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Multilatera! Agreement for the recognition of calibration certificales

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 1528-2008, “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 85

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.

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

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.

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

o 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.

Cerificate No: D835V2-439_Mar10 Page 2 of 9



Measurement Conditions

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

DASY Version DASYS V5.2
Extrapolation Advanced Extrapolation .

Phantom Modular Flat Phantom V4 8 J

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 caiculalions were applied.

Temperature Permittlvity Conductivity
Nominal Head TSL paramelers 22.0°C 41.5 0.90 mho/m
Measured Head TSL parameters (22.0+0.2) °C 429 +6 % 0.91 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 243 mW /g
SAR normalized normalized to 1W 9.72mW /g

SAR for nominal Head TSL parameters

normalized to 1TW

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

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

condition

SAR measured

250 mW input power

1.58 mW /g

SAR normalized

nermalized to TW

6.32mW/g

SAR for nominal Head TSL parameters

normalized to TW

6.31 mW /g  16.5 % (k=2)

Certificate No: D835V2-499_Mar10
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Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C £5.2 0.97 mho/m
I Measured Body TSL parameters (22.0+0.2) °C 553x26% 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 Candition
SAR measured 250 mW input power 253mW /g
SAR normaiized normalized to tW 0.1 mW/g

SAR for nominal Body TSL parameters

normalized to 1W

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

SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 1.66 mW /g
SAR normalized normalized o TW | 6.64 mW /g

SAR for nominal Body TSL parameters

normalized to 1W

6.4 MW / g £ 16.5 % (k=2)

Cerntificate No: D835V2-493 Mar10
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5220-32|Q
Return Loss -28.4dB

Antenna Parameters with Body TSL

- impedance, transformed to feed point 50.10L-59Q
Return Loss -24.7 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.381 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 dipoie. The antenna is therefore short-circuited for DC-signals.

No excessive force must be applied 1o the dipole arms, because thay might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on July 10, 2003

Cenificate No: DB35V2-489 Mar10 Page5o0f9






Impedance Measurement Plot for Head TSL
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Impedance Measurement Plot for Body TSL
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D835V2, serial no. 499 Extended Dipole Calibrations

Referring to KDB 450824, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration), and in
impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and the calibration
interval can be extended.

<Justification of the extended calibration>

D835V2 — serial no. 499

835 Head 835 Body

Real Imaginary Real Imaginary

Date of Return-Loss | Delta Delta Delta | Return-Los| Delta Delta Delta
Impedance Impedance Impedance Impedance

Measurement (dB) (%) (ohm) (ohm) s (dB) (%) (ohm) (ohm)

(ohm) (ohm) (ohm) (ohm)
3.22.2010 -28.352 52.17 -3.2461 -24.664 50.066 -5.8652
3.22.2011 -28.323 |0.102 51.095 | 1.075 | -3.5773 | 0.331 | -24.665 |-0.004| 50.685 |-0.619 -1.477 |[-4.388

Therefore the verification result should support extended calibration.

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




<Dipole Verification Data> - D835 V2, serial no. 499 (Date of Measurement : 3.22.2011)
835 MHz - Head

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



835 MHz — Body

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



D835V2, serial no. 499 Extended Dipole Calibrations
Referring to KDB 450824, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration), and in

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

interval can be extended.

<Justification of the extended calibration>

D835V2 — serial no. 499

835 Head 835 Body

Real Imaginary Real Imaginary

Date of Return-Loss | Delta Delta Delta | Return-Los| Delta Delta Delta
Impedance Impedance Impedance Impedance

Measurement (dB) (%) (ohm) (ohm) s (dB) (%) (ohm) (ohm)

(ohm) (ohm) (ohm) (ohm)
3.22.2010 -28.352 52.17 -3.2461 -24.664 50.066 -5.8652
3.22.2011 -28.323 |0.102 51.095 | 1.075 | -3.5773 | 0.331 | -24.665 |-0.004| 50.685 |-0.619 -1.477 |[-4.388
3.22.2012 -28.265 |0.307 | 50.685 | 1.485 | -3.2627 |0.0166 | -23.821 | 3.42 | 50.977 |-0.911 | -3.2487 |-2.6165

Therefore the verification result should support extended calibration.

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




<Dipole Verification Data> - D835 V2, serial no. 499 (Date of Measurement : 3.22.2012)
835 MHz - Head

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



835 MHz — Body

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978
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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 Technigues”, December 2003

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e Measurement Conditions: Further details are available from the Validation Report at the end

of the certificate. All figures stated in the certificate are valid at the frequency indicated.

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

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

» FElectrical 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.

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.

Cerlificate No: D1900V2-5d041_Mar10 Page 20of 8



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

DASY Version DASY5 V5.2
Extrapolation Advanced Extrapolation

Phantom Meodular 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 (220+£0.2)°C 411 +6% 1.45 mho/m =6 %
Head TSL temperature during test (215 x0.2)°C s

SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 101 mW /g
SAR normalized normalized to 1TW 40.4mW /g

SAR for nominal Head TSL parameters

normalized to 1W

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

SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 525 mW /g
SAR normalized normalized to 1TW 21.0mW /g

SAR for nominal Head TSL parameters

normalized to 1W

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

Certificate No: D1900V2-5d041_Mar10
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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 549 +6 % 1.58 mho/m =6 %
Body TSL temperature during test (21.5£02)°C =nm=

SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 104mW /g
SAR normalized normalized to TW 41.6mW/g

SAR for nominal Body TSL parameters

normalized to 1W

40.0 MW / g £ 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 557mW /g
SAR normalized normalized to 1W 223mW /g

SAR for nominal Body TSL parameters

normalized to 1W

221 mW /g £16.5 % (k=2)

Certificate No: D1900V2-5d041_Mar10
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 509Q+59Q
Return Loss -24.6dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 46.3Q+57|Q
Relurn Loss -23.1dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.202 ns

Atter 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 July 04, 2003

Cerificate No: D1900V2-5d041_Mar10 Page 5019






Impedance Measurement Plot for Head TSL
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Impedance Measurement Plot for Body TSL
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D1900V2, serial no. 5D041 Extended Dipole Calibrations
Referring to KDB 450824, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration), and in

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

interval can be extended.

<Justification of the extended calibration>

D1900V2 — serial no. 5D041

1900 Head 1900 Body
Imaginar
Real Imaginary Real
Date of Return-Loss | Delta Delta Delta | Return-Los| Delta Delta y Delta
Impedance Impedanc Impedance
Measurement (dB) (%) (ohm) (ohm) s (dB) (%) (ohm) |Impedan| (ohm)
(ohm) e (ohm) (ohm)
ce (ohm)
3.23.2010 -24.549 50.896 5.9141 -23.108 46.342 5.669
3.23.2011 -24.489 |0.244 | 50.921 |-0.025] 5.9588 |-0.045| -23.022 | 0.372 | 48.808 |-2.466 | 6.991 | -1.322

Therefore the verification result should support extended calibration.

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




<Dipole Verification Data> - D1900 V2, serial no. 5D041 (Date of Measurement : 3.23.2011)
1900 MHz - Head

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



1900 MHz - Body

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



D1900V2, serial no. 5D041 Extended Dipole Calibrations
Referring to KDB 450824, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration), and in
impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and the calibration

interval can be extended.

<Justification of the extended calibration>

D1900V2 — serial no. 5D041

1900 Head 1900 Body
Imaginar
Real Imaginary Real
Date of Return-Loss | Delta Delta Delta | Return-Los| Delta Delta y Delta
Impedance Impedanc Impedance
Measurement (dB) (%) (ohm) (ohm) s (dB) (%) (ohm) |Impedan| (ohm)
(ohm) e (ohm) (ohm)
ce (ohm)
3.23.2010 -24.549 50.896 5.9141 -23.108 46.342 5.669
3.23.2011 -24.489 |0.244 | 50.921 |-0.025] 5.9588 |-0.045| -23.022 | 0.372 | 48.808 |-2.466 | 6.991 | -1.322
3.23.2012 -26.159 |6.56 50.159 |(0.737 | 5.7824 |0.1317| -24.341 | 5.33 | 47.059 |[-0.707 |4.8668|0.8022

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



<Dipole Verification Data> - D1900 V2, serial no. 5D041 (Date of Measurement : 3.23.2012)
1900 MHz - Head

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



1900 MHz - Body

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

TSL tissue simulating liguid

ConvF sensitivity in TSL / NORM x,y.z
N/A not applicable cr 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 Otfice of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure te Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure lo 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 centificate 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 liguid 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 reguired.

Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo 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.
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Measurement Conditions

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

DASY Version DASYs5 V52.6.2
Extrapolation Advanced Extrapofation

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 (22.0 £ 0.2) °C 389+6% 1.85 mho/m +6 %
Head TSL temperature change during test <0.5°C
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 139mW /g

SAR for nominal Head TSL parameters

normalized to 1W

54.8 mW /g £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.44mW /g

SAR for nominal Head TSL parameters

normalized to 1W

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

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.7 1.95 mho/m
Measured Body TSL parameters (22.0 £ 0.2) °C 5176 % 2.00 mho/m £ 6 %
Body TSL temperature change during test <0.5°C
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.3mW /g

SAR for nominal Body TSL parameters

normalized to 1TW

523 mW /g £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.1BmW /g

SAR for nominal Body TSL parameters

normalized to 1W

245 mW /g = 16,5 % (k=2)

Certificate No: D2450V2-736_Jul11
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 544 Q +1.5jQ
Return Loss -27.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 508Q+28iQ

Return Loss - 30.7 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.159 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.

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 August 26, 2003
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Impedance Measurement Plot for Head TSL
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Impedance Measurement Plot for Body TSL
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D2450V2, serial no. 736 Extended Dipole Calibrations
Referring to KDB 450824, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration), and in

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

interval can be extended.

<Justification of the extended calibration>

D2450V2 — serial no. 736

2450 Head 2450 Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta| Return-Loss | Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
7.25.2011 -27.042 54.398 1.4805 -30.696 50.812 2.8262
7.25.2012 -27.950 |-3.365 | 52.541 1.857 | 0.77343 |0.707 -31.781 -3.535 | 50.572 0.24 1.5953 1.2309

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

Therefore the verification result should support extended calibration.

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




<Dipole Verification Data> - D2450 V2, serial no. 736 (Date of Measurement : 7.25.2012)
2450 MHz - Head

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



2450 MHz - Body

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

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

» DC Voitage 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
correspanding to zero input voltage

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

e [nput Offset Current: Typical value for information, Maximum channel input offset
current, not considering the input resistance.

s Input resistance: Typical value for infarmation: 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.

Cerificate No: DAE3-577 _Jun12 Page 2 of 5



DC Voltage Measurement
AD - Converer Resolution nominal

High Range: iLsg= 6,10V, full range = -100...+300 mV
Low Range: 1LSB = B1nV ., full range= -1 ... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec;, Measuring time: 3 sec
Calibration Factors X Y rd
High Range 404.058 + 0 1% (k=2)} | 403945+ 0 1% (k=2) 404.0681 = 0.1% (k=2)
Low Range 3.83352 £0.7% (k=2) 3.95384 £ 0.7% (k=2) 395036 £ 0.7% (k=2)
Connector Angle

Connector Angle to be used in DASY system

bl b R R

Carlificate No: DAE3-577_Juni2
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Appendix

1. DC Voltage Linearity

High Range Reading (uV) Difference (V) Error (%)
Channel X + Input 199995 54 -0.89 -1.00
Channel X + Input 20002.00 1.89 0.01
Channel X - Input -19988.81 2.3 -0.01
Channel ¥ + Input 199986.22 -0.29 -0.00
Channal ¥ * Input 1999047 -1.49 0.00
Channel ¥ - Input -20001.10 0.08 -0.00
Channel Z + Input 1899584.90 -1.65 -0.00
Channel Z + Input 2000177 1.80 0.01
Channel Z = Input -19999.69 1.56 001
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2000.56 024 0.0
Channel X + Input 200.49 -0.28 £.14
Channel X - Input -1088.35 D69 -0.35
Channel ¥ + Input 2000.53 0.31 0.02
Channel Y + Input 200,35 -0.44 0.22
Channel Y - Input -199.12 0147 -0.08
Channel Z + Input 1999,73 -0.51 -0.03
Channel Z + Input 199.95 0.76 -0.38
Channel Z = Input -200.14 -0.91 0.46
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring lime: 3 sec
Common mode High Range Low Range
Input Voltage {mV) Average Reading (pV) Average Reading (uV)
Channel X 200 813 -11.22
-200 12.49 10.42 |
Channel Y 200 10.28 10.45 ‘
- 200 -12.20 -11.56 |
Channel Z 200 7.7 8.46 1
- 200 -10,39 -10.87
3. Channel separation
DASY measurement parameters: Auto Zero Time. 3 sec; Measuring time: 3 sec
Input Voltage (mV)} | Channel X {1V) | Channal Y (LV) Channel Z (uV)
Channel X 200 - .16 -3.68
Channel Y 200 6.63 0.62
Channel Z 200 5.48 485

Certificate No: DAE3-577_Jun12
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4, AD-Converter Values with inputs shorted

DASY measuremen! parameters; Aulo Zero Time: 3 sec, Measuling lime: 3 sec

High Range (LSB) Low Range (L5B)
Channel X 168237 16308
Channel Y 16451 16683
Channel 2 15985 16468

5. Input Offset Measurement
DASY measurement paramelers: Aulo Zero Time: 3 sec, Measuring lime: 3 sec

Input 10MO
Average (V) | min. Offset (4V) | max. Offset (V) | O ?::;““""
Channel X -0.65 =212 066 0.54
Channel Y 0.02 -1.35 1.15 0.59
Channel Z -2.84 -3.96 .77 0.47
6. Input Offset Current
Nominal Inpul circuliry 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 (- Vee) -7.6
9. Power Consumption (Typical values for Information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vec) +0.01 +8 +14
Supply (- Vee) —=0.01 -8 -8

Certificate No: DAE3-57T_Jun12
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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.

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

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

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

s 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

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

s Inpul Offset Current. Typical value for information; Maximum channe! input offset
current, not considering the input resistance.

= Inpul resistance: Typical value for informaiion: DAE input resistance at the connector,
during internal auto-zeroing and during measurement.

o Low Battery Aiarm Voitage: 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: DAE4-778 _Augi2 Page 2of 5



DC Voltage Measurement
A/D - Converter Resolution nominal

High Range:
Low Range:

1LSB =
1LSB=

6.1u\V |
a61nv ,

full range =
full range =

=100, +300 mv
=T A3MY
DASY measurement paramelars: Auto Zero Time. 2 sec, Measuring time: 2 sec

Calibration Factors

X

Y

z

High Range

404 663 1 0.1% (k=2)

403.465 + 0.1% (k=2)

405.010 £ 0.1% (k=2})

Low Range

398578+ 0 7% (k=2)

3.96516 = 0.7% (k=2)

399894 + 0.7% (k=2)

Connector Angle

Connector Angle 1o be used in DASY system

2832312

Certificate No: DAE4-T78 Aug12
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Appendix

1. DC Voltage Linearity

High Range Reading (V) Difference {uV) Error (%)
Channe| X + Input 200000.33 2.83 0.00
Channel X + Input 20001.58 1.36 0.01
Channel X - Input -18998.48 2.54 -
Channel Y + Input 200000.90 334 0.00
Channel ¥ + Input 20000.55 0.30 0.00
Channel ¥ - Input -19999.91 1.23 -0.01
Channel Z + Input 199989.59 1.80 0.00
Channe! Z + Input 19998.55 -1.57 -0.01
Channel Z = Input -20004.33 SN 0.02
Low Rangs Reading (uV) Differance {uV) Error {36}
Channel X + Input 2000.71 0.06 0.00
Channel X + Input 201.15 023 0.1
Channel X - Input -198.08 0.92 -0 46
Channel ¥ + Input 2000.38 .13 0.0
Channel Y + Input 199 81 -0.958 49
Channel Y = Input -200.22 -1.21 0.61
Channel Z + Input 2000.82 0.54 0.03 ]
Channel Z + Input 200.06 .72 -0.36
Channel Z - Input -199.74 .68 D.34
2. Common mode sensitivity
DASY measurement parametars: Auto Zerc Time: 3 sec; Measuring time: 3 sec
Common mode High Range i Low Range
Input Voitage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 4,83 -5.89
- 200 7.67 5.93
Channel Y 200 -1.95 -2.63
_;2{10 -0.79 £.35
Channel 200 8.43 927
- 200 B B8.42 8.08
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channal X (V) | Channel Y (uV) Channel Z (V)
Channel X 200 -1.46 -2.45
Channel Y 200 8.44 - 0.28
Channel Z 200 492 6.5 = |

Certificale No: DAE4-TT8_Augl2
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4, AD-Converter Values with Inputs shorted

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

High Range (LSB) Low Range (LSB)
Channel X 16053 16715
Channel ¥ 16161 14601
Channel Z 16434 15429

5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input 10MG
Average (V) | min, Offset (V) | max. Offset (uV) | ' ?:;;'“““
Channel X 1.04 0.34 1.84 0.34
Channal Y -1.10 -2.50 0.04 0.56
Channel £ -0.63 -1.70 1.29 0.47
6. Input Offset Current
MNominal Input circuitry offsel current on all channels: <251A
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channal 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 (*+ Vec) +7.8
Supply (- Vee) -7.6
9. Power Consumption (Typical values for information)
Typical valuas Switched off (mA) | Stand by (mA) Transmitting {(mA)
Supply {+ Vec) +(.01 +8 +14
Suppiy (- Vec) 0. -8 -5

Certificate No: DAE4-778_Aug12
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Schmid & Partner
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Multilateral Agresmant 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
e 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 too! inserted. Uncertainty is not required.

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

¢ DC 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

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

¢ Inpul Offset Current: Typical value for information; Maximum channel input offsel
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 signai is generated.

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

Certificate No: DAE4-1338_Jun12 Page 20f5



DC Voltage Measurement

A/D - Converter Resolution nominal

High Range: 1LsB = B.1uV , full range = -100.. +300 mV
Low Range. 1LSE = 8inV , full range = -1 .. +3mV
DASY measurement parameters: Aulo Zero Time: 3 sec, Measurning lime. 3 sac
Calibration Factors X Y z
High Range 404,366 £ 0.1% (k=2) | 404 310+ 0.1% (k=2) 404 168 + 0.1% (k=2)
Low Range 3.99870 £ 0.7% (k=2) | 395735+ 0.7% (k=2) 3.96903 + 0.7% (k=2)
Connector Angle
Connector Angle 1o be used in DASY system 293°%+10

Certificate No: DAE4-1338_Jun12 Paga 3 of 5



Appendix

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 200001.31 3.63 0.00
Channel X + Input 20003.03 1.95 0.01
Channel X - Input -19999.40 0.63 000
Channel ¥ + Input 200001.67 396 0.00
Channel ¥ + Input 198489.92 495 -0.00
Channel ¥ - Input -20002.00 =171 0.01
Channel Z + Input 199999.59 213 0.00
Channel Z + Input 19998.38 -2.33 -0.01
Channel Z = Input -20000.67 -0.23 0.00 |
Low Range Reading (V) Difference (pV) Error (%)
Channel X + Input 2002.42 1.05 0.05
Channel X + Input 201.78 -0.10 .05
Channel X = Input -198.09 .02 0.01
Channel ¥ + Input 2002.29 1.07 0.05
Channel Y + Input 201.72 -0.00 -0.00
Channel Y - Input -198 35 -0.09 0.08
Channeal Z + input 2002.89 1.58 0.08
Channel Z + Input 200.81 -0.86 .43
Channel Z = Input -199.74 -1.50 0.76
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 -3.02 -4 83
- 200 576 3.48
Channel Y 200 -14.73 -14.79
- 200 13.33 1335
Channel Z 200 22.85 22.48
- 200 ~26.37 -25.59
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec, Measuring time: 3 sec
Input Voltage (mV) | Channal X (uV) | Channal Y (uV) Channel Z (uV)
Channel X 200 - 3.62 -2.83
Channel Y 200 8.50 4.83
Channel Z 200 9.97 598 -

Cartificate No: DAE4-1338_Jun12
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4, AD-Converter Values with inputs shorted

DASY measuremen! parameters: Aulo Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 16034 14839
Channel ¥ 15628 15515
Channel Z 15288 15751
5. Input Offset Measurement
DASY measurement parameters: Autn Zero Time: 3 sec; Measuring ime: 3 sec
Input 100
Average (pV) min. Offset (V) | max. Offset (uV) s, ?::;atlun
Channel X 0.33 -0.86 1.85 0.54
Channel Y -1 48 -2 47 1.00 0.54
Channel Z -1.66 -3.08 -0.24 0.50
6. Input Offset Current
Mominal Inpul circuitry offset currant on all channels: <2584
7. Input Resistance (Typical values for information)
Zeroing (kDhm) 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) +79
Supply (- Vco) -T.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vec) +0.01 +6 +14
Supply (- Vec) -0.01 -8 -9
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Glossary:
TSL tissue simulating liquid
NORMx.y.2 sensitlvity in free space
ConvF sensitivity in TSL / NORMx v,z
oceP diode compression point
GF crest factor (1/duty_cycle) of the RF signal
A B C modulation dependant lingarization parameters
Polar|zation o iy rotation around probe axis
Potarization % & rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., 8 = 0is normal to probe axis

Calibration is Performed According to the Following Standards:

g) IEEE 5td 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) In the Human Head from Wirelass Communications Devices: Measurement
Techniques”, Decamber 2003

b) I1EC 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 & = 0 (f = 500 MHz in TEM-cell; { > 1800 MHz: R22 waveguide).

NORMx,y,z are only Intermediate values, |.&., the uncertainties of NORMx.y,z does not affect the E*-field
uncerainty Inside TSL (see below ConvF).

«  NORM{fix.y.z = NORMx .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.

* DCPxy z DCP are numerical linearization parameters assessed based on the data of power sweep with C\W
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
characleristics

o  Axyz Bxyz Cxyz VRxyz A B, Carenumerical linearization parameters assessed based on the dala of
powesr sweep for specific modulation signal. The parametars do not depend on frequency nor media. VR is the
maximum calibration range expressed in RMS voliage across the diode.

s ConvF and Boundary Effect Parameters. Assessed In flat phantom using E-field {or Temperature Transfar
Standard for f < 800 MHz) and Inside waveguide using analytical field distributions based on power
measurements for f = BD0 MHz. The same setups are used for assessmenl 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 1o the boundary. The sensitivity In TSL corresponds
to NORMx, v,z * ConvF whereby the uncertainty corresponds to that given for ConvF, A frequency dependent
ConvF s used in DASY version 4.4 and higher which allows extending the validity fram + 50 MHz to £ 100
MHz.

s Sphercal Isatropy (3D deviation from isofropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

= Sensor Offsel: The sensor offeet corresponds to the offset of virtual measurement center from the probe tip
{on probe axis). No tolerance required.
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ET3DVE - SM:1787 May 29, 2012

Probe ET3DV6

SN:1787

Manufactured:  May 28, 2003
Calibrated: May 29, 2012

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 systaml)
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ET3DVE- SN.1TET

May 28, 2012

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1787

Basic Calibration Parameters

Sensor X Sansor Y Sensor Z | Une (k=2)
Nomm (u\V/(Mmy*)" 1.61 1.67 216 +10.1%
DCP (mV)° 949.8 991 93.9 i
Modulation Calibration Parameters
uin Communication System Name PAR A B C VR Unc™
dB dB 4B my (k=2)
0 CW .00 x (.00 0.00 1.00 134.2 189
¥ 0.00 0.00 1.00 141.3
Z .00 0.00 1,00 1586

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 Momix Y 2 do not afiect the E*-fisld uncertainty Inside TSL (se Pages 5 and &)
® Numerical linearization parametar; uncerftainty not required
L Lincertainty Is determined using the max. deviation from insar response applying rectangular distribution and ls expressed for the square of the

field value

Cerificate No: ET3-1787 May12
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ET3DVE- SN 1787 May 29, 2012

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1787

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unct

t{MHz)® | Permittivity " {sim) " ConvF X | ConvFY | ConvFZ | Alpha {mm) {k=2)
750 419 0.82 £.46 6.46 6.46 0.28 2.84 £12.0%
835 415 0,90 8.12 6.12 612 0.31 3.00 +12.0 %
800 415 0.97 5.91 591 5.91 0.33 3.00 +120%
1450 40.5 1.20 5.40 5.40 5.40 0.47 2,74 =120%
1750 40,1 1.37 527 527 5.27 0.70 221 +12:0 %
1900 40.0 1.40 5.08 5.06 5.06 0.69 2.29 +12.0%
2000 40,0 1.40 456 4.96 496 0.80 2.04 +120%
2150 3e7 1.53 4.78 478 4.78 0.80 1.98 +12.0%
2450 39.2 1.80 4.31 4.31 4.31 (.80 1.66 +120%

& Frequenoy vakdily of £ 100 MHz only applies for DASY wd.4 ang higher (see Page 2), alsa it 15 resiricled 1o £ 50 MHz The uncenainty 12 the RSS
of the CanvF uncerainty af calibration freguency and the uncariainty for the indicatad frequency band.

A frequancies below 3 GHz, the validity of Gssue parameters (s and of can be refaxed to £ 10% i Hquid compansaiion formuls iz applied o
messurad SAR values, Al frequencias above 3 GHz, (he validity of Bssus paramaters (e and o) s resticled 1o £ 5%, The unceriamty is the R3S of
Iha ConvF uncertginty for indicated terget tisste paramaters.

Cariificata No: ET3-1787_May12 Page 5 of 11



ET3DVE— SN:1T87 May 29, 2012

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1787

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.
f(MHz)® | Permittivity” (Sim) " ConvFX | ConvFY | ConvFZ | Alpha | (mm) (k=2)

750 555 0.96 £.20 6.20 6.20 0.30 2.70 £12.0%

835 552 0.97 6.08 6.08 6.08 | 032 _ 3.00 £120% |
900 55.0 1.05 6.01 8.01 .01 0.43 | 228 +12.0%
1450 54.0 1.30 5.18 5.18 518 0.59 2.30 +12.0 %
1750 53.4 1.48 481 481 4.81 0.80 2.47 £120 %
1900 533 152 4.58 4.58 458 0.80 247 +120%
2000 53.3 152 465 465 4.65 0.80 2.44 +12.0 %
2150 531 166 4,50 4.50 4.50 0.80 217 +12.0%

| 2450 527 | 195 4.04 404 4.04 067 | 135 | +120%

= Frequency vahidity of £ 100 MHz only applies for DASY v4.4 and higher {see Pagse 2), else il is réstricted 15 £ 50 MHZ Tha uncertainty is the R55
of the ConvF uncertalnly at calibration frequency and the uncertainty for the indicated frequency bamd

" Al frequencies below 3 GHz, the validity of tissue parameters (¢ and =) can be refaxed 1o £ 10% if lguid compensation formula is applied to
measured SAR valuss. At fraguenacies above 3 GHz, the validity of tissue paramelars (= and o is restricted to £ 5%. The uncertainty is tha RSS of
the ConvF uncerainly for indicated tamgel lissue pasamelers

Certificate No: ET3-1787_May12 Page & of 11



ET3DVE~ SN.178T May 29, 2012

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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ETADVE- SN:ATET May 29, 2012

Receiving Pattern (¢), 9 = 0°

=600 MHz TEM =1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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ETIBOVE- SN:1TAT May 29, 2012

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

Input Signal [uV]

T | I
10+ YorE 101 100 101 102
SAR [mWiem3]
= 5 L®]
ot compensaing compansated

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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ETIOVE=SN1TAT May 28, 2012

Conversion Factor Assessment

1= 500 MHz WGLS RS (H_convF) f= 1750 MHz, WGLS R22 (H_canvF)
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Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz

10 -08 -06 -04 02 00 D2 G4 06 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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ETIDVE- SN:17BT

May 28, 2012

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1787

Other Probe Parameters

Sensor Arrangement Triangular
Cormector Angle (%) 167
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Prabe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 6.8 mm
Proba Tip to Sensor X Calibration Point 27 mm |
Probe Tip to Sensor Y Calibration Point 2.7 mm
Probe Tip to Sensor £ Calibration Point 27 mm
Recommended Measurement Distance from Surface 4 mm

Certificate Mo: ET3-1787_May12 Page 11.of 11



Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

/4 N
(TR

Schweizerischer Kalibrierdienst

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

Accreditation No.. SCS 108

Certificate No: EX3-3801_Jun1 2

CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration date:

EX3DV4 - SN:3801

QA CAL-01.v8, QA CAL-23.v4, QA CAL-25.v4

Calibration procedure for dosimetric E-field probes

June 22, 2012

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 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 humidily < 70%.

Calibrated by:

Approved by:

Claudio Leubler

Katja Pokovic

Laboratory Technician

Technical Manager

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

Primary Standards ID Cal Date {Certificate No.) Scheduled Calibration

Power meter E4419B GB41293874 29-Mar-12 (No. 217-01508) Apr-13

Power sensor £4412A MY41498087 29-Mar-12 (No. 217-01508) Apr-13

Reference 3 dB Aftenuator SN: S5054 (3¢) 27-Mar-12 (No. 217-01531) Apr-13

Reference 20 dB Attenuator SN: S5086 (20b) 27-Mar-12 (No. 217-01529) Apr-13

Reference 30 dB Attenuator SN: S5129 (30b) 27-Mar-12 (No. 217-01532) Apr-13

Reference Probe ES3DV2 SN: 3013 29-Dec-11 (No. ES3-3013_Dec11) Dec-12

DAE4 SN: 660 10-Jan-12 (No. DAE4-660_Jan12) Jan-13

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

RF generator HP 8648C US3642U01700 4-Aug-99 (in house check Apr-11) In house check: Apr-13

Network Analyzer HP 8753E US37390585 18-Oct-01 (in house check Oct-11) In house check: Oct-12
Name Function ¢ anat 3

Issued: June 22, 2012

Certificate No: EX3-3801_Jun12
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Calibration Laboratory of

S Schweizerischer Kalibrierdienst
Schmid & Partner c Service suisse d'étalonnage
Engineering AG s Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland 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, C modulation dependent linearization parameters
Polarization ¢ ¢ rotation around probe axis
Polarization 8 8 rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., 9 =0 is normal to probe axis

Calibration is Performed According to the Following Standards:

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

Methods Applied and Interpretation of Parameters:
¢  NORMx,y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-celi; f > 1800 MHz: R22 waveguide).
NORMX,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).

o 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 uncertainty of ConvF.

o 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.

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

o  Axyz Bxyz Cx\yz VRxy,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 diode.

e 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 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 + 50 MHz to + 100
MHz.

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

o 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; EX3-3801_Jun12 Page 2 of 11



EX3DV4 — SN:3801 June 22, 2012

Probe EX3DVA4

SN:3801

Manufactured:  April 5, 2011
Calibrated: June 22, 2012

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY?2 system!)

Certificate No: EX3-3801_Jun12 Page 3 of 11



EX3DV4- SN:3801

June 22, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3801

Basic Calibration Parameters

Sensor X SensorY Sensor Z Unc (k=2)
Norm (uV/(V/im)?)A 0.55 0.60 0.54 +10.1 %
DCP (mV)® 98.6 101.4 102.0
Modulation Calibration Parameters
uiD Communication System Name PAR A B C VR Unc-
dB dB dB mv (k=2)
0 CW 0.00 X 0.00 0.00 1.00 1775 +3.8 %
Y 0.00 0.00 1.00 184.0
Z 0.00 0.00 1.00 175.5

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 NormX,Y,Z do not affect the E-field uncertainty inside TSL (see Pages 5 and 6).
& Numerical linearization parameter: unceriainty not required.

€ 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: EX3-3801_Jun12
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EX3DV4—- SN:3801 June 22, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3801

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unct.

f(MHz)¢ | Permittivity " (sim)f ConvF X | ConvFY | ConvFZ | Alpha (mm) (k=2)
750 41.9 0.89 9.09 9.09 9.09 0.80 0.61 +12.0%
835 41.5 0.90 8.71 8.71 8.71 0.42 0.82 +12.0%
900 41.5 0.97 8.68 8.68 8.68 0.63 0.73 +12.0%
1750 40.1 1.37 7.70 7.70 7.70 0.35 1.02 £12.0%
1900 40.0 1.40 742 7.42 7.42 0.35 1.01 +12.0%
2000 40.0 1.40 7.37 7.37 7.37 0.60 0.74 +12.0%
2450 39.2 1.80 6.70 6.70 6.70 0.41 0.93 +12.0%

€ 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 (¢ and ¢) 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.

Certificate No: EX3-3801_Juni2 Page 5 of 11



EX3DV4—- SN:3801 June 22, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3801

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.

f(MH2)¢ | Permittivity " (smyf ConvF X | ConvFY | ConvFZ | Alpha | (mm) (k=2)
750 55.5 0.96 9.00 9.00 9.00 0.80 0.66 +12.0%
835 55.2 0.97 8.82 8.82 8.82 0.53 0.78 +12.0%
900 55.0 1.05 8.72 8.72 8.72 0.80 0.61 +12.0%
1750 53.4 1.49 7.50 7.50 7.50 0.77 0.68 +12.0 %
1900 53.3 1.52 7.13 7.13 713 0.51 0.79 +12.0%
2000 53.3 1.52 7.13 7.13 713 0.70 0.68 +12.0%
2450 52.7 1.95 6.59 6.59 6.59 0.80 0.59 +12.0%

¢ Freguency 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.

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 (e and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.
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EX3DV4— SN:3801 June 22, 2012

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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EX3DV4— SN:3801 June 22, 2012

Receiving Pattern (¢), 9 = 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:3801 June 22,2012

Dynamic Range f(SARcaq)
(TEM cell , f =900 MHz)
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Uncertainty of Linearity Assessment: * 0.6% (k=2)
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EX3DV4- SN:3801 June 22, 2012

Conversion Factor Assessment

f =835 MHz, WGLS RS9 (H_convF) f = 1900 MHz, WGLS R22 (H_convF)
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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EX3DV4- SN:3801

June 22, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3801

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 124.4
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 2.5 mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 2mm
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Calibration Laboratory of 0@."@;3 ’ Schwelzarischer Kallbriardienst

Schmid & Partner i‘%ﬁé Service suisse d'étalonnage
EHQiﬂE&I‘iI‘IQ AG B Servizio svizzero di taraiura

Zeughausstrasse 43, 8004 Zurich, Switzerand iﬁ\y‘ Swiss Calibration Service

Accrediled by Ihe Swiss Accreditation Service (SAS) Accreditalion Ne: SCS 108
The Swiss Accreditation Service i3 one of the signatories fo fhe EA
Multifateral Agreement for the recognitlon of calibration certiflcates

ciem  Arima (Auden) Contificats No: ES3-3206_Apr12

CALIBRATION CERTIFICATE
Object ES3DV3 - SN:3296

Callbration procadurals)

QA CAL-01.v8, QA CAL-23.v4, QA CAL-25.v4
Callbration procedure for dosimetric E-field probes

Calibration dale:

April 10, 2012

This calibration ceriiicale docwments the raceabilily to natianal slandards, which realize the physical unils of measuremants (S1)
The measuraments ang lhe uvncenainiies with confidence probability are gaven on the following pages and gre pant of the cenificate

All zalibralions have bean conduabad in (he closad labarmalony facility. envirenmanl lampesalure (22 £ 390 and hoenidily < 709

Calibration Equigmant usad (MATE oriical for csiibration)

This calibration cestificate shall not be reprocucad exceplin full withaul wiitten approval of fne laoaratony

Frimary Standards [} Cal Dele (Cenificae Mo Soheduled Calibration
Power malar E44180 GHE412936874 2H-par-12 (Mo 217-01508) Apr-13

Power sensor E44124 MY A 145R087 28-Mar-12 [MNo. 21701508} Ane-13

Felerence 348 Allanualon SN: 55054 {3c) 27-Mar-12 {MNo. 217-01531) Apr-13

Reierence 2{ dB ARenusalor SM: 85088 {20b) 27-Mar-12 {No. 217-01529) Apa-13

Raferenca 30 dB Attenuatar SM: 55178 {30b) 2T-Mar-12 (Mo, 217-01532) Apr-14

Reference Probe ES3DVZ SM: 33 28-Dec-11 (No. ES3-3013_Dectt) Dec-12

DAE4 SM: 654 A-May-11 (Mo, DAEA-654_May 11} Iay-12

Secondary Standards ICy Chack Cate (in housa) Schedulad Check

RF generalor HP B548C US3642U01700 4-A05-24 {in house check Apr11) In house chsck: Ape-13
Metwork Analyzer HF 8753E 53T IS0585 15-0ct-01 (in house check Ool-11) In house check: Col-12

E F unclion

Callbrated by cm&h Leublar Labaratary Taghhician

Approved by Kalia Pokasic Technical Manager

|ssuad; Apeil 10, 2012

Cerllficate Mo ES3-3286_Apm 2
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Feughausstrasse 43, 8004 Zurich, Switzerland

Schwerzerischer Kallbriardienst
Service suisse d'étalonnage
Servigio svizzero di taratura
Swiss Calibration Service

Agcredited by the Swiss Accradilation Service (SAS) Accrediiation No.: SCS 108
The Swiss Accreditalion Service is one of the signatories to the EA
Multilateral Agreemant for the recegnition of calisration certlficates

Glossary:

T3L tissue simulating liguid

NORMx .2 sensilivity in free space

ConvF sensilivily in TSL / NORMx,y.z

oce diode comprassion poimt

BE crest factor (Vduty_cycle) of the RF signal

A B C maodulation dependent linearization parameiers

Palarization ¢ i rotation around probe axis

Felarization & § rotalion around an axis that is in the plane normal to probe axis {al measurement centar),

ie, 8=10I1s normal to probe axis

Calibration is Performed According to the Following Standards:

a)] |EEE Sid 1528-2003, "IEEE Recommanded Fractice for Determining the Paak Spatial-Averagad Specific
Absorption Rate [SAR) in the Human Head from Wireless Commurications Devices: Measurement
Techniques”, December 2003

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

Methods Applied and Interpretation of Parameters:

= NORMxy z Assessed for E-fisld polarization 8 = 0 (f < 900 MHz In TEM-call: 1 = 1800 MHz: R22 waveguide)}
NORMx y,z are only intermediate values, i.e., the uncertainties of NORMzx,y,z does nat affect the E*-field
uncerainty inslde T5L (see below ConvF).

*  NORM(fIxy.z = NORMy.y.z * frequency_response (see Frequency Response Chart). This linearization is
Implemented In DASY4 scfiware versions later than 4. 2. The uncerainty of the frequency response is Included
in tha siaied uncertainty of ConvF.

= DCPxyz: DCP are numernical linearization parameters assessed based on the data of power sweap with CW
signal (no uncartainty required). XCP does not depend on frequency nor media

= FPAR:PAR |s the Peak lo Ayerage Ratio thal is not calibrated bul determined based on the signal
characteristics

o Axy.z Bxy.z Cxyz VRxyz A B Care numearical lineanzation parameters assessed based on the data of
power aweep for specific modulation signal. The parameters do not depend on frequency nor media. VR s lhe
maximum calibration range expressed in EMS voltage acress the diode.

= ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-fleld (or Temperature Transter
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, deptn) of which typical uncertainty values are given. Thesa parameters are
used in DASY4 software to improve prebe accuracy close to the boundary. The sensitivity in TSL corresponds
o NGRMy, v,z ™ CanvF whereby the unceriainly corresponds to that given for CenvF. A frequency dependent
ConvF s used (n DASY version 4.4 and higher which allows extending the validity from + 50 MHz to + 100
MHz.

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

*  Sensor Offsel The sensor offsel corresponds lo the offset of vinual measurement center from the probe tio
{on probe axis). Mo tolerance requirad.

Cerificate Nao: ES3-3296_Apr2 Page Zof 11



ES3DV3 - SN:3296 April 10, 2012

Probe ES3DV3

SN:3296

Manufactured:  July 6, 2010
Calibrated: April 10, 2012

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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ESADVI-SN3206 April 10, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3296

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Une {k=2)
Norm (;:V/(Vim P 128 065 076 + 101 %
DCP {m\/) 104 4 101.8 107 .5 —

Modulation Calibration Parameters

(W]]a] Communication System Name PAR A B c VR Une™
dB dB dB mV (k=2)
10000 cw .00 " 0.00 0.00 1.00 113.5 2.2 %
—| | Y | 0.00 (.00 1.00 | 102.0
Z | 000 | 000 100 | 1148

The reported uncertainty of measurement is stated as the slandard uncertainty of measurement
multiplied by the coverage faclor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

* The uncertainlies ol NomX,Y.2 da nol affect the E%fisld uncertainly insids TSL (see Pages & and &)

" Wurnerical lineanization parameter. uncertainky nol regquired.

® Uncertainty is determined using the max. deviation from linear response applying rectangular distribulion and is expressed lor the sguare of (he
fiahd walss,
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ES3DVI- 5N:3296 April 10, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3296

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unect.
| 1{MHz)" | Permittivity " (stm) " ConvFX | ConvFY | ConvFZ | Alpha | (mm) (k=2)
835 41.5 0.90 B.27 6.27 5.27 0.59 1.28 +12.0%
800 41.5 0.97 B.22 B.22 6.22 0.63 1.22 +12.0% |
1810 40.0 1.40 5.48 5.48 548 0.73 1.42 +12.0%
1950 40.0 140 51T 517 517 0.71 148 +120%
2450 30.2 1.80 4 63 4,63 4.63 0.80 1.42 12.0%

© Fraguancy vabdity of £ 100 MMz anly applies far DASY w4 4 and higher {see Page 2, else It is restnclad to + 50 MHz. The uncerainty is the RSS
of the CanvF uncertainly sl calibration fraquency and ths uncerainly ler the indicaled frequency band.

* At frequencies balow 3 GHz, the validity of lissue paramelers (& 50d o) can be rétased 1o 2 10% If liquid compansation formula is appbed to
measured SAR values. Al lrequencies above 3 GHz, fhe validity of lissue parameaters (a0 o) |5 restrcled o & 5% The unceramly is (he RSS of
the ConvF uncartainty for mdicaied targel lissue paramelers.

Certificate Mo E33-32968 Apriz Page 5 of 11



ESIDVI- SN3296 Apnl 10, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3296

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unet.
f(MH2) " | Parmittivity " {Sim) " ConvF X | ConvFY | ConwFZ | Alpha | (mm) (k=2)
835 §5.2 0.97 627 6.27 B.27 0.40 1.68 +12.0 %
800 55.0 1,05 £.23 623 6.23 0.47 1.52 +120%
1810 53.3 1.52 4,96 496 4.9 0.80 1.24 £120%
1950 533 1.52 4.86 4.86 4.86 0.38 2.01 £120%_
2450 §27 1.85 4.28 4.28 4.28 0.67 0.96 +120%

= Fragquency validity of £+ 100 MHz only apolies for DASY wd.4 and higher {see Page 2}, slsa (1 resiictad o+ 50 MHz. The uncarainiy is tha RSS
of Ihe ConvF uncarainty et calibration frequency and Ine uncertalnty for [he indicalad frequency band.

F Al fraguancizs below 3 GHz, the validily of lissue parameters (£ and ) can be relaxed o+ 10% il lquid compensation formuda is applisd 1o
megaured SAR values Al feguendces above 3 GHz, the valitlly of lissue parameters (= and o} I8 reslricled o £ 5%. The uncerainly |5 the RSS of
ihe ConvF uncerainly Tor indicated target issue parameters.
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ES3DV3- 5M.3298 April 10, 2012

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)

Certificate Mo: ES3-3296_Apr2 Page 7 of 11












ES30V3-5N:3298

Agrll 10, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3296

Other Probe Parameters

Sensor Arrangement

Triangular

Connactor Angle (%)

Mot applicatile

Mechanical Suface Daetection Mods enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Prope Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter dmm
Probe Tip to Sensor X Calibration Paint 2 mm
Probe Tip to Sensor Y Calibration Paoint 2.mm
Probe Tip to Sensor Z Calibration Point 2mm
Recommended Measuremeant Distance from Surface 3mm
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Calibration Laboratory of ‘\fwﬁ'.

Schwaizerscher Kalibrnerdiensi

Schmid & Partner o Service suisse d'étalnnage
Engineering AG Tt Servizio svizzero di taratura
Zeughausstrasse A3, B004 Zurich, Switzerland '5.;:,/ e Swiss Calibration Service
TN
Accredied by the Swiss Arcraaitation Sarvics [SAS) Aceregitamtion Ne.: SCS 108

The Swiss Accreditation Service i3 one of the signatories to the EA
Multilateral Agreament for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx.y.z sensitivity in free space

CanvF sensitivity in TSL / NORMx, y.z

oCF dinde compression point

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

A B C maodulation dependent |inearzation parameters

Polarization g o rofation argund probe axis

Polarization & & rotation around an axis that Is In the plane normal o probe axis (at measurement center),

le., % =0 i normal o probe axis

Calibration is Performed According to the Following Standards:

a)

b

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: Measurament
Technigues”, December 2003

IEC 62208-1, "Procedure to measure the Specific Absorphion Rate [SAR) for hand-held devices used in close
proximity to the ear (frequancy range of 300 MHz to 3 GHz)", February 2005

Mathods Applied and Interpretation of Parameters:

NORMx,y.z: Assessed for E-field polanzation % =0 (f =900 MHz in TEM-cell, f > 1800 MHz: R22 waveguu:ie}
NORMx,y.z are only intermediate values, | 6., the uncertamties of NORMx.y.z does not affect the E*-field
uncertainty Inside TSL (see below GonvF).

NORM(x y.z = NORMx, .z * frequency_response |see Fraquency Response Chart). This linearzation is
mplemented in DASY4 software versions later than 4.2, The uncertainty of the freguency response is mcluded
in the stated uncertainty of Convi.

DCPx, y.z: DCP are numerical |ineanzation parameters assessed based on the data of power sweep with CW
signal {no uncerainty 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
charactenstics

Az Bxy.z, Cxy.z, VRx v,z A, B, C 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 calipration 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
measuraments for f = 800 MHz. The same setups are used for assessment of the parametars applied for
boundary compeansation (alpha, depth) of which typical uncerainty values are given. These parameters are
Lsed in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx. .z * ConvF whereby the uncertainly corresponds to that given for Convf, A frequency dependeant
ComvF is used in DASY version 4 4 and higher which allows extending the validity from £ 50 MHz to £ 100
hHz,

Spherical isotropy (3D deviation from isafropy): In a field of low gradients realized using a flal phantom
exposed by 2 patch antenna.

Sensor Offset: The sensor offset corresponds 1o the offset of vilual measurement center from the probe tip
(on probe axis). No tolerance required
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EX3Dwv4 — SN 3697 September 28, 2012

Probe EX3DV4

SN:3697

Manufactured:  April 22, 2009
Calibrated: September 28, 2012

Calibrated for DASY/EASY Systems

{Mote: non-compatible with DASYZ2 system!)
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ExX3DV4— 5N 3687 Seplembear 28, 2012
DASY/EASY - Parameters of Probe: EX3DV4 - SN:3697

Basic Calibration Parameters

Sensor X | Sensor Y Sensor Z Ung (k=2}
| Norm (uVi(Vim)') 047 i g.47 T 052 £10.1 %
DCP (mV)" 9%.1 | 929 ' 98.4

Modulation Calibration Parameters

UiD [ Communication System Name PAR ‘ I A B | C VR Unc®
' gm d8 | dB mV (le=2)
0 oW 000 | X | 000 | 000 | 100 | 1540 | #35%
Y | 000 | 000 | 100 | 1547 |
. z| ooo 000 | 100 | 1575 )

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 uncenainties of Mormi,Y.Z do not atect the E™-feld uncenalnty nede TSL (see Pages 5and 6)

* Mumerical linearization paramster: uncertainty not requirsd

 Unceriainty & determined weing the max. daviabon fram fneas response apphying rectangular distnbution and & expressed for the sguae of the
field value.
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EX30V4— SN.3697 Seplember 28, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3697

Calibration Parameter Determined in Head Tissue Simulating Media

. Relative | Conductivity | 1 | Depth Unct.
f(MHz)© | Permittivity (Sim)" | ConvFX | ConvFY | ConvFZ | Alpha | (mm) (k=2)
750 419 0gs | £.98 898 898 | 0.18 141 | $120%
835 415 090 | 864 8.64 8 64 034 | 085 | +120% |
| 8oo0 | 415 0.97 ass | 868 £.66 053 | 089 | £120%
[ 1450 405 1.20 B.19 B18 | B19 016 | 183 +12.0 %
L 1750 | 401 1.37 7.70 770 | ‘770 0.60 0 69 [ +12.0 %
| 1900 1 40.0 140 | 743 7.43 | 7.43 0.51 074 | +12.0%
_- 2000 |__ 40.0 140 |] 7.36 | 7.36 | 736 | 063 | 066 | £120% |
2300 39.5 167 £.93 £.93 693 | 034 | 091 | #120%
2450 392 | 180 | 658 | 65 | 658 | 028 | 101 | #120%
2600 | 390 1.96 6.42 642 _| 642 | 040 | 081 | +120%
5200 36.0 | 4,66 486 | 486 4.86 | 030 | 180 | £131%
5500 35.6 | 496 4.60 460 | 460 030 | 180 | £131%
5600 35.5 | 5.07 425 | 425 4.25 035 | 180 | +131%
5800 353 | 527 | 428 428 | 428 0.45 | 180 | 2131%

£ Frequency validity of £ 100 MHzZ only applies for DASY wi.4 and higher (see Page 2, elss il is restrictad 1o + 50 MHz. The uncerainty is the RSS
of the ConvF uncaenainty &t calibration frequency amd the uncerainty for the indicated frequensy band.

F At frequencies balow 3 GHz, the validity of tissue parameters (¢ and o) can ba relaxed to = 10% if guid compensation {ormuda is appéed 10
measured SAR values. At frequencies above 3 GHz, the validity of lissue parameters {2 and o) is restncted 1o 4 5%, The uncertainty is tha RSS of
the ConvF uncartainty for indicated targat tissus paramatars.

Cerificate No! EX3-3657_Sep12 Page Sof 11



EX3DV4- SMN3697 September 28, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3697

Calibration Parameter Determined in Body Tissue Simulating Media

__f(MHz) " p.i:ﬂ;fw* cn?g:::;iw | _ConvF X_| ConvF Y |= ConvF Z | Alpha ?::;? | ?l:‘r-'clti
750 555 0.96 8.86 8.86 | 8.86 049 | 078 | +120%

| 835 | 552 | oer 3 65 865 | 865 030 | 108 | s120%
900 l 55.0 105 | 857 8.57 | 857 l 033 | 101 | $120%
1450 54.0 1.3@____' 7.80 7 80 7 B0 018 | 180 | £120%
1750 53.4 149 | 7.26 7.26 7.26 0.46 0.79 | +12.0 %
1900 53.3 152 696 | 696 6.06 0.40 | 0.83 + 120 %
2000 53.3 1.52 710 7.10 7.10 0.33 0.90 +12.0 %
2300 52.9 1.81 .76 6.76 B.76 | 054 0.72 £ 12.0 %
2450 52.7 195 | 657 d.l 6.57 657 | 075 057 | £120%
2600 52.5 216 6.40 640 | 640 080 | 0856 | £120% |
5200 49.0 5.30 429 4.29 429 040 | 190 | *131% |
5500 48.6 565 391 | 39 391 0.40 190 | +13.1% |
5600 48.5 577 3.75 3.75 375 0.40 .| 1.90 | +13.1%
5800 48.2 | 6.00 4.06 4.06 4,08 0.50 1 1.90 +131% |

i Frequency validny of £ 100 MHz only applias for DASY vwd 4 and higher (see Page 2), else it 15 restncted to £ 50 MHz. The uncenainty s the RSS
of the ConvF uncenaimnty ai calibration frequency and the uncartainty for the indicated frequency band.

* atfrequencies below 3 GHz. the validity of issue parameters (r and o) can be relased to + 10% if bquid compensation formula s appied to
measured SAR values At frequencies above 3 GHz, the validity of tissue parameters (e and o) is restricted to + 5%, The uncertainty is the R3S of
the ConwF uncerainty far indigated terget tissue parameters.
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EX3DV4— SN:3697 September 28, 2012

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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EX30V4- SN389T

Tt

Receiving Pattern (¢), 3 = 0°

September 28, 2012
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Uncertainty of Axial |sotropy Assessment: £ 0.5% (k=2)

Cerificate No: EX3-3687_Sep12 Page 8 of 11



EX3IDV4- SN 3637 September 28, 2012

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

Input Signal [uv]

1073 1ICI‘= 10 108 1m 102
SAR [mW/cm3] B
| ]

not nurn-punntnd compensated

Uncertainty of Linearity Assessment: * 0.6% (k=2)
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Uncertainty of Spherical Isctropy Assessment: £ 2.6% (k=2)
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EX30v4- SN 3807

Saplember 28, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3697

Other Probe Parameters

| Sensor Arrangement Triangular

| Connector Angle () -Q‘iTJ]
Mechanical Surface Detection Moda enabled

| Optical Surface Detection Mede disabled |
Probe Overall Length 337 mm

[Probe Body Diametar Tomm

| Tip Length g mm

- Tip Diamgter 2.5 mm

[Probe Tip to Sensor X Calibration Point Tmm

' Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 2mm
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