NCL CALIBRATION LABORATORIES
Calibration File No.: 1364-1375

Client.: IAC

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
Record of Calibration
Head and Body
Manufacturer: APREL Laboratories
Model No.: E-020
Serial No.: 500-00273

Calibration Procedure: DO01-032-E020-V2, D22-012-Tissue, D28-002-Dipole
Project No: ISL-E020-5612

Calibrated: 1% October 2011
Released on: 5" October 2011
Approved By:  Stuart Nicol

This Calibration Certificate is Incomplefe Unless hnied with the Calibration Results Summary

Released By:

N Q L CALIBRATION LABORATORIES

303 Terry Fox Drive, Suite 102 Division of APREL
Kanata, Ontario TEL: (613) 435-8300
CANADA K2K 3J1 FAX: (613) 435-8306




NCL Calibration Laboratories
Division of APREL Inc.

Introduction

This Calibration Report reproduces the results of the calibration performed in line with the references
listed below. Calibration is performed using accepted methodologies as per the references listed
below. Probes are calibrated for air, and tissue and the values reported are the results from the
physical quantification of the probe through meteorgical practices.

Calibration Method
Probes are calibrated using the following methods.

<1000MHz
TEM Cell for sensitivity in air
Standard phantom using temperature transfer method for sensitivity in tissue

>1000MHz
Waveguide* method to determine sensitivity in air and tissue
*Waveguide is numerically (simulation) assessed to determine the field distribution and power

The boundary effect for the probe is assessed using a standard flat phantom where the probe output
is compared against a numerically simulated series of data points

References

o IEEE Standard 1528 (2003) including Amendment 1
IEEE Recommended Practice for Determining the Peak Spatial-Average Specific Absorption
Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques

o EN 62209-1 (2006)
Human Exposure to RF Fields from hand-held and body-mounted wireless communication
devices - Human models. instrumentation, and procedures-Part 1: Procedure to measure
the Specific Absorption Rate (SAR) for hand-held mobile wireless devices

o IEC 62209-2 Ed. 1.0 (2010-03)

Human exposure to RF fields from hand-held and body-mounted wireless devices - Human

models, instrumentation, and procedures - Part 2: specific absorption rate (SAR) for

wireless communication devices (30 MHz - 6 GHz)

TP-D01-032-E020-V2 E-Field probe calibration procedure

D22-012-Tissue dielectric tissue calibration procedure

D28-002-Dipole procedure for validation of SAR system using a dipole

IEEE 1309 Draft Standard for Calibration of Electromagnetic Field Sensors and Probes,

Excluding Antennas, from 9kHz to 40GHz
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NCL Calibration Laboratories

Division of APREL Inc.

Conditions

Probe 500-00273 was a recalibration.
**The probe was received in good working order, although at 1900MHz the uncertainty was higher
than our standard (see note**)

Ambient Temperature of the Laboratory: 22 °C +/- 1.5°C
Temperature of the Tissue: 21°C +/-1.5°C
Relative Humidity: <60%

Primary Measurement Standards

Instrument Serial Number Cal due date
Power meter Anritsu MA2408A 90025437 Nov.4, 2011
Power Sensor Anritsu MA2481D 103555 Nov 4, 2011
Attenuator HP 8495A (70dB) 1944A10711 Sept. 14, 2011
Network Analyzer Anritsu MT8801C MB11855 Feb. 8, 2012

Secondary Measurement Standards

Signal Generator Agilent E4438C -506 MY55182336 June 7, 2012

Attestation

The below named signatories have conducted the calibration and review of the data which is
presented in this calibration report.

We the undersigned attest that to the best of our knowledge the calibration of
this probe has been agturately conducted and that all information contained
withi is report h een reviewed for accuracy.

v ) W \
Stuart Nicol '

st e

Jessé€ Hones

p=

Page 3 of 10
This page has been reviewed for content and attested to on Page 2 of this document.



NCL Calibration Laboratories

Division of APREL Inc.

Probe Summary

Probe Type: E-Field Probe E020
Serial Number: 500-00273

Frequency: As presented on page 5
Sensor Offset: 1.56

Sensor Length: 2.5

Tip Enclosure: Composite*

Tip Diameter: <2.9mm

Tip Length: 55 mm

Total Length: 289 mm

*Resistive to recommended tissue recipes per IEEE-1528

Sensitivity in Air

Channel X: 1.2 uV/(VIim)?
Channel Y: 1.2 uV/(VIim)?
Channel Z: 1.2 uV/(V/im)?
Diode Compression Point: 95 mV
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NCL Calibration Laboratories

Division of APREL Inc.

Calibration for Tissue (Head H, Body B)

Tissue Measured Measured | Calibration Toleran_ce Conversion
Frequency . X . Uncertainty
Type Epsilon Sigma Uncertainty for 5%+ Factor
450 H Head X X X X X
450 B Body X X X X X
750 H Head X X X X X
750 B Body X X X X X
850 H Head 42.86 0.95 3.5 3.4 6.5
850 B Body 53.71 1.04 3.5 3.4 6.4
900 H Head 41.5 0.99 3.5 3.4 6.1
900 B Body 53.25 1.04 3.5 3.4 6.3
1450 H Head X X X X X
1450 B Body X X X X X
1500 H Head X X X X X
1500 B Body X X X X X
1640 H Head X X X X X
1640 B Body X X X X X
1750 H Head X X X X X
1750 B Body X X X X X
1800 H Head 36.85 1.35 3.5 2.7 5.5
1800 B Body 52.38 1.5 3.5 2.7 5.4
1900 H Head 38.21 1.46 3.5 2.7 5.7
1900 B Body 52.1 1.59 3.5 2.7 5.4
2000 H Head X X X X X
2000 B Body X X X X X
2100 H Head 39.8 1.49 3.5 2.9 5.0
2100 B Body 53.0 1.58 3.5 2.9 4.9
2300 H Head X X X X X
2300 B Body X X X X X
2450 H Head 38.2 1.84 3.5 3.5 4.65
2450B Body 50.63 1.99 3.5 3.5 4.4
2600 H Head X X X X X
2600 B Body X X X X X
3000 H Head X X X X X
3000 B Body X X X X X
3600 H Head X X X X X
3600 B Body X X X X X
5200 H Head X X X X X
5200 B Body X X X X X
5600 H Head X X X X X
5600 B Body X X X X X
5800 H Head X X X X X
5800 B Body X X X X X
Page 5 of 10
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NCL Calibration Laboratories
Division of APREL Inc.

Boundary Effect:

Uncertainty resulting from the boundary effect is less than 2.1% for the distance between the tip of
the probe and the tissue boundary, when less than 0.58mm.

Spatial Resolution:

The spatial resolution uncertainty is less than 1.5% for 4.9mm diameter probe.
The spatial resolution uncertainty is less than 1.0% for 2.5mm diameter probe.

DAQ-PAQ Contribution

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

Boundary Effect:

For a distance of 0.58mm the worst case evaluated uncertainty (increase in the probe sensitivity) is
less than 2.1%.

NOTES:

*The maximum deviation from the centre frequency when comparing the lower to upper range is
listed.

**1800MHz Head was evaluated at close to the 10% allowable deviation; the deviation has now been
normalized to within 2%.

***1800MHz Body was evaluated at close to the 10% allowable deviation; the deviation has now been
normalized to within 2%.

****1900MHz Body was evaluated at close to the 10% allowable deviation; the deviation has now
been normalized to within 2%.

**xx2450MHz Head was evaluated at close to the 10% allowable deviation; the deviation has now
been normalized to within 2%.

*xekk2450MHz Body was evaluated at close to the 10% allowable deviation; the deviation has now
been normalized to within 2%.
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NCL Calibration Laboratories

Division of APREL Inc.

Receiving Pattern Air

Receiving Pattern Probe E020 S/N 273
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NCL Calibration Laboratories

Division of APREL Inc.

Isotropy Error Air
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NCL Calibration Laboratories

Division of APREL Inc.

Dynamic Range

Dynamic Range Probe S/N 273
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NCL Calibration Laboratories
Division of APREL Inc.

Video Bandwidth

Probe Frequency Characteristics
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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 2011.
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NCL CALIBRATION LABORATORIES

Calibration File No: DC-1217/18
Project Number: SGL-IAC-DC-5582-93

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.

Validation Dipole
835MHz Head & Body

Manufacturer: APREL Laboratories
Part number: ALS-D-835-S-2
Frequency: 835MHz
Serial No: 180-00556

Customer: IAC

Calibrated: 17" May 2011
Released on: 27" May 2011

o, 1 A
This Calibration Certificate is ln‘complTe Unless AT@mpanied with the Calibration Results Summary
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NCL Calibration Laboratories

Division of APREL Inc.

Conditions
Dipole 180-00556 was a re-calibration.

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

Dipoles are calibrated on the ALSAS-10U with a feed power normalized to 1Watt.

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.

A \
! {\ '
N RN
"1 | -4\:\-\/ AVA
Stuart Nicol

y ;// -

C. Teodorian

Primary Measurement Standards

Instrument Serial Number Cal due date
Power meter Anritsu MA2408A 90025437 Nov.4, 2010
Power Sensor Anritsu MA2481D 103555 Nov 4, 2010
Attenuator HP 8495A (70dB) 1944A10711 Sept. 14, 2010
Network Analyzer Anritsu MT8801C MB11855 Feb. 8, 2011

Secondary Measurement Standards

Signal Generator Agilent E4438C -506 MY55182336 June 7, 2011

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



NCL Calibration Laboratories
Division of APREL Inc.

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 835MHz

Tissue Type Return Loss: Impedance: SWR:
Head -26.655 51.666 1.102U
Body -22.106 57.482 1.177U

System Validation Results

Tissue Frequency | 1 Gram | 10 Gram | Peak
Head 835 MHz 9.590 6.003 15.013
Body 835 MHz 9.981 6.006 15.013

835MHz
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NCL Calibration Laboratories
Division of APREL Inc.

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 180-00556. 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-030 130
MHz to 26 GHz E-Field Probe Serial Number 215.

References

o IEEE Standard 1528 (2003) including Amendment 1
IEEE Recommended Practice for Determining the Peak Spatial-Average Specific Absorption
Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques

o EN 62209-1 (2006)
Human Exposure to RF Fields from hand-held and body-mounted wireless communication
devices - Human models. instrumentation, and procedures-Part 1: Procedure to measure
the Specific Absorption Rate (SAR) for hand-held mobile wireless devices

o IEC 62209-2 Ed. 1.0 (2010-03)

Human exposure to RF fields from hand-held and body-mounted wireless devices - Human

models, instrumentation, and procedures - Part 2: specific absorption rate (SAR) for

wireless communication devices (30 MHz - 6 GHz)

TP-D01-032-E020-V2 E-Field probe calibration procedure

D22-012-Tissue dielectric tissue calibration procedure

D28-002-Dipole procedure for validation of SAR system using a dipole

IEEE 1309 Draft Standard for Calibration of Electromagnetic Field Sensors and Probes,

Excluding Antennas, from 9kHz to 40GHz

O 0O0O0

Conditions
Dipole 180-00556 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 Inc.

Electrical Calibration

Electrical Specification 835MHz

Tissue Type Measured Epsilon Measured Sigma
Head 41.09 0.89
Body 53.15 0.95

Head Tissue

CH 1 - 511
311 FORWARD REFLECTION S BS84 un REF

A.888 dB OFFSET
LOG HAGNITUDE »REF=-20.808 db J.888 dB/DIV 0.ae° OFFSET

rHARKER 2
A.0350808 GHz
-26.633 dB

HARKER TO HAR
HARKER TO HIN

1 B.328839 GHz
-Z20.8081 dB

3 B.849726 GHz
-20.6841 dB

: : : : : HARKER READOUT
B.536500 iHz 1.134504 FUNCTIONS

Body Tissue
511 FORWARD REFLECTION CH 1 - 3511

7.8384 mm REF
@.8@8 dB OFFSET
LOG MAGHITUDE »REF=-20.0088 db 3.8@8 dB/DIV a.aa° OFFSET

PHARKER 2
B.832888 GHz
-22.186 db

HARKER TO HARX

HARKER TO HIN

1 8.838132 GHz
-28.278 db

3  B.530698 GHz
-28.742 db

: : : : : d : 5 : HARKER READOUT
#.5365088 iHz 1.134504 FUNCTIONS
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NCL Calibration Laboratories

Division of APREL Inc.

Electrical Specification 835MHz

Impedance

Tissue Type Measured Epsilon Measured Sigma
Head 41.09 0.89
Body 53.15 0.95

Head Tissue

511 FORWARD REFLECTION 1 CH 1 - 511
IMPEDANCE 3.8384 mm REF

@.808 dbB OFFSET
@.aa° OFFSET

»HARKER 2

B.835008 GHz
S1.666 0
-3.B88 0

HARKER TO HAX
HARKER TO MIN

1 B.620834 GHz
56.289 0

N 7.884 0
3 B.849726 GHz
42,682 0
-6.408 j0

MARKER READOUT

9.536588 - 1.1345088 GHz FUNCTIONS

Body Tissue
CH1 - 511
511 FORWARD REFLECTION
[HPEDRNCE ! 3.8584 nm REF

A.888 dB OFF3ET
a.ma° OFF3ET

»HARKER 2
B.AI5EAD GHz
57.482 1
-2.174 j8

HARKER T0 HAx
HARKER TO HIM

1 9.838132 GHz
BA.468 I

Aw 1.877 ju
3 9.850690 GHz
46.231 1
-7.943 j0

HARKER READOUT
FUNCTIONS

-1
B.336388 - 1.134388 GHz
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NCL Calibration Laboratories

Division of APREL Inc.

Electrical Specification 835MHz

Standing Wave Ratio

Tissue Type Measured Epsilon Measured Sigma
Head 41.09 0.89
Body 53.15 0.95
Head Tissue
S11 FORMARD REFLECTION EHs{aéazlém -
B.A88 dB OFFSET
SHR vREF=1.088 1 1.888 0/D1Y B.ag* OFFSET
' ' : ' : ' »HARKER 2
B.8358A8 GHz
1.182 1

HARKER T0 HAX
HARKER T0O HIN

1 B.828@834 GHz

1.249 1

3 B.849726 GHz
1.23ig u

HARKER REARDOUT

A.536508 GHz 1.134588

FUMCTIOMNS
Body Tissue
311 FORWARD REFLECTION CH1 - 511
2.8384 mm REF
@.88@8 dB OFFSET
SHR vREF=1.880 U 1.888 U/DIY B.EE°  OFFSET
: ; ' P HARKER 2
@.833008 GHz
1.177 U

MARKER TO HAX
MARKER TO HIN

1 B.83m132 GHz
L.ze? U

3 R.33M69R GHz
L.z u

MARKER READOUT
FUNMCTIONS

B.336308 GHz 1.134508
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NCL Calibration Laboratories
Division of APREL Inc.

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 2011.

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



NCL CALIBRATION LABORATORIES

Calibration File No: DC-1219/20
Project Number: SGL-IAC-DC-5582-93

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.

Validation Dipole
900MHz Head and Body

Manufacturer: APREL Laboratories
Part number: ALS-D-900-S-2
Frequency: 900MHz
Serial No: 190-00606

Customer: IAC

Calibrated: 17" May 2011
Released on: 27" May 2011

o, 1 A
This Calibration Certificate is ln‘complTe Unless AT@mpanied with the Calibration Results Summary
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NCL Calibration Laboratories

Division of APREL Inc.

Conditions
Dipole 190-00606 was a re-calibration.

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

Dipoles are calibrated on the ALSAS-10U with a feed power normalized to 1Watt.

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.

A \
! {\ '
N RN

"1 | -4\:\-\/ AVA

Stuart Nicol

e ;// -

C. Teodorian

Primary Measurement Standards

Instrument Serial Number Cal due date
Power meter Anritsu MA2408A 90025437 Nov.4, 2010
Power Sensor Anritsu MA2481D 103555 Nov 4, 2010
Attenuator HP 8495A (70dB) 1944A10711 Sept. 14, 2010
Network Analyzer Anritsu MT8801C MB11855 Feb. 8, 2011

Secondary Measurement Standards

Signal Generator Agilent E4438C -506 MY55182336 June 7, 2011

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



NCL Calibration Laboratories
Division of APREL Inc.

Calibration Results Summary

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

Mechanical Dimensions
Mechanical Dimensions

149 mm
83.3 mm

Length:
Height:

Electrical Specification 900MHz

Tissue Type Return Loss: Impedance: SWR:
Head -27.083 47.024 1.177U
Body -23.506 49,945 1.146

System Validation Results

Tissue Frequency | 1 Gram | 10 Gram | Peak
Head 900 MHz | 10.693 6.631 17.015
Body 900 MHz | 10.954 6.874 18.010

900MHz

Area Scan
¥ Axis (mrm)

() sty ¥

i
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NCL Calibration Laboratories
Division of APREL Inc.

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 190-00606. 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-030 130
MHz to 26 GHz E-Field Probe Serial Number 215.

References

o IEEE Standard 1528 (2003) including Amendment 1
IEEE Recommended Practice for Determining the Peak Spatial-Average Specific Absorption
Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques

o EN 62209-1 (2006)
Human Exposure to RF Fields from hand-held and body-mounted wireless communication
devices - Human models. instrumentation, and procedures-Part 1: Procedure to measure
the Specific Absorption Rate (SAR) for hand-held mobile wireless devices

o IEC 62209-2 Ed. 1.0 (2010-03)

Human exposure to RF fields from hand-held and body-mounted wireless devices - Human

models, instrumentation, and procedures - Part 2: specific absorption rate (SAR) for

wireless communication devices (30 MHz - 6 GHz)

TP-D01-032-E020-V2 E-Field probe calibration procedure

D22-012-Tissue dielectric tissue calibration procedure

D28-002-Dipole procedure for validation of SAR system using a dipole

IEEE 1309 Draft Standard for Calibration of Electromagnetic Field Sensors and Probes,

Excluding Antennas, from 9kHz to 40GHz

O 0O0O0

Conditions
Dipole 190-00606 was a re-calibration.

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

Division of APREL Inc.

Electrical Calibration

Electrical Specification 900MHz

Tissue Type Measured Epsilon Measured Sigma
Head 40.19 0.95
Body 53.89 0.98

Head Tissue

CH 1 - 811
S11 FORWARD REFLECTION S 8584 nwm REF

B.@@@ dB OFFSET

LOG MAGHITUDE »REF=-20.000 dB 5.000 dB/DIV g.ome  OFFSET
' ' ' : : PHARKER 2
0.900800 GHz

-27.88d db
MARKER T0 HAX
MARKER T0 HIN

1 B.879314 GHz
-2@.816 dB

3 B.918378 (Hz
-2@.823 db

H : : : = : = : MARKER RERDOUT
#.681580 GHz 1.199581 FUNCTIONS

Body Tissue

CH 1 - 511
311 FORWARD REFLECTION S BSa4 wn REF

@.888 dB OFFSET
LOG HAGHITUDE »REF=-20.806 dB S.888 dB/SDIV @.088° OFFSET

PHARKER 2
B.900680 GHz
-23.3206 df

HARKER TO HAk
HARKER TO MIN

1 @.886200 GHz
-2@8.819 dB

3 B8.918793 GHz
-28,811 df

: : : : L HARKER RERDOUT
B.6A1504 GHz 1.199588 FUNCTIONS
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NCL Calibration Laboratories

Division of APREL Inc.

Electrical Specification 900MHz

Impedance
Tissue Type Measured Epsilon Measured Sigma
Head 40.19 0.95
Body 53.89 0.98
Head Tissue
?;éEEgEEEHD REFLECTION 1 EHS%@&silém .

A.@@8 dB OFFSET
a.88° OFF3ET

»HARKER 2

B.IR0RA GHz
47.024 1

-2 BRA 10

MARKER T0 HAZ
HARKER T0 HIN

1 0.879514 GHz
60,700 0

Ao 5.018 i@

3 0.910378 GHz
48.592 0
-1.985 j0

MARKER READOUT

B.501500 - 1199588 GHz FURCTIONS

Body Tissue
$11 FORWARD REFLECTION CH 1 - 511
[HPEDANCE ! 5.8584 mm REF

@.088 dB OFFSET
@.a8° OFFSET

»HARKER 2

B.900008 GHz
49,945 §
-5.753 ju

HARKER TO HAX
HARKER TO HIN

1 B.886200 GHz
B1.111 8

N -1.376 38

3 B.910798 GHz
42.173 4
-5.142 j#

HARKER READOUT
FUNCTIONS

B.0B13688 - 1.1995388 GHz
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NCL Calibration Laboratories

Division of APREL Inc.

Electrical Specification 900MHz
Standing Wave Ratio

Tissue Type Measured Epsilon Measured Sigma
Head 40.19 0.95
Body 53.89 0.98

Head Tissue

311 FORWARD REFLECTION CH 1 - 3511
53.8389 nm REF

@.a8@8 dB OFFSET
SHR vREF=1.888 U 1.888 U/DIV 686" OFFSET

»HARKER 2
@.980880 GHz
1.186 U

HARKER TO HAX
MARKER TO MIN

1 B.879514 GHz
1.2449 1

3 B.918378 GHz
1.241 U

: : : : : : : HMARKER READOUT
#.6@1a04 GHz 1.199588 FUNCTIONS

Body Tissue
311 FORWARD REFLECTION CH 1 - 511

5.8384 mm REF
8,888 dB OFFSET
SHR vREF=1.088 U 1.a@@ U/DIV B.88° OFFSET

FHARKER 2
B.988008 GHz
1.146 U

HARKER T0O MAX
HARKER TO MIN

1 9.886208 GHz
1.236 U

3 B.91879G6 OHz
1.234 U

: d : : - : - d : HARKER READOUT
B.6B1388 GHz 1.199508 FUNMCTIONS
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NCL Calibration Laboratories
Division of APREL Inc.

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 2011.

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



NCL CALIBRATION LABORATORIES

Calibration File No: DC-1221/2
Project Number: SGL-IAC-DC-5582-93

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.

Validation Dipole
1800MHz Head

Manufacturer: APREL Laboratories
Part number: ALS-D-1800-S-2
Frequency: 1800MHz
Serial No: 200-00657

Customer: IAC

Calibrated: 19" May 2011
Released on: 27" May 2011

o, 1 A
This Calibration Certificate is ln‘complTe Unless AT@mpanied with the Calibration Results Summary

-~

! \
CJ ! " \
'1—'37—7.' ' |
Released By: AV 'L;'r'\. h\\\v\_//\‘)\)\\

N Q L CALIBRATION LABORATORIES

303 Terry Fox Drive, Suite 102 Division of APREL
Kanata, Ontario TEL: (613) 435-8300
CANADA K2K 3J1 FAX: (613) 435-8306




NCL Calibration Laboratories

Division of APREL Inc.

Conditions
Dipole 200-00657 was a re-calibration.

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

Dipoles are calibrated on the ALSAS-10U with a feed power normalized to 1Watt.

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.

A \
! {\ '
N RN

"1 | -4\:\-\/ AVA

Stuart Nicol

e ;// -

C. Teodorian

Primary Measurement Standards

Instrument Serial Number Cal due date
Power meter Anritsu MA2408A 180025437 Nov.4, 2010
Power Sensor Anritsu MA2481D 103555 Nov 4, 2010
Attenuator HP 8495A (70dB) 1944A10711 Sept. 14, 2010
Network Analyzer Anritsu MT8801C MB11855 Feb. 8, 2011

Secondary Measurement Standards

Signal Generator Agilent E4438C -506 MY55182336 June 7, 2011

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



NCL Calibration Laboratories

Division of APREL Inc.

Calibration Results Summary

The following results relate the Calibrated Dipole and should be used as a quick

reference for the user.

Mechanical Dimensions

Mechanical Dimensions

Length:
Height:

72.0 mm
41.2 mm

Electrical Specification 1800MHz

Tissue Type Return Loss: Impedance: SWR:
Head -29.524 52.089 1.090U
Body -24.182 56.089 1.133U

System Validation Results

Tissue Frequency | 1 Gram | 10 Gram | Peak
Head 1800 MHz | 37.852 | 19.248 | 68.029
Body 1800 MHz | 38.102 | 19.897 | 70.011

1800MHz

Area Scan

41 0680005

32.85595990

24 6419992

H A (mm)

6. 4279295

5.2139997

0.0000000

NOAs (mim)
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NCL Calibration Laboratories
Division of APREL Inc.

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 200-00657. 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-030 130
MHz to 26 GHz E-Field Probe Serial Number 215.

References

o IEEE Standard 1528 (2003) including Amendment 1
IEEE Recommended Practice for Determining the Peak Spatial-Average Specific Absorption
Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques

o EN 62209-1 (2006)
Human Exposure to RF Fields from hand-held and body-mounted wireless communication
devices - Human models. instrumentation, and procedures-Part 1: Procedure to measure
the Specific Absorption Rate (SAR) for hand-held mobile wireless devices

o IEC 62209-2 Ed. 1.0 (2010-03)

Human exposure to RF fields from hand-held and body-mounted wireless devices - Human

models, instrumentation, and procedures - Part 2: specific absorption rate (SAR) for

wireless communication devices (30 MHz - 6 GHz)

TP-D01-032-E020-V2 E-Field probe calibration procedure

D22-012-Tissue dielectric tissue calibration procedure

D28-002-Dipole procedure for validation of SAR system using a dipole

IEEE 1309 Draft Standard for Calibration of Electromagnetic Field Sensors and Probes,

Excluding Antennas, from 9kHz to 40GHz

O 0O0O0

Conditions
Dipole 200-00657 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 Inc.

Electrical Calibration

Electrical Specification 1800MHz

Tissue Type Measured Epsilon Measured Sigma
Head 39.21 1.37
Body 52.16 1.56

Head Tissue

311 FORWARD REFLECTION CH 1 - 3511
53.8389 nm REF

@.a8@8 dB OFFSET
LOG MAGNITUDE »REF=-27.948 dB 6,088 dB/DIV 686" OFFSET

»HARKER 2
1.300088 GHz
-29.524 dB

HARKER TO HAX
MARKER TO MIN

1 1.742688 GHz
-28.832 dB

3 1.339488 GHz
-28.@813 dB

: : : : : : : HMARKER READOUT
1.300808 GHz 2.jnaena FUNCTIONS

Body Tissue

311 FORWARD REFLECTION CH 1 - 3511
3.8584 mm REF

A.088 dB OFF3ET
LOG MAGHITUDE »REF=-20.08680 dB 4.088 dB/DIV A.88° OFF3ET

BHARKER 2
| .GABARE GHz
-24.182 db

MARKER TO MARX
MARKER TO MIN

1 1.736388 GHz
-20.a84 db

3 1.6296@0 GHz
-28.083 db

. —
MARKER RERDOUT

1.300800 iHz 2.3RBAAR FUNCTIONS
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NCL Calibration Laboratories

Division of APREL Inc.

Electrical Specification 1800MHz

Impedance

Tissue Type Measured Epsilon Measured Sigma
Head 39.21 1.37
Body 52.16 1.56

Head Tissue

311 FORWARD REFLECTION 1
IHPEDANCE

-1
|.IBRARA - 2.30AAAR GHz

Body Tissue

511 FORWARD REFLECTION 1

-1
1. JeE88A - 2.3000688 GHz

CH 1 - 511
3.8384 mm REF
B.@88 dB OFF3ET
088" OFF3ET

rHARKER 2

1800000 GHz
52.889 0
-2.925 jn

HARKER TO HAR
MARKER TO MIN

1.7426@08 GHz
41.915 1
4.914 j4

1.834480 GHz
47.837 1
-9.825 0

HARKER RERDOUT
FUNCTIONS

CH 1 - 511
3.8384 mm REF
A.e@p dB OFFSET
a.ee° OFFSET

PHARKER 2

1.800000 GHz
56869 0
-1.524 jn

MARKER TO HMAX
HARKER TO HIN

1 1.756300 GHz
46.305 &

9.115 j&

3 1.529600 GHz
52.842 1
-16.188 iR

MARKER RERDOUT
FUNCTIONS
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NCL Calibration Laboratories

Division of APREL Inc.

Electrical Specification 1800MHz

Standing Wave Ratio

Tissue Type Measured Epsilon Measured Sigma
Head 39.21 1.37
Body 52.16 1.56
Head Tissue
S11 FORMARD REFLECTION EHs{aéazlém -
@888 dB OFF3ET
SHR vREF=1.888 U 1.888 USDIY B.AR® OFFSET
: : : : : MHARKER 2
1.808AABA GHz
1.877 U

1.30a0ae Hz 2.3aBana

Body Tissue

311 FORMARD REFLECTION

SHR »REF=1.008 U 1.a88 U/DIV

1.30aaaa iHz 2.3aBa80

1

3

MARKER TO MAX
HARKER TO MIN

1 1.7426@8 (Hz
1.23a U

3 1.834488 GHz
r.ez? u

HARKER READOUT
FUNMCTIONS

CH 1 - 3§11
3.8384 mm REF
B.888 dB OFFSET
a.6a° OFF3ET
rHARKER 2
1.30@8@8 GHz
1.133 0

HARKER T0 MAX
MARKER TO MIN

1.736388 GHz
r.2ze

1.829608 GHz
r.2z26 U

MARKER READOUT
FUNCTIONS
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NCL Calibration Laboratories
Division of APREL Inc.

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 2011.

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



NCL CALIBRATION LABORATORIES

Calibration File No: DC-1224/5
Project Number: SGL-IAC-DC-5582-93

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.

Validation Dipole
1900MHz Head & Body

Manufacturer: APREL Laboratories
Part number: ALS-D-1900-S-2
Frequency: 1900MHz
Serial No: 210-00707

Customer: IAC

Calibrated: 16™ May 2011
Released on: 27" May 2011

o, 1 A
This Calibration Certificate is ln‘complTe Unless AT@mpanied with the Calibration Results Summary

-~
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Released By: AV 'L;'r'\. h\\\v\_//\‘)\)\\

N Q L CALIBRATION LABORATORIES

303 Terry Fox Drive, Suite 102 Division of APREL
Kanata, Ontario TEL: (613) 435-8300
CANADA K2K 3J1 FAX: (613) 435-8306




NCL Calibration Laboratories

Division of APREL Inc.

Conditions
Dipole 210-00707 was a new dipole taken from stock.

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

Dipoles are calibrated on the ALSAS-10U with a feed power normalized to 1Watt.

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.

A \
! {\ '
N RN

"1 | -4\:\-\/ AVA

Stuart Nicol

e ;// -

C. Teodorian

Primary Measurement Standards

Instrument Serial Number Cal due date
Power meter Anritsu MA2408A 190025437 Nov.4, 2010
Power Sensor Anritsu MA2481D 103555 Nov 4, 2010
Attenuator HP 8495A (70dB) 1944A10711 Sept. 14, 2010
Network Analyzer Anritsu MT8801C MB11855 Feb. 8, 2011

Secondary Measurement Standards

Signal Generator Agilent E4438C -506 MY55182336 June 7, 2011

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



NCL Calibration Laboratories

Division of APREL Inc.

Calibration Results Summary

The following results relate the Calibrated Dipole and should be used as a quick

reference for the user.

Mechanical Dimensions

Length:
Height:

67.1 mm
38.9 mm

Electrical Specification 1900MHz

Tissue Type Return Loss: Impedance: SWR:
Head -31.943 51.262 1.055U
Body -25.099 57.750 1.119U

System Validation Results

Tissue Frequency | 1 Gram | 10 Gram | Peak
Head 1900 MHz | 39.378 | 19.668 | 77.268
Body 1900 MHz | 39.654 | 19.668 | 77.268

1900MHz
Area Scan

459339931

36.7480011

27 5610005

® AXIS (mm)

18.3740005

91670003

0.0000000

¥ Axis (mm)
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NCL Calibration Laboratories
Division of APREL Inc.

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 210-00707. 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-030 130
MHz to 26 GHz E-Field Probe Serial Number 215.

References

o IEEE Standard 1528 (2003) including Amendment 1
IEEE Recommended Practice for Determining the Peak Spatial-Average Specific Absorption
Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques

o EN 62209-1 (2006)
Human Exposure to RF Fields from hand-held and body-mounted wireless communication
devices - Human models. instrumentation, and procedures-Part 1: Procedure to measure
the Specific Absorption Rate (SAR) for hand-held mobile wireless devices

o IEC 62209-2 Ed. 1.0 (2010-03)

Human exposure to RF fields from hand-held and body-mounted wireless devices - Human

models, instrumentation, and procedures - Part 2: specific absorption rate (SAR) for

wireless communication devices (30 MHz - 6 GHz)

TP-D01-032-E020-V2 E-Field probe calibration procedure

D22-012-Tissue dielectric tissue calibration procedure

D28-002-Dipole procedure for validation of SAR system using a dipole

IEEE 1309 Draft Standard for Calibration of Electromagnetic Field Sensors and Probes,

Excluding Antennas, from 9kHz to 40GHz

O 0O0O0

Conditions
Dipole 210-00707 was a new dipole 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 Inc.

Electrical Calibration

Electrical Specification 1900MHz

Tissue Type Measured Epsilon Measured Sigma
Head 38.12 1.41
Body 51.52 1.57

Head Tissue
511 FORWARD REFLECTION

LOG MAGNITUDE »REF=-20.80@ dB

CH 1 - 311
S3.8584 mm REF
@.a08 dB OFFSET

6.@88 dB/DIV @.ea° OFFSET

PHARKER 2
1.908088 GHz
-31.943 db

HARKER TO HAX
HARKER TO MIN

1 1.8616@8 GH=
-2i.821 db

3 1.946@88 (Hz

-20.8@3 db

MARKER READOUT

1.4060848 GHz

Body Tissue

311 FORWARD REFLECTION

2.4papan FUMCTIONS

CH 1 - 511
5.8584 mm REF
@.088 dB OFFSET
@.a8° OFF3ET

LOG HAGHITUDE »REF=-20.08808 dB

S.eap dBSDIV

BHARKER 2
1.9080@0@ GHz
-23.899 df

MARKER TO HAX
MARKER TO HIN

1 1.G78680 GHz
-20.8083 db

3 1.9395088 GHz
-20.889 dB

MARKER RERDOUT

1.4apa8@ GHz

Z2.4pRBaR FUHCTIONS
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NCL Calibration Laboratories

Division of APREL Inc.

Electrical Specification 1900MHz

Impedance
Tissue Type Measured Epsilon Measured Sigma
Head 38.12 1.41
Body 51.52 1.57
Head Tissue
CH1 - 311
?;;EEEEgERD REFLECTION 1 B R

@.088 dB OFF3ET
a.a8® OFFSET

»HARKER 2

1.080080 GHz
51.262
-1.179 ju

MARKER TO HAX
MARKER TO HMIN

1 1.861600 GHz
55.137

N 9682 j
3 1.946000 GHz
41.175 4
-3.877 jn

MARKER READOUT

! FUNCTIONS

1.400888 - 2.400088 GHz

Body Tissue
511 FORWARD REFLECTION CH 1 - 511
IHPEDANCE ! 5.8584 mm REF

B.088 dB OFF3ET
g.0a° OFFSET

»HARKER 2

1.508000 GHz
53.758 0
-3.665 iR

HARKER TO HAX
HARKER TO HIN

1 1.870600 GHz
59.559 0

. 5.588 j0
3 1.939500 GHz
43.852 0
-f.409 j

HARKER READOUT
FUNCTIONS

1.48088A8 - 2.480088 GHz
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NCL Calibration Laboratories

Division of APREL Inc.

Electrical Specification 1900MHz

Standing Wave Ratio

Tissue Type Measured Epsilon Measured Sigma
Head 38.12 1.41
Body 51.52 1.57
Head Tissue
S11 FORHARD REFLECTION EH;@ng‘l"‘m -
@888 dB OFF3ET
SHR »REF=1.888 U 1.888 UsDIY A.AE® OFFSET
' : : : : : : MHARKER 2
1.908AAA GHz
1.8535 1

MARKER TO MAX
HARKER TO MIN

1 1.8616@8 GHz
1.234 U

3 1.946088 GHz
r.ezr» u

HARKER READOUT

2.4paaAA

1.4a8008 GHz

FUNCTIONS
Body Tissue
CH 1 - 511
511 FORWARD REFLECTION S BS84 mm REF
A.888 dB OFFSET

SHR vREF=1.868 U

1.0@@ U/DIV a.ea° OFFSET

rPHARKER 2
1.908888 GHz
1.1

HARKER TO HAX
HARKER TO MIN

1 1.8786@88 GHz
.23z U

3 1.939388 GHz
1.226 Ul

HARKER READOUT
FUNCTIONS

1.468888 GHz 2.408088
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NCL Calibration Laboratories
Division of APREL Inc.

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 2011.

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



NCL CALIBRATION LABORATORIES

Calibration File No: DC-1227/8
Project Number: SGL-IAC-DC-5582-93

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.

Validation Dipole
2100MHz Head & Body

Manufacturer: APREL Laboratories
Part number: ALS-D-2100-S-2
Frequency: 2100MHz
Serial No: 215-00800

Customer: IAC

Calibrated: 16™ May 2011
Released on: 27" May 2011

o, 1 A
This Calibration Certificate is ln‘complTe Unless AT@mpanied with the Calibration Results Summary
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'1—'37—7.' ' |
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N Q L CALIBRATION LABORATORIES

303 Terry Fox Drive, Suite 102 Division of APREL
Kanata, Ontario TEL: (613) 435-8300
CANADA K2K 3J1 FAX: (613) 435-8306




NCL Calibration Laboratories

Division of APREL Inc.

Conditions
Dipole 215-00800 was a re-calibration.

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

Dipoles are calibrated on the ALSAS-10U with a feed power normalized to 1Watt.

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.

A \
! {\ '
N RN

"1 | -4\:\-\/ AVA

Stuart Nicol

e ;// -

C. Teodorian

Primary Measurement Standards

Instrument Serial Number Cal due date
Power meter Anritsu MA2408A 210025437 Nov.4, 2010
Power Sensor Anritsu MA2481D 103555 Nov 4, 2010
Attenuator HP 8495A (70dB) 1944A10711 Sept. 14, 2010
Network Analyzer Anritsu MT8801C MB11855 Feb. 8, 2011

Secondary Measurement Standards

Signal Generator Agilent E4438C -506 MY55182336 June 7, 2011

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



NCL Calibration Laboratories

Division of APREL Inc.

Calibration Results Summary

The following results relate the Calibrated Dipole and should be used as a quick

reference for the user.

Mechanical Dimensions

Length:
Height:

65.4 mm
37.5 mm

Electrical Specification 2100MHz

Tissue Type Return Loss: Impedance: SWR:
Head -28.958 47.271 1.078U
Body -23.704 44,198 1.141U

System Validation Results

Tissue Frequency | 1 Gram | 10 Gram | Peak

Head 2100 MHz | 43.872 21.004 | 84.025
Body 2100 MHz | 44.210 21.201 | 84.405
2100MHz

Area Scan

45.5559958

35.8440018

29.1330013

¥ Ais (mm)

19.4220009

9.7110004

0.0000000

¥ oAxis (mm)
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NCL Calibration Laboratories
Division of APREL Inc.

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 215-00800. 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-030 130
MHz to 26 GHz E-Field Probe Serial Number 215.

References

o IEEE Standard 1528 (2003) including Amendment 1
IEEE Recommended Practice for Determining the Peak Spatial-Average Specific Absorption
Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques

o EN 62209-1 (2006)
Human Exposure to RF Fields from hand-held and body-mounted wireless communication
devices - Human models. instrumentation, and procedures-Part 1: Procedure to measure
the Specific Absorption Rate (SAR) for hand-held mobile wireless devices

o IEC 62209-2 Ed. 1.0 (2010-03)

Human exposure to RF fields from hand-held and body-mounted wireless devices - Human

models, instrumentation, and procedures - Part 2: specific absorption rate (SAR) for

wireless communication devices (30 MHz - 6 GHz)

TP-D01-032-E020-V2 E-Field probe calibration procedure

D22-012-Tissue dielectric tissue calibration procedure

D28-002-Dipole procedure for validation of SAR system using a dipole

IEEE 1309 Draft Standard for Calibration of Electromagnetic Field Sensors and Probes,

Excluding Antennas, from 9kHz to 40GHz

O 0O0O0

Conditions
Dipole 215-00800 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 Inc.

Electrical Calibration

Electrical Specification 2100MHz

Tissue Type Measured Epsilon Measured Sigma
Head 39.83 1.41
Body 52.55 1.49

Head Tissue

311 FORWARD REFLECTION

LOG MAGNITUDE

»REF=-20.808 db

o.0@8 dB/DIV

1.60@Baa

Body Tissue

311 FORWARD REFLECTION

LOG HAGNITUDE

GHz

»REF=-20.880 dB

2.0e0080

4.888 dB/DIV

1.399783

GHz

2.688836

1

3

CH 1 - 311
3.85849 mm REF

0,088 db OFFSET
OFF3ET

a.BE°

FHARKER 2
Z2.18RARR GHz
-28.938 dB

MARKER TO MAX
HARKER TO HIN

1 2.831188 GHz
-26.848 dB

3 2.1362088 GHz
-28.848 dB

HARKER READOUT
FUMCTIONS

CH 1 - 511
3.@8384 mm REF
#.888 dB OFFSET
#.a8° OFFSET
FHARKER 2
2. 100880 GHz
-23.784 db

HARKER T0 HAX
HARKER T0 MIN

2.@841786 GHz
-28.882 dB

2.126191 GHz
-2@.882 db

HARKER READOUT
FUNCTIONS
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NCL Calibration Laboratories

Division of APREL Inc.

Electrical Specification 2100MHz

Impedance
Tissue Type Measured Epsilon Measured Sigma
Head 39.83 1.41
Body 52.55 1.49
Head Tissue
S11 FORWARD REFLECTION CH 1 - 511
aJ.@584 REF
IHPEDANLE 3000 48 OFFSET
A.aa" OFFSET
PHARKER 2
2.188888 GHz
47.271 %
1.926 jf

HARKER TO HAX
MARKER TO MIN

1 2.931180 GHz
56.458 0

N -6.626 iR
3 72.138200 GHz
S5@.280 0
18,261 j

HARKER READOUT

1.688808 - 2.600008 GHz FUNCTIONS
Body Tissue
S11 FORMARD REFLECTION CH 1 - s11
IHPEDANCE ! 5.8584 nu REF

@.@@8 dB OFFSET
a.aa° OFFSET

PHARKER 2
2. 100888 GHz

44.198 0
1.395 j8

HARKER TO HMAX
HARKER TO MIN

1 2.841706 GHz
51.406 0

N -18.192 j0

3 2.126191 GHz
44.635 0

7.988 0

HARKER RERDOUT
FUNCTIONS

1.5999788 - 2.6B@B36 GHz
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NCL Calibration Laboratories

Division of APREL Inc.

Electrical Specification 2100MHz

Standing Wave Ratio

Tissue Type Measured Epsilon Measured Sigma
Head 39.83 1.41
Body 52.55 1.49
Head Tissue
S11 FORMARD REFLECTION EHs{a%azlnlm -
B.8A@ dB OFF3ET
3HR »REF=18A4.932 nl OA@.ARE mU DIV B.ae* OFFSET
' ' ' ' ' »HARKER 2
2.1088A8 GHz
1.878 1

HARKER TO HAX
HARKER TO MIN

1 2.831188 GHz
r.2z4 U

3 2.138288 GHz
r.2z2s

HARKER READOUT
FUNCTIONS

1.600888 GHz 2.60a0008

Body Tissue

CH 1 - 311
3.8584 mm REF
B.08@ db OFFSET
OFFSET

311 FORWARD REFLECTION

SHR »REF=1.0@8 U 1.888 U/DIV A.AB°

FHARKER 2
2.180880 GHz
1141 1

HARKER TO HAR
MRRKER TO MIN

1 2.8417@68 GHz
r.22s

2 2.126191 GHz
1.226 U

MRRKER READOUT
FUNCTIONS

1.3997a8 GHz 2.6880856
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NCL Calibration Laboratories
Division of APREL Inc.

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 2011.
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NCL CALIBRATION LABORATORIES

Calibration File No: DC-1229/30
Project Number: SGL-IAC-DC-5582-93

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.

Validation Dipole
2450MHz Head & Body

Manufacturer: APREL Laboratories
Part number: ALS-D-2450-S-2
Frequency: 2450MHz
Serial No: 220-00755

Customer: IAC

Calibrated: 19" May 2011
Released on: 27" May 2011

o, 1 A
This Calibration Certificate is ln‘complTe Unless AT@mpanied with the Calibration Results Summary

-~

! \
CJ ! " \
'1—'37—7.' ' |
Released By: AV 'L;'r'\. h\\\v\_//\‘)\)\\

N Q L CALIBRATION LABORATORIES

303 Terry Fox Drive, Suite 102 Division of APREL
Kanata, Ontario TEL: (613) 435-8300
CANADA K2K 3J1 FAX: (613) 435-8306




NCL Calibration Laboratories

Division of APREL Inc.

Conditions
Dipole 220-00755 was a re-calibration.

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

Dipoles are calibrated on the ALSAS-10U with a feed power normalized to 1Watt.

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.

A \
! {\ '
N RN

"1 | -4\:\-\/ AVA

Stuart Nicol

e ;// -

C. Teodorian

Primary Measurement Standards

Instrument Serial Number Cal due date
Power meter Anritsu MA2408A 245025437 Nov.4, 2010
Power Sensor Anritsu MA2481D 103555 Nov 4, 2010
Attenuator HP 8495A (70dB) 1944A10711 Sept. 14, 2010
Network Analyzer Anritsu MT8801C MB11855 Feb. 8, 2011

Secondary Measurement Standards

Signal Generator Agilent E4438C -506 MY55182336 June 7, 2011

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



NCL Calibration Laboratories
Division of APREL Inc.

Calibration Results Summary

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

Mechanical Dimensions

Length: 51.5 mm
Height: 30.4 mm

Electrical Specification 2450MHz

Tissue Type Return Loss: Impedance: SWR:
Head -34.847 50.047 1.038U
Body -32.513 50.190 1.029U

System Validation Results

Tissue Frequency | 1 Gram | 10 Gram Peak
Head 2450 MHz | 52.456 | 23.603 | 108.940
Body 2450 MHz | 52.592 24.461 104.910

2450MHz

Area Scan

B2.334

49 866

37.401

X Axis (mm)

24 934

12,467

0.000

N AKIES ()
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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 220-00755. 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-030 130
MHz to 26 GHz E-Field Probe Serial Number 215.

References

o IEEE Standard 1528 (2003) including Amendment 1
IEEE Recommended Practice for Determining the Peak Spatial-Average Specific Absorption
Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques

o EN 62209-1 (2006)
Human Exposure to RF Fields from hand-held and body-mounted wireless communication
devices - Human models. instrumentation, and procedures-Part 1: Procedure to measure
the Specific Absorption Rate (SAR) for hand-held mobile wireless devices

o IEC 62209-2 Ed. 1.0 (2010-03)

Human exposure to RF fields from hand-held and body-mounted wireless devices - Human

models, instrumentation, and procedures - Part 2: specific absorption rate (SAR) for

wireless communication devices (30 MHz - 6 GHz)

TP-D01-032-E020-V2 E-Field probe calibration procedure

D22-012-Tissue dielectric tissue calibration procedure

D28-002-Dipole procedure for validation of SAR system using a dipole

IEEE 1309 Draft Standard for Calibration of Electromagnetic Field Sensors and Probes,

Excluding Antennas, from 9kHz to 40GHz

O 0O0O0

Conditions
Dipole 220-00755 was a new dipole 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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Electrical Calibration

Electrical Specification 2450MHz

Tissue Type Measured Epsilon Measured Sigma
Head 37.87 1.82
Body 50.84 1.92

Head Tissue
511 FORWARD REFLECTION CH 1 - 511
5.8584 mm REF
B.A@8 dB OFFSET
LOG MAGHITUDE vREF=-28.008 dB 6.888 desDIY A.a@* OFFSET

FHARKER 2
2.430088 GHz
-34.847 db

MARKER TO HAR
MARKER TO MIN

1 2.343188 GHz
-2@.085 dB

3 2.019588 GHz
-2@.085 dB

: : : : : : : : MARKER RERDOUT
1.95a60a GHz 2.950808 FUMCTIONS

Body Tissue

S11 FORMARD REFLECTION CH 1 - 511
5.0584 mm REF
0.000 dB OFFSET

LOG MAGMITUDE »REF=-20.088 dB 6.0088 dB/DIV A.aa° OFFSET

FHARKER 2

2.4508B8 GHz
-37.313 dB

HARKER T0O HAR
MARKER TO HIN

1 2.35938@ GHz
-2#.884 db

3 2.519688 GHz
-2@ .80 db

: : : : : : : d MARKER READOUT
1.950888 GHz 2.950888 FUNCTIONS
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Electrical Specification 2450MHz

Impedance

Tissue Type Measured Epsilon Measured Sigma
Head 37.87 1.82
Body 50.84 1.92

Head Tissue

311 FORWARD REFLECTION
IHPEDANCE

1.9586888 - 2.9308800 GHz

Body Tissue

511 FORWARD REFLECTION
IMPEDANCE

1.958088 - 2.930888 GHz

CH 1 - 511

2.8384 mm REF
@.888 dB OFF3ET

a.aa°

PHARKER 2

OFFSET

2.450080 GHz
56.047 o
1.461 jn

HARKER TO MAX
HARKER TO MIN

1 2.343188 GHz
33.5938 0

Na 9.647 ji

CH 1 - 311

3 2.519500 GHz
44.446 1
7.748 0

HARKER RERDOUT
FUMCTIONS

3.8584 mm REF

@.088 db
a.ae°

RHARKER 2
2.4588848
a@.198
-999.229

1 2.3593@8
28.351

Sk 6,938
3 Z.31960@4
42.536

S3.748

FUNCTIONS

OFFSET
OFFSET

GHz
i
jmi

MARKER TO MAX
HARKER TO MIN

GHz
i
it
GHz
i
it

HARKER READOUT
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Electrical Specification 2450MHz

Standing Wave Ratio

Tissue Type Measured Epsilon Measured Sigma
Head 37.87 1.82
Body 50.84 1.92
Head Tissue
S11 FORWARD REFLECTION EHs{aéazlém -
A.@8@ dB OFFSET
SHR vREF=884.952 nl GA@.ABA mU/DIY B.EA° OFFSET
. : : : : : : FHARKER 2
2.458888 GHz
1.83g U

HARKER TO MAX
MARKER TO MIN

1 2.343188 GHz
l.226 U

3 2.31938@ GHz
l.226 U

MARKER RERDOUT

1.950008 GHz 2.950088

FUMCTIONS
Body Tissue
CH1 - 511

511 FORWARD REFLECTION

3.08384 mm REF

@.A68 dB OFF3ET
SHR vREF=8084.952 nU a08.888 mlU/DIY B.AB" OFFSET

' ' ' »HARKER 2
2.4380@88 GHz
1.829 U

HARKER T0 MAX
HARKER TO MIN

1 2.339388 GHz
1223

3 Z2.219688 GHz
1.2z22 1

HARKER RERDOUT

1.958008 GHz 2.9560840 FUNCTIONS
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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 2011.
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