SAR Calibration Certificate - Probe EX3DV4 SN7372

Calibfaﬁon Laboratory of \\M,, irwvelzerischor Kailbrierdi
Schmid & Partner % Bervige suisse d'ételonnage
Engineering AG e Servizio svizzero di taraturas
Zeughausstrasse 43, 8064 Zurich, Switzetiand 7’,; //R\,‘}:‘k Swiss Calibration Bervice
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Agoredited by the Swiss Accreditation Servics (8A3) Accreditation No.: SCS 168

The Swiss Accreditation Service Is ene of the sigriatonies 1o the BA
Tultilateral Agreement for the recogrition of calibration certificates

Calibration procedure(s)

Calibration date:

This calibration serificate docunents the iracesblity o nalional standards, which reatize the physioa! units of peasurements {82,
The measurements and the uncertalnties with confidence probabiiity are given on the following pages and are part of the certifivate.

. Al catl have been co o in the dosed laboratory faciity: environment temperatura (22 & 3)°C and humidity < 70%.

Calibration Equipment used (METE oriticat for calibration)

Primary Standards i Cal Dade (Certificata No.) Soheduled Calinralion
Power meter E44198 GR41293874 D1-Apr-18 {No. 217021285 Mar-18

Power sensor E4412A Y4 1498087 O1-Apr-15 iNp, 217-02128) Mar-18

Referance 3 dB Altenuator SN: 85054 {3¢} Q1-Apr-15 (o, 217-02128) Mar-18

Heferenoe 20 dB Atenutor SN SH2TT 20y H-Ape-15 (No. 217-02152) Mar-16

Reference 30 dB Attenuator BN: 35129 {30h) O1-Apr-15 {Mo. 217-02133) Mar-18

Reference Prohe E33DVZ S 3013 31-Dee-16 Mo, ES3-3013_Dec1s) - Dec-18

DAE4 SN B8O 23-Dec-15 {Mo. DAE4-860_De¢is) | Dew16

Secondary Standards i) Check Date fin house) Bcoheduted Check

RF gensrator HP 8848C LS3842U01700 4-Aug-88 {in house chack Apr-13} in housa check: Apr-16
Network Analyzer HR 8753E US37390685 18-0ck-01 {in house check Oot-18) in hausa check: Out-18

Signare
Calibrated by: > Y

Approved by

lasued: March 17, 2016

This cadibration certificate shalf not ba repraduced axcapt in full without written approval of the ishomitory.
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Glossary: .

TSL tissue simutating liquid

NORMYY. 2z sensitivity in ffee space’

ConvF sensitivity in TSL /) NORMx vz

nep diode cormpression point

CF crest factor (1duty_cycle) of the RF signat

ABCD modutation dependent linearization parameters

Polarization ¢ i rotation around probe axis

Polarization & 4 rotation around an axis that Is in the plane normal to probe axis (st measurement center),

e, & = 0is normal fo probe axis )
Connector Angle information used in DASY systam o align probe sensor X o the robot coordinate systam

Calibration is Performed Actcording to the Foliowing Standards:

a)

b}
¢}
d}

{EEE Sid 1528-2013, “IEEE Recommended Pragtice for Datermining the Peak Spatisl-Averaged Spegific
Absorption Rate {SAR) In the Human Head from Wireless Communications Devices: Measurement
Technigues”, June 2013

IEC £2209-1, "Pracedure to measure fhe Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear {frequancy range of 300 MHz to 3 GHzY", February 2005

1EC 82209-2, "Procedure to determine the Speclfic Absorption Rate {SAR) for wirgless communication devices
used in close proximity to the human body {frequency range of 30 MHz to 8 GHz)", March 2010

KDB Be5664, "SAR Measurement Requirements for 100 Mz to 8 GHz"

Metimds Applied and Interpretation of Parameters:

NORMy,y,z: fssessed for E-field polarization & = 0 {f < 800 MHz in TEM-cell; f > 1800 MHz: R22 wavegmde}
NORMx,y,Z are only infermediate valuss, 1.e., the uncertalnties of NORMx.v.z does not affect the E>field
uncertainty inside TSL (see balow ConvF},

NORMfIx vz = NORMyx,y, 2 * frequency._response (see Fraquency Response Chart), This Inearization Is
implemented in DASY4 software versions later than 4.2, The unceriainty of the frequency response is Included
in the stated uncertainty of ConvF,

DCPx,y,z: BCP are numerical linearization parameters assessed based on the data of power sweep with OW
signal {no uncartainty required). DCP doss 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

Ak vz Bx vz Cxyz Dy VRx .z A B, G, D are numerical linearzation parameters assessed based on
the data of power sweep for specific modulation signal, The parameters do not depend on fragquency nor
mediz, VR 5 the maximum callbration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Pararnelers; Assessed in flat phantom using E-field {or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using anslytical field distributions based on power
measuramernts for {> 800 MHz. The same selups are used for assesement of the paramelers applied for
boundary compensation {alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe acouracy close to the boundary. The sensitivity in TSL corresgonds
o NORMx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvFis used in DASY version 4.4 and higher which aliows extending the validity from £ 50 MHz 1o £ 100
MHz,

Spherical isotropy (3D deviation from Isotrapy). In a field of low gradients realized using & fat phantom
exposed by a patch antenna.

Sensor Offset. The sensor offset corresponds to the offssl of virtuat measurement center from the probe tip
{on probe axis), No tolerance required,

Connector Angle: The angle i assessed using the information gained by delermining the NORMx (no
unwartainty required).
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EXVE —~ SNT372 March 15, 2018

Probe EX3DV4

SN:7372

Manufactured:  March 17, 2015
Calibrated: March 15, 2016

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 systemt)
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EXIDVA- BN

7372

March 15, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7372

Basic Calibration Parameters

Sensor X SensorY Sensor Z Une (k=2}
Noem (pVAVimy)" 0.50 0.30 052 +10.1 %
DCP {imvi® 95.5 101.1 95,1 .
Modulation Calibration Parameters
H o) Communication Systam Name A B o] D VR the"
uB dBVpV a8 my (le=2)
G Cw X 4113 0.0 1.0 0.00 141.8 *3.0%
¥ 0.0 0.0 10 142.9
Z 0.0 0.0 1.0 184.1

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

probability of approximately 95%.

* The uncertainties of Nom X,Y.2 do rot affect the £%fteld uncertainty inside T5L (ses Pages 8 and 8).
= Nurmerioal rwarization: parameter; uncertalnty not required.

¥ Uncertainty is determined using the max, deviation from firsar responss applying rectengular distribution and is expressed for th squere of the

field valus.

Certificate

Mo EX3-7372_Marts
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EX3DV4- SN7372 Mareh 15, 2016

DASYIEASY - Parameters of Probe: EX3DV4 - SN:7372

Calibration Parameter Determined in Head Tissue Simulating Media

Relati c ity Depth Unc

FHn© Permittivity " {Sim} F ConvF X  ConvFY | ConvFZ A[Ebhac’ [{10) {k=2}
650 42.5 0,66 1024 | 1024 1 024 | opg | 125 1 4433%
750 418 0,89 1040 | 1040 | 040 | 048 | 081 | %120%
835 41,5 _08o 9.58 9,58 8,58 042 | 084 | x120%
500 416 0.97 9.36 938 236 025 1 122 | 2120%
1450 - 405 1,20 .51 851 851 040 | pa0 | 2120%
1750 40.1 1,37 8.20 8.20 820 032 | 890 | +120%
1900 400 140 7.91 791 7.91 031 | om0 | z120%
1950 40,0 1.40 7.71 7.7 7.7 038 | 080 | $120%
2450 392 1,80 7.15 7,16 7.15 043 | 081 | £120%
2600 30.0 1.95 6,84 6.84 6.54 o042 | 085 | £120%
5200 360 456 4.80 4.80 480 035 | 180 | #131%
5250 35.9 47 4.67 4,67 4.67 035 | 180 | £131%
5300 35.8 4,78 4,64 4,54 4,5 040 | 180 | =431 %
5500 355 4,98 432 4.32 4.32 045 | 180 | £131%
5800 455 507 4,17 447 417 045 | 180 | 2134%
5750 354 5.22 421 4.21 4.2 050 | 180 | £131%
5800 35.3 527 440 4190 410 050 | 180 | 2131 %

© Frequeney validity above 300 Mz of % 100 Midz only applies for DASY vd.4 and higher {see Page 2), efse it Is restricted to & 50 MHz, The
uncestainly is the KSS of the ConvF uncertainty at calibration frequency and the uncextainty for the indivated frequency band. Frequeney validity
helow 300 MMz is + 10, 28, 40, 50 and #0 MHz for GonvF assessments at 30, 64, 128, 150 and 220 MHz raspectively. Above & GHz frequency
validity an be extanded to & 110 MHz, .

¥ At frequencies below 3 BHz, the validity of fissue parameters (= and o) can be refaxed to £ 10% i liguid compensation farmula s applied fo
measurad SAR valuss, At frequencies above 3 GHz, the validity of tissue parametsrs (¢ and o) i restdoted to & 5%, The unsertainty Is the RSE of
the ConwF uncartainty for indicated target tissue p .

& Mpha/Dezth are detormined during caliration, SPEAG warramts that the remaining deviation tue to the boundary effect after compensation is
always less than + 1% for frequencies Below 3 Gz and bolow » 2% for frequencies belween 3-8 BHz at any distancs larger than haif the probe tip
diameter fron the boundany.

Certificate No: EX3-7372_Mar16 Page 5of 11




EX30V4- SN:7372 March 15, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7372

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity . Depth © Une

F{MH2)C | Permittivity® (B F ConvF X | ConvFY | GConwFZ | Ajpha® | (mm} {k=2)
630 55.8 0.98 10.868 10,58 10.5¢ 0.0 1.26 +183 %
750 55.5 0.98 10,40 1040 10,40 0,33 1.38 +120%
835 55,2 0.97 10.18 10,18 10.16 0.35 1.18 +12.0%
800 550 105 9.80 8.90 9.90 0,25 1.40 +12.0 %
1450 54.0 1.30 8,30 B.30 8.30 0,37 0.80 +120%
1750 53.4 1.49 7.87 7.97 797 047 0.80 +12.0%
1900 53.3 1.52 7.61 7.61 7.61 .38 0,80 +12.0%
1950 53.3 1.52 784 7.84 7.84 $.35 0.89 +12.0%
2450 527 1.85 7.30 7.30 7.80 0.35 0588 +12.0%
2600 52.5 2.18 6.83 6.83 683 0,37 0.86 £12.0%
5200 49.0 5,30 4.45 4.48 445 0.50 1.90 +13.1%
5250 48.9 5.36 4.30 4,30 4.30 8.50 1.80 +13.1 %
5300 48.9 542 425 4.25 4.25 4,50 180 | £18.1%
5500 488 5.65 378 3.79 3.78 0.55 1.90 +13.1%
5600 48.5 877 3.82 352 3.562 0.60 180 | 2131%
5750 48.3 5.94 3.74 3.74 .74 0.60 1.90 181 %
5800 48.2 85,00 3.73 3.73 3.73 060 1.80 £13.1 %

© Fraquanty validity ahove 300 Mz of & 100 MHz only applies for DASY va.4 and higher {see Page 2}, glse s restricted to + 50 MHz. The
uncenalmy is the BSS of the ConvE uncerainty st calibration frequency and the uncertainty for the indicatad frequency band. Frequency validity
telow 300 MHz Is = 10, 25, 40, 50 and 70 MHz for ConyF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be exdended to & 110 MHz, -

F At froquencies below 3 Gz, the validiy of tissue parameters e and o) can be relaxed to = 10% if Hquld compensation formula Is appled to
rmeasured SAR values. At frequencies above 3 GHz, the validity of fissua paramsters {¢ and o} is resiricted to & 5%. The uncertainty is the R3S of
the ConvF uncerainty for indioated target issue paramaters.

@ Alpha/Depih are deterfined during calibration, SPEAG warrants that the remaining deviation dus lo the boundary sffect after compensation is
always less than x 1% for frequensies befow 3 GHz and balow i 2% for frequencies between 8-6 OHz al any distance larger than half the probe tip
diameter from the boundary.
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EX3DVA- BRTET2

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

March 15, 2018

Freguancy response nonmalized)
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EX3DV4- SN7372 Marcn 15, 2016

Receiving Pattern (¢), § = 0°

=600 MHz, TEM =1800 MHz,R22
L 0
" o
v
.; fl
] 2 "
e I
L
23
Tot
0.5 ......
g L :
?g"‘ iy e s o e B oy grrReRm g 8
@
05 : ( o T T
L 1 i % ] I 3 ; L 1 I i 1] ] § ] i, - | i 3 L 3 é 1 1 i i é i 1!
i 100 56 & = 180 i
- Roll [7] )
[ (@] ie
zcﬁi:; Wiz ShF iz 18@7\71‘!-{2 56T Wz

Unoertainty of Axial isotropy Assessment: & 0.5% (k=2}
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EX30W4- SNT3T2 March 15, 2018

Dynamic Range f{SARp.q)
{TEM cell , foya= 1900 MHz}
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Uncertainty of Linearity Assessment: & 0.6% (k=2)

Cerlificate No: EX3-7372_Mar18 ) Page 9 of 1




EX3DV4- SN:7372

Conversion Factor Assessment

1= 800 MHz, WGLS RS {(H_convF)

March 18, 2016

f= 17560 MMz WGELS R22 (H_convF)
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Deviation from Isotropy in Liquid
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Uncertainty of Spherical isofropy Assessment: & 2,6% (k=2}
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EX3DV4- BMN7372

Maroh 15, 2016

DASY/EASY - Parameters o_f Probe: EX3DV4 - SN:7372

Other Probe Parameters

Sensor Arrangement Trangular
Connector Angle {°} 51.8
Mechanicat Surface Detection Made enabled
Opticat Surface Detection Mode digabled
Proba Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 8 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Galibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Bensor Z Calibration Polng 1 mm
Hecommended Msasurement Distance from Surface +.4 mim

Certficate No: EX3-7372_Mar6
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