DASYS5 Validation Report for Head TSL

Date: 25.11.2015

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz ; Type: D2450V2; Serial: D2450V2 - SN: 840

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

Medium parameters used: { = 2450 MHz; 6 = 1.87 S/m; & = 38.2; p = 1000 kg/m*
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(7.67, 7.67, 7.67); Calibrated: 30.12.2014;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 17.08.2015

Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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 = 111.9 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 27.1 W/kg

SAR(1 g) = 12.9 W/kg; SAR(10 g) =5.98 W/kg

Maximum value of SAR (measured) = 21.6 W/kg

-10.00

-15.00

-20.00

-25.00

0dB =21.6 W/kg = 13.34 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 25.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 840

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

Medium parameters used: f = 2450 MHz; ¢ = 2.02 S/m; & = 52.7; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:

e Probe: EX3DV4 - SN7349; ConvF(7.53, 7.53, 7.53); Calibrated: 30.12.2014;

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 17.08.2015

Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002

DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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 = 107.0 V/m:; Power Drift =0.01 dB
Peak SAR (extrapolated) = 26.0 W/kg

SAR(1 g) = 13 W/kg; SAR(10 g) = 6.09 W/kg
Maximum value of SAR (measured) = 21.2 W/kg

-15.00

-20.00

0dB=21.2 W/kg = 13.26 dBW/kg
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Impedance Measurement Plot for Body TSL
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Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client Sporton-KS (Auden)

Accreditation No.: SCS 0108

Certificate No: D5GHzV2-1113_Nov15

|CALIBRATION CERTIFICATE

Object D5GHzV2 - SN: 1113

QA CAL-22.v2
Calibration procedure for dipole validation kits between 3-6 GHz

Calibration procedure(s)

Calibration date:

November 26, 2015

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Si).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Approved by:

Katja Pokovic

Primary Standards ID # Cal Date (Certificate No.) Scheduled Calibration

Power meter EPM-442A GB37480704 07-0Oct-15 (No. 217-02222) Oct-16

Power sensor HP 8481A US37292783 07-Oct-15 (No. 217-02222) Oct-16

Power sensor HP 8481A MY41092317 07-Oct-15 (No. 217-02223) Oct-18

Reference 20 dB Attenuator SN: 5058 (20k) 01-Apr-15 (No. 217-02131) Mar-16

Type-N mismatch combination SN: 5047.2 / 06327 01-Apr-15 (No. 217-02134) Mar-16

Reference Probe EX3DV4 SN: 3503 30-Dec-14 (No. EX3-3503_Dec14) Dec-15

DAE4 SN: 601 17-Aug-15 (No. DAE4-601_Aug15) Aug-16

Secondary Standards D # ' Check Date (in house) Scheduled Check

RF generator R&S SMT-06 100872 15-Jun-15 (in house check Jun-15) In house check: Jun-18

Network Analyzer HP B753E US37390585 S4206 18-0ct-01 (in house check Oct-15) In house check: Oct-16
Name Function Signature

Calibrated by: Jeton Kastrati Laboratory Technician ___ [° o

Technical Manager

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Issued: November 26, 2015

Certificate No: D5GHzV2-1113_Nov15

Page 1 of 13



Calibration Laboratory of N2
N— 7

; 3 2 S Schweizerischer Kalibrierdienst
Schmid & Partner % c Service suisse d'étalonnage
Engineering AG e Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % ’f;;\\\‘}? S swiss Calibration Service
il
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Muiltilateral 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, “lEEE 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 62209-2, "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

c) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz”

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e 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.

e 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.

e 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.

e 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 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 configuration, as far as not given on page 1.

DASY Version DASY5 V52.8.8
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy=4.0 mm, dz =1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency

5250 MHz + 1 MHz
5600 MHz + 1 MHz
5750 MHz = 1 MHz

Head TSL parameters at 5250 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.9 4.71 mho/m
Measured Head TSL parameters (22.0+0.2) °C 347 +6% 4.52 mho/m =6 %
Head TSL temperature change during test <05°C m—ee —ne
SAR result with Head TSL at 5250 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.14 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

80.7 W/kg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.33 W/kg

SAR for nominal Head TSL parameters

normalized to 1TW

23.0 W/kg + 19.5 % (k=2)

Certificate No: D5GHzV2-1113_Nov15

Page 3 of 13




Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.5 5.07 mho/m
Measured Head TSL parameters (22.0+0.2)°C 342+6% 4,87 mho/m +6 %
Head TSL 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 8.45 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

83.7 W/ kg + 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.43 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

24.0 W/kg + 19.5 % (k=2)

Head TSL parameters at 5750 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 354 5.22 mho/m
Measured Head TSL parameters (22.0+0.2) °C 34.0 £6 % 5.03 mho/m + 6 %
Head TSL temperature change during test <05°C -
SAR result with Head TSL at 5750 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.16 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

80.8 W/kg + 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.33 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

23.0 W/kg = 19.5 % (k=2)

Certificate No: D5GHzV2-1113_Nov15
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Body TSL parameters at 5250 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.9 5.36 mho/m
Measured Body TSL parameters (22.0+£0.2) °C 470+6 % 5.53 mho/m + 6 %
Body TSL temperature change during test <05°C -
SAR result with Body TSL at 5250 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.71 Wikg

SAR for nominal Body TSL parameters

normalized to TW

76.5 W/kg £ 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.17 Wikg

SAR for nominal Body TSL parameters

normalized to 1TW

21.5 W/kg + 19.5 % (k=2)

Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.

) Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.5 5.77 mho/m
Measured Body TSL parameters (22.0£0.2) "C 46.3+6 % 6.01 mho/m + 6 %
Body TSL temperature change during test <05°C S e
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 8.30 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

82.4 W/kg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.32 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

23.0 W/kg = 19.5 % (k=2)
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Body TSL parameters at 5750 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.3 5.94 mho/m
Measured Body TSL parameters (22.0+0.2) °C 46.1+6 % 6.22 mho/m £ 6 %
Body TSL temperature change during test <05°C mosin
SAR result with Body TSL at 5750 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.72 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

76.6 W/kg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.15 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

21.3 W/kg = 19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point 50.4Q-6.5]Q

Return Loss -23.8dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 56.5Q-22jQ

Return Loss -23.8dB
Antenna Parameters with Head TSL at 5750 MHz

Impedance, transformed to feed point 56.5Q+0.1jQ

Return Loss -242dB
Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed to feed point 51.2Q-41jQ

Return Loss -27.5dB
Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 56.5 Q-0.2jQ

Return Loss -24.3dB
Antenna Parameters with Body TSL at 5750 MHz

Impedance, transformed to feed point 55.8 0 +0.3jQ

Return Loss -25.3dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1.195 ns

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 data are not affected by this change. The overall dipole length is still

according to the Standard.

No 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

March 11, 2011

Certificate No: DEGHzV2-1113_Nov15
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DASYS5 Validation Report for Head TSL

Date: 26.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN: 1113

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MH? Frequency: 5750 MHz
Medium parameters used: f = 5250 MHz: ¢ =4.52 S/m; ¢, = 34 7; p= 1000 kgfm Medium parameters
used: f = 5600 MHz; 6 = 4.87 S/m: & = 34.2; p = 1000 kg:’m Medium parameters used: f = 5750 MHz; 6 =
5.03 S/m; &, = 34; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

e Probe: EX3DV4 - SN3503; ConvF(5.45, 5.45, 5.45); Calibrated: 30.12.2014, ConvF(4.92, 4.92,
4.92); Calibrated: 30.12.2014, ConvF(4.91,4.91, 4.91); Calibrated: 30.12.2014;

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

e Electronics: DAE4 Sn601; Calibrated: 17.08.2015

e Phantom: Flat Phantom 5.0 {'ﬁ.*ont): Type: QDOOOP50AA: Serial: 1001
o« DASY5252.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 74.40 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 30.2 W/kg

SAR(1 g) = 8.14 W/kg; SAR(10 g) = 2.33 W/kg

Maximum value of SAR (measured) = 18.7 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 74.77 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 33.6 W/kg

SAR(1 g) = 8.45 W/kg; SAR(10 g) = 2.43 W/kg

Maximum value of SAR (measured) = 20.3 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 73.18 V/m; Power Drift =-0.02 dB

Peak SAR (extrapolated) = 33.6 W/kg

SAR(1 g) = 8.16 W/kg; SAR(10 g) = 2.33 W/kg

Maximum value of SAR (measured) = 19.6 W/kg
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— -7.01

-14.01

-21.02
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0dB =18.7 W/kg = 12.72 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 26.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1113

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: f = 5250 MHz; 6 = 5.53 S/m; & = 47; p = 1000 kg/m’ , Medium parameters used: f
= 5600 MHz; 6 = 6.01 S/m; & =46.3; p = 1000 kg/m" , Medium parameters used: f = 5750 MHz; ¢ = 6.22
S/m; & =46.1; p = 1000 kg/m’

Phantom section: Flat Section

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

DASY352 Configuration:

e Probe: EX3DV4 - SN3503; ConvF(4.9, 4.9, 4.9); Calibrated: 30.12.2014, ConvF(4.35, 4.35, 4.35);
Calibrated: 30.12.2014;

» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 17.08.2015

« Phantom: Flat Phantom 5.0 (back); Type: QDO0OP50AA; Serial: 1002

DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 67.05 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 31.0 W/kg

SAR(1 g) =7.71 W/kg; SAR(10 g) = 2.17 W/kg

Maximum value of SAR (measured) = 18.2 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 67.60 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 36.7 W/kg

SAR(1 g) = 8.3 W/kg; SAR(10 g) = 2.32 W/kg

Maximum value of SAR (measured) = 20.3 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.67 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 35.7 W/kg

SAR(1 g) =7.72 W/kg; SAR(10 g) = 2.15 W/kg

Maximum value of SAR (measured) = 19.1 W/kg
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— -6.34

-19.01

-25.35

-31.69

0dB = 18.2 W/kg = 12.60 dBW/kg
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Impedance Measurement Plot for Body TSL
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IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit is a delicate; high precision instrument and requires caraful treatment by the user. Thera ars ho
zerviceabla pars inside the DAE. Speriai attertion shall be glven 1o the followlng points:

Battery Exchange: The batlsry cover of tha DAE4 unit 5 closea using & sorew, over tiahlaning Me scraw may
cauze e threads inside the DAE o wear out

Shipping of the DAE Befora shipping the DAE to SPEAG for ealibrallon, remaove the batteriss and pack the
DAE in an antlstatic bag. This antistalic bag shall then be packed Inte a larger box or centaingr which pratects the
DAE from impacts during transporlation. The packaga shall be marked 1o indicate |Hat a fragile Instrument ks
inside,

E-Stop Failures: Touch detection may be malfunctioning dus te broken mapnats in the E-stop. Rough handling
of the E-stop may lead o damepe of lhesa magnets. Touch and collision armrs sre often causad by dustand din
aceumilated (n the Estop. To prevent Estop Tallure, the customer stiall always mounl the prabs to the DAE
carellly and kesp the DAE unilin a non-dusty enviromment if not used for messuramisnts. )

Repair: Minor repalre are pedormed at ro exdra cosl during the annual calibration. Howevet, SPEAG reserves
the right 1o change for any repair especiatly if rough unprofessional handling oaused ths defecy,

DASY Configuration Flles: Since Ihe sxacl values of the DAE Inpul resistances, as measured durng the
calibration procedure of a DAE unil, are nol used by the DASY software, a nominal value of 200 MOhm i3 given
in the cormesponding configuralion file

Important Note:
Warranty and calibration is void Iif 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.

Impartant 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 orientad in the
mating position. Avoid 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.

Schmid & Parner Enginesring

TH_BRO403 1540 DAE4. doo 11.12.2009
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Glossary

DAE data acquisition electronics

Conneclor angle  information used in DASY system 1o 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 callbrated 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 Voliage Measurement Linearity: Verfication 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 separation: Influence of a voltage on the neighbor channels not subject to an
input voltage.

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

= Input Offsel Measurement. Qutput voltage and statistical results over a large number of
zero voliage measurements.

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

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

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

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

Certificate Mo DAEL-1210_hMayid Page 2ol 5



DC Voltage Measurement
AL = Convertar Resolution nominal

High Range:
l.ow Hange:

1L8B =
1L8B =

Gu\V .
giny

full range =

-100,. 4300 my
tull mnge = <1......
DASY measurement parametars: Auto Zern Time: 3 sec; Measuring time: 3 sas

Calibration Factors

X

Y

Z

High Range

404,126 £+ 0.02% (k=2)

A0 856 + 0.029% (=2}

405,065 £ 0.02% (k=2)

Low Hange

4.00002 4 1.50% (k=2)

398327 = 1.50% (x=2)

4.00021 + 1 50% (k=2)

Connector Angle

Connector Angle 1o be used In DASY system

123.5°L 1"

Cermficate No: DAES-1210_RMayid
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Appendix

1. DC Veltage Linearity

High Range Reading (V) Difference (V) Errar (%)
Channel X + Input 1998935.16 <408 -0.00
Channel X + Input 20001 58 086 0.00
Channal X = Input -19987.88 2 86 -0.01
Channel ¥ + Input 199907 46 1.85 Q.00
Channel ¥ + Input £0001.02 0. 0, 0o
ChannelY - Input -20000,67 D1 0.00
Charingl 2 + Input 190997 o5 1.16 0.0o
Channel 2 + Inpul 2000028 0.47 -[.00
Channel Z - Input -2000.37 0,71 -0.00
| Low Range Reading (uV) Difference (V) Error (%)
Channel X + Input 2001.44 .40 002
Emnm:l X + Input 201,85 0.25 012
Channal X = Imput -198.85 0,60 030
Channel ¥ + Ir-l.pl.lt 2001,05 0.10 0.1 i
Channel ¥ + Input 200.89 40.51 -0.25
Channel ¥ - Input 18870 .35 0,18
Channel + Input 2001.16 023 .01
Channel Z + Input 2032 -1.08 -(.54
Channel Z - Input -18%.61 -1.14 057
2. Common mode sensitivity
CASY measurament parametans: Aulo Fera Time: 3 sec Measurlng time: 3 sec
Commaon mode High Range Low Range
Input Valtage (mV) Average Reading (uV) Average Reading [p\V)
Channal X 200 -5.18 =707
= 200 V.82 £.50
Channal Y 200 -3.50 -3.90
<200 418 4.35
Channal £ 200 1221 11.85
- 200 -14.51 -14.28
3. Channel separation _
DASY maasurament paremeters: Auto Zero Time. 3 sec, Measuring lime 3 soc
Input Yoltage (mV) | Channel X {pV) | Channel ¥ {pV) Channel Z (V)
Channel X 200 - 1.78 =304
Channel ¥ 200 8.13 - 267
Channel Z 200 .14 .43 -

Cemficals No: DAEA-1210_May 14
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4. AD-Converter Values with inputs shorted
DASY measuement parameters: Aulo Zero Tima: 3 sec, Measuting time: 3 aeo

High Range (LSE) Low Range (LSB)
Channel X 15854 15797
Channel Y 15862 16451
Channel Z 15874 16838

5. Input Offset Measurement
DASY measurament paramelers: Auto Zara Time' 2 see. Measuring time: 3 sec

Input 10MLa
‘ Average (V) | min. Offset (uV) | max. Offset(uv) | 'O ?:::“"“"
Channel X ] -0.85 -1,82 -0.15 0,54
Channel ¥ | -0.27 4.81 0.54 0,39
Channel Z | .G:30 -1.29 0.84 0.43
6. Input Offset Current
Mominal Input elrouitry offsst current on all channels: <2514
7. Input Resistance (Typical values for information)
Zeroing (kOhmy) Measuring (MOhm)
Channel X 200 200
Channel Y 200 | 200
Channel Z 200 | 200
8. Low Battery Alarm Voltage (Typical valuss for information)
Typical values Alarm Lave! (VOC)
Supply (+ Vea) +7.9
Supply {- Veoc) -7
9. Power Consumption [Typical values lor infermation)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply {+ Vec) +. +6. +14
Supply {~ Vee) -0.01 f -8 8

Carfifinete No! DAES-1210_May14
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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
s DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceabie to national standards. The figure given
corresponds to the full scale range of the voltimeter in the respective range.

e 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.

s 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.

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

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

s [nput Offset Measurement. Output voltage and statistical results over a large number of
zero voltage measurements.

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

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

e 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.

Certificate No: DAE4-1279_Jul15 Page 2 of 5



DC Voitage Measurement
A/D - Converter Resolution nominal

High Range: 1LSB = B8.1uV, full range = -100...+300 mV
Low Range: 1LSB = 61nV, full range= -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y Z
High Range 405.189 £ 0.02% (k=2) | 404.972 + 0.02% (k=2) | 404.318 £ 0.02% (k=2)
Low Range 3.97002 + 1.50% (k=2) | 3.97246 + 1.50% (k=2) | 3.99772 + 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system 233.0°x1°

Certificate No: DAE4-1279_Jul15 Page 3 0of 5



Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Linearity

High Range Reading (V) Difference (uV) Error (%)
Channel X + Input 199995.01 -0.75 -0.00
Channel X + Input 20003.54 2.92 0.01
Channel X - Input -20000.43 0.94 -0.00
Channel Y + [nput 199994.87 -0.97 -0.00
Channel Y + Input 19999.61 -1.05 -0.01
Channel Y - input -20001.04 0.15 -0.00
Channel Z + Input 199995.08 -1.08 -0.00
Channel Z + Input 19998.23 -2.43 -0.01
Channel Z - Input -20001.74 -0.50 0.00
Low Range Reading (uV) Difference (V) Error (%)
Channel X + Input 2000.58 -0.10 -0.00
Channel X + Input 201.30 0.29 0.14
Channel X - Input -199.08 -0.24 0.12
Channel Y + Input 2000.53 -0.18 -0.01
Channel Y + Input 200.20 -0.92 -0.48
Channel Y - Input -199.02 -0.24 0.12
Channel Z + Input 2000.94 0.33 0.02
Channel Z + Input 200.27 -0.82 -0.41
Channel 2 - Input -200.53 -1.64 0.82
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec¢; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (V)
Channel X 200 21.37 19.77
- 200 -19.80 -21.31
Channel Y 200 11.52 11.39
- 200 -13.70 -13.80
Channel Z 200 -4.36 -4.41
- 200 2.38 2.25

3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Input Voltage (mV)

Channel X (uV)

Channel Y (uV)

Channel Z (1V)

Channel X 200 - 3.04 -3.45
Channel Y 200 8.24 - 3.81
Channel Z 200 8.78 6.33 -

Certificate No: DAE4-1279_Jul15
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4. AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSB)

Low Range (LSB)

Channel X 15698 17480
Channel Y 16481 17380
Channel Z 15852 17073

5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Input 10MQ

Average (V) min. Offset (uV) | max. Offset (uV) Std. I?:\\;;ation
Channel X -1.08 -2.50 0.58 0.59
Channel Y 0.82 -0.91 2.82 0.69
Channel Z -0.74 -2.12 0.90 0.60

6. Input Offset Current

Nominal Input circuitry offset current on all channels: <25fA

7. Input Resistance (Typical values for information)

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 (+ Vcc)

+7.9

Supply (- Vcc)

-7.6

9. Power Consumption (Typical values for information)

Typical values

Switched off (mA)

Stand by (mA)

Transmitting (mA)

Supply (+ Vcc)

+0.01

+6

+14

Supply {- Vcc)

-0.01

-8

-9

Certificate No: DAE4-1279_Jul1b
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Glossary:

TSL tissuz simulating liquid

MNORMx.y.z sensitivity in free space

ConvFk sensitivity In TSL# NORMx, vz

DCP dinds compressicn point

CF crest factor (1/duty_oyole) of the RF signal

ARG D medilation dependent Ineanzation parameters

Polarization o ratation around probe axis

FPolarization 4 d rolatior around an axis that s in the plane normal to probe axis (gt measurement center),
Le., 8 =0 is normal lo probe axis

Connector Angle information used in DASY system to slign probe sensar X 16 (ha robat coordinate dystem

Calibration is Performed According to the Following Standards:
2| IEEE Std 1528-2013, "IEEE Recommended Practios for Determining tho Peak Spatial-Averaged Specific
Absorption Ratz (SAR) in the Human Head from Wirsless Communications Devives: Maasuremant
Technigues®, June 2013
b) IEC 62208-1, "Procedure lo measure lhe Specific Absorption Rate (SAR) for hand-held devices used inclose
proximity to the ear (frequency range of 300 MHz to 3 GHz)", Fabruary 2005

Methods Applied and Interpretation of Parameters:
= NORMy.y,2: Azsesead for E<fiald polarization % = 0 (F< 900 MHz in TEM-call; f > 1800 MHz: R22 wavequida),
NORMx.y.2 e only infermeadiate values, [e., the uncerainties of NORMx,y,z doss not affecl e E-feld
unoefainty inside TEL (se0 helow ConvE),

«  NORM(fxy.z = NORMx.y.2z * fraquency_responss (ses Frequency Response Chart), This linearization is
implermented In DASY4 software versions later than 4 2 The uncanainty of the frequency response is included
in the stated uncertainty of Convr.

»  DCPx,yz DCP ara numerical linearization parameters assessed basad on the data of power sweep with CW
sigrial (no Uncardamty required). DCP does nol depend on freguency ror media.

= PAR:PAR s the Paak lo Avarage Rafio thal ls not callbrated but determined basad on the signal
anaractaristios

s Axpr BxprCxye Dxyz VR y z A, B, C, Dare numerical linear|zalion parameters assessed baged on
the data of power swaep for specific modulstion signal. The parameters do not depend on freguency nor
media. VR iz Ihe maximum calibrafion range expressad in RMS valtage across the diotle.

»  ConvF and Boundary Effect Parameters: Asseszed in flat prantom using E-field (or Temparaturs Transfer
Standard for f < 800 MHz) and Inside wavegulds using analytical field distributions based on power
measulemants for { > 800 MHz. Tha sama selups are used for assessment of the paramelers applied for
boundary compensation (alpha, dapth) of which typical uncertainty values are given. Thase paramatars are
usod (n DASY4 software to Improve probe accuracy cless o tha boundary, The sensitivity in TSL corresponds
to WORMs v,z * ConvF whereby the unoariainty corresponds o thal given for Convl. A frequency depandant
ConvE is used In DASY version 4.4 and highar which allows extending the validity from = 60 MHz to £ 100
MHz.

» Spharcal {sotropy (30 deviation from isotropy): in & tield of low gradienis realized using a flat shantom
exposed by 8 patoh anténna

= Sersor Offsaf, The sensor offset corresponds to the offsst of virtual measumement canter from the probe tip
{on probe axjs). Mo loleranca reqiirad,

«  Copnector Angle: The angle is essessed using the information gained by detarmiring the NORMx (no
uncertainty required)

Cariificate No: EX3-3657_May14 Priga 2 of 11
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SN:3857

Manufactured:  January 23, 2012
Calibrated: May 23, 2014

Calibrated for DASY/EASY Systems

(Mota: nop-compatible with DASY2 systeml)
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EX30DV4- SN:3857

May 23, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Basic Calibration Parameters

Sensor X | Sensor Y Sensor X Uing (k=2)
Noem (uV/Mm ) |" 0.18 I 0.44 048 +10.1 %
DEP (m\)" 94.2 | 08.8 r
Modulation Calibration Parameters

[I]T¥] Cammunication System Nama A B C o VR Unc" i
48 | dBvpuv d8 | mv | (e=3y |
0 W ¥ | 0o 0.0 10 0.00 | 1320 | #3E% |
¥ 0.0 00 | 10 1484 |
Z| oo 0.0 1.0 1451 |
The reporied uncertainty of measurement is stated as the standard uncerainty of measurement

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

* Th Unoerainias of Mo ¥ 2 do nol it tha £5-fal unoartainty ingide TEL (soe Poges §and 81

Numarizal knearzation parameter: unceiamly tol required,

=

¥ Uncertainly is detarmined using tha mes. devstion from knear meponse applying ecEngular distibuiicn and = expressed for the square of the

Ml woilue.

Cerlificate No: EX3-3857_May14
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EX30VH—- SN38GT May 23, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Calihmtlﬂn Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dapth ® UnctL
F(MHz}" | Pormittivity” (gim)" CoanvF X  ComvFY | CanvEZ | Alphn” {mm} [ke=2)
780 | a8 0.88 9.92 8,92 .92 (.44 082 | =120%
BaS 41.5 0.90 .41 9.41 241 (.20 1.01 £120%
200 415 0.87 9.20 820 8.20 BN (.50 +£12.0%
1750 ala 1.37 868 B.E8 B.55 0.0 .64 +12.0%
1800 40.0 1.40 840 | B4D | B840 | D60 .65 +120%
2000 400 1.40 831 831 | a3 077 .56 +120%
2450 3g2 : 1.80 7.48 7.48 7.48 078 | 058 | 2120% |
2600 380 | 1.86 7.30 7.30 T30 .| D42 Q.87 + 12.0 %
5200 36.0 | 466 535 | 635 535 0.30 180 | #131%
5300 359 4.76 5.12 512 512 030 1.80 +13.1 %
5500 356 4946 4.849 4,09 4.08 035 1.80 £13.1 % |
5RO 356 5.07 4.56 4.56 4,56 045 | 180 | +131%
BA0D 363 .27 4749 4.79 4,74 040 1.80 + 131 %

 Frequenty validity of £ 160 MHz anly applics for DASY w4 4 and fegnar (sae Pags 2), alsa (| is restnctas 0+ 80 MHz ABove § G frenuanay
winllgily can b drsdanded to £ 170 WMHE Trw arncaiainy i Ge RES of ihe ConvF uncertainty st calibration frequenpy ard the uncertainty for the
iniicatad Trequency Ban,

Al freguencizs balaw 3 GH2, the Validitg of tissus paramstars {«and o) can be relasd 1 = 10% I bquid comesnesilon fonmula |s applisd 1o
measred SR values A freqoescies above 8 GHz the validity of tissues parensiers (v and ol is maicted 1+ 5%, Theuncmlilnly i e RSS of
the Conwl uhcarainty for indicated targed Ussue parmamstars:

“ Blpha Deoth are delormined durng calibration. SPEAG warmants that the smaining daviation due tn the fowniary effas affer oompetantinn i
alweys less a2 1% for frequencees balow 3 GHz and below = 2% for frequencies: bebwsen 3-8 GHz ) any distance larges tan holf the probo tio
dinmmber freen the bouridary.
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EX3DWA- BN 3867 May-23, 2014

DASY/EASY - Parameters of Probe; EX3DV4 - SN:3857

Calibration Parameter Determined in Body Tissue Simulating Media

f (MHz) " Pnnrﬂﬁ:rly' - hl{sdﬁ;’rm ConvFX | ConvFY | ConvEZ | Alpha® mﬂ | I[';-czti
750 55.5 0.96 548 948 |  D4B 047 | 084 | $120%
835 56.2 097 g.31 9.31 631 | 031 | 106 | +120% |
900 55.0 1.05 8.13 9.13 9,13 080 | 061 | 120%
1750 53.4 1.49 7.89 7.8¢ 788 | 080 | o0s0 | +120%
1800 53.3 152 7.56 7.56 756 | 088 | 071 | +120%
2000 53.3 152 718 | wrs | o773 | 0ze | 10 | si20%
2450 52.7 1.95 744 | 744 7.14 076 | 057 | £120%
2600 525 2.16 6.62 B.82 682 . 073 | 081 | £120%
5200 49.0 6.30 4.54 4.54 454 | 040 | 180 | +131%
5300 489 5.42 4.37 4.37 4.97 040 | 180 | =131%
5500 486 565 4,15 415 415 | pag | 1g0 | s13i%
5600 485 577 3.88 3.98 588 | 040 | 10 £131%
5800 46,2 6,00 421 4,21 4.21 0.50 1,90 =131 %

* Frequency vakdity of & 100 MHZ anly applios for DASY w4 2 and highe ($ee Page 23, 2lse it & metrstad o= & MHz Abhove & GHz freguenoy
yalidity can be extesdad 15+ 110 MHz Tha uncenalnly & (he RSS of (he SorF Uncerainly gt salibration Fequancy znd the snosdainty for the
indeates frequency band.

"t refuencies beiow 3 GHz the validity offissus parameters [+ and « | Gan b il = 1054 liguile curnpensation fomes s appl=d fo
mesaured SAR values M iraquencies above 3 Gz the validity of lissue oaamatars (e anc a) i resticted o2 5%, The wcerlay is e BSS of
the Canwf uncamaing for indicated gt Bssus paramelsrs,

 AiphaDepth = datermined durlrg callbealion. SPEAG warmls thal the ramainng doviation cue tn the houndary sffect aftsr campenastan &
always 255 than + 1% for frequencies balow 3 GHe aed balow 2 2% for (iegqusnces bebwean 3-8 GHE st a0y distsnzs lomoer then haif the probe tip
diamatar from the bindary
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EX30V4- 5N 3857 My 23, 2014

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Responss of E-fleld: £ 8.3% (k=2)
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EX30V4—SN-3857 Moy 23, 2014

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz R22
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Uncertainty of Axial lsotropy Assessment: + 0.5% (k=2)
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May 23, 2014

Ex30N4- SN:3857

Dynamic Range f(SAR}ad)
(TEM cell , foya= 1900 MHz)
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Uneertainty of Linearity Assessmant: £0.8% (k=2)
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EXIDVA- SNISEET May 23, 2014

Conversion Factor Assessment

=900 MHz, WGELS R8 fH__ﬂI'.'I"M"} f=1750 MHz, WGELS R22 I:H_r.'m'éF}
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Deviation from Isotropy in Liquid
Error (f, 3}, f = 900 MHz -

1.0 &8 =086 -0+« 042 00 02 04 [QE& 08 1.9
Uncartainty of Spherical Isotropy Assessmant: ® 2.6% (k=2)
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EXIDV4- SN.3EST Koy 23, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Other Probe Parameters
Sansor Arrangement Triangular
Connector Angle (7 ' 1.8
Mechanical Surfacs Detecton Mode enabled
Oiptical Surface Datection Mode disablad
Probe Cverall Length 337 mm

Praoe Body Diamater 10 mm
Tip Length g mm
Tip Diameter Z5mm
Probe Tip fo S2nsor X Calibration Point 1 mim
Frobe Tip to Sensor Y Calibration Foint 1 mm
Probe Tip 1o Sensor 7 Callbration Paint 1 mm
Hecommended Measuremanl Distance from Surface - 2 mm

Carificate Mo EX3-3557_May 14 Page 11 aof 11
































