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IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit is a delicate, high precision instrument and requires careful treatment by ihe user. Thers are no
sarvicaabla parts inside tha DAE. Spacial attention shatl be given to the following poinis:

Battery Exchange: The battery cover of the DAES unit is closed using a screw, over tighlening the scoew may
cause the threads inside the DAE 1o wear out.

Shipping of the DAE: Befora shipping the DAE {o SPEAG for calibration, remove the batteries and pack the
DAE in an antistatic bag. This antistalic bag shall then be packed into a larger box or container which protects the
DAE from impacts during transportation. The package shall be marked to indicate thal a fragile insfrument s

E-Stop Failures Touch delection may be malfunctioning due Io broken magneis in the E-siop. Rough handling
of tha E-siop may lead 1o damage of these magnats. Touch and collision errors are often caused by dust and dir
accumulated in the Estop. To prevent Estop failure, the cusiomer shall aways mount the probe o the DAE
carefully and keep the DAE unit in 8 non-dusty environment if not used for measuremenis.

Repalr: Minor repairs are parformed al no extra cost during the annual calbration, However, SPEAG reserves
the right o charge for any repair especially if rough unprofessional handling caused the defect.

DASY Configuration Files: Since the exact values of the DAE mput resislances, as measured durng the
calibration procedure of a DAE unif, are not used by the DASY software, a nominal value of 200 MOhm is given
in the corrasponding configuration file

Important Note:
Warranty and calibration is void if the DAE unit Is disassembled partly or fully by the
Customer.

Important Note:

Never attempt to grease or oil the E-stop assembly. Cleaning and readjusting of the E-
stop assembly is allowed by certified SPEAG personnel only and is part of the annual
calibration procedure.

Important Note:

To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in the
mating position. Avold any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.
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Calibmtion Equipenant uSed (MATE crtical lor calibration)

Calibration procedure for the data acquisition electronics (DAE)

This calbration carificale documands ihe fraceatsity (o nalional standarss, which realizs the physical unils of measeemants (51).
The massurmmants and he uncorainties wilh conlidence probabilty ame given on the oliowing pages and am part of e canficals.

All calibrations have baen conducted in ihe closed laboraiony Incility. anvironmend lomperaiure (22 = 300 and humidiy < T0%

This calibeation centificate shall not be mproduced except in Tull without wiitlen approval of the kaborrory.

Primary Siandasds D8 Cal Dalw {Cedilicals No, | EScheduled Calibration

Hisilidoy Multemabar Type 2001 Sh 0810278 -Aug-1T (Mo 21083) Aug-18
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Callbrator Box V2.1 SE UMWS 0D6 AA 1002 (d-dan-18 {in house chiack) in howss check: Jan-18
Blasins Functicn Signaturs
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Appioved by Swen Kihn Depuly Managear
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Glossary

DAE

data acquisition electronics

Connector angle  information used in DASY system to align probe sensor X to the robot

coordinate system.

Methods Applied and Interpretation of Parameters
» DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds to the full scale range of the voltmeter in the respective range.

= (Connector angle: The angle of the connector is assessed measuring the angle
mechanically by a tool inserted. Uncertainty is not required.

= The following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurement.

Common mode sensitivity: Influence of a positive or negative common mode voltage on
the differential measurement.

Channel separalion: Influence of a voltage on the neighbor channels not subject to an
input voltage.

AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltage

Input Offset Measurement. Output voltage and statistical results over a large number of
zero voltage measurements.

Input Offset Current: Typical value for information; Maximum channel input offset
current, not considering the input resistance.

Input resistance: Typical value for information: DAE input resistance at the connector,
during internal auto-zeroing and during measurement.

Low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

Power consumption: Typical value for information. Supply currents in various operating
modes.

Cearfificate Mo DAE<-1338_Aug18 Fage 2ol 5



DC Voltage Measurement
AD - Comverler Resolution nominal

High Ranga: 1ILSB = 6.1V, full Fange =  -100...+300 my
Low Range: 1LSB = GinV . fulrange= -1....... +3m
DASY measurement parametars: Auto Zero Time: 3 sec; Measuring lime: 3 sec
Calibration Factors x Y z
High Range 403.344 + 0.02% (k=2) | 403.624 £ 0.02% (k=2) | 403.107 £ 0.02% (k=2)
Low Range 3.95102 + 1.50% (k=2) | 3.88703 + 1.50% (k=2) | 3.99683 £ 1.50% (k=2)
Connector Angle
Connector Angle to be used in DASY system 2BF0%"+1°®

Certificate Mo: DAE4-1336_Aug18 Page 3ol 5



Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voltage Linearity

High Range Reading (uV) Difference (pV) Error %)
Channel X + Input 200042 98 8.65 0.00
Channel X + Input 200005 34 1.11 0.01
Channel X = Input -20005.65 =0.58 0.00
Channel ¥ + Imput 200034, 32 12 0,00
Channel ¥ + Input 20003 47 1,567 «0.01
Channel Y - Input -20006.39 -1.21 0.01
Channel £ + Imput 20003222 «2.05 0,00
Channel Z + Input 20002.78 2.14 -0.01
Channel £ = Input 20007 34 -2.09 001
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2001 .47 0.30 0.01
Channel X + Input 201.92 0.78 0.39
Channel X = Inpust -198.26 0.58 «0.30
Channal ¥ 4+ Input 2001.55 .37 0.02
Channel ¥ + Input 20097 <011 -0.05
Channel ¥ = Input -199,34 -0.43 022
Channel Z + Input 2001.12 0.04 0.00
Channel Z + Input 200.15 -0 .88 -0.44
Channel Z = Input 200,14 -1.15 0.58
2. Common mode sensitivity
DASY measurement paramelers: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Rango
Input Voltage (mV}) Average Reading (uV) Average Reading (uV)
Channel X 200 6.04 4,72
- 200 413 -4.74
Channel ¥ 200 3,85 -3.78
= 200 2.68 2,45
Channel Z 200 22.40 22.16
= 200 -24 B3 2510
3. Channel separation
DASY measurement parametars: Auto Zero Tima: 3 sec. Maasuring lima: 3 sac
Input Voltage (m¥) | Channel X (uV) | Channel ¥ (V) Channel Z (uV)
Channel X 200 6812 -1.64
Channel ¥ 200 8.18 G.46
Channel Z 200 B.44 6.31 -

Cerificate Mo: DAE4-1336_Aug18

Pago 4 of 5




4. AD-Converter Values with inputs shorted

IIQAE'T’ measurement parameters: Auto Zero Time: 3 sec; Measuring fime: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 15666 16509
Channel ¥ 15907 15587
Channel Z 15855 15507

5. Input Offset Measurement
DASY measurement parameders: Auto Zero Time: 3 sec; Maasuring time: 3 sec

Input 10ME2
Average (uV) | min. Offset (uV) | max. Offsetfuv) | 'O ‘[::;"““
Channel X 0.7 -0.00 2.82 0.38
Channel ¥ 3.53 287 4.59 (.34
Channel Z .18 -1.34 1.53 0.54
6. Input Offset Current
Mominal Inpul circuitry offset current on all channoels: <2504
7. Input Resistance (Typical values lor inlormation)
Zeroing [kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (= Veg) +7.8
Supply (- Vec) 78
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) | Transmitting (mA)
Supply (+ Veco) +0.01 +5 +14
Supply (- Vee) -0.01 -8 8

Cerificale No: DAE4-1336_Aug18
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Calibration procsdurs{s)

Calibration dabe:

This calbration cerilicats documanis. ihe aceabilly 1o natons Barcdards wihich reslize ihe physical units of messumemenis (2]
Tha mesumsmants and the uncoriainies wish confidencs probakdily ans gren on e following pages and s par of the certificale.

Al calibeafions haea boen conduciod in B ciosad labonricey facility: armironmsnt iemparaiune (22 = 3)°C snd huomidity < 70%.

Caldiaticn Equspment used (METE erical for caktwation)

Primary Standaris i Cal Duta iﬁ—“ Ma] Seheduled Calfraton
Pawar mater NRP SN 104778 Oi-Ape-18 (Mo 217-026T2/02673) Ape-19
P sonsce NRP-Z01 Sl 101244 DE-Apr-18 {No. 317-02672) Apr-18
Pawer sensor MRP-Z81 SN 103245 4-Ape-18 {No. 217-02673) Ape-10
Rafenence 20 dB Atienusior SN: SEZTT [20x) D4-Ape-18 (No. 217-02083) Apr-18
DAES SH: 080 18-Dwc-16 {No. DAE4-B60_Dec1d) Dse-18
Raference Probe ES30VZ 5N 3013 J1-Dec-18 (Mo, EE3-3073_Deci8) Dec-19
Seconiany Standads 18] Cheek Dals [in houss) Scheduled Checl
Power maier E44 156 =M. GB4 1203874 DE-Apr-16 {in house check Jun-18) Im heaise checic Jun-20
Power sersor E44124 SN MY 41458087 06-Ape-16 (in house check Jun-18) In housa check: Jun-20
Power sersor E44 124 SN 000110240 Déi-Apr-16 {in howsa chock Jun-18) Am hoase cheche Jun-20
| RF genesator HP BELBC S LIS 01 T00 De-Aug-B0 (in houss eheck Jun-18) Inn heuse check: Jun-20
Rebwork Anafyzer EEISAA 5. US41080477 31-Mar-14 [(in house check Ocl-18) in house check: Ocl-19
Marms
Calibrated ty e PRl
Approved by

lssued: Februsny 4, 2019

This calbredion cerilicale shall nol be roproduced excegt in full wihoal wifien spproval of the tabaratony.

Certificate No: EX3-T466_Feb18 Page 1 of 10
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Glossary:

T5L figgue simulaling lquid

MNORMxy.z sansitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

DCP diode compression point

CF crest factor (1/duty_cycle) of ihe RF signal

ABCD madulaton dependent linearzation paramelers

Polarization ¢ @ motation around probe axis

Polarization 8 & rodstion around an axis that is in the plane normal to probe axis (a1 measurement center),

i.e., B =0 is normal to probe axis
Connecior Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a) IEEE Sid 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques®, June 2013

b} IEC B2208-1, ", "Measuremen! procedure for the assessment of Specific Absorption Rale (SAR) from hand-
hald and body-mounted devices used next fo the ear (frequency range of 300 MHz to 6 GHz)", July 2016

g} [IEC B2209-2, "Procedure (o determine the Specific Absorplion Rala (SAR) for wiraless communication devices
used in close proximity 1o the human body (frequency range of 30 MHz to 6 GHz)", March 2010

d) KDB 8656864, "SAR Measuremant Requiremenis for 100 MHz 1o 8 GHz"

Muthud"s Applied and Interpretation of Parameters:
NORMx . z: Assessed for E-field polarization 5 = 0 {f = 900 MHz in TEM-call; { = 1800 MHz: R22 mugmda]
NORMx.y.z are only intermediate values, i.e., the uncertainties of NORMx,y.z does not affect the E”-field
uncertainty inside TSL (see below ComeF),

= NORMx .z = NORMzx,y, z * frequency_response (see Frequency Response Charl), This linearization is
implementad in DASY4 software versions later than 4.2, The uncertainty of the frequency response is included
in the staled uncedainty of ConvF,

» [OCPxy,z: DCP are numerical linearization paramelers assessed based on the data of power sweeap with CW
signal (no uncertainty required). DCP does not dapend on frequency nor madia.

#  FPAR: PAR iz the Peak o Average Rabo that is not calibrated bul determined based on the signal
characterstics

»  Axyr Beyr Ceyz Duyz VRxyz A B, C, Dare numerical linearization parameters assessed based on
the data of power sweep for specific modulation signai. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS vollage across tha diode,

»  ConvF and Boundary Effect Perameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for > 800 MHz. The same setups are used for assessment of the paramaters appliad for
boundary compensation (alpha, depih) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary, The sensilivity in TSL coresponds
o MORM .z * ComeF whereby the uncertainty corresponds Lo that given for ConvF. A frequency dependent
ElIITHFE used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to = 100

Z

= Spherical isolropy (30 deviation from isolropy): in a field of low gradients realized using a flal phaniom
exposed by a patch antenna,

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

= Coanector Angle: The angle s assessed using the information gained by determining the NORMx (no
uncertainly required).

Certificate No: EX3-7466_Feb19 Page 2 of 10



EX3DV4 — SN:T466

February 4, 2019

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7466

Basic Calibration Parameters

Sensor X Sensor ¥ Sensor Z Unc (k=Z) |
Norm (pviivim)')" 047 0.40 0.62 +10.1%
DCP (mv)" 982 99.6 G8.8
Calibration Results for Modulation Response :
[17]+] Communication System Name A B o o - Max Unc- |
dB dB v dB mv dav. (k=2)
0 cw X 0.0 0.0 1.0 000 | 1528 | 230% | £4.7 %
Y 0.0 0.0 1.0 1386
¥ 0.0 0.0 1.0 155.1

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

* The urcanaintss of Nomm X.¥.Z do nol affect the E’Mwmm:meima].

:mmﬂmmnmn-:mh-ﬂyrum
ﬂ:::m—iu dalesmined wsing the max. deviabon fom inear response apphing rectanguiar detnboton and i expressed for the square ol Be
sl

Carificae No: EX3-T466_Fob18
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EX30V4- SN-T466

Fabruary 4, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7466

Other Probe Parameters
Sensor Arrangement Triangular

| Connector Angle [*) 6.8
Mechanical Surface Detection Moda enabled

Gpiical Surface Detection Mode disabled
Probe Overall Length 337 mm
Frobe Body Diamater 10 mm
Tip Length & mm
Tip Diamatar 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip 1o Sensor ¥ Calibraton Point 1 mm
Probe Tip 1o Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm

Cenrificale No: EX3-T466_Fab19
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EX30VA- SN-T466 Fibruary 4, 2019

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7466

Calibration Parameter Determined in Head Tissue Simulating Media

f [MHz) © nm' “T"ﬁ““ ComFX | ConvF Y | ComvFZ | Alpha® mu ‘m
B00 42.7 0.88 1073 | 1073 | 1073 | 000 | 100 | +133%
750 41.9 0.89 1045 | 1045 | 1045 | 046 | 085 | £120%
835 41.5 0.90 1015 | 1045 | 1045 | 027 | 118 | £120%
800 41.5 097 9.87 9,87 9.87 033 | 104 | £120%
1750 40.1 1.37 8.99 2.99 £.09 033 | 086 | £120%
1900 40.0 1.40 B8.67 8.67 8.67 036 | 085 | £120%

2000 40.0 1.40 8.53 8.53 853 035 | 085 | £120%
2300 39.5 1,67 8.26 8.26 8.26 034 | 086 | +120%
2450 39.2 1,80 7.66 7.66 7.68 038 | 080 | £120%
2600 39.0 1,06 7.43 7.43 7.43 027 | 130 | £120%
3300 38.2 271 7.05 7.05 7.05 030 | 115 | £131%
3500 37.9 201 6.98 6.98 6.98 030 | 120 [ £131%
aron ary 312 6.94 5.94 5.94 030 | 120 | £13.1%
3900 375 332 6.71 6.71 671 025 | 160 | £131%
5200 36.0 466 5.56 5.56 5.56 040 | 180 | £131%
5300 35.9 478 5.41 5.41 5.41 040 | 180 [ #£131%
5600 355 5.07 4.88 4.88 4.88 040 | 180 | £131%
5800 35.3 5.27 5,08 5.06 5.06 040 | 180 | £131%

';mem:e;-mmﬂt11!:'hl:-ttmr-ppl-hm*rMmm[mFamzl.mmmm-HHtumuum
uncartaingy i Comd uncerainty al calibralion requency Bnd the uncenainty Tor the ndicated frequency band. Frequenty validiy
Belera; 300 MHE i3 £ 10, 25, 40, 50 and 10 Mtz for CoreE pssessmenis sl 30, 64, 128, 150 and 220 Wiz reapacively. Valdby of ConvF aasessed ai
HMH#-FMNHDMHFM-HI-13Whuliﬂmm“5mumrﬂpunhmﬂdmtﬂnm
Nﬁwmﬁwh'ﬂﬂrdmmltmﬂmb-lrltaﬂdlntm‘l.ﬂmndmmﬁmlummu:pﬂh
messured SAR values. Al frequencies above 3 GHz, the validity of tissus paramarers (¢ and =) i mesiricied (o + 5% Thi uncedtainty & the RSS of
fhe Com” uncertainty for indicabed targed tisaue paramebens.

* AlphaiDiegih are dotermined during calibration. SPEAG warrants fhat the nemaining deviation dus o the boundary sfiect afsr
Mwﬂ:1'H-$w&ww-:!Mmhﬂaw:ﬁhkmmu&tummmmmnmw

Cenificato No: EX3-T466_Feb18 Page 5 of 10



EX30Vd- SN.T466 February 4, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7466

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unc
f(MHz}® | Parmittivity" (Sim) " ConvF X | ConvFY | ComvFZ | Alpha® | [mm) (k=2)
600 56.1 0.95 10.86 10.86 10.86 0.00 1.00 £13.3%
750 55.5 0.86 10.49 10.49 10.49 0.30 1.08 *12.0 %
835 55.2 oar 10.04 10.04 10,04 0.31 1.08 +12.0 %
800 55.0 1.05 9.94 8.94 8.84 0.31 1.04 120 %
1750 534 149 B.48 B.48 g.48 0.36 0.87 £12.0 %
1800 53.3 1.52 B.04 .04 B.04 .44 0.86 +12.0 %
2000 53.3 1.52 7.894 7.84 7.04 0.30 1.15 +12.0 %
| 2300 52.9 1.81 7.84 7.84 7.84 040 | 082 | £120%
2450 S2.7 1.85 7.7 .7 LA .44 0.80 +120%
2600 525 216 747 7.47 74T 041 | 096 | £120%
3300 21.6 3.08 .86 G.BE 6,86 0.26 1.20 +£13.1%
3500 £1.3 3.31 6.6 6.69 5,69 0.25 1.25 £#131%
3700 51.0 3.55 6.58 6.58 6,58 0.30 1.25 131 %
3800 51.2 3.78 6.12 6,12 612 0.25 1.60 £13.1%
| 5200 49.0 5.30 4.95 4,95 4.95 0.50 1.90 | £131%
5300 48.9 542 4.80 4.80 4.80 0.50 1.80 #13.1 %
5600 485 5.77 4.22 4.22 422 050 | 180 | £131%
| 5800 48.2 B.00 4.38 4.38 #4.38 0.50 1.80 £13.1%

“ernidlrmmwhda1mu1ruwmunAEvﬂjmmqu{umz}_mummﬂnmm
uncertainty & the RSS of the Conv™ uncanainty al caliwation freguency and the unceartainty for he indicated brequency band, Friequoncy validity
Below 300 MHz is 10, 25, 40, 50 snd 70 MHz for ComF assessmants af 30, B4, 128, 150 and 220 MHz respoctivaly "-'dut-.-urnva EESEsS0T ol
Hl.l-l;u-l-ﬂlﬂ-h and Convf assessed al 13 MHz & 910 MHz. Above § GHz froquency validity can be aalended 1o + 110 MHz

" Al trequencies below 3 Giz, thi validiy of Sissue parsmeters {c and o) can be relaved 1o = 10% if kquid compensation formuda is appied 1o
measired SAR valsss Al frequencies abowe 3 GHz, the validity of Tissue paramatars (c and of & festiched to 4 5% Tha encertainly is the RSS of
mwwmmmmm

anmm SPEAG warrants ihal he remasining deviation due fo the boundaey offed afier com
mm:1!hmmammmxnwmmumummmmrunnmm

Cerificate Mo: EX3-T466_Feb18 Page & ol 10



EX30Va- SN:T466 Fabruary 4, 2018

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EXIDV4- SN-T466 February &, 2019

Receiving Pattern (¢), 9 =0°

=600 MHz, TEM f=1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Fabruary 4, 2018

EX3I0V4- SN-T468

Dynamic Range f(SARead)

(TEM cell , fom= 1900 MHz)

Uncertainty of Linearity Assessment: £ 0.6% (k=2)

Page 9 of 10
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EXA0V4- SN-TA66 February £, 2019

Conversion Factor Assessment

f = B35 MHz WGLS RD (H_comF) f= 1800 MHz WGLS R22 (H_comF)

Deviation from Isotropy in Liquid
Error (¢, 8), =900 MHz

DAL

LhhAbda o DR
abEm;niJﬂ-¢+“

45

=10 <084 06 44 02 00 02 04 08 DB 1.4

Uncertainty of Spherical |sotropy Assessment: + 2.6% (k=2)
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CALIBRATION CERTIFICATE
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Cabration procodurels) QA CAL-05.v10

Calibration procedure for dipole validation kits above 700 MHz

Catration date: August 23, 2018
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Casbradion Equipmant used (MATE enitieal lof calibraon)
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Calibration Laboratory of ST Ry, I
. s Kalibrinrdionst
Schmid & Partner —— = Service suisse détalonnage
Engineering AG T 3 Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland v:,ﬁﬁ Swiss Callbration Service
Tragllia!
Accrodited by the Swiss Accreditation Sarvice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories io ihe EA
Multilateral Agresmont for the recognition of calibration certifientes

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,v,z
MN/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, "Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

c) IEC 62209-2, "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

d) KDB BE5664, "SAR Measurement Requirements for 100 MHz to 6 GHzZ"

Additional Decumentation:
e) DASY4/5 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 dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

» Feed Point Impedance and Retumn Loss: These parameters are measured with the dipole
positioned under the liguid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector fo the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

« Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty reguired.

s 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
multiphied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certiicate No: DTS0V3-1015_Aug18 Page 2of B




Measurement Conditions

DASY system configuration, as far as not given on page 1.

DASY Version DASYS V52.10.1

Extrapolation Advanced Extrapolation

Phantom Modular Flai Phaniom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Fregquency 750 MHz = 1 MHz
Head TSL parameters

The lollowing parameters and calculations were applied.
Temperature Permittivity Conductivity

MHominal Head TSL parameters 22.0°C 41.9 0.8 mho'm

Measured Head TSL parameters {22.0=02)*C 40.9 26 % 0.89 mho/m = 8 %

Head TSL temperature change during test <0,5%C e —
SAR result with Head TSL

SAR averaged over 1 em? {1 g) of Head TSL Condition

S5AR meagured 250 mW input power 2.07 Wikg

SAR for nominal Head TSL parameters narmalized to 1W 8.23 Wikg £ 17.0 % (k=2)

SAR averaged over 10 cm? (10 g) of Head TSL condition

SAR measurad 250 mW mput power 1.34 Whg

SAR for nominal Head TSL paramsters normalized o 1W 5.34 Wikg + 16.5 % (k=2)
Body TSL parameters

Tha lollowing paramaters and calculations wers applied.
Temparalure Permittivity Conductivity

Mominal Body TSL parameters 22.0°C 555 .86 mho/m

Measured Body TSL paramelers (220 £0.2)°C 55026% 0.96 mho/m + 6 %

Body TSL temperature change during test =05 "G e ——
SAR result with Body TSL

SAR averaged over 1 em® (1 g) of Body TSL Condition

S5AH measured 250 mW inpul power 2.16 Wikg

SAR for nominal Body TSL parameters normalized o 1W B.62 Wikg = 17.0 % (k=2)

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

SAR measured 250 mW inpul power 1.43 Wikg

SAR for nominal Body TSL parametars normalized to TW 5.71 Wikg = 16.5 % (k=2)

Corificate Mo: DTS0VI-1015_Auwg18
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformad to feed point B34 0+00HK
Ratum Loss - 20,6 dB

Antenna Parameters with Body TSL

Impedance, transtormed to feed point 482 [1-36 [
Reatum Loss - 278 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.037 ns

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

The dipole is made of standard samirigid coaxial cable. The canler conductor of the leading line is directly connected 1o the
second arm of the dipole. The antenna is therelore shon-circuited lor DC-signals. On some of the dipoles, small end caps
are added o the dipole arms in order {o improve matching when loaded according 1o the position as explained in the
"Measurament Conditions” paragraph. The SAR data are nol aflected by this change. The overall dipole length is still
according to the Standard.

Mo axcessive force must be applied to the dipole arms, beacausa they might band or the soldered connections near the

feedpoint may ba damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on March 22, 2010

Carificate No: D750V3-1015_Aug18 Page 4 of 8



DASYS Validation Report for Head TSL

Date: 22.08.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN:1015

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

Medium parameters used: = 750 MHz: o = 0.89 S/m; & = 40.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:
= Probe: EX3DV4 - SN7349; ConvF(10.22, 10.22, 10.22) @ 750 MHz: Calibrated: 30.12.2017

« Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 26102017

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

DASYS52 52.10.1(1476); SEMCAD X 14.6.11(7439)

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

Reference Value = 59.12 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 3.11 Wikg

SARI(1 g) = 2.07 W/kg: SAR(10 g) = 1.34 Wikg

Maximum value of SAR (measured) = 2.77 Wikg

-2.00
-4.00
-6.00

O0dB =277 Wikg =4.42 dBW/kg

Cenificate Mo: D7S0VE-1015_Augi8 Page 5ol 8



Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 23.08.2018
Test Laboratory; SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN:1015

Communication System: UID 0 - CW; Frequency: 750 MHz
Medium parameters used: { = 750 MHz; o = 0.96 S/m; & = 55: p= 1000 kg/m*
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IECYANSI C63.19-2011)
DASY 52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(10.19, 10.19, 10.19) @ 750 MHz; Calibrated: 30.12.2017

= Ssensor-Surface: | dmm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 26.10.2017

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

DASYS232.10.1(1476); SEMCAD X 14.6.11(7439)

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

Relerence Value = 57.93 Vim; Power Drifi = -0.02 dB

Peak SAR (extrapolated) = 3,17 Wikg

SAR(] g} = 2.16 Wikg: SAR{10 g) = 1.43 W/kg

Maximum value of SAR (measured) = 2.85 Wikg

-2.40
-4.80
-F.20

-9.60

-12.00

0dB =285 Wikg =455 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accredited by tho Swiss Accreditabon Sarvice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signalories 1o the EA

Multilateral Agresment for the recognition of calibration certificates

cient  SGS-TW (Auden) Cariificate No: D1750V2-1008_Aug18
|BALIBHA11EIH CERTIFICATE I

Ctject D1750V2 - SN:1008

Caltiration procedurois| QA CAL-05.v10

Calibration procedure for dipole validation kits above 700 MHz

Caliration date: August 30, 2018

Thia calibration cartificale documents fhe imoeability 1o national standards, which realize the physical uniis of measuremants (S
The measursmants and thi uncersinbes with confidence probabity ere given on the loliowing pages and are part of the codificats
Al caibientions have been conducied in the clossd laboratory incilty: environment lompodaiung (22 = 3*C and humidly < 70%.

Caltration Equigmant used [MATE ertical for calbeation)

Prirnary Standards D& Cal Date (Corificato No.) Scheduled Calibeation
Powar maler NAP S 104TTE Od-fpe-18 (Mo, 21 F-028 75 0ETE) Ape-19

Powar sansof NAP-291 SN: 103244 Od-Ape-18 (Mo, 217-02672) Ape-19
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Secondary Standards D # Check Data (in housa) Schodulod Chack
Poesar matar EPR-2424, S GBAT4B0T0S 07 -Cict-15 [ house chock, Ocl-18) In house check: Oci-18
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Powar sonsor HP B481A SM: MY41082307 07 -Oci-15 (in house check. Dicl-16) in house check: Ocl-18
RAF genesaior A&S SIAT-06 B 100472 158-0un=15 {in house check Oci-16) In house check: Ocl-18
Habtwork Analyzor Aglond ERIGEA | BN LS4 1080477 A1-blar-14 [in house check Ocl-17) s duse check: Cot-18

Nama Funchion Signatura

Calibented by: Soton Kestrat] Lsboratory Techniclan C}E_zf_’ L&,_

imsumd: August 30, 2018

This calbration cedilficals shall mol be repioduced axcept in lull without witen approve! of fha laboaiory.

Cantificate No: D1750V2-1008_Aug18 Page 1 of B



Calibration Laboratory of AT
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Multitateral Agreemeant for the recognition of calibration cerificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NOBM x,y,z
M/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques®, June 2013

b) IEC 62209-1, "Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

¢) |EC 62209-2, "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
d) KDB B65664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/5 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 dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel 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 to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

» Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
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 rted 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%.

Cartificate Noc D1750V2-1008_Augi8 Page 2 of 8




Measurement Conditions
DASY system configuration. as far as not gi

on page 1.

DASY Version DASYS V52.10.1

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phamom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1750 MHz = 1 MHz
Head TSL parameters

Tha lollowing parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 40.1 1.37 mho/m

Measured Head TSL parameters {22002} *C 3BE+E% 1.34 mho/m £ 6 %

Head TEL temperature change during test =0.5%°C — wees
SAR result with Head TSL

SAR averaged over 1 cm” (1 g) of Head TSL Condition

SAR moasured 250 mW input power 8.07 Wikg

SAR for nominal Head TSL parameters

normatized 1o 1W

36.5 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm’ (10 g) of Head TSL

eondition

SAR measured

250 mW inpul power

4.81 Wikg

SAR for nominal Head TSL paramelers normalized to 1W 18.3 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Mominal Body TSL paramebers 220G 53.4 1.45 mhoim

Measured Body TSL parameters (22.0=02)"C 534 6% 1.47 mho/m £ 6 %

Body TSL temperature change during test <05"C S —
SAR result with Body TSL

SAR averaged over 1 cm” (1 g) of Body TSL Condithon

SAR measured 250 mW input power 9,16 Wikg

SAR for nominal Body TSL paramelers normalized to 1W 7.0 Wikg = 17.0 % (k=2)

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

SAR measuned 250 mW input power 4.93 Wikg

SAR for nominal Body TSL parameters

rormalized to 1W

19.8 Wikg = 16.5 % (k=2)

Corificate Ma: D1750V2-1008_Aug18

Page 3 of B




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

Impedance, transformad 1o feed point B2.00+1.6(0
Heturm Loss -32.2 dB

Antenna Parameters with Body TSL

Impedance, ransformed o fead paint 4830+ 06j0
FAedurn Loss - 34.7 dB

General Antenna Parameters and Design

Edectrical Delay {one direction) 1.207 ns

After long term use with 100W radialed power, only a slight warming of the dipole near the leedpoint can be measured.

The dipoie is made of standard semirigid coaxial cable. The canter conductor of the feeding line is directly connacted to the
sacond arm of the dipole. The anfenna is therefore shor-circuited for DC-signals. On some of the dipoles, small end caps
are added o the dipole arms in order 1o improve matching when loaded according to the position as sxplained in the
*Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according 1o the Standard,

Mo excessive force must be applied to the dipole arms, because they might bend or the soldaned connections near the
feedpoint may be damaged.

Additional EUT Data
Manufactured by SPEAG
Manulactured an February 11, 2008

Ceriificate No: D1750V2-1008_Aug1B Page 4 of 8



DASYS5 Validation Report for Head TSL

Date; 30.08.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1008

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: = 1750 MHz: o = 1.34 S/m; & = 38.9; p = 1000 kg/m”
Phantom section: Flat Section

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

DASY52 Configuration:
= Probe: EX3DV4 - SNT349; ConvF(8.5, 8.5, 8.5) @ 1750 MHz; Calibrated: 30.12.2017
» Sensor-Surface: |.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 26.10.2017
«  Phantom: Flat Phantom 5.0 (front); Tyvpe: QD 000 P50 AA; Serial: 1001

» DASYS252.10.1(1476); SEMCAD X 14.6.11(7439)

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

Reference Value = 107.6 Vim: Power Dnft =-0.04 dB

Peak SAR (extrapolated) = 16.3 Wike

SAR(I g) = 9.07 Wikg; SAR(10 g) =4.81 Wikg

Maximum value of SAR (measured) = 13.9 W/kg

dB

]
-3.00
-6.00
-0.00
-12.00

-15.00

0dB =139 W/ikg = 1143 dBW/kg

Certificate No: D1 750V2-1008_Aug18 Page 5of B



Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 30.08.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1008

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: £ = 1750 MHz; o = 1.47 S/m; & = 53.4; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEEC/ANSI C63,19-2011)

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.35, 8.35, 8.35) @ 1750 MHz; Calibrated: 30.12.2017
+ Sensor-Surface: |.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 26,10.2017
« Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Senal: 1002

« DASYS5252.10.1(1476); SEMCAD X 14.6.11(7439)

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

Reference Value = 101.7 V/m; Power Dnft =-0.07 dB

Peak SAR (extrapolated) = 15.9 Wikg

SAR(1 g) = 9.16 W/kg; SAR(10 g) =4.93 W/kg

Maximum value of SAR (measured) = 13.7 Wikg

0dB = 13.7 Wikg = 1 1.37 dBW/kg

Cartificate No: D1730V2-1008_Augi8 Page 7 ol 8



Impedance Measurement Plot for Body TSL
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DAE4 SME &0 PE-0ct-17 (Mo, DAE4-601_DetiT) Dict-18
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques®, June 2013

b) IEC 62209-1, "Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

c) IEC 62209-2, "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

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

Additional Documentation:
) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

= Measuremeni Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificale 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 phantom section, with the arms orented
parallel 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 transtormed from the
measurement at the SMA connector to the feed point. The Relurn Loss ensures low
reflected power. No uncerainty required.

= Elecincal Delay: One-way delay between the SMA connector and the antenna feed point.
MNo uncertainty required,

S5AR measured: SAR measured at the stated antenna input power.
SAR normalized: SAR as measured, normalized to an input power of 1 W al 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%.
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Measurement Conditions

DASY system conliguration. as far as not given on page 1.

DASY Version DASYS V52 101

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz = 5mm

Frequency 2450 MHz = 1 MHz
Head TSL parameters

Tha following parameters and caloulations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 20°C a9z 1.80 mho'm

Measured Head TSL parameters (220=02)°C BD26% 1.87 mhofm £ 6 %

Head TSL temperature change during test <0.5"C waee weee
SAR result with Head TSL

SAR averaged over 1 cm” (1 g) of Head TSL Condition

SAR measured 250 mW input powar 13.4 Wikg

SAR lor nominal Head TSL parametans normalized 1o 1W 52.3 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm’ (10 g} of Head TSL condition

SAR measured 250 mW input power 628 Wikg

SAR for nominal Head TSL parameters nommalized o 1TW 24.8 Wikg = 16.5 % (k=2)
Body TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conduchivity

Mominal Body TSL parameters 22.0°C 527 1.85 mhodm

Measured Body TSL parametaers (220 =0.2)°C B2 326% 2.03 mho/m £ 6 %

Body T5L temperature change during test <05°C - i
SAR result with Body TSL

SAR averaged over 1 cm’ (1 g) of Body TSL Condition

SAR measured 250 mW input power 12.9 Wikg

S5AR tor nominal Body TSL parameters

normalized 1o 1W

50.5 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm’ (10 g) of Body TSL candition
SAR measured 250 mW inpul power 6.07 Wikg
SAR for nominal Body TSL parameters normalized o TW 24.0 Wikg = 18.5 % (k=2

Cenificate Mo: D2450V2-BES_Jun18
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedanca, transformed to feed poini B24 0+ T4
Retum Loss - 324 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4900 +770
Retumn Loss -22.1d8

General Antenna Parameters and Design

Electrical Delay (one direction) 1,159 ns

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

The dipole is made of standard semingid coamal cable. The center conductor of 1hie feeding fine is directly connacted to the
second arm al the dipole. The anlenna is therelore shor-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in order 1o improve matching when loaded according to the position as explained in the
“Measurement Cenditions® paragraph. The SAR data are not atfected by this change. The overall dipole lengih is still
according to the Standard,

Mo excessive force must be applied to the dipole arms, because they might band or the soldered connections near the
feadpoint may be damaged.

Additional EUT Data

Manidactured by SPEAG
Manidactured on August 18, 2010
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DASYS Validation Report for Head TSL

Date: 13.06.2018

Test Luboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz: Type: D2450V2; Serial: D2450V2 - SN:869

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

Medium parameters used: = 2450 MHz; o = 1.87 S/m: & = 38; p = 1000 kg/m”
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/EC/ANSI C63.19-201 1)

DASYS52 Conliguration:

Probe: EX3DV4 - SN7349; ConvF(7.88, 7.88, 7.88) @ 2450 MHz: Calibrated: 30,12.2017
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 26.10.2017

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

DASYS2 52.10.1(1476); SEMCAD X 14.6.11(7439)

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

Relerence Vialue = 115.1 Vim; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 26.3 Wikg

SAR(I g) = 13.4 W/kg; SAR(10 g) = 6.28 Wikg

Maximum value of SAR (measured) = 22,0 Wikg

-5.00

-10.00
“15.00
-20.00

-25.00

0dB =220 Wikg = 1342 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 19.06,2018

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:869

Commumcation system: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; 6 = 2.03 S/m; & = 52.3; p = 1000 kg/m’
Phantom section: Flat Section

Meusurement Standard: DASYS (IEEEAIEC/ANSI C63.19-2011)

DASY 52 Configuration:

Probe: EX3DV4 - SN7349; ConvFi8.01, 8.01, 8.01) @ 2450 MHz; Calibrated: 30,12.2017
Sensor-Surface: 1. 4mm (Mechanical Surface Detection)

Electronics: DAES Snb0]; Calibrated: 26, 10,2007

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

DASYS2 52.10.1(1476); SEMCAD X 14.6.11(7439)

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

Reference YValue = 107.4 Vim; Power Dnfi =-0.09 dB

Peak S5AR (extrapolated) = 25.3 Wikg

SAR(1 g) = 12.9 W/kg: SAR(10 g) = 6.07T W/kg

Maximum value of SAR {measured) = 20.8 Wikg

-5.00

-15.00

-20.00

-25.00

0 dB = 20.8 W/ke = 13.18 dBW/kg
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Impedance Measurement Plot for Body TSL
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Schmid & Partner e S Service sulsse o étalonnoge
Engineering AG % c Servizio svizzero di taratura
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Accradiied by the Swiss Accredinlion Service (SAS) Accreditation Mo.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA

Multilateral Agreement lor thi recegnition of calibration certificains

client  Auden Cerificata No: DSGHZV2-1040_Jun18
CALIBRATION CERTIFICATE

Cuiect D5SGHzV2 - SN:1040

Cabiration procedurods) QA CAL-22v3

mmhmmwmuum

Calbration date June 28, 2018

This calibration canificate documents. fhe iracesbdity bo nalicnal standands, which realize the physical unils of mepsremanis (51)
The maasuwraments and the uncertanios wih confidonce probabikty ane given on tha following pages and are part of the certificabe.
All calibrations have bean conducied in the closed aboratony facilty: emdronment lampesaivng (22 = 370 snd humidgty < T

Calibration Equipmant used (MATE cnlicad for calibration)

Primary Standasds 0w Cal Dato (Cedficals Mo, Schadulad Calibeation

Powar meter NAF ShL 104TTE Geb-Apr-18 (Mo 21 T-026T 2028 7T3) Ape- 15

Powesr sanaar MRP-Z81 SH: 103244 Od-Apr-18 (Mo, 217-02672) Ape-10

Prowesr gengor MRP-Z61 Bh; 103245 Deb-Apr-18 (Mo 21 7-02673) Ap-19

Feterence 20 dB Alanualor BM: GOSE (20K) 4-Apr-18 (No, 21 7-02682) Apr-18

Typo-M mEmaich combinaton SM; 5047 2/ DEIZT [4-Apr-16 (o 217-02683) Apa-18

RAelprance Probs EX30VE SN 3503 J-Dec-17 (Mo, EX3-3503_DeciT) Dwc-18

DAES 8M; 601 26-0ct-17 (No. DAES-601_DOei17) Oct-18

Secondary Slandards D & Chack Dabo {in howsa) Schedulad Chack

Povear metar EPM-1424, SN GEATA80T04 07015 (in house chack Oct-16) In hguse check: Oal-18

Power sansor HP B481 A SN USIr2e2TEd O7-0ct-15 [in howse chack Oct-16) in mouse check: Ocl-18

Power sanase HP BEE1A S MY41082317 O7-0ct-15 (i house check Ocl-18) In house chsck: Del-18

HF genaraios RAS SMT-06 Sk 10002 15-Jum=15 {in house check Oct-16) in howsae chack: Ocl-18

Nitwodk Analyzes HP B753E SN US37390565 18-Oet-01 [in honwsse chack Oet-17) In house check: Oe-18
Mama Functeon Signatura

Cabrated by: Joton Kastran Labaratony Technician fﬂ'z.
Approved by Kalja Pokovie “Technical Managet /ﬁg

tssund: June 28, 2018

This cabbrakion carifcabs shall il be reproduced except in hull withoud witlen approval of the boraiony.
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Calibration Laboratory of S,

J A, Schweizerischer Kalibrierdienst
Schmid & Partner e g Service sulsse d'étalonnage
Engineering AG L - Servizio svizzero di taratura
Zeughausstrasse 43, B004 Zurich, Switzerland iﬁ}? S Swiss Calibration Service
Accradited by the Swiss Accreditation Service (SAS) Accreditation Mo.: SCS 0108

The Swiss Accreditation Servico is one of the signalories to the EA
Multilsleral Agreoment for the recognition of calibration certificates

Glossary:

TSL

ConvF

MN/A

tissue simulating liquid
sensitivity in TSL / NORM x.y,z
not applicable or not measured

Calibration is Performed According to the Following Standards:

a)

b)

c)

d)

IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues”, June 2013

IEC 62209-1, "Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

IEC 62209-2, "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

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

Additional Documentation:

e)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Reporl at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicaled.
Antenna Paramelers with T5L: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel 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 to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncenainty 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%.
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Measurement Conditions

DASY systam configuration. as far as not given on page 1.

DASY Version DASYS V5210
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm wilh Spacer

Zoom Scan Resolution

d, dy = 4.0 mm, dz = 1.4 mm

Graded Ratio = 1.4 (Z direction)

Fragquency

5200 MHz + 1 MHz
5300 MHz = 1 MHz
5500 MHz = 1 MHz
5600 MHz = 1 MHz
S800 MHz £ 1 MHz

Head TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Mominal Head TSL parameters 220°C 36.0 4,66 mhodm

Measured Head TSL parameters (220=02)"C 361 =26% 4 55 mho/m = 6 %

Head T5L temperature change during test <05 s ey
SAR result with Head TSL at 5200 MHz

SAR averaged over 1 em’ (1 g) of Head TSL Condition

SAR moasured 100 mW input power 7.88 Wikg

SAR for nominal Head TSL parameters normalized to 1W TB.B Wikg £ 19.9 % (k=2)

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

SAH measured 100 mW inpud powar 22T Wikg

SAR for nominal Head TSL parameters normalized to 1W 22.7 Wikg = 18.5 % (k=2)

Cenificate No: DSGHzV2-1040 Jun18
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Head TSL parameters at 5300 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Hominal Head TSL parameters 28.0 "0 359 4. 76 mho/m

Measured Head T5L parameters (220 0.2} *C B0 =6% 468 mho/m =6 %

Head TSL temperature change during test <05°C e ——
SAR result with Head TSL at 5300 MHz

SAR averaged over 1 em” (1 g) of Head TSL Condition

SAR measured 100 mW input power B.22 Wikg

SAR for nominal Head TSL paramelers narmalized o 1W B2.2'W / kg = 19.9 % (k=2)

SAR averaged over 10 em” (10 g) of Head TSL condition

SAR measured 100 mW input power 2.38 Wikg

SAR for nominal Head TSL parameters nommalized to 1W 23.6 Wikg £ 19.5 % (k=2)
Head TSL parameters at 5500 MHz

The lollowing parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 356 4,96 mhodm

Measured Head TSL parameters (220 =02 "C B Ts6% 4 B8 mho/m + 6 %

Head TSL temperature change during test <05°C e ——
SAR result with Head TSL at 5500 MHz

SAR averaged over 1 em” (1 g) of Head TSL Condition

SAR measured 100 mW input power B.34 Wikg

SAR for nominal Head TSL parameters normalized to 1W B3.4 Wikg = 19.9 % [(k=2)

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

SAR measured 100 mW inpul power 238 Whkg

SAH for nominal Head TSL parameters normalized o 1W 23.8 Wikg = 10.5 % (k=2)

Certificate Mo: DSGHZV2-1040_Jun1B
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Head TSL parameters at 5600 MHz
The lollowing parameters and calculations were apphed.

Temperature Permittivity Conductivity
Mominal Head TSL parameters 220°C 355 5.07 mho/m
Measured Head TSL parameters (22.0 +0.2)*C 35526% 4,97 mho'm + 6 %
Head TEL temperature change during test =05"C ——— ——
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power B.54 Wikg
SAR for nominal Head TSL paramelars normalized fo 1W B5.3 Wikg £ 19.9 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
S5AR measured 100 mAW input power 2.45 Wikg
SAR lor nominal Head TSL parameters normalized to 1W 24.5 Wkg = 198.5 % (k=2)
Head TSL parameters at 5800 MHz
The following parameters and calculations were applied
Temperature Permittivity Conductivity
Hominal Head TSL parameters 220°C 353 5.27 mho'm
Measured Head TSL parameters (22.0 = 0.2) "C 352 =8% 518 mho/m =6 %
Head TSL temperature change during test <0.5"C — e
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 em” (1 g) of Head TSL Condition
SAR measured 100 mW inpul power B.O0T Wikg
SAR lor nominal Head TSL paramaiens normalized o 1W BO.E Wikg = 19.9 % (k=2)
SAR averaged over 10 cm’ {10 g) of Head TSL condition
SAR maasured 100 mW Input powar 2.30 Wikg
SAR for nominal Head TSL paramaters normalized ta 1W 23.0 Wikg = 19.5 % (k=2)

Certificate No: DSGHzV2-1040_Jun1B
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Body TSL parameters at 5200 MHz
The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Mominal Body TSL parameters 22.0°C 49.0 5.30 mho'm
Measured Body TSL parameters (220:02)°C AT 026% 545 mho/m =6 %
Body T5L temperaiure change during test < 05"C wwan e
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 cm’ {1 g) of Body TSL Condition
SAR measured 100 mW input power 7.58 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 752 Whkg = 18.9 % (k=2)
SAR averaged over 10 em” (10 g) of Body TSL condition
SAR measured 100 mW inpul powear 211 Whkg
SAR for nominal Bady TSL parameters normalized 10 1W 20.89 Wikg = 19.5 % (k=2)
Body TSL parameters at 5300 MHz
The tollowing parameters and calculations were applied.
Temperatiire Permilttivity Conductivity
MNominal Body TSL parameters 20°C 48.9 5.42 mho/m
Measured Body TSL parameters (220202} "C 468 =6 % 5.58 mho'/m £ 6 %%
Body TSL temperature change during test =05"C ot i
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 em” (1 g) of Body TSL Condition
SAR measured 100 mW inpul power 7.70 Wikg
SAR for nominal Body TSL paramalars normalized 1o 1W T6.4 Wikg = 19.9 % (k=2
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR moasured 100 mW input power 216 W/ikg
SAR for nominal Body TSL paramalers narmalized to 1W 21.4 Wikg = 19.5 % [k=2)

Ceriflicate No: DSGHZV2-1040_Jun18
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Body TSL parameters at 5500 MHz

The following parameters and calculations were applied.

Temparature Parmittivity Conductivity

Hominal Body TSL parameters 22.0°C 48.6 5.65 mha/m

Measured Body TSL parameters (22002} "C 4B.5 26 % 5.85 mho/m + 6 %

Body T5L temperature change during test =0.5°C - -
SAR result with Body TSL at 5500 MHz

SAR averaged over 1 cm’ (1 g) of Body TSL Condition

SAR measured 100 mW input power B.25 Wikg

S4R for nominal Body TSL parameters normmalized 1o 1W B1.9 Wikg = 19.9 % [k=2)

SAR averaged over 10 em’ (10 g) of Body TSL condition

SAH meaasured 100 W inpul power 2.28 Whg

S5AR for nominal Body TSL parameiers normalized 1o TW 226 Wikg = 198.5 % [k=2)
Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.
Tempearature Parmittivity Conductivity

Nominal Body TSL parameters 22.0°C 485 5.77 mho/m

Measured Body TSL parameters (22.0=02)°C 463 = 6 % 5.99 mho/m = 6 %

Body TSL temperature change during test < 0.5°C e 53
SAR result with Body TSL at 5600 MHz

SAR averaged over 1 em” {1 g) of Body TSL Condition

SAR measured 100 mW inpul power 8.21 Whg

SAR for nominal Body TSL parameters normalizad o 1W B1.5 Wikg = 19.9 % [k=2)

SAR averaged over 10 em” (10 g) of Body TSL condition

SAR measured 100 mvy inpul power 2.29 Wiy

SAR for nominal Body TSL parameters normalized 1o 1W 22.7 Wikg = 19.5 % [k=2)

Cerificate Mo DSGH2V2-1040_Jun18
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Body TSL parameters at 5800 MHz

Tha lellewing parameters and calculations ware appled.

Temperature Permittivity Conductivity
Hominal Body TSL parameters 220°C 48.2 B.00 mhaim
Measured Body TSL parameters (22,0 £02)"C 460+6% 6,26 mho/m + 6%
Body TSL temperature change during test <0.5°C — sers

SAR result with Body TSL at 5800 MHz

SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAHR measured 100 mW inpul power 7.79 Wikg
SAR lor nominal Body TSL paramatars normakized 1o 1W TTAWEkg £19.9 % (k=)
SAR averaged over 10 em” (10 g) of Body TSL condition
SAR measured 100 W inpul power 2.15 Whg
SAR for nominal Body TSL parameters normalized 1o 1W 21.3 Wikg = 19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5200 MHz

Impedance, translormed (o leed point E05{1-8.6K

Fetum Loss - 21.3dB
Antenna Parameters with Head TSL at 5300 MHz

impadance, transiormed to leed point 4830 -28

Astum Loss - 308 dB
Antenna Parameters with Head TSL at 5500 MHz

Impedance, fransfaormed o leed point 502 0-6.1 &

Haturmn Loss - 24 4 dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed io feed point 6.8 [ - 2.0

Relurn Loss =236 dB
Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to feed point B440-1.0[0

Feturm Loss -27.3dB
Antenna Parameters with Body TSL at 5200 MHz

impedance, transiormed 1o feed poim 4984} - 7.7 {1

Hetum Loss -223dB
Antenna Parameters with Body TSL at 5300 MHz

Impadance, transformed to feed point 48101-1.842

Return Loss - 34.1dB
Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed to teed point 5050 -48j0

Flasturn Loss - 263 dB
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Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed 1o fead paint EFBLI-24 0
Return Loss - 226 dB

Antenna Parameters with Body TSL at 5800 MHz

iImpedance, transiormed to lead poind 5.1 6 - 1.3
Ratum Loss - 26.0dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.203ns

After long term use with 100W radiated power, only a slight wamming ol the dipole near the feedpoint can be measured

The dipole is made of standard semirigid coaxial cable. The center conductor of the faeding line is directly connected to the
sacond amn of the dipole. The anlenna is therefore shor-circuited lor DC-signals, On some of the dipoles, small end caps
are added to the dipole arms in order to improve malching when loaded according to the position as explained in the
*Measurement Conditions* paragraph. The SAR data are not alfected by this change. The overall dipole length is still
acocording to the Standard.

Mo 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
Manufactured an Decembar 30, 2005
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DASYS5 Validation Report for Head TSL

Dustee: 28.06.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1040

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500 MHz,
Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: f= 5200 MHz; o = 4.35 S/m; g, = 36.1; p = 1000 kg/m” ,

Medium parameters used: [ = 5300 MHz; o = 4.66 S/m; g, = 36; p = 1000 kg/m’ ,

Medium parameters used: f = 5500 MHz; o = 4,86 S/m; ¢, = 35.7; p= 1000 kg/m’ ,

Medium parameters used: = 5600 MHz; o = 4.97 S/m;: g, = 35.5; p= 1000 kg/m” ,

Medium parameters used: F= 5800 MHz; o = 5.18 5/mi; g, = 35.2; p = [ () kgfrn'

Phantom section: Flat Section

Measurement Standard: DASYS (IEEETEC/ANSI Co3.19-2011)

DASY 52 Configuration:

* Probe: EX3DV4 - SN3503; ConvFi(5.75, 5.75, 5.75) @ 5200 MHz.
ConvF(5.5, 5.5, 5.5) @ 5300 MHz, ConvF(5.2, 5.2, 5.2) @ 5500 MHz,
ConvF(5.05, 5.05, 5.05) @ 5600 MHez, ConvF{4.96, 4,96, 4.96) @ 5800 MHz; Calibrated: 30,12.2017

= Sensor-Surface: |.4mm (Mechanical Surfice Detection)

= Electronics: DAE4 Sn601 (SGHz); Calibrated: 26.10.2017

=  Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA: Serial: 1001
s DASYS252.10.1{1476); SEMCAD X 14.6.1 1{7439)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, [=5200 MHz/Zoom Scan, dist=1.4mm
(BxBxTVCube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 74,83 Vim; Power Dnift = -0.09 dB

Peak SAR (extrapolated) = 27.8 Wikg

SAR(] g) = 7.88 W/kg: SAR(10 g) = 2.27 W/kg

Maximum value of SAR (measured) = 17.7 Wike

Dipole Calibration for Head Tissue/Pin=100mW, disi=10mm, =530 MHz/Zoom Scan, dist=1.4mm
(Bx8x7 W/ Cube 0: Measurement grid: ds=4mm, dy=4mm, de=1.4mm

Reference Value = 75.69 Vim; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 298 Wike

SAR(] g) = 8.22 W/kg: SAR(10 g) = 2.36 W/kg

Maximum value of SAR (measured) = 15.6 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, [=5500 MHz/Zoom Scan, dist=1.4mm
(BxBx7 )W Cube 0: Measurement grid: de=dmm, dy=4mm, dz=1.4mm

Reference Yalue = 7552 Wim; Power Drift = 0,02 dB

Peak SAR (extrapolated) = 31.8 Wikg

SAR(] g) = 8.34 W/kg: SAR(10 g) = 2.38 W/kg

Maximum value of SAR (measured) = 19.3 Wikg
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, I=5600 MHz/Zoom Scan, dist=1.4mm
(8xBxT)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 76.52 Vim; Power Drift = -0.01 dB

Peak SAR (extrupolated) = 31,9 Wikg

SARI(] g) = 8.54 Wikg: SAR(10 g) = 245 W/kg

Maximum vialue of SAR imeasured) = 198 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, I=5800 MHz/Zoom Scan, dist=1.4mm
(BxBxTWCube 0: Measurement grid: dy=4mm, dy==4mm, dz=1 4mm

Reference Value = 73,34 Vim; Power Drift = 0,01 dB

Peak SAR (extrapolated) = 31.6 Wikg

SAR(] g) = 8.07 W/kg: SAR(10 g) = 2.3 W/kg

Muoximum value of SAR (mensured) = 19.1 Wikg

-6.00

-12.00
-18.00
-24.00
-30.00

0dB = 17.7 Wikg = 12.48 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 27.06.2018
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGH2V2; Type: DSGHzV2: Serial: DSGHzV2 - SN:1040

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500 MHz,
Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: = 5200 MHz; o = 5.45 S/m; g, = 47; p = 1000 kg/m’ ,

Medium parameters used: = 5300 MHz; o = 5.58 S/m; g, = 46.8; p = 1000 kg/m' .

Medium parameters used: f = 5500 MHz; o = 5 85 S/m; g, = 46.5; p= 1000 kg/m’ ,

Medium parameters used: = 5600 MHz; a = 5.99 5/m; ¢, = 46.3; p = 1000 kg/m' .

Medium parameters used: [ = 5800 MHz; o = 6.26 S/m; g = 46; p = 1000 kg/m'

Phantom section: Flat Section

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

DASYS2 Configuration:

= Probe: EXIDVA - SN3503; ConvF(5.35, 5.35, 5.35) @ 5200 MHz,
ConvFi5.15, 5.15, 5.15) @ 5300 MHz, ConvFi{4.7, 4.7, 4.7) @ 5500 MHz,
ConvFi4.65, 4,65, 4.65) @ 5600 MHz, ConvF(4.53, 4,53, 4.53) @ 5800 MHz; Calibrated: 30.12.2017

= Sensor-Surface: | 4mm (Mechanical Surface Detection)

=  Electronics: DAEA Sn601 (5GHz); Calibrated: 26.10,2017

s  Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002
= DASYS252.10.1{1476); SEMCAD X 14.6.11{7439)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, [=5200 MHz/Zoom Scan, dist=1.4mm
(BxBxT W Cube 0: Measurement grid: dx=4mm, dy=4mm, de=1_4mm

Reference Value = 67.84 Vim; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 28.1 Wikg

SAR(1 g) = 7.58 W/ke: SAR(10g) = 2.11 W/kg

Maximum value of SAR (measured) = 17.1 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, (=530 MHz/Zoom Scan, disi=1.4mm
(BxBxTVCube 0: Measurement grid: ds=4mm, dy=4mm, de=1.4mm

Reference Value = 6755 Vim; Power Dnfi = -0.04 dB

Peak SAR (extrapolated) = 29.6 Wikg

SAR(1 g) = 7.7 W/kg; SAR(10 g) = 2.16 W/kg

Maximum value of SAR imedsured) = 1 7.6 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, (=550 MHz/Zoom Scan, dist=1.4dmm
(Bx8x7 ) Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 69,16 Vim: Power Dinft = 40,02 dB

Peak SAR (extrapolated) = 33.4 Wikg

SAR(1 g) = 8.25 W/kg: SAR(10 g) = 2.28 W/kg

Maximum value of SAR (measured) = 19.3 Wikg
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Dipole Calibration lor Body Tissue/Pin=100mW, dist=10mm, =5600 MHz/Zoom Scan, dist=1.4mm
(8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 68,09 Vim: Power Dnifi = -0.06 dB

Peak SAR (extrupolated) = 34.0 Wikg

SARI(] g) = 8.21 Wikg; SAR(10 g) = 2.29 W/kg

Maximum value of SAR (measured) = 19.5 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5800 MHxzZoom Scan, dist=1.4mm
(BxBxT )V Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 63.60 Vim; Power Drift = -0.03 dB

Peak SAR (extrupolated) = 33.5 Wikg

SARI(I g) =7.79 Wikg: SAR(10 g) = 2.15 W/kg

Maximum value of SAR (measured) = 15.8 Wikg

dB
1]

-5.00

-10.00
-15.00
-20.00

-25.00

0dB = 18.8 Wik = 12.74 dBW/ke
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Impedance Measurement Plot for Body TSL
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