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|CALIBRATION CERTIFICATE

D835V2 - SN: 499

Object

Calibration procedure(s)

Calibration date:

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

March 18, 2013

Calibration Equipment used {M&TE critical for calibration)

This calibration certificate documents the traceability lo national slandards, which realize the physical units of measuremants (Si).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificats.

Al calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Approved by:

Katja Pokovic

Technical Manager

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

Primary Standards D # Cal Date {Certificate No.) Scheduled Calibration

Power meter EPM-442A GB37480704 01-Nov-12 (No. 217-01640) Oct-13

Power sensor HP 8481A 837292783 01-Nov-12 (No. 217-01640) Oct-13

Reference 20 dB Attenuator SN: 5058 (20k) 27-Mar-12 (No. 217-01530) Apr-13

Type-N mismatch combination SN: 5047.3 /06327 27-Mar-12 (No. 217-01533) Apr-13

Reference Probe ES3DV3 SN: 3205 28-Dec-12 (No. ES3-3205_Dec12} Dec-13

DAE4 SN: 801 27-Jun-12 (No. DAE4-601_Jun12) Jun-13

Secondary Standards 1D # Check Dale {in house) Scheduled Check

Power sensor HP B481A MY41082317 18-Oct-02 {in house check Oct-11) in house check: Oct~13

RF generator R&S SMT-06 100005 04-Aug-98 (in house check Oct-11) In house check: Oct-13

Network Analyzer HP 8753E US37390585 54206 18-Oct-01 (in house check Oct-12) In house check: Oci-13
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a)

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: 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 Commissicn 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:

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.

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.

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 given on page 1.

DASY Version

DASYS Vv52.85
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 835 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 415 0.90 mho/m
Measured Head TSL parameters (22.0£0.2)°C 409 +6 % 0.94 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 2.48 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

1.60 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

6.22 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 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+0.2)°C 54.1+6 % 1.02 mho/m = 6 %
Body TSL temperature change during test <05°C ---- ----
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured

250 mW input power

2.51 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

1.64 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

6.35 Wikg + 16.5 % (k=2)

Cerlificate No: D835V2-498_Mar13
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 528Q-24iQ

Return Loss -28.7dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4830 -50jQ

Return Loss -25.4dB

General Antenna Parameters and Design

Electrical Delay (one direction) . 1.390 ns

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

The dipole 1s 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 shont-circuited for DC-signals. On some of the dipoles, smaii 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
accaording 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 July 10, 2003

Centificate No: DB35V2-4589_Mar13 Page 4 of 8



DASY5 Validation Report for Head TSL

Date: 18.03.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 499

Communication System: CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; 6 = 0.94 S/m; ¢, = 40.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
» Probe: ES3DV3 - SN3205; ConvF(6.05, 6.05, 6.05); Calibrated: 28.12.2012:
e Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 27.06.2012
e Phantom: Flat Phantom 4.9L; Type: QDOO0OP49AA: Serial: 1001

 DASY52 52.8.5(1059); SEMCAD X 14.6.8(7028)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=Smm

Reference Value = 56.766 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 3.78 W/kg

SAR(1 g) = 2.48 W/kg; SAR(10 g) = 1.6 W/kg

Maximum value of SAR (measured) = 2.89 W/kg

-2.40
-4.80
-1.20

-9.60

-12.00

0 dB = 2.89 W/kg = 4.61 dBW/kg

Certificate No: D835V2-499_Mar13 Page 50of 8



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

Date: 18.03.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 499

Communication System: CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; 6 = 1.02 S/m; g, = 54.1: p =1000 kg/m3
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(6.04, 6.04, 6.04); Calibrated: 28.12.2012;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 27.06.2012
« Phantom: Flat Phantom 4.9L; Type: QDOO0OP49AA; Serial: 1001
« DASY5252.8.5(1059); SEMCAD X 14.6.8(7028)

Dipole Calibration for Body Tissue/Pin=2350 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 55.050 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 3.70 W/kg

SAR(1 g) = 2.51 W/kg; SAR(10 g) = 1.64 W/kg

Maximum value of SAR (measured) = 2.91 W/kg

-2.40
-4.80
-7.20
-9.60

-12.00

0dB =2.91 W/kg = 4.64 dBW/kg
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Impedance Measurement Plot for Body TSL

18 Mar 2813 12:29:22

14 LW 78 243275 0 -49961 & 38451 pF SRC.ABR A8 MHz
Del
i /'/‘-“ \—““1
Ca z ‘/‘- i
— ; - e wd
| i
'.\\ ]
fiv g I
ik hale. g
H1d
CHZ 214 Lo 5 dBE/REF ~28 dB . 2:-25,394 B 235.008 602 MH=
A R T 1 T
—1 e e . it
*“-\__H_Hq- _’-’_’7__'_,_:-
2 |
4 S 4 g s — S —
Ca = o
| = ===—=u 3 S A N |
. -
\\ lf"
\e
— o ] i 4 S TS ! . |
zgu ! i 5 4+ ] gr L 2 2 ! | ==
Hld —_— = + . 4 s . |]—— i 4
START E35.808 GBE MHz - B STOF 1 825,900 086 Mz

Certificate No: D835V2-499_Mar13 Page 8 of 8



Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accragilad by the Swiss Accraditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client

Sporton-TW (Auden)

\ll Ii,
oy,
R
P

NT—
T

4 ¥
bl e

oy

)

A

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

Accreditation No.: SCS 108

Certificate No: D1750V2-1068_Jun12

CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration date:

D1750V2 - SN: 1068

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

June 20, 2012

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sl).
The measuremants and the uncertainties with confidence probability are given on the following pages and are pan of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidily < 70%.

Calipration Equipment used (M&TE cnitical for calipration)

| Primary Standards D # Cal Date {Certificate No.) Scheduled Calibration
‘ Power mater EPM-442A | GB37480704 05-0Oc¢t-11 (No. 217-01451) Oct-12
Power sensor HP 8481A US37292783 05-0¢i-11 (No. 217-01451) Ocl-12
Reference 20 dB Attenuator SN: 5058 (20k) 27-Mar-12 {No. 217-01530) Apr-13
Type-N rmismatch combination SN: 5047.2 /06327 27-Mar-12 (No. 217-01533) Apr-13
Reference Probe ES30V3 SN: 3205 30-Dec-11 (No. ES3-3205_Dec11) De¢-12
DAE4 SN: 601 04-Jul-11 {No. DAE4-601_Jul11} Jul-12
Secondary Standards 1D # Check Date {in house) Scheduled Check
Power sensor HP 84B1A MY41092317 18-0¢1-02 (in house check Oct-11) In house check: Oct-13
RF generator R&S SMT-06 100005 04-Aug-99 {in house check Oct-11) In house check: Oct-13

Netwark Analyzer HP 8753&

Calibrated by:

Approved by:

| This calibraticn certificate shall not be reproducad excepl in full without written approval of the laboratory.

US37390585 54206

Name
Israe El-Naouq

Katja Pokavic

18-Cct-01 (in house check Oct-11)

Function
Laboratory Technician

Technical Manager

In house check: Oct-12

Signature

i II."I:‘ ‘ o .I

1 f i o N
) T U U of P R
|

Issued: June 20, 2012

Centificate No: D1750v2-1068_Jun12
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Calibration Laboratory of s,
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Schmid & Partner ] Service suisse d'étalonnage
Engineering AG % c Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland 47,1//;//—-\_?\\\} S swiss Calibration Service
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.:. SCS 108

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

¢) 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:

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.

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.

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 tc 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 uncenrtainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No: D1750V2-1066_Juni2 Page 2 of 8



Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.8.1
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy,dz =5 mm
Frequency 1750 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 40.1 1.37 mho/m
Measured Head TSL parameters (22.0+0.2)°C 401 +6% 1.35 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 8.94mW/g

SAR for nominal Head TSL parameters normalized to 1W 36.1 mW /g + 17.0 % (k=2)

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

SAR measured 250 mW input power 479mW /g

normalized o 1W

SAR for nominal Head TSL parameters 19.3 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 53.4 1.49 mho/m
Measured Body TSL parameters (22.0x0.2)°C 525+6 % 1.47 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 916 mW /g

SAR for nominal Body TSL parameters

normalized to 1W

36.8 MW /g +17.0 % (k=2)

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

condition

SAR measured

250 mW inpul power

495 mW /g

SAR for nominal Body TSL parameters

normalized to 1W

19.9 MW / g £ 16.5 % (k=2)

Certificate No: D1750V2-1068_Jun12
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 4380+03jQ

Return Loss -47.7 dB
Antenna Parameters with Body TSL

|

Impedance, transformed to feed point 41580 +0.7|Q

Return Loss -27.2dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1.220 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 shon-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 fength is still

accerding 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

June 15, 2010

Centificate No: D1750V2-1068_Jun12
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DASYS5 Validation Report for Head TSL

Date: 20.06.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1068

Communication System: CW; Frequency: 1750 MHz

Medium parameters used: f = 1750 MHz; ¢ = 1.35 mho/m; & =40.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS5?2 Configuration:
« Probe: ES3DV3 - SN3205; ConvE(5.22, 5.22, 5.22); Calibrated: 30.12.2011;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.07.2011

Phantom: Flat Phantom 5.0 (front); Type: QDOO0OPS0AA; Seral: 1001

DASY52 52.8.1(838); SEMCAD X 14.6.5(6469)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 93.456 V/m; Power Dnft =0.02 dB

Peak SAR (extrapolated) = 15.791 mW/g

SAR(1 g) = 8.94 mW/g; SAR(10 g) =4.79 mW/g

Maximum value of SAR (measured) = 11.0 mW/g

-5.00
-10.00
-15.00

-20.00

-25.00

0dB =11.0 mW/g=20.83 dB mW/g

Certificate Na: D1750v2-1068_Jun12 Page 5 of 8



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

Date: 20.06.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1068

Communication System: CW; Frequency: 1750 MHz

Medium parameters used: f = 1750 MHz; o = 1.47 mho/m,; & = 52.5; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.85, 4.85, 4.85); Calibrated: 30.12.2011,
¢ Sensor-Surface: 3mm (Mechanical Surface Detection)
s Electronics: DAE4 Sn601; Calibrated: 04.07.2011
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOP50AA; Senal: 1002
« DASYS2 52.8.1(838); SEMCAD X 14.6.5(6469)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=Smm

Reference Value = 92.697 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 15.691 mW/g

SAR(1 g) = 9.16 mW/g; SAR(10 g) =4.95 mW/g

Maximum value of SAR (measured) = 11.5 mW/g

-3.60
-1.20
-10.80

-14.40

-18.00

0dB=11.5mW/g=21.21 dB mW/g

Certificate No: D1750V2-1068_Jun12 Page 7 of 8



Impedance Measurement Plot for Body TSL
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SPORTON LAB.

FCC Test Report

D1750V2, serial no. 1068 Extended Dipole Calibrations
Referring to KDB865664 D01vO01, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration),

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

calibration interval can be extended.

<Justification of the extended calibration>

D1750V2 — serial no. 1068

1750 Head 1750 Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta| Return-Loss | Delta Delta Delta
Impedanc Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
e (ohm) (ohm) (ohm) (ohm)
06.20.2012 -47.657 49.816 29.486 -27.154 45.852 60.393
06.20.2013 -47.859 |-0.424%| 50.019 |-0.203| 28.949 |0.537 -27.268 -0.42% | 45.592 0.26 60.120 0.273

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




seomron 1as.  FCC Test Report

<Dipole Verification Data> - D1750 V2, serial no. 1068 (Date of Measurement : 6.20.2013)
1750 MHz - Head

Log Mag 10.00de/ rRef -20.00dE [F1]

>1 1.7500000 GHz -47.859 dB

10.00

-10.00

1 Start 1.55 GHz TFBVW 70 kHz Stop 2 GHz |

P S11 smith (R+jx) sScale 1.000u [F1 Del]

1 1.7500000 GHz 50.019 Q -3.1416 28949 pF

1 Start 1.55 GHz IFBWY 70 kHz Stop 2 GHz [

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



seomron 1as.  FCC Test Report

1750 MHz - Body

>1 1.7500000 GHz -27.268 dB

10.00

-10. 00

-50.00

1 Start 1.55 GHz

IFBW 70 kHz

Stop 2 GHz [

P 511 smith (R+3jx) Scale 1.000U [F1 Del]

»>1 1.7500000 GHz 45.592 0 -1.5127 0 O-riiﬁ_i;lf_

1 Start 1.55 GHz

IFBW 70 kHz

stop 2 GHz [

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978
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Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Swiss Accreditation Sarvice (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Accreditation No.: SCS 108

Client Sporton (Auden) Certificate No: D1900V2-5d041_Mar13

=TT

Object D1900V2 - SN: 5d041

QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz

Calibration procedure(s)

Calibration date;

March 20, 2013

Calibration Equipment used (M&TE critical for calibration)

This calibration certificale documents the traceability (o national standards, which realize ihe physical unils of measurements (Sl).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3}°C and humidity < 70%.

Approved by:

Katjia Pokovic
L

Technical Manager

This calibration certificate shall nol be reproduced except in full without written approval of the laboratory.

Primary Standards D # Cal Date (Ceriificate No.) Scheduled Calibration

Power meter EPM-442A GBA37480704 01-Nov-12 {No. 217-01840) Oct-13

Power sensor HP 8481A US37202783 01-Nov-12 (No. 217-01640) Oct-13

Reference 20 dB Attenuator SN: 5058 (20k) 27-Mar-12 (No. 217-01530) Apr-13

Type-N mismatch combination SN: 5047.3/ 06327 27-Mar-12 (No. 217-01533) Apr-13

Reference Probe ES3DV3 SN: 3205 28-Dec-12 (No. ES3-3205_Dec12) Dec-13

DAE4 SN: 601 27-Jun-12 (No. DAE4-601_Jun12) Jun-13

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

Power sensor HP 8481A MY41092317 18-Oct-02 {in house check Oct-11) In house check: Oct-13

RF generator R&S SMT-06 100005 04-Aug-99 (in house check Octl-11) In house check: Oct-13

Network Analyzer HP 8753E US37390585 $4206 18-Oct-01 {in house check Oct-12) In house check: Oct-13
Name Funclion Signature

Calibrated by: Lait Klysner Laboratory Techinizian =9 a-";f"f

Y s~

tssued: March 20, 2013

Certificate No: D1900V2-5d041_Mar13
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurlch, Switzerland

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

Accredited by the Swiss Accraditation 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 Technigues”, December 2003

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

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

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

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

o  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%.

Certificate No: D1300V2-5d041_Mari3 Page 2of 8




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

DASY Version

DASY5 V52.8.5

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1900 MHz £ 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 40.0 1.40 mho/m

Measured Head TSL parameters (22.0+0.2)°C 383+6% 1.38 mho/m + 6 %

Head TSL temperature change during test <0.5°C e -
SAR result with Head TSL

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

SAR measured 250 mW input power 10.1 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

40.6 W/kg £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.29 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

21.2 W/kg x 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.3 1.52 mho/m
Measured Body TSL parameters (22.0%£0.2)°C 51.8x6% 1.53 mho/m £ 6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured

250 mW input power

10.3 Wkg

SAR for nominal Body TSL parameters

normalized to 1W

0.8 Wikg £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.42 Wikg

SAR for nominal Body TSL parameters

normalized o 1W

21.5 Wikg = 16.5 % (k=2)

Certificate No: D1900V2-5d041_Mar13
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 507Q+57jQ

Return Loss -249dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4710 +55iQ

Return Loss -238dB

General Antenna Parameters and Design

Electrical Delay (one direction) : 1.202 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 July 04, 2003

Certificate No: D1900V2-5d041_Mar13 Page 4 of 8



DASY5 Validation Report for Head TSL

Date: 20.03.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d041

Communication System: CW; Frequency: 1900 MHz
Medium parameters used: f = 1900 MHz; ¢ = 1.38 S/m; & = 39.3; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASY52 Configuration:

« Probe: ES3DV3 - SN3205; ConvF(4.98, 4,98, 4.98); Calibrated: 28.12.2012;

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

Electronics: DAE4 Sn601; Calibrated: 27.06.2012

Phantom: Flat Phantom 5.0 (front); Type: QDO00PS0AA; Serial: 1001

DASY52 52.8.5(1059); SEMCAD X 14.6.8(7028)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 96.599 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 18.2 W/kg

SAR(1 g) = 10.1 W/kg; SAR(10 g) = 5.29 W/kg

Maximum value of SAR (measured) = 12.6 W/kg

-3.60
-7.20
-10.80

-14.40

-18.00

0dB =12.6 W/kg=11.00 dBW/kg

Certificate No: D1900V2-5d041_Mar13 Page 50f 8



Impedance Measurement Plot for Head TSL

28 Mar 2813 11:26:38
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CHZ 511 LOG S dB/REF -28 dB 1:-24.984 dB8 1 569.800 806 MHz

Ca . . _\_-_.""\___ . ; . —'_'_’_'__,_,—ﬁ"_'_'—
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DASYS5 Validation Report for Body TSL

Date: 20.03.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d041

Communication System: CW; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz; o = 1.53 S/m; & = 51.8; p = 1000 kg,/m3
Phantom section: Flat Section

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

DASY52 Configuration:

s Probe: ES3DV3 - SN3205; ConvF(4.6, 4.6, 4.6); Calibrated: 28.12.2012;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 27.06.2012

Phantom: Flat Phantom 5.0 (back); Type: QDOOOP50AA; Serial: 1002

DASYS52 52.8.5(1059); SEMCAD X 14.6.8(7028)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 96.599 V/m: Power Drift = 0.05 dB

Peak SAR (extrapolated) = 17.9 W/kg

SAR(1 g) =10.3 W/kg; SAR(10 g) = 5.42 W/kg

Maximum value of SAR (measured) = [3.1 Wrkg

-3.60
-1.20
-10.80

-14.40

-18.00

0dB =13.1 W/kg =11.17 dBW/kg

Cerificate No. D1900V2-5d041_Mar13 Page 7 of 8



Impedance Measurement Plot for Body TSL

28 Mar 20813 11:25:53
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Certificate No: D2450V2-869_Juni3

Ohject

Calinralion procadums(s)

| Calibraton dale

D2450V2 - SN: 869

QA CAL-05.v9

CALIBRATION CERTIFICATE I

Calibration procedure for dipole validation kits above 700 MHz

June 11, 2013

Caiioration Equipment used (MATE cribgal for callbration)

Thes calibratron certiticate documenis the fraceabilily to national siandards, whech realize {he physical units of measurements (51}
The measuremanis and the uncemaintes with conlidence probatbilily are gran on the following pages and are pan of the centicate.

Al calibrations have been conducted in ihe clased laboratoy facility, envrenment lempersiure (22 £ 3)°C and humidiy < 70%.

| Primary Standards [IDw Cal Dala {Certificale No ) Schedulad Calibration

| Power meter EPM-4424 GEITALOTD4 O1-Nen-12 (No. 217-01640) Dct-13

| Power sansor HP 84814 UsarzezTes 1-Nov-12 (Ne. 217-01840) Oct-13

| Redeencs 20 4B Allenusion SN 5008 (20k) {4-Ape-13 (No. 217-01738) Apr-td
TypeN mismatch comisnation SN SO47.3/06227  04-Ap-13 (Mo, 21701739) Apr-i4
Riferenca Proba ES3DVH SN: 3205 28-Dec-12 (No. ES3-3205_Dect2) Dec-13
DAE4 SN: B0 25-Apr-13 {No. DAE4-601_Apr1a) Apr-14
Secondary Standards I i Check Data (in houss) ESrnaduled Check
Power sensod HP 84814 MYA1082317 18-0¢1-02 (in nouse chack 0c1-11) in house check: Ol 13
AF generalor R&S SMT-08 100005 04-Aug-98 (in house check Oot-11) In house chealk: 001-13

Metwork Analyzer HP 8753E

| Catibrated by

Approved by

Thiz calibmafion cadilicala shall nol e reproduced except in full without willen approval of the aboraiory.

LSA7asdses 54206

MNama

Laif Kiysner

Katja Pokavic

18-0c-01 {In house check Oct-12)

Funclion
Labomtory Technician

Teachrical Manags:

In house check! Ocl-13

e

issued: June 11, 2013
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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 1528-2008, “IEEE Recommended Practice for Determining the Peak Spatial-

b)

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 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:

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.

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.

Electrical Delay: One-way delay between the SMA connector and the antenna teed 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
muliplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No: D2450V2-869_Jun13 Page 2 of 8




Measurement Conditions

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

DASY Version DASY5 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 Wikg

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 509+6 % 2.02 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 13.2 Wrkg

SAR for nominal Body TSL parameters

normalized to TW

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+55iQ

Return Loss -23.6dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 49.4 Q0 +86.6|Q

Return Loss -236dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.1589 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 lhe 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

Certificate No: D2450V2-869_Jun13 Page 4 of 8



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

i1 Jun 2033 @9:43:12
B44 1 U FS 154,162 6 4BE3 4 356.40 pH 2 450,089 000 Mz

HId

CHZ S11 106 S dB/REF <28 B 1-23.648dB 2 450,600 600 Wz

T_.

!
— . |
}

Hid

! ' | . Q ' . i
START 2 280,000 Gafd MHz STOF 2 E5R.00A 000 Mz

Centificate No: D2450V2.868_Jun13 PageBofB



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

1 Jun IEL3 @I:4F: 40

LRI S14 1uFs 1r 49,428 4 Eﬂﬁ_ﬁ 426,85 pH T 450,000 000 MM
L
be1 -.
\
Ca 1
- 4 —"f%fr%
i ?'
It f
1;& \ [N .
H‘j d I -
CH2 s11 L%ﬁ S dB/RET -0 48 2000 0 0 1:-23.600d8 I 450.000 80O MMz
1 —+ + ?
4k 1— +
el i

.Lt &
EEE " .?- - | \d:'//_"' = 4 '|' "
—_———— il. = | — — = B H & —

ol et

START 2 25@.088 000 iz STOP 2 £50.080 009 MH2

Certilicate No: D2450V2-869_Jun13 Page 8ot 8



Calibration Laboratory of
Schmid & Pariner

Engineering AG
Zoughausstrasse 423, 8004 Zurich, Switzeriand

s Schwelzerischer Kalibrierdienst

C Sorvice sulsse d'étalonnage
Sorvizio svizzero di taratura

S  swiss Calibration Service

Accrediled by the Swiss Accreditaticon Servica [SAS) Accroditation No.: SCS 108
The Swiss Accraditation Service is one of the signatories o the EA
Multitatersl Agreement for the recognition of calibration certificates

cient  Sporton-TW (Auden) Certificate o: D5GHZV2-1128_Jul13
|CMHA110N CERTIFICATE I
Object D5GHzv2 - SN: 1128
Calbration procedure(s) QA CAL-22.v2

Calibration procedure for dipole validation kits between 3-6 GHz

Callbration date July 24, 2013

This calltation certficals decumants the Imcaabiity 1o nationa! standards, which realizs the physal units of measuremers {S1).
The measisramants and the uncenainties with confidance probabiity are ghean on the following pages and are pan of tha certificate.

Al callbrations have boen conducted in 1w closed jaboratory faciny: enviconmant lemparature (22 =3)°C and humidity < 7%

Calibration Equipmant used (MATE crifical lor calibration)

Primary Standards 10 & Cal Dats (Centificste Ne.) Schadulad Calbsation

Paowar metar EPM-4424 GRITAROTOS 01-Now-12 (No. 217-01640) Oct-13

Powar sansor HP B481A LUS37292783 n-how12 (No. 1 T-01640) Oct-13

Hetarence 20 dB Atenumor SN 6058 (20K) 0d-Apr-13 (No. 217-01738) Apr-14

Type-h mismateh comuination SN: 5047.3/ 06327  04-Apr-13 (No. 217-01739) Apr-1d

Ratarance Probe EX30V4E SN: 3503 28-Dec-12 (No. EX3-3503_Dec12) Dec-13

DAE4 SMN: 601 25-Apr-13 (No. DAE4-E01_Apri3) Apr-14

Sacondary Standards 10y i Check Date (in housa) Scheduled Checlt

Power sensor HP B4B1A MY41082317 18-0ct-02 (in house check Ocl-11) In house check: Oct-13 |

AF ganerator A&S SMT-08 100005 04-Aug-99 (in house check Oct-11) In house chece: Oct-13

Metwork Analyrer HP 8753E LUS37350585 S4206 16-0ct-01 {in house check Oct-12) In house check: Oct-13
Mame Function Signiture

Calibeatad by: Jaton Kastrati Lanoratory Technican " i L g

Approved by ‘Katja Pokovic Technical Manages M;"

I\::'._'ﬂ"

lasued, Jury 24, 2013

| This cafibration cenficate shall not be reproduced excapt in full without wiitien approval of the taboratary.
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Calibration Laboratory of o

_ P s v, g  Schweizerischor Kalibriordionst
Schmid & Eartner — c Service suisse d'étalonnage
Engineering AG e Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzertand £ 4»':.-?\‘?‘\ ¥ S swiss Calibration Service
Accredited by the Swiss Accreditation Senvice (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agreemant 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) IEC 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 Cemmunications 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 Systermn Handbook

Methods Applied and Interpretation of Parameters:

» Measurement Conditions: Further details are available trom 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.

* 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.

» 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%.

Cadificale No: D5GHzVZ-1128_Jul13 Page 2al 15



Measurement Conditions

DASY system configuration, as far as not given on page 9.

DASY Version DASYS V52.8.7
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution ax, dy = 4.0 mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)

Frequency

5200 MHz =1 MHZ
5300 MHz = 1 MH=
5600 MHz = 1 MHz
5800 M-z = 1 MHz

Head TSL parameters at 5200 MHz

The following parameters and calculations ware applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°*C a8.0 4,66 mho/m

Measured Head TSL parameters {220:02)°C 352:28% 4,46 mho/m = 8 %

Head T5L temperature change during test <D5°C - e
SAR result with Head TSL at 5200 MHz

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

SAR measurad 100 mW input powar 7.86 Wikg

SAR for nominal Head TSL parameters normalized to 1W 78.2 Wikg = 19.9 % (k=2)

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

SAH measured 100 mW |nput powar 2.27 Wikg

SAR tor nominal Head TSL parameters narmallzed 1o 1W 22.5 Wikg £19.5 % (k=2)

Cerificate No: DEGHzV2-1128_Jul13
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Head TSL parameters at 5300 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.9 4.76 mho/m
Measured Head TSL parameters (22.0+0.2) °C 351+6% 4.55 mho/m + 6 %
Head TSL temperature change during test <0.5°C e ----
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 8.11 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

80.6 W/ kg x 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.34 Wikg

SAR for nominal Head TSL parameters

normalized to TW

23.2 W/kg £ 19.5 % (k=2)

Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.5 5.07 mho/m
Measured Head TSL parameters (22.0+0.2)°C 347+6% 4.85 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 Condition
SAR measured 100 mW input power 8.10 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

80.5 W/kg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.33 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

23.1 W/kg = 19.5 % (k=2)

Certificate No: D5GHzV2-1128_Jul13
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Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.3 5.27 mho/m
Measured Head TSL parameters (22.0+0.2)°C 34.4+6% 5.05 mho/m + 6 %
Head TSL temperature change during test <0.5°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 7.78 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

77.2 W/kg + 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.23 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

221 W/kg + 19.5 % (k=2)

Certificate No: D5GHzV2-1128_Juli3
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Body TSL parameters at 5200 MHz
The following parameters and calculations ware applied.

|_ Temperature Permittivity Conductivity

| Nominal Body TSL parameters 22.0°C 49.0 5.30 mho/m

| Measured Body TSL parameters (22.020.2)°C 489 +£6% S40mhoim=6% |
Body TSL temperature change during test <05°C e e

SAR result with Body TSL at 5200 MHz

SAR averaged over 1 em’ (1 g) of Body TSL Candition
SAR measured 100 mW inpul power 7.34 Wikg
SAR lor nominal Body TSL parameters normalized to 1W 73.4 Wikg £ 19.9 % (k=2)

| SAR averaged over 10 cm” (10 g) of Body TSL candition
SAR measurad 100 mW input power 2.07 Wikg

SAR tfor nominal Body TSL parameters narmalized © 1W

20.7 Wikg = 19.5 % (k=2)

Body TSL parameters at 5300 MHz
The tolliowing paramaters and calculations ware applled.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 48.9 542 mho/m
Measured Body TSL parameters (22.0=02)"C 46,8 6% 5.55 mho/m+6 %
Body TSL temperature change during test <05°C e e
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condltion
SAR measured 100 mW input powear 7.49 Wikg

SAR for nominal Body TSL parameters

nomalized to 1W

74.3 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm’ {10 g) of Body TSL condition
SAR measurad 100 mW input power 211 Wikg
SAR for nominal Body TSL parameters nomalized to 1W 20.8 Wikg + 18.5 % (k=2)

Cartificate No: D5GHzV2-1128_Jul13
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Body TSL parameters at 5600 MHz

The foliowing parameters and calculations were applied.

Temperature Permittivity Conductivity

' Nominal Body TSL parameters 220°C 48.5 5.77 mho/m
Measured Body TSL parameters {22.020.2)°C 48246 % 5.93 mha/m + 8 %
Body TSL temperature change during test <05°C - wee

SAR result with Body TSL at 5600 MHz

SAR averaged over 1 cm’ (1 g) of Body TSL Candition

| SAA measured 100 mW input power 7.78 Wikg
SAR for nominal Body TSL parameters normalizad to TW 778 Wikg £ 19.9 % (k=2)

' SAR averaged over 10 cm” (10 g) of Body TSL conditian

i SAR measured 100 mW input power 218 Wikg

| SAR for nominal Body TSL parameters

normalized to 1W

21.8 Wkg = 19.5 % (k=2)

Body TSL parameters at 5800 MHz
The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 20*C { 482 €.00 mha/m

Measured Body TSL paramelers (20=02)"C | 479 +8 % 6.21 mho/m + 6 %

Bedy TSL temperature change during test «05°C | “ee men
SAR result with Body TSL at 5800 MHz

SAR averaged aver 1 cm’ (1 g) of Body TSL Condition

SAR measured 100 mW input power 722 Wikg

SAR tor nominal Body TSL parametors nomalized to 1W 722 Wikg = 19.9 % (k=2)

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

SAR maasured 100 mW input power 2.02 Wikg

SAR for nominal Body TSL parametars normalized to 1W 20.2 Wg = 19.5 % (k=2)

Cariificate No: DSGHzV2-1128_Jul13
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Appendix

Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to leed point 5260 -501

Aetum Loss -252d8
Antenna Parameters with Head TSL at 5300 MHz

Impedance, transfarmed to feed point 507TR-16iQ

Aelum Loss -35.2d8
Antenna Parameters with Head TSL at 5600 MHz

Impadance, transformed (o lead point EB2O+160

Bewm Loss -24.4 0B
Antenna Parameters with Head TSL at 5800 MHz

Impadance, transformed 1o leed point 55,5 nﬁz Q2

Return Loss - 254 dB
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transiormed 1o teed point 5230-250

Retum Loss - 29.6dB
Antenna Parameters with Body TSL at 5300 MHz

impedance, transformed to feed pont _ 50.7 2 + 0.0

Retum Loss -42.7 dB
Antenna Parameters with Body TSL at 5600 MHz

impedance, transformed to feed point 5640 +41Q

Aetum Loss -229dB
Antenna Parameters with Body TSL at 5800 MHz

impedance, transformed to feed point 5530 +28I0

Retum Loss -24.8dB

Caificate No: D5GHzV2-1128_Jui13
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General Antenna Parameters and Design

Electrical Delay (one direction) 1.209 ns

After long term use with 100W radiated power, only a slight warming of the dipcle 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 am 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
Manutactured on September 08, 2011
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DASYS5 Validation Report for Head TSL

Date: 23.07.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1128

Communication System: ULD () - CW ; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5600
MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; o = 4.46 S/m; &, = 35.2; p = 1000 kg/m’ , Medium parameters
used: f=5300 MHz; 0 =4.55 §/m, g, = 35.1; p= 1000 Icga"m1 , Medium parameters used: f = 5600 MHz; o0 =
4,85 S/m; & =34.7; p= 1000 kg/m" , Medium parameters used: f = 5800 MHz; o = 5.05 S/m; &, = 34.4; p =
1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/IEC/ANSI C63,15-2007)

DASYS2 Configuration:

+» Probe: EX3DV4 - SN3503; ConvF(5.41, 541, 5.4]); Calibrated: 28.12.2012, ConvF(5.1, 5.1, 5.1);
Calibrated: 28.12.2012, ConvF(4.76,4.76, 4.76); Calibrated: 28.12.2012, ConvF(4.81, 4.81, 4.81):
Calibrated: 28,12.2012;

s Sensor-Surface: 1 4mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601; Calibrated: 25.04.2013

« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Senal: 1001
o DASY5252.87(1137); SEMCAD X 14.6.10(7164)

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 = 63.593 V/m; Power Drift = 0.09 dB

Peak SAR (extrapolated) = 28.2 W/kg

SAR(] g) = 7.86 W/kg; SAR(10 g) = 2.27 W/kg

Maximum value of SAR (measured) = 17.6 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4min, dy=4mm, dz=1 4mm

Reference Value = 63.984 V/m; Power Drift = (.02 dB

Peak SAR (extrapolated) = 29.9 W/kg

SAR(1 g) =8.11 W/kg; SAR(10 g) = 2.34 W/kg

Maximum value of SAR (measured) = 18.2 W/kg

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

Reference Value = 62.627 V/im; Power Dnift = 0.09 dB

Peak SAR (extrapolated) = 31.5 W/kg

SAR(1 g) = 8.1 W/kg; SAR(10 g) = 2.33 Wikg

Maximum value of SAR (measured) = 18.7 W/kg

Cenificate No: DSGHzV2-1128_Jul13 Page 10 of 15



Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: di=4mm, dy=4mm, dz=1 4mm

Reference Value = 60.557 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 31.6 Wikg

SAR(1 g) = 7.78 W/kg: SAR(10 g) = 2.23 W/kg

Maximum value of SAR (measured) = 18.3 W/kg

— -5.00

-10.00

-15.00

-20.00

-25.00

0dB = 8.3 Wikg = 12.62 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 24.07.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5G:H2zV2 - SN: 1128

Communication System: UID 0 - CW ; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5600
MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; ¢ = 5.4 S/m; ¢, =48.9; p = 1000 kg/m3 , Medium parameters used:
f=5300 MHz; 6 = 5.55 S/m; & = 46.8; p = 1000 kg/m3 , Medium parameters used: f = 5600 MHz; o = 5.93
S/m; e, =48.2;, p = 1000 kg/m3 , Medium parameters used: f = 5800 MHz; c = 6.21 S/m; & = 47.9; p = 1000
kg/m®

Phantom section: Flat Section

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

DASY52 Configuration:

e Probe: EX3DV4 - SN3503; ConvF(4.91,4.91, 4.91); Calibrated: 28.12.2012, ConvF(4.67, 4.67,
4.67); Calibrated: 28.12.2012, ConvF(4.22, 422, 4.22); Calibrated: 28.12.2012, ConvF(4.38, 4.38,
4.38); Calibrated: 28.12.2012;

» Sensor-Surface: 1.4mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601; Calibrated: 25.04.2013

¢ Phantom: Flat Phantom 5.0 (back}; Type: QDO0O0OPS0AA; Serial: 1002
o DASY5252.8.7(1137); SEMCAD X 14.6.10(7164)

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 = 57.643 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 28.4 W/kg

SAR(1 g) = 7.34 W/kg; SAR(10 g) = 2.07 W/kg

Maximum value of SAR (measured) = 16.6 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 = 57.535 V/m: Power Dr1ift =0.04 dB

Peak SAR (extrapolated) = 29.9 Wikg

SAR( g) = 7.49 W/kg; SAR(10 g) = 2.11 W/kg

Maximum value of SAR (measured) = 17.2 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 = 57.173 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 33.8 W/kg

SAR(1 g) =7.78 W/kg; SAR(10 g) =2.18 W/kg

Maximum value of SAR (measured) = 18.9 W/kg
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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=1.4mm

Reference Value = 54.111 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 32.9 W/kg

SAR(1 g) =7.22 Wikg; SAR(10 g) = 2.02 W/kg

Maximum value of SAR (measured) = 17.8 Wiz

-24.00

-30.00

0dB=17.8 W/kg = 1250 dBW/kg
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Impedance Measurement Plot for Body TSL
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Phong +41 44 245 9700, Fax +41 44 245 9779
infeddispeag, com, httpaliwivw. speac. com

IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit is a delicate, high precision Instrument and requires careful treatment by the user There are no
sefviceable parls inside the DAE. Spaecial attention shall be given to the following points:

Battery Exchange: The battery cover of the DAE4 unit bs closed using a screw, aver tightening the screw may
cause the lhreads Inside the DAE to wear out

Shipping of the DAE Before shipping the DAE to SPEAG for calibration, ramove the balteries and pack the
DAE in an antistatic bag. This antistatic bag shall then be packed into a larger box or container which protects the
OAE from impacts during fransperiation. The package shall be marked to indicate that a fragile instrument is
inside

E-Stop Failures Touch delection may be malfunctioning due ta broken magnets in the E-stop. Rough handling
of the E-stop may lead to damage of these magnets, Touch and collision errors are often causad by dust and dirt
accumulated In the Estop. To prevent Estop failure, the customear shall slways mount the probe o the DAE
carefully and keep the DAE unit in a non-dusty environment If not used for measurements.

Repair: Minor repairs are performed at no extra cost during the annual calibration. Howevear, SPEAG resarves
the right to charge for any repair especially If rough unprofessional handling caused the defecl.

DASY Configuration Files: Since the exact values of the DAE input resistances, as measured dunng the
calibration procedurs of a DAE unit, are not used by the DASY software, a nominal value of 200 MOhm js given
in lhe corresponding configuration file

Important Note:
Warranty and calibration is void if the DAE unit is disassembled partly or fully by the
Customer.

Important Note:

Never attempt to grease or oil the E-stop assembly. Cleaning and readjusting of the E-
stop assembly is allowed by certified SPEAG personnel only and is part of the annual
calibration procedure.

Important Note:

To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in the
mating position. Avoid any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.

Schmid & Pariner Enginssring

TH_BRO40315AD DAE4.doc 11.12.2009
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Calibration date January 16, 2013

Calibration Equipment used (MATE arilical for calibralaon)

Calibration procedure for the data acquisition electronics (DAE)

Thig ealibration carificate documants (ha trscaabilily 1o national siandards, which raalize the physical uhits o) measuremeants {S1)
The measuramants and the uncertainties with confidence probabliity are given on the following pages and are part ol the cedificate

Al callbrationa have been conducied in lhe closed laboratory facility. environment temperature (22 = 3)°C and humidity < T0%
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kaliorierdienst
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Servizio svizzero di taratura
Swiss Callbration Service

Accredited by ihe Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one ol 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.

e 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.

e 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.

« 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 results over a large number of
zero voltage measurements

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

* [npuf resistance: Typical value for information: DAE input resistance at the connector,
during internal auto-zeroing and during measurement.

* low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

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

Cartificate No: DAE4-214_Jan13 Page 2 of 5



DC Voltage Measurement
AJ/D - Converter Resolution nominal

High Range: 1LSB = 6.1uV, full range= -100...+300 mV
Low Range: 1LSB = 61nV, full range= -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y Z
High Range 404.483 £ 0.02% (k=2) | 404.512 + 0.02% (k=2) | 403.776 + 0.02% (k=2)
Low Range 3.99428 + 1.55% (k=2) | 3.95898 + 1.55% (k=2) | 3.99069 + 1.55% (k=2)
Connector Angle
Connector Angle to be used in DASY system 645°+1°

Certificate No: DAE4-314_Jan13 Page 3 of 5



Appendix

1. DC Voltage Linearity

High Range Reading (V) Difference (uV) Error (%)
Channel X + Input 199957.50 0.85 0.00
Channel X + Input 20000 46 0.70 0.00 ]
Channel X = Input -19996 82 3.26 -0.02 |
Channel Y + Input 199997 .69 1.21 0.00
Channel Y * Input 18998 41 242 0,01
Channel Y = Input -19999 41 0.54 -0,00
Channel Z + Input 199998.11 1.75 0.00
ChannelZ  +Input 19997.92 -2.91 0.01
ChannelZ - Input -20001.70 -1.39 0.01
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2002 88 1.67 0.08
Channel X + Input 20288 1.20 0860
Channel X = Input -197 .40 0.75 0,38
ChannelY  +Input 2002 52 1.42 0.07
Channel ¥ + Input 201.32 028 014
Channal ¥ = Input -198.69 034 017
Channel Z + Input 2002.08 0.86 0.04
Channel Z + Input 200.14 -1.60 0.1
Channel Z = Input -198.43 =125 0.63
2. Common mode sensitivity
DASY measuremanl paramelers: Aulo Zero Time. 3 sec; Me:asurmg lime, 3 5ec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 -2.27 -.05
- 200 2.49 066
Channel Y 200 576 4.02
-200 { 4.62 4,34
Channel Z 200 ' -16.43 -16.40
- 200 13.89 13.86
3. Channel separation
DASY measurement parameters. Auto Zero Time: 3 sec, Measuring time: 3 sec
Input Voltage (mV) | Channel X (:V) | Channel ¥ (V) | Channel Z (uV)
Channel X 200 - 2.06 -4.57
Channel Y 200 840 - 2.98
_C_l}_!_rlr_lql F4 200 10.03 578

Certificata No: DAES-D14_Jan13
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4. AD-Converter Values with inputs shorted

DASY measuremen! parameters: Auto Zerc Time: 3 sec, Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 16324 14835
Channel Y 15856 14739
Channel Z 161565 17075

5. Input Offset Measurement
DASY measurament parameters: Auto Zerc Time: 3 sec; Measuring time: 3 sec

Input 10MG
Average (uV) | min. Offset (V) | max. Offset(uvy | St T:;;“‘“"
Channel X 0.50 -0.88 1.54 0.48
Channel Y 0.66 -0.79 2,40 0.69
Channel Z 0.18 065 177 0.63
6. Input Offset Current
Mominal Inpul circuitry offsel current on all channels: <2514
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channeal 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 [+ Vee) +7.9
Supply (- Vec) -1 .6

Typical values

9. Power Consumption (Typical values for information)

Switched off (mA) | Stand by (mA)

Transmitting (mA)

Supply (+ Vcc)

+0.01

+6

+14

Supply (- Vec)

—3.01

8

=

Certificate No: DAE4-914_Janm13
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Calibration procedure for the data acquisition electronics (DAE)
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Glossary
DAE data acquisition electronics
Connector angle  information used in DASY system to align probe sensor X to the robot

coordinate system.

Methods Applied and Interpretation of Parameters
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 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
measuremeant.

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

o 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 slatistical results over a large number of
zero voltage measurements.

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

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

« Low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

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

Cartificate No: DAE3-577_May13 PageZol 5



DC Voltage Measurement
ASD - Converter Resolution nominal

High Range:
Low Range:

1LSB =
1LSB =

6.4V,
6inV ,

full range =
full range =

100, +300 my
-1 3myY
DASY measurement paramelers: Auto Zero Time: 3 sec; Measuring time: 3 sec

Calibration Factors X Y F
High Range 403,307 + 0.02% (k=2) | 403.388 + 0.02% (k=2) | 403.687 + 0.02% (k=2)
Low Range 3.91124 £ 1.50% (k=2) | 3.94923 £ 1.50% (k=2) | 3.96280 *1.50% (k=2)

Connector Angle

Connector Angle to be used n DASY system

1520%¢1°

Certificate No: DAE3-577 May13
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Appendix

1. DC Voltage Linearity

High Range Reading {pV) Difference (uV) Error (%)
Channel X + Input 199982 97 -2.03 -0.00
Channel X + Input 20006.56 678 0.03
Channel X - Input -199497.08 4.29 .02
Channel ¥ + Input 199983.74 -1.18 -0.00
Channel ¥ + Input 20001.32 1.47 0.01
Channel ¥ = Input -20001.58 .26 0.00
Channel Z + Input 195999272 -2.44 -0.00
Channel Z + Input 18999.97 0.17 0.00
Channel Z - Input -20000.51 0.84 -0.00
Low Range Reading {uV) Difference {uV) Error (%)
Channel X + Input 2000.20 0.15 0.01
Channel X + Input 200 .85 0.32 0.15
Channel X = Input -188.93 0.44 -0.22
Channel Y + Input 1999.33 0.71 -0.04
Channel Y + Input 20017 -0.49 -0.25
Channel Y - Input -200.58 1,19 0.60
Channel Z + Input 1999.86 -0.07 -0.00
Channel Z + Input 199 59 .87 -0.43
| Channel Z - Input -188.83 -0.38 0.18
2. Common mode sensitivity
DASY measurement parameters: Auto Zerc Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (V)
Channel X 200 -2.45 -39
- 200 5.25 3.89
Channel Y 200 -15.26 -14.77
- 200 14.00 12.70
Channel Z 200 3.50 3.05
- 200 -5.18 477

3. Channel separation
DASY measurement parameters: Aulo Zero Time: 3 sec; Measuring time: 3 sec

Input Voltage (mV) | Channel X (uV) | Channel Y {nV) Channel Z (uV)
Channel X 200 - 0.78 -2.21
Channel Y 200 9.32 1.71
Channel Z 200 6.44 5,54 -

Certificate Mo: DAE3-577_May13
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4. AD-Converter Values with inputs shorted

DASY measutement parameters: Aulo Zero Time: 3 sac: Measuring time: 3 sec

High Range (L58) Low Range (LSB)
| Channel X 16138 16187
Channel Y 16101 15033
| Channel Z 16163 16267

5. Input Offset Measurement

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

Input 10MO
Average (W) | min.Offsot (uV) | max. Offset (uvy | S' ?::;'“““
Channel X -2.00 -283 -1.18 0.34
Channel Y 1.39 0.04 2.26 0.48
Channel Z -0.890 -1.82 .10 0.37
6. Input Offset Current .
Mominal Input circuitry offset current on all channels: <25fA
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel ¥ 200 200
Channel 2 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typlcal values Alarm Level (VDC)
Supply (+ Vce) +79
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 (- Vcc) —0.01 -8 =]

Certificate No: DAE3-577_May13 Page 5 of §




Schmid & Fanne Enginsering AG
Sefimis & i et s p e a g

foughausstrasas 43, 8004 Zurch, Swirdorand
Phone +47 &4 246 8700, Fax +41 44 245 9770
info@ispaag.com, o speagcam

IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit is a delicate, high precision instrument and requires careful treatment by the user, Thare are no
serviceable parts inside the DAE. Special attention shall be given to the following points:

Battery Exchange: The battery cover of the DAE4 unil is closed using & screw, over tightening the screw may
cause the threads inside lhe DAE fo wear out.

Shipping of the DAE: Before shipping the DAE to SPEAG for callbration, remove the batteries and pack the
DAE in an antistalic bag. This antistatic bag shall then be packed into a larger box or container which protects the
DAE from impacts during transpartation. The package shall be marked to indicale that a fragile instrument is
inside.

E-Stop Fallures Touch detection may be malfunclioning due to broken magnets in the E-stop. Rouagh handling
of the E-stop may lead o damage of these magnets. Touch and collision arrors are often caused by dust and dirt
accumulated in the Estop. To prevent Estop fallure, the customer shall always mount the probe to the DAE
carefully and keep the DAE unit in @ non-dusty environment if not used for measurements.

Repair: Minor repairs are performed al no extra cost during the annual calibration. However, SPEAG reserves
the right to charge far any repair especially if rough unprofessional handling caused the defect.

DASY Configuration Files: Since the exact valuss of the DAE inpul resistances, as measured during the
calibration procedure of a DAE unit, are not used by the DASY software, a nominal value of 200 MOhm is given
in the corresponding configuration file.

important Note:
Warranty and callbration Is void if the DAE unit is disassembled partly or fully by the
Customer,

Important Note:

Mever attempt lo grease or oil the E-stop assembly. Cleaning and readjusting of the E-
stop assembly is allowed by certified SPEAG personnel only and is part of the annual
calibration procedurs.

Important Note:

To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in the
mating position. Avoid any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.

Schmid & Pariner Engineenng

TH_BRO40315AD DAE4.doc 11.12.2008
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QA CAL-06.v26
Calibration procedure for the data acquisition electronics (DAE)
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Calibration date:

August 21, 2013
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Glossary

DAE data acquisition electronics

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

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

o 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 unceriainty

* DC Valtage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Infiuence of offset voltage is included in this
measurement,

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

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

s AD Converter Values with inpuls shorfed: Values on the internal AD converter
corresponding to zero input voltage

o Input Offset Measurement. Oulput voitage and statistical results over a large number of
zero voltage measurements.

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

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

« Low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

s« Power consumption: Typical value for information. Supply currents In various operating
modes.

Certificate No: DAE4-TTA_Aug13 Fage 2ol 5



DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: 1LSB = 6.1uV, full range = -100...+300 mV
Low Range: 1LSB = 61nV, fullrange= -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Caiibration Factors X Y Zz
High Range 404.656 + 0.02% (k=2) | 403.459 + 0.02% (k=2) | 405.006 = 0.02% (k=2)
Low Range 3.98558 + 1.50% (k=2) | 3.96461 + 1.50% (k=2) | 3.99935 + 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system

283.0°+1°

Certificate No: DAE4-778_Aug13 Page 3 of 5




Appendix

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error {%)
Channel X + Input 18999577 0.08 0.00
Channel X + Input 20002.53 2.55 0.01
Channel X - Input -19959 45 1.82 -1.01
Channel ¥ + Input 199997 .44 1.64 0.00
Channel ¥ + Input 2000115 1.28 0.01
Channel ¥ - Input -20001.01 0.48 -0.00
Channel Z + Input 199996.04 1.45 0.00
Channel 2 + Input 19957 .43 -2.47 -0.01
Channel Z - Input -20003.75 -2.20 0.01
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2000.81 0.69 0.03
Channeal X + Input 201.01 0.45 023
Channel X - Input -188.36 0.93 -0.48
Channel Y + Input 2000.40 0.37 0.02
Channel Y + Input 198.54 -0.80 0.45
Channel Y = Input -200.61 -1.22 0.6
Channel Z + Input 200036 0.28 0.01
Channel 2 + Input 199.66 .86 0.43
Channel Z - Input -200.42 -1.13 0.58
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Commaon mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (pV)
Channel X 200 -4 53 -5.58
- 200 717 6.04
Channel ¥ 200 -1.81 -2.21
- 200 -1 -0.08
Channel Z 200 -B.38 -9.43
- 200 7.65 7.91
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (41V) | Channel ¥ (pV) Channel Z (pV)
Channel X 200 -1.57 -3.03
Channel Y 200 5.98 - 0.17
Channel Z 200 4.34 6.37 -
Certificate No: DAE4-TT8_Aug13 Page 4 of 5




4. AD-Converter Values with inputs shorted
DASY measurement paramelers: Auto Zero Time: 3 sec; Measuring lime: 3 sec

1

High Range (LSB) Low Range (LSB)
Channel X 16059 17241
Channel Y 16174 15934
Channel Z 16438 15805

5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec, Measuring time: 3 sec

Input 10MC
Average (1V) | min. Offset (xV) | max. Offset (i) | 'O ':‘::;““"“
Channel X 0.80 -0.20 1.84 0.38
Channel Y 0.87 -2.38 0.78 0.61
Channel Z .59 -1.80 0.66 0.51
6. Input Offset Current
MNominal Input circuitry offset currenl an all channels: <25fA
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
| Channel Z £00 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vec) +7.0
Supply (- Vcc) 7.6
9. Power Consumption (Typical vaiues for information)
Typical values Switched off (mA) | Stand by (mA) | Transmitting (mA) |
Supply (+ Vce) +0.01 +6 +14
Supply (- Vec) =001 -8 -9
Certificate No; DAE4-778_Aug13 FPage 5 of 5
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Catibration procedursis)

Cahbration date

Primary Standards

DAES - SD 000 D03 AA - SN: 495

QA CAL-06.v26

Calibration procedure for the data acquisition electronics (DAE)

May 08, 2013
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Schmid & Partner Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzoeriand Swiss Calibration Service

Accredited by the Swiss Accreditaion Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA

Muliiiateral Agreement for the recognition of callbration certificates

Glossary

DAE data acquisition electronics

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

coordinale 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 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.

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

e Common mode sensilivity: 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.

e AD Converter Values with inputs shorted: Values on the intemal AD converter
corresponding to zero input voltage

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

* Input Offsel Current. Typical value for information; Maximum channel input offset
current, not considering the input resistance.

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

= Low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

» Power consumption: Typical value for information. Supply currents in various operating
modes.
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DC Volitage Measurement
A/D - Canverter Resolution nominal

High Range: 1LSB = 6.1V, fullrange = -100...+300 mV
Low Range: 1L8B = 61nV, fullrange = -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X ) Y z
High Range 404 .352 + 0.02% (k=2} | 405.328 + 0.02% (k=2) | 405.665 + 0.02% (k=2)
Low Range 3.95207 £ 1.50% (k=2) | 3.99043 £ 1.50% (k=2) | 3.96554 + 1.50% (k=2)
Connector Angle
Connector Angle to be used in DASY system 780°t1°
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Appendix
1. DC Voltage Linearity

| High Range Reading (V) Difference (uV) Error (%)
Channel X + Input 198989.76 4,83 -0.00
Channet X + Input 20001.54 1.3 0.01
Channel X = Input -199495.66 4.92 -0.02
Channel ¥ + Input 194959502 052 0.00
Channel ¥ + Input 19499.41 -0.85 £0.00
Channel ¥ - Input -12999.04 1.61 0.01
| Channe! Z + Input 199994 08 0.35 0.00
Channel 2 + Input 20002.32 210 0.01
ChannelZ - Input -18998 30 2.51 001
'Low Range Reading (uV} Difference (uV) Error (%)
| Channel X + Input 200120 0.48 0.02
f Channel X + Input 201.11 0.04 0.00
Channel X - Input 198,46 0.25 012
Channel ¥ + Input 2000.81 0.07 .00
Channel ¥ + Input 200,89 014 0,08
Channel Y - Input -188.51 0.20 0,10
Channel Z + Input 2000.568 012 -0.01
Channel Z + qu.'n_ut 188.55 -1.51 .75
Channel Z = Input -199.07 0.42 0.21
2. Common mode sensitivity
DASY measurement paramelers: Auto Zeto Time. J sec, Measuring ime: 3 sec
I Common mode High Range Low Range
Input Voltage (mV) Average Reading (V) Average Reading (uV)
 Channel X 200 321 2.08
- 200 -1 BO 279
Channel Y 200 0.1 -0.18
- 200 -1.32 -1.56
Channel Z 200 an 2.75
- 200 -4.98 4,85
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring ime: 3 sac
Input Voltage (mV) | Channel X (V) | Channel Y (uV) = Channel Z (uV)
Channel X -1.15 203
Channel ¥ 780 - -0.39
Channel Z 5.07 533
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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 (L58) Low Range (LSB)
Channel X 15807 16438
Channel Y 15756 16659
Channel Z 15883 15889
5. Input Offset Measurement
DASY measurement parameters: Aulo Zero Time: 3 sec; Measuring time: 3 sec
Input 10MQ
| Average (V) | min. Offset (V) | max.Offset (V) | ' mm'“"
' Channel X -355 4.78 232 0.53
' Channel Y 0.18 -1.48 184 0.63
Channel Z 004 163 1.85 07
6. Input Offset Current
Mominal Input circullry offset current on all channels: <25fA
7. Input Resistance (Typical values for Information)
Zaroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vec) +79
Supply (- Vec) 76
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) | Transmitting (mA)
Supply (+ Vec) +0.01 +6 +14
Supply (- Vee) -0.01 ;! 9
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Calibration Laboratory of

SN, Schweizrerischer Kalibrierdlenst
. X z
Schmid & Partner i‘% Service suisse d'étalonnage
Engineering AG BN Servizio svizzero di taralura
Zeughausstrassa 43, B004 Zurich, Switzerland e //7-\-\\ ‘\‘ Swiss Calibratlon Service
i MM .
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

Tha Swiss Accredltation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

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

CALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BJ - SN: 1279

Calibration procedure(s) QA CAL-06.v25

Calibration date: January 28, 2013

Calibration Equipment used {M&TE crilical for calibration)

Calibration procedure for the data acquisition electronics (DAE)

This calibration cerllficale documents the lraceability to national standards, which realize the physical units of measurements (S).
The measurements and the uncertainties with confidence probability are given on the following pages anc are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment termnperature (22 + 3)°C and humidity < 70%.

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

Primary Standards | ID# Cal Date (Cerlificate No.} Scheduled Calibration
Keithley Multimeter Type 2001 [SN: 0810278 02-Cct-12 (No:12728) Cct-13
Secondary Standards |IDg Check Date (in house) Scheduled Check
Auto DAE Calibration Unit SE UWS 053 AA 1001 07-Jan-13 (in house chack) In house check: Jan-14
Calibrator Box V2.1 SE UMS 006 AA 1002 07-Jan-13 (in house check) In htuse check: Jan-14

Name Function Signature
Calibrated by: R.Mayoraz Technician —

E ] !.’{"_'/{:;.r' -."'r'»_ ¥

Approved by Fin Bomholt Deputy Technical Manager

Y e

Issued: January 28, 2013
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Calibration Laboratory of

3 S Schweizerischer Kalibrierdienst
Schmid & Partner Service sulsse d'étalonnage
Engineering AG c Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service
Accradited by the Swise Accreditation Servica (SAS) Accreditation No.: SCS 108

The Swiss Accraditation 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.

o 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.

o 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.

e AD Converter Values with inputs shorted: Values on the intermal AD converter
corresponding to zero input voltage

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

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

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

e Low Battery Alarm Voltage: Typical value for information. Below this voitage, a battery
alarm signal is generated.

« Power consumption: Typical value for information. Supply currents in various operating
modes.
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DC Voltage Measurement
A/D - Converter Resolution nominatl

High Range: 1LSB = 6.1uV, fullrange =  -100...+300 mV
Low Range: 1LSB = 61nV , fullrange= -1......+3mV
DASY measurement parameters: Autc 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 = 0.02% (k=2)
Low Range 3.98094 + 1.55% (k=2) | 3.97626 + 1.55% (k=2) | 4.00118 + 1.55% (k=2)

Connector Angle

Connector Angle to be used in DASY system 3335°+1°
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Appendix

1. DC Voltage Linearity

High Range Reading (pV) Difference (uV) Error {%)
Channel X + Input 199006 .47 1.09 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 Y - Input -20001.20 -0.68 0.00
Channel Z + Input 199998.63 3.51 0.00
Channel Z + Input 20002.19 1.53 0.01
Channel Z - Input -20001.69 -1.19 0.01
Low Range Reading (pV) Difference {uV) Error (%)
Channel X + Input 2001.94 0.86 0.04
Channel X + Input 200.87 -0.55 0.27
Channel X - Input -198.32 0.30 -0.15
Channel Y + Input 2001.04 0.08 0.00
Channel Y + Input 201.54 0.20 010
Channel Y = Input -198.41 0.21 -0.10
Channel Z + Input 2000.79 -0.09 -0.00
Channel Z + Input 200.22 -0.99 -0.49
Channel Z - Input | -199.65 -0.88 0.44
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Tilme: 3 sec; Measuring time: 3 sec
Common motde I High Range | Low Range
Input Voltage (mV) Average Reading (uV) Average Reading {pV)
Channel X 200 18.03 16.81
- 200 -156.22 -17.01
Channel Y 200 8.11 8.20
- 200 -9.48 -9.57
Channel Z 200 -1.17 -1.31
-200 -0.74 -0.94

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

Input Voltage (mV)

Channel X {uV)

Channel Y (pV)

Channel Z (pV)

Channel X 200 - 2.26 -3.75
Channel Y 200 8.26 - 3.07
Channel Z 200 9.62 576 =

Certificate 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
T

B | High Range (LSB) Low Range (LSB)

‘ Channel X 15872 15869
Channel Y 16456 16271

| Channel Z | 15940 17304

5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Input 10MQ
Average (uV) min. Offset (V) | max. Offset (uV) e l?:‘\;;ation
Channel X 3.57 2.24 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: <25A
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MCOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information}
Typical values TAlarm Level (VDC)
Supply (+ Vcc) +7.9
I Supply {- Vcc) 7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mAr!
Supply (+ Vce) +0.01 +8 +14
Supply {- Vco) -0.01 -8 -9
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Scrwnid & Parnes Enginascng AC [ e a

Zeoghausstresse 43, BO0E Zurich, Switredland
Phone 47 42 245 5700, Fax +4) 44 3459773
infofspean com, Wipuweasy speag oom

IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit is a delicate, high precision Instrument and requires careful treatment by the user. There are no
serviceable parts inside the DAE. Special attention shall be given to the following points:

Battery Exchange: The battery cover of the DAE4 unit s closed using a screw, over fightening the screw may
cause the threads Inside the DAE lo wear out,

Shipping of the DAE: Belore shipping the DAE to SPEAG for calibration, remove the batieries and pack the
DAE in an antistatic bag, This antistatic bag shall then be packed into a larger box or container which protecis the
DAE from impacts during transportation. The package shall be marked to Indicate that a fragile instrument is
Inside,

E-Stop Fallures Touch delection may be matfunctioning due 1o broken magnets in the E-stop Rough handling
of the E-stop may |lead o damage of these magnets. Touch and collision errors are ofien caused by dust and dint
accumulated in the Estop, To prevent Bstop fallure, the customer shall always mount the probe fo the DAE
carefully and keep the DAE unit in a non-dusty environment if not used for measurements.

Repair. Minor repairs are performed al no extra cost during the annual calibration. However, SPEAG reserves
ine nght to chame for any repalr especally I rough unprafessional handling caused the defect.

DASY Configuration Files: Since the exact values of the DAE input resistances, as measured durng the
calibration procedurs of a DAE unlt, are not used by the DASY software, a nominal value of 200 MOhm Is given
in e corresponding configuration fMe

Important Note:
Warranty and calibration is void if the DAE unit is disassembled partly or fully by the
Customer.

Important Note:
Never attempt to grease or oil the E-stop assembly. Cleaning and readjusting of the E-

stop assembly is allowed by certified SPEAG personnel only and Is part of the annual
calibration procedure,

Important Note:

To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in the
mating position. Avoid any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.

Schmid & Partner Engineering

TH_BRO40315AD DAE4.doc 11.12.2008




Calibration Laboratory of W,

] SN Schwoizerischer Kallbrierdisnst
Schmid & Partner % Service suisse d'italonnage
Engineering AG a3 Servizio svizzero di taratura

2oughausstrasse 43, 8004 Zurich, Switzerland W ,_:'Ff‘:yv‘ Swiss Calibration Sarvice
hccredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service |s one ol the signatories to the EA

Multilateral Agreement for the recognition of calibration cenificates

Client Sunﬂon’iw Wuﬁn} Carificate No: DAE4-1338_May13
CALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BM - SN: 1338

Colltunéicn prodediarefs) QA CAL-08,v26 . oL |

Calibration date: May 28, 2013

This calibration carificate documants (he traceability to national standards, which realize (he phygical unils of messurements [S1),
The measurements and the uncertalnties with confidence probsbility are given an the following pages and are parn of the cemficate

All caliprations have baen conductod in the closed laboratary facility; environment temperatura (22 £ 31°C and humidity < T05%

Calibration Equipment usad (MSTE crtlcal for calibration)

Primary Standards 1D ¥ Cal Date {Certificata No. ) Scheduled Callbratan |
Kasithiay Mullimetar Typa 2001 SN 0810278 02-Cct-12 {No 127 28) Qct-13
Secondary Standards io# Check Date (In housa) Scheduled Check
Auto DAE Calibration Unit SE UWS D53 AA 1001 D7-Jan-13 {in house chack) In house check: Jan-14
Cafibrator Box V2.1 SE UMS 006 AA 1002 O7-Jar-13 (in house check) In house check: Jan-14
Name Funcion Slgrsture
Calibrated by: Eric Hainfold Techrician = =
L e
Appraved by Fin Bormholt Deputy Technical Manager )
L y i }_mu J
Issupd: May 28, 2013

| This calibration certificate shall not be reproduced exceplt In full withoul written approval of the aboratary.

Carificate No: DAE4-1338 May13 Faga 1 of 5



Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughaussirasse 43, B004 Zurich, Switmerand

Schwelzerischer Kalibrierdienst
Service suisse détalonnoge
Servizlo svizzero di taratura
Swias Calibration Sorvice

Accredited by the Swiss Acoreditation Senvice [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 foliowing 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.

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

o AD Converter Values with inputs shorted: Values on the intemal AD converter
corresponding to zero input voltage

* Input Offset Measurement: Qutput voltage and statistical results over a large number of
Zero voltage measurements.

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

s Input resistance: Typical value for information; DAE input resistance at the connector,
during intemal auto-zeroing and during measurament.

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

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

Ceriificate No: DAE4-1338_May13 Pags 2ol 5



DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB =
Low Range: 1LSB =

6.10V
8inV

full mnge =
full range =

-100...+300 mv

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

Cazlibration Factors

X

Y

z

High Range

404 402 £ 0.02% (k=2)

404.353 £ 0.02% (k=2)

404.206 + 0.02% (k=2)

Low Range

3.99629 + 1.50% (k=2)

3.95703 = 1.50% (k=2)

3.96642  1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system

2925°+1°

Certificate No: DAE4-1338_May13
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Appendix

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV} Error (%)
Channel X + Input 199996.69 1.27 0.00
Channel X + Input 20001.18 1.25 0.01
Channel X - Input -20000.12 1.31 -0.01
Channel Y + Input 199995.35 0.12 -0.00
Channel Y + Input 19998.48 -1.43 -0.01
Channel Y - Input -20004.69 -3.18 0.02
Channel 2 + [nput 199995.64 0.10 0.00
Channel 2 + Input 19997.74 -2.10 -0.01
Channel Z - Input -20002.35 -0.79 0.00
Low Range Reading (uV) Difference (uV) Error (%) |
Channel X +input 2000.67 0.32 0.02
Channel X + [nput 20113 0.3¢9 019
Channel X - Input -199.14 0.07 -0.03
Channel ¥ + Input 2000.65 0.33 0.02
Channeal ¥ + Input 200.09 -0.61 -0.30
Channel Y - Input -200.41 -1.20 0.60
Channel Z + Input 1999.85 -0.34 -0.02
Channel Z + Input 199.51 -1.13 -0.56
Channel Z - Input -200.24 -0.86 0.43
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 (pV)
Channel X 200 -2.98 433
- 200 5.70 4.14
Channel ¥ 200 -15.08 -15.09
-200 13.29 12.93
Channel 2 200 23.15 22.53
-200 -25.07 -25.47

3. Channel separation
DASY measurement parameters; Auto Zera Time: 3 sec; Measuring time: 3 sec

Input Voltage (mV)

Channel X {1.V)

Channel Y {L.V)

Channe! Z (uV}

Channel X 200 - 310 -2.27

Channel Y 200 8.08 - 5.67

Channel Z 200 10.02 577 -
Certificate No: DAE4-1338_May13 Page 4 of 5




4. AD-Converter Values with inputs shorted

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

High Range (LSB)

Low Range (LSB)

Channel X 16052 16583
Channel Y 15824 15108
Channel Z 15300 16958

5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

input 10MQ
Average (uV) | min. Offset (uV) | max. Offset (W) | o ?f";;at"’"
Channel X 0.43 -0.95 262 0.61
Channel Y -1.19 -2.54 0.39 050
Channel Z -1.10 272 0.15 0.50
6. Input Offset Current
Nominal Input circuitry offset current on all channels: <25fA
7. Input Resistance (Typical values for information)
Zeroing {(kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ 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 (+ Vcc)

+0.01

+6

+14

Supply {- Vcc)

—0.01

4

-9
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Calibration Laboratory of \\‘\\\t”\;/iq/‘?"/,, G Schweizerischer Kalibrierdienst

Schmid & Partner i‘\é‘?‘—%//mﬁ c Service suisse d'étalonnage
Engineering AG T S Servizio svizzero ditaratura

Zeughausstrasse 43, 8004 Zurich, Switzerland i /’ﬁ‘\\,\* Swiss Calibration Service

Accredited by the Swiss Accradilation 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

cient  Sporton-TW {(Auden) Centificate No: ET3-1788_Oct12

CALIBRATION CERTIFICATE

Object ET3DV6R - SN:1788

Calibration procedure(s)

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

Calibralion date:

October 23, 2012

This calibration certificate documenis the traceability to national slandards, which realize the physical units of measurements {Sl).
The measurerments and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 £+ 3)°C and humidity < 70%.

Calibration Equipment used (M&TE crilical for calibration)

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

Primary Standards 1D Cal Date (Certificate No.) Scheduled Calibration
Power mater E4419B GB41293874 29-Mar-12 {No. 217-01508) Apr-13
Power sensor E4412A MY41498087 29-Mar-12 (No. 217-01508) Apr-13
Reference 3 dB Aftenualor SN: 85054 (3¢) 27-Mar-12 {(No. 217-01531) Apr-13
Reference 20 dB Attenuator SN: S5086 (20b) 27-Mar-12 (No. 217-01529) Apr-13
Refgrence 30 dB Attenualor SN: 55129 {30b) 27-Mar-12 (No. 217-01532) Apr-13
Reference Probe ES3DV2 SN: 3013 29-Dec-11 (No. ES3-3013_Dec11) Dec-12
DAE4 SN: 860 20-Jun-12 (No. DAE4-660_Jun12) Jun-13
Secondary Slandards 1D Check Date {in house) Scheduled Check
RF generator HP 8648C US36420U01700 4-Aug-99 (in house check Apr-11) In house check: Apr-13
Network Analyzer HP 8753E US37390585 18-Oct-01 {in house check Oct-12) In house check: Oct-13
Name Function
Calibrated by: Claudio Leubler Laboratory Technician
|
Approved by: Katja Pokovic Technical Manager
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst

cC Service suisse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

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

Glossary:

TSL tissue simulating liquid

NORMx,y,z sensitivity in free space

Convi sensitivity in TSL / NORMx,y,z

DCP diode compression point

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

A B C modulation dependent linearization parameters

Polarization ¢ @ rotation around probe axis

Polarization 3 3 rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e.,, 3 =0is normal to probe axis

Calibration is Performed According to the Following Standards:

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

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

Methods Applied and Interpretation of Parameters:
o  NORMXx,y,z: Assessed for E-field polarization = 0 {f £ 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMXx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E2field
uncertainty inside TSL (see below ConvF).

o  NORM(fix.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.

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

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

s Ax,y,z Bx.yz Cxyz VRx,yz: A B. Care numerical linearization parameters assessed based on the data of
power sweep for specific modulation signal. The parameters do not depend on frequency nor media. VR is the
maximum calibration range expressed in RMS voltage across the diode.

s ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < B00 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > B00 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth} of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y,z * ConvF whereby the uncertainty corresponds io that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to + 100
MHz.

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

s Sensor Offset The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.
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Probe ET3DV6R

SN:1788
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Calibrated: October 23, 2012

Calibrated for DASY/EASY Systems
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ET3IDVER- SN:1788 October 23, 2012

DASY/EASY - Parameters of Probe: ET3DVG6R - SN:1788

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uV/(V/im)*)* 2.10 1.98 1.99 +10.1 %
DCP (mV)® 100.2 100.5 101.8

Modulation Calibration Parameters

U]]v] Communication System Name PAR A B C VR Unc"
dB dB dB mV (k=2)
0 Cw 0.00 X 0.0 0.0 1.0 160.8 +35%
hd 0.0 0.0 1.0 160.7
z 0.0 0.0 1.0 153.0

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

* The uncertainties of NommX,Y,Z do not affect the E*-field uncerlainty inside TSL (see Pages 5 and ).
¥ Numerical linearization parameter: uncertainty not required.

€ Uncerlainty is detemmined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the
field value.
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ET3DVER- SN:1788

Oclober 23, 2012

DASY/EASY - Parameters of Probe: ET3DV6R - SN:1788

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unet.

f (MHz) © Parmittivity " {5im) " ConvF X | ConvFY | ConvFZ | Alpha {mm} (k=2)
835 41.5 0.90 5.96 5.96 5.96 0.27 3.00 +12.0%
900 41.5 0.97 5.84 5.84 5.84 0.34 2.58 +12.0%
1750 40.1 1.37 5.05 5.05 5.05 0.68 2.29 +12.0%
1900 40.0 1.40 4.65 4.65 4.65 0.80 2.09 +12.0%
2000 40.0 1.40 4.63 4.63 4.63 0.80 2.08 +12.0%
2450 39.2 1.80 4.00 4.00 0.80 1.60 +12.0%

€ Frequency validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The uncertainty is the RSS
of the ConvF uncertainty at calibration frequency and ihe uncerainty for the indicated frequency band.

4.00

F At frequencies below 3 GHz, the validity of tissue parameters (s and o) can be relaxed to + 10% if liquid compensation formula is applied to

measlred SAR values. At frequencies above 3 GHe, the validity of tissue parameters (e and o) is restncted to £ 5%. The uncertainty is the RSS of

the ConvF uncertainty for indicated target tissue parameters.
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ET3DVER— SN:1788

October 23, 2012

DASY/EASY - Parameters of Probe: ET3DV6R - SN:1788

Calibration Parameter Determined in Body Tissue Simulating Media

€ Frequency validity of + 100 MHz only applies for DASY v4.4 and higher {see Page 2), else it is restricled to + 50 MHz. The uncertainty is the RSS
of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

Relative Conductivity Depth Unct.

f(MHz}® | Permittivity" (sim" ConvFX | ConvFY | ConvFZ | Alpha {mm) (k=2)
835 552 0.97 5.92 5.92 592 0.29 3.00 +12.0%
900 55.0 1.05 5.85 5.85 5.85 0.33 2.71 +12.0%
1750 53.4 1.49 4.42 4.42 4.42 0.80 2.46 +120%
1900 53.3 1.52 415 4.15 4.15 0.80 2.27 +12.0%
2000 53.3 1.52 4.17 417 417 0.80 2.27 +12.0%
2450 52.7 1.95 3.67 3.67 .67 0.50 2.20 +12.0%

F At fraquencies below 3 GHz, the validity of tissue parameters (e and o) can be relaxed to + 10% if liquid compensation formula is applied to

measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and o) is restricted lo £ 5%. The uncertainty is the RSS of

the ConvF uncertainty for indicated target tissue parareters.
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ET3DVEBR—- SN:1788 October 23, 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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ET3DV6R- SN:1788 October 23, 2012

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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ET3DVER— SN:1788 October 23, 2012

Dynarmic Range f(SARcad)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: * 0.6% (k=2)
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ET3DVBR—- SN:1788 October 23, 2012

Conversion Factor Assessment

f = 835 MHz,WGLS R9 (H_convF) f= 1900 MHz WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 3), f =900 MHz

Deviation
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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ET3DVER- SN:1788

QOclober 23, 2012

DASY/EASY - Parameters of Probe: ET3DV6R - SN:1788

Other Probe Parametefs

Sensor Arrangement Triangular
Connector Angle (°} -66.3
Mechanical Surface Detection Mode disabled
Optical Surface Detection Mode disabled
Probe Qverall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 6.8 mm
Probe Tip to Sensor X Calibration Point 27 mm
Probe Tip to Sensor Y Calibration Point 2.7 mm
Probe Tip to Sensor Z Calibration Point 2.7 mm
Recommended Measurement Distance from Surface 4 mm
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zoughaussirasse 43, B0D4 Zurich, Switzerland

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

Accredited by the Swiss Accredilation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is ane of the signatories ta the EA
Multilateral Agreement for the recognition of calibratior certificates

Client Sporton-CN (Auden) Certificate No: EX3-3697_Sepi2
|CALtERATION CERTIFICATE -

Object EX3DV4 - 5N:3697

Calibration procedure(s) QA CAL-01.v8, QA CAL-14.v3, QA CAL-23.v4, QA CAILL-25.v4

Calibration procedure for dosimetric E-fisld probes

Calibration date: Saptambear 28, 2012

This calibration certificale docurnents the traceability to naticnal standards, which realize the physical units of measurements (S1).
The measurements and the uncerainties with confidence probabilily are given on the foliowing pages and are part of the cerlificate.

All calibretions have been cenducted in the ¢losed laboratory facility: environment temperature (22 £ 3)°C and hurmidity < 70%.

Calibration Equipment used (M&TE critical for calibralion)

| Primary Standards : 10 Cal Date (Certificate No.) Scheduled Calibration
‘ Power mater E4419B | GB41293874 29-Mar-12 (No. 217-01508}) Apr-13
‘ Power sensor E4412A | MY41498087 29-Mar-12 (No. 217-01508) Apr-13
l Reference 3 dB Attenuator | SN: $5054 {3c) 27-Mar-12 (No. 217-01531) Apr-13
‘ Reference 20 dB Attenuator SN: 55086 {20b) 27-Mar-12 (No. 217-01520) Apr-13 -
| Reference 30 dB Attenuater SN: §5129 (30b} 27-Mar-12 {(No. 217-01532) Apr-13
Reference Probe ES3DVZ SN: 3013 29-Dec-11 {No. ES3-3013_Dec11) | Dec-12 -
DAE4 SN: 860 20-Jun-12 (No. DAE4-660 Jun12) Jun-13 s
I —
Secondary Standards 1 1D Check Date {in house) Scheduled Check
RF generator HP 8648C | Us3642U01700 4-Aug-99 (in house check Apr-11} In house check: Apr-13
J Network Analyzer HP 8753E E UE37350585 18-0¢t-01 (in house check Qel-11) In house check: Oct-12
Name Function ﬁgnat:’:re — 1
Calibrated by: Shinndio’ Lenitiar Laboratary Teohrécar ', '-L\
' e
Approved by: atis Poluavic Teehinizal Manarar ; 5
e
issued: September 28, 2012
This calibration oertiﬁc_gE she_l!n_ot Ee._rg_@d_uc_ej except in fuli \m'lhoutirit!en ap_proval @? laboratary.
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Calibration Laboratory of S,

' R A Schweizerischer Kalibrierdienst
Schmid & Partner §“\E\--‘ —==-% Service suisse d'étalonnage
Engineering AG e ‘:'___... : Servizio svizzero di laratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ’r/,,’/'_ ol b Swiss Calibration Service
Ascredited by the Swiss Accreditation Service (SAS) Accreditation No.; SCS 108

The Swisa Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration centificates

Glossary:

TSL tissue simulating liquid

NORMx.y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode compression point

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

A B, C modulation dependent linearization parameters

Polarization ¢ @ rotation around probe axis

Polarization 8 3 rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., 3 =0 is normal to prabe axis

Calibration is Performed According to the Following Standards:

a) [EEE 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) IEC 62209-1, “Procedure to measure the Specific Absorption Rate (SAR) lor 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:
o NORMx,y, z: Assessed for E-field polarization § = 0 (f £ 900 MHz in TEM-cell; f » 1800 MHz: R22 waveguide).
NORMzx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E2-field
uncertainty inside TSL (see below ConvF).

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

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

« PAR:PAR s the Peak ta Average Ratio that is not calibrated but determined based an the signal
characteristics

s Axy.z Bx.yz Cxyz VRxyz 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 calibration 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
measurements for { > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensalion (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMXx.y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to + 100
MHz.

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

+« Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.
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Probe EX3DV4

SN:3697
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Calibrated: September 28, 2012

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 sysiem!)
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EX30V4- SN:3697

September 28, 2012

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

Basic Calibration Parameters

‘ Sensor X Sensor Y . Sensor Z Jrc (k=2)
LI\J_O@ uVA(VImyA 0.47 0.47 ] 082 +10.1 %
" DCP (mV) 99.1 99.9 | 98.4 -
Modulation Calibration Parameters
| uID Communication System Name PAR A B C VR T yunc® |
| dB dB dB mv. o k=2)
0 cwW 0.00 0.00 000 [ 100 | 1540 | #35%
0.00 0.00 1.00 | 1541 ]
0.00 000 | 1.00 157.5 |

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

f‘The uncertainties of NormX,Y,Z do not affect the E*-field uacertainty inside TSL (see Pages 5 and B).

® Numerical linearization parameter: unceriainty not required.

* Uncertainty is determined using the max. deviation from linear respanse applying rectangular distribution and is expressed for the sguare of the

fisld value.
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EX30V4- SN:3697 September 28, 2012

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

Calibration Parameter Determined in Head Tissue Simulating Media

T Reilat.ive . ‘C(;nduct]Fvlty L | Depth —I Un_ct. |
_f (MHz) | Permittivity (Sfm)__‘ ConvF X | ConvFY ConvFZ | Alpha | (mm) | (k=2)
750 J; 419 ‘0.89 | 898 §.98 | 8.98 0.18 | 141 | £120%
835 41.5 0.80 B 8.64 B8.64 8.64 0.34 0.95 +120% |
900 | 41.5 0.97 ‘ B8.66 ‘ B66 | 866 0-534 0.69 " £12.0% |
| 1450 40.5 1.20 8.18 J 8.19 8.19 0.16 1.83 +12.0%
= =1 : —
1750 | 40.1 1.37 | 770 , 7.70 7.70 0.60 069 | £120%
1900 1| 40.0 1.40 743 . 7.43 7.43 0.51_‘ 0.74 +12.0%
. 2000 L 40.0 1.40 736 | 7.36 7.36 | 063 | 066 . +120%
2300 39.5 1.67 6.93 6.93 693 | 0.34 0.91 £120% |
l 2450 39.2 180 658 | 658 | 658 | 028 ‘_ 1.01 Jl_ +12.0 % |
! 2600 39.0 [ 1.96 ] 6.42 642 | 642 | 0.40 | o081 | +120% !
5200 36.0 . 466 4.86% 4.86 4.86 | 030 | 180 | #131%
5500 35.6 | 4.96 460 460 | 460 0.30 180 | £131%
5600 35.5 5.07 425 4.25 l: 4.25 035 ;| 1.80 +131% |
5800 35.3 5.27 | 4728 428 | 428 | 045 | 180 \l +13.1% _:

€ Frequency validity of = 100 MHz only applies for DASY v4.4 and higher (see Page 2). else it is restricted to + 50 MHz. The uncertainty is the RSS
of tha ConvF uncentainty at calibration frequency and the uncerainty for the indicated frequency band.

At frequencies below 3 Gl4z, the validity of tissue parameters (r and o) can be relaxed to + 10% if liquid compensation farmula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) is restricted to  5%. The uncertainty is the RSS of
the ConvF uncerainty for indicated target lissue paramelers.

Certificate No: EX3-3627_Sepi2 Page 5 of 11




EX3DV4- SN:3697 September 28, 2012

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

Calibration Parameter Determined in Body Tissue Simulating Media

f . l Relative _ 'Conguctirvily | " Depth | Un=ct. |
(MHz)~ | Permittivity (&/m) ConvFX | ConvFY | ConvFZ | Alpha {mm} | (k=2) _I‘
750 55.5 | 0.96 8.86 8.86 8.86 0.49 0.78 | +120% |
| 835 55.2 ‘ 0.97 B65 -~ 865 | 865 | 0.30 108 | $120%
900 ‘ 55.0 ‘ 1.05 B&7 | 857 857 033 ! 1.01 +12.0%
1450 54.0 1.30 780 780 7.80 0.19 1.80  +12.0%
1750 | 53.4 ‘ 1.49 . 7.26 | 7.26 7.26 0.46 0.79 +12.0 %
1900 ‘ 533 W 1.52 6.96 6.96 _ 698 | 0.40 0.83 ‘ +12.0%
2000 53.3 1.52 7.10 7.10 ‘ 710 | 0.33 080 | ¥120%
2300 | 52.9 1.81 6.76 6.76 676 054 0.72 _*12.0%
2450 827 185 6.57 657 |, 657 | 075 . 057 ' £120%
2600 52.5 2.16 6.40 6.40 6.40 1 080 056 +120%
5200 | 490 530 428 | 429 4.29 0.40 L ) 1.90_T_;1?if40__j|
5500 48.8 5.65 301 [ 3H 391 | 040 ; 190 *+131%
5600 48.5 5.77 3.75 3.75 375 | 040 } 1.90 £13.1 % ‘
5800 | 48.2 6.00 406 4.06 4.06 0.50 ] 1.90 +131 %

© Frequency validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2). else it is restricted to = 50 MHz. The uncerlainty is the RSS
of the ConvF uncertainty at catibration frequency and the uncertainty for the indicated frequency band.

" At frequencies below 3 GHz, the validity of tissue parameters (¢ and o) can be relaxed o = 10% if liquid compensation formuia is applied to
measvred SAR values. At frequencies above 3 GHz, Lhe validity of tissue parameters (e and a) is restricted to + 5%. The uncertainly is the RSS of
the ConvF uncertainty for indicated target tissue parametars.
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EX3DV4- SN:3697

Centificale No: EX3-3697_Sepi2

Frequency response (normalized)

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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EX30Vv4- SN:3897 September 28, 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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EX3DV4— SN:3697

Seplember 28, 2012

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

Input Signal [uV]
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Certificaie No: EX3-3697_Sep12

Uncertainty of Linearity Assessment: * 0.6% (k=2)
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EX3Dv4- SN:35697 September 28, 2012

Conversion Factor Assessment

f = 835 MHz, WGLS R9 (H_convF) f = 1800 MHz, WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 9), f = 900 MHz
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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EX3DV4- SN:3897

Seplember 28, 2012

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

Other Probe Parameters

| Sensor Arrangement

T

Connector Angle (°)

riangular
911

' Mechanical Surface Detection Mode enabled |
Optical Surface Detection Mode “Jisabied |

| Probe Overall Length ) T 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm

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

Certificate No: EX3-3697_8Sep12 Page 11 of 11



Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughaussirasss 43, B004 Zurich, Switzerand

g  Schweizenscher Kalibrierdienst

c Service suisse d'#alonnage

s Servizlo svizzero di taratura
Swiss Colibration Service

Apcredited by the Swies Accraditalion Service (SAS) Accreditation No.. SCS 108
The Swiss Accreditation Sarvice Is one of the signatories to the EA
Multilateral Agreament for 1he recognition of calibration certificates

Calibration date:

Thie calibrabion cenificata documents The traceabity to netions standands, which reafize the physical unts of messurements (51)
The measunements and the uncartafilies wilh confidences probabilty ame ghven on this follewn( pages and mre pan of he cerfificate.

All calibrations have been conducted in the closed isboratory taciity: emaronment tempenture (22 = 3)°C and humidiny < T0%.

Calibration Equipmant psed (METE critical for calbration)

Primiary Standards (=] Cal Date (Cerlificate Mo ) Schaduled Calibration
Power meter E44 198 GB41293074 Da-Apr-13 (Mo, 217-01733) Apr-14
Power zensor E44124 MY4 1498087 04-Apr-13 (Mo, 217-01733) Apr-14
Reference 3 d8 Atenuator SN 85054 (3c) Od-Apr-13 (No, 217-01737) Apr-14
Reference 20 0B Atlenuance SN: 85277 (20x) 04-Apr-13 (No. 217-01735) Apr-14
| Reference 30 ¢8 Aftenuator | SN 55129 (30b) 04-Apr-13 {No. 217-01738) Apr-14
Reference Probe ES30V2 Sh 3013 28-Dec-12 (Mo ES3-3013_Decl) Crec-13
DAES SM- 860 31-Jan-13 (No. DAE4-680_Jan13) Jam-14
Secondary Stendards o Check Tiale {in house) Scheduled Check
RF generator HP BBLEC US 3642001700 4-Aug-56 [in house check Apr-13) in house check: Apr-15
Wetwork Anatyzer HP B753E LIS3TIN0585 18-0ck-01 (in housa check Do 18] in house chack: Oc-13
Catibrated by
Approved by

tasued: June 4, 2013

This cakration cerfificate shall not be meproduced except in full without written approval of the laboratary,
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Calibration Laboratory of

AP ‘
Py Bohwaeizersaher Kallbrierdienst

Schmid & Partner Sarvico sulsse d'étalonnage
Engineering AG Servizio svizzero ol taratura

Zeughausstrasse 43, B004 Zurich, Switzeriand s Swiss Callbration Service

Accradited by the Swiss Accreditation Service {SAS) Accreditation No.: SCS 108

The Swiss Accreditation Sefvice is ane of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL { NORMx, v,z

DCP diode comprassion polnt

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

AB.CD madulation dependent linearization parameters

Polarization ¢ g rotation around probe axis

Polarizalion 8 3 rotation around an axis that is [n the plane normal to probe axis (al measurement center),

e, 8 =0 s normal to 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: Measurement
Techniques”, December 2003

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

Methods Applied and Interpretation of Parameters:

NORMx,y,z; Assessed for E-field polarization & = 0 (f < 800 MHz in TEM-cell; f > 1800 MHz: RZ2 waveguﬂa]
NORMx,y.z are only Intermediate values, | .e., the uncertainties of NORMx,y.z does not affect the E-field
uncerfainty Inslde TSL (see below ConvF).

NORM(fx,y,z = NORMx,y.z * fraquency_response (see Frequenay 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 uncenainty of ConvF.

DCPx,y, 2 DCP are numerical linearization paramelers 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
charactaristics

Axy.2 Bxy.z: Cxy.z; Dxy.z: VRx.y.z A, B, C, Dare numencal linearfzation parameters assessed based on
the data of power sweep for specific modulation signal. The paramalers do not depend on frequency nor
media. VR is the maximum calibration range expressed In RMS voltage across the diode.

ConvF and Boundary Efect Pareametfers: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for | < 800 MHz) and inside waveguide using analytical figid distnbutions based on power
measuremants for f » 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These paramaeters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx, vz * ConvF whereby the uncentainty corresponds to that given for ConvE A frequency dependeant
ConvF is used in DASY version 4.4 and highar which allows extending the validity from + 50 MMz to £ 100
MHz

Sphercal isotropy (3D deviation from isotropy): in a fleld of low gradients reallzed using a flat phantom
axposed by a patch antenna.

Sensor Offset The sensor offset corresponds to the offset of virtual measuremeant centar fram the probe tip
{on probe mxis). No tolerance required,

Certificate No; EX3-3782_Jun13 Page 2 of 11



EX30V4 — SM3TE2 June 4, 2013

Probe EX3DV4

SN:3792

Manufactured:  April 5, 2011
Calibrated; June 4, 2013

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASYZ systaml)
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EX30Va- SN.3792 June 4, 2013

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

Basic Calibration Parameters

| Sensor X Sensor Y | Sensor Z | Unc (k=2)
Norm {uV.’aV.’mﬁ" 064 0.55 ! 0.54 £+10.1%
DCP (mV) 98.2 [ 100.1 . 100.1
Modulation Calibration Parameters
(1][a] Communication System Name | A B c o YR | Unct |
dB dBvVuV d8 mV (k=2)
0 oW X 0.0 0.0 1.0 0.00 1365 +313%
¥ 0.0 0.0 1.0 1749 |
z | oo 0.0 10 1773 ;

The reported uncertainty of measurement is slated 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%.

|

A The uncertainties of NomX.Y .2 de not @lfect the E™-fiski uncertainty ingide TSL (sed Pages 5 and )

® Mumerical lineanzation parsmedat. uncertainly nol reguiesd.

o Uncarainty i datemmined using the max devston from linesr responge apphying reclangulir dstribution and = expressed for the aguare of the
fizld value.

Cenificate No: EX3-3792_Jun13 Page 4 of 11



EX3DV4- 3N:3792 June 4, 2013

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)© ConvF X | ConvFY | ConvFZ | Alpha (mm) (k=2)
835 41.5 0.90 B.86 8.86 B.86 0.52 0.70 +120%
900 41.5 0.97 B.72 8.72 8.72 0.80 0.50 +12.0%
1750 40.1 1.37 7.78 7.78 7.78 0.64 0.64 +12.0%
1800 40.0 1.40 7.51 7.51 7.51 0.53 0.70 +120%
2000 40.0 1.40 7.45 7.45 7.45 0.43 0.79 *12.0%
2300 38.5 1.67 7.18 718 7.18 0.75 0.59 +12.0%
2450 39.2 1.80 6.87 6.87 6.87 0.46 0.76 +120%
2600 - 39.0 1.96 6.69 6.69 6.69 0.38 0.83 +12.0 %
3500 37.8 2.91 6.90 6.90 6.90 1.00 0.54 +131%
5200 36.0 4.66 4.83 4.83 4.83 .40 1.80 +13.1%
5300 359 4.76 4.63 4.63 4.63 0.40 1.80 +131%
5500 35.6 4.86 4.63 4.63 4.63 0.40 1.80 +131%
5600 35.5 5.07 4.54 4.54 4.54 0.35 1.80 £13.1%
5800 353 527 439 4.39 4.39 0.45 1.80 +13.1%

© Frequency validity of = 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The uncertainty is the RSS
of the ConvF uncerainty at calibration frequency and the uncertainty for the indicated frequency band.

F At frequencies below 3 GHz, the validity of tissue parameters (s and «) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (s and &) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

Certificate No: EX3-3792_Jun13 Page 5 of 11



EX3DV4— SN:3792 June 4, 2013

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.

f(MHZ)® | Permittivity " (s/my* ConvF X | ConvFY | ConvFZ | Alpha | (mm) (k=2)
835 55.2 0.97 9.15 9.15 9.15 0.46 0.79 £12.0%
900 55.0 1.05 9.05 9.05 9.05 0.80 0.58 £12.0 %
1750 53.4 1.49 7.61 7.61 7.61 0.45 0.81 £120%
1900 53.3 1.52 7.26 7.26 7.26 0.31 0.95 +12.0 %
2000 53.3 1.52 7.37 7.37 7.37 0.29 1.03 +12.0 %
2300 52.9 1.81 7.07 7.07 7.07 0.34 0.86 +12.0 %
2450 52.7 1.95 6.94 .04 6.94 0.80 0.50 +12.0 %
2600 525 2.16 6.70 6.70 6.70 0.80 0.50 +12.0 %
3500 51.3 3.31 6.26 6.26 6.26 1.00 0.48 +13.1%
5200 49.0 5.30 4.27 4.27 4.27 0.45 1.80 +13.1 %
5300 48.9 5.42 4.12 4.12 412 0.45 1.90 +131%
5500 48.6 5.65 3.86 3.86 3.86 0.45 1.90 +13.1%
5600 48.5 5.77 3.81 3.81 3.81 0.40 1.90 +131%
5800 48.2 6.00 3.92 3.92 3.92 0.50 1.90 +13.1%

© Frequency validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2}, else it is restricted to + 50 MHz. The uncenainty is the RSS
of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency bang.

F At frequencies below 3 GHz, the validity of tissue parameters (r ang o) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the valigity of tissue parameters (¢ and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for ingicated target tissue parameters.

Certificate No: EX3-3792_Jun13 Page 6 of 11



EX30V4- SN:3792 June 4, 2013

Frequency Response of E-Field
(TEM-Cell:Ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Respanse of E-field: £ 6.3% (k=2)
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EX3DVa- SN 3792 June 4, 2013

Receiving Pattern (¢), 9 = 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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June 4, 2013

EX3DV4- 5N:3TH2

Dynamic Range f(SARpeaq)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: * 0.6% (k=2)
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EX30V4- SN:AT92

June 4, 2013
Conversion Factor Assessment
=900 MHz, WGLS RS (H_comF) 1= 1750 MHz WGLS R22 {H_conmvF)
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Deviation from Isotropy in Liquid
Error (¢, 8), f= 900 MHz
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Uncertainty of Spherical lsotropy Assessment: £ 2.6% (k=2)
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EX3DV4- SN:3792

June 4, 2013

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

Other Probe Parameters

Sensor Arrangement Triangular ‘
Connector Angle (°) 298
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe QOverall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 2mm

Certificate No: EX3-3792_Jun13
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Calibration Laboratory of

; Sctweizerischer Kalibrierdionst
Schmid & Partner Service suisse d'staionnage
Engineering AG e Servizic svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzertand ?,mf:;:':'\»}“ Swies Calibration Bervice
ST

Accradited by the Swiss Accreditaton Service (345)
The Swiss Accreditation Sarvice is one of the signatores to tha FA
Multilateral Agreement for the recognition of callbration cenificates

Accreditation No.! SCS 108

Calibration

Calibration procegure(s) QA CAL-01.v8, QA ~3, QA CAL-23.v4, QA CAL-25v4
CACALO1AS, 0 CAL . QA G 23t o

Coaliraton dete:

June 12, 2013

This calibration cartificate documents the traceabliity 10 nationa) sienderts, wheh realizs the physacal units of messuremen (51)
The measurements. and the uncedaimties with confidence probablity are given on the foliowing pages and e part of the cestificale,

All calinrations heve been conducted i the closed taboratory teciify. environment termpamaiure {22 £ 3;°C and humidity < T0%

Calibration Equipment used (MATE ortical for calibration)

Primary Standards iD Cal Dats (Cerificate No.) Scheduled Caltbration
Piower meter E44198 GB4 1283874 Od.Apr-13 (No. 217.01733) Apr-14
Power sansor E44124, Y 1 4BH0OBT 0d-Apr-13 (Mo, 217-01733) Apr-14
Beference 3 dB Attenuator Sh: SB0Sd (3c) Dd-Apr-13 (Mo 217-01737) Apr-id
Reference 20 dB Attenuator SN: 85277 (20m) Oa-Apr-13 (Mo, 217-01735) Apr-1a
Ralerence 30 dB AHenuator SN; 55129 (30b) 04-Apr-13 (Mo 217-01738) Apr-1d
Reference Probe ES30NVZ SN: 3013 28-Dec-12 (Mo EE‘S-HI]13_DB£:12:| Doc-13
| DAE4 SN: 680 3t-Jan-13 (No. DAE4-660_Jan13) Jan-14
Secondary Standards D | Check Diate (in house) Schedulod Check
| RF gensrator HP B84EC US3B42U01700 | 4-Aug-98 (in house check Aor-13) in nouse check: Apr-15
| Metwirk Anabvoer HP 87536 USI7T 300585 15-Oct-01 fin howse check Oct-12) i house chock: Oct-13
MName Functon
Calibrated by: Chiuicdes L pubier i mharatery Tachmscan
Approved by Katje Pokowic. Tecnnical Manager

This calibvation certificate shall not bie reproduced except In full withoul writlisn approval of the labaratony

Bsued: June 12, 2013

Cerificate No. EX3-3825_Jun13
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Calibration Laboratory of U,

;i & Ry s, Schweizerischer Kaiibrierdienst
Schmid & Pariner — Service suisse d'étalonnage
Engineering AG S Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland i/,ﬁf Swiss Calibration Service
LT T
Accredited by the Swigs Accreditation Service (SAS) Accreditation Ne.: SCS 108

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

Glossary:

TSL tissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx.v.2

oCcr diode compression point

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

ABCD madulation dependent linearization parameters

Polarization o o rotation around probe axis

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

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

Calibration is Performed According to the Following Standards:

a)

b)

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

[EC 622089-1, *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:

NORMx,y.z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f = 1800 MHz: R22 waveguide).
NORMx.y,z are only intermediate values, |.e., the uncertainties of NORMx,y,z does not affect the E*field
uncerainty inside TSL (see below CornvF).

NOEMTx, v,z = NORMx, v,z * frequency_response (see Freguency Response Chart). This linearization is
implemeanted in DASY4 software versions later than 4.2, The uncentainty of the frequency response s included
in the stated uncerainty of ConvF.

DCPy,yz: BCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

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

Axy.z: Bxyz Cxy.z Dxyz VRxy.z. A B, C, Dare 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 calibrafion range expressed in RMS voltage across the diode.

Convi and Boundary Effect Parameters: Assessed in fiat phantom using E-fisld {or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distibutions based on power
measurements for { > 800 MHz. The same setups are used for assessment of the parameters appiled for
boundary compensation {alpha, depth) of which typical uncertainty values are given. These parameters are
usad in DASY4 software to improve probe accuracy close to the boundary, The sensitivity in TSL corresponds
to NORMx y.z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF s used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to + 100
MHz.

Spherical isofropy (30 deviation from rsotropy): in a field of low gradients realized using a flat phantom
gxposed by a patch antenna.

Sensor Offset. The sensor offset corresponds to the offset of viriual measurement center from the probe tip
{on probe axis). No tolerance required

Cerificate No: EX3-3925_Jun13 Page 2 of 11



EXIDV4 - SN:3825 Juna 12, 2013

Probe EX3DV4

SN:3925

Manufactured:  March 8, 2013
Calibrated: June 12, 2013

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX30V4- SN:3825

June 12, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3925

Basic Calibration Parameters

Sensor X Sensor’Y SensorZ Unc (k=2)
Norm (uV/(Vim)*)* 0.59 0.52 0.50 +10.1 %
DCP (mV)® 98.2 98.5 98.1
Modulation Calibraticn Parameters
UID Communication System Name A B c D VR Unct
dB dBvpV dB mV (k=2)
0 cw X 0.0 0.0 1.0 0.00 134.8 +3.5%
Y 0.0 0.0 1.0 175.7
z 0.0 0.0 1.0 169.4 ]

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

* The uncertainties of NormX.Y.Z do not atfect the FXfield uncertainty inside TSL (see Pages 5 and ).

® Numerical linearization parameter: uncertainty not required.

Uncertainty is determined using the max. deviation from linear response applying rectangular gistribution and is expressed for the square of the

field value.

Certificate No: EX3-3925_Jun13
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EX3DVd4- SN 3925 June 12, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3925

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) © Punu:hiu}i:i:y' m[s;:rm ConvF X I ConvFY | ConvEZ _ Alpha _m }'Ikg'}
750 419 0.89 10.34 __' 1034 | 1034 | 044 l 080 | $+120%
B35 415 0.90 987 | 987 9.87 029 | 099 | +120%

| 1750 40.1 | 137 B.36 8.36 8.36 056 | 072 | +120%
1900 40.0 1.40 8.13 B.13 8.13 037 | 0.1 | £120%
2150 39.7 1.53 7.89 7.89 7.83 054 | 074 | £120%
2450 39.2 1.80 7.25 7.25 7.25 D59 | 072 | 2120%
5200 36.0 4.66 5.25 5.25 5.25 030 | 180 | +131% |
5300 35,9 476 5.01 5.01 5.01 030 | 180 | +131% |
6500 35,6 4.96 489 4.89 4.89 | 030 | 180 | 2131%
5800 35.5 5.07 473 | 473 a2 | 030 | 1m0 | s131%
5800 253 527 448 | a8 | 448 | 040 | 180 | 2131%

£ Frequency validty of = 100 Miiz only spples for DASY v 4 and higher {see Page 2), eise || s restricted o + 50 MHz The uncerainty is the RSS
of the ConyF unceriainly ol calibration frequency end tha uncertainty for the Indicatod frequency band

F & frequencies below 1 Giz, [he valbety of lissue parameters (& antd a) can be relaced 1o & 10% IF bguid compensation formula is applled to
mezsured SAR values Al frequencies above 3 GHz. the validity of tisaus parasmeten (v and o) is restricted to £ 5%. Tha uncertamty is the RSS of
the Comf uncertainty for mdicaled target fssue paramstsrs

Cerificate No: EX3-3925_Jun13 Page 5 of 11



EX3DV4— SN:3925 June 12, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3925

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.

f(MHZ) ¢ | Permittivity" (sim)* ConvF X | ConvFY | GonvFZ | Alpha {(mm) {(k=2)
750 55.5 0.96 10.24 10.24 10.24 0.34 0.99 +12.0%
835 55.2 0.97 10.02 10.02 10.02 0.47 0.84 +12.0%
1750 53.4 1.49 8.31 8.31 8.31 0.79 0.81 +12.0%
1900 53.3 1.52 7.91 7.91 7.91 0.36 0.91 £12.0%
2150 53.1 1.66 7.80 7.80 7.80 0.64 0.66 +12.0%
2450 §2.7 1.95 7.44 7.44 7.44 0.80 0.57 +12.0%
5200 49.0 5.30 441 4.41 4.41 0.40 1.90 +13.1%
5300 48.9 542 4.26 4.26 4.28 0.40 1.90 +13.1 %
5500 48.6 5.65 3.98 3.08 3.98 0.45 1,90 £131%
5600 48.5 5.77 3.78 3.78 3.78 0.50 1.90 +13.1%
5800 48.2 6.00 4.00 4.00 4.00 0.50 1.90 +131 %

® Frequency validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The uncertainty is the RSS
of the ConvE uncertainty at calibration lrequency and the uncertainty for the indicated frequency band.

F At frequencies below 3 GHz, the validity of tissue parameters (e and o) can be relaxed to * 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and o) is restricted to *+ 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated targel tissue parameters.
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EX30Vi4- SN:3825 June 12, 2013

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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EX3DVd- SN:3925 Jung 12, 2013

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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June 12, 2013

EX30V4- SN:2825

(TEM cell , f = 900 MHz)

Dynamic Range f(SARjeaq)
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Uncertainty of Linearity Assessment
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EX30V4i- SN:3525

June 12, 2013
Conversion Factor Assessment
f = 835 MHz WGLS RS (H_canvF) f = 1900 MHz WGLS R22 (H_convF)
B ":
|
i 1'.\\ -2
=) . "
» 3
i F Sl
i L L]
| )
L " = :;ln I wa ad I :l- -i-._.:ﬂ-_ 5 _*-.- :1- ) ﬁ“ﬂ
g b 2] o A =iy % 5

Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz

Deviation

LpbsbooD
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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BEX3DVa— SN3825 Jung 12, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3925

Other Probe Parameters

| Sensor Arrangemeant Triangular
Connector Angle () 934
Mechanical Surface Detection Mode i anabled |
Optical Surface Detection Mode disabled |
Probe Overall Length 337 mm

" Probe Body Diameter 10mm
Tip Length gmm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor ¥ Calibration Point 1 mm
Probe Tip to Sensor Z Callbration Point 1 mm
Recommended Measuremant Distance from Surface 2mm

Cortificate Mo: EX3-3925 Juntd Page 11 of 11



Catibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Schwelzerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero dl taratura
Swiss Callbration 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

Client Sporton-TW (Auden) Cortificate No: ES3-3270_Sep12
|CALIBRATION CERTIFICATE

Object ES30VI -8N:3270

Calibration procedure(s) QA CAL-OT.v8, QA CAL-23.v4, GA CAL-25.v4

Calibration procedure for dosimetric E-fiald probes

Calibration date: September 28, 2012

This calibration certificate documenis the traceability to national standards, which realize the physical units of measurements {SI).
The measuraments and the uncenainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been canducted in the ciosed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

| Primary Standards ) Cal Date (Certificate No.) Scheduled Caiibration
Power meter E4419B GB41293874 28-Mar-12 (No. 217-01508} Apr-13
Power sensor E4412A MY41498087 29-Mar-12 (No. 217-01508) Apr-13
Refersnce 3 dB Attenuator ' SN; S5054 (3c) 27-Mar-12 (No. 217-01531) Apr-13
] ——
| Reference 20 dB Attenuator , SN: 85086 (20b) 27-Mar-12 (No. 217-01529) Apr-13 _
J Reference 30 dB Attenuator SN 85129 (30h) 27-Mar-12 {No. 217-01532) Apr-13
Reference Probe ES30DV2 SN 3013 29-Dec-11 (No. ES3-3013_Dec1t) Dec-12
DAE4 — SN: 660 20-Jun-12 {No. DAE4-660 Jun12) Jun-13
Secondary Standards R ‘Check Date (in house) | Scheduled Check a
RF generator HP 8648C US3642U01700 4-Aug-99 (in house check Apr-11) In house check: Apr-13
hetwork Analyzer HP 8753 US37390585 B 18-0¢t-01 {in house check Oct-11) In house check: Oct-12
Name Function Siynature
Caiibrated by: Ciaudio Leubis Labaratary Techniciar | 1
Approved by: Hadth Pokovi: Tochnlcal Manasger : =
i -l
Issued: October 1, 2012
:r_}'ﬁs ca!ibralior_\ Lc_ertiﬁcate shall not be reproduced except In full without written approval of the laboratory.
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerlscher Kalibrierdlenst
Service suisse d'éetalonnage
Servizio svizzero dl taratura
Swiss Calibration Service

Accrediled by the Swiss Accreditalion Service (SAS) Accreditation No.:. SCS 108
The Swiss Accreditation Service |s one of the signatories to the EA
Multilateral Agreement for the recognition of calibration centificates

Glossary:

TSL lissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMXx,y,z

DCP diode compression point

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

A B C modulation dependent linearization parameters

Polarization ¢  rotation around probe axis

Polarization 8§ 9 rotation around an axis that is in the plane normal to probe axis {al measurement center),

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

Calibration is Performed According to the Following Standards:

a) |EEE Sid 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

by IEC 62208-1, "Procedure to measure the Specific Absorpiion 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:

s NORMx,y z. Assessed for E-field potarization & = 0 {f £ 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMX,y.z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

s NORM(xy,z=NORMxy.z * frequency_response (see Frequency Response Chari). This linearization is
implemented in DASY4 software versions {ater 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 based on the dala of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

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

s  Axyz Bxyz Cxyz VRxyz A B Care numerical linearization parameters assessed based on the data of
power sweep for specific modulation signal. The parameters do not depend on frequency nor media. VR is the
maximum calibration range expressed in RMS voltage across the diode.

o  ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < B00 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx, y,z ™ ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent

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

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

s Sensor Offset. The sensor offset corresponds to the offset of virtual measurement center from the probe tip
{on probe axis). No tolerance required.

Certificate No: ES3-3270_Sep12 Page 2 of 11



ES3DV3 — SN:3270 September 28, 2012

Probe ES3DV3

SN:3270

Manufactured:  f~ebruary 25, 2010
Caibrated: September 28, 2612

Calibrated for DASY/=ASY Systems

{Note: non-compatible with DASY2 system!)
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ES3D0V3— SN:3270 September 28, 2012

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

Basic Calibration Parameters

[ Sensor X Sensor Y Sensor Z | Unc (k=2)
| Norm (uVi(vim)*Y* | 1.11 1.21 122 | +101%
. DCP (mV)® | 101.7 100.7 99.1 ‘

Modulation Calibration Parameters

uiD | Communicafion System Name PAR | A | B ¢ | VR | unc
dB dB B | ™V | (k=2)
Lo JE 000 | X | 000 | 000 | 100 | 1430 | +30%
il vy [ 000 | 000 | 100 | 1145 |
| [z 060 | o000 | 100 | 1497 |

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

% The uncertainties of NormX.Y,Z do not affect the E*-field uncertainty inside TSL (see Pages 5 and 6).

® Numerical linearization parameler: uncertainty not required.

£ Uncentainty is determined using the max. deviaticn from linear response applying reclanguiar distribution and is expressed for the square of the
field value.
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ES3DV3-SN:3270 September 28, 2012

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

Calibration Parameter Determined in Head Tissue Simulating Media

[ Relative | Conductivity ‘ 1 Depth Unct. |

‘__f (MHz)¢ | Permittivity" " (8im)" ConvF X ! ConvFY | ConvFZ Wl Alpha (mm) (k=2) !

( 835 | 415 0.90 6.20 | 6.20 6.20 | 0.41 1.63 +12.0% |

;1 900 —! 415 0.97 6.12 612 | 612 0.24 2.13 +12.0 %

| 1?50_\! 40.1 1.37 5.20 520 | 520 W 0.58 1.35 ‘ +12.0 %
1900 ] 40.0 1.40 5.05 5.05 505 } 0.74 1.20 +12.0%
2000 ‘ 40.0 1.40 5.02 L 5.02 ’ 5.02 J 0.76 L1.2o +12.0% !
2450 l 392 1.80 445 | 445 ( 4.45 | 077 |‘ 1.3o_|[_1~12.0 % /

© Frequency validity of £ 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is resiricted 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 parameters (¢ and «) 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 (¢ and o) is restricted 1o £ 5%. The uncertainly is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

Certificate No: ES3-3270_Sep12 Page 5 of 11




ES3DV3— SN:3270 September 28, 2012

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

Calibration Parameter Determined in Body Tissue Simulating Media

' i Relative Conductivity Depth Unct. |

\ f(MHZ) ¢ | Permittivity" {Sim)*© ConvF X MConvFY‘ ConvFZ | Alpha (mm) (ks2)

| 835 | 55.2 | 097 \ 6.16 | 6.16 616 | 036 173 | £120% |
200 55.0 1 1.05 6.10 6.10 610 | 048 1.51 +12.0 % |

1750 53.4 1.49 4.98 498 | 498 D.m 1.79 +12.0%

L 1900 53.3 1.52 4.67 i 467 | 487 | 080 1.18 +12.0%

| 2000 - 53.3 1.82 469 | 4869 4.69 0.76 1.28 +£12.0 %

‘ 2450 52.7 1.95 4.17 417 | 417 075 1.08 .‘ +12.0%

€ Frequency validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else il is restricted 10 + 50 MHz. The unceriainty is the R$S
of the ConvF uncenainty at calibration frequency and the uncerainty for the indicated frequency band.

F Al frequencies below 3 GHz, the validity of tissue paramelers (£ and a) 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 (¢ and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicaled larget fissue parameters.
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ES3DV3- SN:3270

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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ES3DV3— 8SN:3270 September 28, 2012

Receiving Pattern (¢), 9 =0°
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Uncertainty of Axial isotropy Assessment: £ 0.5% (k=2)
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ES3DWV3- SN:3270 Seplember 28, 2012

Dynamic Range f(SAReaq)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: 1 0.6% (k=2)
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ES3DV3— SN:3270 September 28, 2012

Conversion Factor Assessment

f = 835 MHz. WGLS R9 (H_convF) f = 1900 MHz, WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 3), f = 900 MHz
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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ES3DV3- SN:3270

September 28, 2012

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

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) -19.3
Mechanical Surface Detection Mode. enabled |
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10mm
Tip Length 10 mm |
Tip Diameter 4 mm
Probe Tip to Sensor X Calibration Point 2 mm |
Probe Tip to Sensor Y Calibration Point 2mm
Probe Tip to Sensor Z Calibration Point 2 mm
Recommended Measurement Distance from Surface 3mm |

Centificate No: ES3-3270_Sep12 Page 11 of 11



Calihfatinn Laboratory of -;‘{‘::.,___,_,-fw ..”:4; oiilSg 5 Schweizsrischer Kalibrierdienat

Schmid & Partner % @ Y ¢ Service suisse dstalonnoge
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Zeughausstrasse 43, B004 Jurich, Switzerland i ﬁﬁ\.}* {w Swiss Calibration Service

Agcredited by U Swiss Accraddaiion Sarviee [AAS) Accreditation No.: SCS 108

The Swiss Accrediation Sérvice ls one of the signatories to the EA

Multilaleral Agreement for the recognition af callbration ceriificates

client  Auden - Corsficate No; EX3-3801_Jun13

Object

Calibralion procadure(s)

-23.v4, QA CAL-25.v4
ald probes.

Ths calbeston cartficale documents Mg Tcsabidiy 10 nalional standgeds, which reslze e physical units of Messuramens (S1)
Tre messurements and the uncertantes with confdence probabilty are given on the iallgwing pages and are part of the cerlibcate

All cafibrations have Desn conducted in The closed laDoraony aclity: amiromment lsmpersiee (22 = 3)°C and humigity < 70%

Calisration Equeprment uned (MATE criticsl lior calibraton)

Primary Standards it Cal Dale [Cestficeta Mo Seheduled Calisvation

Powar mater E44108 5841203874 0d-Anr-13 (Na 217-01723) Apr-ud

Power senso) E44124 MY 41458047 fa-Apr-13 (Ne 217-09723) Apr-1d

Referance 3 g8 Atsnustor SN: 55044 (3e) Dd-Apr-13 (Ne. 21T-09737) Apr-14

Rafarence 20 db Allenusios S BEITT (204) D4-Apr-13 (Ne 217-01735) Api-14

Raferance 30 di} AHenusios AN, 58120 (30 04-Apr-13 (Mo, 217-01738) Agr 14

Raference Probe ES30V2 S 33 2B-Dec-12 (Mo ES3-3013_Decid) Cinc+11

DAE4 S0 GE0 31-Jan-13 (No. DAE4-660_Jan13} Jan-14

Secondary Slandargs [*] Check Date (in house) Sohiduled Chesl

AF goneratar HP 88480 LIS3E42001700 Ao Lpy =35 (in house Gheck Apr-13) In house check Ap-15

Matwork Analyzar HP BT53E LIS 300585 180201 (in house ehask Oet-12) I Baiss chack Oal13
Mama Function Signatura

Calitic abed by Tsrme Eltlaoug  Laber : v

Appeced by Kajs Pokovie

jemac June 20, 2013

This calibration certficaie shall nol be repoduced exceplt in full withoul witten apgroval of [he Bbomiory.
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Calibration Laboratory of

) S Schweizerischer Kalibrierdienst
Schmid & Partner ¢ Service suisse d'étalonnage
Engineering AG g Servirio svizzero ditaratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMx,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
A, B, C,D modulation dependent linearization parameters
Polarization ¢ o rotation around probe axis
Polarization & 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),

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

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) IEC 62208-1, "Procedure to measure the Specific Absaorption 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:
*  NORMXx,y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMx,y,z are only intermediate values, i.e., the uncertainties of NORMX,y,z does not affect the EZfield
uncertainty inside TSL (see below ConvF).

o  NORM(Hxy,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.

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

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

o Axy.z Bxyz Cxyz Dxyz VRxyz A B, C, D 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 calibration range expressed in RMS voltage across the diode.

s ConvF and Boundary Effect Paramefers: Assessed in flat phantom using E-field {or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMXx,y,z * ConvF whereby the uncertainty corresponds 1o that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from * 50 MHz to = 100
MHz.

e Spherical isotropy (3D deviation from jsotropy). in a field of low gradients realized using a fiat phantom
exposed by a patch antenna.

= Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.
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EX3DV4 - 5N:3801 June 20, 2013

Probe EX3DV4

SN:3801

Manufactured:  April 5, 2011
Calibrated:; June 20, 2013

Calibrated for DASY/EASY Systems

(Mote: non-compatible with DASY 2 systeml)
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EX3DV4- SN:3801

June 20, 2013

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uV/(V/im))* 0.54 0.60 0.53 +10.1 %
DCP (mV)® 100.9 99.9 99.4
Modulation Calibration Parameters
UID Communication System Name A B C D VR Unct
dB dBvuv dB mvV (k=2)
0 cw X 0.0 0.0 1.0 0.00 | 1766 | +25%
Y 0.0 0.0 1.0 176.6
z 0.0 0.0 1.0 171.9

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

probability of approximately 95%.

" The uncertainties of NormX,Y.Z do not affect the E*-field uncertainty inside TSL (see Pages 5 and 6).

Numerical linearization parameter: uncertainty not required.
£ Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the

field value.

Certificate No: EX3-3801_Jun13
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EX3DV4- SN:3801 June 20, 2013

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unct.

f(MHz) ¢ | Permittivity " {sfm)" ConvF X | ConvFY | ConvFZ | Alpha (mm) (k=2)
750 41.9 0.89 9.39 9.39 9.39 0.40 0.85 +12.0%
835 41.5 0.90 9.00 9.00 9.00 0.27 1.06 +12.0%
900 415 0.97 8.93 8.93 8.93 0.41 0.81 +12.0%
1750 40.1 1.37 7.96 7.96 7.96 0.53 0.73 +120%
| 1900 40.0 1.40 7.67 7.67 7.67 047 0.79 +12.0%
2000 40.0 1.40 7.69 7.69 7.69 0.38 0.79 +12.0%
2450 39.2 1.80 6.92 6.92 6.92 0.33 0.87 +120 %
5200 36.0 4.66 4.91 4.91 4.91 0.35 1.80 +131 %
5300 35.9 4.76 4.69 4.69 4.69 0.30 1.80 +13.1 %
5500 35.6 4.96 4.73 4.73 473 0.30 1.80 +131 %
5600 35.5 5.07 4.40 440 4,40 0.35 1.80 £13.1%
5800 35.3 5.27 4.34 4.34 434 | 040 | 180 | 131 %

c Freguency validity of + 100 MHz only applies for DASY 4.4 and higher (see Page 2), else it is restricted 0 £ 50 MHz. The uncerlainty is the RSS
of the ConvF uncerainty at calibration frequency and the uncerlainly for the indicated frequency band.

F Al frequencies below 3 GHz, the validity of tissue paramelers {e and o} can be relaxed to £ 10% if liquid compensation formula is applied to
measured SAR values. Al frequencies above 3 GHz, lhe validity of tissue parameters (e and o) is restricled 1o + 5%. The uncertainty is the RSS of
Ihe ConvF uncenainty for indicated target tissue parameters.
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EX3DV4- SN:3801 June 20, 2013

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.

f(MH2)® | Permittivity " (sim)f ConvF X | ConvFY | ConvFZ | Alpha (mm) (k=2)
750 55.5 0.96 9.31 9.31 9.31 0.68 0.71 +12.0%
835 55.2 0.97 9.13 9.13 9.13 0.80 0.64 +12.0%
900 55.0 1.05 9.03 9.03 9.03 0.80 0.62 +12.0%
1750 53.4 1.49 7.66 7.66 7.66 0.55 0.82 +12.0%
1900 53.3 1.52 7.23 7.23 7.23 0.36 1.01 +12.0 %
2000 53.3 1.52 7.30 7.30 7.30 0.62 0.70 +12.0%
2450 527 1.95 6.69 6.69 6.69 0.76 0.58 +12.0%
5200 49.0 5.30 4.24 4.24 4.24 0.40 1.90 +131%
5300 48.9 5.42 4.05 4.05 4.05 0.40 1.90 +131%
5500 48.6 5.65 3.83 3.83 3.83 0.45 1.90 +13.1 %
5600 48.5 577 4.00 4.00 4.00 0.35 1.90 +13.1 %
5800 48.2 6.00 3.90 3.90 3.90 0.50 1.90 +131 %

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

F At frequencies below 3 GHz, the validity of tissue parameters (e 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 a) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated larget tissue parameters.
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EX3DV4- SN:3601 June 20 2013

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX3DV4- SN.3801 June 20, 2013
Receiving Pattern (¢), 9 = 0°
=600 MHz, TEM =1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX30V4- SN-3801 June 20, 2013

Dynamic Range f(SAR;¢aq4)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: * 0.6% (k=2)
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EX3DVa— SN:3801 June 20, 2013

Conversion Factor Assessment

{= B35 MHz WGLS RS (H_convF) = 1900 MHz WGLS R22 (H_come)
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Deviation from Isotropy in Liquid
Error (§, 9), f = 900 MHz

Deviation
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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EX3DV4— SN:3801

June 20, 2013

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

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) -565.3
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1 mm
Prabe Tip to Sensor Y Calibration Paint 1mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 2mm
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