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Glossary:

TSL tissue simulating liguid

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

Calibration is Performed According to the Following Standards:

a)

b)

c)

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

Ceriificate No: D2450V2-736_Jui11 PagaZof 8



Measurement Conditions

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

DASY Version DASYs5 V52.6.2
Extrapolation Advanced Extrapofation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

' Zoom Scan Resolution

dx, dy, dz =5 mm

Frequency

2450 MHz = 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m
Measured Head TSL parameters (22.0 £ 0.2) °C 389+6% 1.85 mho/m +6 %
Head TSL temperature change during test <0.5°C
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 139mW /g

SAR for nominal Head TSL parameters

normalized to 1W

54.8 mW /g £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.44mW /g

SAR for nominal Head TSL parameters

normalized to 1W

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

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

SAR for nominal Body TSL parameters

normalized to 1TW

523 mW /g £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.1BmW /g

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificate No: D2450V2-736_Jul11
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Appendix

Antenna Parameters with Head TSL

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

Antenna Parameters with Body TSL

Impedance, transformed to feed point 508Q+28iQ

Return Loss - 30.7 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.159 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on August 26, 2003

Certificate No: D2450V2-736_Jul11 Page 4 of 8



DASY5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 736

Communication System: CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; ¢ = .85 mho/m; & = 38.9, p= 1000 kgfrn‘l

Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/TEC/ANS] C63.19-2007)

DASYS2 Configuration:

Probe: ES3IDV3 - SN3205; ConvF(4.45, 4,45, 4,45); Calibrated: 29.04.201]
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: (4.07.2011

Phantomn: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001
DASYS52 52.6.2(482); SEMCAD X 14.4.5(3634)

Date: 25.07.201 |

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid; dx=5mm, dy=5mm, dz=Smm
Reference Value = 98.095 Vim; Power Drift = 0.09 dB
Peak SAR (extrapolated) = 28615 W/kg

SAR(1 g) = 13.9 mW/g; SAR(10 g) = 6.44 mW/g
Maximum value of SAR (measured) = [8.121 mW/g

= &Lh3

#25

13,60

50

0dB=18.120mW/g

Cerificate No: D2450V2-736_Jul11 PageSof 8



Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 736

Communication System: CW, Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; o = 2 mho/m; g, = 51.7; p = 1000 kgfml
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/TEC/ANST C63,19-2007)

DASYS52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(4.26, 4.26, 4.26); Calibrated: 29.04.2011
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601: Calibrated: 04.07.2011

Phantom: Flat Phantom 5.0 (back), Type: QDOOOPS0AA; Senal: 1002
DASY52 52.6.2(482), SEMCAD X 14.4.5(3634)

Date: 25.07.2011

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube ():
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 96.550 V/m; Power Drift = 0.02 dB
Peak SAR (extrapolated) = 27.432 W/kg

SAR(1 g) =133 mW/g; SAR(10 g) = 6.18 mW/g
Maximum value of SAR (measured) = 17.294 mW/g

LR

it

22.13

0 dB = 17.290mW/g

Certificate No: D2450V2-736_Jul1 Pags 7 of 8



Impedance Measurement Plot for Body TSL

25 Jyl 2811 115508
LEIR2 b A8L3T pR = 450008l MHx

18 JPLELE o

ICHT] #14 1k

L]
Dz
la
=
) .
|
1
ey
16
Fla
CH? $13__ LOG 5 tiE RET _~20 o L L-39636 dE 2 4500008 p0a HHz
Coir [ B
-\-\_\-‘-.-\-\_\_""'":..__‘ = i . : —— 4
_ = ,"“"f’r
== —
i
\'\'.\ I 1
s j
16 I v &
N/
4 4 i i . | .
SERN 4BE.EED aad HHz

Hld
| SR D D

Page 8ol 8

Certificate No: D2450V2-736_Jult



D2450V2, serial no. 736 Extended Dipole Calibrations
Referring to KDB 450824, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration), and in

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

interval can be extended.

<Justification Procedure of Extended Dipole Calibration>

1.

o > 0N

Setup a Network Analyzer (Agilent N5230A) and set the start frequency and stop frequency to Network

Analyzer according to the dipole frequency, at least +/- 200MHz around the calibration point.

Using calibration kit to perform Network Analyzer Open, Short and Load calibration.

Connect the dipole with the calibrated Network Analyzer.

Place the dipole underneath the phantom which is filled with head-simulating or body-simulating liquid.

Set the Network Analyzer frequency by the dipole calibration frequency. Monitor the return-loss and

impedance results with Log Magnitude format and Smith Chart, respectively.

Record the result and compare with the prior calibration. Please check the Appendix C for detail records.

<Justification of the extended calibration>

D2450V2 — serial no. 736

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

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

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL INC.

TEL : 886-3-327-3456
FAX : 886-3-328-4978




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

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



2450 MHz - Body

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

Object

Calibration date

DAE4 - SD 000 D04 BJ - SN 778

talibration procedurals) QA CAL-0B,v25

Calibration procedure for the data acquisition slectronics (DAE)

August 27, 2012

Calibration Equipment used (MATE critical for calibration)

Calibrated by:

Approved by:

This callbration certificate documents the traceability 1o national standards, which realize the physical units of measurements (S|}
The measurements and the uncarlainties with confidence probability are given on the following pages and are par of the certificate,

Al calibratons have been conductad in the closed labaratory faciliny: environment iemparaiure (22 = 31°C and humidity = 70%

MName Function
Domimigiue-Steffen TecnncEaEn
Fin Bomhott RAD Ditelor

This callpraton cenificate shall not ba reproduced except m full without written approval of the Isboratory

Primary Standards ID# ) Cal Date {Certificate No.) Scheduied Calibration
Keithley Multimeter Type 2009 SN 0810278 28-Sep-11 (No:11450) S5ep-12
Secondary Standards |Io# Check Date (in house] Scheduled Check
Calibrator Box V2.1 SE UWS 053 A8 1001 DE-Jan-12 {in housa chack) In house checx: Jarn-13

Signature

o) T‘QQ/LLU-‘-“

Iszued: August 27, 3012
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Multilateral Agreement for the recognition of calibration certificates

Glossary

DAE data acquisition electronics

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

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

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

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

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

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

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

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

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

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

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

o Low Battery Aiarm Voitage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

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

Certificate No: DAE4-778 _Augi2 Page 2of 5



DC Voltage Measurement
AJD - Converter Resolution nominal

High Range: 1LSB = B 1uV, full fpange = <100, +300 mV
Low Range: 1LSB= BinV, full range = -T......+3mV
DASY measurement parametars: Auto Zero Time: 3 sec, Measuring tima: 3 sec
Calibration Factors X Y z
High Range 404 663 = 0.1% (k=2) A03.465 + 0.1% (k=2) 405.010 £ 0. 1% (k=2)
Low Range 3.98578 + 0.7% (k=2} | 396516 = 0.7% (k=2} 3.99894 + 0.7% (k=2})

Connector Angle

Connector Angle 10 be used in DASY system 283%9+1°

Cerificate No: DAE4-T78_Augl2 Pagedol5



Appendix

1. DC Voltage Linearity

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

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

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

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

5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input 10MG
Average (V) | min, Offset (V) | max. Offset (uV) | ' ?:;;'“““
Channel X 1.04 0.34 1.84 0.34
Channal Y -1.10 -2.50 0.04 0.56
Channel £ -0.63 -1.70 1.29 0.47
6. Input Offset Current
MNominal Input circuitry offsel current on all channels: <251A
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channal X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (*+ Vec) +7.8
Supply (- Vee) -7.6
9. Power Consumption (Typical values for information)
Typical valuas Switched off (mA) | Stand by (mA) Transmitting {(mA)
Supply {+ Vec) +(.01 +8 +14
Suppiy (- Vec) 0. -8 -5

Certificate No: DAE4-778_Aug12

Page 5ol 5




Calibration Laboratory of
Schmid & Partner

Engineering AG
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Accrediled by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
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Client Sporton — TW (Auden) Certificate No: DAE4-1338_Jun12

CALIERATION CERTIFICATE

Object DAE4 - SD 000 D04 BJ - SN: 1338

Callbration procedure(s) QA CAL-DB.v24
Calibration procedure for the data acquisition electronics (DAE)

Calibration date: June 12, 2012

This calibration certificate documents the traceability o national standards, which realize the physical units of measurements (S1).
The measurements and the uncertainties with confidence probability ara given on the following pages and are parl of the cerfificate

Al calibrations have been conducted |n the closed laboratory facility: environment temperature (22 £ 3)°C and humidity = TO%.

Calibration Equipment used (MA&TE cnfical for calinration)

Primary Standards i # Cal Date (Cerfificata No.) Schaduled Calibration

Keithiey Mulimeter Type 2001 SN 0810278 £8-Sep-11 (No:11450) Sep-12

Secondary Standards 0 # _Check Date (in house) Scheduled Check

Calibrator Box VZ.1 SE UWS 053 A4 1001 05-Jan-12 (in house check) In house check: Jan-13

Mamea Function S_ignalure

Calibrated by Erle Malrileld Taphricuar :;:_"'Z:FZI—-;‘:‘
i

Approved by: Fin Bamngn R&E Direcrar oy

X o L VL EZ LU_,'LL‘—J

Issued: June 12, 2012

Thizs calibration certificate shall not be reproduced except in full without writtan approval of iha laboratory,
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Engineering AG
Zeughausstrasse 43, 8004 Zunch, Switzerland

Schwelzerischer Kallbrierdienst
Service suisss détalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Swess Accreditation Service (SAS) Accreditation Ne.. SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agresmant for the recognition of calibration certificates

Glossary

DAE data acquisition electronics

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

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

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

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

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

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

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

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

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

¢ Inpul Offset Current: Typical value for information; Maximum channel input offsel
current, not considering the input resistance.

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

« [ow Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signai is generated.

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

Certificate No: DAE4-1338_Jun12 Page 20f5



DC Voltage Measurement

A/D - Converter Resolution nominal

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

Certificate No: DAE4-1338_Jun12 Paga 3 of 5



Appendix

1. DC Voltage Linearity

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

Cartificate No: DAE4-1338_Jun12

Page 4 of §



4, AD-Converter Values with inputs shorted

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

High Range (LSB) Low Range (LSB)
Channel X 16034 14839
Channel ¥ 15628 15515
Channel Z 15288 15751
5. Input Offset Measurement
DASY measurement parameters: Autn Zero Time: 3 sec; Measuring ime: 3 sec
Input 100
Average (pV) min. Offset (V) | max. Offset (uV) s, ?::;atlun
Channel X 0.33 -0.86 1.85 0.54
Channel Y -1 48 -2 47 1.00 0.54
Channel Z -1.66 -3.08 -0.24 0.50
6. Input Offset Current
Mominal Inpul circuitry offset currant on all channels: <2584
7. Input Resistance (Typical values for information)
Zeroing (kDhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vcc) +79
Supply (- Vco) -T.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vec) +0.01 +6 +14
Supply (- Vec) -0.01 -8 -9

Certificate No: DAE4-1338 Jun12

Page 5ol 5




Calibration Laboratory of h\&zﬁ
Schmid & Partner "
Engineering AG M

5 Schwaizerischer Kallbrierdianst
c Service suissa d'#alonnage

7 Sarvizlo svizzero di taratura
Zeughausstrasse 43, 3004 Zurich, Switzeriand ‘-L,Jﬁ,\? S Swiss Calibration Service

Accradited by the Swiss Accreditation Servica (5AS)
The Swiss Accraditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

client  Sporton-TW (Auden)

|CALIBRATION CERTIFICATE |

Ohject EX3DV4 - SN-3792

Accreditation No.: SCS 108

Certificate No- EX3-3792 Juni2

Catibraton procadure{s)

QA CAL-01.v8, QA CAL-14.v3, QA CAL-23.v4, QA CAL-25.v4
Calibration procedure for dosimetnc E-field probes

Calibration date: June 21, 2012

This calibration cerificate documents the traceability 10 national standards, which realize the physical units of measurements (31)
The measwements and the uncerainties with confidence probability are given an the following pages and are part of the cerificalz

All calibeabons have been conducted in the closed laboratory facility: environment temperature (22 £ 31°C and humidity < 70%

Casbration Equpment used (ME&TE crdical for calibration)

This cakbration certificale shall not be reproduced excepd in full without written approval of the labaralory.

Primary Standards 1D Cal Date (Certificate Mo, ) Scheduled Calibration
Power meler E44108 GB41203874 20-Mar-12 (No. 217-01508) Apr-13
Power sansol E44124 Y4 1488087 20-Mar-12 (No. 217-01608) Apr-13
relerance 3 dB Attenuatar SN: 55054 {3c) 2T-Mar-12 (No. 217-01531) Apr-13
Raference 20 dB Attemeator SN 85086 {20b) 27-Mar-12 (Mo, 217-01528) Apr-13 i
Refarance 30 dB Altenuator SN: 551208 (30b) 27-Mar-12 (No. 217-01532) Apr-13
Reference Probe ESA0DVZ SN 3013 28-Dec-11 (No, ES3-3013_Dect1) Dec-12 S
DAES SN; 660 10-Jan-12 (No. DAE4-660_ Janid) Jan-13
Secondary Standards 18] Chack Date {in houss) Scheduled Check
RF ganeraior HP 86480 LIS3642001700 4-Aug-B4 (in house check Apr-11) In house chech. Apr=13
Metwork Analyzer HP B753E LIS37380585 18-0ct-01 {in housa check Ocet-11) In housa check: Oci-12

Marne Funttion Sigrature
Calibrated by Jiskery ettt Latoratory Technittan == (k"’
Apgroved by: Ktz Pokovic Technos! Mamage)

ﬁ‘;‘i'a"f”égi

Issued: June 22, 2012

Cerificate No: EX3-3792_Juni2

Page 1 of 11




Calibration Laboratory of Sy,

; St Schweirenschor Kalibrierdlanst
Schmid & Partner — = Service suisse d'étalonnage
Engineering AG = Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzeriand “':—4:—',#';;'-.' o Swiss Calibration Service
Folialaalnh
Accradited by the Swiss Accreditation Service [SAS) Accreditation Ne.: SCS 108

Tha Swiss Accreditation Service is one of the signatories (o the EA
Multilsteral Agreement for the recognition of calibration certificates

Glossary:

TsL tissue simulating liquid

MNORMx,v.2 sensitivity in free space

ConvF sensitivity in TSL { NORMx v,z

DCP diode compression point

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

ABC madulation dependent ineanization parameters

Polarization g g rofation around probe axis

Polarization 5 & rotation around an axis that is in the plane normal to probe axis (at measurement center),

iLe. 8 =015 normal to probe axis

Calibration is Performed According to the Following Standards:

a)

b}

IEEE Std 1528-2003, "|[EEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorplion Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Technigues”, December 2003

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

Methods Applied and Interpretation of Parameters:

Centificate No: EX3-3792_Jun12 Faga 2 of 11

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

WNORM(fx,y.z = NORMx,y,z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2, The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

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

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

Ax,y.z; Bx,y.z; Cx,y.2, VRx.y.z: A, B. C are numencal lineanzation parameters assessed based on the data of
power sweep for specific modulation signal. The parameters do not depend on frequency nor media. VR is the
maximum calibration range expressed in RMS vollage across the diode.

CanvF and Baundary Effect Parameters: Assessed in flat phantom using E-field {or Temperalure Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f = B00 MHz. The same selups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. Thesa paramestars ara
used in DASY4 software to improve probe accuracy close to the boundary, The sensitivity in TSL corresponds
ta NORMx,y.z * ConvF whereby the uncertainty corresponds to thal given for ConvF. A frequency dependent

ConvF is used In DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to £ 100
MHz.

Spherical isotropy (30 dewviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

Sensor Offset: The sensor offset corresponds 1o the offset of virtual measurement center from the probe tip
(on prabe axis), Mo tolerarnce required.
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EX3DV4— SN:3792

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc {k=2)
Narm {uwgwmﬁ“ 0.64 0.54 0.53 +10.1 %
DCP (mV) 99.0 09.4 103.0
Modulation Calibration Parameters
uip Communication System Nama PAR A B ' VR Unc®
d8 da da mv {k=2)
o cow 0,00 0.00 0.00 1.00 1362 | +33%
0.00 0.00 1.00 131.7
0.00 0.00 1.00 1657
The reported uncertainty of measurement is stated as the standard uncertainty of measurement

multiplied by the coverage factor k=2, which for a normal distribution correspends lo a coverage
probability of approximately 95%.

fiekd value.

Ceanificate No; EX3-3792_Juni2

* The uncertainties of NormX,Y,Z do not affect the E*-fisld uncertginty ingide TSL {ses Pages 5 and 6,
® Numerical linearization parameter uncerainty not required

Page 4 of 11

£ Uncenainty is determinad ws=ing the max, deviation from lingar response apolying rectangular distribution and is expressad for the sguare of the

June 21, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3792




EXIDVa— SH:a7a2 June 21, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3792

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unct.

f (MHz) © Permittivity - {S/m) f ConvF X | ConvFY | ComwF Z | Alpha {mm} {k=2}
B35 41.5 0.90 9.02 8.02 8.02 041 0.85 +12.0 %
200 41.5 0.97 B.89 B.89 B.89 0.57 0.73 +12.0 %
1750 401 1.37 816 B.16 B.16 D75 (.61 +12.0 %

1900 40.0 1.40 773 7.73 773 0.41 0.83 +12.0 %
2000 40.0 1.40 7.68 7.688 7.68 0.44 0.78 £12.0 %
2300 38.5 1.67 .27 7.27 7.27 0.65 0.64 +12.0 %
2450 38.2 1.80 6.82 6.82 6.82 0.38 0.87 +12.0 %
2600 38.0 1.96 6.72 6.72 6.72 0.44 0.78 +12.0%
3500 ar.e 2.91 6.83 6.83 6.83 0.41 0.93 £131 %
5200 36.0 4 66 5.07 507 507 0.30 180 £13.1 %
5300 35.9 4.76 4.96 4.96 496 0.38 1.80 +=13.1 %
5500 356 4.96 4.7 471 4.71 0.40 1.80 +13.1 %
5600 35.5 5.07 4.66 4.66 4.66 0.40 1.80 £13.1%
5800 35.3 5.27 4.48 4,48 4,48 0.48 1.80 +13.1%

© Frequency velidity of = 100 MHz anly applies tor DASY wi 4 and tighsr (ses Page 2), sise 18 restnctad to = 50 MHz. The uncedainty = the RSS
aof the ConvF uncartainty at calibration frequency and the uncerrinty for the indicatad freguency band.

" A frequencies helow 3 GHz. the validity of tissus parameters (¢ 8nd o) can be ralaxed to £ 10% if Igud sempansation fommula is appéed o
meassred SAR valuss. Al frequencles above 3 GHz, the validity of Hissus parameters (e and =) i resiricted to £ 5% The uncertainty |s the RSS of
the Conv uncedainty for indicated target fissue parameters.

Cerificate No: EX3-3792_Jun12 Page Sof 11



EX3DVA- SN:3T92 June 21, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3792

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unet,

f (MHz) © Permittivity {Sim) " ConvFX | ConvFY | ConvFZ | Alpha {mm) (k=2}
835 56.2 0.87 8.99 8.99 B899 0.80 0.62 +12.0%
S00 550 1.05 8.98 B.08 8.98 0.66 0.67 *12.0 %
1750 53.4 149 7.1 771 7.71 0.37 f1.92 £12.0 %
1900 53.3 1.52 7.29 7.28 7.29 040 0.88 +12.0 %
2000 53.3 1.52 7.44 7.44 7.44 0.40 0.89 £12.0 %
2300 529 181 714 714 714 0.57 072 +12.0%
2450 527 1.95 710 7.10 7.10 080 0.55 £12.0 %
2600 52.5 216 6,84 6.84 B.84 0.80 0.50 +12.0%
3500 51.3 3.3 6.13 6.13 613 0.37 1.15 +£131 %
5200 490 5.30 4.20 4.20 4.20 G.50 1.90 + 131 %
5300 489 542 4.01 4.01 4.01 0.50 1.90 +13.1 %
5500 48.6 5.65 is 3.81 3.81 0.50 1.90 +13.1%
5600 48.5 5.7 3.72 3.72 .72 | 050 1.90 131 %
5800 48.2 6.00 389 3.80 389 0.60 1.80 +13.1 %

= Frequancy validity of = 100 MHz only applies for DASY v4.4 and higher (see Page 2}, eisa il i restncted to £ 50 MHz The unceraiaty s the R3S
of the ConvF uncerainty at calibration frequency and the uncertainty for the indicated frequency band.

“ 41 frequencies below 3 GHz. the validity of Bssue parameters (¢ and o) can be relaxed to + 10% if Nowd compensation fomula s applied o
measured SAR values, M frequencies above 3 GHz, the validity of fissue parameters (¢ and o) is resfricted (o + 5%, The uncertainty & the RSS of
the ConvF uncenainty for indicated target fissue parameters.

Certificate Mo: EX3-3782_Juni2 Page 6 of 11




EX3DV4- SN:A782 June 21, 2012

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX3DV4— SN:3792

June 21, 2012

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM f=1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX30V4- SN3792

Input Signal [UV]

Error [dB]

Dynamic Range f(SARcaq)

(TEM cell , f =900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)

June 21, 2012
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EX3DV4- SN:aTe2 June 21, 2012

Conversion Factor Assessment

f= 835 MHz. WGLE RS (H_convF) f = 1900 MHz WGLS R22 (H_com)
an | |
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Deviation from Isotropy in Liquid
Error (¢, 3), f =900 MHz

=10 =08 <06 04 <02 00 02 04 08 08 1.0
Uncartainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX3iDV4- SN:3792

Jdune 21, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3792

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle ("} 33
Mechanical Surface Detection Mode enabled |
Optical Surface Detection Mode disabled |
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Langth 9 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Paint 1 mm {
Probe Tip to Sensor Y Calibration Point T mm
Probe Tip to Sensor £ Calibration Peint 1 mm
Recommended Measurement Distance from Surface 2 mm

Cerificate Mo: EX3-3782 Juni2 FPage 11 of 11
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Glossary:

T&L lissue simulating lguid

NORMx.y.z sensitivity in free space

ConvF sensibivity in TSL / NORMx v 2

DCP diode compression paint

CF crest factor (1duty_cyele) of the RF signal

ABC modulation dependan! lingarization parametars

Folarization o ip rotation around probe axis

Polarization 3 3 rolation around an axis thatis in the plane normai to probe axis (8l measurement center),

le, 4 =0is normal to probe axis

Calibration is Performed Accarding to the Following Standards:

a) IEEE Sid 1528-2003, "IEEE Recommended Practice for Delermining the Peak Spatial-Averaged Specific
Abscrption Rate (SAR) in the Human Head from Wireless Communications Devices Measurament
Techniques”, December 2003

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

Methndﬁ Applied and Interpretation of Parameters:
NORMz v,z Assessed for E-field palarization 5 =0 (T < 200 MHz in TEM-call; f= 1800 MHz, R22 wavagulde}

NORMx y.z are only intermediate vaiues, |.e.. the uncertainties of NORMx .z does nol affect the E’-field
uncertainty inside TSL (see below ConvF)

o NORM(flx.y.z = NORMx v,z * frequency response (see Frequency Response Chart). This lineanzation is
implemented in DASY4 software versions later than 4.2 The uncertainty of the frequency response s included
in the stated uncariainty of CanvF

»  DCPxy.z: DCP are numerical lineanzation parameters assessed based on the data of power sweep with CW
signal (no Uncertainty required) DCP does not depend on frequency nor madia

« PAR: PAR is the Peak to Average Ratio that is not calibrated bul determirad based on the signal
charactenstics

s Ax .z Buy.z Cxy.z, VRx.v.z: A B, Care numerical linsanzation paramelers assessed based on the data of
power sweep for specific modulation signal. The paramaters do not depend on freguency nor madia. VR is the
maximum calibration range expressed in RMS vollage across the diode.

o ConvF and Boundary Effect Paramelers; Assessed in flat phanlom using E-fiald (or Temperalure Transfar
Standard for T < B0OO MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz The same setups are used for assesament of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used In DASY4 software to iImprove probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y.z ™ ConviF whereby the uncertainty correésponds to that given lor ConvF. A frequency dependenl

ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz ta + 100
MHz.

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

»  Sensor Offsel: The sensor offsel corresponds to the offset of vinual measurement cepter from the probe fip
(on probe axis), No tolerance required.

Certificate No: £53-3270 Sepi2 Page 2 of 11
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ESADVI- SN.A2T0 Septamber 28, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3270

Basic Calibration Parameters

| Sansor X Sansor Y Sansor 2 Une (k=2)
[ Norm (uV/(Vim} Y | 117 121 122 +10.1%
DCP (mV]® 1017 100.7 | N

Modulation Calibration Parameters

uip | Communication System Name | PAR | A B c | VR Unc"
. | | dB 4B dB my (k=2)
] CW (000 | X | o000 0.00 100 1430 | 30 %
Y | 0.00 000 100 | 1145
| z | 000 000 | 100 | 1487

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

* The uncarainties of Normx, ¥, Z do not affect the ELfigo uncertalnly alde TS0 (eee Pages 5 and &),

" Numuarical inearization parameter: uncertamty not required _

¥ Uincenainty is determined using the max. deviatian from linear respenss applying rectanguier distribution and Is expresged lor the sguare of fhe
fizid vabire

Certificate No: ES3-3270_Sepi12 Page 4 of 11



ES3DV3- SN:3270 Septemnber 28, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3270

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unct.

f(MHz)¢ | Permittivity" (sim* ConvF X | ConvFY | ConvFZ { Alpha | (mm) (k=2)

835 41.5 0.90 6.20 I‘ 6.20 6.20 0.41 1.53 +120%

} 900 1 415 0.97 6.12 6.12 8.12 T 0.24 2.13 +12.0 %

/ 17507 40.1 1.97 5.20 5.20 5.20 J 0.58 1.35 +12.0%

1800 1 40.0 1.40 505 | 505 5.06 0.74 1.20 +120%
2000 40.0 1.40 5.02 L 5.02 5.02 0.76 L1.2o +12.0 % }
2450 ! 39.2 1.80 4.45 4.45 ’ 4.45 0.77 / 1.307 +120% )

5 Frequency validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else il is restricted to * 50 MHz, The uncertainty is the RSS
of the ConvF uncertainty al calibration frequency and the uncertainty for the indicated frequency band.

F At frequencies below 3 GHz, the validity of tissue paramaters (= and o) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. Al frequencies above 3 GHz, the validity of tissue parameters (e and o) is restricted to + 5%. The uncentainty is the RSS of
the ConvF uncertainty for indicaled targe! tissue parameters.
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ES3DV3I- SN3270 September 28, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3270

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity ~ Depth Unet. |
I (MHz)® | Permittivity© {Stm)" ConvF X  ConvFY ConvFZ | Alpha | {mm] (k=2)
B35 552 | o097 sts | wam | eus | oms | 173 | +120%
900 | 55.0 .| 1.05 6.10 B.10 6.10 D.48 ] 151 | £120%
1750 534 49 4.08 4 98 4.08 0 41 1.79 | +12.0%
|I o | mas 152 467 | 467 | ae7 | 080 | 118 | £12.0%
2000 53.3 | 152 4 69 469 469 076 | 129 £120% |
2450 52.7 | 1.85 417 417 417 | 075 | 108 +12.0% |

" Fraguency validity of £ 100 MHz anly applies for DASY vd 4 and higher {see Pags ), sise || is restricted 16 £ 50 MHz The uncerlainty is the RSS
of the ComvF uncenainty at calibration frequency and the uncaralnty for the indicated frequency band.

b A frsguencies below 3 GHe, the validity of llssue parameters (¢ 3nd o) can be relaxed 1o ¢ 10% i llquid compensation fomuia s applled 1o
measurad SAR values. Al froquencies above 3 GHz, the validity of lissiee parametars (£ and o) is restricled o4 5%, The uncerainty in the RSS of
the CanvF unceartainty for indicated target lissue parametars
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ESIDVA- SN32T0 September 28, 2012

Frequency Response of E-Field
(TEM-Celk:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2}
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ESADV3- SN.3270 September 28, 2012

Receiving Pattern (¢), 3 =0°

=600 MHz. TEM =1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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ES3DV3- SN:3270 September 28, 2012

Dynamic Range f(SAR\caq)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

f= 835 MH2z, WGLS R (H_comf) f= 1500 MHz WGLS R22 (H_comF)
§ 5
e .- s i .'r:' .'.r. i T :_ -1.'. == W -_:r- = - L " e
el Lt & [rrmf
LI o] . 2]
pEays IrEEIN =T BalEm Fesh @ e
Deviation from Isotropy in Liquid

16 -08 08 04 42 L0 0 04 0& £& 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3270

Other Probe Parameters

l Sensor Arrangement Triangular
Connector Angle () -19.3
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Dismeter 10 mm ‘
Tip Langth 10mm |

! Tip Diameter 4 mm
Probe Tip 1o Sensor X Calibration Paint 2 mm
Proba Tip to Sensor Y Calibration Paint 2 mm
Procbe Tip to Sensor Z Calibration Point 2 mm
Recommanded Measurement Distance fram Surfaca 3mm
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