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NCL CALIBRATION LABORATORIES

Calibration File No.: CP-1131

Client.: APREL

CERTIFICATE OF CALIBRATION

It is certified that the equipment identified below has been calibrated in the
NCL CALIBRATION LABORATORIES by qualified personnel following recognized

procedures and using transfer standards traceable to NRC/NIST.

Equipment: Miniature Isotropic RF Probe 5600 MHz

Manufacturer: APREL Laboratories
Model No.: E-030
Serial No.: 222

Calibration in Body Tissue

Calibration Procedure: SSI/DRB-TP-D01-032-E020-V2
Project No: Internal APREL

Calibrated: 8" February 2010
Released on: 8" February 2010

— \
This Calibration Certificate is ln‘complTe Unless AT@mpanied with the Calibration Results Summary

-~

Released By: Ab \l hl\‘ \'\ \//\‘)J\
N Q L CALIBRATION LABORATORIES

51 SPECTRUM WAY Division of APREL Lab.
NEPEAN, ONTARIO TEL: (613) 820-4988
CANADA K2R 1E6 FAX: (613) 820-4161




NCL Calibration Laboratories
Division of APREL Laboratories.

Introduction

This Calibration Report reproduces the results of the calibration performed in line
with the SSI/DRB-TP-D01-032-E020-V2 E-Field Probe Calibration Procedure. The
results contained within this report are for APREL E-Field Probe E-030 222.

References

SSI/DRB-TP-D01-032-E020-V2 E-Field Probe Calibration Procedure

IEEE 1528 “Recommended Practice for Determining the Peak Spatial-Average
Specific Absorption Rate (SAR) in the Human Body Due to Wireless
Communications Devices: Experimental Techniques”

SSI-TP-011 Tissue Calibration Procedure

Conditions
Probe 222 was a re- calibration.

Ambient Temperature of the Laboratory: 22 °C +/- 0.5°C
Temperature of the Tissue: 21 °C +/- 0.5°C

We the undersigned attest that to the best of our knowledge the calibration of
this probe has bgen accurately conducted and that all information contained
with_}ﬁ‘this report has been reviewed for accuracy.
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NCL Calibration Laboratories

Division of APREL Laboratories.

Calibration Results Summary

Probe Type: E-Field Probe E-030
Serial Number: 222

Frequency: 5600 MHz

Sensor Offset: 0.44 mm

Sensor Length: 2.5 mm

Tip Enclosure: Ertalyte*

Tip Diameter: <2.9 mm

Tip Length: 60 mm

Total Length: 290 mm

*Resistive to recommended tissue recipes per IEEE-1528

Sensitivity in Air

Channel X: 1.2 pV/(Vim)?
Channel Y: 1.2 pv/(Vim)>?
Channel Z: 1.2 pVv/(Vim)?
Diode Compression Point: 95 mV
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NCL Calibration Laboratories
Division of APREL Laboratories.

Sensitivity in Body Tissue Measured

Frequency: 5600 MHz
Epsilon: 47.1 (+/-10%) Sigma: 5.87 S/m (+/-10%)
ConvF

Channel X: 3.2

Channel Y: 3.2

Channel Zz: 3.2

Tissue sensitivity values were calculated using the load impedance of the APREL
Laboratories Dag-Pagq.

Boundary Effect:

Uncertainty resulting from the boundary effect is less than 2% for the distance
between the tip of the probe and the tissue boundary, when less than 2.44mm.
Spatial Resolution:

The measured probe tip diameter is 2.9 mm (+/- 0.01 mm) and therefore meets the
requirements of SSI/DRB-TP-D01-032 for spatial resolution.

Sensitivity Calibration:

Sensitivity is calibrated in a wave guide following standard calibration procedures as
described in IEEE-1528.

Probe Linearity:

Probe linearity is calculated based on the mean voltage measured from the probe
and then equated to SAR W/Kg following procedures described in IEEE-1528.

NOTE:
IEEE-1528 does not extend beyond 3GHz for frequency range and as such reference values for
tissue dielectric have been taken from FCC Supplement C.

Page 4 of 10
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NCL Calibration Laboratories

Division of APREL Laboratories.

Receiving Pattern 5600 MHz (Air)

Receiving Pattern Probe s/n 222 5800MHz
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NCL Calibration Laboratories

Division of APREL Laboratories.

Isotropy Error 5600 MHz (Air)

Isotropy Error
Probes/n 222 5600MHz

el

o b &

L ]
[ 3
L 4
[ 4
L 4

0@

. mo—~ap—
Boobiudbhhbbibormwroo~wowob
<

o

100

200 300

Isotropy Plot Probe s/n 222 5600MHz

N

N/ XN/

A\/A TN TN o

NS

SOTRO I o
© A o o

\

N\ / N\ /\
/[ N[ N/ N
\/ \/ N\

AN
/ N\
VA

0.2

A

X

\/
AN

Degrees (x10)

— — 2 ‘

e Ch 3

A VAN
L NS T N N N

Isotropicity in Tissue:

0.10dB

Page 6 of 10

This page has been reviewed for content and attested to on Page 2 of this document.




NCL Calibration Laboratories

Division of APREL Laboratories.

Dynamic Range

Probe 222 Dynamic Range
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NCL Calibration Laboratories

Division of APREL Laboratories.

Video Bandwidth

Probe Frequency Characteristics
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Video Bandwidth at 500 Hz 1dB
Video Bandwidth at 1.02 KHz: 3dB
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NCL Calibration Laboratories
Division of APREL Laboratories.

Conversion Factor Uncertainty Assessment

Sensitivity in Body Tissue Measured

Frequency: 5600 MHz

Epsilon: 47.1 (+/-10%) Sigma: 5.87 S/m (+/-10%)
ConvF

Channel X: 3.2 7%(K=2)

Channel Y: 3.2 7%(K=2)

Channel Z: 3.2 7%(K=2)

To minimize the uncertainty calculation all tissue sensitivity values were calculated
using a load impedance of 5 MQ.

Boundary Effect:

For a distance of 0.4mm the evaluated uncertainty (increase in the probe sensitivity)
is less than 2%.

Page 9 of 10
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NCL Calibration Laboratories
Division of APREL Laboratories.

Test Equipment

The test equipment used during Probe Calibration, manufacturer, model number
and, current calibration status are listed and located on the main APREL server
R:\NCL\Calibration Equipment\Instrument List May 2009.

Page 10 of 10
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NCL CALIBRATION LABORATORIES

Calibration File No.: CP-1130

Client.: APREL

CERTIFICATE OF CALIBRATION

It is certified that the equipment identified below has been calibrated in the
NCL CALIBRATION LABORATORIES by qualified personnel following recognized

procedures and using transfer standards traceable to NRC/NIST.

Equipment: Miniature Isotropic RF Probe 5200 MHz

Manufacturer: APREL Laboratories
Model No.: E-030
Serial No.: 222

Calibration in Body Tissue

Calibration Procedure: SSI/DRB-TP-D01-032-E020-V2
Project No: Internal APREL

Calibrated: 5™ February 2010
Released on: 5 February 2010
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This Calibration Certificate is ln‘complTe Unless AT@mpanied with the Calibration Results Summary
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Released By: Ab \l hl\‘ \'\ \//\‘)J\
N Q L CALIBRATION LABORATORIES

51 SPECTRUM WAY Division of APREL Lab.
NEPEAN, ONTARIO TEL: (613) 820-4988
CANADA K2R 1E6 FAX: (613) 820-4161




NCL Calibration Laboratories
Division of APREL Laboratories.

Introduction

This Calibration Report reproduces the results of the calibration performed in line
with the SSI/DRB-TP-D01-032-E020-V2 E-Field Probe Calibration Procedure. The
results contained within this report are for APREL E-Field Probe E-030 222.

References

SSI/DRB-TP-D01-032-E020-V2 E-Field Probe Calibration Procedure

IEEE 1528 “Recommended Practice for Determining the Peak Spatial-Average
Specific Absorption Rate (SAR) in the Human Body Due to Wireless
Communications Devices: Experimental Techniques”

SSI-TP-011 Tissue Calibration Procedure

Conditions
Probe 222 was a re-calibration.

Ambient Temperature of the Laboratory: 22 °C +/- 0.5°C
Temperature of the Tissue: 21 °C +/- 0.5°C

We the undersigned attest that to the best of our knowledge the calibration of
this probe has bgen accurately conducted and that all information contained
with_}ﬁ‘this report has been reviewed for accuracy.
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NCL Calibration Laboratories

Division of APREL Laboratories.

Calibration Results Summary

Probe Type: E-Field Probe E-030
Serial Number: 222

Frequency: 5200 MHz

Sensor Offset: 0.44 mm

Sensor Length: 2.5 mm

Tip Enclosure: Ertalyte*

Tip Diameter: <2.9 mm

Tip Length: 60 mm

Total Length: 290 mm

*Resistive to recommended tissue recipes per IEEE-1528

Sensitivity in Air

Channel X: 1.2 pV/(Vim)?
Channel Y: 1.2 pv/(Vim)>?
Channel Z: 1.2 pVv/(Vim)?
Diode Compression Point: 95 mV
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NCL Calibration Laboratories
Division of APREL Laboratories.

Sensitivity in Body Tissue Measured

Frequency: 5200 MHz
Epsilon: 46.1 (+/-10%) Sigma: 5.45 S/m (+/-10%)
ConvF

Channel X: 3.1

Channel Y: 3.1

Channel Zz: 3.1

Tissue sensitivity values were calculated using the load impedance of the APREL
Laboratories Dag-Pagq.

Boundary Effect:

Uncertainty resulting from the boundary effect is less than 2% for the distance
between the tip of the probe and the tissue boundary, when less than 2.44mm.
Spatial Resolution:

The measured probe tip diameter is 2.9 mm (+/- 0.01 mm) and therefore meets the
requirements of SSI/DRB-TP-D01-032 for spatial resolution.

Sensitivity Calibration:

Sensitivity is calibrated in a wave guide following standard calibration procedures as
described in IEEE-1528.

Probe Linearity:

Probe linearity is calculated based on the mean voltage measured from the probe
and then equated to SAR W/Kg following procedures described in IEEE-1528.

NOTE:
IEEE-1528 does not extend beyond 3GHz for frequency range and as such reference values for
tissue dielectric have been taken from FCC Supplement C.
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NCL Calibration Laboratories

Division of APREL Laboratories.

Receiving Pattern 5200 MHz (Air)

Receiving Pattern Probe s/n 222 5200MHz
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NCL Calibration Laboratories

Division of APREL Laboratories.

Isotropy Error 5200 MHz (Air)

Isotropy Error
Probes/n 222 5200MHz
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NCL Calibration Laboratories

Division of APREL Laboratories.

Dynamic Range

Probe 222 Dynamic Range
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NCL Calibration Laboratories

Division of APREL Laboratories.

Video Bandwidth

Probe Frequency Characteristics
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Probe output level (dB)
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Frequency (Hz)

Video Bandwidth at 500 Hz 1dB
Video Bandwidth at 1.02 KHz: 3dB
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NCL Calibration Laboratories
Division of APREL Laboratories.

Conversion Factor Uncertainty Assessment Measured

Frequency: 5200MHz

Epsilon: 46.1 (+/-10%) Sigma: 5.45 S/m (+/-10%)
ConvF

Channel X: 3.1 7%(K=2)

Channel Y: 3.1 7%(K=2)

Channel Z: 3.1 7%(K=2)

To minimize the uncertainty calculation all tissue sensitivity values were calculated
using a load impedance of 5 MQ.

Boundary Effect:

For a distance of 0.4mm the evaluated uncertainty (increase in the probe sensitivity)
is less than 2%.

Page 9 of 10
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NCL Calibration Laboratories
Division of APREL Laboratories.

Test Equipment

The test equipment used during Probe Calibration, manufacturer, model number
and, current calibration status are listed and located on the main APREL server
R:\NCL\Calibration Equipment\Instrument List May 2009.

Page 10 of 10
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NCL CALIBRATION LABORATORIES

Calibration File No.: CP-1129

Client.: APREL

CERTIFICATE OF CALIBRATION

It is certified that the equipment identified below has been calibrated in the
NCL CALIBRATION LABORATORIES by qualified personnel following recognized

procedures and using transfer standards traceable to NRC/NIST.

Equipment: Miniature Isotropic RF Probe 2600 MHz

Manufacturer: APREL Laboratories
Model No.: E-030
Serial No.: 222

Calibration in Body Tissue

Calibration Procedure: SSI/DRB-TP-D01-032-E020-V2
Project No: Internal APREL

Calibrated: 4™ February 2010
Released on: 4™ February 2010

— \
This Calibration Certificate is ln‘complTe Unless AT@mpanied with the Calibration Results Summary
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Released By: Ab \l hl\‘ \'\ \//\‘)J\
N Q L CALIBRATION LABORATORIES

51 SPECTRUM WAY Division of APREL Lab.
NEPEAN, ONTARIO TEL: (613) 820-4988
CANADA K2R 1E6 FAX: (613) 820-4161




NCL Calibration Laboratories
Division of APREL Laboratories.

Introduction

This Calibration Report reproduces the results of the calibration performed in line
with the SSI/DRB-TP-D01-032-E020-V2 E-Field Probe Calibration Procedure. The
results contained within this report are for APREL E-Field Probe E-030 222.

References

SSI/DRB-TP-D01-032-E020-V2 E-Field Probe Calibration Procedure

IEEE 1528 “Recommended Practice for Determining the Peak Spatial-Average
Specific Absorption Rate (SAR) in the Human Body Due to Wireless
Communications Devices: Experimental Techniques”

SSI-TP-011 Tissue Calibration Procedure

Conditions
Probe 222 was a re-calibration.

Ambient Temperature of the Laboratory: 22 °C +/- 0.5°C
Temperature of the Tissue: 21 °C +/- 0.5°C

We the undersigned attest that to the best of our knowledge the calibration of
this probe has bgen accurately conducted and that all information contained
with_}ﬁ‘this report has been reviewed for accuracy.
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NCL Calibration Laboratories

Division of APREL Laboratories.

Calibration Results Summary

Probe Type: E-Field Probe E-030
Serial Number: 222

Frequency: 2600 MHz

Sensor Offset: 0.44 mm

Sensor Length: 2.5 mm

Tip Enclosure: Ertalyte*

Tip Diameter: <2.9 mm

Tip Length: 60 mm

Total Length: 290 mm

*Resistive to recommended tissue recipes per IEEE-1528

Sensitivity in Air

Channel X: 1.2 pV/(Vim)?
Channel Y: 1.2 pv/(Vim)>?
Channel Z: 1.2 pVv/(Vim)?
Diode Compression Point: 95 mV

Page 3 of 10
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NCL Calibration Laboratories

Division of APREL Laboratories.

Sensitivity in Body Tissue Measured

Frequency: 2600 MHz
Epsilon: 51.3 (+/-5%) Sigma: 2.14 S/m (+/-5%)
ConvF

Channel X:  3.95

Channel Y:  3.95

Channel Zz:  3.95

Tissue sensitivity values were calculated using the load impedance of the APREL
Laboratories Dag-Paqg and corrected for broadband calibration factor.

Boundary Effect:

Uncertainty resulting from the boundary effect is less than 2% for the distance
between the tip of the probe and the tissue boundary, when less than 1.44mm.
Spatial Resolution:

The measured probe tip diameter is 2.9 mm (+/- 0.01 mm) and therefore meets the
requirements of SSI/DRB-TP-D01-032 for spatial resolution.

Sensitivity Calibration:

Sensitivity is calibrated in a wave guide following standard calibration procedures as
described in IEEE-1528.

Probe Linearity:

Probe linearity is calculated based on the mean voltage measured from the probe
and then equated to SAR W/Kg following procedures described in IEEE-1528.

Page 4 of 10
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NCL Calibration Laboratories

Division of APREL Laboratories.

Receiving Pattern 2600 MHz (Air)

Receiving Pattern Probe s/n 222 2600MHz
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NCL Calibration Laboratories

Division of APREL Laboratories.

Isotropy Error 2600 MHz (Air)

Isotropy Error
Probes/n 222 2600MHz
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NCL Calibration Laboratories

Division of APREL Laboratories.

Dynamic Range

Probe 222 Dynamic Range
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NCL Calibration Laboratories

Division of APREL Laboratories.

Video Bandwidth

Probe Frequency Characteristics
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Video Bandwidth at 500 Hz 1dB
Video Bandwidth at 1.02 KHz: 3dB
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NCL Calibration Laboratories
Division of APREL Laboratories.

Conversion Factor Uncertainty Assessment Measured

Frequency: 2600MHz

Epsilon: 51.3 (+/-5%) Sigma: 2.14 S/m (+/-5%)
ConvF

Channel X:  3.95 7%(K=2)

Channel Y: 3.95 7%(K=2)

Channel Z:  3.95 7%(K=2)

To minimize the uncertainty calculation all tissue sensitivity values were calculated
using a load impedance of 5 MQ.

Boundary Effect:

For a distance of 0.4mm the evaluated uncertainty (increase in the probe sensitivity)
is less than 2%.

Page 9 of 10
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NCL Calibration Laboratories
Division of APREL Laboratories.

Test Equipment

The test equipment used during Probe Calibration, manufacturer, model number
and, current calibration status are listed and located on the main APREL server
R:\NCL\Calibration Equipment\Instrument List May 2009.
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NCL CALIBRATION LABORATORIES

Calibration File No.: CP-1128

Client.: APREL

CERTIFICATE OF CALIBRATION

It is certified that the equipment identified below has been calibrated in the
NCL CALIBRATION LABORATORIES by qualified personnel following recognized

procedures and using transfer standards traceable to NRC/NIST.

Equipment: Miniature Isotropic RF Probe 2450 MHz

Manufacturer: APREL Laboratories
Model No.: E-030
Serial No.: 222

Calibration in Body Tissue

Calibration Procedure: SSI/DRB-TP-D01-032-E020-V2
Project No: Internal APREL

Calibrated: 3" February 2010
Released on: 3" February 2010

— \
This Calibration Certificate is ln‘complTe Unless AT@mpanied with the Calibration Results Summary
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Released By: Ab \l hl\‘ \'\ \//\‘)J\
N Q L CALIBRATION LABORATORIES

51 SPECTRUM WAY Division of APREL Lab.
NEPEAN, ONTARIO TEL: (613) 820-4988
CANADA K2R 1E6 FAX: (613) 820-4161




NCL Calibration Laboratories
Division of APREL Laboratories.

Introduction

This Calibration Report reproduces the results of the calibration performed in line
with the SSI/DRB-TP-D01-032-E020-V2 E-Field Probe Calibration Procedure. The
results contained within this report are for APREL E-Field Probe E-030 222.

References

SSI/DRB-TP-D01-032-E020-V2 E-Field Probe Calibration Procedure

IEEE 1528 “Recommended Practice for Determining the Peak Spatial-Average
Specific Absorption Rate (SAR) in the Human Body Due to Wireless
Communications Devices: Experimental Techniques”

SSI-TP-011 Tissue Calibration Procedure

Conditions
Probe 222 was a re-calibration.

Ambient Temperature of the Laboratory: 22 °C +/- 0.5°C
Temperature of the Tissue: 21 °C +/- 0.5°C

We the undersigned attest that to the best of our knowledge the calibration of
this probe has bgen accurately conducted and that all information contained
with_}ﬁ‘this report has been reviewed for accuracy.
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NCL Calibration Laboratories

Division of APREL Laboratories.

Calibration Results Summary

Probe Type: E-Field Probe E-030
Serial Number: 222

Frequency: 2450 MHz

Sensor Offset: 0.44 mm

Sensor Length: 2.5 mm

Tip Enclosure: Ertalyte*

Tip Diameter: <2.9 mm

Tip Length: 60 mm

Total Length: 290 mm

*Resistive to recommended tissue recipes per IEEE-1528

Sensitivity in Air

Channel X: 1.2 pV/(Vim)?
Channel Y: 1.2 pv/(Vim)>?
Channel Z: 1.2 pVv/(Vim)?
Diode Compression Point: 95 mV

Page 3 of 10
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NCL Calibration Laboratories

Division of APREL Laboratories.

Sensitivity in Body Tissue Measured

Frequency: 2450 MHz
Epsilon: 53.1 (+/-5%) Sigma: 1.98 S/m (+/-5%)
ConvF

Channel X: 4.0

Channel Y: 4.0

Channel Zz: 4.0

Tissue sensitivity values were calculated using the load impedance of the APREL
Laboratories Dag-Paqg and corrected for broadband calibration factor.

Boundary Effect:

Uncertainty resulting from the boundary effect is less than 2% for the distance
between the tip of the probe and the tissue boundary, when less than 1.44mm.
Spatial Resolution:

The measured probe tip diameter is 2.9 mm (+/- 0.01 mm) and therefore meets the
requirements of SSI/DRB-TP-D01-032 for spatial resolution.

Sensitivity Calibration:

Sensitivity is calibrated in a wave guide following standard calibration procedures as
described in IEEE-1528.

Probe Linearity:

Probe linearity is calculated based on the mean voltage measured from the probe
and then equated to SAR W/Kg following procedures described in IEEE-1528.
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NCL Calibration Laboratories

Division of APREL Laboratories.

Receiving Pattern 2450 MHz (Air)

Receiving Pattern Probe s/n 222 2450MHz
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NCL Calibration Laboratories

Division of APREL Laboratories.

Isotropy Error 2450 MHz (Air)

Isotropy Error
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NCL Calibration Laboratories

Division of APREL Laboratories.

Dynamic Range

Probe 222 Dynamic Range
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NCL Calibration Laboratories

Division of APREL Laboratories.

Video Bandwidth

Probe Frequency Characteristics
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Video Bandwidth at 500 Hz 1dB
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NCL Calibration Laboratories
Division of APREL Laboratories.

Conversion Factor Uncertainty Assessment Measured

Frequency: 2450MHz

Epsilon: 53.1 (+/-5%) Sigma: 1.98 S/m (+/-5%)
ConvF

Channel X: 4.0 7%(K=2)

Channel Y: 4.0 7%(K=2)

Channel Z: 4.0 7%(K=2)

To minimize the uncertainty calculation all tissue sensitivity values were calculated
using a load impedance of 5 MQ.

Boundary Effect:

For a distance of 0.4mm the evaluated uncertainty (increase in the probe sensitivity)
is less than 2%.
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NCL Calibration Laboratories
Division of APREL Laboratories.

Test Equipment

The test equipment used during Probe Calibration, manufacturer, model number
and, current calibration status are listed and located on the main APREL server
R:\NCL\Calibration Equipment\Instrument List May 2009.
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NCL CALIBRATION LABORATORIES

Calibration File No.: CP-1132

Client.: APREL

CERTIFICATE OF CALIBRATION

It is certified that the equipment identified below has been calibrated in the
NCL CALIBRATION LABORATORIES by qualified personnel following recognized

procedures and using transfer standards traceable to NRC/NIST.

Equipment: Miniature Isotropic RF Probe 5800 MHz

Manufacturer: APREL Laboratories
Model No.: E-030
Serial No.: 222

Calibration in Body Tissue

Calibration Procedure: SSI/DRB-TP-D01-032-E020-V2
Project No: Internal APREL

Calibrated: 9™ February 2010
Released on: 9" February 2010

— \
This Calibration Certificate is ln‘complTe Unless AT@mpanied with the Calibration Results Summary

-~

Released By: A'u \l hl\‘ \'\ \//\‘)J\
N Q L CALIBRATION LABORATORIES

51 SPECTRUM WAY Division of APREL Lab.
NEPEAN, ONTARIO TEL: (613) 820-4988
CANADA K2R 1E6 FAX: (613) 820-4161




NCL Calibration Laboratories
Division of APREL Laboratories.

Introduction

This Calibration Report reproduces the results of the calibration performed in line
with the SSI/DRB-TP-D01-032-E020-V2 E-Field Probe Calibration Procedure. The
results contained within this report are for APREL E-Field Probe E-030 222.

References

SSI/DRB-TP-D01-032-E020-V2 E-Field Probe Calibration Procedure

IEEE 1528 “Recommended Practice for Determining the Peak Spatial-Average
Specific Absorption Rate (SAR) in the Human Body Due to Wireless
Communications Devices: Experimental Techniques”

SSI-TP-011 Tissue Calibration Procedure

Conditions
Probe 222 was a re-calibration.

Ambient Temperature of the Laboratory: 22 °C +/- 0.5°C
Temperature of the Tissue: 21 °C +/- 0.5°C

We the undersigned attest that to the best of our knowledge the calibration of
this probe has bgen accurately conducted and that all information contained
with_}ﬁ‘this report has been reviewed for accuracy.

Q -
Ifl i h \\ / ;{\'__
AR MANVA

7Y
Stuart Nicol

N

'

'{."’ ,\/36-¢ P 74:’7'4-—-_. ——
Jeg_{é Hones
&
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NCL Calibration Laboratories

Division of APREL Laboratories.

Calibration Results Summary

Probe Type: E-Field Probe E-030
Serial Number: 222

Frequency: 5800 MHz

Sensor Offset: 0.44 mm

Sensor Length: 2.5 mm

Tip Enclosure: Ertalyte*

Tip Diameter: <2.9 mm

Tip Length: 60 mm

Total Length: 290 mm

*Resistive to recommended tissue recipes per IEEE-1528

Sensitivity in Air

Channel X: 1.2 pV/(Vim)?
Channel Y: 1.2 pv/(Vim)>?
Channel Z: 1.2 pVv/(Vim)?
Diode Compression Point: 95 mV

Page 3 of 10
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NCL Calibration Laboratories

Division of APREL Laboratories.

Sensitivity in Body Tissue Measured

Frequency: 5800 MHz
Epsilon: 49.1 (+/-10%) Sigma: 6.2 S/m (+/-10%)
ConvF

Channel X: 3.2

Channel Y: 3.2

Channel z: 3.2

Tissue sensitivity values were calculated using the load impedance of the APREL
Laboratories Dag-Paqg and corrected for broadband calibration factor.

Boundary Effect:

Uncertainty resulting from the boundary effect is less than 2% for the distance
between the tip of the probe and the tissue boundary, when less than 2.44mm.
Spatial Resolution:

The measured probe tip diameter is 2.9 mm (+/- 0.01 mm) and therefore meets the
requirements of SSI/DRB-TP-D01-032 for spatial resolution.

Sensitivity Calibration:

Sensitivity is calibrated in a wave guide following standard calibration procedures as
described in IEEE-1528.

Probe Linearity:

Probe linearity is calculated based on the mean voltage measured from the probe
and then equated to SAR W/Kg following procedures described in IEEE-1528.

NOTE:
IEEE-1528 does not extend beyond 3GHz for frequency range and as such reference values for
tissue dielectric have been taken from FCC Supplement C.

Page 4 of 10
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NCL Calibration Laboratories

Division of APREL Laboratories.

Receiving Pattern 5800 MHz (Air)

Receiving Pattern Probe s/n 222 5800MHz

‘ —— Chl —=—Ch2 Ch3 —O—Tot‘

Page 5 of 10
This page has been reviewed for content and attested to on Page 2 of this document.



NCL Calibration Laboratories

Division of APREL Laboratories.

Isotropy Error 5800 MHz (Air)

Isotropy Error
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NCL Calibration Laboratories

Division of APREL Laboratories.

Dynamic Range

Probe 222 Dynamic Range
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NCL Calibration Laboratories

Division of APREL Laboratories.

Video Bandwidth

Probe Frequency Characteristics

, ™\
\

Probe output level (dB)

1 10 100 1000 10000

Frequency (Hz)

Video Bandwidth at 500 Hz 1dB
Video Bandwidth at 1.02 KHz: 3dB
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NCL Calibration Laboratories
Division of APREL Laboratories.

Conversion Factor Uncertainty Assessment Measured

Frequency: 5800MHz

Epsilon: 49.1 (+/-10%) Sigma: 6.2 S/m (+/-10%)
ConvF

Channel X: 3.2 7%(K=2)

Channel Y: 3.2 7%(K=2)

Channel Z: 3.2 7%(K=2)

To minimize the uncertainty calculation all tissue sensitivity values were calculated
using a load impedance of 5 MQ.

Boundary Effect:

For a distance of 0.4mm the evaluated uncertainty (increase in the probe sensitivity)
is less than 2%.

Page 9 of 10
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NCL Calibration Laboratories
Division of APREL Laboratories.

Test Equipment

The test equipment used during Probe Calibration, manufacturer, model number
and, current calibration status are listed and located on the main APREL server
R:\NCL\Calibration Equipment\Instrument List May 2009.
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NCL CALIBRATION LABORATORIES

Calibration File No: DC-916
Project Number: APREL-ALSAS 10U

CERTIFICATE OF CALIBRATION

It is certified that the equipment identified below has been calibrated in the
NCL CALIBRATION LABORATORIES by qualified personnel following recognized

procedures and using transfer standards traceable to NRC/NIST.

APREL Validation Dipole
Manufacturer: APREL Laboratories
Part number: ALS-D-1900-S-2
Frequency: 1900 MHz

Serial No: 1900-210-00704

Customer: APREL

Calibrated:2" March 2009
Released on: 2" march 2009

Released By:

N Q L CALIBRATION LABORATORIES

51 SPECTRUM WAY Division of APREL Lab.
NEPEAN, ONTARIO TEL: (613) 820-4988
CANADA K2R 1E6 FAX: (613) 820-4162



NCL Calibration Laboratories
Division of APREL Laboratories.

Conditions
Dipole 1900-210-00704 was a re-calibration.

Ambient Temperature of the Laboratory: 22 °C +/- 0.5°C
Temperature of the Tissue: 21 °C +/- 0.5°C

We the undersigned attest that to the best of our knowledge the calibration of

this device has been accurately conducted and that all information contained
within this report has been reviewed for accuracy.

Stuart Nicol

D. Brooks

This page has been reviewed for content and attested to by signature within this document.



NCL Calibration Laboratories
Division of APREL Laboratories.

Calibration Results Summary

The following results relate the Calibrated Dipole and should be used as a quick
reference for the user.

Mechanical Dimensions

Length: 68.0 mm
Height: 39.5 mm

Electrical Specification

SWR: 1.10U
Return Loss: -26.3 dB
Impedance: 48.4 Q

System Validation Results

Frequency | 1 Gram | 10 Gram | Peak
1900 MHz | 37.96 19.81 70.56

Area Scan
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NCL Calibration Laboratories
Division of APREL Laboratories.

Introduction

This Calibration Report has been produced in line with the SSI Dipole Calibration
Procedure SSI-TP-018-ALSAS. The results contained within this report are for
Validation Dipole 1900-210-00704. The calibration routine consisted of a three-step
process. Step 1 was a mechanical verification of the dipole to ensure that it meets
the mechanical specifications. Step 2 was an Electrical Calibration for the Validation
Dipole, where the SWR, Impedance, and the Return loss were assessed. Step 3
involved a System Validation using the ALSAS-10U, along with APREL E-020 130
MHz to 26 GHz E-Field Probe Serial Number 212.

References

SSI-TP-018-ALSAS Dipole Calibration Procedure

SSI-TP-016 Tissue Calibration Procedure

IEEE 1528 “Recommended Practice for Determining the Peak Spatial-Average

Specific Absorption Rate (SAR) in the Human Body Due to Wireless
Communications Devices: Experimental Techniques”

Conditions
Dipole 1900-210-00704 was a re-calibration.

Ambient Temperature of the Laboratory: 22 °C +/- 0.5°C
Temperature of the Tissue: 20 °C +/- 0.5°C

This page has been reviewed for content and attested to by signature within this document.



NCL Calibration Laboratories

Division of APREL Laboratories.

Dipole Calibration Results

Mechanical Verification

APREL APREL Measured Measured
Length Height Length Height
68.0 mm 39.5 mm 69.1mm 40.3 mm

Tissue Validation

Head Tissue 1900 MHz | Measured

Dielectric constant, g, 40.0

Conductivity, o [S/m] 1.40

This page has been reviewed for content and attested to by signature within this document.



NCL Calibration Laboratories

Division of APREL Laboratories.

Electrical Calibration

Test Result
S11R/L -26.3 dB
SWR 1.10U
Impedance 48.4 Q

The Following Graphs are the results as displayed on the Vector Network Analyzer.

S11 Parameter Return Loss
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SWR
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Smith Chart Dipole Impedance
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Division of APREL Laboratories.

System Validation Results Using the Electrically Calibrated Dipole

Head Tissue | 1 Gram | 10 Gram Peak
Frequency Above Feed Point
1900 MHz 37.96 19.81 70.56

Area Scan
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NCL Calibration Laboratories
Division of APREL Laboratories.

Test Equipment

The test equipment used during Probe Calibration, manufacturer, model number
and, current calibration status are listed and located on the main APREL server
R:\NCL\Calibration Equipment\Instrument List May 2007.
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NCL CALIBRATION LABORATORIES

Calibration File No.: CP-913

Client.: APREL

CERTIFICATE OF CALIBRATION

It is certified that the equipment identified below has been calibrated in the
NCL CALIBRATION LABORATORIES by qualified personnel following recognized

procedures and using transfer standards traceable to NRC/NIST.

Equipment: Miniature Isotropic RF Probe 835 MHz

Manufacturer: APREL Laboratories
Model No.: E-020
Serial No.: 225

Calibration in Body Tissue

Calibration Procedure: SSI/DRB-TP-D01-032-E020-V2
Project No: Internal APREL

Calibrated: 4™ May 2009
Released on: 4™ May 2009

— \
This Calibration Certificate is ln‘complTe Unless AT@mpanied with the Calibration Results Summary
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Released By: Ab \l hl\‘ \'\ \//\‘)J\
N Q L CALIBRATION LABORATORIES

51 SPECTRUM WAY Division of APREL Lab.
NEPEAN, ONTARIO TEL: (613) 820-4988
CANADA K2R 1E6 FAX: (613) 820-4161




NCL Calibration Laboratories
Division of APREL Laboratories.

Introduction

This Calibration Report reproduces the results of the calibration performed in line
with the SSI/DRB-TP-D01-032-E020-V2 E-Field Probe Calibration Procedure. The
results contained within this report are for APREL E-Field Probe E-020 226.

References

SSI/DRB-TP-D01-032-E020-V2 E-Field Probe Calibration Procedure

IEEE 1528 “Recommended Practice for Determining the Peak Spatial-Average
Specific Absorption Rate (SAR) in the Human Body Due to Wireless
Communications Devices: Experimental Techniques”

SSI-TP-011 Tissue Calibration Procedure

Conditions
Probe 225 was a re-calibration.

Ambient Temperature of the Laboratory: 22 °C +/- 0.5°C
Temperature of the Tissue: 21 °C +/- 0.5°C

We the undersigned attest that to the best of our knowledge the calibration of
this probe has bgen accurately conducted and that all information contained
with_}ﬁ‘this report has been reviewed for accuracy.

Q -
Ifl i h \\ / ;{\'__
AR MASYVAY

7Y
Stuart Nicol

N

—

'{."’ ,\/36-¢ P 74”7'4-—-_. ——
Jeg_{é Hones
&
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NCL Calibration Laboratories

Division of APREL Laboratories.

Calibration Results Summary

Probe Type: E-Field Probe E-020
Serial Number: 226

Frequency: 835 MHz

Sensor Offset: 1.56 mm

Sensor Length: 2.5 mm

Tip Enclosure: Ertalyte*

Tip Diameter: <2.9 mm

Tip Length: 60 mm

Total Length: 290 mm

*Resistive to recommended tissue recipes per IEEE-1528

Sensitivity in Air

Channel X: 1.2 pVv/(V/m)?
Channel Y: 1.2 pVv/(Vim)>?
Channel Z: 1.2 pV/(V/m)?
Diode Compression Point: 95 mV

Page 3 of 10
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NCL Calibration Laboratories

Division of APREL Laboratories.

Sensitivity in Body Tissue

Frequency:

Epsilon:

ConvF

Channel X:

Channel Y:

Channel Z:

56.1 (+/-5%)

6.6
6.6

6.6

835 MHz

Sigma: 0.95 S/m (+/-5%)

Tissue sensitivity values were calculated using the load impedance of the APREL
Laboratories Dag-Pagq.

Boundary Effect:

Uncertainty resulting from the boundary effect is less than 2% for the distance
between the tip of the probe and the tissue boundary, when less than 1.44mm.

Spatial Resolution:

The measured probe tip diameter is 2.9 mm (+/- 0.01 mm) and therefore meets the
requirements of SSI/DRB-TP-D01-032 for spatial resolution.

Page 4 of 10
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NCL Calibration Laboratories

Division of APREL Laboratories.

Receiving Pattern 835 MHz (Air)

Receiving Pattern Probe s/n 225 835MHz
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Division of APREL Laboratories.

Isotropy Error 835 MHz (Air)

Isotropy Error
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Division of APREL Laboratories.

Dynamic Range

Probe 225 Dynamic Range
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Division of APREL Laboratories.

Video Bandwidth

Probe Frequency Characteristics

, ™\

Probe output level (dB)

1 10 100 1000 10000

Frequency (Hz)

Video Bandwidth at 500 Hz 1dB
Video Bandwidth at 1.02 KHz: 3dB
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NCL Calibration Laboratories
Division of APREL Laboratories.

Conversion Factor Uncertainty Assessment

Frequency: 835MHz

Epsilon: 56.1 (+/-5%) Sigma: 0.95 S/m (+/-5%)
ConvF

Channel X: 6.6 7%(K=2)

Channel Y: 6.6 7%(K=2)

Channel Z: 6.6 7%(K=2)

To minimize the uncertainty calculation all tissue sensitivity values were calculated
using a load impedance of 5 MQ.

Boundary Effect:

For a distance of 1.4mm the evaluated uncertainty (increase in the probe sensitivity)
is less than 2%.

Page 9 of 10
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NCL Calibration Laboratories
Division of APREL Laboratories.

Test Equipment

The test equipment used during Probe Calibration, manufacturer, model number
and, current calibration status are listed and located on the main APREL server
R:\NCL\Calibration Equipment\Instrument List May 2007.
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NCL Calibration Laboratories
Division of APREL Laboratories.

Test Equipment

The test equipment used during Probe Calibration, manufacturer, model number
and, current calibration status are listed and located on the main APREL server
R:\NCL\Calibration Equipment\Instrument List May 2009.
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NCL CALIBRATION LABORATORIES

Calibration File No.: CP-914

Client.: APREL

CERTIFICATE OF CALIBRATION

It is certified that the equipment identified below has been calibrated in the
NCL CALIBRATION LABORATORIES by qualified personnel following recognized

procedures and using transfer standards traceable to NRC/NIST.

Equipment: Miniature Isotropic RF Probe 1900 MHz

Manufacturer: APREL Laboratories
Model No.: E-020
Serial No.: 225

Calibration in Body Tissue

Calibration Procedure: SSI/DRB-TP-D01-032-E020-V2
Project No: Internal APREL

Calibrated: 4™ May 2009
Released on: 4™ May 2009

— \
This Calibration Certificate is ln‘complTe Unless AT@mpanied with the Calibration Results Summary

-~

Released By: Ab \l hl\‘ \'\ \//\‘)J\
N Q L CALIBRATION LABORATORIES

51 SPECTRUM WAY Division of APREL Lab.
NEPEAN, ONTARIO TEL: (613) 820-4988
CANADA K2R 1E6 FAX: (613) 820-4161




NCL Calibration Laboratories
Division of APREL Laboratories.

Introduction

This Calibration Report reproduces the results of the calibration performed in line
with the SSI/DRB-TP-D01-032-E020-V2 E-Field Probe Calibration Procedure. The
results contained within this report are for APREL E-Field Probe E-020 226.

References

SSI/DRB-TP-D01-032-E020-V2 E-Field Probe Calibration Procedure

IEEE 1528 “Recommended Practice for Determining the Peak Spatial-Average
Specific Absorption Rate (SAR) in the Human Body Due to Wireless
Communications Devices: Experimental Techniques”

SSI-TP-011 Tissue Calibration Procedure

Conditions
Probe 225 was a re-calibration.

Ambient Temperature of the Laboratory: 22 °C +/- 0.5°C
Temperature of the Tissue: 21 °C +/- 0.5°C

We the undersigned attest that to the best of our knowledge the calibration of
this probe has bgen accurately conducted and that all information contained
with_}ﬁ‘this report has been reviewed for accuracy.
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Ifl i h \\ / ;{\'__
AR MASYVAY

7Y
Stuart Nicol
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NCL Calibration Laboratories

Division of APREL Laboratories.

Calibration Results Summary

Probe Type: E-Field Probe E-020
Serial Number: 226

Frequency: 1900 MHz

Sensor Offset: 1.56 mm

Sensor Length: 2.5 mm

Tip Enclosure: Ertalyte*

Tip Diameter: <2.9 mm

Tip Length: 60 mm

Total Length: 290 mm

*Resistive to recommended tissue recipes per IEEE-1528

Sensitivity in Air

Channel X: 1.2 pVv/(V/m)?
Channel Y: 1.2 pVv/(Vim)>?
Channel Z: 1.2 pV/(V/m)?
Diode Compression Point: 95 mV

Page 3 of 10
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NCL Calibration Laboratories

Division of APREL Laboratories.

Sensitivity in Body Tissue

Frequency: 1900 MHz
Epsilon: 54.0 (+/-5%) Sigma: 1.45 S/m (+/-5%)
ConvF

Channel X: 4.9

Channel Y: 4.9

Channel Zz: 4.9

Tissue sensitivity values were calculated using the load impedance of the APREL
Laboratories Dag-Pagq.

Boundary Effect:

Uncertainty resulting from the boundary effect is less than 2% for the distance
between the tip of the probe and the tissue boundary, when less than 1.44mm.
Spatial Resolution:

The measured probe tip diameter is 2.9 mm (+/- 0.01 mm) and therefore meets the
requirements of SSI/DRB-TP-D01-032 for spatial resolution.
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Division of APREL Laboratories.

Receiving Pattern 1900 MHz (Air)

Receiving Pattern Probe s/n 225 1900MHz
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Isotropy Error 1900 MHz (Air)

Isotropy Error
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Division of APREL Laboratories.

Dynamic Range

Probe 225 Dynamic Range
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Division of APREL Laboratories.

Video Bandwidth

Probe Frequency Characteristics

, ™\

Probe output level (dB)

1 10 100 1000 10000

Frequency (Hz)

Video Bandwidth at 500 Hz 1dB
Video Bandwidth at 1.02 KHz: 3dB
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NCL Calibration Laboratories
Division of APREL Laboratories.

Conversion Factor Uncertainty Assessment

Frequency: 1900MHz

Epsilon: 54.0 (+/-5%) Sigma: 1.45 S/m (+/-5%)
ConvF

Channel X: 4.9 7%(K=2)

Channel Y: 4.9 7%(K=2)

Channel Z: 4.9 7%(K=2)

To minimize the uncertainty calculation all tissue sensitivity values were calculated
using a load impedance of 5 MQ.

Boundary Effect:

For a distance of 1.4mm the evaluated uncertainty (increase in the probe sensitivity)
is less than 2%.
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Test Equipment

The test equipment used during Probe Calibration, manufacturer, model number
and, current calibration status are listed and located on the main APREL server
R:\NCL\Calibration Equipment\Instrument List May 2009.
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NCL CALIBRATION LABORATORIES

Calibration File No: DC-889
Project Number: APREL-ALSAS10U

CERTIFICATE OF CALIBRATION

It is certified that the equipment identified below has been calibrated in the
NCL CALIBRATION LABORATORIES by qualified personnel following recognized

procedures and using transfer standards traceable to NRC/NIST.

APREL Validation Dipole
Manufacturer: APREL Laboratories
Part number: ALS-D-2450-S-2
Frequency: 2450 MHz

Serial No: 301581

Customer: APREL

Calibrated: 4™ May 2009
Released on: 4™ May 2009

Released By:

N Q L CALIBRATION LABORATORIES

51 SPECTRUM WAY Division of APREL Lab.
NEPEAN, ONTARIO TEL: (613) 820-4988
CANADA K2R 1E6 FAX: (613) 820-4162



NCL Calibration Laboratories
Division of APREL Laboratories.

Conditions

Dipole 301581 was new and taken from stock prior to calibration.

Ambient Temperature of the Laboratory: 22 °C +/- 0.5°C
Temperature of the Tissue: 21 °C +/-0.5°C

We the undersigned attest that to the best of our knowledge the calibration of

this device has been accurately conducted and that all information contained
within this report has been reviewed for accuracy.

Stuart Nicol

Constantine Teodorian

This page has been reviewed for content and attested to by signature within this document.
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Calibration Results Summary

The following results relate the Calibrated Dipole and should be used as a quick
reference for the user.

Mechanical Dimensions

Length: 52.4 mm
Height: 30.3 mm

Electrical Specification

SWR: 1.056 U
Return Loss: -32.0 dB
Impedance: 50.2 Q

System Validation Results

Frequency | 1 Gram | 10 Gram | Peak
2450 MHz 53.1 24.4 101.8
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NCL Calibration Laboratories
Division of APREL Laboratories.

Introduction

This Calibration Report has been produced in line with the SSI Dipole Calibration
Procedure SSI-TP-018-ALSAS. The results contained within this report are for
Validation Dipole 301581. The calibration routine consisted of a three-step process.
Step 1 was a mechanical verification of the dipole to ensure that it meets the
mechanical specifications. Step 2 was an Electrical Calibration for the Validation
Dipole, where the SWR, Impedance, and the Return loss were assessed. Step 3
involved a System Validation using the ALSAS-10U, along with APREL E-020 130
MHz to 26 GHz E-Field Probe Serial Number 212.

References

SSI-TP-018-ALSAS Dipole Calibration Procedure

SSI-TP-016 Tissue Calibration Procedure

IEEE 1528 “Recommended Practice for Determining the Peak Spatial-Average
Specific Absorption Rate (SAR) in the Human Body Due to Wireless
Communications Devices: Experimental Techniques”

IEC-62209 “Human exposure to radio frequency fields from hand-held and body-
mounted wireless communication devices — Human models, instrumentation, and
procedures”

Part 1: “Procedure to determine the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity of the ear (frequency range of 300 MHz to 3 GHz)”
IEC-62209 “Human exposure to radio frequency fields from hand-held and body-
mounted wireless communication devices — Human models, instrumentation, and
procedures”

Part 2 Draft: “Procedure to determine the Specific Absorption Rate (SAR) for hand-
held devices used in close proximity of the ear (frequency range of 30 MHz to 6
GHz)”

Conditions
Dipole 301581 was new taken from stock.

Ambient Temperature of the Laboratory: 22 °C +/- 0.5°C
Temperature of the Tissue: 20 °C +/- 0.5°C

This page has been reviewed for content and attested to by signature within this document.



NCL Calibration Laboratories

Division of APREL Laboratories.

Dipole Calibration Results

Mechanical Verification

APREL APREL Measured Measured
Length Height Length Height
51.5 mm 30.4 mm 52.4 mm 30.3 mm

Tissue Validation

Head Tissue 2450 MHz | Measured

Dielectric constant, g, 39.2

Conductivity, o [S/m] 1.80

This page has been reviewed for content and attested to by signature within this document.
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Division of APREL Laboratories.

Electrical Calibration

Test Result
S11R/L -32.0 dB
SWR 1.05U
Impedance 50.2 Q

The Following Graphs are the results as displayed on the Vector Network Analyzer.

S11 Parameter Return Loss
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SWR
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Smith Chart Dipole Impedance
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System Validation Results Using the Electrically Calibrated Dipole

Frequency 1 Gram | 10 Gram Peak
2450 MHz 53.1 24.4 101.8

Area Scan
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Test Equipment

The test equipment used during Probe Calibration, manufacturer, model number
and, current calibration status are listed and located on the main APREL server
R:\NCL\Calibration Equipment\Instrument List May 2009.
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NCL CALIBRATION LABORATORIES

Calibration File No: DC-890
Project Number: APREL-ALSAS 10U

CERTIFICATE OF CALIBRATION

It is certified that the equipment identified below has been calibrated in the
NCL CALIBRATION LABORATORIES by qualified personnel following recognized

procedures and using transfer standards traceable to NRC/NIST.

APREL Validation Dipole

Manufacturer: APREL Laboratories
Part number: ALS-D-5258-S-2
Frequency: 5.2GHz to 5.8GHz

Serial No: 5258-235-00802

Customer: APREL

Serial Number:  ALS-BB-001

Calibrated: 25™ May 2009
Released on: 25" May 2009

Released By:

N Q L CALIBRATION LABORATORIES

51 SPECTRUM WAY Division of APREL Lab.
NEPEAN, ONTARIO TEL: (613) 820-4988
CANADA K2R 1E6 FAX: (613) 820-4162



NCL Calibration Laboratories
Division of APREL Laboratories.

Conditions

Dipole 5258-235-00802 was new and taken from stock prior to calibration.

Ambient Temperature of the Laboratory: 22 °C +/- 0.5°C
Temperature of the Tissue: 21 °C +/- 0.5°C

We the undersigned attest that to the best of our knowledge the calibration of

this device has been accurately conducted and that all information contained
within this report has been reviewed for accuracy.

Stuart Nicol

Constantine Teodorian

This page has been reviewed for content and attested to by signature within this document.
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Calibration Results Summary

The following results relate the Calibrated Dipole and should be used as a quick
reference for the user.

Mechanical Dimensions

Length: 23.3 mm
Height: 20.3 mm

Electrical Specification

SWR: 1.22 U
Return Loss: -20.0 dB
Impedance: 50.0 Q

System Validation Results

Frequency | 1 Gram | 10 Gram | Peak
5200 MHz 51.9 17.9 223.1

Area Scan
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Frequency | 1 Gram | 10 Gram | Peak
5600 MHz | 52.97 18.2 243.1

Area Scan
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Frequency | 1 Gram | 10 Gram | Peak
5800 MHz | 48.97 17.2 207.1

Area Scan
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NCL Calibration Laboratories
Division of APREL Laboratories.

Introduction

This Calibration Report has been produced in line with the SSI Dipole Calibration
Procedure SSI-TP-018-ALSAS. The results contained within this report are for
Validation Dipole 5258-235-00802. The calibration routine consisted of a three-step
process. Step 1 was a mechanical verification of the dipole to ensure that it meets
the mechanical specifications. Step 2 was an Electrical Calibration for the Validation
Dipole, where the SWR, Impedance, and the Return loss were assessed. Step 3
involved a System Validation using the ALSAS-10U, along with APREL E-030 018
E-Field Probe.

References

SSI-TP-018-ALSAS Dipole Calibration Procedure

SSI-TP-016 Tissue Calibration Procedure

IEEE 1528 “Recommended Practice for Determining the Peak Spatial-Average

Specific Absorption Rate (SAR) in the Human Body Due to Wireless
Communications Devices: Experimental Techniques”

Conditions
Dipole 5258-235-00802 was new taken from stock.

Ambient Temperature of the Laboratory: 22 °C +/- 0.5°C
Temperature of the Tissue: 20 °C +/- 0.5°C

This page has been reviewed for content and attested to by signature within this document.
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Division of APREL Laboratories.

Dipole Calibration Results

Tissue Validation

Head Tissue 5200 MHz | Measured
Dielectric constant, g, 47.0
Conductivity, o [S/m] 5.30
Head Tissue 5600 MHz | Measured
Dielectric constant, g 46.1
Conductivity, o [S/m] 5.78
Head Tissue 5800 MHz | Measured
Dielectric constant, g, 46.7
Conductivity, o [S/m] 6.22

Mechanical Verification

APREL Length

APREL Height

Measured Length

Measured Height

23.1 mm 20.7 mm 23.3 mm 20.3 mm
Electrical Calibration
S11 5200MHz 5800MHz
RL (dB) -21.16 -22.34
SWR 1.2 1.17
Impedance (ohms) 51.38 43.92

This page has been reviewed for content and attested to by signature within this document.
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The Following Graphs are the results as displayed on the Vector Network Analyzer.

S11 Parameter Return Loss

22 REVERSE REFLECTION CH 4 - 529

REFEREWCE FPLAHE
LOG MAGMITUDE »REF=-20.888 dB J.888 dB/DIV @088 mm

MARKER 1
2.200088 GHz
-21.168 dB

MARKER TO MAX
FHARKER TO HIN

2  5.6HBBBA GHz
-Z20.986 dB

3  3.0PBBBA GH=z
-22.337 db

: : : ' : ' : : : MARKER RERDOUT
q4.8000880 GHz 7.008884 FUMCTIOMS

This page has been reviewed for content and attested to by signature within this document.



NCL Calibration Laboratories
Division of APREL Laboratories.

SWR
522 REVERSE REFLECTION CH 4 - 520
REFERENCE PLANE
SUR VREF=2.50@ U SA@.A88 nl DIV B.AEAAE mu
: : : : MARKER 1
S.2AARAA GHz
1.199 [

MARKER TO MAX
FHARKER TO HIN

2  5.6HBBBA GHz
1.288 U

3  3.0PBBBA GH=z
1.163 U

: : : ' : ' : : : MARKER RERDOUT
q4.8000880 GHz 7.008884 FUMCTIOMS

This page has been reviewed for content and attested to by signature within this document.



NCL Calibration Laboratories
Division of APREL Laboratories.

Smith Chart Dipole Impedance
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Test Equipment

The test equipment used during Probe Calibration, manufacturer, model number
and, current calibration status are listed and located on the main APREL server
R:\NCL\Calibration Equipment\Instrument List May 2009.
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NCL CALIBRATION LABORATORIES

Calibration File No: DC-915
Project Number: APREL-ALSAS-10U

CERTIFICATE OF CALIBRATION

It is certified that the equipment identified below has been calibrated in the
NCL CALIBRATION LABORATORIES by qualified personnel following recognized

procedures and using transfer standards traceable to NRC/NIST.

APREL Validation Dipole
Manufacturer: APREL Laboratories
Part number: ALS-D-835-S-2
Frequency: 835 MHz

Serial No: 835-180-00554

Customer: APREL

Calibrated: 2™ March 2009
Released on: 2" March 2009

Released By:

N Q L CALIBRATION LABORATORIES

51 SPECTRUM WAY Division of APREL Lab.
NEPEAN, ONTARIO TEL: (613) 820-4988
CANADA K2R 1E6 FAX: (613) 820-4162
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Conditions
Dipole 835-180-00554 was a re-calibration.

Ambient Temperature of the Laboratory: 22 °C +/- 0.5°C
Temperature of the Tissue: 21 °C +/- 0.5°C

We the undersigned attest that to the best of our knowledge the calibration of

this device has been accurately conducted and that all information contained
within this report has been reviewed for accuracy.

Stuart Nicol

D. Brooks

This page has been reviewed for content and attested to by signature within this document.
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Calibration Results Summary

The following results relate the Calibrated Dipole and should be used as a quick
reference for the user.

Mechanical Dimensions

Length: 161.0 mm
Height: 89.8 mm

Electrical Specification

SWR: 1.01U
Return Loss: -48.6 dB
Impedance: 49.6 Q

System Validation Results

Frequency | 1 Gram | 10 Gram | Peak
835 MHz 9.49 6.1 14.21

Area Scan

¥oAXIE (mim)
=0 -1 —30 20 -1 =] 10 20 30 w
_20 LR CLEEREEE PR REEE SR eeen P eeer feee e eenrneeer Peeeee e e __20
11.154
10,252 -10 —10

9.320
5.388

7 ASE D _D =

=

=

5.524 o

=

5.592 =

10 -10 =
4 BE0
3.728

2.796 20 20
1.864
0.932
i _

¥oAxXIE (mm)

This page has been reviewed for content and attested to by signature within this document.



NCL Calibration Laboratories
Division of APREL Laboratories.

Introduction

This Calibration Report has been produced in line with the SSI Dipole Calibration
Procedure SSI-TP-018-ALSAS. The results contained within this report are for
Validation Dipole 835-180-00554. The calibration routine consisted of a three-step
process. Step 1 was a mechanical verification of the dipole to ensure that it meets
the mechanical specifications. Step 2 was an Electrical Calibration for the Validation
Dipole, where the SWR, Impedance, and the Return loss were assessed. Step 3
involved a System Validation using the ALSAS-10U, along with APREL E-020 130
MHz to 26 GHz E-Field Probe Serial Number 212.

References

SSI-TP-018-ALSAS Dipole Calibration Procedure

SSI-TP-016 Tissue Calibration Procedure

IEEE 1528 “Recommended Practice for Determining the Peak Spatial-Average

Specific Absorption Rate (SAR) in the Human Body Due to Wireless
Communications Devices: Experimental Techniques”

Conditions
Dipole 835-180-00554 was a re-calibration.

Ambient Temperature of the Laboratory: 22 °C +/- 0.5°C
Temperature of the Tissue: 20 °C +/- 0.5°C

This page has been reviewed for content and attested to by signature within this document.
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Dipole Calibration Results

Mechanical Verification

APREL APREL Measured Measured
Length Height Length Height
161.0 mm 89.8 mm 162.2 mm 90.3 mm

Tissue Validation

Head Tissue 835MHz Measured

Dielectric constant, g, 41.5

Conductivity, o [S/m] 0.90
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Electrical Calibration

Test Result
S11RL -48.6 dB
SWR 1.01U
Impedance 49.6 Q

The Following Graphs are the results as displayed on the Vector Network Analyzer.

S11 Parameter Return Loss
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SWR
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Smith Chart Dipole Impedance
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System Validation Results Using the Electrically Calibrated Dipole

Head Tissue | 1 Gram | 10 Gram Peak
Frequency Above Feed Point
835 MHz 9.49 6.1 14.21

Area Scan
Yo Axis ()
=0 B ] ] -0 =10 o 10 i) 30 L]
'20 LEEEECEEE TLARERREE FEEREE RS FECETens EOREECEr TECEREeer EORERCEEr e REREREREE 1

11.184
10252
9.320
8.388

7456
6.524
5552

(WY sey w0

4 660

3728
2796
1.864

0.932
0.000 30

1 | | 1 il _30

f—
A
H
B
=
a-
=
=
=
5

Y Axis (mm)

This page has been reviewed for content and attested to by signature within this document.



NCL Calibration Laboratories
Division of APREL Laboratories.

Test Equipment

The test equipment used during Probe Calibration, manufacturer, model number
and, current calibration status are listed and located on the main APREL server
R:\NCL\Calibration Equipment\Instrument List May 2007.
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