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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 paints:

Battery Exchange: The battery cover of the DAE4 unit is closed using a screw, over tightening the screw may
cause the threads inside the DAE to wear out.

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

E-Stop Failures Touch detection may be malfunctioning due to broken magnets in the E-stop. Rough handling
of the E-stop may lead to damage of these magnets. Touch and collision errors are often caused by dust and dirt
accumulated in the Estop. To prevent E-stop failure, the customer shall always mount the probe to 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 exira cost during the annual calibration. However, SPEAG reserves
the right to charge for any repair especially if rough unprofessional handling caused the defect,

DASY Configuration Files: Since the exact values of the DAE input 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 calibration is void if the DAE unit is disassembled partly or fully by the
Customer.

Important Note:

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

Important Note:

To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in the
mating position. Avoid any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.
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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 Accredilation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories ta the EA
Muitilateral Agreement far the recognition of calibration certificates

Client Auden Certificate No: DAE4-1305_Dec14
CALIBRATION CERTIFICATE I
Object DAE4 - SD 000 D04 BM - SN: 1305

Calibration procedure(s) QA CAL-086.v28

Calibration procedure for the data acquisition electronics (DAE)

Calibration date: December 11, 2014

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sl).
The measurements and the uncerainties with confidence probability are given on the tollowing 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 (METE critical for calibration)

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

Keithley Multimeter Type 2001 SN: 0810278 03-Oct-14 (No:15573) Oct-15

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

Auto DAE Calibration Uniy SE UWS 053 AA 1001 07-Jan-14 {in house check) In house check: Jan-15

Calibrator Box V2.1 SE UMS 006 AA 1002  07-Jan-14 (in house chack) In house check: Jan-15
Mame Function Signature

Calibrated by: Dominique Steffen Technician ,% g
Approved by: Fin Bomholt Deputy Technical Manager .
VR e

Issued: December 11, 2014

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

Certificate No: DAE4-1305_Deci4 Page 1 of 5



Calibration Laboratory of @,

. D 2 S Schweizerischer Kalibrierdienst
Schmid & Partner iE: “‘a——-/iE”E:; c Service suisse d'étalonnage
Engineering AG o Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ff,, //,:\\\\‘\\3' S Swiss Calibration Service
UM
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

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.

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

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

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

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

® 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.

e 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 voltage, a battery
alarm signal is generated.

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

High Range: 1LSB = 6.1uV, fullrange = -100...+300 mV
Low Range: 1LSB = 61nV , full range= -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y z
High Range 403.797 £ 0.02% (k=2) | 403.960 + 0.02% (k=2) | 404.281 + 0.02% (k=2)
Low Range 3.98252 + 1.50% (k=2) | 3.99061 + 1.50% (k=2) | 3.99721 + 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system 119.0.24: 1 ®
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Appendix (Additional assessments outside the scope of SCS108)

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 199995.67 0.47 0.00
Channel X + Input 20002.87 1.97 0.01
Channel X - Input -19999.51 1.39 -0.01
Channel Y + Input 199995.29 0.15 0.00
Channel Y + Input 19998.59 -2.14 -0.01
Channel Y - Input -20002.00 -1.05 0.01
Channel 2 + Input 199993.72 -1.31 -0.00
Channel Z + Input 20000.15 -0.54 -0.00
Channel Z - Input -20002.66 ~1.57 0.01
Low Range Reading (pV) Difference (uV) Error (%)
Channel X + Input 2000.85 -0.03 -0.00
Channel X + Input 201.04 -0.25 -0.12
Channel X - Input -198.91 -0.23 0.12
Channel Y + Input 2000.72 -0.15 -0.01
Channel Y + Input 201.11 -0.09 -0.04
Channel Y - Input -199.18 -0.49 0.24
Channel Z + Input 2001.00 0.15 0.01
Channel Z + Input 199.91 -1.28 -0.61
Channel Z - Input -200.09 -1.39 0.70
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 (unV) Average Reading (uV)
Channel X 200 8.59 6.08
- 200 -5.73 o T4
Channel Y 200 -22.69 -23.18
- 200 23.06 22.56
Channel Z 200 -9.55 -9.96
-200 7.73 7.68

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

Input Voltage (mV)

Channel X (uV)

Channel Y (uV)

Channel Z (uV)

Channel X 200 1.64 -5.58
Channel Y 200 8.39 - 2.49
Channel Z 200 10.59 6.30 E
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4. AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Zero Time: 3 sec: Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 15857 13996
Channel Y 16280 15790
Channel Z 15970 15158

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 (uV) Std. [{):J)iation
Channel X 0.42 -0.35 1.68 0.40
Channel Y -0.24 -1.23 0.76 0.37
Channel Z -0.59 -1.53 1.00 0.45
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 2 200 200

8. Low Battery Alarm Voltage (Typical values for information)

Typical values

Alarm Level (VDC)

Supply (+ Vcc)

+7.9

Supply (- Vee)

-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 (- Vec) -0.01 -8 -9

Certificate No: DAE4-1305 Deci4
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Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

client  CCS-TW (Auden)
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Swiss Calibration Service

Accreditation No.: SCS 108

Certificate No: D2450V2-728_May14

CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration date:

D2450V2 - SN: 728

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

May 20, 2014

Calibration Equipment used (M&TE critical for calibration)

This calibration cerificate documents the traceability to national standards, which realize the physical units of measurements (Sl).
The measurements and the uncerainties 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%.

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

Primary Standards 1D# Cal Date (Cerificate No.) Scheduled Calibration

Powear mater EPM-4424, GB37480704 08-0c1-13 (No, 217-01827) Oot-14

Power sensor HP 84814 US37292783 09-Oct-13 (No. 217-01827) Cct-14

Power sensor HP 8481A MY41002317 09-0ct-13 (No. 217-01828) Oct-14

Referance 20 dB Attenuator SN: 5058 (20k) 03-Apr-14 (Mo, 217-01918) Apr-15

Type-N mismatch combination SMN: 5047.2 / 06327 03-Apr-14 (Mo, 217-01921) Apr-15

Relerence Probe ES3DV3 SM: 3205 30-Dec-13 (No. ES3-3205_Dec13) Dec-14

DAE4 SM: 601 30-Apr-14 (No. DAE4-601_Apri4) Apr-15

Secondary Standards ID # Check Date (in house) Scheduled Chack

RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-13) In housie check: Oct-16

Metwork Analyzer HP B753E US37390585 S4206  18-Oct-01 (in house check Oct-13) In house check: Oct-14
Mame Function

Calibrated by: Claudio Leublar Laberatory Technician

Approved by: Katja Pokovic Technical Manager

Issued: May 21, 2014

Certificate No: D2450V2-728_May14
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Glossary:

TSL tiesue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) IEEE 5td 1528-2013, IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR} in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2033

b) |IEC 82209-1, "Procedure to measure the Specific Absorption Rate {SAR) for hand-held
devices used in close proximily fo the ear {frequency range of 300 MHz to 3 GHz)",
February 2005

¢} KDB 8656684, "SAH Measurement Reguirements for 100 MHz to 6 GHz"

Additional Dogumentation:
di DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

+ Measurement Conditions: Further details are avaitable from the Yalidation Report at the end
of the centificate. All figures stated in the cerlificate are valid at the frequency indicated.,

+  Antenna Pararmelers with TS5L: The dipole is mounted with the spacer to position iis feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel o the body axis.

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

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

v S5AA 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 resuit.

The reporled uncerlainty of measurement is stated as the standard uncentainty of measurement
multiplied by the coverage factor k=2, which for 2 normal distribution corresponds to a coverage
probabiity of approximately 95%.

Cetificate Mo: D24500W2-728 Mayid Paga 2 of 8



Measurement Conditions

DASY system coenfiguration, 23 far a3 net given oh page 1.

DASY Version DASYS V5288
Extrapalation Advanced Extrapolation
Phantom Madular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Freguency 2450 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations wera applied.
Temperature Permittivity Conductivity
Nominat Head TSL parameters 220°C 38.2 1.80 mhofin
Measured Head TSL paramenrs {(22.0 =«0.21°C BS5L6% 1.83 mtho/m =6 %%
Head TSL temperature change during test <0.5°C
SAR result with Head TSL
SAR averaged over 1 em’ {1 g} of Head TSL Condition

SAR measured

250 mW inpot power

13.3 Wikg

SAR for nominal Head TSL parameters

nommalized o 1W

52.6 Wikg » 17.0 % {k=2)

SAR averaged over 10 om® (10 g} of Head TSL

condition

S5AR measured

250 mW input power

5.16 Wikg

SAR for nomingl Head TSL parameters

nomnalized 10 1W

24.5 Wikg £ 16.5 % (k=2)

Bady TSL parameters

The following pararmeters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL grarametsrs 22.0°C 527 1.85 mho/m
Measured Body TSL parameters (220 =08 °C 808 +6 % 23 mhe/mzE %
Bedy TSL temperature change during west = 0.57°0 -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Canditian
SAR measured 250 my input power 12.9 Wiko

S5AR for nominal Body TSL parameters

nommalizad to 1W

50.2 Wikg £ 17.0 % (k=2)

SAR averaged over 10 cm® {10 g) of Body TSL condition
SAR measured 250 mW input powet 5.55 Wikg
S4R for nominal Bady TS, parameters narmafized to TW 23.4 Wikg 2 165 % (k=2}

Cetificate No: D2450V2-728_MWayid
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Appendix

Antenna Parameters with Head TSL

Impedance, kansiormed to feed point 5460+ 610
Haturn Loss -222dB

Antenna Parameters with Bady TSL

Impedance, transformed to faad point S160+72i0Q
Return Loss -228dB

General Antenna Parameters and Design

Electrical Otelay (one direclion) 1.183ns

After lang term use with T00W radiated power, only a slight warming of the dipole near the fegdpsint can be measured.

The dipota is made of standard semirigid coaxial cable. The center conductar of the feeding line is direclly connecied io the
secand arm of the dipole. The antenna is therefore short-gircuited for DC-signals. On some of the dipsles, 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 lengih is shill
according to the Standaid.

Mo excessive force must be applied 1o the dipole arms, because they might bend or the suldered connections near the
feedpoint may ba damaged.

Additional EUT Data

Manufactured Dy SPEAG
Manufactured on January 02, 2003

Cedificate Mo: D2450W2-728_Mayid Page 4 of 8



DASYS5 Validation Report for Head TSL

Date: 20.05.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 728

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

Medium parameters used: f = 2450 MHz; o = 1.83 S/m; & = 38.5; p = 1000 kgfm"
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
s Probe: ES3DV3 - SN3205: ConvF(4.53, 4.53, 4.53); Calibrated: 30.12.2013;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.04.2014

Phantom: Flat Phantom 5.0 (front); Type: QDO00P50AA; Serial: 1001

DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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 = 101.5 V/m: Power Drift = 0.04 dB

Peak SAR (extrapolated) = 27.6 W/kg

SAR(1 g) = 13.3 W/kg; SAR(10 g) = 6.16 W/kg

Maximum value of SAR (measured) = 17.4 W/kg

-4.80
-9.60
-14.40

-19.20

-24.00

0dB = 17.4 W/kg = 12.41 dBW/kg

Certificate No: D2450V2-728_May14 Page 5of 8



Impedance Measurement Plot for Head TSL

12 May Z8d4 15:135:38
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DASYS5 Validation Report for Body TSL

Date: 20.05.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 728

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

Medium parameters used: { = 2450 MHz; ¢ = 2.03 S/m; g, = 50.8; p = 1000 ke/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(4.35, 4.35, 4.35); Calibrated: 30.12.2013;

Sensor-Surface: 3mm (Mechanical Surface Detection)

[ ]

Electronics: DAE4 Sn601; Calibrated: 30.04.2014

Phantom: Flat Phantom 5.0 (back); Type: QDO00PS0AA; Serial: 1002

DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=3mm, dz=5mm

Reference Value = 94.34 V/m; Power Drift =0.01 dB

Peak SAR (extrapolated) = 27.1 W/kg

SAR(1 g) = 12.9 W/kg; SAR(10 g) = 5.95 W/kg

Maximum value of SAR (measured) = 17.0 W/kg

-4.80
-9.60
-14.40

-19.20

-24.00

0dB=17.0W/kg =12.30 dBW/kg
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Impedance Measurement Plot for Body TSL

12 May 2814 15:34:29
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Schmid & Fjartner ; C Servies suisse d'étalonnage
Engineering AG e Servizio avizzere di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland 4 ﬁﬁ;\‘“@:“ S swiss Calibration Service
Accradited by the Swiss Acoreditalion Servica (SAS) Aceraditation Ne.: SCS 0108

The Swias Accreditation Service is one of the signatories e the EA
Muitlinteral Agreament for the recagnition of callbration certlficates

client ~ CCS-TW (Auden) Cortificate No: D1900V2-5d056_Feb15
|CAL|BH'A-TIDN CERTIFICATE ‘
Dbject D1300V2 - SN: 5d056
Callbration procadura(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Calibration date; February 18, 2015

Thia ealibration cartificate decumaents the traceability ta national standards, which realize (ha phyaical unita ol maasuraments (SI).
The measuremants and tha uncertainties with conlidance probabllity ara glvan on (ha following pages and are parl ol the cantificala,

All galibrations have baen conductad In the closed Iaboratory facility: envirenment temparature (22 + 3)°C and humidity = 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D W Cal Date {Carlificate No.) Schaduled Calibration

Powar malar EPM-4424 GRI7480704 07-0ct-14 (Mo, 217-02020) Cot-15

Powar sansor HP 84814 USE7282703 07-0ct-14 (Mo, 217-02020) Oei-156

Powar sanaor HP 84814 MY41002317 07-0cl-14 (No. 217-02021) Oct=15

Raofaronce 20 dB Attenuator SHN: K058 (20k) 03-Apr-14 (Mo. 217-01918) Apr-15

Type-N mismateh combination SN: 5047 .2 / 06327 O3=Apr=14 {No, 217-01921) Apr-15

Faelarence Probe ES3DV3 SN: 3206 30-Dec-14 (No, ES3-3205_Daci4) Dac-15

DAE4 SN: 601 18-Aufg-14 (No. DAE4-G01_Augid) Aug=15

Saecondary Standards 10 W Chack Dala (in house) Scheduled Cheok

AF generalor R&S SMT-06 100005 04-Aug-99 (In house check Oel-13) in house chock: Ocl-16

MNotwork Analyzer HP 87563E US37390585 54206 18-0ct-01 (In house check Oct-14) In house check: Oct-15
MName Funation Signatura

Calibratad by: Michaal Webar Laboratory Techniclan

Approvad by Katja Pokovie Technical Manager /m

lssuad: Fabruary 19, 2015

| This calibration certilicala shall nat be reproduced axcapl in full without written approval of tha Iaboratory,

Cortificate No: D1900V2-5d056 Febi5 Page 1018
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Aceradited by the Swiss Accradiiation Sarvice (SAS) Accreditation No.: SCS 0108

The Swiass Accroditation Service s one of the signatories to the EA
Muitliateral 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 measurad

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

c) KDB 865664, "SAR Measurement Requirements for 100 MHz te 6 GHz"

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.

= 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.

s 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 reqguired.

» 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%.

Caftificale No: D1900V2-5d066_Fabib Paga2 ol 8



Measurement Conditions

DASY system conliguration, a5 1ar 8 nod givan on page 1,

DASY Version DARYS V52 BB
Extrapolation Advanced Extrapolation

Phantom ) i Madular Flat Phantom

Dintance Dipole Center - TSL 1C mnm wilh Spacer

Zoum Sean Resalution

dx, dy, dz =5 mm

Frequeney

1800 Mz =1 MM

Head TSL parametars

The fallowing paramatars and caloulationg were appliad.

Temparature Fermittivity Conductivity
NMominal Head TSL parametets PERTR 40.0 1.40 mha/m
Measured Head TSL parameters (e2.0« 0.8 °C 201 6 % 1.42 mhe/m £ € %
Head TSL temporatire change during teat 0,570
SAR result with Head TSL
SAR averaged over 1 6m’ (1 g) of Head TSL Conditicn
SAR maasLred 50 MW input powinr 10.2% W/ky

SAR for nominal Head TSL parameters

normelized to 1W

40,2 Wikg £17.0 % (k=2)

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

condition

SAM measured

250 m\W input power

5.147 W/kg

SAR for norminal Maad TSL parametons:

normalizad ta 1W

21,3 W/KY = 18,5 % (K=2)

Body TSL parameters
The following parameters and calculations ware applied.
Temparature Permittivity Conductivity
Neiminal Body TSL parameters 22.07C 53.3 1.2 mha/m
Meazured Body T5L parameters (22.0 £0.2)°C 21126 % 1.53 mha/m + 6 %
Body TSL temperature change during test < 0.5"C -
SAR result with Body TSL
SARA averaged aver 1 em” (1 g) of Bady TSL Candition
EAR measured 260 mW input powaer 10.0 Wikg
SAR for nominal Body TSL parameterg normalized to 1W 39.8 W/kg £ 17.0 % (k=2}
SAR averaged over 10 em? {10 g) of Body TSL conditicn
SAH massimd 250 mW Input powee 5,35 Wikg

SAR for nominal Baody TSL paramatars

normalized to 1'W

21.3 W/kp = 1658 % (k=2)

Confieato Na! D1300V2-50058 Fab16

ann anl B




Appendix (Additional assessments outside the scope of SC50108)

Antenna Parameters with Head TSL

Impedanca, transformod to foud point 52850 +6.2[0
Rsturn Loss i 23,6 dB

Antenna Parameters with Body TSL

Impedance, transtarmead o tend Loin 48.6 0 + 6.4 12

Return Loss -#3.51H

General Antenna Parameters and Design

Elaactrical Delay (one diraction) 1.204 n&

Aftar long term use with 100W radiated powaer, only a slight warming of the dipolo noar the feedpalnt can be measured,

The dipole is mody of standard semirigid ceaxlal cable. The centar conductar of the feading line is diracily connectad to tha
socond arm of the dipole, 'he antanna |8 therafore shon-circuitad for DC-gignals. On some of tha dipoles, small end caps
are addad to the dipele arms in order to improve matching whan loaded according to the position s oxpluined in tho
"Measurement Conditians" paragraph. Tha SAR data arc nal affocted by this changa, The ovetall dipzle length IS still
according to the Standard,

Me oxcossive farce must be applied ta the dipola arms, because thay might band or tha soldared connections naar the
tendpalnt may ha damagad.

Additional EUT Data

Manufaciured by SPEAG
Marutasiured on March 19, 2004

Certificats Nao: LY 1800YVE-50056_Feb15 Page 4 of &




DASY5 Validation Report for Head TSL

Date: 18.02.2015
Test Laboratory; SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1200V2 - SN: 5d056

Communication System: UID 0 - CW; Frequency: 1900 MHz
Medium parameters used: f = 1900 MHz; 6 = 1.42 5/m; g = 39.1; p = 1000 kgfm"
Phantom section: Flat Section
Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2011)
DASYS52 Configuration:
« Probe: ES3DV3 - SN3205: ConvF(5, 5, 5); Calibrated: 30.12.2014;
s Sensor-Surface: 3mm (Mechanical Surface Detection)
s Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (front); Type: QDO00OP50AA; Serial: 1001

« DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)
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 = 98.15 V/m; Power Drift = 0.02 dB
Peak SAR (extrapolated) = 18.8 W/kg

SAR(1 g) = 10.2 W/kg; SAR(10 g) =5.37 W/kg
Maximum value of SAR (measured) = 12.9 W/kg

-4.00
-8.00
-12.00

-16.00

=20.00

0dB=129W/kg=11.11 dBW/kg

Cartiflcate No: D1900V2-5d056_Feb156 Page 5of 8



Impedance Measurement Plot for Head TSL

i@ Feb 2015 15149:i54
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DASYS5 Validation Report for Body TSL

Date: 18.02.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d056

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: f= 1900 MHz; o= 1.53 5/m; g, = 53.1; p= 1000 Iar.g,;’m'll
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANST C63.19-2011)

DASY52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.65, 4.65, 4.65); Calibrated: 30.12.2014;
= Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601:; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (back); Type: QDO00OPS0AA; Serial: 1002

= [DASYS52 52.8.8(1222): SEMCAD X 14.6.10(7331)
Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Relerence Value = 95.01 V/im: Power Drlt = 0,04 dB
Peak SAR (extrapolated) = 17.1 W/kg

SAR(1 g) = 10 W/kg: SAR(10 g) = 535 Wikg
Maximum value of SAR (measured) = 12.5 W/kg

-4.00
-8.00
-12.00

-16.00

-20.00

0dB =125 W/kg = 1097 dBW/kg

Caertificate No: D1900V2-5d066 Fabis Page 7 of 8



Impedance Measurement Plot for Body TSL

18 Feb 2015 135149130
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Calibration Laboratory of o,

: -.\::J_‘__.- . s Schwalzerischer Kallbrierdianst
Schmid & Partner f—— G Service auisse diétalonnage
Engineering AG z — Servizio avizzero di taratura
Zaughausstrasse 43, B004 Zurich, Switzerland i S Swisa Calibration Service

Accradited by the Swiss Accraditation Sarvice (SAS) Accreditation Ne.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agrnrntm for the chgnliian of calibration certilicates

Client CCS-TW (Auden)

|\CALIBRATION CERTIFICATE

Objact D1800V2 - SN: 2d062

Certificate No: D1800V2-2d062_Feb15

ST

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

Calibration prooadura(s)

Calibration date: February 19, 2015

Thia calibration cerlificate documents the traceabillity to national standards, which realize tha physical units of measurementa (SI),
The measurements and the uncertainties with conlidence probability are glven on the following pages and are part of the carlificata,

All ealibrations hnve baen conductad in the closed laboratory fndllity: anvironmaent temperafure (22 + 3)°C and humidity < 70%.

Calibrafion Equipmant used (M&TE crilical for calibration)

This callbration certificate shall not be reproduced excepl In full without writtan approval of ihe laboratory,

Primary Siandarcs o # Cal Date (Certificata No.) Schaduled Callbration
Powar motar EPM-442A GB3A7AB0704 07-0ct-14 (Mo, 217-02020) Ocl-15
Powaer sengor HF BAB1A US37292763 07-0ct-14 (Mo, 217-02020) Ocl-15
Powar sensor HF B4B1A MyYa1002317 07-0ct=14 (Mo, 217-02021) Ocl-15
Raterance 20 dB Attenualor SN: 5058 (20k) 03-Apr-14 (Mo. 217-01818) Apr-16
Typa-N mismatch eambination SN: BD47.2 / DB327 03-Apr-14 (No. 217-01821) Apr-16
Rolerance Proba ES3DV3 SN: 3206 30-Dac-14 (No, ES3-3205_Deci4) Dac15
DAE4 SN: 801 18-Aug=14 (Mo, DAE4-601_Aug14) Aug1s
Socondary Standarcds 10 # Chack Data (In housa) Scheduled Chack
RF ganerator RAS SMT-06 100008 0d-Aug-88 (in house cheok Oal-13) In house check: Oat-18
Natwark Analyzer HP B753E USA7AA06R5 54208 18-0cl-01 (In housa chack Ocl-14) In house chack: Ool-15
Nama Functlon 5|
Calibrated by: Michaal Webar Laboratory Technician
.
Appraved by: Kalja Pokavic Technioal Managar

Issuad: February 20, 20156

Ceriiflcate No: D1800V2-2d062_Feb15

Page 1ol B




o = LT
Cﬂhbl_'ﬂtlﬂrl Laboratory of QQ:\\ET?% Schwelzeriachor Kalibrierdienst
Schmid & Partner im Service sulsse d'élalonnage
Engineering AG T Servizio svizzero di taratura
Zoughnuastraase 43, 8004 Zurich, Switzerland £ ,‘ﬁ“\\p‘ Swiss Calibration Service
Acaredited by the Swiss Accraditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilataral Aﬂl‘“l‘l"lil“ far 1ha I‘Mﬁbﬁl‘lﬂhn of calibration certificniea

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) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues”, June 2013

b) |EC 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) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

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.

» Elactrical 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,

« S5AR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The ralanrtad 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%.

Cerlificate Mo: D1800V2-2d062_Febis Page 2 of B



Measurement Conditions

DABY aystern configuration, as 1ar s not given on

page 1.

DASY Version
Extrapolation

DASYS

V52488

Advansad Extrapolation

Phantom

Modular Flat Phantom

Distance Dipole Contor - TSL

10 rmm

foom Scan Resolution

dx, dy, dz = 5 mm

with Spacer

Frequency 1800 MHz £ 1 MMz
Head TSL parametars
The iollowing paramaters and calculations ware applied.
| Temperatyre Permittivity Conductivity
Naminal Head TSL parametera 220°C a0.0 1.40 rmbofm
| Measured Head TSL parameters (20 x0.2)"C BT 6% 1.44 mho/m £ 8 %
Head TSL temperaturo change during test =06 - -
SAR result with Head TSL
_SAR averaged aver 1 em® {1g) of Head TSL Conaltion
SAH measurgd 250 MW inpul power B.93 Wk

S5AAR lor nominel Hesd TSL parametors

normallzed to 1W

38,7 W/kg £ 17.0 % (k=2)

5AR averagad over 10 sm’ {10 ) of Hc;u;l T5L conditian
SAM mansLrad 250 mW inful power 5.17 Wikg
SAR for nominal Head TSL paramelais narmelizad to TW 20.4 W/kg + 18.5 % (K=2)
Body TSL paramaters
Tha following paramaters and calculations woro applied.

- Temperature Permittivity Conductivity
Nominal Body TSL paramatera 22.04°C 533 1,52 mho/m
Measured Body TSL parameters (220+£02)"C2 76N 1.52 mhe/mx6 %
Body TEL tempoerature changa during teat < 5 HC — —

SAR result with Body TSL
SAR averaged over 1 em® {1 g) of Bady TSL Condition
EAR measyrad 250 mW Input powear .71 Wikg
SAR [or nomingl Body TSL parameters rarralizcd to 1W 38.4 Wikg + 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Bady TSL cahdilian
SAR measurad 250 W inpul power 5.13 Wikg
SAR fof nomindl Hoedy TSL pararmeters narmallzed to 1W 20.4 W/kg = 16.5 % (k=2)

Carilicate to: L1800V2-2d062. Fab15
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Appendix (Additional assessments outsida the scope of S5C50108)

Antenna Parameters with Head T5L

Impudance, iranaformed to fead polnt 4AnB0.20]0
Return Loss -327dB

Antenna Parameters with Body TSL

]- Impadands, transformed to feed peini 45.742-21jQ2
| Return Loas «26.0dE

General Antenna Parameters and Design

Elactrical Delay (ona direction) 1.209 ng

[

After long term usa with 100W radiated powar, only a alight warming of tha dipole near ihe fundpoint can be maasurnd.

The dipate is rade of standard semirigid coaudal eable, The cuntor conduclor of the feeding linn is direetly connecled to the
second arm al the dipolo. Tho antenna is therefara shor-circulted for DCrsignals. On some of the dipalag, small end caps
are added to the dipole arms In ordor to improve matching when Ieaded according to the position as explained in tha
"Measurament Conditions" paragraph. The SAR data are not affected by this change, The overall dipole langth i sfill
according to the Standard.

No exeassive forcu must be applied to the dipala arms, because they might band or the soldered connnctions near the
feadpoint may be damaged,

Additional EUT Data

Manulagiured by SPEAG

Marulactured on January 28, 20032

Cartificale No; D1800V2-24062_Feb 15 Pagn 4 of B



DASY5 Validation Report for Head TSL

Date: 19.02.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: DI1800V2; Serial: DIB00V2 - SN: 2d062

Communication System: UID 0 - CW; Frequency: 1800 MHz

Medium parameters used: f = 1800 MHz; o = 1.44 §/m; g, = 38.7; p = 1000 kg/m"
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
« Probe; ES3DV3 - SN3205; ConvF(5.06, 5.06, 5.06); Calibrated: 30.12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
+ Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOP5S0AA; Serial; 1001

« DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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 = 96,09 V/m; Power Drift = 0,02 dB

Peak SAR (extrapolated) = 18.4 W/kg

SAR(1 g) = 9.93 W/kg; SAR(10 g) = 5.17 W/kg

Maximum value of SAR (measured) = 12.5 W/kg

dB
0

-4.00
-8.00
-12.00

-16.00

-20.00

0dB = 12.5 W/kg = 10.97 dBW/kg

Certificate Noi D1800V2-2d062_Feb15 Page 5 ol 8



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

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1800 MHz; Type: D1800V2; Serial: D1800V2 - SN: 2d062

Communication System: UID 0 - CW; Frequency: 1800 MHz

Medium parameters used: = 1800 MHz; 6 = 1.53 5/m; g, =51.7; p = 1000 kgfn'lj
Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

Probe: ES3DV3 - SN3205; ConvE(4.77, 4.77, 4.77): Calibrated: 30.12.2014;

sensor-surface: 3mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 18.08,2014
Phantom; Flat Phantom 5.0 (back); Type: QDO00OPS0AA; Serial: 1002

DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Date: 19.02.2015

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 = 93.70 V/m; Power Drift = 0.01 dB
Peak SAR (extrapolated) = 17.0 W/kg

SAR(1 g) =9.71 W/kg; SAR(10 g) = 5.13 W/kg
Maximum value of SAR (measured) = 12.3 W/kg

-3.80

-7.60

-11.40

-15.20

-19.00

0dB = 12.3 W/kg = 10.90 dBW/kg

Certilicate No: D1800V2-2d082_Feb15 Page 7 of 8




Impedance Measurement Plot for Body TSL
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Calibration Laboratory of I,

: N
Schmid & Partner o= g
Engineering AG m
Zeughaussirasse 43, 8004 Zurich, Switzerland SN s
RTINS

Accredited by the Swiss Acoraditalion Servica (SAS)
The Swiss Accreditation Service s one of the signatories to the EA
Multilateral Agreement for the recognition of callbration certificates

CCS-TW (Auden)

Client

Schwelzerizeher Kallbrierdiansat
Service aulase d'étalonnnge
Servizio svizzero di taratura
Swiss Calibration Service

Accraditalion No.: SCS 0108

Certificate No: D835V2-4d015_Mar15

CALIBRATION CERTIFICATE

Object DB35V2 - SN:4d015

Callbration procodura(s)

Calibration data:

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

March 20, 2015

Callbration Equipmant used (M&TE critical for callbration)

Notwork Analyzer HP 8753E

Callbratad by:

Appraved by:

LIS37300585 B4206

Mamo
Israa Einaoug

Katja Pokovic

This calibration certificate documents the traceability to national slandards, which realize tha physical units f measurements (S1),
Tha measuramants and the uncerainties with confidence probability ara given on the following pages and ara part of {he cenliicate,

All calibrations have been conducted in the closed laboratary facility: anvirenmeant tamperature (22 + 3)°C and humidity = 70%.

18:0et-01 (in house chack Del-14)

Function
Laboralory Tachnician

Tachnical Manager

This calibration certificate shall not ba reproduced except In full without written approval of th laboratory.

Primary Standards 1D # Cal Data (Carificale No.) Schaduled Callbration
Powar maiar EPM-4424 GB37480704 07-Oct-14 (No. 217-02020) Oei-15

Pawar sensar HP 84814 Us37202783 07-Oct-14 {No, 217-02020) Oel-15

FPowar sensor HP B481A MY41082317 07-0Oct-14 (Mo, 217-02021) Oci-15

Relerance 20 dB Aftanuator SN; 5058 (20k) 03-Apr-14 (No. 217-01918) Apr:15

Type-N mismatch combination SN; 5047.2 / 08327 03-Apr-14 (No. 217-01821) Apra15

Ralerance Probe ES3DV3 SN: 3205 30-Dec-14 (No, ES3-3205_Doac14) Dae-15

DAE4 SN: 801 18-Aug-14 (No, DAE4-601_Aug14) Aug-156

Secondary Standards D # Check Date (in housa) Schadulad Chack

RF ganerator RAS SMT-06 100005 04-Aiig-88 (in house check Oci-13) In housa ehack: Ocl-16

In housa check: Ocl-16

/)MI»’:T Mcﬁem”

lasued: March 20, 2015

Cartificate No: DB36V2-4d015_Maris
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughnuaalragsse 43, 8004 Zurich, Switzeriand

Schweizerischer Kallbrierdlonat
Sarvice sulsse d'élalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Acoraditad by tha Swiss Accraditation Servica (SAS) Accraditation No,: SCS 0108
The Swiss Accreditation Service Is ona of the signatories 1o the EA
Multilateral Agreemant for the recognition of ealibiration certiilcates

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) |EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

= S5AR for nominal TSL parameters: The measured TSL parametars are used to calculate the
nominal SAR result,

The raIJorted 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 approximataly 95%.

Certificate No: DB35V2-4d015_Mar15 Page 2 of 8




Measurement Conditions

DASY system conliguration, a5 b as not given on pages 1.

DASY Versian DASYS V52,59 ]
Etmpnlaﬁun Advanced Cxtrapolalion |
Phantom Mudular Flat Fhariom
Oiztanea Dipole Center - TSL 15 rrm willh Spacer o
Zoom Scan Resolution dx, dy, dz =5 mm
Fraguency 835 MHz7 & 1 MHz ]
Head TSL parameters
Tha fullowing parametars and caleulations wera appliac,
Tomparaturs Pormittivity Conductivity
Nominal Head TSL paramebors AR0C 41,5 0,90 mho/m
Measured Head TSL paramaters (220 =02)C 40.6 ¢ & Y% 0.92 mho/m £ 5 %
Head TSL termparature ¢change during teat <05*G | e
SAR resuli with Head TSL
| SAR averaged avar 1 em? (1 ) of Hoad TSL Condition ]

SAH measured

250 mW inpul powar

2.37 Wi

SAR for nomingl Head TSL paramelors

marmalized to [W

B.28 Wikg = 17.0 % (k=2)

S5AR averaged over 10 em® {10 g) of Haad TSL

condition

SAR madasurad 250 mW input power 1.54 Wikg

SAR far nominul Head T3L paramaiors nommalizod to 1W 8.06 W/kg = 18.5 % (k=2)
Baody TSL parameters

1he tollewing parameters and caleulalions were appliod,
Tomperature Poarmittivity Conductivity

Nominal Body TSL parametere 22000 £5.2 0.97 mho/m

Mensurcd Body TSL pargmeters (22002 "C Fd0L6% 1.02 mhofm L 6 %

Body TBL temperature change during test «0.5°C —- o
SAR result with Body TSL

SAR averaged over 1 ¢m” (1 g) of Body TSL Condition

SAR meastrad 260 mW input pawar 7,43 Wikg

SAR for nominal Bagy I'SL pamunoters normalized to 1W 9,34 Wkg £17.0 % (k=2)

5AR averaged avar 10 ¢m® {10 g) of Body TSL tondition

SAR measuned 250 mW Input power 1,59 Wiky

5AR tor nominal Body I &L parametors

nodtmiized to 1W

B.16 W/kg £ 16,5 % (k=2}

Certllicate No: DB35Y2-4d015_Mar15
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Appendix (Aaditional assessments outside the scope of 5C% 01 08)

Antenna Parameters with Head TSL

Impadanca, transformend to faed point F2a9G-1.0]0
Ruturn Loas - 30,5 dB
Antenna Parameters with Body TSL
Impedance, ransformed ta foad point d8.8 3 - 2.4 jl2 _’
Halurn Loss - 30,1 g J
General Antanna Parameters and Design
LElactricaJ Dnlay (e diraction) 1.392 ns J

Aftar long rm uza with 100W radiated powar, unily a slighl warming of tha dipoln hoar the feadpaint can ba maasured,

The dipale I made of atandarg sermirigid coaxial cable, Tha center eondyetor of tha feading line is directly gorineeted to the
sacond arm of thi dipole. The antenna is therefora shorteireuited for DC-signals. On ecme of the dipoles, amall ond caps

o added to the dpalo arms in arder to improve matching when Inadad acording to the positlan us
*Mousuramant Conditlons” paragraph. The SAR data are not aftected by thig change, Tha ovarall dipale length is st

ACCOing ta the Standarg,

No axenssivo force must ha appliod to tha dipale atms, bacause they might bend or the soldared connectlons near the

faedpoint may bu damaged.

Additional EUT Data

axplainad n thi

I Manufecturad by

SIPFAG

’ Manufaciurad on

April 22, 2004

Cartificata Nor DRASVZ-4d015_Mari 5
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DASYS5 Validation Report for Head TSL

Date: 19.03.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d015

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: =835 MHz; o = 092 $/m; &, = 40.6; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI ©63.19-2011)

DASY52 Configuration:
= Probe: ES3DV3 - SN3203; ConvF(6.2, 6.2, 6.2); Calibrated: 30.12.2014:
= Sensor-Surface: 3mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 4.9L; Type: QDO0O0P49AA; Serial; 1001
*+ DASYS52 52.8.8(1222); SEMCAD X 14.6,10(733 [

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 = 56.73 V/m; Power Drift = 0,01 dB

Peak SAR (extrapolated) = 3.54 W/kg

SAR(1 g) = 2.37 W/kg; SAR(10 g) = 1.54 W/kg

Maximum value of SAR (measured) = 2.77 Wrkg

2.40
-4,00
-7.20

200

0dB =277 W/kg =4.42 dBW/kg

Cerificate No: DB35V2-4d015_Mar15 Page 5 of B



Impedance Measurement Plot for Head TSL

18 Har 2015 16:59119
EHI %11 1 u Fs 1152.914 ¢ =1.0099 4 18876 pF 83%5.000 008 Mz
I et R
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:l.liE
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Ca -"“\..,,\ ..-""’_

Hld

"~ GTART £35.000 08D HHz STOP 1 935.000 000 iz
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DASYS Validation Report for Body TSL

Date: 20.03.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d015

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: [ =835 MHz; 6 = 1.02 §/m; g, = 54.6; p = 1000 kg/m*
Phantom section: Flat Section

Measurement Standard: DASY3 (IEEE/IEC/ANSI C63.19-201 1)

DASY52 Configuration:
= Probe: ES3DV3 - SN3205; ConvF(6.17, 6.17, 6.17); Calibrated: 30.12.2014-
= Sensor-Surlface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08,2014
« Phantom: Flat Phantom 4.9L; Type: QDOO0P49AA: Serial: 1001
« DASY5252.8.8(1222); SEMCAD X 14.6.10(7331)

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 = 54,68 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 3.59 W/kg

SAR(1 g) = 2.43 W/kg; SAR(10 g) = 1.59 W/kg

Maximum value of SAR (measured) = 2.83 W/kg

-Z2.40

-1.20

-12.00

0dB =2.83 W/kg =4.52 dBW/kg

Certificate No: DB35V2-4d015_Mar16 Page 7 of B



Impedance Measurement Plot for Body TSL

13 Har 2015 17:i59146
EHL 211 1UFS 20 48,811 ¢ =2.83%59 0 67,218 pF E35.000 060 MHz
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il Ty
i s

Del

Ca

v
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CHZ 8§41 |

Ca
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START £35.080 00O MH: STOP 1 335,008 088 MH=
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Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

client ~ SGS-TW (Auden)

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

Accreditation No.: SCS 108

Certificate No: D835V2-4d063_Augi14

[CALIBRATION CERTIFICATE |

Chbject DB835V2 - SN: 4d063

Calibration procedure(s)

Calibration date:

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

August 28, 2014

Calibration Equipment used (M&TE critical for calibration)

This calibration cenificate documents the traceability to national standards, which realize the physical units of measurements (S1).
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%.

Primary Standards 1D & Cal Date (Certificate MNo.) Scheduled Calibration

Power meter EPM-4424, GB37480704 09-0ct-13 (Mo. 217-01827) Oct-14

Power sensor HP B481A US37202783 09-Oct-13 (Mo, 217-01827) Oct-14

Power senzor HP 84814, MY 41092317 02-0¢t-13 (No. 217-01828) Oct-14

Reference 20 dB Attenualor SN: 5058 (20k) 03-Apr-14 (No. 217-01918) Apr-15

Type-M mismatch combination SN: 5047.2 7 06327 03-Apr-14 (No. 217-01921) Apr-15

Reference Probe ES3DV3 SM: 3205 30-Dec-13 (Mo. ES3-3205_Dec13) Dec-14

DAE4 SN: 601 18-Aug-14 (Mo, DAE4-601_Aug14) Aug-15

Secondary Standards 1D # Check Date (in housa) Schedulad Chack

RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-13) In house check: Oct-16

Metwork Analyzer HP 8753E US37390585 54206  18-Oct-01 (in house check Oct-13) In house check: Oct-14
Name Function Signature

Calibrated by: Michael Weber Laboratory Technician // ﬂ%_

Approved by: Kalja Pokovic Technical Manager

Issued: August 28, 2014

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

Certificate No: DE35V2-4d063_Aug14
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Calibration Laboratory of Sy,

: & A %, S Schwelzerischer Kalibrierdienst
Schmid & Partner ih%-fﬁé p Service suisse d'étalonnage
Engineering AG s L Servizio svizzero di taratura
T g S i -
Zeughausstrasse 43, 8004 Zurich, Switzerland A Swiss Calibration Service
“ Fafpl *
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multitateral 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 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

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.

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

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

e 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%.

Certificate No: D835V2-4d0B3_Aug14 Page2of 8




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

DASY Version DASYS5 V52.8.8
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 835 MHz 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Mominal Head TSL parameters 22.0°C 41.5 0.90 mho/m

Measured Head TSL parameters (22.0+0.2)°C 42.0 +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 2.38 Wikg

SAR for nominal Head TSL parameters normalized to 1W 9.24 W/kg + 17.0 % (k=2)

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

SAR measured 250 mW input power 1.55 Wikg

SAR for nominal Head TSL parameters normalized to 1W 6.05 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 552 0.97 mho/m

Measured Body TSL parameters (220+0.2)°C 55.2 +6 % 1.01 mho/m + 6 %

Body TSL temperature change during test <05°C — -
SAR result with Body TSL

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

SAR measured 250 mW input power 2.41 Wikg

SAR for nominal Body TSL parameters normalized to 1W 9.35 Wikg + 17.0 % (k=2)

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

SAR measured 250 mW input power 1.59 Wikg

SAR for nominal Body TSL parameters normalized to 1W 6.21 W/kg + 16.5 % (k=2)

Certificate No: D835V2-4d063_Aug14 Page 3 of 8



Appendix (Additional assessments outside the scope of SCS108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 51.70Q-36(Q

Return Loss -28.2dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 47.10-56)Q

Return Loss -23.7 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.391 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 net 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 MNovember 27, 2006

Certificate Mo: D835V2-4d063_Aug14 Page 4 of 8



DASYS5 Validation Report for Head TSL

Date: 28.08.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d063

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: { = 835 MHz; 0 =0.94 S/m; &, =42; p= 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY 5 (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(6.22, 6.22, 6.22); Calibrated: 30.12.2013;
e Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
o Phantom: Flat Phantom 4.9L: Type: QDO00OP49AA: Serial: 1001
« DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=3mm, dz=5mm

Reference Value = 56.23 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.53 W/kg

SAR(1 g) = 2.38 W/kg; SAR(10 g) = 1.55 W/kg

Maximum value of SAR (measured) = 2.78 W/kg

-2.40
-4.80
-1.20

-9.60

-12.00
0 dB =2.78 W/kg = 4.44 dBW/kg

Certificate No: D835V2-4d063_Aug14 Page S of 8



Impedance Measurement Plot for Head TSL

27 Aug 2814 15:31:23

CHD 511 1UFs 151713 a -35685a 53532 pF £35.000 8098 MHz
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DASYS5 Validation Report for Body TSL

Date: 27.08.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d063

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; 6 = 1.01 $/m; & = 55.2; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(6.09, 6.09, 6.09); Calibrated: 30.12.2013;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 4.9L; Type: QDOO0P49AA; Senal: 1001

« DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)

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 = 54.65 V/m; Power Drift =-0.03 dB

Peak SAR (extrapolated) = 3.53 W/kg

SAR(1 g) =2.41 W/kg; SAR(10 g) = 1.59 W/kg

Maximum value of SAR (measured) = 2.80 W/kg

4,80

-T.20

<12.00

0dB =280 W/kg =447 dBW/kg

Certificate No: D835V2-4d0B3_Augi4 Page 7 of 8



Impedance Measurement Plot for Body TSL
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Cartificate No: D750V3-1020_Jani15

Object

Calibration procadure(s)

Callbration data:

D7650V3 - SN: 1020

QA CAL-05.v8

CALIBRATION CERTIFICATE ‘

Calibration procedure for dipole validation kits above 700 MHz

January 23, 2015

Calibration Equipment uged (METE aritical Tor callbration)

This calibration certificate documanis ihe traceabllity to national standards, which realize 1ha physical units of mpasurements (513,
The measuremants and the uncertainties with confidance probability are given on tha following pagee and are part of tha cerlificate,

All callbrations have been conducted in the closed Iaboratory facilily: environment tampaerature (22 & 3)°C and humidity < 70%.

Primary Standards _ 1D # Cal Date (Certificate Ne.) Schadulad Calibration

Power matar EPM-4424A GRA7480704 07-Oct-14 (Mo, 217-02020) Oct-15

Powar sansor HP 84814 US372082783 07-0ct-14 (No. 217-02020) Ool-15

Power sensor HP 8481A MY41082317 07-0ct=14 (No, 217-02021) Oel-15

RAeference 20 dB Attenualor SN; 5058 (20K) 03-Apr-14 (No, 217-01918) Apr-15

Type-N miamalch combination SM: 5047.2 / 06327 03-Apr-14 (No. 217-01821) Apr-15

Refarence Probe ES30DVA SN: 3205 30-Dec-14 (Mo, ES3-3205_Deci4) Dac-15

DAE4 5N: 601 18-Aug-14 (Mo, DAE4-B01_Augi4) Aug-15

Secondary Standards 10 # Check Data (in housa) Schadulad Check

RF generator R&S SMT-06 100005 04-Aug-99 (in house chack Oct-13) In heuse check: Oct-16

MNetwork Analyzar HP BYS3E US37300585 54206 18-0c1-01 {in house chack Oct=14) In houaa chack: Oat-15
Nama Function Signature

Callbraied by: Michnal Wabar Laboratory Tachnician ] K é

Appraved by: Kalla Pokevie Tachnical Manager

ez

lesund: January 27, 2015

This callbration cerdificate shall not be reproduced axcept In full without wrilten approval of tha laboratary.

Certilicate No: D750V3-1020_Jan15
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Accrediied by tha Swiss Accradiiation Servica (SAS) Accreditation Na.: SCS 0108
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Multilateral Agresment for the recoegnition of callbration 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 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

¢) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

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

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

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

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

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

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

GCerificate No: D750V3-1020_Janis Page 2 of 8




Measuremeant Conditions

DASY system configuration, as tar a5 not

iven on page 1.

DASY Version DASYS V52.8.8
Extrapolation Advancad Extrapolation

Phantom M-::udularl Ftat 1'haptom

Distance Dipola Centar - 'I'SLI 15 mm Wb Spacar

Zoom Bean Resalution

dx, dy, dz = 5 mm

Fraquency

750 MHz ¢ 1 MHz

Haad TSL parameters

The following pararmaters and caloulations ware applled,

Temperature Pormittivity Conduetivity
Maminal Head TSL paramelars 22.0°C 419 0.89 mho/m
Measured Haad TSL parametars (PA.0 +0.2)°C 417 06 % 0.91 mho/m + 8 ;;-e._
Head T5L temperatura change durlhy test 20560 — amus
SAR result with Head TSL
SAR avorogoed over 1 em® (1 g) of Head TSL Condition .
SAR measured 250 mW input pawer 208 Wikg

normalized ta W

8.17 Wikg = 17.0 % (km2)

SAH for nomingl Hood TSL parametars

AR averagoed avor 10 cm” (10 g) of Head TSL

condition

S5AR meesured

250 mW input powar

1.37 Wikg

SAR for nominal Hoad TSL parameters

Normalized to 1W

5,40 W/kg  16.5 % (Km2)

Body TSL parameters

The following parameters and calsulalions woro applied.

Temparature Permittivity Canductivity
Nominal Bady TSL parametors 22040 555 0.96 mho/m
Measurod Body TSL parametera (22.0x0.2)°C S368.0+6% D98 mho/m x 6 %
Body T5L teamparature change during test < 0.5°C
SAR result with Body TSL
SAR averagod ovor 1 cm® (1 g) of Body TSL . Conditian
SAR measured 250 mwW input power 2,70 Wiky

Zak for nomingl Body TSL parameters

normalizedd {0 1w

8.61 Wihg + 17.0 % (h=2)

SAR averaged over 10 em? (10 g) of Body TSL

candillan

S5AR rmeasured

250 mW inpul powar

1,45 Wi

SAR for nominal Bogdy TS, parameters

normalized to 1W

5,70 W/kg = 165 % (k=2)

Cartificato No: Dr=0V3-1020_Jan1a
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Appendix (Additional assessments outside the scope of 5C50108)

Antenna Parameters with Head TSL

Impadanda, tranafermed 1o feed point MHe-11ja
Return Loss - 26.8 48

Antenna Parameters with Body TSL

Impadenca, trensformed to fead polnt 1960 -1.8j0
Meturn Loss - 34,5 dB

General Antenna Parameters and Deczign

Eloctrical Delay I(DI‘IEI diraction) 1.032 ns

Aftar long toem uze with 100W radiated power, only a alight warming of tha dipole naar the londpaint ean b measured.

The dipole iz made of standard samigid coaxial Coble, Tha canter conductor of tha feeding lina is directly conneclad to the
sacond arm of the dipole. Tha antenng is therefore shon-cirquitod fur [1C-signals. On some of the dipoles, amall and caps
arg added to the dipole arms in order to improve mateching when lgadad according to the positien a3 axplainad in the
"Meagsuremant Conditions” paragraph, The SAR data are not affected by thig change, Thie gverall dipelo ongth is stil
according to the Standard,

Mo excasslve force must be appllad 1o tha dinole arms, because 1hay might band or the solderad connections near the
faedpoint may ba damaged.

Additional EUT Data

Manufacturad by SFEA{G
Manufuctured on Decormber 01, 2010

Conificate Na: D7SGV3-1020_Jan1y Fage 4 of 8



DASY5 Validation Report for Head TSL

Date: 22.01.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1020

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

Medium parameters used: f=750 MHz: a =091 S/m; g, = 41.7; p = 1000 kg}m"
Phantom section: Flat Section

Measurement Standard: DASY 5 (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
= Probe: ES3DV3 - SN3205: ConvF(6.44, 6.44, 6.44); Calibrated: 30.12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08.2014
= Phantom: Flat Phantom 4.9L; Type: QDO00OP49AA; Serial: 1001

« DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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 = 53.37 V/m; Power Drift =0.01 dB

Peak SAR (extrapolated) = 3.09 W/kg

SAR(1 g) = 2.08 W/kg; SAR(10 g) = 1.37 W/kg

Maximum value of SAR (measured) = 2.43 W/kg

dB
0

-2.40
-4.80
-1.20

-9.60

-12.00

0dB =243 W/kg =3.86 dBW/kg

Cerlficate No: D750V3-1020_Janis Page 5ol B



Impedance Measurement Plot for Head TSL

22 Jan 2013 1B:11B: 57
EHD =11 iuFs 345746 -1.08957 & 193,67 pF 750,600 000 HHz

-
P b = 2
* ' 3 I M

¢ Sl i
b1

X,

Avy

Hld

START S50.000 8O0 MHZ STOF 950.008 800 MHz

Cartificate No: D750V3-1020_Jani5 Paga & of 8



DASYS Validation Report for Body TSL

Date: 23.01,2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN: 1020

Communication System: UID 0 - CW; Frequency: 750 MHz
Medium parameters used: = 750 MHz; & = 0,99 $/m; & = 56; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASY 5 (IEEE/IEC/ANSI C63.19-2011)
DASYS52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(6.21, 6.21, 6.21): Calibrated: 30.12.2014;
= Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08.2014
»  Phantom: Flat Phantom 4.9L; Type: QDO00P49AA: Serial: 1001

« DASYS52 52.88(1222); SEMCAD X 14.6,10(7331)

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

Relerence Value = 52,66 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 3.22 W/kg

SAR(1 g) = 2.2 W/kg; SAR(10 g) = 1.45 W/kg

Maximum value of SAR (measured) = 2,57 Wrkg

dB
[l

-2.40
-4.80

-7.20

-49.60

-12.00

0dB =257 W/kg =4.10 dBW/kg

Certificate No: D750V3-1020_Jan15 Page 7 of 8




Impedance Measurement Plot for Body TSL

23 Jan 2015 13:16:11
CHD 811 1 U F8 AW49,627 ¢ -1.7539a 120.99pF 750,008 A00 HHz

Cel

Hid

CHZ |T.u._|.;

ca o

i
ie

Hld

START 550,000 008 Mz GTOP 950,808 BOO HHz
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Calibration Laboratory of W1y,

Schmid & Pariner S Schwelzerischer Kalibrierdionst

¢ Service suisse d'étalonnage

Engineering AG — Servizio svizzaro di taratura
Zeughaussirasse 43, 8004 Zurich, Switzerland % ,.r"'f-‘-\\ 2 s Swise Callbration Service
Y
Accradited by tha Swiss Accraditation Service (SAS) Accreditation No.: SCS 108

Theo Swiss Accroditation Sorvice is one of the signataries to the EA
Multilateral Agrasmant for the recagnition of callbration certificates

Objact

Calibration procedura(s)

Callbration dale:

This calibration cedificats documants the iraceabllity to national standards, which realize the physieal unite of measurements (S1),
The measurements and the uncertaintios with confidence probability are givan on the fellowing pages and are part of the cartificata,

All calibrations have been conducted in tha closed laboratory facllity: enviranmant temperature (22 £ HJ'E and humidily = 70%.

Calibration Equipmant used (M&TE aritical for calibration)

Primary Standards 18] Cal Dala (Certificata No.) Schaduled Calibration
Power mater E44198 139412_935?4 W—AEr-M !Nﬂ 217-01811) Apr-15
Powsr sensor E44124, MY41498087 03-Apr-14 (Mo, 217-01811) Apr-15
Refarence 3 dB Altenuator SN: 56064 (3c) 03-Apr-14 (No. 217-01915) Apr-15
Relorence 20 dB Attenualor SN 55277 (20x) 03-Apr-14 (No. 217-01818) Apr=15
Reference 30 dB Attenualor SN; 55129 (30b) 03-Apr-14 (No, 217-01920) Apr-15
Referance Probs ES3DV2 Sh: 3013 30-Dec-13 (No. ES3-3013 Deci3d) Dac-14
’ﬁ-a SN: 860 13-Dec-13 {No. DAE4-680_Dec13) Doc-14
Sacondary Standards 0 Chack Data (in houses) Sehaduled Check
RF ganaerator HF 86480 Us53842001700 A-Aug-08 (in house check Apr-13) In house chack: Apr-16
MNalwork Ana |Er HP 37535 UBB?.”-_DUEB‘-S 18-0cl-01 (in house check Ocl-13) In house check: Ogt-14
Mama
Callbrated by | 1 Lo
Approved by:

Issued; May 23, 2014

This calibration certificats shall not be reproduced except in full withoul writlen approval of ihe laboratory.

Carlificate No: EX3-3665_May14 Page 1 of 11



Calibration Laboratory of
Schmid & Parmnar

Engineering AG
Aaugravselrasen 43, 3004 Zurlch, Switeoriand

Sehwaizgricchor Kalibrigrdionst
Sorvice sulaso d'dtalonnage
Sorvizio svlzzero di laralura
Swisn Gallpraltgn Sansice

Accrrddilad hy Iha Swisy Avsatitaton Suivice (SAS) Aguruditution No.: SCS 108
The Swivy Atcreditation Service |3 ono of the slgnatorion to the EA
Muitilatural Agravmant for the meognition of callbration catificniaa

Glossary:

TSL lissue sirnulating liguid

NORMx.y.z sensillvity In free spave

ConvF sansiivity In TSL F NORMx.v,.

CCP dinde compreseion polnt

CF &rast factor (1/duly_cycle) of the RF aignat

AB GO modulation doependent insarization parameters

Folarization ¢ rotation around proba pxis

Polarization & & rolation around an exis that is in the plane normal to probe axis (at measurament centar),
i.e., % =013 normal ta prabe axls

Crennactar Anghs ifformation used in DASY systam to align praba sengor X 1o the robot coordinate system

Calibration is Performed According 1o the Fallowing Standards:

a) |EEE 51d 1528 4013, "IFEE Retommended Praclics for Datarmining the Meak Spatial-Aversged Specitic
Absorpticn Rate (SAR) In the Hurman Head from Wireless Gomrmunications Devicas: Measuremeant
Tochnigues”, June 2013

by IEC 52209-1, "Procedurs to maasure tha Specific Abzorption Rate (SAH) tor hand beld dovices used in close
proximily ko the e (fregquency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parametars:
v NOARMx,y.& Assussed for Efiold polarization § = 0 (f < 900 MHz in TEM-call; f > 1800 MMz R22 waveyuide).
NORMz.y,4 urg anly intormadiato values, i.o., the uncerainties of NORMx,y.z doas nat alfest the B field
uncartainty inglda TSL {zee balow Convl),

= NOHSMDX VT - NORMEY, 2 ™ froguaricy, rasponse {soe Froquency Response Chart). This linanrization is
implemantad in DASYS soltware versions latar than 4.2, Tho uncerainty of the frequency respanze is inclisgod
in the siated uncertainty of ConvE.

= OCPx,yz DCP are numerlcol ingarization parameters agsesscd hased on the data of powar sweep with OW
signal (no uncertainly required). DCI does not dapand on requency nor muedia,

= PARPAR is the Peak to Avaraga Batio thad is not calibratid but determined based on the slgnal
characteriatica

»  Axr By Cxzr Dy VR Y & A D, G D &g numarnica! lincerization paremetars assessed basad on
tha data of power aweap for rpacific modulation gignal. The parameters dg nat depend on freguency nor
media. VA iu the maximum calibretion renge axpresaed in RMS voltage across the diore,

» ConvF and Boundary Effact Faramatars: Asaesaed in flat phantom uging Fficld {ur Tormporaturo Transfor
Standard for 1 = 200 MHz) and inside wavoguide using analytical fiald distributions basad en pawer
measuraments for f = 500 MHz, The same selups are used for sssessmoenl of the parametars appliad for
boundary compensation (alpha, dapth) of which typical ungenainty valiues ara ¢iven, These parameters are
used in DASY4 software to improve probe accuracy closae ta the boundary. The sensilivity in TSL corresponds
to NOQRMx 7 ¥ ConvF wherehy the anaertainty cormesponds to that given for GonvF. A frequency dependent
ConvF i used In DASY varsion 4.4 and higher which allows sxlending the validity from £ 50 MHz to £ 100
MHz.

= Spherlcal lsolropy (3D deviation from Isoirapy): In a feld of low gradients realized using o flat phantom
exposad by 8 patch antenna.

= Sensor Qffzel: The sensor offset carraspnnds (o the affset of virtual measuramant canter from the probe fip
{on probe axia). Mo tolerance reguired.

+ Connaclor Angle: Tha angle is assesszed using tha infermation gained by determining the NORMx (na
unertainty roguirod).

Canthloate Mo: FA3-3G65_May14 Page 2 of 17




EX30V4 — SN:.3865 May 22, 2014

Probe EX3DV4

SN:3665

Manufactured:  October 20, 2008
Calibrated: May 22, 2014

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY 2 system)

Cenificate MNo: EX3-3685_May14 rage 3 of 11



EXIDV4  SN:IBES

May 22, 2014

DASY/EASY - Parameters of Probe;: EX3DV4 - SN:3665

Basic Calibration Parameters

Snngor ¥ Sensor Y Sonsor & Une {k=2)
Narm (pW{‘WF)?)A 0.50 .58 0.52 107 %
DCP (mVY) 04.8 54.8 101.8
Modulation Calibration Parameters
LI Communicatien Systern Nama A B c o VR Une
dB dBV Y l dB mV {k=2)
o W X 0.0 00 14 000 | 1270 | #41%
) v | opn an | A 701
z 0.0 a.n 1.0 121.7

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

A The uneonninting of NaemX, ¥, 7 do ngt atfact the £ fiald tneananly inside TS (a0 Prgas 5 and G),

" Mumancal linaatizatian paramutor: wncortainly nol regulred.

" Uncatainty ig delennined uiing the mak davialics Foen lirear rasponse apolving reclangukar Gislibatian aind is ssprasyad for the Zouure of

fialtl vAltia

Cortiicata No: FRI-J665_May14

Paga 4 of 11



EXADVa- SN 3665

May 22, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3665

Callbration Parameatar Datermined in Head Tissue Simulating Media

Ralativn Canductivity Dopth® | Unect.
1(MHZ)® | Pormittivity" (8im)' ConwEX | GomvFY | ConvFZ | alpha® | (mm) | (k=3
74! 419 0.8 10.18 10.18 10.18 0.30 0,89 130 %
B35 41.5 (.80 9.75 8,75 2,75 0.21 1.27 120 %
oo 41,5 0.a7 9.04 9.64 9.54 0.44 0,74 120 % |
1780 401 1.37 8,39 B39 8.30 .56 0.78 2.0 %
1600 40.0 1.40 7.93 7.03 793 | 0% | 08B0 | +120%
2000 40.0 140 .07 707 1.77 .35 1.02 12,0 %
2450 9.2 1.80 7.00 7.00 4,00 044 Q.02 2120%
2600 49.9 1.95 G.79 g.78 G6.78 0.4 1.00 £ 12.0 %
5200 360 4 .66 535 L35 5.35 0,35 1.00 131 % |
L300 35.9 4,76 2,07 5.07 507 (.35 1.80 +13.1 %
5500 35.6 4.06 4.87 4.7 4.97 - Q4D 180 | +131%
4600 5.5 507 485 4,58 4,86 040 | 180 | +131%
50800 36,3 527 4.73 4.73 4.73 0,20 1.80 £13.1 5%

v Fruguoncy validity of £ 100 MHz only applles for DASY va4.4 Rnd Righar (aan Paga 2). om0 il iy ealhsied 1 50 Mz Above 5 G) iz frequency
valldity can be exlended (5% 110 MH.z. The uncuitainty is thu BSS of iha Cunyl uncerainty &t calibration fraquancy and 1he Ungontginty for 1ha
indieatan frequeney band.
" at frajeancias belew 3 GHz. he velldity of isaue parumolurs {r and o) van b robused to & 10% if liquid componsation tormeia s appiled o
iriaBunad SAR valugd, Al fraQuencies above 3 Gl iz, the validity of tiksus parameters i ond o) 15 rosieched 1+ 5%, The uneantainty B the RES of

Ihn Cionvk ungartainty for dndicatod rook I3awe peranete:s,

" Alpha/Depth ars determined durlng colibration. SPEAS warrants that the remading davnation dia 1o he Boundary olfest alle companesstion is
alwayg ln5a than & 1% for frequenclas below 3 GHz and below = 2% [or raguencies bebweun 3-6 Gz at any distance Iargar than Rall thn prabo bp
dlamatar from the boundary.

Coedifizle No! CX3-30685 Mayld

Pago & of 11




EX3DVA— BN:3665

May 22, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3665

Calibration Paramater Daterminad in Body Tissue Simulating Media

" Rolative | Conductivity . Depih ™ Unet.

f (MHz) Permittivity {S/m) ConvF X | ConvF Y | ConvF Z | Algha (mm} {k=2)
_. 75U 555 .96 B.64 .64 9.G4 0.38 0.a7 +12.0%
836 5.2 0.9/ .42 §.62 0.52 0,32 1.01 112.0%
900 65.0 1.05 B.31 8.31 9.31 0.26 1.16 £12.0%
1450 834 1.49 B.16 A.06 g8 Q.77 Q.84 | 2120%
1900 63.3 1.52 7.73 7.73 7.73 046 0.81 +12.0%
2000 53.3 1.54 7.88 7.86 786 0,35 0.93 + 120 %
2450 62.7 1.85 7.22 7.22 7.22 0.80 0.50 £12.0 %
2500 2.5 216 i1 11 711 0.80 0.50 +12.0%
5200 44.0 5.30 4.43 4.43 443 0.50 1.80 £ 13,1 %

5300 48.9 547 4.23 4.23 4.23 0,50 1.90 | £13.1% |

G500 418.6 565 3.53 3.93 3.83 0.50 1,90 131 %
£600 45,5 5.77 3.2 3.82 282 | Q.50 190 | +131%
5800 18.2 .00 A.22 1.22 4.22 0.50 1,490 +131 %

£ Frequeney validity of £ 100 MHz only npplies for DASY vd4.4 ond higher (sce Baga @), slaa it & rasloelnd 13+ 50 MH:. Above 5 GHe freguuncy
vulidily van be extended (o2 110 MHz. The unentuainly iv the RSS of the ConvE uncartwnty al calibration frequenry and tho uneattninty far tha
indigind raqunnity band..
F Al Ireauenciea below B GHy, thi vatidity of lissue parametars (v and o} can be relaxed to £ 0% i liguld compansation farmuln is appiing to
medsuied SAR valuvs. At ftecquendies above 3 GHz, the valldity of tssus perameteig (£ and o) i restriclad 1o 2 3%, The uncertalnty 15 tho K35 af

1ha ConvF uncortainty for indicatod target Ussue porametors,

o ANphuw/Deplt are determined durlng culibration. SPEAG warrants that the remalnlng deviation due t tha brisndarry stact of | Gompaigation is
flwayg 1255 then x 1% tor requencies Deltow 3 GHZ and Letow + 2% for fraquancies balwean 3-8 GH: ul any distance larger than hall the preba tip
dinmetar from the boundary.

Cetificaln No. EX3-3685 May1d

Page 8l 11



EX3DV4- SN:3665 May 22, 2014

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

Cartificate No: EX3-3665_May14 Page 7 of 11



EX3DVd- SN:36685 May 22, 2014

Receiving Pattern (¢), 9 =0°

=600 MHz TEM =1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: £ 0,.5% (k=2)
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EXALVA— GNIGED My 22, 2014

Dynamic¢ Range f{(SAR}za4)
(TEM cell , fovn= 1900 MHZ)

QY
:"""3 Lt
m
2
2
=
I |+ B .
1074

PR ::'.i. B :::::::i P ] H '.:E ::f - H gl
10 10?2 ylva ey o 102 19
EAR [mWiemd)
L+ ] [#]

not compansated coiiperated

T R T I
R Piiod
R HH R
el . l:].l I....
Poa e ..!III. |II
R . |!!! POl r b
wedsbillz et A Ry
.3‘!.1:-;;{‘ {t:ﬂ’.u‘ § b ks ar ke ||Iil
NN IR SR TR R Rt
HE R [y} I|
A i
SR
-2 — T ] i~ i
10 102 1G4 1ce 104 107 109
SAR [in¥W/em3]
i',. l
rical el AR ey rompensaled

Uncortainty of Linearlty Assessmant: * 0.6% (k=2)
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EX3DV4- SN:3665 May 22, 2014

Conversion Factor Assessment

{= 900 MHz. WGLS R (H_canvF) = 1750 MHz, WGLS R22 (H_convF)

+ |
uuu 0 x 30 4 ‘ W y &l Dél ; I“ﬂ - 15‘ JD "’H I“i““l‘h” FIs]
lﬂ#lr o r"l_:;lﬂ lr;\‘t-lélh =¥ I'rl-'I-‘I-IIIﬂ
Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz

-0 -08 <08 -D4 -02 0.0 0.2 04 0.8 0.8 1.0
Uncertainty of Spherical Isotropy Assessment: + 2.6% (k=2)

Cartificata No: EX3-3665_May14 Page 10 of 11



EX30VA- SN3G6D

May 22, 2011

DASY/EASY - Parameters of Probe: EX3DV4 - 5N:3665

Other Probe Parametars

racommanded Maasurament Distance from Surface

[

Senser Arangement Trizngular
Conpedcior Angle (%) -108.5
Mochanical Sudace Deleclion Mode " ‘enabled
Optical Surface Detection Mode T disabled
krake Overall Langth ) 337 mm

Frobe Bady Diamactor 10 mm
Tip Longth 9 mm
Tip Qiameter T2 Emm
| Probe Tig to Sensor X Galibratian Point 1T mm

Probe Tip to Seasor ¥ Calibration Point T ]
Probe Tip o Sansar ¥ Callbeation Foint 1 mm
2 mm

Conifichlo No: EX3 J666_May14 Page 11 of 11




Schmid & Pariner Engineering AG s E a

e
Zoughausstrassa 43, BO04 Zunch, Switzerland
Phone +41 44 246 9700, Fax +41 44 245 9779
infol@speag.com, hitp:/fwww,speag,com

IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit is a delicate, high pracision 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 is closed using a screw, over lightening the scraw may
cause the threads Inside the DAE to waar out,

Shipping of the DAE: Before shipping tha DAE to SPEAG for calibration, remaove the balteries and pack the
DAE in an antistatic bag, This antistatic bag shall then be packed into a larger box or container which protects the
DAE from impacts during transportation. The package shall be marked to indicate that a fragile instrument Is
insida,

E-Stop Failures: Touch detection may be malfunctioning due to broken magnets in the E-stop, Rough handling
of the E-stop may |ead to damage of these magnats. Touch and collision errars are often caused by dust and dirt
accumulated in the Estop. To prevent Estop failure, the customar shall always mount the probe lo the DAE
carafully and keap the DAE unit In a non-dusty environment if not used for measurements.

Repair: Minor repairs are performed at no extra cost during the annual calibration. However, SPEAG reserves
the right to chamge for any rapair @specially if rough unprofessional handling caused the defect.

DASY Configuration Files: Since the exacl values of the DAE Inpul resistances, as measurad during the
calibration procadure of a DAE unit, are not used by the DASY software, a nominal value of 200 MOhm Is given
in the eorresponding configuration file,

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

Important Note:

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

Important Note:

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

Schmid & Partnar Enginearing

TN_BRO40315A0D DAE4.doc 11.12.2008



Calibration Laboratory of W,

S Schwelzerischer Kalibrierdienst
Schmid & Partner % c Service suisse d'étalonnage
Engineering AG , - Servizio svizzero di tarntura
e
Zeughausstrasse 43, 8004 Zurich, Switzerland AN Swias Callbration Service
L
Accradited by the Swiss Accreditation Service (SAS) Accreditation Ne.: SCS 0108

The Swiss Accrediiation Sorvice is one of the signatorles to the EA
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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.

s [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.

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

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

e AD Converter Values with inpuls shorted: Values on the internal AD converter
corresponding to zero input voltage

s 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.

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

s 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 Voltage Measurement
AID - Cenvarter Mazalution nominal

High Ranga: 1LSB = Gy, full range = -100...+300 mV
{.ow Rangs: 1LSB = BinV, full range = -1....... +3mY
DASY measurgment pararmoters: Auta Zere Time: 3 sac; Measguring time: 3 5ac
Calibration Factors X Y .
Hlgh Range 405084 1 0.02% {(k=7) | 404.638 + 0.02% (k=2) | 405.047 + 0.02% (k—%)
Low Hange AR6259 +1.50% (k=2) | 3.9B218 + 1.50% (k=2 | 3.07460 1 1.50% {k:IE)

Connector Angle

| GCannector Angle to be usad in DASY systom

206.0%k1"
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Appendix {Additional assessments cutside the scope of SC30108)

1. DC Voltage Linearity

High Range Reading {pY) Difforance (pV) Error (%)
Channel X + Input 200035.53 Q.38 0.00
Channel X+ Input 20007.91 AU 0.02
Channol X - Input 20002.92 823 ooz
Channel ¥ + Input 200038.10 037 -0.00
Channel ¥ + Iﬁput 20005.01 1,79 £.01
Channel Y - Ipit 2000538 0.02 0,00
Channel £ + Livpiat 200038,86 2.68 0.00
Channgl £ h |nput- 2000534 1.68 ool
Channel 2 - Input -A0007.47 -1.21 0.01
Low Range Reading (uV) Difference (V) Errov (%)
Channel X + [nput 19494.688 0,34 -0.02
Channel X + Input 200.84 0.60 8.30
Channal X - Input -200.69 -0.85 0.48 a
Channel ¥ + Input 200057 0.53 0.03
Chanmel Y i input 199 25 {0.RB 043
Channel Y - Input 20075 -0.91 0.46
Channeal £ w lput 2000.09 oo .00
Channol £ w= Input 190,04 -0.18 -0.09
Channel Z = It 201,15 =194 0.G7
2. Common mode sensitivity
DASY miagsurament paramatars: Auto Zorg Tlma: § aec, Measuring time 3 s6¢
Common mode High Range Low Range
Input Valtage (mv) Average Aeading (uV) Avernge Aeading (uVv)
Channel X 200 14.67 12,85
- 200 «17.57 1365
Channs! ¥ 200 -20.15 -20.19
- 200 10.43 18,99 B
Channal 2 200 15.21 19.34
- 200 -22.92 22,97

3. Channel separation
13A5Y measuremert parwmolers; Aute Zero Time: 3 se¢; Muusuring tme. 3 sac

Input Yaltags (mV} | Channel X (uV) | Channsl Y (uV) CGhannol Z {pV)
Channed X 200 - 0.20 -3.88
Channel ¥ 200 6.61 - 121
Channe! & 200 3.14 4.22 -
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4, AD-Converter Values with inputs shorted

DASY meaguroment paramaters: Aulo 7oro Tire: 3 sec; Mewsuring ime: & sec

High Rangs (LSE) Low Range (LSB)
Channal X 15005 15344
Channel Y 15879 166848
Channel Z 15680 16262

5. Input Offzet Meas

urament

DASY measursmeont parametara: Auto Zero Time: 3 sec; Maaguring time: 3 sec

Input 10M4}
Average (V) min. QHget LV} | max. Ofsect {uV) Std. lil::;utiun
Channel X 0.62 083 221 0.54
Channel ¥ Q.08 -1.52 1.20 0.54
Channel Z -1.68 -3.74 Q.27 Q.70
6. Input Offset Current
Morminal innut circuitry sftset current on all channeks: <P50A
7. Input Resistance (Typical values for information)
Zarelng {kOhm) Messuring {MQhm)
Chanagl X 200 20
Channal ¥ 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for infarmation)
Typlcal values Alarm Level {VDC)
E.pply {+ Vec}) +7.9 ]
Supply (- Vee) 7
9. Power Consumption (Typical values for infermatiun)
Typical valuea Switched off (mA) | Stand by {mA) Tranamiiting (MA)
Supply {+ Vee) »ln.m s | +14 N
Supply {- Vee) -0.01 -B -9
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