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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst
Service suisse d'étalonnage

C Servizio svizzero di taratura

S Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not g

iven on page 1.

DASY Version DASYS5 V52.8.7
Extrapolation Advanced Extrapolation

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 378+6% 1.81 mho/m £ 6 %
Head TSL temperature change during test <05°C -— -—
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.6 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

53.8 W/kg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.30 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

25.0 W/kg = 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 50.9+6 % 2.02 mho/m £6 %
Body TSL temperature change during test <05°C e e
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured

250 mW input power

13.2 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

51.5 W/kg = 17.0 % (k=2)

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

condition

| SAR measured

250 mW input power

6.09 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

24.0 W/kg = 16.5 % (k=2)

Certificate No: D2450V2-869_Jun13
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 541Q+55|Q

Return Loss -23.6dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4940 +66Q

Return Loss -236dB

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. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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 18, 2010
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DASY5 Validation Report for Head TSL

Drate: 11062013

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: §69

Communication System: UID 0 - CW ; Frequency: 2450 MHz

Medium parameters used: f=2450 MHz; o= 1.81 5/m. &= 37.8; p= 1000 kg:’m'l
Phantom section: Flat Section

Measurement Standard: DASY'S (IEEETEC/ANS] C63.19-2007)

DASYS2 Configuration:

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:

Probe: ESIDV3 - SN3205; ConvF(4.52, 4.52, 4.52); Calibrated: 28.12.2012;
Sensor-Surface; 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601.; Calibrated: 25.04.2013

Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA: Senal: 1001
DASYS2 52.8.7(1137); SEMCAD X 14.6.1(0(7164)

Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 95.432 V/m; Power Diift = 0,06 dB
Peak SAR (extrapolated) = 28.1 W/ikg

SAR(1 g) = 13.6 W/kg; SAR(10 g) = 6.3 W/kg
Maximum value of SAR (measured) = 17.1 Wikg

1380

16580

-2 Ll
0dB =17.1 W/kg=12.33 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Tesi Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 869

Communication System: UID 0 - CW ; Frequency: 2450 MHz _
Medium parameters used: f = 2450 MHz; 6 = 2.02 S/m; & = 50.9; p = 1000 kg/m"*
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEMTEC/ANSL C63.19-2007)

DASYS52 Configuration:

o Probe: ES3DV3 - SN3205; ConvF(4.42, 442 4 .42): Calibrated: 28.12.2012;

« Sensor-Surface: 3mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn601; Calibrated: 25.04.2013

» Phantom: Flat Phantom 5.0 (back);, Type: QDOOOPS0AA; Senial: 1002
« DASYS525287(1137), SEMCAD X 14.6.10(7164)

Date: 11.06.2013

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:

Measurement gnd: dx=5mm, dy=5mm, dz=5mm
Reference Value = 95,432 V/m; Power Drift = 0.02 dB
Peak SAR (extrapolated) = 27.6 Wikg
SAR(1g)=13.2 W/kg: SAR(10 g) = 6.09 W/kg
Maximum value of SAR (measured) = 17.3 W/kg

=5

~4.50

4.20

A3a0

1540

pal ]
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Impedance Measurement Plot for Body TSL
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client  Sporton-TW (Auden) Certificate No: DSGHzV2-1006_Dec12
|CALIBHATION CERTIFICATE

Doject D5GHzV?2 - SN: 1006

Callbration procedure(s) QA CAL-22 vl

Calibration procedure for dipole validation kits between 3-6 GHz

Calibration date; December 11, 2012

This calibration cerificate documents the traceability to nalional standards, which realize the physical units of measuramants (S1)
The maedasuramants and the uncertainties with confidence probability are given on the following pages and are part of the cartificale

Al calibrations have bean canducted in the closed laboratory faciity: environmant temperature (22 £ 3)°C and humidity < 70%

Calibration Equipmant used (METE critical for calibration)

Primary Standards 10 # Cal Date (Cerilicaie No.) Scheduled Calibration

Power matar EPM-4428, GBIT4B0T04 01 -Mow-12 (Mo 217-01640) Oci-13

Power sensor HP B481A US37282783 01-Now-12 (Mo 217-01640) Del-13

Referance 20 d8 Attenuatar SMh: 5058 (20%) 27-Mar-12 (Na, 217-01530) Apr-13

Type-N mismatch combination SN: 50473 7 08327 27-Mar-12 (No. 217-01533) Apr-13

Refarance Probe EX30V4 SM: 3503 30-0ec-11 (No. EX3-3503_Dect1) Dec-12

DAE4 EN: 601 2T-Jun-12 (No. DAE4-801_Juni2) Jun-13

Secondary Standards D # Cheack Date {In house) Scheduled Check

Power sansor HP B481A MY41092317 18-0ct-02 (in house check Oct-11) In house check: Det-13

AF ganemtor R&S SMT-06 100005 (4-Aug-99 (In nouse chack Oct-11) In Rouse cheok: Oct-13

Metwork Analyzer HF B753E US37300585 54206 18-Cict-071 (in house check Dot-12) Ir hipusa chack: Oct-13
Mama Function Signafure

Calibratad by, lgras El-Maoug Laboratory Technician

Omm ,fdrrjw‘v‘}:
Approved by, Kalja Pokovic Technleal Manager % a‘;@

Issued: Dacembar 11, 2012

This calibration certificate shall not be reproduced axcapt in full without written approval of the laborstory.
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, B004 Zurich, Switzerland

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

Accredited by the Swiss Accraditation Sendce (SAS) ' Accreditation No.: SCS 108
The Swias Accreditation Service is one of the signatories to the EA

Muitilateral Agresment for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EC 62209-2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures”; Part 2: “Procedure to determine
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010

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

Additional Documentation:
c) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

s Electrical Defay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

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

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

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

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

Cerificate No: DEGHZV2-1006_Dec12 Page 2 of 14




Measurement Conditions

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

DASY Version

DASYS5 V52.8.3
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dy, dy =4.0mm, dz = 1.4 Frm Graded Ratio = 1.4 (Z direction)

Frequency

5200 MHz = 1 MHz
5300 MHz £ 1 MHz
5600 MHz + 1 MHz
5800 MHz + 1 MHz

Head TSL parameters at 5200 MHz

The following parameters and calculations wera applied.

Temperature Permittivity Conductivity

MNominal Head TSL parameters 22.0°C 36.0 4.66 mho/m

Measured Head TSL parameters (220+02)°C M E26% 4 46 mho/m +6 %

Head TSL temperature change during test <(5°C eee e
SAR result with Head TSL at 5200 MHz

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

SAR measured 100 mW Input power 8.05 Wikg

SAH for nominal Head TSL parameters narmalized to 1W 79.8 Wikg + 19.9 % (k=2)

SAR averaged over 10 cm’ (10 g) of Head TSL condition

SAR measurad 100 mW input power 2.31 Whkag

SAR for nominal Head TSL parameters normalized to 1W 22.8 Wikg = 19.5 % (k=2)
Head TSL parameters at 5300 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 359 476 mho/m

Measured Head TSL parameters (22.0+0.2)°C 344+6% 4.55 mho/m £ 6 %

Head TSL temperature change during test =05°C
SAR result with Head TSL at 5300 MHz

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

SAR measured 100 mW input power 8.34 Wikg

SAR for nominal Head TSL parameters normalized to 1W B2.6 W/ kg £ 12.9 % (k=2)

SAR averaged over 10 cm” (10 g) of Head TSL condition

SAR measured 100 mW input power 2.39 Whkg

SAR for nominal Head TSL parameters

normalized to 1W

23.6 Wikg £ 19.5 % (k=2)

Cearificate No; D5GHzV2-1006_Dec12
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Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 355 5.07 mho/m
Measured Head TSL parameters (22.0+02)°C 34.026% 4.81 mho/m + 6 %
Head TSL temperature change during test =05°%C - —_
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condifion
SAR measured 100 mW input power B.46 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

83.6 Wikg = 19.9 % (k=2)

SAR averaged over 10 em” (10 g) of Head TSL

condition

SAR measured

100 mW input power

241 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

23.8 Wikg = 19.5 % (k=2)

Head TSL parameters at 5800 MHz

The following parameaters and calculations were appliad.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 2zneC k3 527 mha/m
Measured Head TSL parameters (22.0£0.2)°C 33B8+6% 5.04 mho/m £ 6 %
Head TSL temperature change during test <045 °C --- -
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.98 Wika
SAR for nominal Head TSL parameters normalized o 1TW 78.9 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 100 mW input power 2.27 Wika

SAR for nominal Head TSL parameters

normalized to 1W

22.4 Wikg = 18.5 % (k=2)

Certificate No: D5GHzV2-1006_Dec12 Page 4 of 14




Body TSL parameters at 5200 MHz

The following parameters and calculations were applied

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 49.0 5.30 mha/m
Measured Body TSL parameters (22.0+0.2)°C 471+6% 5,40 mho/m + 6 %
Body TSL temperature change during test =0.5°C —
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.20 Wikg

SAR tor nominal Body TSL parameters

normalized to 1TW

71.4 Wikg + 19.9 % (k=2)

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

condition

SAR measurad

100 mW input power

2.02 Wikg

SAR for nominal Body TSL parametars

normalized to 1W

20.0 Wkg + 19.5 % (k=2)

Body TSL parameters at 5300 MHz

The following parameters and calculations were applisd.

Temperature Permittivity Conductivity
MNominal Body TSL parameters 22.0°C 48.9 5.42 mho/m
Measured Body TSL parameters (220=0.2)°C 46.9+6% 551 mha/m+6 %
Body TSL temperature change during test <0.56°C - —
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.41 Wikg
SAR for nominal Body TSL parameters normalized to 1W 73.5 Wikg + 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 100 mW input power 2.07 Wikg

SAR for nominal Body TSL parameters

narmalized o TW

20.5 Wikg = 19.5 % (k=2)

Cerificate No: DSGHZV2-1006_Dect2
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Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters ~220°C 48.5 5.77 mho/m
Measured Body TSL parameters (22.0 £0.2)°C 46.4 + 6 % 5,88 mho/m =6 %
Body TSL temperature change during test <05°C -
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 100 mW Input power 7.74 Wikg
SAR for nominal Body TSL parameters normalized 1o 1TW 76.8 Wikg £ 19.9 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measured 100 mW input power 2.15 Wkg

SAR for nominal Body TSL parameters

nomalized to 1W

21.3 Wikg = 19.5 % (k=2)

Body TSL parameters at 5800 MHz

The following parameters and calculations were applied

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.2 6.00 mhofm
Measured Body TSL parameters (22.0+0.2)°C 46.1 +6 % 617 mho/m + 8 %
Body TSL temperature change during test <05°C -
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 em® (1 g) of Body TSL Caondition
SAR measured 100 mW input power 7.23 Wikg

SAR for nominal Body TSL parameters

nomalized to 1TW

71.7 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAH measured 100 mW input power 2.00 Wikg
SAR for nominal Body TSL parameters normalized to 1W 19.8 Wikg = 19.5 % (k=2)

Certificate No: D5GHzV2-1006_Dec12
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Appendix

Antenna Parameters with Head TSL at 5200 MHz

Impedance, transtormed 1o feed point 5180-107 |0

Return Loss -18.5 dB
Antenna Parameters with Head TSL at 5300 MHz

Impedance, transformed to feed point 561 0-13Q

Relurn Loss - 24 .6 dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 56.1 0 -6.6j0

Reaturn Loss -21.4 dB
Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to fead point BBE4Q+39]0Q

Return Loss -23.0dB
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to feed point 51.90-86j0

Returmn Loss - 20.4 dB
Antenna Parameters with Body TSL at 5300 MHz

Impedance, transformed to feed point 56.0 0 =0.1jQ

Retum Loss -249dB
Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed o feed point 56.90-45(0

Retum Loss -22.3dB
Antenna Parameters with Body TSL at 5800 MHz

Impadance, transformed to feed point 5740 +589|0

Return Loss -21.148

Certificate No: D&GHzV2-1006_Dec12
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General Antenna Parameters and Design

Electrical Delay {one direction) 1.199 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 ta the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added o the dipole arms in order to improve matching when loaded according to the position as explained in the
‘Measurament Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard,

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 28, 2003

Certificate Mo: D5GHzV2-1008_Dec12 Page 8 of 14



DASYS5 Validation Report for Head TSL

Date: 11.12,2012
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole S5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1006

Communication System: CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5600 MHz,
Frequency: 5800 MHz

Medium parameters used: f= 5200 MHz; 6 = 4.46 mho/m; & = 34.6; p = 1000 kgj’m" , Medium parameters
used: f = 5300 MHz; 6 = 4.55 mho/m; & = 34.4; p = 1000 kg.-me , Medium parameters used: { = 5600 MHz;
o =48] mho/m: & =34, p= 1000 kgll’rn3 , Medium parameters used: f = 5800 MHz; ¢ = 5,04 mho/m; & =
33.8; p = 1000 kg/m’

Phantom section: Flal Section
Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2007)

DASY52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.41, 5.41, 5.41); Calibrated: 30.12.2011, ConvF(5.1, 5.1, 5.1);

Calibrated: 30.12.2011, ConvF(4.76, 4.76, 4.76); Calibrated: 30.12.2011, ConvF(4.81, 4.81, 4.81);
Calibrated: 30.12.2011;

=« Sensor-Surface: 1.4mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601; Calibrated: 27.06.2012

» Phantom: Flat Phantom 5.0 (front); Type: QDO0O0OPS0AA; Serial: 1001
« DASYS52 52.8.3(988); SEMCAD X 14.6.7(6848)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 64.579 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 29.6 W/kg

SAR(1 g) = 8.05 W/kg; SAR(10 g) = 2.31 W/kg

Maximum value of SAR (measured) = 19.2 W/ikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.080 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 31.6 W/kg

SAR(1 g) = 8.34 W/kg:; SAR(10 g) = 2.39 W/kg

Maximum value of SAR (measured) = 20.2 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 63.445 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 33.5 W/kg

SAR(1 g) = 8.46 W/kg; SAR(10 g) = 2.41 W/kg

Maximum value of SAR (measured) = 20.9 Wikg

Certificate No: DeGHzV2-1006_Dec12 Page 9 of 14



Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 60.453 V/m: Power Drift = (.05 dB

Peak SAR (extrapolated) = 33.1 W/kg

SAR(1 g) = 7.98 W/kg; SAR(10 g) = 2.27 W/kg

Maximum value of SAR (measured) = 20.1 W/kg

-10.00
-20.00
30,00

-A0.00

-50.00

0dB =20.1 W/kg = 13.03 dBW/kg

Certificate No; D5GHzV2-1006_Deci2 Page 10 of 14



Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date; 10,12.2012
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1006

Communication System: CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5600 MHz,
Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; 6 = 5.4 mho/m; & = 47.1; p= 1000 kg/m’ , Medium parameters
used: f= 5300 MHz; ¢ = 5.51 mho/m; g = 46.9; p = 1000 kg/m’ , Medium parameters used: f = 5600 MHz;
o= 588 mho/m; g =46.4; p = 1000 icg,l"rr'.j , Medium parameters used: f = 5800 MHz; 6 = 6.17 mho/m; &, =
46.1; p = 1000 kg/m’

Phantom section: Flat Section

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

DASYS52 Configuration:

 Probe: EX3DV4 - SN3303; ConvF(4.91, 491, 4.91); Calibrated: 30.12.2011, ConvFi{4 67, 4.67,
4.67); Calibrated: 30.12.2011, ConvF(4.22, 4.22, 4.22}: Calibrated: 30.12.2011, ConvF(4.38, 4,38,
4.38); Calibrated: 30.12.2011;

« Sensor-Surface: 1. 4mm (Mechanical Surface Detection)

s Electronics: DAE4 Sn601: Calibrated: 27.06.2012

« Phantom: Flat Phantom 5.0 (back); Type: QDOCOOPS0AA; Seral: 1002
« DASYS52 52 8.3(988); SEMCAD X 14.6.7(6848)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 54 463 V/im; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 28.4 Wikg

SAR(1 g) = 7.2 W/kg; SAR(10 g) = 2.02 W/kg

Maximum value of SAR (measured) = 16.8 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 54.513 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 30.0 W/kg

SAR(I g) = 7.41 Wikg: SAR(10 g) = 2.07 W/kg

Maximum value of SAR (measured) = 17.5 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 53.974 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 34.1 W/kg

SAR(1 g) =7.74 W/kg; SAR(10 g) = 2.15 W/kg

Maximum value of SAR {measured) = 19.1 W/kg

Certificate Mo; D5GHzV2-1006_Dec12 Page 12 of 14



Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=14mm

Reference Value = 50.912 V/m; Power Drift =-0.08 dB

Peak SAR (extrapolated) = 33.7 W/kg Y

SAR(1 g) = 7.23 W/kg; SAR(10 g) =2 W/kg

Maximum value of SAR (measured) = 18.0 Wikg

-16.00
-20.00
-30.00

-40.00

-50.00

0dB = 18.0 W/kg = 12.55 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of SN,

Schweizerischer Kallbrierdlenst

Schmid & Partner % Sorvice sulsse délalonnage
Englneeﬁng AG o Servizio svirzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland R N Swiss Calibratlon Service

Accredited by the Swiss Accreditation Sarvica (SAS) Accreditation No.: SCS 108
The Swiss AccredHation Service Is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration cerificates

Client Sporton (Auden) Certificate No: DAE4-1279_Jan13
|CALIBRATION CERTIFICATE |

Objact DAE4 - 5D 000 D04 BJ - SN: 1279

Calibeation procedure(s) QA CAL-06.v25

Calibration procedure for the data acquisition electronics (DAE)

Calibration date: January 28, 2013

This ealiiration certificate documants the traceshility te national standards, which realize the physical units of measurameants (S1),
The measurements and the uncertainties with confidence prababifity are given on the folowing pages and are part of the cerificate

All calibrations have been conducled in ihe closed |aboratory fzcility. environmant temperature {22 + 31°C and humidity < 70%.

Calibratlon Equipment uzed (MATE critical for calibrabon )

Primary Standands ID# Cal Date (Cerlificale No.} Schedubed Calibration
Kaithley Multmeter Type 2001 SN 0B10278 02-0ct-12 {No:12728) Ock-13
Sacondary Standards D # Chack Date (in house) Scheduled Chack
Auto DAE Calibration Unit SE UWS 053 AA 1001 07-Jan-13 (in house chacd) In house chack: Jan-14
Calibrator Box V2.1 SE UMS 006 AA 1002  0F-Jan-13 (in house chack) In housa check: Jar-14

hamea Function Signature
Calibrated by RMayoraz Technician G

3 s ftpeney

Approved by. Fin Bomholt Deputy Tecnical Manager ;ﬁ“ /3/; s il

Issuad: January 28, 2013

This caflbration certificate shall not D reproduced exce in full witkout writhen approval of the laboratory,
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrassa 43, 8004 Zurich, Switzerland

Schweizeriacher Kalibrierdienst
Service suisse d'élalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accradited by the Swiss Accradilalion Servica (SAS) Accreditation No.. SCS 108
The Swiss Accreditation Sarvice is one of the signatories to the EA
Muitilateral Agreament 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.

+ Connecfor angle: The angle of the conneclor 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 nominal calibration voltage. Influence of offset voltage is included in this
measurement.

» Common mode sensitivity: Influence of a positive or negative commaon 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

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

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

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

* Low Battery Alarm Voifage: 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 Mo: DAE4-1279_Jan13 Page 2 of 5



DC Voltage Measurement
AD - Converlar Resolution nominal

High Range: 1LSB = B.1pV full range = -100.. +300 mY
Low Range: LS8 = etnV, full mnge= -1.....+3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y Z
High Range 405.158 + 0.02% (k=2) | 404,952 + 0.02% (k=2) | 404.290 + D.02% (k=2)
Low Range 398094 + 1.55% (k=2) | 3.97626 £ 1.55% (k=2) | 4.00118 £+ 1.55% (k=2)

Connector Angle

Connactor Angle 1o be usad in DASY system 3335%241°

Certificate No: DAE4-1279_Jan13 Fage 3ofh



Appendix

1. DC Voltage Linearity

High Range Reading (V) Difference (uV) Error (%)
Channel X + lnput 108996 .47 1.08 0.00
Channel X  +Input 20003.76 2.93 0.01
Channel X - Input -19999.36 0.88 -0.00
Channel Y + Input 199994 58 -0.65 0.00
Channel Y + Input 20001.07 0.39 0.00
Channel ¥ = Input -20001.20 £.68 0.00
Channel Z + Input 199948 63 s 0.00
Channe! Z + Input 20002.19 1.53 0.01
| Channel Z = Input -20001.89 -1.18 0.01
Low Range Reading (uV) Difference (uV) Error {%)
| Channel X + Input 2001.94 0.86 0.04
Channel X + |nput 200.87 01565 027
Channel X - Input -198.32 0.30 15
Channel Y + Input 2001 .04 0.08 0.00
Channel Y + Input 201.54 0.20 010
Channel Y = Input -188.41 0.21 0.10
Channel Z + Input 2000,78 -0.08 -0.00
Channel 2 + Input 200.22 -0.95 -0.48
Channel Z = Input -190.66 .88 0.44
2. Common mode sensitivity
DASY measurement parameters; Auto Zere Time: 3 sec; Measuring time; 3 sec
Common moda High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (V)
Channel X 200 18.03 16.81
- 200 -18.22 1701
Channel ¥ 200 B8.11 8.20 |
- 200 9.46 -9.57
Channel Z 200 4.7 -1.31
- 200 -0.74 -0.94
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sac; Measunng time: 3 sec
Input Voltage {(mV) | Channel X (uV) | Channel Y {uV) Channal Z (pV)
Channel X 200 - 2.26 -3.75
Channel Y 200 B.26 - 3.07
Channel 2 200 89.62 576 -

Ceriificate No: DAE4-1279_Jan13
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4. AD-Converter Values with inputs shorted

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

High Range (L5B)

Low Range (LSB)

Channal X 15672 158649
Channel Y 16456 16271
| Channel 2 J 15940 17304

5. Input Offset Measurement
DASY measurement paramelers: Auto Zero Time: 3 sec; Measuring fima: 3 sec

Input 10M©

Average (uV) | min. Offset (V) | mex. Offset (V) | % ?::;’ﬁ""
Channel X 3.57 224 4.78 0.51 '
Channel Y -1.43 -3.30 0.43 0.71
Channel Z 0.74 -0 47 | 210 0.53

6. Input Offset Current
Nominal Input circuitry offset current on all channels: <2574

7. Input Resistance (Typical values for information)

Zeroing (kOhm) Measuring (MOhm) |
Channel X 200 200
Channel ¥ 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values ' Alarm Level (VDC)
Supply (*+ Vec) +7.9
Supply (- Vec) 7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) | Transmitting (mA)
Supply (+ Vec) +0.01 +8 +14
Supply (- Voc) 0.0 8 g

Certificate No: DAE4-1279_Jan13
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Calibration Laboratory of

S Schwelzerischer Kalibrierdienst

Schmid & Partner c Service suisse d'étalonnage

Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland S swiss Calibration Service
Accredited by the Swiss Accraditation Service (SAS) Accreditation No.: SCS 108
Tne Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration centificates
ciemt  Sporton-TW {(Auden) Cerlificate No: DAEA4-T78_Aug12

IICALIBRATION CERTIFICATE

Chject DAE4 - SD 000 D04 BJ - SN 778

Calibration procedura(s) QA CAL-08,v25

Calibration date August 27, 2012

Calibrabon Equipment used (MATE eritical for calibration)

Calibration procedure for the data acquisition slectronics (DAE)

This callbration certificate documents the traceability to national standards, which realize the physical units of measuremants (S|}
The measuremeants and the unceraintes with confidence probability are given on the following pages and are part of the certificate.

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

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

Primary Standards 0# ) Cal Date {Cerificate No.) Scheduied Calibration

Kelthley Multimeter Type 2001 Sh; 0810278 28-Sep-11 (No:11450) S5ep-12

Secondary Standards o # Check Dats (in house) Scheduled Check

Calibrator Box VZ.1 SE UWS 053 A8 1001 DS-Jan-12 {in housa chack) In house checx: Jan-13
Mame Function Signature

Calibrated by Domimigiue-Steffen Teshmcan i'i EZ

Approved by: Fin Barmhoil RAD Diteelnr

1\ I‘QQ/LLU-‘-“

Iszued: Auguat 27, 3012
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Calibration Laboratory of S,

s \-q\"‘._.{-'"’ . S Schweizerischer Kalibrierdienst
Schmid & Partner % c Service suisse d'étalonnage
Engineering AG T Servizio svizzera di taratura
Ze A 5 s et .
ughausstrasse 43, 8004 Zurich, Switzeriand e ,uﬁ-,, s Swiss Calibration Service
R
Acerediled by the Swiss Accreditation Sarvice [SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary

DAE data acquisition electronics

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

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

» Connector angle: The 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 inpuls shorted: Values on the internal AD converter
corresponding to zero input voltage

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

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

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

o [ ow Battery Alarm 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 fullrange= -100...+300 mV
Low Range: 1LSBE= B1nV, full range = -1......+3mV
DASY measurement parametars: Auto Zero Time: 3 sec, Measuring time: 3 sec
Calibration Factors X Y Z
High Range 404 663 + 0.1% (k=2) | 403.465 + 0.1% (k=2} 405.010 £0.1% (k=2)
Low Range 398578 + 0.7% (k=2) | 3968516 £ 0.7% (k=2} 3.99894 £ 0.7% {k=ﬂ

Connector Angle

Connector Angle 1o be used in DASY sysiem 283°%+1°

Centificate No: DAE4-T78_Aug12 Page 3of &



Appendix

1. DC Voltage Linearity

High Range Reading (uV) Difference {uV) Error (%)
Channel X + Input 200000.39 2.83 0.00
Channel X + Input 20001.58 1.36 0.01
Channel X - Input -19998.48 2.54 -0
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
Channel Z + Input 19998.55 -1.57 -0.01
Channel Z = Input -20004.33 SN 0.02
Low Range Reading (uV) Differance (uV) Error (%)
Channel X + Input 2000.71 0.06 0.00
Channel X + Input 201.15 023 0.11
Channel X - Input -198.08 0.92 -0 46
Channel ¥ + Input 2000.36 013 0.
Channel Y + Input 199.81 -0.95 049
Channel ¥ = Input -200.22 -1.21 0.61
ChannelZ  +Input 2000.89 0.54 003 |
Channel Z + Input 200.06 .72 -0.36
Channel £ - Input -199.79 .68 0.34
2. Common mode sensitivity
DASY measurement parametars: Auto Zerc Time: 3 sec; Measuring time: 3 sec
Common mode High Range i Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 4,83 -5.89
- 200 7.67 5.93
Channel Y 200 -1.85 -2.63
_-200 -0.789 £.35
Channel £ 200 843 -9.27
-200 B.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 ¥ (uV) Channel Z (V)
Channel X 200 -1.46 -2.45
Channel Y 200 9.44 - 0.28
Channel Z 200 4492 6.59 -

Certificale No: DAE4-TT8_Aug12
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4, AD-Converter Values with inputs shorted

DASY measurement parameters: Auto Zero Time: 3 sec; Measuring lime: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 16053 168715
Channel ¥ 16161 14601
Channel 2 16434 15429

5. Input Offset Measurement

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

Input 10M0
Average (WV) | min, Offset (V) | max. Offset (wV) | ' ?:;:'“““
Channel X 1.04 034 1.84 0.34
Channel ¥ -1.10 -2.50 0.04 0.56
Channel £ -0.63 -1.70 1.29 047
6. Input Offset Current
Nominal Input circuitry offsel current on all channels: <2514
7. Input Resistance (Typical values for Information)
Zeroing (kOhm) Measuring (MOhm)
Channal X 200 200
Channel ¥ 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) -7.8
9. Power Consumption (Typical values for information)
Typical valuas Switched off (mA) | Stand by (mA) Transmitting {(mA)
Supply (+ Vec) +0.01 +8 +14
Suppiy (- Vec) 0.0 -8 -

Certificate No: DAE4-778_Aug12
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Calibration Laboratory of e, Sehwaizarischer Kal brigrdienst

Schmid & Partner %& Bervice suisse détalonnage
Engineering AG g Servizio svizzero di taratura
Foughausstrasse 41, 8004 Zurich, Switzeriand - ;’T’?\\ WE Swiss Calibration Service
“ygipie®
mecredited by the Swiss Accreditation Serce {SAS) Accroditation Me.; SCS 108

The Swiss Accreditation Service is one of the signatories to tha EA
Multilateral Agreement for the recognition of talibration cerificates

ciemt  Sporton-CN {Auden) Certiticats No: EX3-3697_Sep12

|CALIBRATION CERTIFICATE |
Object EX3DV4 - SN:3687 |J
Calibration procedure(s) QA CAL-01.v8, QA CAL-14.v3, QA CAL-23.v4, QA CAL-25.v4 l'

Calibration procadure for dosimatric E-fisld probes |

Calibration date Saplember 28, 2012

Tnis calibration cenficate documents the iraceability to national standards, whach realize the physseal units of measuremeants (51}
The mazsurements and the uncertainties with confidence probability are given on the foficwing pages and are part of the certificate.

Al calibrations have Deen conducted in iha closed laboratary taclity envieonment temparature (£2 £ 3)°C and humidity < 70%

Calibranan Equipment used (MATE crincal for calibratioen)

—_— . =l

| Primary Standards | | Cai Date {Cenificats Mo | Seheduled Calibration
Power mater E44198 | GR41293874 28-Mar-12 (Mo, 217-01508) Ape-13
Power sensor E4412A N¥ 41498087 20-Mar-12 (No. 217-01508) Apr13

| Reference 3 dB Atlaruator SN S5054 [3c) 27-Mar-12 (No. 217-01531) Agr-13 ]

| Reterence 20 dB Attenuaton SM: 50846 (208) £7-ar-12 (No. 217-01528) Apr-13

[ Reference 30 o8 Attenuator | SN. 5129 (301) 27-Mar-12 (No. 217-01532) Apr-13

| Reference Prove ES3DV2. | SN 3013 29-Dec-11 (No. ES3-3013_Deg11) Dec-12
DAE4 Sh: B8O 20-Jun-12 (No. DAE4-B60 _Jun12) Jum-13 i
Secandary Standards D Check Dats (in housa) Scheduled Check
RF genarator HP BE4BC LIS364 2001700 4-Aug-85 (In house check Apr-11) In house check: Apr-13
Natwork Analyzer HP 875JE | S37390585 18-0ct-01 (in house check Oct-11) in house check: Oct-12
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Calibration Laboratory of ‘\fwﬁ'.

Schwaizerscher Kalibrnerdiensi

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

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

Glossary:

TSL tissue simulating liquid

NORMx.y.z sensitivity in free space

CanvF sensitivity in TSL / NORMx, y.z

oCF dinde compression point

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

A B C maodulation dependent |inearzation parameters

Polarization g o rofation argund probe axis

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

le., % =0 i normal o probe axis

Calibration is Performed According to the Following Standards:

a)

b

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

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

Mathods Applied and Interpretation of Parameters:

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

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

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

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

Az Bxy.z, Cxy.z, VRx v,z A, B, C are numerical linearization parameters assessed based on the data of
power sweep for specific modulation signal. The parameters do not depend on frequency nor media, VR is the
maximum calipration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Parameters: Assessed In flat phantom using E-field (or Temperature Transfer
Standard for f = 800 MHz) and inside waveguide using analytical field distributions based on power
measuraments for f = 800 MHz. The same setups are used for assessment of the parametars applied for
boundary compeansation (alpha, depth) of which typical uncerainty values are given. These parameters are
Lsed in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx. .z * ConvF whereby the uncertainly corresponds to that given for Convf, A frequency dependeant
ComvF is used in DASY version 4 4 and higher which allows extending the validity from £ 50 MHz to £ 100
hHz,

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

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

Probe EX3DV4

SN:3697

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

Calibrated for DASY/EASY Systems

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

Basic Calibration Parameters

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

Modulation Calibration Parameters

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

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

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

* Mumerical linearization paramster: uncertainty not requirsd

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

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

Calibration Parameter Determined in Head Tissue Simulating Media

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

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

F At frequencies balow 3 GHz, the validity of tissue parameters (¢ and o) can ba relaxed to = 10% if guid compensation {ormuda is appéed 10
measured SAR values. At frequencies above 3 GHz, the validity of lissue parameters {2 and o) is restncted 1o 4 5%, The uncertainty is tha RSS of
the ConvF uncartainty for indicated targat tissus paramatars.
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EX3DV4- SMN3697 September 28, 2012

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

Calibration Parameter Determined in Body Tissue Simulating Media

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

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

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

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

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

Tt

Receiving Pattern (¢), 3 = 0°

September 28, 2012
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Uncertainty of Axial |sotropy Assessment: £ 0.5% (k=2)
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EX3IDV4- SN 3637 September 28, 2012

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

Input Signal [uv]

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

not nurn-punntnd compensated

Uncertainty of Linearity Assessment: * 0.6% (k=2)
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EX3DV4- SN:3857 September 28, 2012

Conversion Factor Assessment

f = 835 MHz WGLS RS (H_convF) f= 1900 MHz WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 8), f=900 MHz
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX30v4- SN 3807

Saplember 28, 2012

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

Other Probe Parameters

| Sensor Arrangement Triangular

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

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

[Probe Body Diametar Tomm

| Tip Length g mm

- Tip Diamgter 2.5 mm

[Probe Tip to Sensor X Calibration Point Tmm

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