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CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration date;

DB835V2 - SN: 4d082

QA CAL-D5.v7

Calibration procedure for dipole validation kits

July 20, 2010

Calibration Equipment used (M&TE critical for calibration)

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncenainties 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%.

Primary Standards D# Cal Date (Centificate No.) Scheduled Calibration

Power meter EPM-4424 GB37480704 06-Oct-03 (No. 217-01086) Oct-10

Power sensor HP B481A US37292783 08-Oct-09 (No. 217-010886) Oct-10

Reterence 20 dB Attenuator SN: 5086 (20g) 30-Mar-10 (No. 217-01158) Mar-11

Type-N mismatch combination SN: 5047.2 / 06327 30-Mar-10 (No. 217-01162) Mar-11

Reference Probe ES3DV3 SN: 3205 30-Apr-10 (No. ES3-3205_Apri10) Apr-11

DAE4 SN: 801 10-Jun-10 (No. DAE4-801_Jun10) Jun-11

Secondary Standards D # B Check Date (in housg) Scheduled Chack

Power sensor HP 84814 MY41092317 18-Oct-02 (in house check Oct-09) In house check: Oct-11

AF generator R&S SMT-06 100005 4-Aug-99 (in house check Oct-09) In house check: Oct-11

Network Analyzer HP 8753E US37390685 S4206  18-Cct-01 (in house check Oct-09) In house check: Oct-10
Name Function Signature

Calibrated by: Dimee lliev Laboratory Techniclan @ W

Approved by: Katja Pokovic Technical Manager

lssued: July 20, 2010

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

Certificate No: D835V2-4d082_Jul10
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SPORTON LAB.

Calibration Certificate of DASY

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughaussirasse 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
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

¢) 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:

Schweizerischer Kalibrierdienst

e Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at th2 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.

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

e 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.

» SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

Certificate No: D835V2-4d082_Jul10 Page2of 9
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SPORTON LAB.

Calibration Certificate of DASY

Measurement Conditions

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

DASY Version DASYS5 V522

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V4.9

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 20.2) °C 420+6% 0.90 mho/m x 6 %

Head TSL temperature during test (23.1 £0.2) °C -
SAR result with Head TSL

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

SAR measured 250 mW input power 240mW /g

SAR normalized normalized to 1W 9.60mW /g

SAR for nominal Head TSL parameters

normalized to 1W

9.65 mW /g + 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.56mW /g
SAR nomalized normalized to 1TW 6.24mW /g

SAR for nominal Head TSL parameters

nermalized to 1W

6.26 MW /g = 16.5 % (k=2)

Certificate No: DB35V2-4d082_Jul10
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SPORTON LAB.

Calibration Certificate of DASY

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+0.2)°C 55.0+6 % 1.01 mho/m =6 %
Body TSL temperature during test (22.0+0.2)°C - -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 258mW /g
SAR normalized normalized to 1W 103mW /g

SAR for nominal Body TSL parameters

normalized to 1TW

12.0 MW / g = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 1.69mW /g
SAR normalized normalized to 1W B6.76 mW /g

SAR for nominal Body TSL parameters

normalized to 1W

6.60 mW / g = 16.5 % (k=2)

Certificate No: D835V2-4d082_Jul10
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seanron a5, CaliDration Certificate of DASY

Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed point 51.7Q-32jQ
Return Loss -23.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 483Q-486jQ
Return Loss -26.0dB

General Antenna Parameters and Design

Electrical Delay (one direction) | 1.389ns

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.
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 October 17, 2008
Certificate No: D835V2-4d082_Jul10 Page 5of 9
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seanron a5, CaliDration Certificate of DASY

DASYS5 Validation Report for Head TSL

Date/Time: 20.07.2010 15:48:57
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d082

Communication System: CW: Frequency: 835 MHz: Duty Cycle: 1:1

Medium: HSLS00

Medium parameters used: f = 835 MHz; 6 = 0.9 mho/m; g = 42.4; p = 1000 kg'm’
Phantom section: Flat Section

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

DASYS5 Configuration:
o Probe: ES3DV3 - SN3205; ConvF(6.03, 6.03, 6.03); Calibrated: 30.04.2010
+ Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 10,06.2010
¢ Phantom: Flat Phantom 4.9L: Type: QDOO0OP49A A Serial: 1001
¢ Measurement SW: DASY52, V52.2 Build 0, Version 52.2.0 (163)
o Postprocessing SW: SEMCAD X, V14.2 Build 2, Version 14.2.2 (16851

Pin=250 mW /d=15mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Measurement
grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 57.1 V/m; Power Drift = 0.020 dB

Peak SAR (extrapolated) = 3.63 W/kg

SAR(1 g} = 2.4 mW/g; SAR(10 g) = 1.56 mW/g

Maximum value of SAR (measured) = 2.8 mW/g

0dB =2.8mW/g

Certificate No: D835V2-4d082_Jul10 Page 6 of 9
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seanron a5, CaliDration Certificate of DASY

Impedance Measurement Plot for Head TSL

28 Jul 2018 14:48:08

AL S14 1 U FS 1154692 0 -3,1973 4 59.615 pF 235.000 600 MHz
bel -
Cor i \\ 1
P
| |;/ =\
-
F
‘\ /
\ {
g o { - y
67 —
1
CH2 sSi1  LOG liQIB_/_EEF =20 o8 4:-28,977 dB 835,008 006 MHz
Cor
Av
16°
1 -1 4 4 - ~4
{ | |
START 635.000 GO0 MHz ) STOF 1 109000 008 'Hz
Certificate No: D835V2-4d082_Jul10 Page 7 of 9

SPORTON INTERNATIONAL INC.



seanron a5, CaliDration Certificate of DASY

DASYS5 Validation Report for Body

Date/Time: 20.07.2010 12:03:13
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d082

Communication System: CW; Frequency: 835 MHz; Duty Cycle: 1:1

Medium: MSL900

Medium parameters used: f = 835 MHz; ¢ = 1.01 mho/m: &, = 55; p = 1000 kg/-°
Phantom section: Flat Section

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

DASYS Configuration:
e Probe: ES3DV3 - SN3205; ConvF(5.86, 5.86, 5.86); Calibrated: 30.04.2010
e Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 10.06.2010
» Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001]
e Measurement SW: DASY52, V52.2 Build 0, Version 52.2.0 (163)
« Postprocessing SW: SEMCAD X, V14.2 Build 2, Version 14.2.2 (1685}

Pin=250 mW /d=15mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Measurement
grid: dx=5mm, dy=Smm, dz=5mm

Reference Value = 56.1 V/m; Power Drift = 0.017 dB

Peak SAR (extrapolated) = 3.81 W/kg

SAR(1 g) = 2.58 mW/g; SAR(10 g) = 1.69 mW/g

Maximum value of SAR (measured) = 2.98 mW/g

-12

0dB =2.98mW/g
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seanron a5, CaliDration Certificate of DASY

Impedance Measurement Plot for Body TSL
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seanron a5, CaliDration Certificate of DASY

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zoughausstrasse 43, 8004 Zurich, Switzerland

ey
e
&N 3

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

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

Client Auden

Accreditation No.: SCS 108

Certificate No: D1900V2-5d018_Juni0

CALIBRATION CERTIFICATE

Chject

Calibration procedure(s)

Calibration date:

D1900V2 - SN: 5d018

QA CAL-05.v7

Calibration procedure for dipole validation kits

June 15, 2010

Calibration Equipment used {M&TE cntical for calibration)

This calibration certificate documents the traceabdlity to national standards, which realize the physical units of measurements (S1).
The measurements and the uncertainties with confidence probability are given on the following pages anc are part of the certificate.

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

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

Primary Standards D¢ Cal Date (Certificate No.) Schaduled Calibration

Power meter EPM-4424 GB37480704 06-Oct-08 (No. 217-01086) Qct-10

Power sensor HP 8481A US37292783 06-Oct-02 (No. 217-01086) Qct-10

Reference 20 dB Attenuator SN: 5086 (20g) 30-Mar-10 (No. 217-01158) Mar-11

Type-N mismatch combination SN: 5047.2 / 05327 30-Mar-10 (No. 217-01182) Mar-11

Reference Probe ES3DV3 SN: 3205 30-Apr-10 (No. ES3-3205_Apr10) Apr-11

DAE4 SN: 601 10-Jun-10 (No. DAE4-801_Jun10Q) Jun-11

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

Power sensor HP B481A MY41092317 18-0ct-02 (in house chack Oct-09) In house check: Oct-11

RF generator R&S SMT-06 100005 4-Aug-99 (In house check Oct-09) In house check: Oct-11

Network Analyzer HP B753E US37390585 S4206 18-Cct-01 (in house check Oct-09) In house check: Oct-10
Name Function Signaturs

Calibrated by: Dimce lliev Laboratory Techniclan @ %w

Approved by: Katja Pokovic Technical Manager

Issued: June 17, 2010

Certificate No: D1800V2-5d018_Jun10
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SPORTON LAB.

Calibration Certificate of DASY

Calibration Laboratory of

3 S Schweizerischer Kalibrierdienst
Schmid & Partner o Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland S 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
Muitilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a)

b)

c)

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 Techniques”, December 2003

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

Federal Communications Commission Office of Engineering & Tachnology (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 Retum 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.

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.

Certificate No: D1900V2-5d018_Jun10 Page 2 of 9
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SPORTON LAB.

Calibration Certificate of DASY

Measurement Conditions

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

DASY Version DASYS v52.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom 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 22.0°C 40.0 1.40 mho/m

Measured Head TSL parameters (22.0=0.2)°C 39.6=6% 1.44 mho/m 6 %

Head TSL temperature during test (22.5+0.2)°C -
SAR result with Head TSL

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

SAR measured 250 mW input power 10.0mW /g

SAR normalized normalized to 1W 40.0mW /g

SAR for nominal Head TSL parameters

normalized to 1W

39.2 mW /g = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 522mWi/g
SAR normalized normalized to 1W 209mW /g

SAR for nominal Head TSL parameters

normalized to 1W

20.7 mW /g £ 16.5 % (k=2)

Certificate No: D1900V2-5d018_Jun10
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SPORTON LAB.

Calibration Certificate of DASY

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.3 1.52 mho/m
Measured Body TSL parameters (22.0£0.2)*C 53.4+6% 1.54 mho/m + 6 %
Body TSL temperature during test (21.7+£0.2)°C —-
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.3mW /g
SAR normalized normalized to 1W 41.2mW/ig

SAR for nominal Body TSL parameters

normalized to 1W

40.9 MW / g £ 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 552mwW (g
SAR normalized normalized to 1W 2.1 mW/g

SAR for nominal Body TSL parameters

normalized to 1W

22.0mW /g« 16.5 % (k=2)

Certificate No: D1900V2-5d018_Jun10
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seanron a5, CaliDration Certificate of DASY

Appendix

Antenna Parameters with Head TSL

Impedance, fransformed to feed point 521Q+26jQ
Retumn Loss -28.7 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4740 +3.2Q2
Return Loss -27.6dB

General Antenna Parameters and Design

Electrical Delay (one direction) I 1.94ns ]

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.
No excessive force must be applied to the dipole arms, because they might bend or the saldered connections near the

feedpoint may be damaged.
Additional EUT Data
Manufactured by SPEAG
Manufactured on June 04, 2002
Certificate No: D1900V2-5d018_Jun10 Page 5 of 8
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seanron a5, CaliDration Certificate of DASY

DASYS5 Validation Report for Head TSL

Date/Time: 15.06.2010 10:40:45
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d018

Communication System: CW; Frequency: 1900 MHz; Duty Cycle: 1:1

Medium: HSL U11 BB

Medium parameters used: { = 1900 MHz; o = 1.44 mho/m; &, = 39.5; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS Configuration:
¢ Probe: ES3DV3 - SN3205; ConvF(5.09. 5.09, 5.09); Calibrated: 30.04.2010
» Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 10.06.2010
e Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
e Measurement SW: DASYS52, V52.2 Build 0, Version 52.2.0 (163)
¢ Postprocessing SW: SEMCAD X, V14.2 Build 2, Version 14.2.2 (1685)

Pin=250 mW /d=10mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Mecasurcment
grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 96.7 V/m: Power Drift = 0.022 dB

Peak SAR (extrapolated) = 18.4 W/kg

SAR(1 g) = 10 mW/g; SAR(10 g) = 5.22 mW/g

Maximum value of SAR (measured) = 12.6 mW/g

0dB = 12.6mW/g

Certificate No: D1900V2-5d018_Jun10 Page 6 0i 9
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seanron a5, CaliDration Certificate of DASY

Impedance Measurement Plot for Head TSL

15 Jun 2040 08:47:34
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seanron a5, CaliDration Certificate of DASY

DASYS5 Validation Report for Body

Date/Time: 15.06.2010 14:14:27
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:54018

Communication System: CW; Frequency: 1900 MHz; Duty Cycle: 1:1

Medium: MSL U1l BB _
Medium parameters used: f = 1900 MHz; 6 = 1.54 mho/m: &, = 53.5; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS5 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(4.59, 4.59, 4.59); Calibrated: 30.04.2010
e Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 10.06.2010
e Phantom: Flat Phantom 5.0 (back): Type: QDOOOPS0AA; Serial: 1002
e Measurement SW: DASYS52, V52.2 Build 0, Version 52.2.0 (163)

« Postprocessing SW: SEMCAD X, V14.2 Build 2, Version 14.2.2 (1685)

Pin250 mW /d=10mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Measurement
grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 96.1 V/m: Power Drift = 0.055 dB

Peak SAR (extrapolated) = 17.3 W/kg

SAR(1 g) = 10.3 mW/g; SAR(10 g) = 5.52 mW/g

Maximum value of SAR (measured) = 12.8 mW/g

2
10.8
144
18
0dB =12.8mW/g
Certificate No: D1900V;-5d018, Jun10 Page 8 of 9
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seanron a5, CaliDration Certificate of DASY

Impedance Measurement Plot for Body TSL
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SPORTON LAB.

Calibration Certificate of DASY

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst
Service suisse d'étalonnage

C Servizio svizzero di taratura

S 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 Auden Certificate No: D2450V2-735_Juni0

CALIBRATION CERTIFICATE

Object D2450V2 - SN: 735

Calibration procadure(s)

QA CAL-05.v7
Calibration procedure for dipole validation kits

Calibration date: June 17, 2010

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

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D # Cal Date (Certiticate No.) Scheduled Calibration

Power metar EPM-442A GB37480704 06-Cct-09 (No. 217-010B6) Qct-10

Power sensor HP 8481A US37292783 06-0Cct-08 (No. 217-01086) QOct-10

Reference 20 dB Attenuator SN: 5086 (20g) 30-Mar-10 (No. 217-01158) Mar-11

Type-N mismatch combination SN: 5047.2 / 06327 30-Mar-10 (No. 217-01162) Mar-11

Reference Probe ES3DV3 SN: 3205 30-Apr-10 (No. ES3-3205_Apr10) Apr-11

DAEA4 SN: 601 10-Jun-10 (No. DAE4-601_Jun10) Jun-11

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

Power sensor HP 8481A MY41092317 18-Cct-02 (in house check Oct-09) In house check: Oct-11

RF generator R&S SMT-06 100005 4-Aug-99 (in house check Oct-09) In house check: Oct-11

Network Analyzer HP 8753E US37390585 S4206  18-Cci-01 (in housa check Oct-09) In house check: Oct-10
Name Function Si o

Calibrated by: Claudio Leubler Laboratory Techniclan \/\

Approved by: Katja Pokovic Technical Manager

Issued: June 21, 2010

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

Certificate No: D2450V2-735_Juni0
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seanron a5, CaliDration Certificate of DASY

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S 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

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

Calibration is Performed According to the Following Standards:

a)

b)

c)

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 Techniques”, December 2003

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

Federal Communications Commission Office of Engineering & Tachnology (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.

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.

Certificate No: D2450V2-735_Jun10 Page 2 of 9

SPORTON INTERNATIONAL INC.



SPORTON LAB.

Calibration Certificate of DASY

Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS v52.2
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V4.9
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 (22.0+0.2)°C 389x26% 1.78 mho/m = 6 %
Head TSL temperature during test (22.0 £ 0.2} °C —
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.0mW /g
SAR normalized normalized to 1W 52.0mW /g

SAR for nominal Head TSL parameters

normalized to 1W

§52.2 mW /g £ 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.10mW /g
SAR normalized normalized to 1W 244 mW /g

SAR for nominal Head TSL parameters

nommalized to 1W

24.4 mW /g £ 16.5 % (k=2)

Certificate No: D2450V2-735_Jun10
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Calibration Certificate of DASY

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C §27 1.95 mho/m
Measured Body TSL parameters (22.0+0.2)°C 527 +6% 1.96 mho/m + 6 %
Body TSL temperature during test (22.0+0.2) °C
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 134mW /g
SAR normalized normalized to 1W 536mW /g

SAR for nominal Body TSL parameters

nomalized to 1W

53.5mW /g +17.0 % (k=2)

SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 628 mW /g
SAR normalized normalized to 1W 251 mW /g

SAR for nominal Body TSL parameters

normalized to 1W

251 mW /g +16.5 % (k=2)

Certificate No: D2450V2-735_Jun10
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed point

53.802 + 3.4 |0

Return Loss

-25.1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point

505Q +3.7)Q

Return Loss - 26.5dB
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 dipcle 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 shont-circuited for DC-signals.

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

May 07, 2003

Certificate No: D2450V2-735_Jun10
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DASY5 Validation Report for Head TSL
Date/Time: 16.06.2010 10:56:25

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:735

Communication System: CW: Frequency: 2450 MHz: Duty Cycle: 1:1

Medium: HSL. Ul 1 BB

Medium parameters used: f = 2450 MHz; ¢ = 1.78 mho/m; &, = 38.9; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS5 Configuration:
e Probe: ES3DV3 - SN3205: ConvF (4.53, 4,53, 4.533); Calibrated: 30.04.2010
®  Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 10.06.2010
e Phantom: Flat Phantom 5.0 (front): Type: QDOOOPSOAA; Serial: 1001
*  Measurement SW: DASYS2, V52.2 Build 0, Version 52.2.0 (163)

e Postprocessing SW: SEMCAD X, V14.2 Build 2, Version 14.2.2 (1685)

Head/d=10mm, Pin=250 mW, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=3mm, dz=5mm

Reference Value = 100.3 V/m; Power Drift = 0.046 dB

Peak SAR (extrapolated) = 26.6 W/kg

SAR(1 g) = 13 mW/g; SAR(10 g) = 6.1 mW/g

Maximum value of SAR (measured) = 16.6 mW/g

n

0dB = 16.6mW/g

Certificate No: D2450V2-735_Jun10 Page 6 of 9
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body

Date/Time: 17.06.2010 11:28:23

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:735

Communication System: CW: Frequency: 2450 MHz; Duty Cycle: 1:1

Medium: MSL Ul 1 BB

Medium parameters used: f = 2450 MHz; 6 = 1.96 mho/m; g, = 52.7; p = 1000 kglm3
Phantom section: Flat Section

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

DASYS5 Configuration:

Probe: ES3DV3 - SN3205; ConvF(4.31, 4.31, 4.31); Calibrated: 30.04.2010
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601: Calibrated: 10.06.2010

Phantom: Flat Phantom 5.0 (back); Type: QDDXXIPSOAA; Serial: 1002
Measurement SW: DASYS2, V52.2 Build 0, Version 52.2.0 (163)

Postprocessing SW: SEMCAD X, V14.2 Build 2, Version 14.2.2 (1685)

Body/d=10mm, Pin250 mW, dist=3.0mm (ES-Probe)/Zoom Scan {7x7x7) (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 94.8 V/m; Power Drift = 0.073 dB

Peak SAR (extrapolated) = 27.7 W/kg

SAR(1 g) = 13.4 mW/g; SAR(10 g) = 6.28 mW/g

Maximum value of SAR (measured) = 16.7 mW/g

0dB = 16,7mW/g

Certificate No: D2450V2-735_Jun10 Page 8 of 9
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of e‘:‘\"'\"'/'","}.& S Schweizarischer Kalibrierdionst
Schmid & Partner — Service sulsse d'étalonnage
Cc
Engineering AG 3 2 Servizio svizzero di taratura
mwn?um-;'go.uumm {m?\‘ S swiss Calibration Service

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

oo Spomen(Auden

Obsect

Calibration procedure(s)

Calibration date:

This calibration certificate documents the traceabiity to national standards, which realize the physical units of measurements (SI).
The and the Wwea with confid probability are given an the following pages and are part of the canificata

All calibrations have been conducted in the dosed laboratory facility: environmant temperature (22 £ 3)°C and humidity < 70%

Calibration Equipment used (MATE critical for calibration)

Primary Standards |ID# Cal Date (Certificate No.) Soheduled CaDIIon

Koithioy Mulbmeter Type 2001 | SN: 0810278 28.Sep-10 (No 1037R) Sap-11

Secondary Standards |iow Check Date (in house) Scheduled Check |
Calibrator Box V1.1 SE UMS 006 AR 1004 07 Jun-10 (in house check) In havisa chack' Jun.11

Issued: November 18, 2010

This calibraton certificate shall not be reproduced except In full without written approval of the laboratory.

Ceortificato No: DAE4-1210_Nov10 Page 1 of 5
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Calibration Laboratory of
Schmid & Partner

Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzeriand

Schwelzwrischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Callbration Service

Accredited by the Swiss Accraditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agr t for the recognition of calibi cortncates

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 anglé of the connector Is assessed measuring the angle mechanically
by a tool inserted. Uncertainty is not required.

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

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

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

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

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

« 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.

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

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

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

Certificate No: DAE4-1210_Nov10 Page 20f §
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DC Voltage Measurement
AD - Converter Resolution nominal
High Range: 1LSB = 6.1uV, full range = -100...+300 mV
Low Range: 1LSB = 81nV, full range= -1......+3mV
DASY measurement paramaters: Auto Zero Time: 3 sec; Measuring time: 3 sec
l Calibration Factors X h ¢ z
High Range 404,092 + 0.1% (k=2) | 404 921 + 0.1% (k=2) | 405.027 + 0.1% (k=2)
Low Range 3.99932 + 0.7% (k=2) | 3.98397 + 0.7% (k=2) | 3.99953 + 0.7% (k=2)
Connector Angle
| Connector Angle to be used in DASY system | 68.0°+1°

Certificate No DAE4-1210_Nov10 Page 30of §
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Calibration Certificate of DASY

Appendix
1. DC Voltage Linearity
High Range Reading (V) Difference (uV) Error (%)
Channel X + Input 200001.5 -1.32 0.00
Channel X + Input 20000.95 0.08 0.00
Channel X - Input 10008.31 1.39 o0
Channel Y + Input 200000.7 -1 08 -0.00
Channel Y + Input 20000 03 0.23 0.00
Channel Y - Input -10999 95 0.35 0.00
Channal 7 + Input 200010.3 -0.33 <0.00
Channel Z + Input 19997 .81 -2.89 0,01
Channel Z - Input -20001.02 -1.32 0.01
Low Range Reading (V) Difference (uV) Error (%)
Channel X + Input 1999.6 .26 0.01
Channel X + Input 199.98 .02 -0.01
Channel X < Input -200.01 0.01 0.00
Channel Y + Input 2000.6 0.04 0.03
Channel Y + Input 199.17 -1.03 -0.51
Channel Y « Input -200.54 -0.84 042
Channel Z ' Input 1000.0 0.05 -0.00
Channel Z + Input 199.17 093 -0.47
Channel Z - Input 20125 -1.15 0.58
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 (V) Average Reading (uV)
Channel X 200 -6.04 -1.77
- 200 897 7.28
Channel Y 200 -8.99 -8.75
s -200 760 7.00
Channel Z 200 12.34 11.86
- 200 -14.01 -14.18
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (j1v) | Channel ¥ (uV) | Channel Z (uV)
Channel X 200 - J.24 0.60
Channel Y 200 1.78 - 3.29
Channel Z 200 1.92 -0.13 -
Cortificate No: DAE4.1210_Nov10 Page 4 of §
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Calibration Certificate of

DASY

4. AD-Converter Values with inputs shorted

DASY measurement paramulurs. Aulo Zero Time. 3 sec; Measuring time: 3 scc
Migh Range (LSB) Low Range (LSD)
Channel X 15945 17239
Channel Y 15959 16297
Channel Z 15874 17186
5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring Ume. 3 sec
Input 10MO -
Average (1V) | min Offsat (V) | max. Offset (uV) Std. '(’:;)""m
Channel X 0.14 -1.10 1.73 0.40
Channel Y 0.04 -1.49 023 0.33
Channel Z -1.30 2.1 0.18 0.44
6. Input Oftset Current
Nominal Input circuitry offset current on all channals: <256(A
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 (+ Vece) +79
Supply (- Vec) 76
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vcc) +0.01 +6 +14
Supply (- Vcc) -0.01 -8 -9
Certificate No: DAE4-1210_Nov10 Page 50of 5
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Calibration Laboratory of
Schmid & Partner

Engineering AG z &
Zeughausstrasse 43, B304 Zurich, Switzerland S

w1 e, R
S 5 Schweizerischar Kailbriardisnst

Service suisse d'étalonnage
Servizio avizzero di taratura
S swiss calioration Service

Acoredited by the Swias Acoreditation Service (SAS)
The Swiss Accreditation Serviee s one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

ciient  Auden Certificats No: ES3-3071_Jun10

Accreditation No.: SCS 108

CALIBRATION CERTIFICATE

Objec! ES3DV3 - 5N:3071

Callbration procedure(s)

QA CAL-01.v8, QA CAL-23.v3 and QA CAL-25.v2
Callibration procedure for dosimetric E-field pmbm

Calibration date June 22,2010

This cabbration certificale docurments the traceabity to national slandards, which realize the physical unite of measurements {SH.
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the cerlificale

All callbeations have been conducled in the closed laboratory faciity: environment Emperature (22 & 3)°C and humidity = T0%.

Calibration Equipment used (M&TE cribical for calibration)

This calibralion cerlificate shall nel be reproduced excepl in full without wiilllen approval ofE\e laboratory.

Primary Stardards o Cal Date (Cerificate Mo.) Scheduled Calbeation
Power meter E44108 GB41283874 1-PprAD (No, 217-01138) Apr-11
Fower sensor E44124 MY4 1485277 1-Apr-10 (Mo, 217-01136) Apr-11
Power sensor E44124 BAY4 1498087 Aelpra A0 (Mo, 247-01138) Apr=11
Reference 3 dB Attenuator S 55054 (3c) 30-Maer-10 (Mo, 217-01158) Mar-11
Referance 20 dB Attenuator SM: 55086 (20k) 30-Mar-10 [No. 217-01161) Mar-11
Reference 30 dB Attenustar SN 55129 (30k) 30-Mar-10 (Mo, 217-01160) Mar-11
Referance Probe ES3DV2 SN 3013 3¢-Dec-08 (No. ES3-3013_Duch8) Dec-10
DAEA SN 660 20-Ape-10 (Mo DAE4-830_Apr1 0} Apr-11
Secondary Standards D # Check Date {in houge) Scheduled Check
_RF generalor HP BE4EC US36420U01700 A-fug-98 (in house check Oct-08) In house check; Oci11
Network Analyzer HP 8753E US3T390585 18-0ct-01 {in houza check (cl-09) In houes check: Oct1
INa e Functicn Signaiure ~
Calibrated by: Jeton Kastrati Laboratory Technician %"_/
Approved by Kalja Pokovic Technical Managar /éé? _Af f:

lzsued: June 22, 2010

Ceartifficate Mo, ES3-3071_Jun10
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstirasse 43, B004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'élalonnage
Bervizio svizrero di laratura
Bwiss Calibration Service

Accrndited by the Swiss Accrediiation Servies (SAS) Accreditation Ne.. SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TEL tissue simulating liquid

MNORMx,y,Z sensilivity in free space

ComvF sensitivity in TSL / NORMx,y .z

DCP diode compression peint

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

A B, C madulation dependent linearization parametars

Folarization p p rotation around prabe axis

Paolarization 3 4 rotation around an axis that is in the plane normal to probe axis (al measurement center),

i.e., 8 =0Iisnormal lo probe axis

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-1, “Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
praximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

»  NORMx,y.z: Assessead for E-field polarization 3 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide}.
NORMzx ¥,z are only intermediate values, 1.e., the uncertainties of NORMx y.z does nol effact the E-fleld
uncertainty inside TSL (see below ComF).

»  NORMflx, v,z = NORMx v,z * frequency_response (see Frequency Respanse Chart). This linearization Is
implemented in DASY4 software versions later than 4.2. The uncertzinty of the frequency response is included
in the stated uncertainty of ConvF.

e  DCPxy 2z DCP are numerical linearization parameters assessed based on (he data of power sweep with C\W
signal (no uncertainty required). DCP does not depend on frequency nor media.

«  Axyz Bryz Gz, VRxy.z A B, Care numerical linearization parameters assessed based on the data of
power sweep for specific modulation signal, The parameters do net depend on frequency nor media, VR is the
maximum calibration range expressed in RMS voltage acrass the diods

s ConvF and Boundary Effect Paramelers: Assessed in flat phantom using E-field {or Temperature Transter
Standard for { = B00 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 pararmelers applied for
boundary compensation (alpha, depth} of which typical uncertainly values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL commesponds
to NCRMx, v,z * ConvF wheraby the uncertainty corresponds to that given for ComvF. A frequency dependent
ConvE is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to 2 100
MHz.

« Spharical isofropy (30 dewiation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

«  Sensor Offsef: The sensor offsel corresponds to the offset of virual measurement center from the probe tip
{on probe axis). No blerance required

Certificats No: ES3-3071_Jun1l Page 2 of 11
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ES3DV3 SN:3071 June 22, 2010

Probe ES3DV3

SN:3071

Manufactured: December 14, 2004
Last calibrated: June 22, 2009
Recalibrated:; June 22, 2010

Calibrated for DASY/EASY Systems

{Note: nor-compatible with DASY2 system!)

Cerlificate No: ES3-2071_Jun10 Page 3 of 11
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searran 1as. Calibration Certificate of DASY

ES3DV3 SN:30T1 June 22, 2010

DASY/EASY - Parameters of Probe: ES3DV3 SN:3071

Basic Calibration Parameters

Sensor X | Sensor Y | Sensor Z |Unc (k=2)
Norm {pu\VAVmYy" 1,24 1.22 097 |+101%
ocP (mv)® 966 a2.2 97 8

Modulation Calibration Parameters

uiD Communication System Name PAR A B c VR Unc®
dB dBuV my (k=2)
10000 (W) 0.0 X .00 0.0 1.001 3000 +1.5%
Y 0,00 0.0 1.00{ 300.0
Z 0,00 0.00| 1.00[ 300.0

The reperted uncertainty of measurement is stated as the standard uncertainty of measurement multiplied
by the coverage factor k=2, which for 2 normal distribution corresponds to a coverage probability of
approximately 85%.

* The uncedainties of Narm¥,¥,Z do not afiect the E-fisld uncanainly inside TSL (see Pagas 5 and 6)
M urmerical lineanzation parameter: uncaainty nat required.
£ Unceriainty is determined using the maximum deviation fram linesr respanse applying recatangular distibution and is expressed for the square of he liskd valle
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searran 1as. Calibration Certificate of DASY

ES3DV3 SN:30T1 June 22, 2010

DASY/EASY - Parameters of Probe: ES3DV3 SN:3071

Calibration Parameter Determined in Head Tissue Simulating Media

 [MHz] Validity [WHz]"  Permittivity Conductivity ConvFX ConvFY ConwFZ Alpha  Depth Unc (k=2)
835 + 5014100 415+5% 0.90 = 5% 5.81 581 5.1 0.98 102 +11.0%
800 450/ £ 100 4154 5% 0.97 £5% 567 567 56T 0.75 1.15 £11.0%
1750 $ 50/ £100 401 + 5% 1.37 £ 5% 4.94 4.94 4,94 0.35 177 £11.0%
1500 + 50/ + 100 40.0 + 5% 1.40 +5% 4.73 473 473 0.57 1.35 £11.0%
2000 + 50/ + 100 40,0 + 5% 1.40 = 5% 4,67 4 87 4.57 0.56 135 £11.0%
2450 + 50/ + 100 39.2 + 5% 1.80 £5% 4.20 4.20 420 0.38 183 +11.0%

¥ Tha validity of £ 100 MHz only apphes for DASY v4,4 and highar {Se Page 2)_ The uncenainty is the RSS of the ConyF uncertainty at calibration frequency

and the uncenainty for the indicated frequency band.
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searran 1as. Calibration Certificate of DASY

ES3DV3 SN:3071 June 22, 2010

DASY/EASY - Parameters of Probe: ES3DV3 SN:3071

Calibration Parameter Determined in Body Tissue Simulating Media

f [MHz] Validity [MHzI°  Permittivity Conductivity ConwF X ConvFY  ConvF Z Alpha _ Depth Une (k=2)
835 +50/+100 552+ 5% 0.87 5% 579 579 579 0.73 117 £11.0%
800 +50/+ 100 550+ 5% 1.05+ 5% 5.71 5.71 571 0.85 1.14 £11.0%
1750 +50/+100 53.4+5% 1.49 + 5% 4.52 4,52 4,52 040 1.79 +£11.0%
1800 +50/+100 83.3=25% 1.52 + 5% 4.30 4,30 4,30 038 204 +£11.0%
2000 £50/£100 53.3x5% 152 £5% 4.38 436 438 042 181 £11.0%
2450 £ 50/ 100 527 1 5% 1.95 + 5% 4.00 400 400 0.80 1.25 £11.0%

© Trwe walitity of & 100 MHz only applies for DASY wi.4 and higher (see Page Z). The uncertainly is she RSS of the ConvF uncertalnty at calibration frequency

ard B unostainty b the ndicated Pequency band
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searran 1as. Calibration Certificate of DASY

ES3DV3 SN:3071 June 22, 2010

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

1.8 - . . I

0.8 . . - S I N

0g

Fraquancy response (normallzed)

P
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'
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A ]

|

1

0.7 . - —

0.5 — - o

0.5 S L.
0 500 1000 1600 2000 2500 3000
f [MHz]

——TEM ——Rz2

Uncertainty of Freguancy Response of E-field: £ 6.3% (k=2)
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searran 1as. Calibration Certificate of DASY

ES3DV3 SN:3071 June 22, 2010

Receiving Pattern (¢), 3 = 0°

f= 600 MHz, TEM ifi1 10EXX ; f= 1800 MHz, WG R22

—&— 30 MHz
—— 100 MHz
—#—E00 MHz
—— 1504 MHz
—i— 2500 MHz

a 60 120 1[&‘? 240 aon

Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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seanron a5, CaliDration Certificate of DASY

ES3DV3 SN:3071

Input Signal [uV]

Dynamic Range f(SARq.q)
{Waveguide R22, f = 1800 MHz)

1.E#01 4

1
i gy | ==
T H{al
L &l
1 E+00 O B IO I | I [
00001 0,001 0.0 0.1 1 10 104
SAR [mWiem’)
—8—not compansatat = o penasted I

Certificate No: ES3-3071.

Error [dB]

0.001 0.01 o1 10 100
SAR [mW/icm

Uncertainty of Linearity Assessment: + 0.6% (k=2}
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searran 1as. Calibration Certificate of DASY

ES3DV3 SN:3071 June 22, 2010

Conversion Factor Assessment

f= 1750 MMz, WGLS R22 (head)

f = 900 MHz, WGLS R (head}
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== Analytical == Mess remants |
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Deviation from Isotropy in HSL
Error (¢, 8), f = 900 MHz
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Uncertainty of Spherical Isotropy Assessment: + 2.6% (k=2)
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searran 1as. Calibration Certificate of DASY

ES3DV3 SN:3071 June 22, 2010
Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (%) Nol applicable
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Prabe COverall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameler 4.0 mm
Probe Tip to Sensor X Calibration Foint 2 mm
Probe Tip to Sensor ¥ Calibration Point 2 mm
Probe Tip to Sensor Z Calibration Peint 2 mm
Recommended Measurement Distance from Surface 3 mm
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SPORTON LAB.

Calibration Certificate of DASY

Calibration Laboratory of LT, Schwelerischer Kalibrierdianst

Schmid & Partner B Service sulsse détalonnage
Eng'rneering AG T Saervizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland "{,l,:ﬁ:;:\f' Swiss Calibration Service

Accredited by the Swiss Accrediation Service (SAS)
Tha Swiss Accroditation Service i= one of the signatories to the EA
Multilateral Agreemant for the recognition of calibration certificates

Client

Sporton (Auden)

accreditation No.: 'SCS5 108

Cantificats No: ET3-1788_Sep10

CALIBRATION CERTIFICATE

ET3DVe - SMN:1T88

Oibjesct

QA CAL-01.vE, QA CAL-23.v3 and QA CAL-25v2
Calibration procedure for dosimetric E-field probes

Gabbratan procedune(s)

Cabbratan data

September 21, 2010

This cakbrabion canficate docume s the iraseabdlity io nalsonal standards, which realize the physical unils of messuremants (51}
The measuwrements and the uncertainties with confidence probabilly ame given an the folloesng pages and are part of the certdicate.

Al calibrabons have been conducted in the cosed laboratosy taclily. environment temperature (22 & 3)°C and bumidity = T0%

Calibration Equpment used (METE critical for calibration)

| Primary Standards 0# Cal Date [Cerificais Mo.) Seheduled Calibralion
Power mater E44198 GB41253874 1-Apr-10 (Mo, 21701138 Apr-11
| Power sanacr E44124 MAY41495277 1-Apr-10 (Mo, 217-01138) Ape-11

Power sensor E44124 W4 149B08T 1-Apr-10 (Mo, 217-01136) Ape-11

Rederance 3 dB ARersalor SN: 55054 (3c) 30-Mar-10 {Na, 217-01155) Mar=11

Referenca 20 8 Attenuator SN 53066 (200) S0-Mar-10 (Mo, 21701161} Mar-11

Redarance 30 o8 Atlenuaicr SM: 55128 |(30a) Ahar-10 (No. 217-01160) Mar-11

Rederence Probe ES30V2 SN 3013 30-Dec-09 (Mo ES3-3013_Desc0@) Dec-10

DAES SN BEQ 20-Apr-10 (Mo. DAEL-BE0_Ape10) Apr-11

Secondary Slandards s} ] Chack Date (in hauss) Schaduled Check

RF generaior HP 6480 LF53642001 700 A-Aug-89 {in house check Oct-09) In houge cheek: Oet-11
Natwork Anakyzer HP 8753E LIS37 390585 18-0¢2-01 (in house check Oc-08) In house check: Oct10

Mamsa Funiction Sagnature
Calibrated by: Joton Kastrath Labaratary Technician
SRR L
Approved by Kalja Pokavic Tachnical Manager ’:é—/" -
Issued: Seplember 22, 2010

This calibration certificate shall nat be reproduced axcepd i ul withoul witien aporoval of the laboratory.

Certificate No: ET3-1788_Sep10
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SPORTON LAB.

Calibration Certificate of DASY

Calibration Laboratory of

S  Schweizerischer Kalib
Schmid & Partner c Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzorland S Swiss Calibration Service
Accredited by the Swiss Accreditation Servica (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreoment for the recognition of calibration certificates
Glossary:
TSL tissue simulating hqusd
NORMx, v,z sensitivity in free space
ConvF sensitivity in TSL  NORMx,y,z
pce diode compression point
CF crest factor (1/duty_cycle) of the RF signal
A B C modulation dependent linearization parameters
Polarization ¢ o rotation around probe axis
Polarization 3 3 rotation around an axis that is in the plane normal 1o probe axis (al measurement center),

l.e., 3 = 0is normal to probe axis

Calibration is Performed According to the Following Standards:

a)

b)

|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
Techniques”, December 2003

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

Methods Applied and Interpretation of Parameters:

NORMx.y. z: Assessed for E-field polarization 3 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 wavegulde)
NORMXx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does nol effect the E*-field
uncertainty inside TSL (see below ConvF).

NORM(f)x,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 uncertaintly of ConvF.

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

Ax.y.z Bx,y.z, Cx.y.z VRx,y.z. A B, Care 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 dicde.

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using anatytical 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.

Sphencal 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.

Certificate No- ET3-1788_Sep10 Page 2 of 11
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searran 1as. Calibration Certificate of DASY

ET3DV6 SN:1788 September 21, 2010

Probe ET3DV6

SN:1788

Manufactured: May 28, 2003
Last calibrated: September 23, 2009
Recalibrated: September 21, 2010

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

Certificate No: ET3-1788_Sep10 Page 3 of 11

SPORTON INTERNATIONAL INC.



seanron a5, CaliDration Certificate of DASY

ET3DV6 SN:1788 September 21, 2010

DASY/EASY - Parameters of Probe: ET3DV6 SN:1788

Basic Calibration Parameters

Sensor X | Sensor Y | Sensor Z |Unc (k=2)
Norm (uV/(Vim)*y* 1.76 1.69 1.76 | 210.1%

DCP (m\)® 91.6 91.0 95.1

Modulation Calibration Parameters

uiD Communication System Name PAR A B c VR Unc®
dB8 dBuV mV (k=2)
10000 cwW 000 X 0.00 0.00 1.00{ 3000 | +15%
Y 0.00 0.00 1.00| 3000
Z 0.00 0.00 1.00] 3000

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 uncerainties of NomX ¥.Z do net affect #e E'field uncertainty inside TSL (see Pagss 5 and 6)

- Numencal Inearzation PRAMEEr uncertainty not regured

* Uncenainty 1s ostermined using tha maxeum davistion from insar response applying recatangular distnbution and I1s expressed 1or the square of the fiald value
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seanron a5, CaliDration Certificate of DASY

ET3DVE SN:1788 September 21, 2010

DASY/EASY - Parameters of Probe: ET3DV6 SN:1788

Calibration Parameter Determined in Head Tissue Simulating Media

f MHz] Validity [MHz]"  Permittivity Conductivily ConvFX ConvFY ComvE Z Alpha  Depth Une (ke2)
B35 + 50/ £ 100 415+ 5% 0.90 + 5% B.23 8,23 623 041 232 +11.0%
200 =50/ £ 100 415 +5% 0.97 + 5% 611 &1 611 2a 285 £11.0%
1750 2501+ 100 40,1 + 5% 137 £ 5% 528 5.20 5.29 051 251 £11.0%
1600 2807100 40.0 + 5% 1.40 £ 5% 5.03 5.03 503 065 225 £ 11.0%
2450 507 £100 39.2 £+ 5% 1.80 £ 5% 435 4.35 4.35 038 169 £11.0%

The validity of £ 100 MHz crily applies for DASY v 4 and Figher (588 Fage ). The unceriainty is the RSS af the ConvF uncertanty at calibration frequency

and the uncartarty Tor the indicalad Ineguency band
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seanron a5, CaliDration Certificate of DASY

ET3DVE SN:1788 September 21, 2010

DASY/EASY - Parameters of Probe: ET3DV6 SN:1788

Calibration Parameter Determined in Body Tissue Simulating Media

{ [MHz) Validity [MHz]"  Permittivity Conductivity ComwF X ConwFY  ComF Z Alpha  Depth Unc (k=2)
B35 450/ 100 552 + 5% 0.87 + 5% 5949 5,09 5.00 0.35 262 £11.0%
800 +50/+100 55.0 £ 5% 1.05 £ 5% 6.07 6.07 8.07 0.32 287 11.0%
1750 + 50/ + 100 534 + 5% 148 £5% 467 4,67 467 051 309 +11.0%
14900 +50/ 100 533+ 5% 152 £5% 439 439 439 033 256 +11.0%
2450 + 50+ 100 527 & 5% 1,95 £ 5% 4.04 4.04 4.04 0.99 1.40 +11.0%

% The vakdigy of £ 100 MHz anty appias for DAEY w4 and higher [See Page ). The uncerainty is the RSS of the GonyF uncertarty at calibration frequency

ani the uncartainty for the indicated fresquency band
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searran 1as. Calibration Certificate of DASY

ET3DV6 SN:1788 September 21, 2010

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

Freguency response (normalized)
=

09
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06
05 .
0 500 1000 1500 2000 2500 3000
f [MHz)
—o—1EM ——Rz2

Uncertainty of Frequency Response of E-field: £ 6.3% (k»2)
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seanron a5, CaliDration Certificate of DASY

ET3DV6 SN:1788 September 21, 2010

Receiving Pattern (¢), 9 = 0°

f =600 MHz, TEM ifi110EXX f = 1800 MHz, WG R22

@K =Y =2 O Tot —O—X Y -2 —O—Tot
10
08
06
g g-; —0—130 MHz
00 .mea —8— 100 MHz
B2 ~—0— 500 MHz
w
04 —8— 1800 MHz
-06 —&— 2500 MHz
08
10
0 60 120 180 240 300
I
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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seanron a5, CaliDration Certificate of DASY

ET3DV6 SN:1788 September 21, 2010

Dynamic Range f(SAR,,.4)

(Waveguide R22, f = 1800 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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seanron a5, CaliDration Certificate of DASY

ET3DV6 SN:1788 September 21, 2010

Conversion Factor Assessment

f =900 MHz, WGLS RS (head) f= 1750 MHz, WGLS R22 (head)
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Deviation from Isotropy in HSL
Error (¢, 9), f = 900 MHz
o
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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seanron a5, CaliDration Certificate of DASY

ET3IDVE SN:1788

Other Probe Parameters

September 21, 2010

Sensor Arfangement Trigngular
Connector Angle () Mot applicabla
Mechanical Surface Detection Mode enatbled
Oiptical Surface Detection Mode dizabled
Prabe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Dharmatar 6.8 mm
Probe Tip to Sensor X Calibration Point 2.7 mm
Probe Tip to Sensor Y Calibration Point 2.7 mm
Probe Tip to Sensor £ Calibration Point 2.7 mm
Recommended Measurement Distance from Surface 4 mm

Cartificate Ma: ET3-1738_Sepi0 Page 11 of 11
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