Appendix C - Calibration
All of the instruments Calibration information are listed below.

Dipole _ D835V2 SN:4d082 Calibration No.D835V2-4d082_Jull2
Dipole _ D1900V2 SN:5d111 Calibration No.D1900V2-5d111_Jull12
Dipole _ D2450V2 SN:869 Calibration No.D2450V2-869_Junl12
Dipole _ D2600V2 SN:1007 Calibration No.D2600V2-1007_Sep12
Probe _ EX3DV4 SN:3820 Calibration No.EX3-3820_Dec12

Probe _ EX3DV4 SN:3898 Calibration No.EX3-3898_Janl13

Probe _ EX3DV3 SN:3519 Calibration No.EX3-3519 Febl13

DAE _ DAE4 SN:913 Calibration No.DAE4-913_Jan13

DAE _ DAE4 SN:779 Calibration No.DAE4-799_Feb13
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Measurement Conditions

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

DASY Version DASYS V52.8.1

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 835 MHz = 1 MHz
Head TSL parameters

Tha following parameters and calculations were applied.
Temperature Permittivity Conductivity

Mominal Head TSL parameters 220*C 4.5 0.20 mho/m

Measured Head TSL parameters (22.0 =0.2)°C 405 = 6% 0.88 mha/m = 6 %

Head TSL temperature change during test <05°C e e
SAR result with Head TSL

SAR averaged over 1 em’ {1 g) of Head TSL Condition

SAR measured 250 mW input power 233mWig

SAR for nominal Head TSL paramalers

normalized to 1W

9.35 mW /g = 17.0 % (k=2)

SAR averaged over 10 em’ {10 g} of Head TSL condition

SAR measured 250 mW input power 1.52mW g

SAR for nominal Head TSL paramelers normalized o 1W 6.0 mW /g = 16.5 % (k=2)
Body TSL parameters

The ldllowing parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 55.2 0.97 mha/m

Measured Body TSL parameters (22.0+0.2)°C 53326% 0.98 mho'm = 6 %

Body TSL temperature change during test <05°C e s
SAR result with Body TSL

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

SAR measured

250 mW input power

244 mW /g

SAR for nominal Body TSL parameters

nomalized to TW

854 mW /g = 17.0 % (k=2)

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

condition

SAR measured

250 mW inpul powear

1.60mW /g

SAR for nominal Body TSL parameters

nomalized o 1W

6.29 mW / g = 16.5 % (k=2)

Certificate No: DB3ISV2-40082_Jul12
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 5190-34i0
Return Loss -28.3dB

Antenna Parameters with Body TSL

Impedance, fransformed to feed paoint 48.0£-54 |0
Retum Loss - 24,6 dB

General Antenna Parameters and Design

| Electriical Delay (ane direction) | 1,389 ns

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

The dipale s made of standard semirigid coaxial cable, The center canductor of the leeding 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 1o the dipale arms in crder to improve matching when loaded according to the position as explained in the
"Measuremant Conditions” paragraph, The SAR data are not affected by this change. The overall dipote tength is still
according to the Standard,

No excessive lorce must be applied to the dipole arms, bacausae they might bend or the soldered connections near the
leedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manutactured on Cctober 17, 2008
Certificate No: DB35V2-4d082_Jul12 Page 4 of B
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Calibration Lnburatory of ,gtwﬂ Schwelzarischer KKalibrierdienst
Schmid & Partner SN Sarvice sulsse d'étalonnage
Engingg ring AG % Sarvizio svizzoro di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland E’ﬁf Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation Ne.: SCS 108

The Swiss Accrediiation Service is one of the signatories to the EA
Multilateral Agroamant for the recognition of calibration cerlificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
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 Maobile 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.

s  Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exaclly 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.
Mo uncertainty required.

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

Corificate No: D1200V2-5d111_Jul12 Page 2af B
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Measurement Conditions
DASY system configuralion, as far as not given on page 1.

DASY Version DASYS V52.8.1
Extrapolation Advanced Extrapolation
Phantom Maodular 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 paramaters and calculaions wene applied.
Temperature Permittivity Conductivity
Mominal Head TSL parameters 220°C 40.0 1.40 mho/m
Measured Head TSL parameters (220 +£0.2)"C 390 +6% 1.38 mho/m = 6 %
Head T5L temperature change during test «<05*C —— —
SAR result with Head TSL
SAR averaged over 1 em’ (1 g) af Head TSL Candition
SAR measured 250 mW input power 2.82 mWig
SAR for nominal Head TSL parameters nomalized 1o 1W 39.6 mW /g = 17.0 % (k=2)
SAR averaged over 10 cm” {10 g) of Head TSL condition
SAR measured 250 mW input power 518mW /g
SAR for nominal Head TSL parameters normalized to 1W 20.8 mW /g = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculalions ware applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.3 1.52 mho'm
Measured Body TSL parameters (22.0=02)°C E26+6% 1.52 mho/m =6 %
Body TSL temperature change during test <05°C — —_—
SAR result with Body TSL
SAR averaged over 1 em’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 101 mW /g

SAR tor nominal Body TSL parameters

narmalized to 1W

40.3 mW /g £ 17.0 % (k=2)

SAR averaged over 10 em”® (10 g) of Body TSL

condition

SAR measurad

250 mW input power

533mWig

SAR tor nominal Body TSL parameters

normalized to 1W

21.3 mW /g = 16.5 % (k=2)
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Appendix
Antenna Parameters with Head TSL

Impedance, transformad to feed point 4990 +5681
Return Loss -25.0dB

Antenna Parameters with Body TSL

Impedance, transformed o feed paint 46.2 {1 + 6.1 |2
Retum Loss «22.5dB

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1.201 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 10 the
second arm of the dipale. The antenna is therefore shor-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in erder to improve malching 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 fo the Standard

Mo excessive lorce must be applied 1o the dipole arms, because they might band or the soldered connections near the

fteedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on March 28, 2008
Cerificate Mo: D1200V2-5d111_Jul12 Page 4 of B
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Measurement Conditions
DASY system configuration, as far as not given on page 1,

DASY Version DASYS V52.8.1
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations ware applied.
Temperature Permittivity Conductivity
Mominal Head TSL parameters 220°C 30.2 1.80 mha/m
Measured Head TSL parameters (220 +0.2)"C 3B9:6% 1.86 mho/m =6 %
Head TSL temperature change during test <05 - —
SAR result with Head TSL
SAR averaged over 1 cm’ {1 g) of Head TSL Condition
SAR measured 250 mW input power 138mW/g
SAR for nominal Head TSL paremeters normalized to 1W 54.3 mW /g + 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power A1 mW /g
SAR for nominal Head TSL parameters normalized to TW 254 mW /g £ 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations weare applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 527 1.95 mho/m
Measured Body TSL parameters {22.0 =0,2)"C 51.626% 2.01 mho/m £ 6 %
Body TSL temperature change during test <05"C i e
SAR result with Body TSL
SAR averaged over 1 cm” {1 g) of Body TSL Condition
SAR measured 250 mW input power 130mW /g
SAR for nominal Body TSL parameters nomalized to 1W 51.0 mW /g =17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 6.06 mW /g
SAR for nominal Body TSL paramatars normalized to 1W 24.0 mW / g = 16.5 % (k=2)
Codificate No: D2450V2-869_Juni2 Page 3of 8
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed o feed point 5300+ 68.0j0
Returmn Loss -23.7d8

Antenna Parameters with Body TSL

Impedance, transformed fo feed point 5000 +640
Return Loss - 23.8dB

General Antenna Parameters and Design

| Etectrical Delay jone direction) | 1,159 ns

After long term use with 100W radiated power, only a skight 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 1o the
second arm of the dipole. The antenna is therefore shori-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 1o the position as explained in the
*Measurement Conditions® paragraph. The SAR data are nol afiected by this change. The overall dipole lengih is still
according to the Standard.

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

Additional EUT Data

Manufaciured by SPEAG
Manufactured on August 18, 2010
Certificate No: D2450V2-869_Jun12 Page 4 of B
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Appendix
Antenna Parameters with Head TSL

Impedance, transformead to feed point 4890 -25)0
Return Loss -31.1 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4550-18]0Q
Return Loss - 26,0 dB

General Antenna Parameters and Design

| Electrical Delay (one direction) I 1153 ns

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

The dipale is made of standard semirigid coaxial cable. The center conductor of the leeding line s directly connected to the
second arm of the dipole. The antenna is therefors shor-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in order to improve matching when loaded according 1o the position as explained in the
“‘Measurement Conditions® paragraph. The SAR data are not alfected by this change. The overall dipale length is still
according to the Standard.

No excessive lorce must be applied to the dipole arms, bacause they mighl bend or the soldered connections near tha
feedpoint may be damaged.

Additional EUT Data

Manutactured by SPEAG
Manufactured on Decamber 23, 2006
Certificate Mo: D2600V2-1007_Sep12 Page 4 ol B
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EX30V3- 5N:3519 Febmary 20, 2013

DASY/EASY - Parameters of Probe: EX3DV3 - SN:3519

Other Probe Parameters
Sensor Arrangement "~ Triangular |
Connector Angle (%) 934
Mechanical Surface Datection Mode enabled
Optical Surface Detection Mode disablad
Probe Cverall Length 337 mm
Probe Body Diameter 10 mm
Tip Langth 9 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor ¥ Calibralion Point Tmm
Probe Tip Io Sensor Z Calibration Point Tmm
Recommended Measurement Distance from Surface 2 mm

Cerlificate Mo: EX3-3510_Feb13 Page 11 of 11
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Calibration Laboratory of

Schweizerischer Kalibrierdienss
Schmid & Pariner Sarvice sulsse d'élalonnage
Engineering AG Servizio svizzero di tarstura

Zaughaussirasse 43, BO04 Zurich, Switzeriand Swiss Calibration Service

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

Glossary
DAE data acquisition electronics
Connector angle  information used in DASY system to align probe sensor X to the robot

coordinate system.

Methods Applied and Interpretation of Parameters
* 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.

= Conneclor angle; The angle of the connector is assessed measuring the angle
mechanically by a tool inserted. Uncertainty is nol required.

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

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

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

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

« AD Converter Values with inputs shorfed: Values on the internal AD converter
comresponding to zero input vollage

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

s Input Offset Current: Typical value for information; Maximum channel input offset
current, nol 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 Vollage: Typical value for information. Below this valtage, a battery
alarm signal is generated,

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

Cerificate No: DAE4-913_Jan13 Page 2 of 5
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DC Voltage Measurement
AID - Converter Resolution nominal

High Range: 1L5B = B.AuV, full range = -100...+300 mV
Low Range; ILEB = B1inV . full range = -1...... +3mV
DASY measurement parameters: Aulo Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X ¥ Z
High Range 404.111 £ 0.02% (k=2} | 404.505 + 0.02% (k=2) | 405.050 + 0.02% (k=2)
Low Range 398038 £ 1.55% (k=2) | 4.00381 + 1.55% (k=2) | 4.00723 £ 1.55% (k=2)

Connector Angle

| Connector Angle to be used in DASY system

1665°%+1°*°

Certificate Mo: DAE4-913_Jan13
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