %hat dewiate for £ and o by %55 than +55% from the sargal values (ypcaly dattar than £3%)
a7 are vald for TSL with ceviasions of up to + 109% It SAR cormection & applied.
G AphaDepth are detarmined dufing cafbeaton. SPEAD warrants that the remaning deviation due to the boundary effect after coe 1 is ahwarys less

™an = 1% ke frequencies bekow 3 GHz and below =24 Yor lregquencies between 3-6GHz at ary distance largss than half the probe tip dismetar frum the
boundary.

" The stated uncertainty 5 the total catbrason uncertainty (k = 2) of NarmComve, This is equivalant to the uncartainty component with Tha symbal GF in
Taitke 9 of IEC/EEE 62200-1528:2020,

Cerlificate No: EX-7852_Nov24 Page 5of 22
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Test report no.: 1-9201-24-01-03_TR1-R01 cetecom
advanced

EX3DV4 - SN:7852 November 13, 2024

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

f (MH2)® Relative Conductivity™ | ConvF X | ConvFY | ConvFZ | Alpha® | Depth® UncH
Permittivity® (S/m) (mm) (k=2)
| 6500 345 6.07 492 5.08 529 0.20 127 +18.6%

c Frequency veldity &1 6.5 GHz 8 ~600/+700 MHz, and < TOOMHZ &1 or above 7 GHz, The uncartainty i (e RSS of the ConvF unceriainty &t calkeation

Q) y and the inty lor the i Irequency band.
F The ptobasn calibrated mmq lissue simudating lauids [TSL) thal deviate for £ and @ by less than =10% from the target values (Wypically better than +6%)
and are vald for TSL with deviations of up 1o 2 10%.
G Apha'Dapth are ed during SPEAG hathe daviation due I the boundary alfect atter compensation is Always 1958
than +1% for ireguanczies balow 3 GHZ: balow £2%, for Irequencies beawaan HGHz Ang balow £45 Yo Irequencing between 6-10 GHz a1 any de&lance
largar than hal the prote tp dlamatar from the boundary.
H The stuted uncerlainty is the total calioration uncertanty (& « 2} of Narm Cornif. This is oquivalent 1o the uncananty compenent wih $a symbel CF n
Table 8 of IECVIEEE 622091528 202),

Certificate No: EX-7852_Nov24 Page & of 22
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EX30DV4 - SN:7852

November 13, 2024

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

14

09

Frequency response (normalized)

08

0.7

06

05

0 200 400 ©00 800 1000 1200 1400 1600 1800 2000 2200 2400 2800

1 [MHz)
o TEM + R22

Uncertainty of Frequency Response of E-held: =6.3% (k=2)

Certificate No: EX-7852_Nov24
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EX30V4 - SN:7852 November 13, 2024

Receiving Pattern (¢), 1 =0°

=600 MHz, TEM, 0°
90°

{=1800MHz, R22, 0°

gnex

270°
0.5

g M
§ 0 s T o W‘HW* —_—
w

-0.5

0 60 120 180 240 300 360
Roll [°)
« 100MHz +- 60O MHz 1800 MHz - 2500 MHz
Uncertainty of Axial Isotropy Assessment: £0.5% (k=2)
Certificate No: EX-7852_Nov24 Page 8 of 22
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Test report no.: 1-9201-24-01-03_TR1-R01 e cetecom

EX3DV4 - SN:7852

November 13, 2024

Dynamic Range f(SARpead)
(TEM cell, {9 = 1900 MHz2)
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Uncertainty of Linearity Assessment: +0.6% (k~2)
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EX30V4 - SN:7852
Conversion Factor Assessment
{1900 MHz. WGLS R22 (H_convF)
25\
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Uncentainty of Spherical Isolropy Assessment: +2.6% (k=2)

November 13, 2024
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4  Calibration report “750 MHz System validation dipole”
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Cectificate No. D750V3-1041_May23

|[CALIBRATION CERTIFICATE

o

D750V3 - SN:1041
Calbration proceduris) QA CAL-05.v12

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz
Canbrason date: May 11, 2023
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Calibration Laboratory of S,

NN 7 S Schwelzerischer Kalibrierdienst
Schmid & Partner S G Service susse détalonnage
Engineering AG Bl Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland 7NNy S swiss Caiibration Service
e
Accradted ty 1o Swiss Accreditation Sendos (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) IEC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radiwo 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 availabie 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 Returm Loss ensures low
reflected power. No uncertainty required.

e SAR measured: SAR measured at the stated antenna input power.

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

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

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

Certificate No: D750V3-1041_Mayz3 Pags 2ol 8
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Measurement Conditions

DASY system configuration, as far as not given on page 1
DASY Version DASYS2 V52.104
Extrapolation Advanced Extrapolation
Phantom Madular Flat Phantom
Distance Dipole Center - TSL 15mm with Spacer
Zoom Scan Resolution o, dy, dz =5mm
Frequency 750 MHz = 1 Mz
Head TSL parameters
The following parameters and calculations were apphed.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 419 0 8% mha/m
Measured Head TSL parameters (220+02)"C 415+6% 0.91 mho/m 26 %
Head TSL temperature change during test <05°C - ee
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 217 Wkg
SAR for nominal Head TSL parameters nomalized to 1W B8.52 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm?® (10 g) of Hoad TSL condition
SAR measured 250 mW input power 142 Wikg
SAR for nominal Head TSL parameters normalized to TW 5.60 W/kg = 16.5 % (k=2)
Body TSL parameters
The lollowing paramsters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 555 0 88 mho'm
Measured Body TSL parameters 220+0.2)°C 55426% 0.96 mho/m + 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 215 Wrkg
SAR for norminal Bedy TSL parameters normalized to TW B.60 Wikg = 17.0 % (ke2)
SAR averaged over 10 cm? (10 g) of Body TSL condition
SAR measured 250 mW input power 1.42 Wikg
SAR for nominal Body TSL parameters normalizad 10 1W 5.68 Wikg = 16.5 % (k=2)
Centiicate No: D750V3.104)_May23 Page3of 8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedanca, transformed 1o feed point 5450-18j02
Retum Loss -26808
Antenna Parameters with Body TSL
Impedance, transformed 10 feed point 499Q-44 |0
Retumn Loss -270dB
General Antenna Parameters and Design
| Erectrical Detay (one direction) | 1.013ns

After long terrn use with 100W radiated power, only a sight warming of the dipcie near the feedpoint can be measured

The dipole is made of standard seminigid coaxial cable, The center conductor of the feeding line is dractly connacted to the

second arm of the dipole. The antenna is therefore shon-circuited for DC-signals, On some of the dipoles, small end caps
are added 10 the dipole arms in order 10 improve malching when loaded according to the position as explaingd n the
‘Measurement Conditions® paragraph. The SAR data are not alfected by this change The overall dipole length is still

according to the Standard.

No excessive force must be applied Lo the dipole arms, because they might bend o the sokdered connections near the

feadpoint may be damaged.

Additional EUT Data

l Manulactured by

SPEAG

Certiticate No: D750V3-1041_May23
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DASYS5 Validation Report for Head TSL

Date: 11.05.2023
Test Laboratory: SPEAG. Zunch, Switzerland

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

Communication System: UID 0 - CW; Frequency: 750 M1z

Medium parameters used: = 750 MHz; 6 =0.91 S/m; & = 41.5: p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEJIEC/ANST C63.19-2011)

DASY52 Configuration:

* Probe: EX3DV4 - SN7349: ConvE(10.11. 10,11, 10.11) @ 750 MHz; Calibrated: 11.01.2023
o Sensor-Surface: 1.4mm (Mechanical Surface Detection)

« Elecctronics: DAE4 Sn601: Calibrated: 19.12.2022

« Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Senal: 1001

o DASYS52 52.10.4(1535): SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Mecasurement grid: dx=Smm, dy=5mm, dz=3mm

Reference Value = 59.92 Vim: Power Drift = -0.06 dB

Peak SAR (extrapolated) = 3.29 Wikg

SAR(I g) = 2.17 W/kg: SAR(10 g) = 1,42 Wikg

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

Ratio of SAR a1 M2 10 SAR at M1 =65.7%

Maximum value of SAR (measured) = 2.89 Wikg

dB
0

-1.80
-3.60
-5.40
-7.20
-4.00

0dB = 2.89 W/kg = 4.61 dBW/kg

Certificate No: D750V3-1041_May23 Page 50f8
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Impedance Measurement Plot for Head TSL

[l Yiew Charrel Swaep Cofbrstion Jrace cole Marher Spstem window Mep
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Antenna Parameters with Head TSL

From cal. data

Measured 2024-06-21

Impedance; transformed to feed
point

54.5Q -1.6jQ

52.7Q -3.1jQ

Return Loss

-26.8dB

-27.9dB
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DASYS5 Validation Report for Body TSL

Date: 09,05.2023

Test Laboratory: SPEAG, Zunich, Switzerland

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

Communication System: UID O - CW; Frequency: 750 MHz

Medium parameters used: = 750 MHz; 6 = 0.96 S/m; £ = 55.4; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

.

-

Probe: EX3DV4 - SN7349; ConvE(10.23, 10.23, 10,23) @ 750 MHz; Calibrated: 10.01.2023
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 19.12,2022

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

DASYS2 52.10.4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 59.47 Vim: Power Drift = -0.00 dB

Pcak SAR (extrapolated) = 3.23 Wikg

SAR(I gi = 2.15 Wikg; SAR(10 g) = 1.42 Wikg

Smallest distance from peaks to all points 3 dB below = 17.1 mm

Ratio of SAR at M2 to SAR at M1 = 66.6%

Maximum value of SAR (measured) = 2.87 Wkg

-1.80
-3.60
-5.40
-1.20
9.00

0dB = 2.87 Wikg = 4.58 dBW/kg

Certficate No: D750V3-1041_NMay23 Page 7oi8
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Impedance Measurement Plot for Body TSL

T Saron Tice' S i Jotie ko 9.

Statss CH1: S1 C" 1-Port

Avg=20 Delay

Certificate No: D750V3-1041_May23
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Calibration report “835 MHz System validation dipole”

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zuughausstrasse &3, 8004 Zurich, Switzerland

Accredied by 1he Swiss Accredtabion Senvica {SAS]

The Swiss Accreditation Service |s one of the signatories to the EA
Multiisteral Agreement for the recognition of calibration certificates

Client  CTC advanced GmbH
Saarbricken, Germany

Certiicate No.

Schwelzenischer Kalibrierdienst
Service sulsse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.. SCS 0108

D835V2-4d153_May23

[CALIBRATION CERTIFICATE

|

| Otfect

Cakbeation procecurels)

QA CAL-05.v12

DB35V2 - SN:4d153

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calioration cans May 11, 2023
Tris calt 1 Certficie o he v 10
Tha meas ) ¥

Caibrason Equipment used (MATE critical for calibeation)

Natwaork Analyzer Agilent ES358A4 | SN: LUS41080477

Nams
Calorated by. Paulo Pira
Appromed by Svan Kinn

Stanclards, which réalze the physical unils of measuremants (S1)
with confidence prebabilty are given on the following pages and are part of e certficale

All calibrations have boeen conducted in the closed Bhorsiony faciity. ervionment lemparatus (22 + 3)°C and humtly < 70%

Schedued Calbration

Mar-24
Mar-24
Mar-24
Mar-24
Mar-24
Jan24
Dec23

Frimary Standarda |me Gal Date (Canificte No )

Power meter NP2 SN 104778 30-Mar-23 (No. 217-03804/0G805)
Power secsor NAP-291 SN 103244 J0-Mar-23 (No. 217-03804)
Powsr sersor NAP-231 SN: 108245 30-Mar-23 (No. 217-03808)
Relerancs 20 dB Atenuator SN: BHIA0M (20K) 30-Mae-23 (No. 217-03808)
Type-N miamatch combination SN: 310682/ 05327  50-Mar-23 {No 217-03810)
Releronoa Probe EXI0V [ SN: 7042 105323 (No, EX3-7348_Jan2d)
DAES | SN 801 18-Doc 22 (No, DAE4-601 Dec22)
Secondary Standards DA Chack Date (n howse)

Pawer meter £44198 | SN: GB3gs12476 300114 {in housa chwck OG1-22)
Pawer sarsor HP BAB1A | SN US37202783 07-Oct-15 {in house check Oct-22)
Powee sarmor HP BAETA | SN MY43056315 07-0ct-15 {in housa chack Oct-22)
RF ganerstor RES SMTY-06 | SN: 100972

15-Jun-15 (in house check 0c1-22)
31-Mar-14 (in house chack Oct-224

Function

Ladoratory Techncian

Technical Managse

Tha calbraton certficaie shal not be rggf-_:.s:n:m wxcapl i fil without wrthen approval of e BOGaIGey

Scheduled Check

In house chec Oct-24
In house chece Cct-24
In house checx: Oct-24
In house chec: Ocl-24
In house check: Oct 24

L~ t—

Taswed May 12, 2020

Certificate No: D835V2-4d153_May23
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advanced

Calibration Laboratory of

Schwelzerischer Kalib
Schmid & Partner Service suisse d éalonnage
Engineering AG Servizio svizzoro di taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand Swiss Calibration Service
Avcrediled by the Swizs Acrediaion Senvice (SAS) Accregitation No.: SCS 0108

The Swiss Accreditation Service is one of the signatcries to the EA
Multilataral Agreoment 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 Precedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (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.

* 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 normalizad: 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%.

Cenificate No: DBISV2-43153 May23 Fage2ol8
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS52 V52,104
Extrapolation Advancad Extrapolation
Phantom Modutar Fiat Phantom
Distance Dipole Center - TSL 15 men wih Spacer
Zoom Scan Resoclution dx, dy dz « 5 mm
Frequency 835 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.80 mhom
Measured Head TSL parameters {220+02)°C 412:6% 0.94 mho'm 6 %
Head TSL temperature change during test <05'C - -
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Conation
SAR measured 250 mW Input power 2.43 Wikg
SAR for nominal Head TSL parameters nomalized 10 1W 9.63 W/kg £ 17.0 % (k=2)
SAR averaged over 10 em? {10 g) of Head TSL condition
SAR measured 250 mWV ingut power 1.61 Wikg
SAR for nominal Head TSL parameters normalized to 1W 6.27 Wikg £ 16,5 % (k=2)
Body TSL parameters
The following parameters and calodations were apphed
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.2 0.97 mhaim
Measured Body TSL parameters (220=02)°C 552+6% 099 mha/m +6 %
Body TSL temperature 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 inpul powes 2.46 Wiky

SAR for nominal Body TSL parameters

normmalized to 1W

9.69 Wikg + 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condition

SAR measured 250 mW input power 1.62 Wrkg

SAR for nominal Body TSL parameters normalized to TW 6.40 Wikg = 16.5 % (k=2)
Certificate No: D833V2-4d153_May23 Page 3of8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 510Q-35/0
Return Loss - 289 dB
Antenna Parameters with Body TSL
Impedance. transtormed to feed point 4650-7.2jQ
Retum Loss ~216dB
General Antenna Parameters and Design
| Esectrical Detay (one direction) | 1.438 ns |

After leng term use with 100W radiated power, onfy a shght warming of the dipole near the féedpoint can be measured

The dipole is made of standard semirigid coaxial cabla. The center conducior of the feeding line is diectly connected to the

sacond arm of the dipole. The anténna is theredore shont-Creuted for DC-signals. On some of the dipoles. small end caps
are added 10 the digole arms in order Lo improve malching whan loaded according to the positicn as explained in the
‘Measurement Conditions® paragraph. The SAR data are nct affected by this change The overall dipole length is stal

according to the Standard.

No excassive force must be applied Lo the dipole ams, because they might bend or the soldered connections near the

feadpoint may be damaged.

Additional EUT Data

| Manufactured by

SPEAG

Canéicate No: DB35V2-4d153_May23

Pagedofs

Page 35 of 67




ot op ] cetecom
Test report no.: 1-9201-24-01-03_TR1-R01 advanced

DASYS5 Validation Report for Head TSL

Date: 11.05.2023

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz: Type: DB35V2; Serial: DB35SV2 - SN:4d 153

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz: 6 = 0.94 S/m: £ = 41.2; p = 1000 kg/m?
Phantom section: Flat Section

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

DASYS2 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.69, 9,69, 9.69) @ 835 MHz: Calibrated: 10.01.2023
Sensor-Surface: 1.4mm (Mechanical Surtace Detection)

Electronics: DAE4 Sn601; Calibrated: 19.12.2022

Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Senal: 1001

DASYS52 52,10.4(1535). SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:

Measurement gnd: dx=5Smm, dy=Smm, dz=5Smm

Reference Value = 63.18 V/im: Power Dnift = -0.04 dB

Peak SAR (extrapolated) = 3.77 Wikg

SAR(1 g) = 2.49 W/kg; SAR(10 g) = 1.61 W/kg

Smallest distance from peaks to all points 3 dB below = 16.3 mm
Ratio of SAR at M2 10 SAR at M1 = 65.7%

Maximum value of SAR (measured) = 3.31 Wikg

-2.00
-4.00
-6.00
-8.00
-10.00

0dB = 3.31 W/kg = 5.20 dBW/kg

Centficate No: DB35V2-4153_May23 Page 5¢f8
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Antenna Parameters with Head TSL

From cal. data

Measured 2024-06-21

Impedance; transformed to feed
point

51.0Q -3.5)Q

49.7Q -4.5|Q

Return Loss

-28.9dB

-26.8dB

Page 37 of 67
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Impedance Measurement Plot for Head TSL

Ble Wew Chawnel Semwp Cofration Irace Scsle Maker System Wodow Heb

. i
d— -1 \
1
r lr i Rat A"' iz —
St CH1 &1 C" 1P Avge20 Delay ViRt |
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DASY5 Validation Report for Body TSL

Date: 09.05.2023

Test Laboratory: SPEAG. Zunich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d153

Communication System: UID 0 - CW; Frequency: 835 MHz

Mediuvm parameters used: { = 835 MHz: o = 0.99 S/m; & = §5.2; p = 1000 kg/m*
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEAEC/ANST C63.19-2011)

DASYS2 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.85, 9.85, 9.85) @ 835 MHz; Calibrated: 10,01.2023
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 19.12.2022

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

DASYS52 52.10.4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 56.29 Vim: Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.57 W/kg

SAR(1 g) = 2.46 Wikg; SAR(10 g) = 1.62 W/kg

Smallest distance from peaks te all points 3 dB below = |6 mm

Ratio of SAR a1t M2 to SAR mt M1 = 69.1%

Maximum value of SAR (measured) = 3.19 Wikg

-1.80
-3.60
-5.40
-1.20
-9.00

0dB =3.19 Wikg = 5.04 dBW/kg

Ceortficate No: D835V2-44153_May23 Page 7ol B
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Impedance Measurement Plot for Body TSL
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Centdicate No: D835V2-4d153_May23 Page8ofg

Page 40 of 67




Test report no.: 1-9201-24-01-03_TR1-R01

cetecom

advanced
6  Calibration report “1750 MHz System validation dipole”
W, S Schwelzerischer Kalibrierdienst
Callbmlon Laboratory of S, Goivios siiens d'Mbioniags
Schmid & Partner flacwmrA C  Servizio svizzero di taratura
Engineering AG e S Swiss Calibration Service
Zaughausstrasse 43, 8004 Zurich, Switzarland "»,;,ﬁ\\-“‘

Accredited by the Swiss Accreditation Service (SAS)

Accreditation No.: SCS 0108

The Swiss Accraditation Service Is one of the signatories to the EA
Multilsteral Agreement for the recognition of calibration cerlificates

Client Cetecom Advanced ] Certificata No. D1750V2-1093_Aug24
Saarbriicken, Germany
CALIBRATION CERTIFICATE
Orject D1750V2 - SN: 1093
Callbration procedurels) QA CAL-05.v12
Calibration Procedure for SAR Validation Sources between 0.7 - 3 GHz
Catbration date August 15, 2024

This calbration cerlilicate documents the traceability 1o national standards, which realize the physical uniis of maesuremants (SI).
The measurements and the uncertainties with cenlidence probatility are given an the llowing pages and are part of the certificate,

All calbrations have teen conducted in the closed laboratory faciity: enviranment temperature (22 = 3)°C and humidity < 70%.
Callbration Equipment used (MATE critical for calibration)

[ Primary Standards D Cal Date (Centificate No,) Schadulea Cal

Pawer Sensor RAS NAP-33T SN: 100967 | 28-Mar-24 (No. 217-04038) Mar-25
Bower Sensar RAS NAP1BA SN 101853 | 21-Mar-24 (No. 4030A315007801) Mar-25

| Spectrum Analyzer R&S FSV40 SN: 101832 | 25-Jan-24 (No. 4030-315007551) Jan-26
Mismatich; Shart [S4188] Atenuator [S4423] | SN: 1152 2B-Mar-24 {No. 217-04050) Mar-26
OCP DAK-12 SN 1016 05-Oct-23 (No. OCP-DAK12-1016_0c123) Oct-24
OCP DAK-3.5 SN: 1248 | 05-Oct-23 (No. OCP-DAK3.5-1249_Oci23) Oct-24
Reference Probe EX3DV4 SN: 7345 03-2un-24 (No. EX3-7343_Jun24) Jun-25
DAE4ip SN: 1836 10-Jan-24 (No. DAE4ip-1836_Jan24) Jan-25
Sacondary Standards | 1D Checx Date (In house) Scheculed Chidk
ACAD Source Box | SN:1000 | 28-May-24 (No. 675-ACAD_Source_Box-240526] | May-25
Signal Generator R3S SMB100A | SNI1B2081 | 28-May-24 (No. 00O1-300719404) Meay-25
Mismaich; SMA T8N; 1102 22-May-24 (No. 675 Mismalch_SMA-240522) May-25

Name Function Signature

| Calibrated by Kregimir Franjié Laboratory Technician

Approved by Sven Kihn

Technical Manager ._l é
¥ 3

Issued: August 15, 2024
This calibration certificate shall not be repraduced except in full without written approval of the laboratery.

Certificale No: D1750V2-1093_Aug24
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Calibration Laboratory of S, S e et
Schmid & Partner M C  Servizio svizzero di taratura
Engineering AG BN S Swiss Calibration Service
Zoughaussirasse 43, 8004 Zurich, Swazerland A
Accradited by the Swiss Accredilation Sarvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signalories 10 the EA
Multliateral Ag for the gnition 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

+ IEC/EEE £2209-1528,"Measurement Procedure For The Assessment Of Specilic Absorplion Rate Of Human Exposure To
Radic Frequency Fields From Hard-Held And Body-Worn Wireless Communication Devices - Part 1528: Human Madels,
Instrumentation And Procedures (Frequency Range of 4 MHz 1o 10 GHz)*, October 2020,

» KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz*

Additional Documentation
+ DASY System Handbook

Methods Applied and Interpretation of Parameters

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

+ Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed point exactly below the center
marking of the flat phantomn section, with the arms oriented paraiel to the body axis.

« Feed Point Impedance and Return Loss: These parameters are measured with the dipole positioned under the liquid filled
phantom. The impedance stated is transformed from the measurement at the SMA connector 1o the fead point. The Beturn
Loss ensures low reflected power. No uncertainty required.

+ Eleclrical Defay: One-way delay between the SMA connector and the antenna jeed point. No uncertainty required,

« SAR measwead: SAR measured al the stated antenna input power.

* SAR normalized: SAR as measured, normalized Lo 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 faclor k=2, which for a normal distribution corespends 10 a coverage probability of approximately 95%,

Certificate No: D1750V2-1093_Aug24 Page2¢!6
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D1750V2 - SN: 1093 August 15, 2024
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS Module SAR 16.4.0
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10mm with spacer
Zoom Scan Resolution dx, dy = 6mm, dz = 1.5mm Graded Ratic = 1.5 mm (Z direction)
Frequency 1750MHz +1MHz
Head TSL parameters at 1750 MHz
The following paramelers and calcuations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40,1 1.37 mnhoim
Measured Head TSL parameters (22.0 £0.2)°C 40.4 +6% 1.38 mha/m 6%
Head TSL temperature change during test <05°C
SAR result with Head TSL at 1750 MHz
SAR averaged over 1 cm? (1 g) of Head TSL Condition |
SAR for nominal Head TSL parameters 24 dBm Input power 9.08 Wikg
SAR for nominal Head TSL parameters normalized to 1W 36.1 Wikg +17.0% (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL Condition
SAR for nominal Head TSL parameters 24 dBm input power 4.85Wikg
SAR for nominal Head TSL parameters normalized to 1W 19.3 Wikg £16.5% (k=2)
Certificate No: D1750V2-1083_Aug24 Page 3 0f 6
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D1750V2 - SN: 1083 August 15, 2024

Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 1750 MHz

Impecance 501 Q-0.4 0

Return Loss 47,7 dB

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.215ns

After long term use with 100W radiated power, only a shght warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connecied to the
second arm of the dipole. The antenna is therefere short-circuited for DC-signals. On some of the dipoles, small end caps are

added to the dipole arms In order 1o improwe matching when loaded according to the posdion as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is stil

according to the Standard. No excessive force must be applied to the dipole arms, because they might bend or the soldered

connections near the feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Certificate No: D1750V2-1093_Aug24 Page4of 6
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D1750V2 - SN: 1093 August 15, 2024

System Performance Check Report

Summary
Dizoe Frequency INKZ) ™ Power idBm)
0175002 - $41093 1759 st 24
Exposure Conditions

Prarcam Section, TSL Test Distarce [mm]  Bard  Groep, LID Trequescy [Miz], Charnel Nurshar Cowwersion fastor  TSL Condutimiy Sinl TSL Permausity

Hat ‘o Cw, ge 1500 1% 1.3% 404
Haroware Setup
Phractom TS, Neasuted Date Frote, Calbration Date WS, Calbranon Tate
MIPVAD Righe ML 2024-08- 1% EXIVE - SNT 549, 2U24-08-U3 CAZ4ip Snt 830, 202401 -10
Scans Setup Measurement Results
Toam Scan 2eom Saan
Grig Dazerey [remi J0x30x30 Cate 202a.08-15
Grig Steas dmm| GOXGON1S psSAR] g w/ /gl 948
Semior Surface [rm) 14 FASARI D IWiXg] 485
Graded Grig ver Poemer Ceift jot1) 0,01
Cradisg Ratin 1.5 Fumer Scalng Deaabihed
NAK NiA Scalng Facroe WE
Sutfece Detection Al goenny T5 Corrmction Positive | Negitve
Scan Method Neswsured

DdB - 16.2 W/kKg

Certificate No: D1750V2-1093_Aug24 Page 50f 6
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D1750V2 - SN: 1033 August 15, 2024

Impedance Measurement Plot for Head TSL

S11 Smith (R+}X) Scale 1.00
>1 1,750000 GHz 50.074 Q-0.405 0

10.00
5.00 >1 1.750000 GHz 47,719 4B

0.00
-5.00
-10.00
-15.00
-20.00
-25,00
-30.00
<35.00

160 1.70 1.80 1.90

GHz

Certificate No: D1750V2-1093_Aug24 Page6of 6
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Calibration report “1900 MHz System validation dipole”

Calibration Laboratory of L, §  Schweasrischer Kaibrierdienst
Schmid & Partner g ¢ Service suisse dWtalonnage
Engineering AG % Servizio svizzero di taratura
Zaughausstrasse 43, 8004 Zurich, Switzerland I S Swiss Calibration Seevics
Accreditnd by the Swiss Acoreditation Senvice [SAS) Accreditation No: SCS 0108
7mmmmma¢m“uommmwswmu
L al Ag for the anition of calibration certificstes

or M@fmmvmmm 0.7-3 GHz

Catbration procsduresy

Cibrasen date: May 12,2023

Ths caibraton certficale documents the Iraceatiity 10 nabional stardards. ‘which realze the physical units of measuremsnts (S1)
The measurements and 1he undertaintes with confidence probabikty are given on the folkvwng pages and are pert of the canificale.

AN Calbrations hawi been concucted in the closed laboratory tacilty: environment temperatucs (22 + 3)°C and Purmidity « 70%.

| Calbeation Equipment usod (MATE criics for cathrason)

| Primary Stancards e Cal Date (Corsficata No.) = Scheduled Calbraton |
Powar mater NRP2 SN 104778 30-Mar-23 (No. 217-03804/03805) Mar-24
| Power sans0r NRP-281 SN: 103244 30-Mar-23 (No. 217-03804) Mar-24
Power sensor NRP-Z201 SN: 100245 30-Mar-23 (Ne. 217-03805) Mar-24
Reference 20 o8 Atersstior SN BHO394 (20x) 30-Mar-23 (No. 217-03808) Mar-24
Type N msmatch combinoticn SN: 310862 / 06327 30-Mar-23 (No. 217-03810) Mar-24
Reference Prabe EX3DV4 SN 7348 10-Jan-23 (No. EX3-7349_Jon23) Jan-24
DAES SN 60 19:Dec22 (No DAE4-601 DecZ2) Doc-23
| Secondary Standards o# - Chiock Date (in house) Scheduled Chack
Power meter 42158 SN GB39512478 I0-0ct-14 {in housa check Oct-22) In house check. Oct-24
Pawer sensor HP 84814 SN: US3T292783 D7-0t-15 (in house chack Oct-22) In house check. Oct-24
| Pawer semor HP 84814, SN: MY41093315 07-0ct-15 {in house check O1-22) In house check Oct-24
RF generator RES SMT-L6 | SN: 00972 15-Jun15 [in house check 0c1-22) In house chedk: Oc-24
Network Analyzer Agivet ES358A | SN US41080477 I1-Mar 14 (0 nousa check Oct-22) In house chedk: Oct-24
|
| e
Calbraned by: it ~ by =
[ N e 2 e e
Apploved by S
g VLI e 1

Issusd May 18,2023
Tres caibration cerdficae shall nat ba reseoduced except in full wihout ‘iilten appeaval of the laboratory.
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Calibration Laboratory of Schwaizerischer Kalibr
Schmid & Partner Service suisse détalonnage
Engineering AG Servizic svizzero & taratura
Zoughausstrasse 43, 8004 Zurich, Switzerfand Swiss Calibration Service
Accreditad by the Swiss Accreditaton Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilaterat Agreemont for the recognition of calibration certificatos

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%.

Certificate No: D1800V2-50009_May23 Pagez2ol8
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS2 V52.10.4
Extrapolation Advanced Exiragolation
Phantom Modular Fliat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx. dy. dz =5mm
Frequency 1800 MHz £ 1 MHz
Head TSL parameters
The following p ters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1 40 mho/m
Measured Head TSL parameters {220+02)°C WBT+6% 1.40 mho'/m £ 6 %
Head TSL temperature change during test <05°C — —_
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.86 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 39.1 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measwed 250 mW input power 518 Wikg
SAR for nominal Head TSL paramelters normalized to 1W 20.6 Wikg £ 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1,52 mhaim
Measured Body TSL paramaters (22.0402)'C 52046% 1.52 mhaim £ 6 %
Body TSL tempaerature 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 10.1 Wikg
SAR for nominal Body TSL parameters narmalized to 1W 40.2 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input pawer 5.29 Wikg
SAR for nominal Body TSL parameters noemalized 1o 1W 21,1 Wikg £ 16.5 % (k=2)
Certificate No: 01900V2-50009 _May23 Page 3of 8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed pont 5180+34 0
Return Loss ~28508
Antenna Parameters with Body TSL
Impedance. ransformed o feed point 4700+386i0Q
Return Loss -264 0B
General Antenna Parameters and Design
[ Elactrical Delay {one direction) ] 1.187 ns ‘1

After long term use with 100\ radiated power. only a slight warming of the dipole near the feedpoint can be measured

The dipcle s made of standard sermingid coaxial cable. The center conductor of the feeding line is directly connected o the
second arm of tha dipole. The antenna is therefore short-circuited for DC-signals. On soma of the dipoles. small end caps
are added to the dipole arms in order to improve matching when loaded according 1o the position as explained in the
*Maasurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still

according to the Standard

No excessive force must be appled 1o the dipole arms, because they might bend or the soldered connechions near the

feadpoint may be damaged.

Additional EUT Data

| Manufactured by

SPEAG

Centificate No: D1900V2-5d008_Nay23

Page dof 8

Page 50 of 67




Test report no.: 1-9201-24-01-03_TR1-R01 cetecom
advanced

DASYS5 Validation Report for Head TSL

Date: 12.05.2023
Test Laboratory: SPEAG. Zunch, Switzerland
DUT: Dipole 1900 MHz; Type: DI1900V2; Serial: D1900V2 - SN:5d009
Communication System: UID 0 - CW; Frequency: 1900 MHz
Medium parameters used: = 1900 MHz: o = 1.4 S/m: & = 38.7; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (JEEE/IEC/ANSI C63.19-2011)
DASYS52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(8.35, 8.35, 8.35) i@ 1900 MHz; Calibrated: 10:01.2023
« Secnsor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 19.12.2022
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P30 AA; Senal: 1001
o DASYS2 52.10.4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 108.0 V/m; Power Dnft = 0.08 dB

Peak SAR (extrapolated) = 17.9 Wikg

SAR(1 g) = 9.86 W/kg: SAR(10 g) = 5.18 Wikg

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

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

Maximum value of SAR (measured) = 15.2 Wkg

dB8

-3.00
-6.00
-9.00
-12.00
-15.00

0dB =152 Wikg = 11.82 dBW/kg

Certificate No: O1500V2-50009 May23 PagaSold
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Impedance Measurement Plot for Head TSL
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Antenna Parameters with Head TSL

From cal. data

Measured 2024-06-21

Impedance; transformed to feed
point

51.8Q +3.4jQ

52.3Q +3.8jQ

Return Loss

-28.5dB

-27.4dB
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DASYS5 Validation Report for Body TSL

Date: 12.05.2023

Test Laboratory: SPEAG, Zunch, Switzerland

DUT: Dipole 1900 MHz: Type: D1900V2; Serial: D1900V2 - SN:5d009

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

Medium parameters used: £= 1900 MHz; o = 1.52 S/m; 5~ 52; p = 1000 kg/m®
Phantom section: Flat Section

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

DASYS52 Configuranion:

Probe: EX3DV4 - SN7349; Convi(8.42, 8.42, 8.42) (@ 1900 MHz; Calibrated: 10.01.2023
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601: Calibrated: 19.12.2022

Phantom: Flat Phantom 5.0 (back): Type: QD 000 P50 AA: Scrial: 1002

DASYS52 52.10.4(1535): SEMCAD X 14.6.14(7501)

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

Reference Value = 103.3 V/m; Power Dnift = -0.07 dB

Peak SAR (extrapolated) = 18,7 Wkg

SAR(1 g) = 10.1 Wikg: SAR(10 g) =5.29 Wikg

Smallest distance from peaks to all peints 3 dB below ~ 9 mm

Ratio of SAR at M2 to SAR at M1 =55.7%

Maximum value of SAR (measured) = 15.2 Wkg

dB

-3.00
-6.00
-9.00
-12.00
-15.00

0dB =152 Wkg=11.82dBWikg

Cartificate No: D1900VZ-50009_May23 Paga7old@
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Impedance Measurement Plot for Body TSL
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8 Calibration certificate of Data Acquisition Unit (DAE) — SN: 1387
Calibration Laboratory of R Schweizerischer Kalibrierdienst
Schmid & Partner . Z Service suisse d'étalonnage

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Servizio svizzero di taratura
Swiss Calibration Service

",

/_\
-
Defy W™

S
4

)

N

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client Cetecom Advanced
Saarbriicken - Germany

|CALIBRATION CERTIFICATE

Certificate No: DAE4-1387_Aug24

| Object DAE4 - SD 000 D04 BM - SN: 1387

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

Calibration date: August 08, 2024

This cakbration certificate documents the traceability 1o national standards, which realize the physical units of measurements (SI)
The measurements and the uncentainties with confidence probability are given on the following pages and are pan of the cerificate

All calibrations have been conducted in the closed laboratory facility: envirenment tlemperature (22 + 3)°C and humidity < 7085,

Calibration Equipment used (M&TE critcal for catibration)

| Primary Standards [ID# Cal Date {Certiiicate No.) Seheduled Calibration
Kelthiey Mullimater Type 2001 I SN: 0810278 29-Aug-23 (No:37421) Aug-24

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

Auto DAE Calibration Unit SE UWS 053 AA 1001 23-Jan-24 (in house check) In house check: Jan-25
Calibrater Box V2.1 SE UMS 006 AA 1002  23-Jan-24 (in house check) In house check: Jan-25

Name Function Sjanatpre
Calibrated by Adrian Gehring Laboratory Technician [
Approved by: Sven Kahn Technical Manager \ q : ( j

Issued: August B, 2024
[ This calibration certificate shall not be reproduced except in full withcut written approval of the laboratory.

Cettificate No: DAE4-1387_Aug24 Page 10t5
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9 Calibration certificate of Data Acquisition Unit (DAE4ip) — SN: 1842

Calibration Laboratory of

‘\\“\"P""/:,

SN 7%, Schweizerischer Kalibrierdienst
Schmid & Partner ﬂ% Service suisse d'étalonnage
Engineering AG e Servizio svizzero di taratura
. N 2
Zeughausstrasse 43, 8004 Zurich, Switzerland oo 7% R Swiss Calibration Service
el tW
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Client Cetecom Advanced
Saarbricken - Garmany

|CALIBRATION CERTIFICATE

Certificate No: DAE4ip-1842_Nov24

Object DAE4ip - SD 000 D14 AG - SN: 1842

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

Calibration date: November 06, 2024

This calibration certificate documents the traceability 1o natonal standards, which realze the physical units of measurements {SI)
The measurements and the unceralntles with confidence probability are given on the following pages and are part of the certilicate.

All calibrations have been conducted in the closed laboratory faciity: environment temperature (22 = 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calbration)

Primary Standards ID# Cal Date {Certficate No ) Scheduled Calibration
Keithley Muttimeter Type 2001 SN: 0810278 27-Aug-24 (No:40547) Aug-25

Secondary Standards 1D # Check Date (in house) Scheduled Check

Auto DAE Calbration Unit SE UWS 053 AA 1001 23-Jan-24 (in house check) In house chack: Jan-25
Calibrator Box V2.1 SE UMS 006 AA 1002  23-Jan-24 (in house check) In heuse check: Jan-25

Name Functicn Sii e
Calibrated by: Adrian Gehring Laboratory Technician ] =z

Approved by Sven Kihn Technical Manager \ { : N ]
L (g{ (el

Issued: November 6, 2024
This calibraton certificate shall not be reproduced except n full without written approval of the laboratory. |

Certificate No: DAE4ip-1842_Nov24 Page 1 of 5
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10 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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11 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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12 Application Note System Performance Check

12.1 Purpose of system performance check

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

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

12.2 System Performance check procedure

Preparation

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

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

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

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

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

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

12.3 Uncertainty Budget

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

* RF ambient conditions

* Dipole Axis to Liquid Distance

* Input power and SAR drift measurement

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

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

Page 63 of 67




Test report no.: 1-9201-24-01-03_TR1-R01 @

cetecom

advanced

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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12.4 Power set-up for validation

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

dir.
. 3dB .
Signal Low cable
Generator Pass 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.

12.5 Laboratory reflection

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

12.6 Additional system checks

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

+ 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.

Page 67 of 67



