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Bay Area Compliance Laboratories Corp. (Kunshan)

Calibration Laboratory of ;“@m 5 Kl

Schmid & Partrer e C  Servioe suiess ditsionnage
Engineering AG p Serdizin svizzem di tamature

Zunghiuastrasss £3, BI04 Zurich, Bwazerany iy Swiss Gallbration Servive

Aczmadiod by e Bwiss Acomditalion Sandoe (SAS) fwcreditetion Mo 303 008

Thi Swiss Ascreditation Service is one of B signaiarios io Fe BA

MutiRaieral Age t for the recognition of calibention cerificaies

Glossary:

TEL tissue simdating liquid

MORMEy, 2 gansitwity in fres space

G sty In TSL ! NORMey.z

DCP diads comprassian paint

CF crest facior {1iduly_cyelke) al ihe RF signal

A B C.D modulation dependant linearization parameters

Polarization @ mp ralation anound probe Bk

Petarization 3 & ralalion arcund 8n &xts hiat ls o the plans nommal o probe exis (81 measuraman center),

ie=, 8 =05 rmal o probe axis
Cannactor Anghs farmaton usad In DASY system o sign proba sensor X o the robot coordinals system

Calibration is Parformed According to the Following Standards:

&) |EEE Std 152B-2013, "IEEE Recommended Praction fior Detomining the Peak Spabial-fAversged Specilic
Absorption Fete [S4R] n the Human Head from Wireless Communications Devices: Massuramant
Technigques®, June 2013

bl 1B 823051, "Procadure io measure he Specific Absarplion Rals (SAR) lor hand-hakd devices us=ad in closs
praximity 1o the ear (requency range of 30 MHz to 3 GHz)", Fabruary 2005

ol |EC 523082, "Procedure to determine the Specific Absarpbon Rale (SAR) for winaless communication devices
used in closs praximily o the human body (frequency range of 30 MHz to 8 GHz)", March 2010

di D8 388664, “SAR Measuremani Reguinements for 100 MHE o 6 GH"

Huthn-ds Applied and Interpretation of Parameters:
NORMYy vz Assessed lor E-Reld palarieation 8 = 0 {1 < 300 MHz in TEM-call; § = 1800 MHz: R22 wm'agu-:lu:l
MOREM Y,z are only inermediale valies, La., the uncentalmies of NORMY,y.z doas not affect the E-fsld
uncartainty inside TSL (see bolow ConviE).

= NORMBx .z = NORM:, w7 * frequancy_rmsponse [see Frequency Response Chan). This linsarzation &
mplemented in DASY4d software vwersions iater than 4.2, The uncedainty of the frequency respanse is included
in the stated uncertainty of Conu™,

= DCPyy 2z DEP ere numarnical linearizaton paramaters assassad basad on ihe daa of power sweep with CW
signal {no uncertainty required]. DCP does nol depend an réquency nar media.

«  PAR: PAR & tha Peak to Avarage Ratio that is not calibreted bui determined based on fhe signal
characieristics

s Az Bryz Cuyr Oxpr VRy oz A 8, G, D are numerical linsarization parameiers assassed based on
the: data of power sweep for speciic modusation sgnal. The parametsns 6o not dapend on fragquancy nor
media. VR is tha maximum caibrabion rangs axpressed in RMS voRage sorass (he dicds,

»  ConwE aod Boundany Effect Parameters: Assessad in flaé phantom using E-field [or Temperatures Transier
Standard Tor T < 500 MHz) and inside weveguide using ansiyiical fleld distribulions based on powar
maasurements for T = 800 MMz The same salups are o2ad lor assessment of the paramalans applad far
boundary compensation (edpha, dapth) of which typicsl uncerainty velues are given. Thess porameiers are
used In DASY software o improve probe accuracy dose (o the baundary. The senailivity in TSL carresponids
b RORM ), 2 * ConeF whereby the uncariainty comespands o thad given for Conef, A fraquency dependent
ComvF B used In DASY version 4.4 and higher which allows axtending the valicily from 2 B0 MHz 1o 100
fMHz

& Sphencal sptmpy (30 davation from isobropy); ina field of low gradients reaised wsing a Nal prantom
axposed by a paich antenna.

a  Sgngor Offzel The sensor offest comesponds o the offsat of virsal measuramant canter from the probe tip
jon probe axs]. No lolarance requinad

= Coonechor Anghe: The angla (& assassad using the mformation gainad by determining the SORY (no
uncartainty requered).

Cerfcale Mo: EX3-7582_0ci18 Paga 2 of 11




Bay Area Compliance Laboratories Corp. (Kunshan)

EXI0NS - BM:TIEZ Dtonar 26, 3016

Probe EX3DV4

SN:7382

Manufactured:  April 13, 2015
Calibrated: October 26, 2016

Calibrated for DASY/EASY Systems

[Mata: non-compatible with DASYZ system)
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Bay Area Compliance Laboratories Corp. (Kunshan)

EXEING- BMTI8Z ik 36, 26

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7382

Basic Calibration Parameters

Sorsor K Sanpor ¥ | Sansor L U (k=2)
Mo [uvivimT 0.41 0.43 045 =101 %
DCP (mw]" 95.9 102.4 2.0
Modulation Calibration Parameters
UID | Communication System Mame A B [ [¥] VR U
dB | dBviev a8 iy =2}
a oW ) ® [T 0.0 1.0 (] 1434 | #35% |
¥ 0a 0.0 1.4 1485
| Z 0.0 0.0 1.0 | 1433 |
The reported uncarainty of measurement & stated as the standard uncertainty of measuremeant
multiplied by the coverage factor k=2, which for a normal distribution coresponds to a coverage
probability of approxamately 95%.

* The uncadainies of Mosn 3,2 @ nol alfec The E-Rald uncemainty inside TSL (ses Pages 5 and &)
* pumarical Fnearizason  unCsitainty not requined

* Uncafminty s delnmingd using e max. devialion from inear esponse appiying rectangular distritution and & sspmessd for the aguan o the
Tharkd valua.

Certificats Moo EX3-T342_Oct16 Page d of 11




Bay Area Compliance Laboratories Corp. (Kunshan)

EX30v4— SNT3EZ ik 36, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7382

Calibration Flrlrnuur Determined in Head Tissue Simulating Media

| f (MHz} i PaM m?;::]mh ConwF X | ComvFY | ComvFZ | mipha® Eﬂ :Iih-;] |
750 418 0.84 11.04 11.04 11.04 0.51 (.80 £12.0 %
B35 41.5 0.60 10.50 10,50 10,50 A5 .80 £12.0 %
] 4.5 | oar 1027 1027 1027 031 1.05 120 %
1780 40,1 1.37 B.06 806 9.06 0.26 008 | +120%
1300 40.0 1.40 8.1 8.1 M 0.7 0.81 . +12.0%
2450 3.2 1.80 773 T.73 773 0.6 0.8 £12.0%
2800 38.0 1.96 7.48 .48 744 0,37 0.8 | +120%
G250 369 4.71 5.52 5.52 5.5 0,35 1,60 £13.1 %
5600 35.5 5,07 £.05 5.05 6.05 0.40 180 | £131%
SE00 5.3 | 5.27 5.16 516 516 040 1.80 =131 %

 Fraquancy valdily abowva 300 MHe of £ 100 MHz only apslas for DATY wi.4 and highar [sa0 Page 2|, olsae I s restricted o & 50 MMz, The
uncartainly is tha RSS of a ComsF uncertainty ai calibration frequency and the uncoriainty for the indicated frequency band. Frequency validity
boborw 300 M I + 10, 25, 40, 50 and 70 WHz for Conyl assessmends ot 30, 64, 138, 150 snd Z30 WHz respeciiealy. Al § GHE Digiancy
vabidity can b arbendad 1o & 190 MHz.
Al beguencies below 3 GHe. the valdity of hisus panamsiass [z and o} an ba relased 1o 2 105 H louid ompensation foemula s appled 1o
measored SAR values. Al beguencies showe 3 GHz. the vakdiy ol Gisue parasaless (v and o) B resincied 1o £ 5% The enoedoiny s the F5E of
H'raﬂumrF uniatanty for indicetsd Enges liase paiamalees.

anur@mm EPEAG warranis fral a remaining devision dus 1o the boundary elact gher compansation s
always less than + 1% for frequences below ) GHz e below 2% for frequenciss Batwsan 3-8 GHe @ any distanca larger than half the probe ip
dlameber froe the

Cerfificaie Moo EX3-T382_Oct16 Page 5of 11




Bay Area Compliance Laboratories Corp. (Kunshan)

EXADV4- SHET3E2

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7382

Calibration Parameter Determined in Body Tissue Simulating Media

October 26, 2016

Mz | P eomitiity” cmﬁw ConvF X | CorvFY | ConvFZ | Alpha® E- 1l:-LlFr
750 855 0,98 10.94 10.94 1094 042 0.95 £120%
B35 55.2 0,97 10,54 10,54 1054 | D48 0.83 +12.0 %
800 55.0 1.05 10,42 10.42 10.42 048 0RO 120 %

| 1750 53.4 1.48 [ 885 885 0.34 0.63 +12.0 %
1800 53.3 1.52 B.21 831 B.31 0.24 1.10 +12.0%
2450 527 1.85 T.B8 .88 T.848 041 0.60 +12.0%
2500 528 2.18 7.5 7.58 7.5 0.32 0.80 £12.0 %
5250 485 5,38 4.01 4.91 4.91 .40 1.90 £131 %
550601 48.5 577 4.08 4.00 4.08 0.50 1.90 2131 %
SAO0 48,2 .00 4.36 4.36 438 050 1,80 +13.1%

© Fraquancy validiy above 300 MHz of = 100 H—lzm!-unﬂnﬁmrmﬁh‘ﬂlaﬁdml_ N&t!}. ol i b PRl 10 & B0 MH2. The
unzartaingy is the RES of the Comd® urcertainty ot calibration beguency and tha u tha indcaied frequency’
e 300 MR s w10, 25, 40, S0 arad TO MHE for ConF

wplidiny cam be axdonded io = 110 BHz

'

‘I'ﬂ CoomeF uncatanty o indcaied targe Semues paramslaeg

hand. Frequency waiidity
AsEcRSmEis ot 30 G4 128, 1!{:--1\1 230 Wz respectieely. Bbove 5 GHe Fequency

below 3 GHz, the validity of fissue parameberns (s and o) can e relaxed be & 10% T Baquid compenaabon fomla i aophed o
Faaiured BAR values Al Trequancies abowve 3 GHz, the walidiy of tesue parmmeters (o and o is restricted 1o 3 5%, Tha usosianty & ®a RES of

wew dtermined duing calitaton SPEAG marranis (hal the remaning desdadon dus b Fe bouncany sfiect afler cam persalion
.pl-l.,ulu.nmmt 1% for frequencies bolow 3 GHz and below & 2% for frequencies batasan
diameier from the boundary.

35 GHE al daty ditainda In.rganrml'lrunmbl-Lb

CariScaba Mo; EX3-T382_Ocl1E
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Bay Area Compliance Laboratories Corp. (Kunshan)

EXAOVE— BMTIA2

Frequency Response of E-Field

(TEM-Cell:ifi110 EXX, Waveguide: R22)

Qolober 26, 2016
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Bay Area Compliance Laboratories Corp. (Kunshan)

EXCED'4— ST Delober 26, 216

Receiving Pattern (¢), 3 = 0°

f=600 MHz. TEM f=1800 MHz.R22
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Uncartainty of Axial Isotropy Asssssreeni: £ 0.5% (k=2)
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Bay Area Compliance Laboratories Corp. (Kunshan)

EX30NG— 5N TIEZ

104+

inut Signal [\
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(TEM cell , frm= 1900 MHz)

T CH S

- — - r
g Ll 4 H
oL Rl
Fore T T ':| i “ i
io0-= 1ors Mt [ 1a! 0= fo2
SAR [mWemd]
- [
nal cnnpansaEad compessaied

Uncertainty of Linsarity Assessment: & 0.6% (k=2

Qcacber 26, 2016
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Bay Area Compliance Laboratories Corp. (Kunshan)

EXanva- ghETIA Oeloksar 26, 2016

Conversion Factor Assessment

=835 MHz WELS RO (H_cormfE) I'= TEO0 MHz \WGELS RZ2 (H_conyF)

i [T

EAR [yl

™ L 0 ' L]
LiwE

rirenj
» (]
----- - mide b ]

Deviation from Isotropy in Liquid
Error (i, 8). f =900 MHz

i

=140 -08 -G8 -0 <02 00 0.2 0.4 Qe Q8 1.4
dcal Isotropy A smani: £ 2,60 (k=2)

Uncerisinty of Spd
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Bay Area Compliance Laboratories Corp. (Kunshan)

EXADN - SH-THH2 October 28, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7382

Other Probe Parameters
Sansor Arrangaement Triangular
Cannector Angle () ' B
Mechanical Surface Delection Mode " anabind
Cptical Surface Detection Mode ) disabled
Probe Cwerall Lengih 337 men
PFrobe Body Diarmeber 10 rmem
Tip Length ) o mm
Tip Dameter Z.5 mm
Proba Tip to Sensor X Calibration Point 1 mm
Probs Tip to Sensor ¥ Calibration Pl - Tmm
Prabe Tig to Sensor Z Gakbratan Foim 1mm |
Aecommanded Measuremer Distance irom Surace 1.4 mm

Cortificate Mo: EX3-TI8E_Ocii Page 11 of 11




Bay Area Compliance Laboratories Corp. (Kunshan)

DIPOLE CALIBRATION CERTIFICATES

Calibration Laboratory of S, S  Schweizerischer Kalibrierdienst
Schmid & Partner -‘%\E‘HE?H//EE;& Service suisse d'élalonnage
Engl’neerjng AG -;,— — :- C Servizio svizzero di taratura
Zeughausstrasse 43, B0D4 Zurich, Switzerland A aﬁ\f S Swiss Calibration Service
AR
Accredited by the Swiss Accreditation Service (SAS) Acereditation Ne.: SCS 0108

The Swiss Accreditation Service is one of the signataries te 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) |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

b) IEC 62209-1, "Procedure to measure the Specific Absarption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

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:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

s 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.

s Antenna Parameters with TSL: The dipale 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.

o [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.

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

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

s 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 nermal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No: DB35V2-453_Aug15 Page 2 of 8




Bay Area Compliance Laboratories Corp. (Kunshan)

Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASY5 V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resoclution dx, dy, dz =5 mm
Frequency B35 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 41.5 0.20 mho/m
Measured Head TSL parameters {22.020.2)°C 41.9x6% 0.93 mho/m £ 6 %
Head TSL temperature change during test <0.5°C - -—
SAR result with Head TSL
SAR averaged over 1 em” (1 g) of Head TSL Condition
SAR measured 250 mW inpul power 2.41 Wikg

SAR for nominal Head TSL parameters normalized to 1W

9.43 Wikg = 17.0 % (k=2)

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

SAR measured 250 mW input power

1.56 Wikg

SAR far nominal Head TSL parameters normalized to 1W

6.13 W/kg £ 16.5 % (k=2)

Body TSL parameters
The following paramaters and calculations were applied.
Temperature Permittivity Conductivity
MNominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+0.2)°C 56.1+6% 1.02 mho/m £ 6 %
Body TSL temperature change during test <0.5"°C amae e
SAR result with Body TSL
SAR averaged over 1 cm® {1 g) of Body TSL Condition
SAR measured 250 mW input power 2.47 Wikg
SAR for nominal Body TSL paramsters normalized to 1W 9.55 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 1.61 Wikg
SAR for nominal Body TSL parameters normalized lo 1W 6.27 Wikg = 16.5 % (k=2)

Certificate No: D835V2-453_Aug15

Page 3of 8




Bay Area Compliance Laboratories Corp. (Kunshan)

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

Impedanca, transformed to feed point 50.7Q-4.6]Q
Return Loss -26.8dB

Antenna Parameters with Body TSL

Impedanca, transformed to feed point 4680 -6.0 02
Return Loss -23.1dB

General Antenna Parameters and Design

Electrical Delay (one direction) | 1.392ns

After long term use with 100W radiated power, only a slight 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 connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions” paragraph. The SAR dala are not affected by this change. The overall dipole length is still
according to the Slandard.

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 on January 31, 2002

Certificate No: D835V2-453_Aug15 Paged of 8




Bay Area Compliance Laboratories Corp. (Kunshan)

DASYS5 Validation Report for Head TSL

Date: 17,08.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 453

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

Medium parameters used: =835 MHz; 6 =0.93 $/m: & = 41.9; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS52 Configuration:
+ Probe: ES3DV3 - SN3205; ConvF(6.2, 6.2, 6.2); Calibrated: 30.12.2014;
o Sensor-Surface: Imm (Mechanical Surface Detection)
o Electronics: DAE4 Sn654; Calibrated: 08.07,2015
o Phantom: Flat Phantom 4.91; Type: QDOOOP49AA; Serial: 100]
+ DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 538.20 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 3.65 W/kg

SAR(1 g) = 2.41 W/kg; SAR(10 g) = 1.56 W/kg

Maximum value of SAR (measured) = 2.84 Wikg

dB

-2.00

I

-4.00

-6.00

-8.00

-10.00

0dB =284 Wikg =4.53 dBW/kg

Centificate Mo: DB35V2-453_Aug15 Page 5of 8




Bay Area Compliance Laboratories Corp. (Kunshan)

Impedance Measurement Plot for Head TSL

17 Aug 2815 17:12:%59
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Del ! - . = = . . . + /—a—'!—"_
! 4 ! " i ! 4 . P =
e | | | [ SN -1 (W ]| !
N P
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16?7 1 1 T =1 — 1
Hid - B -
START 635.900 00D MHz ' g STOP 1 035,000 000 Mz

Certificate Mo: D835V2-453_Aug15 FPage 6ol 8




Bay Area Compliance Laboratories Corp. (Kunshan)

DASYS5 Validation Report for Body TSL

Date: 17.08.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 453

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

Medium parameters used: ['= 835 MHz; o = 1.02 8/m: £, = 56.1: p = 1000 I\:g_.*"l‘f‘t1
Phantom section: Flat Section

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

DASYS52 Configuration:
o Probe: ES3DV3 - SN3205; ConvF(6.17, 6.17, 6.17): Calibrated: 30.12.2014;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn654; Calibrated: 08.07.2015
o Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001
«  DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 55.00 V/im; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.69 W/kg

SAR(1 g) = 2.47 W/kg; SAR(10 g) = 1.61 W/kg

Maximum value of SAR (measured) = 2.89 Wikg

dB

-2.40
-4.80
-7.20
-9.60
-12.00

0dB =289 Wikg=4.61 dBW/kg
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Impedance Measurement Plot for Body TSL

17 Aug 2015 12:19:@8

CHI s11 1 U Fs 1t 46,750 n -5.9551 0 32007 pF 535,000 000 MH=
.
Del
Ca i S, L
2l
&) = ]
|
fvg 2 >
1E Sl
Hld
CHZ 11 Lo6 5 dB/REF -20 d8 1:-23.094 dB  £35.000 089 HHz
Del | " — + 1 e
-\__ﬂ_"‘\\“ /"_/——
. 4 e —
Ca =, -~
1 i L = |
i .
\ /
v
g | | L ==
Hid i E
START 635,000 0RO MHz STOP 1 025,000 00D MHz
Certificate No: DB35V2-453_Aug15 Page 8 of 8




Bay Area Compliance Laboratories Corp. (Kunshan)

v i
ca"bll'mm“ Laboratory of PR g Schweizerischer Kalibrierdianst
Schmid & Partner i!ﬁl’:‘:xx:f!:&ﬁ.— o Service suisse détalomage
En ujneering Ala e Servizio evizzors di taratura
Ioughaussirasse 43, 004 Zurlch, Switzeland ’r»,',’;f.’—"\:\w\:’- S swiss Callbration Senice
el
Accredited by e Swiza Acurediblion Servize (505) Accraditation Ne: SG5 0108
The Swiss Accreditalion Service is ane of the signatories te the EA
Multilateral Agreamant for the recognition of calibration cartiieates
Client BACL Cerificate No: D2600V2-1132_Nov16

|[CALIBRATION CERTIFICATE

Object D2sCova - shi1132

|l::|||l:|m!|ur procedur(s) QA CAL-05.,9

Calibration procedure for dipole validation kits above 700 MHz

Calibration date: MNovember 10, 2016

This cakbrylion cartilizale documents the tmceability ta national standards, which realize the physcal uni

Cahbeation Equipment used (MATE critical lar ealibration)

15 ol moaswamants (SI),

The measurements and the uncertainties with confidance probability ase givan on the lallowing pages and are part of the cerilicate

All calibraions have bean conducted in ha closed Lnbsaralory facdity: ervirorment tempesature (25 + 3)°C and humidity < 70%,

| Primary Standards | 1D # Cal Data (Cerilicale Ne.) Schedulzd Calibraton
[ Power meler NAP SH: 104778 OG-Apr-16 (Moo 217-02283/02288) Apr-1T
| Powar sensor MRP-Z31 SN 1S DE-Apr-16 (Mo, 217-02283) ApriT
Power sensor NRP-Z31 SH: 103245 DE-APF-16 (Mo, 217-02283) Apr17
HAnferencs 20 dB Attenuator SM: 5058 (20k) D5-Apr-16 (Mo, 217-02202) Apr-17
Tyea-M mizmatch combination Sh: 5947,3 / 06327 OB Apr 16 (Mo, 217 D2203) Apr-iT
Raference Probo EXZDV4 SN: 7349 15Jure16 (Mo EX3-7348_Juni) Jun-17
DAE4 SN 501 B0-Dec-15 (Mo, DAEA-B01_Dec15) Dae-16

Secondary Siandards |Ip & Check Date {in house) Schodulxd Chock

Power metar EPM-1428 | &N: GEA7480704 OF-Oat-15 {in house chad Ocl-16) Irv house eheck: Dd-18

Power sensar HP B4E1A SN: U53T202785 OF-0ct-15 {in house chack Ocl=-16) I houss check: Od-18

Power sansor HP B4E14 SH: My41002317 OF-Dct=15 (in kouse chedd Ocl-16) I house check: Ocl-18

AF generalor RES SMT-08 SiM: 100972 15-0un-15 {in houses chodk Ool-16) In housa chack: Ocl-18

Motwork Analyzar HP 8753E SM: 337300588 18-Det-01 {in bouse chack Ocl-18) In house check: Oc-17

Mame Function Signalum
Calibraied by Michasl Weber Laborslosy Technician
L
Approved by: Katja Pokovic Technical Manager Mﬁ'
- = o
- e
Issuad: hovembar 11, 2016
This galibration cerificate shall not be reproduced excepl in full wihout witlen aporoval af the laboratory.
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E“QiﬁEETing AG I Servizio svizzero di taratura
Zoughausstrasse 33, 8004 Zurich, Switzertand AN S Swiss Calibration Service
T,
Accradited by the Swiss Accraditation Seevice {SAS) Aecreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signateries to the EA
Multilateral Agreoment for the recognition of calibration eertiticates

Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL / NOBM 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, "Procedure to measure 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

c) IEC 82209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human bady (frequency range of 30
MHz to 8 GHz)", March 2010

d) KDBE 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 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 liguid filled phantom. The impedance stated is transfarmed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. Mo uncertainty required,

= Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

SAR measured: SAR measured at the stated antenna input power.
SARA 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 resuit.

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: D2600V2-1132_Novie Page 2al B
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Measurement Conditions

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

DASY Version DASYS vV52.5.8
Extrapolation Advancad Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resclution di, dy, dz =5 mm
Frequency 2600 MHz + 1 MHz
Head TSL parameters
The following parametars and calculations were applied.
Temparature Parmittivity Conductivity
Nominal Head TSL parameters 22.0°C 38.0 1.96 mhofm
Measured Head TSL parameters {220z02)°C FE£ER 2.04 mhe'm + 6 %
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

SAR measured 250 mW input power 14.4 Wikg

SAR for nominal Head TSL paramesters normalized to 1W 56.1 W/kg 2 17.0 % (k=2)
SAR averagad over 10 em’ {10 g) of Head TSL condition

SAR measurad 250 mW input power 6.38 Wikg

SAR for nominal Head TSL parameters

nomalized to 1W

25.1 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conduchvity
Neminal Body TSL parameters 22.0°C 525 2,16 mho/m
Measured Body TSL parameters 22002 °C 508+6% 2.20 mho/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 input power

13.7 Wikg

SAR for nominal Body TSL paramaters

normalized to 1W

53.9 Wikg £ 17.0 36 (k=2)

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

condition

SAR measured

250 mW input power

6.10 Wikg

SAR for nominal Body TSL parameters

narmalized Lo 1W

24.2 Wikg = 16.5 % (k=2)

Certificate No: D2800V2-1132_MNoviE
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 4760-86
Return Loss - 20.8 dB

Antenna Parameters with Body TSL

Impedance, transformed 1o feed point A00-61K
Retumn Loss -20.8dB

General Antenna Parameters and Design

| Etectrical Delay {one direction) | 1154 ns

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

The dipole i made of standard semirigid coaxial cabls. The center conductor of the feading line is dirsctly connected to the
second arm of the dipole. The antenna is therslore short-circulled for DC-signals. On some of the dipates, small end caps
are added to the dipole arms in arder to improve matehing when loaded according to the position as explained in the
“Measuremant Gonditions" paragraph. The SAR data are not afiected by this change, The overall dipole length is still
according to the Standard.

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

Additional EUT Data
Manufactured by SPEAG
Manufactured on October 12, 2016
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DASYS Validation Report for Head TSL

Date: 10011.2016

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2600 MHz: Type: D2600V2; Serial: D2600V2 - SN:1132

Communication System: UID 0 - CW; Frequency: 2600 MHz

Medium parameters used: [= 2600 MHz: 6 = 2.04 S/m; £, = 37.6: p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (I[EEE/EC/ANSI C63.19-2011)

DASY 52 Configuration:

o Probe: EX3DV4 - SNT7349; ConvF(7.56, 7.56, 7.56); Calibrated: 15.06.2016:

«  Sensor-Surface: L.4mm (Mechanical Surface Detection)

s Electronics: DAE4 Sn601: Calibrated: 20.12.2015

«  Phantom: Flat Phantom 5.0 (front); Type: QDOOIPS0AA; Serial: 1001

« DASYS52 52 8.8(1238); SEMCAD X 14.6.10(7372)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=3mm, dy=3mm, dz=5mm

Reference Walue = 1150 Vim; Power Drft = -0.02 dB

Peak SAR (extrapolated) = 30.4 Wikg

SAR(1 @) = 14.4 W/ka: SAR(10 g) = 6.38 Wikp

Maximum value of SAR (measured) = 24.2 Wike

-5.00

-10.00

-15.00

=20.00

-25.00

0dB =24.2 Wikg = 1384 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Drate: 10.11.2016

Test Laboratory: SPEAG, Zurich, Swilzerland

DUT: Dipole 2600 MHz; Type: D2600V2: Serial: D2600V2 - SN:1132

Communication System: UID 0 - CW; Frequency: 2600 MHz

Medium parameters used: = 2600 MHz: ¢ = 2.2 S/m; & = 50.8; p= 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEAEC/ANS] CA3,19-2011)

ASYS2 Configuration:

+ Probe: EX3DV4 - SN7349; ConvF(7 48, 748, 7.48); Calibrated: 15.06,2016;

= Sensor-Surface: 1dmm (Mechanical Surface Detection)

«  Electronics; DAE4 Sn601; Calibrated: 30.12.2015

*  Phantom: Flat Phantom 5.0 iback): Type: QDOUDPS0AA; Serial: 1002

« DASYS2 52.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=3mm, dy=5mm, dz=5mm

Relerence Value = 107.2 Vim; Power Drifi = -0,05 dB

Peak SAR (extrapolated) = 27.9 Wikg

SAR(L g) = 13.7 W/kg: SAR(10 g) = 6.1 W/kg

Maximum value of SAR (measured) = 22.8 Wiks

-5.20

-10.40

-15.60

-20.80

-26.00

0dB =228 W/kg= 1358 dBW/kg
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Impedance Measurement Plot for Body TSL
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