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 certiticates

client  Sporton-TW {Auden) Certificate No: D2450V2-924_Nov13

CALIBRATION CERTIFIC

Object D2450V2 - SN: 924

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

Calibration date: November 13, 2013

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

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

Calibration Equipment used {M&TE critical for calibration}

Primary Standards 1D # Cal Date (Certificate N¢.) Scheduled Calibration
Power meter EPM-442A GB37480704 08-Oct-13 (No. 217-01827) Oct-14
Power sensor HP 8481A US37292783 09-Oct-13 (No. 217-01827) Oct-14
Power sensor HP 8481A MY41082317 09-Oct-13 (No. 217-01828) Oct-14
Reference 20 dB Attenuator SN: 5058 (20k) 04-Apr-13 (No. 217-01736) Apr-14
Type-N mismatch combination SN: 5047.3 /06327 04-Apr-13 {No. 217-01739) Apr-14
Reference Probe ES3DV3 SN: 3205 28-Dec-12 (No. ES3-3205_Dec12) Dec-13
DAE4 SN: 601 25-Apr-13 {No. DAE4-601_Apr13) Apr-14
Secondary Standards iD # Check Date (in house) Scheduled Check
RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-13) In house check; Oct-15
Network Analyzer HP 8753E US37390585 54206 18-Oct-01 (in house check Oct-13) In house check: Oct-14
Name Function Signature
Calibrated by: Istae El-Nacug Laboratory Technician 0 6{
{qu.a— 'Dd_[ﬂ-ll-ﬁ
i A

Approved by: Katja Pokovic Technical Manager . ___..-""'r.’.'-'f""-
..sff‘-'-'{"': s o / .

Issued: November 13, 2013
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Engineering AG 5, - '_‘—'-.-\IiE-E Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ”:/,l’,/;\\/—\\\\\\} Swiss Calibration Service
LTI
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

ConvF sensitivity in TSL/ NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According * * llowing Standards:

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

o 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.

o 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.

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

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

e 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 DASYS V52.8.7

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

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 parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m

Measured Head TSL parameters (22.0x£0.2)°C 39.7+6% 1.84 mho/m 6 %

Head TSL temperature change during test «<0.5°C ane -
SAR result with Head TSL

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

SAR measured 250 mW input power 13.2 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

52.4 Wrkg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.08 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

24.2 W/kg = 16.5 % (k=2)

Body TSL parameters

The following parameters and calcuiations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.7 1.95 mho/m
Measured Body TSL parameters (220zx0.2)°C 521+6% 2.02 mho/m £ 6 %
Body TSL temperature change during test <0.5°C e ----
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 12.8 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

50.2 Wikg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.92 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

23.4 Wikg = 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 531Q+26jQ
Return Loss -28.2dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4960 +4.3|Q
Return Loss -27.3dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.154 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 connecticns near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on September 26, 2013
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DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 924

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

Medium parameters used: f = 2450 MHz; ¢ = 1.84 S/m; & = 39.7; p = 1000 kg/m3
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: ES3DV3 - SN3205; ConvE(4.52, 4.52, 4.52); Calibrated: 28.12.2012;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 25.04.2013

Phantom: Flat Phantom 5.0 (front); Type: QDOOOP50AA; Serial: 1001
DASY52 52.8.7(1137); SEMCAD X 14.6.10(7164)

Date: 13.11.2013

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 = 98.75 V/m; Power Drift = 0.06 dB
Peak SAR (extrapolated) = 27.5 W/kg

SAR(1 g) = 13.2 W/kg; SAR(10 g) = 6.08 W/kg
Maximum value of SAR (measured) = 16.7 W/kg

dB
,—} 0
4.80
960
14.40

19.20

-24.00

0dB =167 W/kg =12.23 dBW/kg
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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: 924

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

Medium parameters used: f =2450 MHz; ¢ =2.02 S/m; &, =52.1; p = 1000 kg/m?’
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: ES3DV3 - SN3205; ConvE(4.42, 4.42, 4.42), Calibrated: 28.12.2012;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 25.04.2013

Phantom: Flat Phantom 5.0 (back); Type: QDO0OOP50AA; Serial: 1002
DASY52 52.8.7(1137); SEMCAD X 14.6.10(7164)

Date: 13.11.2013

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 = 93.726 V/m; Power Drift = 0.02 dB
Peak SAR (extrapolated) = 26.8 W/kg

SAR(1 g) = 12.8 W/kg; SAR(10 g) = 5.92 W/kg
Maximum value of SAR (measured) = 16.8 W/kg

49.60

-14.40

-19.20

-24.00

0dB =168 W/kg =12.25 dBW/kg
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Impedance Measurement Plot for Body TSL.

13 Mov 2013 14:15:@4
' 1 0 F5 Z: 43.594 o 4.2598 0 276.TZ pH 2 456,686 000 MHz

D=1
ta &< A
. —
; 4
Y y
(—‘1\_-5
CH2 S11  LOG 5 dB/REF -28 dB Z-27.348 dB 2 450,000 pA0 MHz
b + 4 - - - e ———
C T —— = __.d_ﬂ__,__——
’.‘-"""«-\___\_ i ,J-_,..-f i
= _H_,_,.,-o—”'_
.
e .%,,f/
A N
16 ! d | " !,r’.
\\F/"
Hld
START 2 250.000 088 MHz STOF Z 656.888 8068 MHz

Certificate No: D2450V2-924_Nov13 Page 8 of 8



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-TW (Auden) Certificate No: D5GHzV2-1128_Jul13

CALIBRATION CERTIFICATE

Object D5GHzV2 - SN: 1128

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

Calibration date: July 24, 2013

This calibration certificate documents the traceability to naticnal 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 ¢onducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibraticn)

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

Power meter EPM-442A (GB37480704 01-Nov-12 (No. 217-01640) Oct-13

Power sensor HP 84B1A US37292783 01-Nov-12 (No. 217-01640) Oct-13

Reference 20 dB Attenuater SN: 5058 (20k) 04-Apr-13 (No. 217-01736) Apr-14

Type-N mismatch combination SN: 5047.3/ 06327 04-Apr-13 {No. 217-01739) Apr-14

Reference Probe EX3DV4 SN: 3503 28-Dec-12 (No. EX3-3503_Dec12) Dec-13

DAE4 SN: 801 25-Apr-13 {No. DAE4-601_Apr13) Apr-14

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

Power sensor HP 8481A MY41092317 18-0Oct-02 (in house check Oct-11} In house check: Oct-13

RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-11) In house check: Oct-13

Network Analyzer HP 8753k US37380585 54206 18-Oct-01 (in house check Oct-12) In house check: Oct-13
Name Function Signature

Calibrated by: Jeton Kastrati Laboratory Technician — ( I At

Approved by: Katja Pckovic Technical Manager v .--&"'::15:":'-"

e

P
P

Issued: July 24, 2013

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

Glossary:

TSL tissue simutating 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) IEC 62209-2, “Evaluation of Human Exposure to Radio Frequency Fieids from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures”; Part 2: “Procedure to determine
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010

b) 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:
c) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

o 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.

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

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

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

e SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

e 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 V52.8.7
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

5200 MHz + 1 MHz
5300 MHz +1 MHz
5600 MHz =1 MHz
5800 MHz + 1 MHz

Head TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 36.0 4 66 mho/m
Measured Head TSL parameters (22.0+£0.2)°C 352+6% 448 mho/m +6 %
Head TSL temperature change during test <0.5°C - -
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.86 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

SAR measured

100 mW input power

2.27 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

22.5 Wikg +19.5 % (k=2)

Certificate No: D5GHzV2-1128_Jul13

Page 3 of 15




Head TSL parameters at 5300 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.9 4.76 mho/m
Measured Head TSL parameters {22.0+£0.2) °C 35.1+6% 4.55 mho/m +6 %
Head TSL temperature change during test <05°C - -
SAR result with Head TSL at 5300 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.11 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.34 W/kg

SAR for nominal Head TSL parameters

normalized to TW

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

Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 355 5.07 mho/m
Measured Head TSL parameters (22.0+0.2)°C 34.7+6% 4.85 mho/m + 6 %
Head TSL temperature change during test <05°C - -
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.10 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

¢ondition

SAR measured

100 mW input power

2.33 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

23.1 W/kg +19.5 % (k=2)
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Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 353 5.27 mho/m
Measured Head TSL parameters (22.0£0.2)°C 344 +8% 5.056 mho/m +6 %
Head TSL temperature change during test <0.5°C --- -—-
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.78 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

77.2 Wikg = 19.9 % (k=2)

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

coendition

SAR measured

100 mW input power

2.23 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

22.1 Wikg + 19.5 % (k=2)

Certificate No: D5GHzV2-1128_Jul13
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Body TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.0 5.30 mho/m
Measured Body TSL parameters (22.0£0.2)°C 489+6% 5.40 mho/m £ 6 %
Body TSL temperature change during test <0.5°C - -
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.34 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

73.4 W/kg £ 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.07 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

20.7 W/kg + 19,5 % (k=2)

Body TSL parameters at 5300 MHz

The following parameters and calcuiations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.9 5.42 mho/m
Measured Body TSL parameters (22.0x02)°C 46.8 +6 % 5.55 mho/m £ 6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 cm® (1 g} of Body TSL Condition
SAR measured 100 mW input power 7.49 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.11 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificate No: D5GHzY2-1128_Jul13
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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 48.2 £ 6 % 5.93mho/m+6 %
Body TSL temperature change during test <0.5°C - -
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 7.78 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.18 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

Body TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.2 6.00 mho/m
Measured Body TSL parameters (22.0+0.2)°C 479 +6 % 6.21 mho/m £ 6 %
Body TSL temperature change during test <05°C nams -aen
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured

100 mW input power

7.22 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

72.2 W/kg £ 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.02 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificate No: D5GHzV2-1128_Jul13
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Appendix

Antenna Parameters with Head TSL ai .

Impedance, transformed to feed point 526 Q-50iQ

Return Loss -25.2dB

Antenna Parameters with Head TSL at

Impedance, transformed to feed point 50.7Q-16jQ

Return Loss -35.2dB

Antenna Parameters with Head TSL ai .

Impedance, transformed to feed point 562 Q2+ 1.6Q

Return Loss -24.4dB

Antenna Parameters with Head TSL ¢

Impedance, transformed to feed point 555Q+1.2j0Q

Return Loss -254dB

Antenna Parameters with Body TSL al ~

™~

Impedance, transformed to feed point E2302-25]Q

Return Loss -29.6dB
Antenna Parameters with Body TSL at ifz

Impedance, transformed to feed point 50.7Q+0.0j|Q

Return Loss -42.7 dB

Antenna Parameters with Body TSL af

™

Impedance, transformed to feed point 56.4 Q0 +4.1jQ

Return Loss -22.9dB

Antenna Parameters with Body TS! ¢ o

Impedance, transformed to feed point 5630+28iQ2

Return Loss -24.9dB

Certificate No: D5GHzV2-1128_Jui13 Page 8 of 15



General Antenna Parameters and Design

Electrical Delay (one direction) 1.209 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 September 08, 2011
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DASY5 Validation Report for Head T

Date: 23.07.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGH2V2; Serial: ] “HzV2 - SN: 1128

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

Medium parameters used: f = 5200 MHz; 6 = 4.46 S/m; g, = 35.2; p = 1000 kg/m3 , Medium parameters
used: f = 5300 MHz; o =4.55 8/m; &, = 35.1; p = 1000 kg/m3 , Medium parameters used: f = 5600 MHz; ¢ =
4.85 S/m; e, =34.7; p= 1000 kg/m3 , Medium parameters used: f = 5800 MHz; 0 = 5.05 S/m; &, =34.4; p =
1000 kg/m®

Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI1 C63.19-2007)

DASY52 Configuration:

e Probe: EX3DV4 - SN3503; ConvF(5.41, 5.41, 5.41); Calibrated: 28.12.2012, ConvF(5.1, 5.1, 5.1);
Calibrated: 28.12.2012, ConvF(4.76, 4.76, 4.76); Calibrated: 28.12.2012, ConvF(4.81, 4.81, 4.81);
Calibrated: 28.12.2012;

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

o Electronics: DAE4 Sn601; Calibrated: 25.04.2013

¢ Phantom: Flat Phantom 5.0 (front); Type: QDOOOP50AA; Serial: 1001
« DASYS5252.8.7(1137); SEMCAD X 14.6.10(7164)

Dipole Calibration for Head Tissue/Pin= " dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 63.593 V/m; Power Drift = 0.09 dB

Peak SAR (extrapolated) = 28.2 W/kg

SAR(1 g) =7.86 W/kg; SAR(10 g) = 2.27 W/kg

Maximum value of SAR {measured) = 17.6 W/kg

Dipole Calibration for Head Tissue/Pin= |, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 63.984 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 29.9 W/kg

SAR(1 g) = 8.11 W/kg; SAR(10 g) = 2.34 W/kg

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

Dipole Calibration for Head Tissue/Pin= . " °', dist=10mm, {=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 62.627 V/m; Power Drift = 0.09 dB

Peak SAR (extrapolated) = 31.5 W/kg

SAR(1 g) = 8.1 W/kg; SAR(10 g) = 2.33 W/kg

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

Certificate No: D5GHzV2-1128_Jul13 Page 10 of 15



Dipole Calibration for Head Tissue/Pin=1 ', dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 60.557 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 31.6 W/kg

SAR(1 g) = 7.78 W/kg; SAR(10 g) = 2.23 W/kg

Maximum value of SAR (measured) = 18.3 W/kg

—-5.00

-10.00

-15.00

-20.00

-25.00

0 dB = 18.3 W/kg = 12.62 dBW/kg
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Impedance Measurement Plot for He.
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DASYS5 Validation Report for Body TSL

Date: 24.07.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1128

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

Medium parameters used: f = 5200 MHz; 6 = 5.4 S/m; ¢, =48.9; p = 1000 kg/m3 , Medium parameters used:
f=5300 MHz; 6 = 5.55 S/m; & = 46.8; p = 1000 kg/m3 , Medium parameters used: f = 5600 MHz; ¢ =5.93
S/m; & =48.2; p = 1000 kg/m3 , Medium parameters used: f = 5800 MHz; ¢ = 6.21 S/m; &, = 47.9; p = 1000
kg/m®

Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASY52 Configuration:

o Probe: EX3DV4 - SN3503; ConvE(4.91, 491, 4.91); Calibrated: 28.12.2012, ConvF(4.67, 4.67,
4.67), Calibrated: 28.12.2012, ConvE(4.22, 4.22, 4.22); Calibrated: 28.12.2012, ConvF(4.38, 4.38,
4.38); Calibrated: 28.12.2012;

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

¢ Electronics: DAE4 Sn601; Calibrated: 25.04.2013

» Phantom: Flat Phantom 5.0 (back); Type: QDOO0OP50AA; Sertal: 1002
« DASYS5252.8.7(1137); SEMCAD X 14.6.10(7164)

Dipole Calibration for Body Tissue/Pin= .. ', dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 57.643 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 28.4 W/kg

SAR(1 g) =7.34 W/kg; SAR(10 g) = 2.07 W/kg

Maximum value of SAR (measured) = 16.6 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 57.535 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 29.9 Wrkg

SAR( g) =7.49 W/kg; SAR(10 g) = 2.11 W/kg

Maximum value of SAR (measured) = 17.2 W/kg

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

Reference Value = 57.173 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 33.8 W/kg

SAR(1 g) =7.78 W/kg; SAR(10 g) = 2.18 W/kg

Maximum value of SAR (measured) = 18.9 W/kg

Certificate No: D5GHzV2-1128_Jul13 Page 13 of 15



Dipole Calibration for Body Tissue/Pin= =~ 7, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 54.111 V/m; Power Dnift = -0.00 dB

Peak SAR (extrapolated) = 32.9 W/kg

SAR(1 g) =7.22 W/kg; SAR(10 g) = 2.02 W/kg

Maximum value of SAR (measured) = 17.8 W/kg

—-6.00

_ 12.00
18.00

-24.00

-30.00

0dB=17.8 W/kg = 12.50 dBW/kg
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Impedance Measurement Plot for Body TSL
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Schrmid & Partner Engineering AG s p e a g

Zeughausstragse 43, 8004 Zunich, Switzerland
Phone +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, htip://ww.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 esrors are often caused by dust and dirt
accumulated in the E-stop. To prevent E-stop failure, the customer shall always mount the probe to the DAE
carefuily and keep the DAE unit in a non-dusty environment if not used for measurements.

Repair: Minor repairs are performed at no exira 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 \o\‘&’h,}

) 5 N s Schweizerischer Kalibrierdienst
Schmid & Partner i‘_[a\E—/Mé Service suisse d'étalonnage
Engineering AG T Servizio svizzero di taratura
Z R
Zeughausstrasse 43, 8004 Zurich, Switzerland "4‘//',‘/:?\\\‘} Swiss Calibration Service
AP ITY PR A
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 Demen SH (Auden) Certificate No: DAE4-1425_Mar14
CALIBRATION CERTIFICATE |
Object DAE4 - SD 000 D04 BM - SN: 1425

Calibration procedure(s} QA CAL-06.v26

Calibration procedure for the data acquisition electronics (DAE)

| Calibration dafe: March 03, 2014

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

All calibrations have been cenducted in the closed laboratory facility: environment temperature {22 + 3)°C and humidity « 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration
Keithley Muliimeter Type 2001 SN: 0810278 01-Oct-13 (No:13976) Oct-14
Secondary Standards D # Check Date {in house) Scheduled Check
Auto OAE 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 Funclion Signature

Calibrated by:; Dominigque Steffen Technician ’%

L |
Approved by: Fin Bomholt Depuly Technical Manager I

iy I { ll\ L '.,\_'L_'.__ W

i -

Issued: March 3, 2014

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

Certificate No: DAE4-1425_Mari4 Page 10of 5



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
Multitateral Agreement for the recognition of calibration certificates

Glossary

DAE

data acquisition electronics

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

coordinate system.

Methods Applied and Interpretation of Parameters

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

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

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

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

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

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

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

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.

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

+ [ow 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: DAE4-1425_Mar14 Page 2 of &



DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: 1LSB = 6.1V, full range = -100...+300 mV
Low Range: 1LSB = 61nV . fullrange=  -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y z
High Range 403.670 + 0.02% (k=2} | 404.488 + 0.02% (k=2) | 404.243 + 0.02% (k=2)
Low Range 3.95785 £ 1.50% (k=2} | 4.00029 + 1.50% (k=2) | 3.95364 * 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system ageEomi @

Certificate No: DAE4-1425_Mar14 Page 3ot5



Appendix

1. DC Voltage Linearity

High Range Reading (V) Difference (uV) Error {%)
Channel X + Input 200042.53 7.26 0.00
Channel X + [nput 20003.35 0.38 0.00
Channel X = Input -20005.96 0.62 -0.00
Channel Y + Input 200038.34 3.10 0.00
Channel Y + Input 20003.01 0.12 0.00
Channel Y - Input -20008.09 -1.33 0.01
Channel Z + Input 200044.03 8.42 0.00
Channel Z + Input 20002.03 -0.98 -0.00
Channel Z - Input -20009.19 -2.51 0.01
Low Range Reading {l.V) Difference (V) Error (%)
Channel X + Input 1999.88 -0.03 -0.00
Channel X + Input 200.42 0.52 0.26
Channel X - Input -199.41 0.53 -0.26
Channel Y + Input 2000.10 0.38 0.02
Channel Y + Input 199.46 -0.33 -0.16
Channel Y - Input -200.67 -0.51 0.25
Channel Z + Input 1999.76 -0.07 -0.00
Channel Z + Input 198.26 -1.61 -0.80
Channel Z - Input -201.78 -1.70 0.85
2. Common mode sensitivity
DASY measurement parameters: Aute Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading {(uV)

Channel X 200 -20.64 -22.11

- 200 2413 2276
Channel Y 200 -6.41 -6.15

- 200 4.65 503
Channel 2 200 -4.87 -5.20

- 200 2.47 2.37

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

Input Voltage (mV)

Channel X {pV)

Channel Y (1V)

Channel Z (uV)

Channel X 200 0.20 -3.93
Channel Y 200 6.85 - 0.72
Channel Z 200 969 4.55 -

Cerificate No: DAE4-1425_Mari4
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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 16258 16314
Channei Y 16164 16198
Channel Z 15935 15638

5. Input Offset Measurement

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

Input 10MQ

Average (uV) min. Offset (pV) | max. Offset {(uV) St E():\\;;atlon
Channel X 0.08 -1.51 1.02 0.38
Channel Y 0.20 -0.81 0.95 0.36
Channel Z -0.54 -1.67 0.43 0.39

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 (- Vec)

-7.6

9. Power Consumption (Typical values for information)

Typical values

Switched off (mA) | Stand by (mA) Transmitting {mA)
Supply (+ Vce) +0.01 +B +14
Supply (- Vcc) -0.01 -8 -9

Certificate No: DAE4-1425_Marl4
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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, htip:/fiwww.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 errars are often caused by dust and dirt
accumulated in the Estop. To prevent Estop 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

Im-ortant Note:

| the DAE probe connector pins, use great care when installing the
fully connect the probe with the connector notch oriented in the
any rotational movement of the probe body versus the DAE
1g nut of the connector, The same care shall be used when
e from the DAE.

Schmid & Partner Engineering

TN_BRO040315AD 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 - TW (Auden) Certificate No: DAE4-1399_Nov13

CALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BM - SN: 1399

Calibration procedura(s) QA CAL-06.v26
Calibration procedure for the data acquisition electronics (DAE)

Calibration date: November 07, 2013

This calibration ¢enificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncertainties with confidenge 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 1D # Cal Date {Certificate No.) Scheduled Calibration

Keithley Multimeter Type 2001 SN: 0810278 01-Oct-13 (No:13976) Cct-14

Secondary Standards 1D # Check Date (in house) Scheduled Check

Auto DAE Calibration Unit SE UWS 053 AA 1001 07-Jan-13 {in house check) In house check: Jan-14

Calibrator Box V2.1 SE UMS 006 AA 1002 07-Jan-13 (in house check) In house check: Jan-14
Name Function Signature i

Calibrated by: Eric Hainfeld Technician T

—_— -

Approved by: Fin Bomholt Deputy Technical Manager g r
VA L

Issued: November 7, 2013

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

DAE

data acquisition electronics

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

coordinate system.

Methods Applied and Interpretation of Parameters

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

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

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

o 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.

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

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

o [Input 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.

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

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

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

Certificate No: DAE4-1399_Nov13 Page 2 of 5



DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = 6.1V,
Low Range: 1LSB = 61nv,

full range =
full range =

-100...+300 mV

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

Calibration Factors X Y Z
High Range 403.576 + 0.02% (k=2} | 403.837 + 0.02% (k=2) | 403.694 + 0.02% (k=2)
Low Range 3.99338 + 1.50% (k=2) | 3.98864 = 1.50% (k=2) | 3.95341 + 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system

303.0°+1°

Certificate No: DAE4-1399_Novi13
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Appendix

1. DC Voltage Linearity

High Range Reading (uV) Difference {uV) Error (%)
Channel X + Input 199997.26 -0.61 -0.00
Channel X + Input 20001.91 1.03 0.01
Channel X - Input -19999.07 1.82 -0.01
Channel Y + Input 199998.80 1.10 0.00
Channel Y + Input 19999.34 -1.47 -0.01
Channel Y - Input -20001.19 -0.12 0.00
Channel Z + Input 199998.69 1.55 0.00
Channel 2 + Input 19998.02 -2.80 -0.01
Channel Z - Input -20002.75 -1.69 0.01
Low Range Reading (uV) Bifference (uV) Error (%}
Channel X + Input 2002.09 1.09 0.05
Channel X + Input 201.25 -0.05 -0.02
Channel X - Input -198.06 0.36 -0.18
Channel Y + Input 2001.83 0.90 0.04
Channel Y + Input 200.93 -0.36 -0.18
Channel Y - Input -198.96 -0.48 0.24
Channel Z + Input 2001.86 1.03 0.05
Channel Z + Input 200.25 -0.93 -0.46
Channel Z - Input -190.87 -1.30 0.65
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 (uV)
Channel X 200 -4.61 -6.77
- 200 822 6.43
Channel Y 200 -5.41 -6.04
- 200 5.24 4.85
Channel Z 200 -7.82 -7.62
- 200 5.24 518

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 (uV)
Channel X 200 - 5.08 -1.79
Channel Y 200 9.74 - 6.74
Channel Z 200 8.83 7.35 -

Certificate No: DAE4-1399_Nov13
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Calibration Laboratory of

_ Schweizerischer Kalibrierdienst
Schmid & Partner Service suisse d'étalonnage
Engineering AG Servizio svhzero di laratura

Zoughausstrasse 43, B004 Lurich, Switzerisnd Swiss Calibration Servico

Acoredited by the Swiss Accreditafion Service [SAS) Accreditation Ne.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreament for the recognition of calibrstion certificates

Glossary:

TSL tissue simulating liquid

NORM:x,y,2 sensitivity in free space

ConvF sensitivity in TSL / NORMx v,z

DCp diode compression point

CE crast factor (1/duty_cycle) of the RF signal

ABCD modulation depandent linearization parameters

Polarization ip rotation around probe axis

Polarization 8 @ rodation around an axis that is in the plane normal to probe axis (at measurement cenler),

ie, 8=0is normal o probe axls

Calibration is Performed According to the Following Standards:

a) (EEE 5td 1528-2003, "IEEE Recommended Praclice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measuremeant
Techniques®, December 2003

b} (EC 62209-1, "Procedure io measure the Specific Absorplion Rate (SAR) for hand-held davices used In close
proximity (o the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:
=  NORMx,y.z Assessed for E-feld polarization & = 0 (f < 800 Mz in TEM-cell; > 1800 MHz: R22 wavaguide:-
NORMx,y,z are only intermediate values, |.e., the uncertainties of NORMx,y.z does not affect the E*-field
uncertainty inside TSL (see below ConvF),
s NORM{fix.y,z = NORMx,y,z * frequency_response (see Frequency Response Chan). This lineanzation is
implemented In DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF,

«  DCPxy.z DCP are numerical linearization parametars assessed hased on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor madia.

* PAR.PAR is the Peak to Average Ratio that |s not calibrated but determined based on the signal
characteristics

o Axyz Bxyz Cxyz Dxyz VRxyz A 8, C. D are numencal linearization paramelers assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on fraquancy nor
media, VR is the maximum calibraton range expressed in RMS voltage across the diode,

s ConvF and Boundary Effect Paramelérs. Assessed in fiat phantom using E-field (or Temparature Transler
Standard for f < 800 MHz) and insikle waveguide using analytical field distributions based on power
measurements for > 800 MHz. The same selups are used for assessment of the parameters applied for
boundary compensation {(alpha, depth) of which typical uncerizinty vaiues are given. These parameters are
used in DASY4 software 1o improve probe accuracy close to the boundary. The sensitivity in TSL comesponds
o NORMzx, v,z * ConvF whereby the uncermainty comesponds 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 MH2 to + 100
MHz.

« Sphancal isotropy (3D deviation from Isotropy): In a field of low gradients realized using a fiatl phantom
exposed by a patch antenna,

= Sensor Offset The sensor offset cormesponds 1o the offset of virtual measurement center from the probe tip
{on probe axis). No tolerance required.

Ceriificate No: EX3-3931_Sepi3 Page 2 of 11



EX20V4 - SN.383 Seplember 10, 2013

Probe EX3DV4

SN:3931

Manufactured:  July 24, 2013
Calibrated: September 10, 2013

Calibrated for DASY/EASY Systems

{Note: non-compatibie with DASYZ system)
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EX30v4- 5N 3931

Septeamber 10, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3931

Basic Calibration Parameters

[ Sensor X Sannor ¥ | Sensor Z Unc (k=2) |
Norm ;stwmf}* 042 0.58 | 0.50 +10.1 %
"BCP (mV) 1024 or.7 100.7
Modulation Calibration Parameters
uiD Communication System Name F B c | D VR Une"
. [ 1:] dByv v | dB mv (k=2)
0 cw % 0.0 0.0 1.0 | 000 | 1467 | 225% |
i 0.0 0o 1.0 1335
z | oo 00 | 10 | 1204 =

rted uncertainty of measurement is stated as the standard uncertainty of measurement

mutllplro ed by the mvm%:

probability of approxima

ly 95%.

factor k=2, which for a normal distribution corresponds to a coverage

* The urcertsnties of Mo Y I do nol MIHE’-&HumW:MTE{.[qun!mME}

'Mnﬂﬂ&m.lmmmmmw

E Ungertaitity b debormmed mming the mas. deviation from neer responae applying rectanguiar disidbulion and bs exfressed ko the sgldre of the
fiold valua

Cadificate No: EX3-3931_Sepi3
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EXIDV4- SN-381 September 10, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3931

Calibration Parameter Determined In Head Tissue Simulating Media

" Feafive _ | Conductivity Depth |  Unot.
FMHZ)© | Pormittivity” (Sim)” | ConvFX | ConvFY | ConvF2Z | Alpha | (mm) [le=3)
835 415 090 | 987 | 987 | 387 | 018 | 143 | £120%
900 41.5 D.97 9.59 8.59 95¢ | 018 | 146 | 2120%
1750 401 1.37 B.82 8.682 882 | 030 | 089 | 2120%
1800 40.0 1.40 8.40 840 | 840 | 059 | 069 | £120%
2000 40.0 1.40 B.41 8.41 841 | 046 | 078 | 2120%
2450 [ 392 1.80 759 7.59 7.58 0.35 0.91 $120%

* Frequancy valudity of £ 100 MHz only appbes for DASY v 4 snd higher (ses Page 2), sise i s reskicied 5o = SO MHz. The uncenminty s the RSS
of the ConvE unoertmnty sl cafibration trequency Grd the uncansinty fnr the indicsted Fequancy band.

" Al requenceas biow 3 GHz. tha validity of esue parsmeles (e ard =) csn be rilseed o = 100 # lgued compensation formule w agpied o
measumd SAR unlues. At frequencies above 3 GHg, the validity of fissus perametens (@ and of B esincted to + 5% The waceninhy s the 55 of
b CorvF uncantainty for indlaatod Larget tssus pormmetirs

Cartificate No. EX3-3031_Sep13 Page 5 of 11



EX30V4- SN:-3931 Seplember 10, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3931

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity | Depth |  Unct

f(MHz)" | Permittivity " (Sim) " | ConvFX | ConvFY | ConvFZ | Alpha | {mm) {k=2)
845 55.2 0.67 9.68 9.66 966 | 032 l 0.99 +120%

900 56.0 1.05 9.35 9.35 935 | 022 | 140 | 2120%

1750 53.4 1.49 7.99 7.95 7.99 0.46 0.78 £120%
1900 | 53.3 1.52 7.81 7.61 7.61 0.44 0.84 +120%
2000 53.3 1.52 7.83 7.83 7.83 038 0.87 +12.0 %
2450 527 1.85 | 724 .- 7.24 7.24 0.75 l 0.57 +12.0%

© Froquency validity of £ 100 MMz anly applies for DASY vd .4 and higher (see Page 2), sise it |s restrictad to + 50 Mz The uhcersinty = the RSS
of the ConvF pncerginty @ calibration fraquency and tha uncaralnty for the indicated frequency band.

" Al frequencies befow 3 GHe, the validity of issue parameter (x and o) can be retaxed to £ 10% il liquid compensaton formula is applied o
massured SAR values Al frequencied above 3 GHz. the vahdity of bssue paramelers (¢ and o) (8 restncled to £ 5%. The uncenainty g the RSS of
et ConvF uncedainty for indicaled targest Esue parameten.

Certificate No: EX3-3931_Sep13 Page & of 11



EX3DVd- SN:3831 September 10, 2013

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncenainty of Frequency Response of E-field: £ 6.3% (k=2)
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EXI0V4- S35 September 10, 2013

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz R22
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Uncertainty of Axial Isctropy Assessment: £ 0.5% (k=2)
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EX30DV4— SN:3837 Septembar 10. 2013

Dynamic Range f(SARnead)
(TEM cell , 1 = 900 MHz)

...................

rrrrrrr

e

Input Signal [uv]

A0

— - . I o N - =

109 o 10 10 100
SAR [mWicm3)]

not compensated compensated

|
1
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SAR [mWiem3)
*) (@]
not compansatad compensated

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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7
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EX30V4- SN:3831

September 10, 2013

Conversion Factor Assessment

1= 835 MHZ WGLS RS (H_conF)

= 1800 MHz WGLS R22 (H_com#®)

"
E
: M
w0
&
i 5l = ¥ S
LT @ 5 = L = E = » i
afwe
2] i
L] e

Deviation from Isotropy in Liquid
Error (4, 9), f= 900 MHz

-0 08 -08 04 02 00 DZI 04 06 OB 10
Uncertainty of Spherical Isotropy Assassment: t 2.6% (k=2)

Cantificale No: EX3-3931_Sepl3
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EX3DV4- 5N.3931 September 10, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3931

Other Probe Parameters

Sensor Arrangement Triangular
Connactor Angle (™) -12.3
Mecharical Surface Detection Mode enabled
Optical Surface Detection Mode disabled |
| Probe Oversll Length 337 mm
| Probe Body Diameter 10 mm
Tip Length ' * 9 mm
Tip Diametar 2.5mm
"Prabe Tip 1o Sensor X Calibration Point Trm |
ithThh&mYmmr 1 mm
| Probe Tip to Sensor Z Calibration Point 1mm

I Recommended Measurement Distance from Surface 2 mm

Cerificale No, EX3-3831_Sep13 Page 11 of 11



Calibration Laboratory of \&‘\\@73’, Schweizerischer Kalibrierdienst

Schmid & Partner ;EE-/M/EE Service suisse d'étalonnage
Engineering AG T Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland e Swiss Calibration Service

“iely ™
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA

Muitilateral Agreement for the recognition of calibration certificates

Cliet  Sporton-TW (Auden) Certificate No: EX3-3955_Nov13

CALIBRATION CERTIFICATE

Object EX3DV4 - SN:3955

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:

November 12, 2013

This calibration certificate documents the traceability to national standards, which realize the physical unils of measurements (S1).
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

Technical Manager

-

Primary Standards D Cal Date (Certificate No.} Scheduled Calibration

Power meter E4419B (GB41293874 04-Apr-13 {No. 217-01733) Apr-14

Power sensor E4412A MY41498087 04-Apr-13 (No. 217-01733) Apr-14

Reference 3 dB Attenuator SN: 85054 (3c) 04-Apr-13 (No. 217-01737) Apr-14

Reference 20 dB Attenuator SN: 85277 (20x) 04-Apr-13 (Ne. 217-01735) Apr-14

Reference 30 dB Attenuator SN: $5129 {30b) 04-Apr-13 (No. 217-01738) Apr-14

Reference Probe ES3DV2 SN: 3013 28-Dec-12 (No. ES3-3013_Dec12) Dec-13

DAE4 SN: 660 4-Sep-13 (No. DAE4-660_Sep13) Sep-14

Secondary Standards D Check Date (in house) Scheduled Check

RF generator HP 8648C US83642U01700 4-Aug-99 (in house check Apr-13) In house check: Apr-15

Network Analyzer HP B753E US37390585 18-Oct-01 (in house check Oct-13) In house check: Oct-14
Name Function Signature

Calibrated by: Jeton Kastrati Laboratory Technician e

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

Issued: November 12, 2013

Certificate No: EX3-3955_Nov13
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Calibration Laboratory of \\\“\‘@7”‘, § Schweizerischer Kalibrierdienst

Schmid & Partner iE“\\-\——/—/! HE}’_ C  Service suisse détalonnage
Engineering AG BNt S Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzertand {'/J%ﬁ\\:\} 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

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL/ NORMx,y,z

DCP diode compression point

CF crest factor (1/duty_cycle)} of the RF signal

A B CD modulation dependent linearization parameters

Polarization ¢ ¢ rotation around probe axis

Polarization 3 $ rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.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)

b)

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

[EC 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

Methods Applied and Interpretation of Parameters:

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

NORM(fx,y,z = NORMx,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 ConvF.

DCPx,y,z: DCP are numernical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

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

Ax,y.z; Bx,y,z; Cx,y.z; Dx,y,z; VRx,y,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 nor
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 field 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 corresponds
to NORMXx,y,z * ConvF whereby the uncertainty corresponds 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 isofropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

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

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

Certificate No: EX3-3955_Novi3 Page 2 of 11



EX3DV4 — SN:3955 November 12, 2013

Prot  X3DV4

Manufactured:  August 6, 2013
Calibrated: November 12, 2013

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)
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EX3DV4- SN:3955

DASY/EASY - Parameters

Basic Calibration Parameters

November 12, 2013

Dbe: EX3DV4 - SN:3955

Sensor X Sensor Y Sensor Z Une (k=2)
Norm (uV/(Vim)*)* 0.35 0.41 0.32 +10.1%
DCP (mV)°® 99.7 103.0 102.1
Modulation Calibration Parameters
uiD Communication System Name A B c D VR Unc™
dB dBvpV dB mv (k=2)
0 CwW X 0.0 0.0 1.0 0.00 134.5 +2.7 %
Y 0.0 0.0 1.0 144.1
z 0.0 0.0 1.0 161.3

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%.

A The uncertainties of NormX,Y.Z do not affect the E%-field uncertainty inside TSL (see Pages 5 and B).
& Numerical linearization parameter: uncertainty not required.

E Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the

field value.

Certificate No: EX3-3955_Nov13
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EX3DV4- SN:3955

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3955

Calibration Parameter Determined in Head Tissue Simulating Media

November 12, 2013

Relative Conductivity Depth ® Unct.

f(MHZ) ¢ | Permittivity" (s/m)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) {k=2)
750 41.9 0.89 10.24 10.24 10.24 0.29 1.08 £12.0%
2450 39.2 1.80 7.29 7.29 7.29 0.34 0.81 +12.0 %
5200 36.0 4.66 5.14 5.14 5.14 0.40 1.80 +131 %
5300 35.9 4.76 4.86 4.86 4.86 0.40 1.80 +131%
5500 35.6 4.96 4.83 483 4.83 0.40 1.80 +13.1%
5600 35.5 5.07 4.64 4.64 4.64 0.40 1.80 +13.1%
5800 35.3 5.27 4.61 461 4.61 0.40 1.80 +13.1%

¢ Frequency validity of + 100 MHz only applies for DASY v4.4 and higher {see Page 2), else it is restricted to 50 MHz. The uncertainty is the RSS
of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

F AL frequencies below 3 GHz, the validity of tissue parameters (¢ and o) can be relaxed to + 10% if liquid compensation formula is applied to

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

S Alpha/Depth are determined during calibration. SPEAG warranls that the remaining deviation due to the boundary effect after compensation is

always less than £ 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-8 GHz at any distance larger than half the probe tip

diameter from the boundary.

Certificate No: EX3-3955_Nov13
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EX3DV4-- SN:3955

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3955

Calibration Parameter Determined in Body Tissue Simulating Media

November 12, 2013

Relative Conductivity Depth® Unct.

f(MH2)® | Permittivity" (Sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) {k=2)
750 55.5 0.96 9.89 9.89 9.89 0.37 0.93 +12.0 %
2450 52.7 1.95 7.42 7.42 7.42 0.76 0.58 £12.0%
5200 49.0 5.30 4.64 4.64 4.64 0.40 1.90 +13.1 %
5300 48.9 542 4.36 4.36 4.36 0.45 1.90 £13.1%
5500 48.6 5.65 4.32 4.32 4.32 0.40 1.90 +13.1%
5600 48.5 577 4.27 4.27 4.27 0.30 1.90 +13.1%
5800 48.2 8.00 4.25 4.25 4.25 0.45 1.90 +13.1%

¢ Frequency validity of + 100 MHz only applies for DASY v4.4 and higher {see Page 2), else it is restricted to + 50 MHz. The uncertainty is the RSS
of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

F At frequencies below 3 GHz, the validity of tissue parameters (e and o) can be relaxed to + 10% if liquid compensation formula is applied to

measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters {c and a) is restricted to + 5%. The uncertainty is the R3S of
the ConvF uncertainty for indicated target tissue parameters.

& Alpha/Depth 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 and below 2% for frequencies betwesn 3-8 GHz at any distance larger than half the probe tip

diameter from the boundary.

Certificate No: EX3-3955_Nov13
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EX3DV4— SN:3955 November 12, 2013

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

Frequency response (hormalized)
o
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'ﬁml 22

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX3DV4— SN:3955 November 12, 2013

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM =1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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EX3DV4— SN:3955 November 12, 2013

Dynamic Range f(SARcaq)
(TEM cell , f = 900 MHz)

10°

1084

Input Signal [uVv]

0%

1024

102 101 100 101 102 10°
. SAR [mW/cm3)
*
not compensated compensated

Error [dB]

'1‘00 1IO‘| 102 103
SAR [mW/cm3]

net compensated compensated

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX3DV4— SN:3955

SAR [ViKgpW

f= 750 MHz, WGLS RS (H_convF)
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8
anakucal

Deviation

-1.0

November 12, 2013

Conversion Factor Assessment

f= 2450 MHz, WGLS R22 {H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz

-0.8
Uncertainty of Spherical Isotropy Assessment:  2.6% (k=2)

-6 -04 -02 00 02 064 06 038 1.0
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EX3DV4- SN:3955

Novemnber 12, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3955

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (%) -54.2
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 2mm

Certificate No: EX3-3955_Nov13 Page 11 of 11
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CALIBRATION LABORATORY i [\ Bl s
Add: No.52 Huayuanbei Road, Haidian District. Beijing, 100191, China T S
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504 14//;_::\50 oo
E-mail: Info@emecite.com Hitp://www.emcite.com LY AT T CHNAS L0442
Client Sporton-TW Certificate No: J13-2-3185

CALIBRATION CERTIFICATE

Object EX3DV4 - SN:3955

Calibration Procedure(s) TMC-OS-E-02-195

Calibration Procedures for Dosimetric E-field Probes

Calibration date: December 23, 2013

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(S(). 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<709%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards (D # Cal Date(Ca[ibrated by, Certificate No.) Scheduied Calibration
Power Meter NRP2 101919 01-Jul-13 (TMC, No.JW13-044) Jun-14
Power sensor NRP-Z91 | 101547 01-Jul-13 (TMC, No.JW13-044) Jun-14
Power sensor NRP-Z91 101548 01-Jul-13 (TMC, No.JW13-044) Jun-14
Reference10dBAttenuator | BT0520 12-Dec-12{TMC ,No.JZ12-867) Dec-14
Reference20dBAttenuator | BT0267 12-Dec-12(TMC,No.JZ12-866) Dec-14
Reference Probe EX3DV4 | SN 3846 03-Sep-13(SPEAG N0.EX3-3846_Sep13) Sep-14
DAE4 SN 777 22-Feb-13 (SPEAG, DAE4-777_Feb13) Feb-14
Secondary Standards iD# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
SignalGeneratorMG3700A | 6201052605 01-Jul-13 (TMC, No.JW13-045) Jun-14
Network Analyzer EE071C | MY46110673 15-Feb-13 (TMC, No.JZ13-781) Feb-14
Name Function Signature

Calibrated by:

Yu Zongying SAR Test Engineer %
Reviewed by: Qi Dianyuan SAR Project Leader %

Approved by: Lu Bingsong Deputy Director of the laberatory P W (?71

Issued; December 25, 2013
This calibration certificate shalt not be reproduced except in full without written approval of the laboratory.
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Glossary:
TSL tissue simulating liquid
NORMx,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP diode compression peint
CF crest factor {1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parameters
Polarization ® @ rotation around probe axis
Polarization © 8 rotation around an axis that is in the plane normal to probe axis (at measurement center), i

©=0 is normal to probe axis

Calibration is Performed According to the Following Standards:

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

b} IEC 62208-1, “Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used
in close proximity to the ear (frequency ranae of 3OOMHz to 3GHz)", February 2005

Methods Applied and Interpretatic

e NORMx,y,z: Assessed for E-field polarization 8=0 (f<900MHz in TEM-cell; f>1800MHz: waveguide).

NORMXx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not effect the

E’ field uncertainty inside TSL (see below ConvF)

e  NORM(fx,y.z = NORMXx,y,z* frequency_response (see Freguency Response Chart). This
linearization is implemented in DASY4 software versions later than 4.2. The uncertainty of the
frequency respense is included in the stated uncertainty of ConvF.

e DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep
(no uncertainty required). DCF does not depend on frequency nor media.

» PAR: PAR is the Peak tc Average Ratio that is not calibrated but determined based on the signal
characteristics.

o Axyz Bx.yz Cxyz VRxyz:AB,C are numencal linearization parameters assessed based on the
data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

s ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for f<B0O0OMHz) and inside waveguide using analytical field distributions based on
power measurements for f >800MHz. The same setups are used for assessment of the parameters
applied for boundary compensation (alpha, depth) of which typical uncertainty valued are given.
These parameters are used in DASY4 software to improve probe accuracy close to the boundary.
The sensitivity in TSL corresponds to NORMx,y,z* ConvF whereby the uncertainty corresponds to
that given for ConvF. A frequency dependent ConvF is used in DASY version 4.4 and higher which
allows extending the validity from+50MHz to+100MHz.

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

¢ Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the
probe tip (on probe axis). No tolerance required.

o Connector Angle: The angle is assessed using the information gained by determining the NORMx
(no uncertainty required).
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Probe EX3DV4

Calibrate. ver 23, 2013

Calibratec - . .1 .>Y Systems
{Note: non-compatible with DASY2 system!)
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DASY — Parameters of Probe: EX3DV4 - SN: 3955

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm(uV/(Vim)3)* 0.35 | 0.40 0.30 +10.8%
DCP(mV)® 110.8 104.5 101.4
Modulation Calibration Parameters
uIiD Communication A B c D VR Unc®
System Name dB dBuVv dB mV (k=2)
0 cwW X 0.0 0.0 1.0 0.00 112.8 | +4.8%
Y 0.0 0.0 1.0 123.6
z 0.0 0.0 1.0 100.5

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 Norm X, Y, Z do not affect the E%field uncertainty inside TSL (see Page 5 and Page 6).
® Numerical linearization parameter: uncertainty not required.

. Uncertainly is determined using the max. deviation from linear response applying rectangular distribution
and is expressed for the square of the field value.
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DASY - Parameters of Probe: EX3DV4 - SN: 3955

Calibration Parameter Determined in Head Tissue Simulating Media

f [MHz]° Pe'::i::i"‘:;y ; C°"‘:;7r:‘)":y ConvF X | ConvF Y | ConvFZ | Alpha ?:1:;' ::(':;t)
850 415 0.92 9.86 9.86 986 | 012 | 153 | +12%
900 415 0.97 9.98 9.98 9.98 | 013 | 153 | 112%
1810 40.0 1.40 8.23 8.23 823 | 013 | 230 | £12%
1900 40.0 1.40 8.31 8.31 831 | 015 | 1.81 | £12%
2600 39.0 1.96 7.55 7.55 755 | 0.48 | 082 | L12%

- Frequency validity of +100MHz only applies for DASY v4.4 and higher (Page 2), else it is resfricted to +50MHz. The
uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.
F At frequency below 3 GHz, the validity of tissue parameters (€ and o) can be relaxed to +10% if liquid compensation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (€ and &) is
restricted to £5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.
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DASY —~ Parameters of Probe: EX3DV4 - SN: 3955

Calibration Parameter Determined in Body Tissue Simulating Media

f [MHz]® P;:"::;:;y,, C°"°:;f{:‘)"fy ConvF X | ConvFY | ConvF Z | Alpha ?ri':;' (L::;t)
850 55.2 0.99 9.81 9.81 9.81 017 | 1.46 | +12%
900 55.0 105 | 986 9.86 9.86 027 | 1.09 | £12%
1810 53.3 1.52 8.17 8.17 8.17 014 | 2.85 | +12%
1900 53.3 1.52 7.84 7.84 784 | 0.16 | 264 | £12%
2600 52.5 2.16 7.58 7.58 758 | 050 | 0.85 | £12%

© Frequency validity of +100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted to £50MHz. The
uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.
F At frequency below 3 GHz, the validity of tissue parameters (€ and o) can be relaxed to +10% if liquid compensation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) is
restricted to £5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.
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Frequenc ‘e of E-Field
(TEM-Cell: . L, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £7.5% (k=2)
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Uncertainty of Ax* ‘3sessment: £0.9% (k=2)
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Uncertainty of Linearity Assessment: £0.9% (k=2)
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Conversion Factor Assessment
=900 MHz, WGLS R9(H_convF)  f=2600 MHz, WGLS R26(H_convF)
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Uncertainty of Spherical Isotropy Assessment: £2.8% (K=2)
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DASY - Paramete..

Other Probe Parameters

>: EX3DV4 - SN: 3955

Sensor Arrangement Triangular
Connector Angle (°) 128
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disable
Probe Overall Length 337mm
Probe Body Diameter 10mm
Tip Length 9mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surface 2mm
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Acceptable Conditions for SAR Measurements Using Probes and Dipoles

Calibrated under the SPEAG-TMC Dual-Lego Calibration Program to

Support FCC Equipment Certification

The acceptable conditions for SAR measurements wsing probes, dipoles and DAEs
calibrated by TMC (Telecommunication Metrology Center of MITT in Beijing, China),
under the Dual-Logo Calibration Certificate program and guality assurance (QA)
protocols established between SPEAG (Schmid & Partner Engineering AG, Switzerland)
and TMC, to support FCC (U.S. Federal Communications Commission) equipment
certification are defined and described in the following.

1) The agreement established between SPEAG and TMC is only applicable to
calibration services performed by TMC where its clients (companies and divisions of
such companies) are headquartered in the Greater China Region, including Taiwan
and Hong Kong. This agreement is subject to renewal at the end of each calendar
year between SPEAG and TMC. TMC shall inform the FCC of any changes or early
termination to the agreement.

Only a subset of the calibration services specified in the SPEAG-TMC agreement,
while it remains valid, are applicable to SAR measurements performed using such
equipment for supporting FCC equipment certification. These are identified in the

following.

2)

a)

b)

c)
d)

Calibration of dosimetric (SAR) probes EX3DVx, ET3DVx and ES3DVx.

1) Free-space E-field and H-field probes, including those used for HAC (hearing
aid compatibility) evaluation, temperature probes, other probes or equipment
not identified in this document, when calibrated by TMC, are excluded and
cannot be used for measurements to support FCC equipment certification.

ii) Signal specific and bundied probe calibrations based on PMR (probe
modulation response) characteristics are handled according to the
requirements of KDB 865664; that is, “Until standardized procedures are
available to make such determination, the applicability of a signal specific
probe calibration for testing specific wireless modes and technologies is
determined on a case-by-case basis through KDB inquiries, including SAR
system verification requirements.”

Calibration of SAR system validation dipoles, excluding HAC dipoles.

Calibration of data acquisition electronics DAE3 Vx, DAE4Vx and DAEasyVx.

For FCC equipment certification purposes, the frequency range of SAR probe and

dipole calibrations is limited to 700 MHz - 6 GHz and provided it is supported by

the equipment identified in the TMC QA protocol (a separate attachment to this
document).

The identical system and equipment setup, measurement configurations,

hardware, evaluation algorithms, calibration and QA protocols, including the

format of calibration certificates and reports used by SPEAG shall be applied by

TMC.

The calibrated items are only applicable to SPEAG DASY 4 and DASY 5 o

higher version systems. ‘



June 26, 2013

3) The SPEAG-TMC agreement includes specific protocols identified in the following
to ensure the quality of calibration services provided by TMC under this SPEAG-
TMC Dual-Logo calibration agreement are equivalent to the calibration services
provided by SPEAG. TMC shall, upon request, provide copies of documentation to
the FCC to substantiate program implementation.

4)

5)

a)

b)

d)

The Inter-laboratory Calibration Evaluation (IL.CE) stated in the TMC QA
protocol shall be performed between SPEAG and TMC at least once every 12
months. The ILCE acceptance criteria defined in the TMC QA protocol shall be
satisfied for the TMC, SPEAG and FCC agreements to remain valid.

Check of Calibration Certificate (CCC) shall be performed by SPEAG for all
calibrations performed by TMC. Written confirmation from SPEAG is required
for TMC to issue calibration certificates under the SPEAG-TMC Dual-Logo
calibration program. Quarterly reports for all calibrations performed by TMC
under the program are also issued by SPEAG.

The calibration equipment and measurement system used by TMC shall be
verified before each calibration service according to the specific reference SAR
probes, dipoles, and DAE calibrated by SPEAG. The results shall be reproducible
and within the defined acceptance criteria specified in the TMC QA protocol
before each actual calibration can commmence. TMC shall maintain records of the
measurement and calibration system verification results for ail calibrations,
Quality Check of Calibration (QCC) certificates shall be performed by SPEAG at
least once every 12 months. SPEAG shall visit TMC facilities to verify the
laboratory, equipment, applied procedures and plausibility of randomly selected
certificates,

A copy of this document, to be updated annually, shall be provided to TMC clients
that accept calibration services according to the SPEAG-TMC Dual-Logo calibration
program, which should be presented to a TCB (Telecommunication Certification
Body), to facilitate FCC equipment approval.

TMC shall address any questions raised by its clients or TCBs relating to the SPEAG-
TMC Dual-Logo calibration program and inform the FCC and SPEAG of any critical
issues.

Change Note: Revised on June 26 to clarify the applicability of PMR and Bundled probe calibrations
according to the requirements of KDB 865664,
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