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CALIBRATION CERTIFICA

Object D750V3 - SN: 1099

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

Calibration date: November 11, 2013

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

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards i # Cal Date (Certificate No.) Scheduled Callbration

Power meter EPM-442A GB37480704 09-Oct-13 (No. 217-01827) Oct-14

Power sensor HP B481A US37292783 09-Oct-13 (No. 217-01827) Oct-14

Power sensor HP 8481A MY41082317 09-Oct-13 (No. 217-01828) Oct-14

Reference 20 dB Attenuator SN: 5058 (20k) 04-Apr-13 (No. 217-01736) Apr-14

Type-N mismatch combination SN: 5047.3 /06327 04-Apr-13 (No. 217-01739) Apr-14

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

DAE4 SN: 601 25-Apr-13 (No. DAE4-601_Apr13) Apr-14

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

RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-13) In house check: Oct-15

Network Analyzer HP 8753E JS37390585 54206 18-Oct-01 (in house check Oct-13) In house check: Oct-14
Name Function Signature

Calibrated by: Jeton Kastrati Laberatory Technician — _f:_ " _E_,

N
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Approved by: Katja Pokavic Technical Manager ‘ﬁ,@: r-*" ,-—7 ':-_-;,,-

Issued: November 12, 2013
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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According - ing 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:

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

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

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

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

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

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

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

connector.

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

nominal SAR result.

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

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

DASY Version DASYS v52.8.7

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 750 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 41.9 0.89 mho/m

Measured Head TSL parameters (22.0£0.2)°C 41.0+£86% 0.92 mho/m+6 %

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

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

SAR measured 250 mW input power 2.17 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

8.42 Wikg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.41 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

5.51 W/kg  16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.5 0.96 mho/m
Measured Body TSL parameters (22.0+02)°C 549+6% 0.98 mho/m +6 %
Body TSL temperature change during test <0.5°C --- ---
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.18 W/ikg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

1.43 Wrkg

SAR for nominal Body TSL parameters

normalized to 1W

5.64 Wikg = 16.5 % (k=2)-
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5470-189jQ

Return Loss -26.4dB
Antenna Parameters with Body TSL

Impedance, transformed to feed point 487 Q-39jC

Return Loss -27.6dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1.034 ns

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

The dipcle 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 pesition as explained in the
“Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still

according to the Standard.

No excessive force must be applied to the dipole arms, because thay might bend or the soldered connections near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manufactured ¢n

July 05, 2013
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DASY5 Validation Report for Head TSL

Date: 04.11.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serizc = >0V3 - SN: 1099

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

Medium parameters used: f = 750 MHz; ¢ = 0.92 S/m; &, = 41; p = 1000 kg]m3
Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2007)

DASY52 Configuration:
» Probe: ES3DV3 - SN3205; ConvF(6.28, 6.28, 6.28); Calibrated: 28.12.2012;
e Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 25.04.2013
» Phantom: Flat Phantom 4.9L; Type: QDO0O0P49AA; Serial: 1001
» DASYS5252.8.7(1137); SEMCAD X 14.6.10(7164)

Dipole Calibration for Head Tissue/P - .nW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=>mm, dz=5mm

Reference Value = 53.786 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 3.32 W/kg

SAR(1 g) =2.17 W/kg; SAR(10 g) = 1.41 W/kg

Maximum value of SAR (measured) = 2.53 W/kg

-2.40
-4.8¢
-1.20

“9.68

-12.00

0 dB =2.53 W/kg = 4.03 dBW/kg
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Impedance Measurement Plot for ¢

4 Nov 2013 14:29:81
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DASY5 Validation Report for Body ™ .

Date: 11.11.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Seri- 750V3 - SN: 1099

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

Medium parameters used: f =750 MHz; 6 =0.98 S/m, g, = 54.9; p = 1000 l':g/m3
Phantom section: Flat Section

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

DASY?52 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(6.11, 6.11, 6.11); Calibrated: 28.12.2012;
» Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 25.04.2013
o Phantom: Flat Phantom 4.9L; Type: QDO00P49AA; Serial: 1001
o DASYS5252.8.7(1137); SEMCAD X 14.6.10(7164)

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

Reference Value = 52.631 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 3.21 W/kg

SAR(1 g) = 2.18 W/kg; SAR(10 g) = 1.43 W/kg

Maximum value of SAR (measured) = 2.53 W/kg

-3.00

-12.00

-15.00

0dB = 2.53 W/kg = 4.03 dBW/kg
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Impedance Measurement Plot for Body TSL
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FCC Test Report

D835V2, serial No. 4d091 Extended Dipole Calibrations

Referring to KDB 865664 D01v01r01, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration),

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

interval can be extended.

<Justification of the extended calibration>

D835V2 — serial no. 4d091

835 Head 835 Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta |Return-Loss | Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
11.18.2011 -25.734 50.867 -5.1504 -22.318 47.082 -6.8594
11.17.2012 -25.917 0.71 49.773 1.09 | -5.1329 0.02 -22.466 0.66 48.683 1.60 | -6.3598 0.50

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL (SHENZHEN) INC.
TEL : 86-755-8637-9589
FAX : 86-755-8637-9595




FCC Test Report

<Dipole Verification Data> - D835V2, serial no. 4d091
835MHz - Head

835MHz — Body

SPORTON INTERNATIONAL (SHENZHEN) INC.
TEL : 86-755-8637-9589
FAX : 86-755-8637-9595



D835V2, Serial No. 4d091 Extended Dipole Calibrations

Referring to KDB 865664 D01 v01r02, if dipoles are verified in return loss (<-20dB, within 20% of prior

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

the calibration interval can be extended.

<Justification of the extended calibration>

D835V2 - serial no. 4d091

835 Head 835 Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta |Return-Loss | Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
11.18.2011 -25.734 50.867 -5.1504 -22.318 47.082 -6.8594
11.17.2012 -25.917 0.71 49.773 1.09 | -5.1329 -0.02 -22.466 0.66 48.683 | -1.60 | -6.3598 -0.50
11.15.2013 -25.840 0.30 49.905 | -0.13 | -5.0780 -0.05 -22.324 0.63 47.532 1.15 | -6.8833 0.52

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL (KUNSHAN) INC.
TEL : 86-0512-5790-0158
FAX : 86-0512-5790-0958



<Dipole Verification Data> - D835V2, serial no. 4d091
835MHz - Head

1 Start 635 Mz Stop 1.0 G (90 |1 Stat 635 M FEW M0 i Sop 11 G+ [

835MHz — Body

Step11Ge [ 1 Stat S35 M Stop 1.1 G {81

SPORTON INTERNATIONAL (KUNSHAN) INC.
TEL : 86-0512-5790-0158
FAX : 86-0512-5790-0958



























Extended Dipole Calibrations

Referring to KDB 865664 D01 v01r03, if dipoles are verified in return loss (<-20dB, within 20% of prior

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

the calibration interval can be extended.

<Dipole Verification Data> - D1750V2, serial no. 1090(Date of Measurement 03.26.2014)

1750MHz - Head

R A RN

1750MHz — Body

S [N IR D B L P delen

Ay At Sle

HAN)

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




<Justification of the extended calibration>

D1750V2 — serial no. 1090

TSL Head Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta | Return-Loss | Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
03.27.2013 -41.821 49.838 -0.793 -26.2 45.336 0.1797
03.26.2014 -37.025 11.45 | 49.553 |-0.285| 0.808 1.601 -26.949 -2.86 46.183 | 0.874 | 0.8776 0.698

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.

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




























FCC Test Report

D1900V2, serial no. 5d118 Extended Dipole Calibrations

Referring to KDB 865664D01V01r01, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration),

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

interval can be extended.

<Justification of the extended calibration>

D1900V2 — serial no. 5d118

1900 Head 1900 Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta |Return-Los | Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) s (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
11.21.2011 -22.535 53.449 6.9277 -22.401 47.82 7.1133
11.17.2012 -22.603 0.30 53.491 -0.04 | 7.1009 0.17 -22.45 0.22 46.14 -1.68 | 6.7234 -0.39

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL (SHENZHEN) INC.
TEL : 86-755-8637-9589
FAX : 86-755-8637-9595




FCC Test Report

<Dipole Verification Data>- D1900V2, serial no. 5d118
1900MHz — Head

1900MHz - Body

SPORTON INTERNATIONAL (SHENZHEN) INC.
TEL : 86-755-8637-9589
FAX : 86-755-8637-9595



D1900V2, Serial No. 5d118 Extended Dipole Calibrations

Referring to KDB 865664 D01 v01r02, if dipoles are verified in return loss (<-20dB, within 20% of prior

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

the calibration interval can be extended.

<Justification of the extended calibration>

D1900V2 - serial no. 5d118

1900 Head 1900 Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta |Return-Los | Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) s (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
11.21.2011 -22.535 53.449 6.9277 -22.401 47.82 7.1133
11.17.2012 -22.603 0.30 53.491 -0.04 | 7.1009 -0.17 -22.450 0.22 46.14 -1.68 | 6.7234 -0.39
11.15.2013 -22.551 0.23 53.192 0.30 6.9641 0.14 -22.412 0.17 47419 | -1.28 | 7.1127 -0.39

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL (KUNSHAN) INC.
TEL : 86-0512-5790-0158
FAX : 86-0512-5790-0958




<Dipole Verification Data>- D1900V2, serial no. 5d118

1900MHz — Head

1

1 Start L6 G sop 2.1 G+ [

1900MHz - Body

Vi -1

15t 16 GHe Steo 2.1 G [0

1 St 16 G stop 2.1 G B (1 Stet 166

SPORTON INTERNATIONAL (KUNSHAN) INC.
TEL : 86-0512-5790-0158
FAX : 86-0512-5790-0958



























Extended Dipole Calibrations

Referring to KDB 865664 D01 v01r03, if dipoles are verified in return loss (<-20dB, within 20% of prior
calibration), and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and

the calibration interval can be extended.

<Dipole Verification Data> - D2450V2, serial no. 908(Date of Measurement 03.25.2014)
2450MHz - Head

[l By 03 T E L e W2 Zwn dEbdz | O Han DE5THI o 0 oo 3050

2450MHz - Body

L ES3E | RO Plarl s L =i ] W00 JES 2 b I -~ PR 1 o] Fw D B TR o 1

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




<Justification of the extended calibration>

D2450V2 - serial no. 908

TSL Head Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta | Return-Loss | Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
03.26.2013 -24.251 56.531 -0.125 -30.033 52.631 1.881
03.25.2014 -25.155 |-0.373| 56.061 | -0.47 -0.059 | 0.066 -29.785 0.826 52.379 [-0.252| 1.510 -0.371

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL INC.

TEL : 886-3-327-3456
FAX : 886-3-328-4978




























Extended Dipole Calibrations

Referring to KDB 865664 D01 v01r03, if dipoles are verified in return loss (<-20dB, within 20% of prior
calibration), and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and

the calibration interval can be extended.

<Dipole Verification Data> - D2600V2, serial no. 1061(Date of Measurement 03.25.2014)
2600MHz - Head

i
WAk EatENbt For e SR RS G Al 24 e Sy iEn ey A G
2600MHz - Body
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SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978




<Justification of the extended calibration>

D2600V2 — serial no. 1061

TSL Head Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta | Return-Loss | Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
03.26.2013 -24.480 50.430 -5.988 -25.370 47.141 -4.395
03.25.2014 -25.147 -2.725| 52.321 1.891 -6.071 |-0.083 -25.271 0.039 47.418 0.277 -5.100 -0.705

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL INC.

TEL : 886-3-327-3456
FAX : 886-3-328-4978
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Calibration Equipment used (M&TE critical for calibration)

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

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.
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Primary Standards ID # Cal Date (Certificate No.) Scheduled Calibration
Power meter EPM-442A GB37480704 01-Nov-12 (No. 217-01640) Oct-13

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

Reference 20 dB Aftenuator SN: 5058 (20k) 04-Apr-13 (No. 217-01736) Apr-14
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RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-11) In house check: Oct-13
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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According. - - ~ing Standards:

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

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

Additional Documentation:
c) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

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

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

DASY Version

DASYS V5287
Extrapolation Advanced Extrapolaticn
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx,dy=4.0mm, dz =1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency

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

Head TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 36.0 4.66 mho/m
Measured Head TSL parameters (22.0+0.2)°C 358+6% 4.48 mho/m =6 %
Head TSL temperature change during test <0.5°C
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.68 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

76.6 Wikg = 19.9 % (k=2)

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

conditicn

SAR measured

100 mW input power

2.20 W/kyg

SAR for nominal Head TSL parameters

normalized to 1W

21.9 W/kg = 19.5 % (k=2)
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Head TSL parameters at 5300 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.9 4.76 mho/m
Measured Head TSL parameters (22.0+0.2) °C 356x8% 4.62 mho/m+6 %
Head TSL temperature change during test <05°C -—-- e
SAR result with Head TSL at 5300 MHz
SAR averaged over 1 em® (1 g) of Head TSL Condition

SAR measured

100 mW input power

8.06 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.31 Wikg

SAR for nominal Head TSL parameters

nomalized to 1W

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

Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.5 5.07 mho/m
Measured Head TSL parameters (22.0+0.2)°C 352+6% 4.88 mho/m £6 %
Head TSL temperature change during test <0.5°C - e
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.02 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.28 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

22.7 W/kg = 19.5 % (k=2)
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Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.3 5.27 mho/m
Measured Head TSL parameters (22.0+0.2) °C 350+8% 5.07 mho/m £ 6 %
Head TSL temperature change during test <0.5°C - -
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.66 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

76.3 Wikg + 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.17 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

21.6 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Neminal Body TSL parameters 22.0°C 48.0 5.30 mho/m
Measured Body TSL parameters (22.0x0.2)°C 48368 % 536 mho/m+6 %
Body TSL temperature change during test <05°C -—-- e
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.17 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

¢ondition

SAR measured

100 mW input power

1.99 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

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

Body TSL parameters at 5300 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.9 5.42 mho/m
Measured Body TSL parameters (22.0x£0.2)°C 4816 % 5.56 mho/m £ 6 %
Body TSL temperature change during test <0.5°C -—- -—-
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 cm® (1 g} of Body TSL Condition
SAR measured 100 mW input power 7.54 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

¢ondition

SAR measured

100 mW input power

2.11 Wrkg

SAR for nominal Body TSL parameters

normalized to 1W

21.0 W/kg = 19.5 % (k=2)
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Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.5 5.77 mho/m
Measured Body TSL parameters (22.0+0.2) °C 4766 % 5.88 mho/m +6 %
Body TSL temperature change during test <0.5°C - —men
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 130 mW input power 7.80 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

77.8 Wikg £ 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2,16 Wikg

SAR for nominal Bedy TSL parameters

normalized to 1W

21.5 Wrkg + 19.5 % (k=2)

Body TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.2 6.00 mho/m
Measured Body TSL parameters {22.0+0.2) °C 47326 % 6.17 mho/m =6 %
Body TSL temperature change during test <05°C e —nen
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.25 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

72.3 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.00 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

19.9 Wikg + 19.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL at I Hz

Impedance, transformed to feed point 525Q-87iQ

Return Loss -21.1dB
Antenna Parameters with Head TSL at . z

impedance, transformed to feed point 571 Q-28|Q

Return Loss -22.9dB
Antenna Parameters with Head TSL at £~ Z

Impedance, transfermed to feed point 56.6 Q-56jQ

Return Loss -21.9dB
Antenna Parameters with Head TSL at & <

Impedance, transformed to feed point 5620 +51j0

Return Loss -22.4dB
Antenna Parameters with Body TSL at5 :

Impedance, transformed to feed point 51.80-9.3|Q

Return Loss -20.6dB
Antenna Parameters with Body TSL at 5300 <

impedance, transformed to feed point 56.00Q+05jQ

Return Loss -25.0dB
Antenna Parameters with Body TSL at 560 'z

Impedance, transformed to feed point 566 Q-3.7iQ

Return Loss -229dB
Antenna Parameters with Body TSL at © :

Impedance, transformed to feed point 53.2Q0+82|Q

Return Loss -18.9dB
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General Antenna Parameters and Design

Electrical Delay (one direction}) 1.200 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. Cn some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when lcaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on August 28, 2003
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DASY5 Validation Report for Head TSL

Date: 23.09.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: DSGHzV2 - SN: 1006

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

Medium parameters used: f = 5200 MHz; ¢ = 4.48 S/m; &, = 35.8; p = 1000 kg/m’ , Medium parameters
used: f = 5300 MHz; ¢ = 4.62 S/m; & = 35.6; p = 1000 JL‘:g,/m3 , Medium parameters used: f=5600 MHz; ¢ =
4.86 S/m; & =35.2;, p = 1000 k,g/m3 , Medium parameters used: f = 5800 MHz; ¢ =5.07 S/m; ¢, =35; p =
1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/TEC/ANSI C63.19-2007)

DASY52 Configuration:

e Probe: EX3DV4 - SN3503; ConvF(5.41, 5.41, 5.41); Calibrated: 28.12.2012, ConvF(5.1, 5.1, 5.1);
Calibrated: 28.12.2012, ConvF(4.76, 4.76, 4.76); Calibrated: 28.12.2012, ConvF(4.81, 4.81, 4.81);
Calibrated: 28.12.2012;

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

¢ Electronics: DAE4 Sn601; Calibrated: 25.04.2013

e Phantom: Flat Phantom 5.0 (front); Type: QDOOOP50AA; Serial: 1001
» DASY5252.8.7(1137); SEMCAD X 14.6.10(7164)

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

Reference Value = 63.982 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 27.9 W/kg

SAR(1 g) =7.68 W/kg; SAR(10 g) = 2.2 W/kg

Maximum value of SAR (measured) = 17.8 W/kg

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

Reference Value = 64.816 V/m; Power Dnft = 0.09 dB

Peak SAR (extrapolated) = 29.8 W/kg

SAR(1 g) = 8.06 W/kg; SAR(10 g) = 2.31 W/kg

Maximum value of SAR (measured) = 19.0 W/kg

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

Reference Value = 63.442 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 31.2 W/kg

SAR(1 g) = 8.02 W/kg; SAR(10 g) = 2.28 W/kg

Maximum value of SAR (measured) = 19.3 W/kg
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 61.293 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) =31.2 W/kg

SAR(1 g) =7.66 W/kg; SAR(10 g) = 2.17 W/kg

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

-6.00

-12.00

-18.00

-24.00

-30.00

0dB = 18.7 W/kg = 12.72 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 20.09.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: D3GHzV2; Serial: D5GHzV2 - SN: 1006

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

Medium parameters used: f = 5200 MHz; ¢ = 5.36 S/m; ¢, = 48.3; p = 1000 kg/’m3 , Medium parameters
used: f=5300 MHz; 6 =5.56 S/m; &, =48.1; p = 1000 kg/m3 , Medium parameters used: f = 5600 MHz; ¢ =
5.88 S/m; g, = 47.6; p = 1000 kg/m3 , Medium parameters used: f = 5800 MHz; 6 = 6.17 S/m; &, =47.3; p =
1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2007)

DASY52 Configuration:

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

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

« Electronics: DAE4 Sn601; Calibrated: 25.04.2013

o Phantomn: Flat Phantom 5.0 (back); Type: QDOOOPS0AA,; Serial: 1002
« DASY5252.8.7(1137); SEMCAD X 14.6.10(7164)

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

Reference Value = 58.601 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 28.0 W/kg

SAR(1 g) =7.17 W/kg; SAR(10 g) = 1.99 W/kg

Maximum value of SAR (measured) = 17.2 W/kg

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

Reference Value = 58.846 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 30.2 W/kg

SAR(1 g) = 7.54 W/kg; SAR(10 g) =2.11 W/kg

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

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

Reference Value = 58.294 V/m; Power Drift =0.01 dB

Peak SAR (extrapolated) = 34.4 W/kg

SAR(1 g) =7.8 W/kg; SAR(10 g) =2.16 W/kg

Maximum value of SAR (measured) = 19.6 W/kg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 54.918 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 33.5 W/kg

SAR(1 g) =7.25 W/kg; SAR(10 g) =2 W/kg

Maximum value of SAR {measured) = 18.5 W/kg

—-5.00

-10.00

-15.00

-20.00

-25.00

0dB =18.5 W/kg =12.67 dBW/kg
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Impedance Measurement Plot for Bc. '~
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Glossary
DAE data acquisition electronics

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

Methods Applied and Interpretation of Parameters

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

Connector angle: The angle of the connector is assessed measuring the angle
mechanically by a tool inserted. Uncertainty is not required.

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

* DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of

the nominal calibration voltage. Influence of offset voltage is included in this
measurement.

* Common mode sensitivity: Influence of a positive or

negative common mode voltage on
the differential measurement.

» Channel separation: Influence of a voltage on

the neighbor channels not subject to an
input voltage.

* AD Converter Values with inputs shorled: Values on the internal AD converter
corresponding to zero input voltage

= Input Offset Measurement: Qutput

voltage and statistical results over a large number of
Zero voltage measurements.

* Input Offset Current: Typical value for information;

_ Maximum channel input offset
current, not considering the input resistance.

* Input resistance: Typical value for information: DAE in
during internal auto-zercing and during measurement.

* Low Battery Alarm Voltage: Typical
alarm signal is generated.

put resistance at the connector,

value for information. Below this voltage, a battery

. Pm;er 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:
Low Range:

1LSE =
1LSE =

6.1V,
61nVY,

full range =
full range =

-100...+300 mV
1......+3mVY

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

Calibration Factors

X

Y

Z

High Range

403.348 + 0.02% (k=2)

402.752 + 0.02% (k=2)

403.234 £ 0.02% (k=2)

| Low Range

3.98201 + 1.50% (k=2)

3.94344 £ 1.50% (k=2)

3.94847 + 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system

316.0°x1°
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4. AD-Converter Values with inputs shorted

DASY measurament parametars: Auto Zaro Time: 3 sec, Measuring timea: 3 sec

[ High Range (LSB) Low Range (LSB)
Channel X 16188 16055
Channel ¥ 15380 16315
Channel 2 16713 16050

5. Input Offset Measurement

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

Input 10MQ _
Std. Deviation
Average (uV) min. Offset (u¥) | max. Offset {uV) V)
Channel X 0.64 0,79 2.48 0.65
Channel Y -1.22 -2.56 Q.31 ) 0.59
Channet £ 057 -2.04 1.0 0.60 _

6. Input Offset Current

Mominal Input circuilry offset current on all channels: <2584

7. Input Resistance {Typical values for information)

Zercing {kChm) Measuring (MOhm)
Channal X 200 200
Channel ¥ .EEID 200
Channel Z 200 204

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

Typical values

Alarm Level (VDGC)
Supply (+ Voc) +7.9
Supply (- Vec) 76
8. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by {(mA) Transmitting {mA]
Supply [+ Veo) =0.M +8 +14
Supply {- Vo) -0.01 -8 -3
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Conversion Factor Assessment

T= 900 MHzZ WGLS B9 (H_conwr) = 1750 MHz, WELS R2? (1 _nomd=;
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Uncertainty of Spherical Isotropy Assessment: + 2.8% (k=2)
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