Calibration Certificate for E-Field Probe EX3DV4 - SN 3922
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Glossary:
TSL fiszue simulating liguid
MORMa y,z sensitivity in frea space
CarvF mensitivity m TSL / NORM:,y,2
DCP dagde COMprassson poaTt
CF crest factor (1iduty_cycle) of the BF signal
M B C.O modulalizn dependent linsarization parameters
Polanization g wp ralation around probea axis
Palarization & & ratation areund an axs thet |z in the plane nommal 1o probe axis (at messurament center),
.., & =0isnarmal lo probe axis
Connachar &ngha infarmation uged in DASY systam to align probe sensar X 1o the rebot coondingts systam

Calibration is Performed According to the Following Standards:
aj IEEE Std 1528-2013, “IEEE Recormnmended Practice for Datermining the Peak Spalial-Averaged Specific
Absarplicn Rate (SAR) in the Human Head fram Wireless Communications Devices: Measurement
Techniques”, June 2013
Bl IEC 62309-1, "Frocedure b measurs the Specific Absorption Rate (SAR) far hand-held devices used imclose
praxirmiy b ihe ear (freguency rangs of 300 MHz o 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:
s NORMY Y,z Assessed for E-fisld palarization & = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: RE2 wavequidal,
MORKx v = are anly inlemediste values, La.. the uncertainties of MORMsx,y.2 does not effect the E7-fiald
uncedainty inside TSL {sae balow ConvF)

s NORMN Y,z = NORME .7 * Fequency_responde (see Freguency Responss Chart). This inearization is
implamaned in DASY4 software versions later than 4.2 The uncertainty of the Faguancy resgonse is included
in the stabed uncertainty of CanweF,

s OGPz DCP &ra numencal linesrizalion parameters sssesaed based on the data of poser sweep wilh W
gignal {no uncartairty required). DCP does not dapend on freguency nor meda,

& PAR: PAR is the Peak o Average Ratio thet is not calibrated bul detarmined based on the signal
characienislics

s Axyz Beyz Ceyz Deyz VRey2 A, B C, Dare numerical linearization parameters assessed bagad on
tha data of power sweeg for specific modulation signal, The parametars do nol depend on frequency nor
readia. W ie Ihe meximum calibration range expressed in RMS voltage scross tha dinde.

s ConvF snd Boundsry Effect Parasmaters: Assessed in flat phantom using E-field {or Temperature Transtar
Standard fer | = B00 MHz) Bnd inside waveguide using analytical field distibutions basad on pawer
mieasurements for f = B30 MMz, The same setups are used for assessmant of the paramelens apalied for
boundary compensation (alpha, depth] of which typical uncartindy values are given. These parametes ana
used i DASYS software 1o Improve probe accuracy clase b ihe boundary. The sensitivity in TSL correspands
1o WO, 2 * ConuF whereby the uncartaimy comesponds to that given for Camd®. A frequency depandant
ConF is used in DASY version 4.4 and highar which allows exiending the validity from + 50 MHzZ to £ 100
Mz

+  Spherical lsodropy (A0 dewation o solrogy): in & fiekd of low gradients realized using a flai phantem
expasad by a palch anleanna.

*  Sensor Offsel The sensor offset comespands 1o the altsed of virual measuremant center from the probe lip
{on probe eeis), Mo telerance requinsd.

s Conneclor Angle The engle ks assassed using the information gained by datarmining tha MORM: (no
unceramnty requirad),
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EX30WY - SH3822 Juna 17, 2018

Probe EX3DV4

SN:3922

Manufactured:  March 8, 2013
Calibrated: June 17, 2015

Calibrated for DASY/EASY Systems

{Maba; non-compatible with DASYZ syshaml)
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EX3DWd~ SN:-F322 Jung 17, Z1 5

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3922

Basic Calibration Parameters

Sensor & Senzar ¥ Bensor £ Ui (h=2)
Marm (irme 0ar B 0.45 0.50 + 101 %
DR (myT 104.8 1031 1007
Modulation Callbration Parameters ~
WD | Communication Sysiem Mame A B [ V] VR Unc™
dd | dBviv ] my | (e |
i =] ) % ] [ 1.0 oon | 139 | 233%
¥ B0 (i) 14 1314 |
'z 0o 0 1.0 1414 | ]

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 (o a coverage
prohability of approximately 95%.

* Thi uncertainges of Momxy.Z 0o nol afect the E™-fied uncartainty insids TSL (sen Pages S and &)

® Mumerical linearization parameher unceianhy nod regu el

¥ Lingerainty b desermirsed using (he max. tevalicn from Enear responss apohing reciang uar deinbuon and & sopreseed o e sguam of tha
Pl ks,
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EXA004- Sh:3023 June 17, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3922

Calibration Parameter Determined in Head Tissue Simulating Media

' . Relative [ Condustivity I R Dopth ™ Lnct. |

e Emrmitthvity [Sdmi ConvE X | ConvFY | ComvF Z | Alpha {mmj| (k=2p
2450 39.2 1.80 7.38 7349 T.38 0.23 1.15 120 %
2600 9.0 1,595 ] 720 T20 0.34 D.B3 120 %
5201 3.0 .65 5,25 £.15 5.35 0.30 1.80 #1331 %
5250 359 471 510 510 £.10 030 1.80 £151 %
5300 in4 4.TE .07 5,07 5.07 030 1.80 + 131 %
500 356 4,86 4.85 .85 455 0,35 180 | +£131 W
500 355 507 462 4,62 4,62 0.4 1.80 £ 131 %
G750 35.4 ! B2 475 | 4.75 4,78 040 1.80 +13.1 %
SE00 35.3 | 5.27 480 | 480 | 46D 040 18D #1311 %

* Fraguascy validity above 300 MHz of £ 10 MH2 anly apgliss for DASY wh 4 and higher [see Fage &) ek § & relicied io £ 50 Mz, The
uncarainty is Ihe RSS of e CorwF usceriminty ol caliEnation Tneguency and the uncertainky for the mdicilad frscusncy band Frequency vakdiy
bt 300 Mtz w8 £ 10, 25, 40, 50 and 7O MHz Tor Conef aesessments st 30, 84, 126, 150 e 220 MHz respecivy. Aboee & Gt Feqancy
wal ity an b pedanded o 110 MHz

Al requercies balow 3 GHz, tha valdiy of (ssue parameters (o and o) can ibe nebaoed 1o & 10% I bquid comparsation fomul B mpphed o
Mg SAR e, A iequencies stove 3 GHE (he validity of lssue carameters (¢ ond o) is mafrichd fo £ 5%, Tha uneamy & e RES of
tha Corg® unocertsnty for incicaled langal Sesus poaromales.

? aipkaDiepth arn salarmined durieg calbralion. SPEASG sormarks that e samtaining devdation due bo fhe w etiect st oy =
alvasieyk bizati thaan 2 1% for frequencies belger 5 GHe frd below £ 2% for raguencing. between 243 Cirte at gy detancs Bigar than hail the probe Sp
diameier from the boundary,
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EXIDN4— Shi: 3022 June 17, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3922

Calibration Parameter Determined in Body Tissue Simulating Media

T {MHz) ° P:r:r-ﬂ::.ﬁ‘ cn?;:;.w CorvF X | CorvF ¥ | ConwF Z | Alpha® Tn'::]u | ::1-?!_
2460 627 185 | T.a4B 7.48 7.48 pan | om0 | £120%
2600 | 52.5 216 7.28 T.28 728 0,30 080 | £120%
5260 488 5.5 445 4AB 4.6 040 | 180 | £131%
s600 | 485 | &7 3.67 a.87 387 | o080 | fe0 | +131%
5750 | 483 64 | 408 | 408 | 408 | 050 | 180 | s13iwm

© Fraquency validiey sieve 300 Wz of £ 100 Mtz only appiies for DASY w24 and higher |saa Faga 2. aka il & resliicled 6 & 50 MHZ The
urcerlanly 5 The RSE ol T ConyF uncemainty & calbralicn Fecquency and the uncerainty for the indcaied frequency band. Frequenoy vakid iy
tobirw J00 WMz 15 2 0, 25, 40, 5D and 70 MHz for ConvF assessimanta 4l 30, 64, 120, 150 and 220 Mz respeciively. Abowe 5 GHz equency
wibdity can be axiended o & 110 Mz,

- &l Fequencies below 3 GHZ, the validiy of tssue parmmsiars [z and =) can bs rebasad % 1 V0% i liquid compensation formuia s appled b
measned AR values. A aguancies abowa 3 GHe, e valdiy of tessue parametens (3 and =) is resincled o & 5% Tho unceriainty ks ®a RES of
the Comef uncerainty for indicated farget lssue parametens

= MlphsDapih are determined duing caltraion. SPEAG wamants That the remaining devializn s 1o tha Beundary efect afler compeneation is
alwirys ks han £ 1% Ff Facpancies below 3 GHz and below £ 2% lor equencies between 3-6 GHz al any distance [arger fan hall the proba ip
diamadar from e boundany.
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EX3DNd—- M 38E2 Jume 17, 2015

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Freguency Reaponsa of E-fiald: & 6.3% (k=2)
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EXI0 = Sh:3a22 June 17, 215

Receiving Pattern (¢), 9 = 0°

=600 MHz TEM f=1800 MHz.R22
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Unoertainty of Axial lsatropy Assesament: ®0.5% (k=2)
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EXSDVA- SM35E2 dune 17, 101§

Dynamic Range f{SAR}..4)
(TEM call , fouu= 1900 MHz)

Input Signal [uv]
=

a0
SAR [micm )

10m

*]
nol cormipe reated compananad

Uncertainty of Linearity Assassmant: £ 0,65 (k=2)
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EXA0VE= Shi:ate2 June 17, 2015

Conversion Factor Assessment

= 2450 MHz WELS R2Z (H_samF) f= 2450 MHZ WGLS R22 (M_consf)
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Deviation from Isotropy in Liquid
Error (4, 5), f = 200 MHz

-10 -0 OB 04 2 DO D3I 04 OE 08 1.0
Uncertainty of Spherical lsotropy Assessment: + 26% (k=2)
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EX30N - 5H. 3822 Jures 17, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3922

Other Probe Parameters

| Sensor Arangement Trisngular

| Connacior Angle ) 734

| Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabed
Proga Oarall Langth 3¥ mm
Probe Body Dlameter ' 10 mm
Tip Lengih T mm
Tip Diamsater - 2.5 mm
Probe Tip o Senzar % Gallbraton Paint T 1mm
Probe Tip lo Sensor ¥ Calibration FPoint 1 mim

| Probe Tip 1o Sensor £ Calibration Foint 1 mm

Recormmended Measurement Distance from Surece 1.4 mm
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