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QA CAL-05.v8
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March 25, 2013

Calibration Equipmeant used (MATE critical for calibration)

Da35Vza - SN: 4d151

This calibration cedificate decuments the traceability to national standards, which realize the physical units of measuremants (S1).
The measurements and the uncertainties with confidence probability are given on the following pages and are par of the cenificate.
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Calibratea by:
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Katja Fokovic

Primary Standards o # Cal Date (Cerificale Mo.) Scheduled Calibration
Power meter EPM-4424 GEITA80704 C1-Nov-12 {No. 217-015640) Ocl-13

Power sensor HP 84814 US37292783 Di<Mov=12 {No, 217-01640) Cer-13

Reference 20 dB Attenuator SN: 5058 (20k) 27-Mar-12 (No, 217-01530) Apr-13

Type-i mismalch combination SM: 50473/ 06327 27-hMar-12 (No. 217-01533) Apr-13

Raferenca Probe ES3DVS SN 3205 28-Dwc-12 (Mo, ES3-3205_Dec12) Doc-13

DAE4 M 601 27-dun-12 (Mo, DAE4-601_Jun12) Jur=13

Secondary Standards 1D # Chack Date (in house) Scheduled Check
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18-0ct-01 (in housa check Oat-17)
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I

Technical Manager
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.; SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multileteral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues®, December 2003

b) IEC 82208-1, "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

¢) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mabile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Schweizerischer Kalibrierdienst

» 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 dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

* Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. Mo uncertainty required.

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

=  SAH 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%.

Certificate No: D835V2-4d1571_Mar13 Page 2 of 8



Measurement Conditions

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

DASY Version DASYS V52.85
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx. dy, dz =5 mm
Frequency 835 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220*C 415 0.90 mho/m
Measured Head TSL parameters (22.0+0.2)°C 409 + 6 % 0.94 mho/m + 8 %
Head TSL temperature change during test <0.5°C - -
SAR result with Head TSL
SAR averaged over 1 cm” (1 g) of Head TSL Conditian
5AH measured 250 mW input power 2.46 W/ikg
SAR for nominal Head TSL parameters normalized to 1W 9.49 Wikg = 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Head TSL condition
SAR measured 280 mW input power 1.59 Wikg

SAR tor nominal Head TSL parameters

normalized fo 1W

6.18 Wikg = 16.5 % (k=2)

Body TSL parameters

The following paramsiers and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.2 0.97 mha/m
Measured Body TSL parameters (22.0+02)°C 541 +6% 1.02 mho/m +£ 6 %
Body TSL temperature change during test <0.5°C ==
SAR result with Body TSL
SAH averaged over 1 em® (1 g) of Body TSL Condition
S5AR measurad 250 mW input power 2.46 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

9.43 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

S5AR for nominal Body TSL parameters

normalized o 1W

6.23 Wikg £ 16.5 % (k=2)

Certificate No: DB3EVE2-4d157_Mar1d
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed point F170-22i0

Return Loss -31.2dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 471 R -43 0

HRetumn Loss - 25.4 dB

General Antenna Parameters and Design

Electrica! Delay (one diraction) 1.391 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 1o the
second amm af 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 fo the position as explained in the
“Measurament Conditions” paragraph. The SAH data are not affected by this change. The overall dipole length is still
according 1o the Standard.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on March 27, 2012
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DASY5 Validation Report for Head TSL

Date: 25.03.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V 2; Serial: D835V2 - SN: 4d151

Communication System: CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz: o= 0.94 8/m; g, = 40.9; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASY 52 Configuration:
» Probe: ES3DV3 - SN3205: ConvFi(6.05, 6.05, 6.05); Calibrated: 28.12.2012;
»  Sensor-Surface: 3mm (Mechanical Surface Detection)
* Electronics: DAE4 Sn601; Calibrated: 27.06.2012
» Phantom: Flat Phantom 4.9L; Type: QDOO0P49A A Serial: 1001
» DASYS2 52.8.5(1059);, SEMCAD X 14.6.8(7028)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube ()

Measurement grid: dx=5mum, dy=5mum, de=5mm
Reference Value = 56.742 V/m; Power Dritt = 0.01 dB
Peak SAR (extrapolated) = 3.74 Wikg

SAR(L g) = 2.46 W/kg; SAR(10 g) = 1.59 W/ikg
Maximum value of SAR (measured) = 2.88 W/kg

-12.08

-15.00

0 dB = 2.88 W/kg = 4.59 dBW/kg

Certificate No: DB3SV2-4d151_Mar13 Page 508



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

Date: 25.03.2013
Test Laboratary: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d151

Communication System: CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; 6 = 1.02 §/m; g, = 54.1; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS52 Configuration:
* Probe: ES3DV3 - SN3205; ConvF(6.04, 6.04, 6.04); Calibrated: 28.12.2012;
= Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 27.06.2012
» Phantom: Flat Phantom 4.91.; Type: QDOO0P49AA; Serial: 1001
« DASYS2 528501059}, SEMCAD X 14.6.8(7028)

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

Reference Value = 54.816 V/m; Power Drifl = 0.01 dB

Peak SAR (extrapolated) = 3.63 W/kg

SAR(1 g) = 2.46 W/kg; SAR(10 g) = 1.61 W/kg

Maximum value of SAR (measured) = 2.87 W/ikg

-3.00

-6.00

.08

=f2.00

-15.00

0 dB = 2.87 W/kg =4.58 dBW/kg

Certificats No: D835VE2-4d157 _Marid Page ¥ of 8



Impedance Measurement Plot for Body TSL
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U T LA

Extended Dipole Calibrations

Referring to KDB 865664 D01 v01r03, if dipoles are verified in return loss (<-20dB, within 20% of prior

calibration), and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and

the calibration interval can be extended.

<Dipole Verification Data> - D835V2, serial no. 4d151(Date of Measurement 03.24.2014)
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SFURH T s

<Justification of the extended calibration>

D835V2 — serial no. 4d151

TSL Head Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta | Return-Loss | Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
03.25.2013 -31.201 51.736 -2.201 -25.418 47.059 -4.2930
03.25.2014 -30.505 2.23 51.767 | 0.031 -2.252 |-0.051 -25.828 -1.613 | 47.599 0.54 -4.453 -0.16

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL INC.

TEL : 886-3-327-3456
FAX : 886-3-328-4978




Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughaussirasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service sulsse d'étalonnage
Servizio svizzero di taratura
Swiss Callbration Service

Accredited by the Swiss Accraditation Service (SAS)
The Swiss Accreditation Service is one of the signalories o the EA
Muhilateral Agreement for the recognition of calibration cerlificates

client  Sporton KS (Auden)

Accreditation No.: SCS 108

Cartificate No: D1900V2-5d170 Mari3

CALIBRATION CERTIFICATE

Cbject D1900V2 - SN: 5d170

Calibration procedursis)

QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

Calibration date:

March 27, 2013

Thig calibration certificate documants the traceability to natlenal standards, which realize the physical units of measurements (51}
The measurements and the uncertainties with confidence probability are given on the following pages and are part af the cerdificate.

All calibrations have been conducted in the closed laboratory facility; emvircnment temparatura (22 + 31°C and humidity < 70%.

Calioration Equipment used (M&TE critical 1or calitiration)

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

Primary Standards 10 # Cal Date {Certificate Mo,) Schaduled Calibration
Powar meter EPM-4404 GRIT4E0704 01-Nov-12 (Mo, 217-01640) Oct-13
Power sansor HF 84R14 337282783 01-Nov-12 (Mo, 217-01640) Qat-13
Reterence 20 4B Attenuatcr SN: 5058 (20k) 27-Mar-12 (No. 217-01530) Apr-13
Type-M mismatch combination SN 5047.3 M 06327 27-Mar-12 (Mo, 217-01533) Apr-13
Reterence Probe ES30V3 SM: 3205 28-Dec-12 (Mo, ES3-3205_Deci2) Dec-13
DAES SM: 601 27-lur-12 (Na. DAE4-601 _Jun12) Jun-13
Secondary Standards 10w Check Date (in house) Scheduled Cheack
| Power sensor HE 84814 MY41092317 18-0c1-02 {in housa chack Oct-11) In house check: Oct-13
RF generator R&S SMT-06 100005 D4-Aug-89 {in house check Oct-11) In house check: Oct-13
MNetwork Analyzer HP 8753 US373s0sns 54206 18-0ct-01 {in house check Ocl-12) In house check: Oct-13

Namea Function Signalura
Calibrated by Leit Klysner Laboratory Technlcian %
Approved by: Katja Pokovic Tachnical Managsr

ﬁ,&%’ﬁ%

Issuad: March 27, 2013

Certificate Mo: D1300V2-54170_Mari3
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kallbrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Callbration Service

Accrediled by the Swiss Accreditation Sanice (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories o the Ea
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues”, December 2003

b) 1EC 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) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
d) 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 Paramelers 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 Retum Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

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

» SAA 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%.

Certificate No: D1900V2-54170_Mar13 Page 2 of 8




Measurement Conditions
DASY system configuration, as far as not

iven on page 1.

DASY Version DASYS V5285
Extrapolation Advanced Extrapalation
Phantom Maodular Flat Phantom
Distance Dipole Center - TSL 10 mm wilh Spacer
_Znom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity -
Nominal Head TSL parameters 220°C 40.0 1.40 mha/m
Measured Head TSL parameters (22.0 £ 0.2) °C 39.3+£6% 1.38 mho/m £ 6 %
Head TSL temperature change during test <0.5°C e i
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Candition
SAR measured 250 mW input power 10.0 Wikg

SAR for neminal Head TSL paramaters

normalized to 1W

40.2 Wika £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input powar

5.25 Wikg

SAR for nominal Head TSL parameters

nomalized ta 1W

21.1 Wikg = 186.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Mominal Body TSL parameters 22.0°%C 53.3 1.52 mho/m
Measured Body TSL parameters (22.0x0.2)°C 51.8 +6 % 1.53 mho/m + 6 %
Body TSL temperature change during test <05°C -
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.4 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

41.2 Wikg & 17.0 % (k=2)

condition

SAR measured

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

250 mW input power

5.48 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.8 Wikg = 16.5 % (k=2)

Certificate Mo: D1200V2-5d170_Mar13
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 53BLa+4.7 0

Returmn Loss - 24,7 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point | 49.6 2 + 5.0 0

Return Loss -26.0dB

General Antenna Parameters and Design

| Electrical Delay {one direction) ] 1.202 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 sernirigid coaxial cable. The center conductor of the teeding line is directly connected ta the
second arm of the dipole. The antenna is therelore short-circuited for DC-signals. On some of the dipoles, small end caps
are addsd to the dipole arms in order to improve matching when loaded according to the pasition as explained in the
‘Measurement Conditions® paragraph. The SAR data are not affected by this changa, The overall dipole length is still
according to the Standard.

Mo excessive force must be applied to the dipole arms, because they might bend or the soldered connactions near the
feedpeint may be damaged.

Additional EUT Data

I Manufactured by SPEAG
a

|_M nufactured on June 08, 2012

Certificate No: D1900V2-54170_Mari3 Page 4 of 8



DASY5 Validation Report for Head TSL

Date: 27.03.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d170

Communication System: CW,; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz; o = 1.38 S/m; ¢, = 39.3; p = 1000 kg/m’
Phantom section; Flat Section

Measurement Standard: DASY S (IEEE/IEC/ANSI C63.19-2007)

DASYS2 Configuration;
= Probe: ES3DV3 - SN32035; ConvF(4.98, 4.98, 4.98): Calibrated: 28.12.2012;
= Sensor-Surface: 3mm (Mechanical Surface Detcetion)
» Electronics: DAE4 Sn601; Calibrated: 27.06.2012
= Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0OAA: Serial: 1001
»« DASYS52 52.8.5(1059); SEMCAD X 14.6.8(7028)

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 = 96.871 V/m: Power Drift = 0.05 dB

Peak SAR (extrapolated) = 18.2 W/kg

SAR(1 g) = 10 W/kg; SAR(10 g) = 5.25 W/kg

Maximum value of SAR (measured) = 12.4 W/kg

-14.40

0dB = 12.4 W/kg = 10.93 dBW/kg

Cerificata Mo: D1 800V2-5d170_Mar1 3 Page 5 of &



Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz: Type: D1900V2; Serial: D1900V2 - SN: 54170

Communication System: CW; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz: 6 = 1.53 8/m; &, = 51.8; p = 1000 kg/m"

Phantom section: Flatr Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19- 2007)

DASY 52 Configuration:

-

Probe: ES3DV3 - SN3203; ConvF(4.6, 4.6, 4.6): Calibrated: 28.12.2012;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 27.06.2012

Phantom: Flat Phaniom 5.0 (back); Tvpe: QDO00PS0AA: Serial: 1002
DASYS52 52.8.5(1059); SEMCAD X 14.6.8(7028)

Date: 27.03.2013

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube O:
Measurement grid: dx=5mm, dy=5mm, dz=Smm
Reference Value = 96.871 V/m; Power Drift = 0.01 dB
Peak SAR (extrapolated) = 18.0 W/kg

SAR(1 g) = 10.4 W/kg; SAR(10 g) = 5.49 W/kg
Maximum value of SAR (measured) = 13.2 W/kg

0dB =132 Wikg = 11.21 dBW/kg

Certificate No: D1900V2-5d170_Mar13 Page 7 of B



Impedance Measurement Plot for Body TSL
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U T LA

Extended Dipole Calibrations

Referring to KDB 865664 D01 v01r03, if dipoles are verified in return loss (<-20dB, within 20% of prior

calibration), and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and

the calibration interval can be extended.

<Dipole Verification Data> - D1900V2, serial no. 5d170(Date of Measurement 03.26.2014)
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<Justification of the extended calibration>

D1900V2 — serial no. 5d170

TSL Head Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta | Return-Loss | Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
03.27.2013 -24.733 53.791 4.682 -25.967 49.588 4.996
03.27.2014 -24.628 0.425| 55.002 |1.211 3.868 |-0.814 -26.017 -0.193 | 49.067 |-0.521 5.486 0.490

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL INC.

TEL : 886-3-327-3456
FAX : 886-3-328-4978




Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Accredited by the Swize 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)
CALIBRATION CERTIFICATE

Accreditation No.: SCS 108

Certificate No: D2450V2-908_Mar13

Object D2450V2 - SN: 908

Calibration procedure(s)

QA CAL-056.v9
Calibration procedure for dipole validation kits above 700 MHz

Calibration date: March 26, 2013

This calibration cerlificate documents the traceability 1o naticnal standards, which realize the physical units of measurements (S1}.
The maasuraments and the uncerainties with confidence probability are given on the following pages and are part of the cerificate.

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

Calibration Equipmeant used (MATE critical for calibration)

Frimary Standards IO # Cal Date (Certificate Mo.) Schaduled Calibraticn
Powar mator EPM-4424, GAR3T480704 O1-Mav-12 (ho. 217-01640) Qct-13

Prowar sensor HP 34814 WS3T292783 01-Nav-12 (MNe. 217-01640) Oct-13
| Raference 20 d2 Attenuator SM; 5058 (20K) 27-Mar-12 (Mo, 21 7-016530) Apr-13
| Type-M mismatch combination SN 5047.3 7 06327 27-Mar-12 (No. 217-01532) Apr-13

Reference Prohe ES30DV3 BN: 3205 28-Dec-12 (Mo, ES3-3205_Dec12) Dac-13

DAES SN: G601 27-Jur-12 (Mo. DAE4-601_Jun12) Jun-13

Secondary Standards 1D # Chneck Dats (In housa) Scheduled Check =
Power sensor HP B481A MY41082317 18-0¢t-02 (In house check Oct-11) In houwse chack: Ocl-13

AF genesator R&S SMT-06 100005 04-Aug-89 (in house check Oc1-11) In house check: Oct-13
Metwark Analyzer HF 8753E US37300585 54206 18-0ct-01 (In house chack Oct-12) In house chack: Oct-13

Name Function ssghamr{( Jﬁv
Calibrated by Claudia Leubler Laboratory Technician |
A
Approved by: Katla Pokouic Techrical Manager ; :’éﬁi{?{' -
Ak A
&
Isswad: March 26, 2013
This calibration certificate shall not be reproducead except in full without written approval of the laboratory.

Certificate Mo: D2450%2-908_Mar13
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughaussirasse 43, 8004 Zurich, Switzerland

s Schweizerischer Kalibrierdienst
Service suisse d'étalonnage

c Servizio svizzero di taratura

S  Swiss Callbration Service

Accradited by the Swiss Accraditation Senvice (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NOBM x,y.z2
MN/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |IEEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues”, December 2003

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) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation;
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

* Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

« Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

s 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%.

Certificate No: D2450V2-908_Mar13 Page 2 of 8



Measurement Conditions

DASY systemn canfiguration, as far as not given on page 1.

DASY Version DASYS V52.8.5
Extrapolation Advanced Extrapolation
Phantom Modular Flat Pharom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz £ 1 MHz
Head TSL parameters
The following parameaters and calculations were applied,
Temperature Parmittivity Conductivity
MNominal Head TSL parameters 22.0°C 39.2 1.80 mham
Measured Head TSL parameters (22.0+0.2)*C 37816 % 1.85 mho/m £ 6 %
Head TSL temperature change during test <0.5°C - ——
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.8 Wikg
SAR for nominal Head TSL parameters naormalized to 1W 54.0 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.36 Wikn

S5AR for nominal Head TSL parameters

normalized to 1W

25.1 Wfkg = 16.5 % (k=2)

Body TSL parameters
The following parameters and caleulations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters | 22.0°C 52.7 1.895 mho/m
Measured Body TSL parameters {(22.0+0.2)"C 507 £t6% 2.01 mho/m £ 6 %
Body TSL temperature change during test <05°C =
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 12.9 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

50.4 Wikg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.94 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

23.4 Wikg = 16.5 % (k=2)

Certificate Mo: D2450V2-808_Mar13
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 56.5 & - 0.1 &2

Return Loss -24.3dB

Antenna Parameters with Body TSL

Impedancea, transformed to feed point 5260 +19j0

Heturn Loss -30.0 dB

General Antenna Parameters and Design

‘ Electrical Delay (one direction) [ 1.156 ns

After lang term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can ba measurad.

The dipale is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipcle. 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
"Measurament Conditions" paragraph. The SAR data are nat affected by this change. The overall dipole length is still
according to the Standard,

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

Additional EUT Data

Manufactured by SPEAG

Manufactured on December 18, 2012

Cerificate Mo: D2450V2-908_Mar13 Page 4 of 8



DASYS5 Validation Report for Head TSL

Date: 26.03.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 908

Communication System: CW; Frequency: 2450 MHz

Medium parameters used: f= 2450 MHz; o= 1.85 5/m; £, = 37.8; p = 1000 kga’m"
Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/IEC/ANSI C63.19-2007)

DASYS52 Configuration:
s Probe: ES3DV3 - SN3205; ConvF(4.52, 4.52, 4.52); Calibrated: 28.12.2012;
»  Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 27.06.2012
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
« DASYS52 52.8.5(1059); SEMCAD X 14.6.8(7028)

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

Reference Value = 94.957 Vim; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 28.8 Wikg

SAR(1 g) = 13.8 W/kg; SAR(10 g) = 6.36 W/kg

Maximum value of SAR (measured) = 17.9 W/kg

-13.54

18.05

22.56 L)
0dB = 17.9 Wikg = 12.53 dBW/kg

Cerificate No: D2450VE-908_Mar13 Fage 5of B



Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 908

Communication System: CW: Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; o = 2.01 S/m; & = 50.7; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/IEC/ANSI C63.19-2007)

DASYS52 Configuration:

«  Probe: ES3DV3 - SN3205; ConvF(4.42, 4.42, 4.42); Calibrated: 28.12.2012;

s Sensor-Surface; 3mm (Mechanical Surface Detection)

» Electronics: DAE4 5n601; Calibrated: 27.06.2012

« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
« DASYS252.8.5(1059); SEMCAD X 14.6.8(7028)

Date: 26.03,2013

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:

Measurement grid: dx=5mm, dy=5min, dz=5Smm
Reference Value = 94.957 V/m: Power Drift = 0.00 dB
Peak SAR (extrapolated) = 27.0 Wikg

SAR(1 g) = 12.9 W/kg; SAR(10 g) = 5.94 W/kg
Maximum value of SAR (measured) = 17.1 Wikg

438

13,16
1754

-21.93

0dB = 17.1 Wikg = 12.33 dBW/kg

Certificate Mo: D2450V2-908_Mar13 Page 7 ef 8



Impedance Measurement Plot for Body TSL

26 Har 2813 10422353

EHL 511 ilFs 1: 52634 o L?E@‘]f} 122.48 gH 2 453,808 208 MHz
# i I.'.J
De1 j ks
/ i
Ca f 1 o
| I ¢ -
T'. -. (‘ —
| ‘:\ - - I. e ?l
v s ' /
16" ~L 3
i II -
e A
\‘-\.__ -
Hld S
CHZ =41 LOG 5 dB/REF -78 dB 11=38.833 dB 2 458,000 08 MHz
! |
| |
!' - -1
ca | 5
Hx'“‘"s-.‘ g
I
Frig i V’ L
= \ / 1
Hld | \ ‘I;

|
'
i

START 2 250,008 288 HHz

STOF 2 658,808 868 MHz

Cerlificate No: D2450V2-908_Mar13

Page 8 of 8



U T LA

Extended Dipole Calibrations

Referring to KDB 865664 D01 v01r03, if dipoles are verified in return loss (<-20dB, within 20% of prior

calibration), and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and

the calibration interval can be extended.

<Dipole Verification Data> - D2450V2, serial no. 908(Date of Measurement 03.25.2014)
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<Justification of the extended calibration>

D2450V2 — serial no. 908

TSL Head Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta | Return-Loss | Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
03.26.2013 -24.251 56.531 -0.125 -30.033 52.631 1.881
03.26.2014 -25.155 |-0.373| 56.061 -0.47 -0.059 | 0.066 -29.785 0.826 52.379 |-0.252 1.510 -0.371

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978




Schmid & Partner Engineering AG s p e a g

Zeughausstrasse 43, 8004 Zurich, Switzerland
Phone +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, http:/Amww.speag.com

IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit is a delicate, high precision instrument and requires careful treatment by the user. There are no
serviceable parts inside the DAE. Special attention shall be given to the following points:

Battery Exchange: The battery cover of the DAE4 unit is closed using a screw, over tightening the screw may
cause the threads inside the DAE to wear out.

Shipping of the DAE: Before shipping the DAE to SPEAG for calibration, remove the batteries and pack the
DAE in an antistatic bag. This antistatic bag shall then be packed into a larger box or container which protects the
DAE from impacts during transportation. The package shall be marked to indicate that a fragile instrument is
inside.

E-Stop Failures: Touch detection may be malfunctioning due to broken magnets in the E-stop. Rough handling
of the E-stop may lead to damage of these magnets. Touch and collision errors are often caused by dust and dirt
accumulated in the Estop. To prevent E-stop failure, the customer shall always mount the probe to the DAE
carefully and keep the DAE unit in a non-dusty environment if not used for measurements.

Repair: Minor repairs are performed at no extra cost during the annual calibration. However, SPEAG reserves
the right to charge for any repair especially if rough unprofessional handling caused the defect.

DASY Configuration Files: Since the exact values of the DAE input resistances, as measured during the
calibration procedure of a DAE unit, are not used by the DASY software, a nominal value of 200 MOhm is given
in the corresponding configuration file.

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

Important Note:

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

Important Note:

To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in the
mating position. 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 & Partner Engineering

TN_BR040315AD DAE4.doc 11.12.2009




Calibration Laboratory of
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) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client Sporton-SZ (Auden) Certificate No: DAE4-1303_Dec14
CALIBRATION CERTIFICATE |
Object DAE4 - SD 000 D04 BM - SN: 1303

Calibration procedure(s) QA CAL-06.v28

Calibration procedure for the data acquisition electronics (DAE)

Calibration date: December 11, 2014

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)

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

Keithley Multimeter Type 2001 SN: 0810278 08-Oct-14 (N0:15573) Oct-15

Secondary Standards ID # Check Date (in house) Scheduled Check

Auto DAE Calibration Unit SE UWS 053 AA 1001 07-Jan-14 (in house check) In house check: Jan-15

Calibrator Box V2.1 SE UMS 006 AA 1002 07-Jan-14 (in house check) In house check: Jan-15
Name Function Signature

Calibrated by: Dominique Steffen Technician

Approved by: Fin Bomholt Deputy Technical Manager

Issued: December 11, 2014

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

Certificate No: DAE4-1303_Dec14 Page 1 of 5



‘\"'“I ?'

Calibration Laboratory of

. & \\._// 2 Schweizerischer Kalibrierdienst
SChmId & Partner: - . : o i%mgé Service suisse d'étalonnage
Englneenng AG: o Z T Servizio svizzero di taratura
Zeughausstrasse 43; 8004 Zurich, SthzerEand KNS Swiss Calibration Service

A
. ’/"f’nlu\“\

Accredited by the Swiss Accreditation Service (SAS) B Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA -
Multilateral Agreement for the recognition of calibration certificates

Gtoséary_ L
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
o DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
- corresponds to the full scale range of the voltmeter in the respective range.

e - Connector angle. The. angle of the connector is assessed measuring the angle
‘mechanically by a tool inserted. Uncertainty is not required.

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

& DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of

~ the nominal ca[ibratlon voltage. Influence of offset voltage is included in this
measurement.

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

‘e 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 '

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

e Input Offset Current: Typical value for informat_ion'; Maximum channel input offset
- current, not considering the input resistance.

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

';- Low Battery Alarm Voltage: Typncal value for information. Below this voltage, a battery
- alarm signal is generated. -

" Power consumption; Typlcal value for lnformatlon Supply currents in various operating
S modes .

Certificate No: DAE4-1303_Dec14 - Page20f 5




DC Voltage Measurement
© 7 A/D - Converter Resolution nominal

< High Range: = 1L8B= 8.1V, full range =  -100...+300 mV
- L.ow Range: 1LSB = 61nV, fullrange= -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y 2
High Range | 405.582 £ 0.02% (k=2) | 403.473 + 0.02% (k=2) | 404.923 + 0.02% (k=2)
Low Range | 3.96551 £ 1.50% (k=2) | 3.99166 = 1.50% (k=2) | 3.98776 + 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system 186.0°x1°

Certificate No: DAE4-1303_Dec14 . Page3of5




Appeh__dix _(Ad_d_i_t_iq_na__l assessments outside. th_ef scope of SCS108)

1 DC Voltage L:neanty

High Range Reading (uV) Difference (V) Error (%)
Channel X = +Input 200032.42 017 0.00
Channel X +Input | 20006.44 2.48 0.01
Channel X ~ Input «20003.75 1.42 -0.01
Channel Y + Input 200033.90 1.88 0.00
Channel Y~ +Input 20003.42 -0.41 -0.00
Channel Y~ -Input’ -20004.48 0.84 -0.00
ChannelZ  +Input . 200035.95 4.02 0.00
ChannelZ-~  +input  20001.57 2,14 -0.01
ChannelZ  -Input -20006.48 -1.03 0.01
Lcw Range - Reading (uV) Difference (V) Error (%)
Channel X - +input 2000.63 0.09 0.00
Channel X ' +Input 201.55 0.94 0.47
|Channel X -Input- -199.12 0.32 .16
~ [Channel Y +input- 2000.86 0.45 0.02
| Channel Y~ +Input 20023 -0.19 -0.10
ChannelY - input -199.83 -0.23 0.11
Channel Z + Input. 1999.80 -0.49 -0.02
ChannelZ. ~ +Input’ 199,09 -1.38 -0.69
ChannelZ  -Input -200.32 0.71 0.35
2. Common mode sensitivity
: DASY measurement parameters Auto Zero Tlme 3 sec; Measwmg time: 3 sec
' Common mode | _HighRange Low Range
Input. Vo[tage {mV) . Average Reading (uV) - Average Reading (uV)

Channel X 200 8.67 7.40

- 200 -5.53 723

Channel Y 200 8.03 5.93

B - 200 -7.02 -6.90

Channel Z- 200 466 -4.55

S - 200 1.56 1.76

3. Channel separation -

DASY measurement pafameters Auto Zero Time: 3 sec: Nleasunng time: 3 sec

8.79

' lnput Vcltage (mV) Channel X (p.V) - Channel Y (uV) Channel Z (V)
Channel X~ 200 - ' 1.77 -4.82
Channel Y 200 8.18 - 1.73
Channel Z 200 5.56 -
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4. AD-Converter Values with.inputs shorted
DASY measurement parameters Auto Zero Tlme 3 sec; Measuring time: 3 sec

ngh Range (LSB) Low Range (LSB)
Channei X 15917 16559
Channel Y | 15625 16454
Channel 2 16119 13095

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?s\\;;ation
Channel X ' -0.80 -1.98 0.43 0.53
Channel Y- 005 -2.62 1.86 0.61
Channel 2 -0.54 -2.21 1.34 0.55
6. Input Offset Current
- Nominal Input circuitry offset current on all channels: <25fA
7. Input ReS|stance (Typicai values for information)

: Zeromg (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 (- Vec) ' -7.6

9. Power Consumptlon (Typical values for information)
Typlcal values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vec) +0.01 : +6 +14
Su’bply (~Vee) -0.01 -8 -9

Centificate No: DAE4-1303_Dec14 . - . ‘Page 50f5




Calibration Laboratory of
Schmid & Pariner

Engineering AG
Zeughausstrasse 43, 58004 Zurich, Switzerand

Schweizerischer Kalibrierdienst
Service suisse d'etalonnage
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 recegnition of calibration certificates

Sporton-SZ (Auden)

CALIBRATION CERTIFICATE

Accreditation No.: SCS 108

Client Certificate No: EX3-3819_Novid

Dbject

EX3DV4 - SN:3819

Calibration procedure(s)

QA CAL-01.v9, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6
Calibration procedure for dosimetric E-field probes

Calibration date:

Movember 13, 2014

This calibration cerificate documents the fraceability to nationa! standards, which realize the physical units of measurements {S1),
The measurements and the unceraintes with confidence probability are given on the fallowing pages and are part of the certificate.

All calibrations have been canducted in the closed faboratory facility: envirenment temperature (22 = 30 and humidity < 70%,

Calibration Equipment used [ME&TE crtical for calibratian)

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

Primary Standards 0 al Date (Certificate Mao.) Scheduled Calibration
Power meter E44 198 GE412353874 03-Apr-14 (No. 217-01911) Apr-15
Power sensor E441248 MY 41495087 D2-Agr-14 (Mo, 217-01911 i Apr-15
Refarence 3 dB Attenuator SM: 35054 (5 D3-Apr-14 (Mo, 217-01915) | Apr1S
Referance 20 B Attenuator Sh: S527T (20x) 03-Agr-14 (Mo, 217-071919) | Apr-15
Refarence 30 £B Attenuatar Sh: 55129 (30b) 03-Aor-14 (Mo, 217-01920) | Apr-15
Refarance Probe ES30VE Sk 3013 30-Dec-13 (Mo, ES3-3013_Dec13) Dec-14
DAES4 Sh: BED 13-Dec-13 (Mo, DAE4-860_Decid) Dec-14
[
Secandary Standands ] Check Date {in house) | Schedulad Check
RF generator HP 86480 LIS3642U01700 A-Aug-52 {in house check Apr-13) | In house check: Agr-16
Metwark Analyvzer HP 8753E LS37300685 1B-Oct01 {in house check Oct-14) In houge check: Oot-15
MNarme Functizn
Calibrated by: Claudio Leubler Laboratory Technican
Approved by Katja Fokovic Technical Manager

I==ued: Movember 14, 2014

Centificate Mo EX3-3819_Novi4
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Calibration Laboratory of g,

S L Schweizerischer Kalibrierdienst
Schmid & Partner S‘% g Service suisse d'étalonnage
Engineering AG Z—— 2 s Servizio svizzero di taratura
Zoughausstrasse 43, 3004 Zurich, Switzerland ‘”/E‘\?} Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMxy.z sensitivity in free space
ConvF sensitivity in TSL/ NORMzx, v,z
oCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD madulation dependent linearizalion parameters
Polarization ¢ ip rotation around probe axis
Polarization & & rotation around an axis that is in the plane normal to probe axis (at measurement center],
l.e., 8 =0is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a) 1EEE 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) 1EC 62208-1, “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

Methods Applied and Interpretation of Parameters:
= NORMx.y,z: Assessed for E-field polarization 8 =0 (f < 900 MHz in TEM-cell; > 1800 MHz: R22 waveguide).
NORMx.y.z are anly intermediate values, j.e., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

= NORM(fx.y.z = NORMzx,y,z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ComvF,

e DCPxy z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal {no uncertainty required). DCP does not depend an frequency nor media.

= PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics

e Axyz Bryz Cxyz Dryz VRxy.z A B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nar
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

*  ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field {or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical figld distributions based on power
measurements for f = 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corespands
to NORMzx,y,z * ConvF whereby the uncertainty corespands to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to £ 100
MHz.

= Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

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

s Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).

Certificate Mo: EX3-3815_ Movid Page 2 of 11



EX30W4 — 5N:3818 Movember 13, 2014

Probe EX3DV4

SN:3819

Manufactured:  September 2, 2011
Repaired: November 4, 2014
Calibrated: November 13, 2014

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)
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EXI0NVA- SN:3818

Movember 13, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3819

Basic Calibration Parameters

Sensor X Sensor Y Sensor £ Unc {k=2)
Norm (uiVim)5)" 0.47 0.41 0.47 +10.1 %
DCP (mV)" 100.5 101.6 100.9
Modulation Calibration Parameters
Uit Communication System Name A E o D VR Une™
dB dBvuV dB my {k=2)
0 CW X 0.0 0.0 1.0 0.00 | 1540 | £3.8%
Y 0.0 0.0 1.0 1468
z 0.0 0.0 1.0 155.0

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%.

* The uncertainties of MomX, ¥ Z da not affect the E*-field uncertainty inside TSL (ses Pages 5 and 8).

Mumerical linearization pararmeater; unsertainty not requined.

Unecedainty is determinad using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the

field value.

Certificate Mao: EX3-3819_Mow14d
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EX30N4— SN:3819 Movember 13, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3819

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unct.

f(MH2)® | Permittivity" {Sim)© ConvFX | ConvFY | ConvFZ | Alpha® | (mm) {k=2)
750 41.9 0.88 9.94 9.94 0.94 0.28 1.20 +12.0 %
835 41.5 0.90 .48 9.48 0.48 0.58 0.80 +12.0 %
900 41.5 0.97 9.24 9.24 9.24 0.39 0.85 +12.0 %
1750 40.1 1.37 8.01 8.01 8.01 0.80 0.58 +12.0 %
1900 40.0 1.40 7.66 7.66 7.66 0.33 0.91 +12.0 %
2000 40.0 1.40 7.73 7.73 7.73 0.38 0.81 +12.0 %
2300 38.5 1.67 7.30 7.30 7.30 0.35 0.85 +12.0 %
2450 39.2 1,80 7.01 7.0 7.01 0.49 0.73 £12.0 %
2600 38.0 1.96 6.92 6.92 6.92 | 0.50 0.74 £12.0%
5200 36.0 466 5.25 5.25 5.25 0.30 1.80 +13.1 %
5300 35.8 4.76 5.01 5.01 5.01 0.30 1.80 £13.1%
5600 35.5 5.07 4.52 4.52 4,52 0.40 1.80 £13.1%
5800 35.3 5.27 4.50 4,50 4,50 0.40 1.80 £13.1%

* Frequency validity 2bove 300 MHz of + 100 MHz arily applies for DASY v4.4 and higher (see Page 2), else it is restricted to = 50 MHz, The
uncerainty is the RSS of the ConvE uncestainty at calibration frequency and the uncertainty for the indicatad frequency band, Frequency validity
Delow 300 MHz is = 10, 25, £3, 50 and 70 MHz for CanvF assessments at 30, B4, 128, 150 and 220 MHz respectively, Abave 5 GHz frequency
validity can be extended to + 110 MHz

F atfrequencies below 3 GHz, the walidity of tissue parameters (e and o) can be relaxed to + 10% if lquid compensation formula is applied 10
measured SAR values. Al frequencies above 3 GHz. the validity of fissue parameters (s and o) is resticted to = 5%. The uncertainty is the RSS af
e ConvE uncertainty for indicated target tissue parameters,

& AlphaiDepth are determined during calibration. SPEAG warrants that the remairing deviation due to the boundary effect after compaensatisn is
always less than + 1% for frequencies below 3 GHz and below = 2% for frequencies between 3-5 GHz at any distance larger than half the probe tip
diameter from the boundary.

Certificate Mo: EX3-3819_Novid Fage 5 of 11



EXZDVA— SN:3819

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3819

Calibration Parameter Determined in Body Tissue Simulating Media

MNovember 13, 2014

Relative Conductivity Depth ™ Unct.

f{MHz) € | Permittivity" {Sim)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) {k=2)
750 55.5 0.96 9.55 9.55 9.55 0.26 1.23 +12.0%
835 55.2 0.97 8.49 9.49 8.44 0.52 0.78 +12.0 %
a00 55.0 1.05 9.24 9.24 9.24 0.70 0.68 +12.0%
1750 53.4 1.48 7.74 7.74 7.74 0.78 0.63 +12.0%
1800 53.3 1.52 7.39 7.39 7.39 0.45 0.80 +12.0 %
2000 53.3 1.52 7.46 7.46 7.46 0.39 0.93 £12.0%
2300 52.8 1.81 7.21 7.21 7.21 0.67 0.69 £12.0 %
2450 52.7 1.95 6.85 6.95 6.95 0.80 0.60 £12.0 %
2600 52.5 2.18 .80 6.50 6.50 0.80 0.57 +12.0 %
5200 49.0 5.30 4.52 4,52 4.52 0.40 1.90 +131 %
5300 48.9 5.42 4.37 4.37 4.37 0.40 1.90 13,1 %
5600 48.5 577 3.86 3.86 3.86 0.45 1.90 +131%
5800 48.2 6.00 4.07 4.07 4.07 050 | 180 +13.1 %

g Frequency validity abave 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2}, elsa it is restricted to = 50 MHz. The
urcertzinty is the R3S of the CanvF uncertainty at calibratian frequency and the uncerainty for the indicated frequency band, Frequency validity
below 300 MHz is & 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, B4, 128, 150 and 220 MHz respectvely. Above 5 GHz frequency

validity can be extended to £ 110 MHz

F At frequencies below 3 GHz. the validity of tissue parametars ieand o) can be relaxed to £ 10% if liquid compensation formula is applied o

measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (s and o) is restricted to = 5%. The uncerainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

¥ AiphaiDepth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is

always less than + 1% for frequencies below 3 GHz anc below + 2% for frequencies between 3-8 GHz &t any distance langer than half the prabe fip

diarneter from the baundary,

Certificate No: EX3-3813_Novi4
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EX3DV4- SN:3819 MNovember 13, 2014

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

N
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Frequency response (normalized)

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX3DV4— SN:3818

MNovember 13, 2014

Receiving Pattern (¢), 3 = 0°
=600 MHz, TEM

f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: + 0.5% (k=2)
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EX3IDNVA— SN:3819

MNovermber 13, 2014

Dynamic Range f(SARpead)
(TEM cell , foya= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)

Cerlificate No: EX3-3812_Novid
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EX3DV4- SN:3818

Movember 13, 2014

Conversion Factor Assessment

=835 MHz WGLS RS (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 3), f = 300 MHz
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Uncertainty of Spherical Isctropy Assessment: % 2.6% {k=2)
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EX30NW4- SN3E15

Movember 13, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3819

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (7) -67.4
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 8 mm
Tip Diameter 2.5mm
Frobe Tip to Sensor X Calibration Point 1 mim
Probe Tip to Sensor Y Callbration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm |

Certificate No: EX3-3818_Novid
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