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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Service suisse détalonnage
Servirio svizzero di taratura
Swiss Calibration Service

Aceradited 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/ NOBM xy,z
N/A not applicable or not measured

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 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:

Schweizerischer Kalibrierdienst

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

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

* Anfenna 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
paraliel to the body axis.

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

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

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

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

nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement '

multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 85%.
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Measurement Conditions

DASY system configuration, as far as not given on

page 1

DASY Version DASYS V52.8.6
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
| Distance Dipole Center - TSL 18 mm with Spacer
; Zoom Scan Resclution dx, dy, dz =5 mm
| Freguency 750 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 41.9 0.89 mhao/m
Measured Head TSL parameters (22.0+02)°C 406+6 % 082 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
SAH measured 250 mW Input power 2.21 Wikg

SAH for nominal Head TSL parameters

normalized to 1W

8.56 Wikg £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.44 Wikg

SAH for nominal Head TSL paramsters

normalized to 1W

5.62 Wikg + 16.5 % (k=2)

Body TSL parameters
The tollowing parameters and calculations were applied.
Temperature Permittivity Canductivity
Nominal Body TSL parameters 2z20°C 55.5 0.98 mhodm
Measured Body TSL parameters (22.0 £0.2)°C 546+6% 0.98 mho/m £ € %
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 measurad 250 mW input power 2.25 Wikg

SAH for nominal Body TSL parameters

normalized o TW

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

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

condition

SAR measured

250 mW input power

1.47 Wikg

| SAR for nominal Body TSL parameters

nomalized 1o TW

5.79 Wikg = 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5440Q+07iQ
Return Loss -27.4 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 484Q-16iQ
Return Loss -35.3dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.034 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 September 29, 2009
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DASY5 Validation Report for Head TSL

Date: 28.05.2013

Test Laboratory: SPEAG, Zurnich, Switzerland

DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1012

Communication System: UID 0 - CW ; Frequency: 750 MHz

Medium parameters used: f =750 MHz; 6 =0.92 S/m; & = 40.6; p= 1000 kgfm}
Phantom section: Flat Section

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

DASY 52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(6.28, 6.28, 6,28); Calibrated; 28.12.2012;
Sensor-Surtace; 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 25.04,2013

Phantom: Flat Phantom 4.9L; Type: QDOO0OP49AA; Senal: 1001

DASY52 52.8.6(1115); SEMCAD X 14.6.9(7117)

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

Reference Value = 53.455 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.39 W/kg

SAR(] g) = 2.21 W/kg: SAR(10 g) = 1.44 W/kg

Maximum value of SAR (measured) = 2.59 W/kg

LR L

11,00

0 dB = 2.59 W/kg = 4.13 dBW/kg
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Impedance Measurement Plot for Head TSL

28 May 2013 @9:17:03

[CHI s11 iU FE 1 594,373 & u..nsaa_ 154.18 pH TEU.BH0 B0R M
- =
D |
!
Ca 1 1\
1. .- : - -’--l
L
N f
ES b SR f
Hlg

CH2 Si1  L06 3 g8/ EF'_-#

+ ~4

® _T-.—g?,.iag_@. 752,000 088 Miiz

. 4
155 1 i- Tl - —_ —‘- - - - —
* . —_—— B . {
].n_é i - o — - ’- + |l r-—i—a
| W L I 4 L | - prmm—
START 530,000 800 MH=z FTOP S50.000 BD0 Mk

Cariificate No: D750V3-1012_May13 PageBof B



DASYS5 Validation Report for Body TSL

Date: 27.05.2013

Test Laboratory: SPEAG, Zurich, Switzeriand

DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1012

Communication System: UID 0 - CW ; Frequency: 750 MHz

Medium parameters used: f = 750 MHz; ¢ = 0.98 S/m; & = 54.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: ES3DV3 - SN3205; ConvFi(6.11, .11, 6.11); Calibrated: 28.12.2012;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn60!; Calibrated: 25.04.2013

Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

DASYS52 52.8.6{1115); SEMCAD X i4.6.9(7117)

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

Reference Value = 53.455 V/m; Power Dnft = 0.03 dB

Peak SAR (extrapolated) = 3.35 Wikg

SAR(1 g) = 2.25 W/kg; SAR(10 g) = 1.47 W/kg

Maximum value of SAR (measured) = 2.63 W/ikg

dB
0

-3.00

-6.00

-9.00

-12.00

-15.00

0dB =2.63 Wikg=420dBW/ikg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, B004 Zurich, Switzerland

Bchwelzerischer Kalibrierdienst
Service suisse d'élalonnage
Servizio svizzero di taratura
Swiss Callbration Service

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

ciient  Sporton-TW (Auden) Certificate No: DB35V2-499_Mar13

|CALIBFIATION CERTIFICATE

Object D835V2 - SN: 499

Accreditation No.: SCS 108

QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

Calibration procedurea(s)

Calibration date: March 18, 2013

This calibration certificate documents the traceabliity to national standards, which realize the physical units of measurements (S},
The measurements and the uncertainties with confidence probabliity are given on the foliowing pages and are part of tha cerificate,

All calibrations have been conducted In the closed laboratary facllity: anvironment tamperature (22 + 3)°C and humidity < 70%,

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D # Cal Date (Certificate No.) Scneduled Calibration
FPower mater EPM-2424, GB37480704 01-MNowv-12 (Mo, 217-01640) Oct-13

Power sansor HP 84814 LIS37282783 01-Mowv-12 (Mo, 217-01640) Cet-13

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

Type-N mismaich combination SN: 5047.3 / 06327 27-Mar-12 (Mo. 217-01533) Apr-13

Referance Probe ES3DV3A SN: 3205 28-Dac-12 (Mo, ES3-3205_Deac12) Dec-13

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

Secondary Standards D% Chack Date {in house) Scheduled Check
Power sensor HP B4814 MY41082317 18-0ct-02 {in house check Oct-11) In house chack: Oc1-13
AF genarator &S SMT-06 100005 0<4-Aug-99 {in house check Oct-11) In house check: Oct-13
Matwork Analyrer HP BT53E LIS37380585 S4206 18-0et-01 (in house check Oct-12) In house chack; Oel-13

Mamea Function Signature

Calibratad by larae E-Naoug Laboratory Tachnician O ﬁ ’?\0
Approved by Katia Pokovie Technical Managar

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

lssued: March 18, 2013

Cerificate No: DB35V2-498 Mari3
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, B004 Zurich, Switzerland

Service suissze d'étalonnage
Servizio svizrero di taratura
Swias 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 tha recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NOBM 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 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

c) 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:

Schweizerischer Kalibrierdienst

* 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.

e FElectrical 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%.

Cartficate No: D835V2-489_Mar13 Page 2ofB




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

DASY Version DASYS V5285
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency B35 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
MNominal Head TSL parameters 220°C 415 0.90 mho/m
Measured Head TSL parameters (220+02)"C 40.9+6% 0.94 mho/m + 6 %
Head TSL temperature change during test <05%C - e
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.48 Wikg
SAR for nominal Head TSL parameters narmalized to 1W 9.57 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW Input power 1.60 Wikg
SAH for nominal Head TSL parameters normalized to 1W 6.22 Wikg + 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 552 0.97 mho/m
Measured Body TSL parameters (22.0+0.2)*C 541+6% 1.02 mho/m £ 6 %
Body TSL temperature change during test <05°C - s
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.51 Wikq

SAR for nominal Body TSL parameaters

normalized to TW

9.63 Wikg = 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 W/kg £ 16.5 % (k=2)

Cartificate Mo; DB35V2-489_Mar13
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Appendix
Antenna Parameters with Head TSL

Impadance, transtormed to lead point 52.80-2410

Raturn Loss -28.7 dB

Antenna Parameters with Body TSL

Impedance, transtormed to feed point 4830500

Retum Loss -254 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.380 ns

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

The dipale is made of standard semirigid coaxial cable. The center conductor of the feeding line Is directly connected o 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 lo 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 o the Standard,

No excesslve 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

Cedificate No: DBISV2-495_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)

DASYS2 Configuration:

Probe: ES3DV3 - SN3205; ConvF(6.05, 6.05, 6.05); Calibrated: 28.12.2012:
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 27.06.2012

Phantom: Flat Phantom 4.9L; Type: QDO00P49A A 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=5mm

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

Peak SAR (extrapolated) = 3.78 Wikg

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

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

240

-8

720

-8.60

-i2.00

0 dB =289 W/kg =4.61 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 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; o = 1.02 §/m; &, = 54.1; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEETEC/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)

Electronmics: DAE4 Sn601; Calibrated: 27.06.2012

Phantom: Flat Phantom 4.9L; Type: QDO00P49AA; Serial: 1001

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

Dipole Calibration for Body Tissue/Pin=250 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(] g) = 2.51 W/kg; SAR(10 g) = 1.64 W/kg

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

“12.00

0dB =2.91 Wikg = 4.64 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Furich, Switzerland

S Schweizerischer Kalibrierdienst
Service suisse d'¢alonnage
Servizio svizzero di taratura

S Sswiss Calibration Service

Accrediled by the Swiss Accreditalion Sernvice (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is ona of the signatories to the EA
Multilateral Agreement lor the recognition of calibration certificates

ciient  Sporton-TW (Auden)
CALIBRATION CERTIFICATE

Certificate No: D1750V2-1068_Juni2

Obyject

Calibration procedurais)

Callbration date:

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

D1750V2 - SN: 1068

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

June 20, 2012

| Calioration Equipment used (MATE critical for calibration)

This calibration cenificate documents tha fraceabiity o natlonal standards, which realize the physical units of measurements (SI)
The measuremants and the uncerainties with confidence probability are given an the fallowing pages and are par of the cedificate.

'L_ Primary Standards 1D # Cal Drate {Carlificate No.) Scheduled Callbration
| Power matar EPM-4424 GBRIT4R0704 DE-Ot-11 (Mo, 217-01451) Oct-12
FPowar sensar HP B4B1A LS537282783 05-Cci=11 [No. 217-01451) Qgt-12
| Ralerance 20 dB Altenualor SN 5058 (20K) 27-Mar-12 (Mo, 217-01530) Apr-13
| Type-M mismatch combination SM. 5047 2 7 06227 27-Mar-12 (No. 217-01533) Apr-13
Aatarenca Probe ES30DVI SM: 3205 30-Dec-11 {No, ES3-3205_Dect1) Dec-12
DAE4 SM: &0 04-Jul-11 (No. DAE4-601_Jul11) Jul-12
_ Secondary Standards D# Chack Date {in houss) _ Scheduled Check
Powsr sensor HP B481A MY41092317 18-0ct-02 (in house check Oct-11) In house check: Oct-13
RF ganerator R&S SMT-06 100005 (4-Aug-88 {in housa check Oct-11) In house check: Ogt13
Metwaork Analyzer HP BYS3E LIS37390585 54206 18-0ct-01 (in house check Oct-11) in housae check: Oct-12
Name Function Signalure
Calibrated by- tzrae El-Naoug Labaratory Technician ( 3 {G? 3
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughausstrasse 43, B004 Zurich, Switzeriand

Schwaelzerischer Kalibrierdienst
Service sulsse d'étalonnage
Servizio svizzero di taratura
Swigs Calibration Service

Accredited by the Swiss Accraditation 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

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:

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

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

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

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

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

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

s« 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
muiltiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Cenificate No: D1750V2-1068_Jun12 Page 2 of 8



Measurement Conditions

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 =5mm
Frequency 1750 MHz « 1 MHz i
Head TSL parameters
The following parameters and calculations were applled.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.1 1.37 mho/m
Measured Head TSL parameters (22.0+02)°C 401 6% 1.35mho/m &%
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 o4 miV /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

SAR for nominal Head TSL parameters

normalized 1o TW

19.3 mW /g £ 16.5 % (k=2)

Body TSL parameters

The following parametars and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 53.4 1.49 mho/m
Measured Body TSL parameters (2202 0.2)°C 525+6% 1.47 mho/m = 6 %
Body TSL temperature change during test <05°C = i
SAR result with Body TSL

| SAR averaged over 1 cm” (1 g) of Body TSL Condition

| SAR measured 250 mW input power S168mW /g

| SAR for nominal Body TSL parameters normalized fo 1TW 36.8 MW / g = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measurad 250 mW input power 495 mW /g

SAR for nominal Body TSL parameters

normalized 10 1W

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

Certificate No: D1750V2-1068_Jun12
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Appendix

Antenna Parameters with Head TSL

Impedancea, transformed 1o feed polnt 4980 +03 12

Retum Loss -47.7 dB
Antenna Parameters with Body TSL

Impedance, transformead to feed point 4580 +0.7 &

Retum Loss -272dB
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 shor-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 altected by this change, The overall dipole length 1s still

according to the Standard.

Mo excessive force must be applied to the dipole arms, because they might bend or the soldered cennections near the

feedpoint may be damaged.

Additional EUT Data

Manutactured by

SPEAG

Manutactured an

June 15, 2010

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

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1068

Communication System: CW. Frequency: 1750 MHz

Medium parameters used: { = 1750 MHz; o = 1.35 mho/m; &, = 40.1; p = 1000 kgfrn3

Phantom section: Flat Section
Measurement Standard: DASY S (IEEE/MEC/ANSI CA3.19-2007)

DASYS52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(5.22, 5.22, 5.22), Calibrated: 30.12.201 1;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.07.2011

Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
DASYS52 52.8.1(838); SEMCAD X 14.6.5(6469)

Date: 20.06.2012

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=Smm, dz=5mm
Reference Value = 93.456 V/m; Power Dnift = 0.02 dB
Peak SAR (extrapolated) = 15791 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

-b.00

-10.00

-15.00

-20.00

-25.00

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

Certificate Na: D1750V2-10688_Jun12 Page Sof 8



Impedance Measurement Plot for Head TSL
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DASY5 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; 6 = 1.47 mho/m; g, = 52.5; p = 1000 I-:gfm"
Phantom section: Flat Section

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

DASYS52 Configuration:

« Probe: ES3DV3 - SN3205; ConvF(4.85, 4.85, 4.85); Calibrated: 30112201 ;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.07.2011

Phantom: Flat Phantom 5.0 (back); Type: QDO0OPSOAA; Serial: 1002
« DASY52 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=5mm

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

Peak SAR (extrapolated) = 15.691 mW/g

SAR(] g) =9.16 mW/g; SAR(10 g) =495 mW/g

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

-1.60

-1.20

-14.40

-18.00 ;!
0dB =115 mW/g=21.21 dB mW/g
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Impedance Measurement Plot for Body TSL
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FCC Test Report

D1750V2, serial no. 1068 Extended Dipole Calibrations
Referring to KDB865664 D01v01, 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




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 IFBW 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 TFBW 70 kHz Stop 2 GHz

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



FCC Test Report

1750 MHz - Body

P 511 Log Mag 10.00de/ ref -20.00de [F1 pel]

>1 1.7500000 GHz -27.268 dB

10.00

-10. 00

1 Start 1.55 GHz IFBVV 70 kHz Stop 2 GHz [

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

»>1 1.7500000 GHz 45.592 0 -1.5127 ¢ Driiﬁ_i;lf_

1 Start 1.55 GHz TFBVY 70 kHz stop 2 GHz [

SPORTON INTERNATIONAL INC.
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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)

CALIBRATION CERTIFICATE

Certificate No: D1900V2-5d041 Mari3

— 1

Object D1900V2 - SN: 5d041

Calibration procedure(s)

QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

Calibration date;

March 20, 2013

This calibration certificate 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%.

Calibration Equipment used (M&TE critical for calibration)

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

Lt Klysner Laboratory Technician 2 2 At
T -
"?'-—Elff ‘_/‘,f__'?f.i -

Calibrated by:

. -3 &
Technical Manager i -,‘-"-: »
e T L a.-‘—’:’r_
= ~

Approved by: Katja Pokavic

tssued: March 20, 2013

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

Centificate No: D1900V2-5d041_Mar13 Page 1 of 8



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 (22.0x0.2)°C 518x6% 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

Page 30f 8




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
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Impedance Measurement Plot for Head TSL
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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
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Impedance Measurement Plot for Body TSL
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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

o
s

issued: June 11, 2013
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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) 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%.
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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
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DASY5 Validation Report for Head TSL

Drate: 11062013

Test Laboratory: SPEAG, Zurich, Switzerland

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

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

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

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

DASYS2 Configuration:

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

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

Electronics: DAE4 Sn601.; Calibrated: 25.04.2013

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

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

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

1380

1640

-23.00 |
0dB=17.] Wkg=12.33 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

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

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

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

DASYS52 Configuration:

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

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

« Electronics: DAE4 Sn601; Calibrated: 25.04.2013

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

Date: 11.06.2013

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

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

~4.50

4.20

LEE ]

0dB=17.3 W/keg = 12.38 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, B004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taraturs
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 cerlificates

Client  Sporton-TW (Auden) Certificate No: D5GH2zV2-1006_Dec12
CALIBRATION CERTIFICATE

Object D5GHzV2 - SN: 1006

Calibration procedure(s) QA CAL-22.v1
Calibration procedure for dipole validation kits between 3-6 GHz

Calibralion date: December 11 , 2012

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sl).
The measurements and the uncerainties wilh confidence probability are given on the following pages and are part of the certificata.

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

Calibration Equipment used (M&TE critical for calibration)

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

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

Powar sensor HP 8481A US37292783 01-Nov-12 (No. 217-01640) Oct-13

Reference 20 4B 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 EX3DV4 SN: 3503 30-Dec-11 (No. EX3-3503_Dec11) Dec-12

DAEA4 SN: 601 27-Jun-12 (No. DAE4-601_Jun12) Jun-13

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

Power sensor HP B481A MY41092317 18-0ct-02 (in house check Oct-11) In house check: O¢t-13

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

Network Analyzer HP 8753E US37330585 54206 18-Oct-01 (in house check Oct-12} In house check: Oct-13
Name Function Signature

Calibrated by: Israe El-Naoug Laboratory Tachnician

) -

r Ill 2

- T g(."/"-’[&ﬁimq
/

Approved by: Katja Pokovic Technical Manager 5

e L

Issued: December 11, 2012

Thig calibration certificate 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

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

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |IEC 62208-2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures”; Part 2: “Procedure to determine
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010

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

Additional Documentation:
c) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

s 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.

s FElectrical 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.

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

o 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 85%.
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Measurement Conditions

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

DASY Version DASY5 V52.8.3
Extrapolation Advanced Extrapolation

Phantom Modular FI;';t Phantorn V5.0

Distance Dipole Center - TSL 10 mm with Spacer

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

Frequency

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

Head TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 36.0 4.66 mho/m
Measured Head TSL parameters (220=x02)°C 346+£6% 4.46 mho/m =6 %
Head TSL temperature change during test <0.5°C o -
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.05 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

79.8 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.31 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

22.8 Wikg = 19.5 % (k=2)

Head TSL parameters at 5300 MHz

The following pararmeters 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 34.4+6% 4.55 mho/m + 6 %
Head TSL temperature change during test <05°C - ----
SAR result with Head TSL at 5300 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Conditicn
SAR measured 100 mW input power 8.34 Wrkyg

SAR for nominal Head TSL parameters

nermalized to 1W

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

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

SAR measured

100 mW input power

2.39 Wkg

SAR for nominal Head TSL parameters

normalized to 1W

23.6 Wikg £ 19.5 % (k=2)

Certificate No: D5GHzV2-1006_Dec12

Page 3 of 14




Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 355 5.07 mho/m
Measured Head TSL parameters (_é2.0 +02)°C 340+£6% 4.81 mho/m £ 6 %
Head TSL temperature change during test . <05°C e
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 8.46 W/kyg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.41 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

23.8 Wikg + 19.5 % (k=2)

Head TSL parameters at 5800 MHz

The following 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 338+6% 5.04 mho/m + 6 %
Head TSL temperature change during test <0.5°C == e
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.98 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.27 Wikg

SAR tor nominal Head TSL parameters

normalized to 1W

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

Cenificate No: D5GHzV2-1006_Dec12
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Body TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominai Body TSL parameters 22.0°C 49.0 5.30 mha/m
Measured Body TSL parameters (éQ.O +02)°C 471 +6% 5.40 mho/m + 6 %
Body TSL temperature change during test - <05°C - -
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.20 W/kg

SAR for nominal Body TSL parameters

normalized to tW

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

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

condition

SAR measured

100 mW input power

2.02 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

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

Body TSL parameters at 5300 MHz

The following parameters and calculations were applisd.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.9 5.42 mho/m
Measured Body TSL parameters (22.0+0.2)°C 46.93+6 % 5.51 mho/m + 6 %
Body TSL temperature change during test <05°C --a- ----
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.41 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.07 Wikg

SAR for nominal Bady TSL parameters

normalized to 1W

20.5 W/kg £ 19.5 % (k=2)

Certificate No: D5GHzV2-1006_Dec12
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Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters - 220 °C 485 5.77 mho/m
Measured Body TSL parameters (é-2.0 +0.2)°C 46.4 +6 % 5.88 mho/m + 6 %
Body TSL temperature change during test - <0.5°C - e
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.74 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.15 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.3 Wikg + 19.5 % (k=2)

Body TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.2 6.00 mho/m
Measured Body TSL parameters (22.0 £0.2) °C 46.1+6% 6.17 mho/m + 6 %
Body TSL temperature change during test <05°C -a-n -
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.23 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.00 W/kg

SAR for nominal Body TSL paramelers

normalized to 1W

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

Certificate No: D5GHzV2-1006_Dec12
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Appendix

Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed io feed peoint 51.80-10.7jQ

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

Impedance, transformed to feed point 5610-1.3jQ

Return Loss -246dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 561 0-68jQ

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

Impedance, transformed te feed point 5640 +39jQ

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

Impedance, transformed to feed point 5190Q-96(Q

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

Impedance, transformed to feed point 56.00+01jQ

Return Loss -24.9dB
Antenna Parameters with Body TSL at 5600 MHz

impedance, transformed to feed point 5690-45ijQ

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

Impedance, transformed to feed point 5740+59iQ

Return Loss -21.1dB

Certificate No: D5GHzV2-1006_Dec12
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General Antenna Parameters and Design

Electrical Delay (one direction) 1.199 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected 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 28, 2003
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DASY5 Validation Report for Head TSL

Date: 11.12.2012
Test Laboratory: SPEAG, Zurich, Switzerland

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

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

Medium parameters used: f = 5200 MHz; ¢ = 4.46 mho/m; ¢, = 34.6; p = 1000 kg/m” , Medium parameters
used: £ = 5300 MHz; ¢ = 4.55 mho/m; & = 34.4; p = 1000 lcg/m3 , Medium parameters used: f = 5600 MHz,
6 =4.81 mho/m; & = 34; p = 1000 kg,/m3 , Medium parameters used: f= 5800 MHz, ¢ = 5.04 mho/m; & =
33.8; p = 1000 kg/m’

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

DASY52 Configuration:

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

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

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

» Electronics: DAE4 Sn601; Calibrated: 27.06.2012

» Phantom: Flat Phantom 5.0 (front); Type: QDOOOP5S0AA,; Serial: 1001
« DASY52 52.8.3(988); SEMCAD X 14.6.7(6848)

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

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

Peak SAR (extrapolated) = 29.6 W/kg

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

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

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

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

Peak SAR (extrapolated) = 31.6 W/kg

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

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

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

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

Peak SAR (extrapolated) = 33.5 W/kg

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

Maximum value of SAR (measured) = 20.9 W/kg
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 60.453 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 33.1 W/kg '

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

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

-10.00
-20.00
-30.00

-40.00

-50.00

0 dB =20.1 W/kg = 13.03 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 10.12.2012
Test Laboratory: SPEAG, Zurich, Switzerland

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

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

Medium parameters vsed: f = 5200 MHz; ¢ = 5.4 mho/m; g, = 47.1; p = 1000 kg/m3 , Medium parameters
used: f = 5300 MHz; 6 = 5.51 mho/m; & = 46.9; p = 1000 kg/m’ , Medium parameters used: f = S600 MHz;
o = 5.88 mho/m; g = 46.4; p = 1000 kg/m3 , Medium parameters used: f = 5800 MHz; ¢ = 6.17 mho/m; g, =
46.1; p = 1000 kg/m’

Phantom section: Flat Section

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

DASY52 Configuration:

» Probe: EX3DV4 - SN3503; ConvF(4.91, 491, 4.91); Calibrated: 30.12.2011, ConvF(4.67, 4.67,
4.67); Calibrated: 30.12.2011, ConvF(4.22, 4.22, 4.22); Calibrated: 30.12.2011, ConvF(4.38, 4.38,
4.38); Calibrated: 30.12.2011;

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

« Electronics: DAE4 Sn601; Calibrated: 27.06.2012

o Phantom: Flat Phantom 5.0 (back); Type: QDCOCOPSCAA; Serial: 1002
« DASY52 52.8.3(988); SEMCAD X 14.6.7(6848)

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

Reference Value = 54.463 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 28.4 W/kg

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

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

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

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

Peak SAR (extrapolated) = 30.0 W/kg

SAR(1 g) =7.41 W/kg; SAR(10 g) = 2.07 W/kg

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

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

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

Peak SAR (extrapolated) = 34.1 W/kg

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

Maximum value of SAR (measured) = 19.1 W/kg
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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 = 50.912 V/m; Power Drift = -0.08 dB )

Peak SAR (extrapolated) = 33.7 W/kg :

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

Maximum value of SAR (measured) = 18.0 W/kg

-10.00
-20.00
-30.00

-40.00

-50.00

0 dB =18.0 W/kg = 12.55 dBW/kg
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Impedance Measurement Plot for Body TSL
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Schmid & Fanne Enginsering AG

foughaussirasan 43, 8004 Zurch, Swirdorand
Phona +47 44 246 9700, Fax +11 44 245 G776
mfo@spaan.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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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.
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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°
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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 1.46 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 -
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4. AD-Converter Values with inputs shorted
DASY measurement paramelers: Auto Zero Time: 3 sec; Measuring time: 3 sec

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
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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.

¢ [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 -18999.04 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 o.or .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 £ 200 an 275
- 200 -4.96 -4.85
3. Channel separation
DASY measuremen! paramaters: Auto Zero Time: 3 sec; Measuring lime: 3 sac
Input Voitage (mV) | Channel X (V) | Chamnel Y (zV) | Channel Z (V)
Channel X -1.15 203
Channel ¥ 780 - -0.39
Channel Z 507 533

Pagedof 5




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) | ' ﬂm‘;;m’"

' Channel X -355 478 232 0.53

' Channel Y 0.18 -1.48 184 0.63
Channel Z 0.04 -1.63 1.85 0.7

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)
Typlcal values Alarm Level (VDC)
Supply (+ Vec) +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 +6 +14
Supply (- Vee) =0.01 ! -4 -9
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Calibration procedure for the data acquisition electronics (DAE)
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The measurements and the uncertainties with confidence probability are given on the following pages anc are part of the certificate.
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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.

¢ 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.

Certificate No: DAE4-1279_Jan13 Page 2 of 5



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°

Certificate No: DAE4-1279_Jan13 Page 3of b



Appendix

1. DC Voltage Linearity

High Range Reading (pV) Difference (V) 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 mode 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 {1V} | Channel Y {uV) Channael Z (uV)
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 Ze

2.5 Iro Time: 3 sec; Measuring time: 3 sec

‘ 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 (LV) | 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 0.83

6. Input Offset Current

Nominal Input circuitry offset current on all channels: <25A

7. Input Resistance (Typical values for information)

Zeroing (kOhm)

Measuring (MOhm)

Channe! 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 (+ Vce)

+79
Supply (- Vcc) 7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mAr!
Supply (+ Vec) +0.01 +6 +14
Supply {- Vce) -0.01 -8 -9

Certificate No: DAE4-1279_Jan13
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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 pracedure.

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
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client  Sporton TW (Auden) Cantificate No: DAE4-1338_May13
CALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BM - SN: 1338

Calibwation procedures) QA CAL-06.v26

Calibration procedure for the data acquisition electronics (DAE)

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
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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
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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.

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
measurement.

Commaon 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.

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

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

Input Offset 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 intemal auto-zeroing and during measurament.

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.

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 2 200 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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