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This catbration carficale dociments the iraceabilly to nalianal standards, which reslize the physical unila of meaguremants (21).
| Thea measureméants and the uncertainkics with conlidencs probability are ghven on the following pages and ane part of ha cenficats

| Al calloratiors have been canducted In tha closed kanaratory tacilily: envirooment iemperature (22 £ 3)°C and humidiy < 70%.

Calivration Equipenent used (METE critcal for callnstion)

Thiz calibration cerificale shall not ba reproduced sxeapt in full without 'wiilten aponoval of the labaratary.
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Glossary:

TSL tissue simulating liquid

MORM Y2 sensifivity in free space

ConvF sensitivity in TSL / NORMxy,z

DCP dinde comprassion paint

CF crest factar (1/duty_cycle) of the RF signal

A B CD madulation depandent linearization paramaters

Polarization p ip redation around probe axis

Polarization 4 T rolation arcund an axis 1hat is in the plane normal to probe axis (at measurement center),

e, 7 =10is normal to probe axs

Conneclor Angle infarmation used in DASY system to align probe sensor X 1o the robot coordinate systam

Calibration is Performed According to the Following Standards:

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

b [EC 62209-1, °, “Measurament procedure for the assessment of Specific Absorption Bate (SAR) from hand-
hald and body-mounted devices used noxd to the ear (frequency range of 300 MHz to & GHz)", July 2016

c) IEC 62209-2, "Procedure 1o determing the Specific Absorption Rate (SAR) for wireless communicalion devices
usad in closa proximity to the human bedy (frequency range of 30 MHz to 8 GHz)", March 2010

d) KDB 8856854, "SAR Measuremant Haguiremants for 100 MHz 10 6 GHz"

Methods Applied and Interpretation of Parameters:

NORMy, v, 2 Azzessed for E-field polarization o = 0 (f < 900 MHz in TEM-call; | = 1800 MHz: A22 waveguide),
MORM:,y,z are only inlermadiate values, i.e., the uncertainties of NORMx, v,z does not affect the E=-field
uncerainly inside TSL (see below ConvF).

NOBM{fx .z = NORMx, v,z * frequency_respanse (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2, The unceriainty of the frequency response s included
in the stated uncertainty of ComeF.

DG Fx. . 2: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal {no uncertainty required), DCP does not dapaend on frequency nor madia.

FAR: PAR is the Peak to Average Ratio thal is not calibrated but determinad based on the signal
characterstics

Ax. 2 Buy 2 Crpz Oz VAx Y.z A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific madulaton signal. The parameters do not depend on freguency nor
media. VA is the maximum calibration range expressad in BMS voltage across the diode.

Comef and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical hald distnbutions based on power
measurements for f = 800 MHz. The same selups are used for assessment of the parameters applied for
beundary compansation {alpha, depth) of which typical uncertainty values are given, These parameters are
used in DASY4 software to improve probe accuracy clase 1o the boundary. The sensitivity In TSL coresponds
to MORMx,pz * ConvF wheraby the uncertainly corresponds 1o that given for ConvF. A frequancy dependent
CanvF is used m DASY version 4.4 and higher which allows extending the validity from + 50 MHz fo £ 100
MHz.

Spherical isotrapy (30 deviation fram isotrepy) in a field of low gradients realized vsing a flat pharitarm
exposed by & patch amenna.

Senzor Offsef. The sensor offset corresponds o the ofiset of vidual measurement center from the probe tip
{on probe axis). No tolerance required,

Cannectar Angle: Tha angle is assessed using the information gained by determining the MOEM (no
uncertainty reguired),

Cerificate Mo: EX3-7329_Jan18 Page 2 of 11




EX3DW4 — S T30 January 22, 2018

Probe EX3DV4

SN:7329

Manufactured:  December 11, 2014
Calibrated: January 22, 2018

Calibrated for DASY/EASY Systems

(Mota: non-compatible with DASY2 system!)
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EX3DV4— SM: 7329 January 22, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7329

Basic Calibration Parameters

) | Sensor X | Sensor Y Sensor 2 Une (k=2)
Morm (v imp | 0.45 | 0.1 0.47 =101 %
DCP {my)® 1 97.6 I 9.4 24.5 -
Modulation Calibration Parameters
uin Communication Systemn Name - A B C D VR Ungt
dB 4BV dB my (k=2)
IE oW x| oo 0.0 10 | 000 | 1394 | 33% |
[ 0.0 0.0 1.0 1 1328
_ -~ z| oo 0.0 1.0 137.1

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%,

* Tha uncerainlies af Nom X,¥,Z de not afect tha E™-lield urcertairgy inside TEL (see Pages 5 ard 6],

Y Mumerizal linearization parametar: uncertainty not reguingd.
© Uncentainty & determingd using the max. deviation fram fnaer respansa apphing reclanguiar dstributian and is expressed fr the square of the

ek value.

Certificate No: EX3-7329_lan1a Page 4 of 11




EX3DVd= 5N:7328 January 22, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7329

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dapth ™ Unc |
| 1{MHz)}® | Permittivity" (Sim) " ConvF X | ConwF¥ | ConvFZ | Alpha® | (mm)  (ks2)
| 150 523 0,78 _12.88 | 12.88 12,88 0.00 100 | +13.3%

& Frequancy validty above 200 MHz of = 100 MHz only applies for DASY w44 and highar (528 Page 2}, elga il is restricied 1o« 50 MHz, Tha
uncerainly is the RSS of the CorvF uncedainty at calibralion frequancy and the uncatainty for the indicated Trequency band, Fragquency validity
below 300 MHz is £ 10, 25, 40, 50 and 70 MHz for CorwF assessments at 30, 84, 126, 150 and 220 MHz reapectively. Above 5 GHz frequancy
walidily can be edended to 2 110 MHz,

" AR Trequancias bekew 3 GHz, the validit of tssus paramatars (e and ) can be relaxad 1o+ 10% if Fquid compansation farmula is appled o
magsured SAR values, Al nesquancies above 3 GHz, the validity of Bssue parameters (£ and o) & resiricied 1o £ 5%, Tha uncertainty & the BSS af
1he ConuF uncatainty lor indicated tamgat lissue paramatars

“ AlphaDepth are determined dunng calioration, SPEAG waranls that the remaining deviation fue to the boundary efisct aler compensstion i
always less than £ 1% for frequencias balow 3 (GHz and balow = 2% for Irequencies between 3-6 GHe at any distancs larger than half the prabs tp
dimmatar fram tha boundary,

Cenificate Mao; EX3-7329_Jan18 Page 5 of 11




EX3DV4- SMN:T329 January 22, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7329

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unc
1iMHZ)® | Permittivity” {8m) " ConvF X | ConwF¥ | ConwFZ [ Alpha® | (mm) (km2)
180 | 51,9 0.80 12,56 12.56 12.56 0.00 100 | +133%

® Freguency validity abowe 300 MHz of 1 100 MHz only applies for DASY wa_4 and higher (sea Page #), alse it is restrictod 1o + 50 MHz. Tha
unierlainly is the RSS of tha ConvF uncedainty at calbration treguency ard the uncertainty far tha indcated frequancy band. Fraguenay validity
balew 300 MHz is + 10, 75, 40, 50 and 70 MHz lar CarF assossmants af 30, 64, 128, 150 gnd 220 MHz respeciivaly, Anove 5 GHz frequency
valicy can ba exiendiad 1o+ 110 MHz.

Fa frequancias balow 3 GHz, the validity of lisue pararmeters (c and o) can ba ralaxed bo 2 10% if liguid comparsation famuta is appied o
measured SAR values. Al frequencias abova 3 GHz, the vakdity of lissue paramebers v and o) is resticted ta £ 5%. The wmeeranly is the ASS af
thie Caref uncamainty for indealed target lissue paramsless,

 AlpkaDepth are determined during calibration. SPEAG warrants thal the remaining deavia%an dus 1o tha boundary affact altar compansasian is
afays |nss than 4 1% for frequencies below 3 GHe and below + 2% for frequencias babwean 3-8 (GHz a1 any distance langer than hall the probsa tip
diamatar fram the boundary.

Curtificata Mo: EX3-7329_Janm8 Page & af 11




EX30NV4— 5N 7389 January 22, 2018

Frequency Response of E-Field
{TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: = §.3% [k=2)
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EX3DVa- 5N 7329

Receiving Pattern (¢), 9 = 0°

January 22, 2018

f=600 MHz, TEM f=1800 MHz R22
L1 W
LU : ] 125 3 B 4
2 . Z 4
7 : F 5 .
M §
Wy | ¥ & 1 .I‘_ !
! ‘-"".-' 0 ©4 0B "o 0 'm_ ! ® *23. a4 2" on .u
E 4 SR .
- - '
i ' ]
— g L e 4 ¥
%
ne 1 A F-Tp . . é‘t
el oy Sy
L] - L] L ] L] L]
Tat X b F Tat x b Z
05+
o
B B = o 2 L] B o B
5 A zi-'"!"i"‘-‘-"'i""!"=Si-ﬁ-ﬁianﬂi":::':iiii
i
0.5~
=180 =100 -EQ 0 80 100 150
Rall [1]
L1 | =] . LN
100 MRz GO0 MHE 1B00 Mz 2500 MHz

Uncertainty of Axial lsotropy Assessment: = 0.5% (k=2)
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EXIDV4= BN.7320 January 22, 2018

Dynamic Range f(SARpeaq)
(TEM cell , foua= 1900 MHZ)
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Uncertainty of Linearity Assessment: = 0.6% (k=2)
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EX3DWV4— SN: 7328

AR VRV

¥
LR

Dievialion

=150 MHz, WGLS Flat Phantom 4.4

Conversion Factor Assessment

January 22, 2018

f= 150 MHz WGLS Flat Phantomn 4.4

wof - — = -7 - =
us
sl
s b
$.p o
Esﬂ'-f .l_
|I"‘1-. | 'D'; '.‘."‘h.
e : e ke o “.5- T ke - 'ﬁ_ r SR i mia
o iidveed AL o it
Deviation from Isotropy in Liquid
Error (¢, @), f = 900 MHz
1.0
08
08
0.4
02
0.0
0.2
0.4
0.6
0.8
1.0
o

-1.0

Uncertainty of Spherical lsotropy Assessment: + 2.6% (k=2)
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EXIDVE- SMN:T320

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7329

Other Probe Parameters

January 22, 2018

Sensor Arrangement Triangular |
Caonnector Angle (*) 8.7 |
techanical Surface Datection Moda enabled |
Optical Surface Detection Mode dizablad |
Probe Cverall Length 337 mm .
Probe Body Diameter 10 mm |
Tip Langth g mm

[T Diameter 2.5 mm |
Probe Tip to Sensor X Calibration Baint 1 mm

| Probe Tip 1o Sengor ¥ Calibration Paint 1 mm
Probe Tip to Senser Z Calibration Point 1 mm
Recommended Measurement Distance from Surlace 1.4 mm

Certificate Mo: EX3-T320_Jania
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DIPOLE CALIBRATION CERTIFICATES

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, BI04 Zurich, Switzerland

Schweizerischer Kalibrierdlenst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

wmow

Acoradiled by the Swiss Aocreditation Service [SAZ)
The Swiss Accreditation Sarvice is one of the signataries to the EA
Multilateral Agraement for the recagnition of calibration certificates

Accreditation Mo.: SCS 0108

client  BACL Certificate No: CLA150-4020_MNovig
CALIBRATION CERTIFICATE
Object CLA150 - SN: 4020

Calibration procedureds)

QA CAL-15.v8
Calibration procedure for system validation sources below 700 MHz

Calibration data: Movember 08, 2016

| This callbratian certificale documents the traceability 10 naisnal standards, which ralize the physical units of measurements (S1).
The measuraments and the uncedaintizz with confidence robablity are given on the following pagas and are part of the certificate.

All calibrations have been conducted in the closed laboratary facility: environmant temperature (22 + 3)°C and hurnidity < 70%,

| Calibration Equipment used (MATE aritical for calibration)

| Primary Slandands D # Cal Date (Corlificate Ne,) Scheduled Calibration
Powar mater NRP SN: 104778 UG-Ape-16 (Mo, 217-02288/02280) Apr-17

Power sensor NRP-231 SM: 103244 DE-Apr-18 {Me. 217-02288) Apr-17

Power sengor MAP-Z91 SN; 103245 06-Apr-16 (Mo, 217-02288) Apr17

Reference 20 dB Attenuator SN 5128 (30b) O5-Apr-16 (Mo, 217-02254) Apr17

Type-M mismatch combination SM: 5047 2 0B327 O5-Apr-16 (Mo, 217-02255) Mpi-17

Referance Probe EX30NV4 SMN: 3877 31-Dec-15 (Mo, EX3-3877_Dec15) Dec-16

DaES SM: 654 12-Aug-16 (No. DAES-654_Aug16) Aug-17

Secondary Standards 0w Check Date (in house) Scheduled Check
Power maler E44198 Sh: GR41293874 O6-Apr-16 (Mo, 217-02285/02284) In house check: Jun-18
Power sonsor Edd120, BM: MY41458087 0G-Apr-16 (Mo, 217-02285) In housze check: Jun-18
Power sansor E44124, SiM: 000110240 06-Apr-16 (No. 217-02284 In house check: Jun-18
RF ganarator HP 86480 SM: US3E542001700 04-Aug-29 (in hause check Jun-16) In howss check: Jun-18
Netwark Analyzer HP B7S3E | BM: LIS37an0588 18-Cct-0 (in house check Oct-16) In house check: Oct-17

i 1 !
Mame Funetion fignat' re
Calibrated by Claudio Leublar Labaratory Technickan
Approved by: Katja Pokenic Tachnical Manager

Issued: Movember 10, 2016

| This calibration cerlilicate shall nol be reproduced except in full without writlan approval of ihe labaratory.

Certificate No: CLA150-4020_Novi§
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Calibration Laboratory of \\\-v@y&, o
oy g & :

Schweizerischer Kallbrierdienst

: & 5
Schmid & Partner ﬂﬂﬁﬂ;& 4 * o Semice suisse détmlonnage
Engineering AG i [ i A Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland c”f-;’:’:":\«\? X St S swiss Callbration Servics
Bl "
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

aj

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 Techniques”, June 2013

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

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"

n
]

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 ceriificate are valid at the frequency indicated.
Antenna Parameters with TSL: The source is mounted in a touch configuration below the
center marking of the flat phantom.

Return Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power. No uncertainty required.

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

SAR 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%.

Cartificate Mo: CLATS0-4020 Movid Page 20l 8




Measurement Conditions

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

DASY Version

DASYS

V52.6.8

Extrapolation

Advanced Extrapolation

Phantom

ELI4 Flat Phantom

Shell thickness: 2 + 0.2 mm

EUT Fositioning

Tauch Pasition

Zoom Scan Resolution

dx, dy = 4.0 mm, dz = 1.4 mm

Graded Ratio = 1.4 (Z direction)

Fraquency

150 MHz £ 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 52.3 0.76 mhaim
Measured Head TSL parameters (220=02)°C E01+£6% Q.75 mha/m £ 6 %
Head TSL temperature change during test < 0.5 —
SAR result with Head TSL
SAR averaged over 1em’ (1 g) of Head TSL Candition
SAR measured 1 W input power 354 Wikg

SAR for nominal Head TSL parametars

normalized to TW

3.64 Wikg = 18.4 % (k=2)

SAR averaged over 10 em’ {10 g) of Head TSL

condition

SAR measured

1 W input power

2,46 Wik

SAR for nominal Head TSL parameters

normalized to 1W

2.47 Wikg % 18.0 % (k=2)

Body TSL parameters

The following parametars and calculations were applied.

Temperature Parmittivity Conductivity
Mominal Body TSL parameters 22.0°C 61.9 0.80 mkhadm
Measured Body TSL parameters {22.0 £ 0.2) "C Bl4+6% 0.82 mho/m + 6 %
Body TSL temperature change during test =0.5°C — o
SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measured 1 W input power 3.81 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

3.73 Wikg = 18.4 % (k=2)

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

condition

SAR measured

1 W input power

2.57 Wilkg

SAR for nominal Body TSL parameters

normalized o 1W

2.52 Wikg + 18.0 % (k=2)

Cerificate No: CLA150-4020_MNow16
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Appendix (Additional assessments outside the scope of SCS 01 08)
Antenna Parameters with Head TSL

Impedance, transfarmed to feed point 44.4 01 - 1.8 0

Return Loss -24,1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4590 -6.0j0

Return Loss -225dB

Additional EUT Data

Manufactured by SPEAG

Manufactured on MNovember 25, 2015

Certiticate Me: CLAT50-4020_Novis Page 4 of &




DASYS5 Validation Report for Head TSL

Date: 07.11.2016

Test Laboratory: SPEAG. Zurich, Switzerland

DUT: CLA-150; Type; CLA-150; Serial: 4020

Communication System: UID 0 - CW; Frequency: 150 MHz

Medium parameters used: f= 150 MHz: o = 0,75 8/m; & =50.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:

Probe: EX3DV4 - SN3877; ConvF(12.02, 12.02, 12.02); Calibrated: 31.12.2015:
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn654; Calibrated: 12.08.2016

Phantom: ELI v4.0; Type: QDOVAQDIBE; Serial: TP: 1003

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

CLA Calibration for HSL-LF Tissue/CLA150, touch configuration, Pin=1W/Area Scan
(BIxB1Ix1): Interpolated grid: dx=1.500 mm, dy=1.500 mm
Maximum value of SAR (interpolated) = 5.06 Wikg

CLA Calibration for HSL-LF Tissue/CLA150, touch configuration, Pin=1W/Zoom Scan,
dist=1.4mm (8x10x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 81.89 ¥/m; Power Drift = (.02 dB

Peak SAR (extrapolated) = 6.81 Wikg

SAR(1 g) = 3.64 Wikg; SAR(10 g) = 2.46 W/kg

Maximum value of SAR (measured) = 5.06 Wikg

-2.81

-6.62

-8.42

-11.23

-14.04

0dB =5.06 Wikg = 7.04 dBW/kg

Certificate Mot CLA150-4020_Nov16 PagaSof B




Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 08.11.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: CLA-150; Type: CLA-150; Serial: 4020

Communication System: UID 0 - CW; Frequency: 150 MHz

Medium parameters used: f = 150 MHz; o = 0.82 8/m; 5, = 61.4: p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/AEC/ANSI C63.19-201 1}
DASYS2 Configuration:
= Probe: EX3DV4 - SN3877; ConvF(11.44, 11.44, 11.44): Calibrated: 31.12.2015;
o Sensor-Surface: 1.4mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn654; Calibrated: 12.08.2016
= Phantom: ELI v4.0; Type: QDOVAOD BE; Serial: TE: 1003
«  DASYS2 52.8.8(1258); SEMCAD X 14.6.10(7372)

CLA Calibration for MSL-LF Tissue/CLA150, touch configuration, Pin=1W/Area Scan
(81x81x1): Interpolated grid: dx=1.500 mm, dy=1.500 mm
Maximum value of SAR (interpolated) = 5.32 Wikg

CLA Calibration for MSL-LF Tissue/CLA150, touch configuration, Pin=1W/Zoom Scan,
dist=1.4mm (8x10x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 80.95 V/m; Power Drift = -0.07 dB

Feak SAR (extrapolated) = 7.02 Wikg

SAR(1 g) = 3.81 W/ke; SAR(10 g) = 2.57 Wikg

Maximum value of SAR (measured) = 5.27 Wikg

-2.76
-5.52
.27
-11.03

-13.79

0dB =532 W/kg =7.26 dBW/kg
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Impedance Measurement Plot for Body TSL
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