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

Date: 10.,01.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1950 MHz; Type: D1950V3; Serial: DI950V3 - SN: 1151

Communication System: UID 0 - CW: Frequency: 1950 MHz

Medium parameters used: = 1950 MHz: o = 1.53 S/m; &, = 53; p= 1000 kg/m’
Phantom section: Flat Section

Meusurement Standard: DASY S (IEEEEC/ANSI C63.19-2007)

DASYS52 Confliguration:
« Probe: ES3DV3 - SN3205; ConvF(4.78, 4.78, 4.78); Calibrated: 30.12.2013;
«  Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 25.04.2013
= Phantom: Flat Phantom 5.0 (back); Type: QDUOOPSDAA; Serial: 1002
o DASYS2528.7(1137); SEMCAD X 14.6.10(7164)

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 = 93.878 V/im: Power Drift = 0.02 dB

Peak SAR (extrapolated) = 17.2 Wikg

SARI(L g) =9.76 Wikg: SAR(10 g) = 5.1 W/kg

Maximum value of SAR (measured) = 12.4 Wikg

-4.08

408

2.8

1508

0dB = 12.4 Wikg = 10.93 dBW/kg
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Impedance Measurement Plot for Body TSL
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|CALIBRATION CERTIFICATE

’@Jiﬁﬂ! D2450V2 - SN: 927

| Calibration procedurs(s) QA CAL-05.v9

1

| Calibraticn date: January 13, 2014

Calibration procedure for dipole validation kits above 700 MHz

This calibration ceificale dotuments the traceabity to national standards, which realize the physical units of measurements (S1).

The measurements ard the uncerainties with confidenca probabslity are given on the following pages and are pan of the cenificate.
All calbrations have baan conducted in the closed laboratony lacility:. environment temparature (22 2 3)°C and humidity < T0%.
Calibration Equipment used (MATE eritical for calibration)
Primary Standards iDe Cal Datg (Certificate No.) Scheduled Calibration
Pawer meter EPM-4424 GBEITAB0704 08-0¢e1-13 (No. 217-01827) Oct-14
Power sensor HP B481A US3T292783 09-0¢t-13 (Mo, 217-01827) Oct-14
Power sensor HP 84814 MY 41002317 09-0e1-13 (No. 217-018248) Oct-14
Raference 20 dB Attenuator SMN: 5058 (20k) Od-Apr-13 (Mo, 217-01736) Apr-14
Type-N mismatch combination SM: 5047.3 f 06327 O4-Apr-13 (Mo, 217-01738) Apr-14
Roference Probe ESI0VI SN 3205 30-Dec-13 (Mo, ES3-3205_Dec13) Dae-14
DAES SM: 501 25-Apr-13 (No. DAE4-601_Apri3) Apr-14
Saecondary Standands 0 & Check Date iin housa) ) . Scheduled Check |
RF ganerator RES SMT-06 100005 - A8 (in house chock Oct-13) I hpuse check: Oct-16
MNetwork Analyzer HP 8753E US3TI00585 54206 18-0ct-01 {in house chack Oct-13) In house check: Oct-14
Narm Funclion Signature
Cafbralad by Israa El-Maoug Laboralory Technician g
fraee E
Approved by: Katja Pokovie Technical Manager /Zéi? tg__
lasued: January 13, 2014
This calibration cenificate shall not be roproduced exoept in full without written approval of the laboratory.
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

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

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

Glossary:

TSL tissue simulating liquid

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.

* 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.

s 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 DASYS5 V52.8.7

Extrapolation Advanced Extrapolation

Phantom Maodular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 2450 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m

Measured Head TSL parameters (22.0+0.2)°C 39.3+6% 1.83 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 13.4 W/kg

SAR for nominal Head TSL parameters normalized to 1W

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

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

SAR measured 250 mW input power

6.22 Wikg

SAR for nominal Head TSL parameters normalized to 1W

24.8 W/kg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.7 1.95 mho/m
Measured Body TSL parameters (22.0 £0.2) °C 518+6% 2.00 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 12.8 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

5.89 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

23.3 Wikg = 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 552Q+29jQ

Return Loss -249dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 5140 +4.7jQ

Return Loss -26.3dB

General Antenna Parameters and Design

Electrical Delay (one direction) -[ 1.158 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
“Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole iength is still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on September 26, 2013
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DASYS5 Validation Report for Head TSL

Date; 13.01.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 927

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

Medium parameters used: = 2450 MHz, o = 1.83 S/m; 6= 39.3; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/NECFANS] C63.19-2007)

DASYS2 Configuration:
o Probe: ESIDV3 - SN3205; ConvEi{4.53, 4.53, 4.53); Calibruted: 30,12.2013;
»  Sensor-Surfuce: 3mm {Mechanical Surfuce Detection)
o Electronies: DAE4 Sn601: Calibrated: 25.04.2013
» Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Seriul; 1001
« DASYS2 528.7(1137), SEMCAD X 14.6.10(7164)

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

Reterence Value = 100.3 Vim: Power Dl = 0.06 dB

Peak SAR (extrapolated) = 279 Wikg

SARIL g) = 13.4 Wikg: SAR(10 g) = 6.22 W/ky

Maximum value of SAR (measured) = 17.1 Wikz

)

-4 Al

14.40

1.0

2400

0dB = 17.1 Wikg = 12.33 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 13.01.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 927

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

Medium parameters used: f = 2450 MHz; 6 =2 S/m; &, =51.8; p = 1000 kgfm"'
Phantom section: Flat Section

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

DASYS52 Configuration:
¢ Probe: ES3DV3 - SN3205; ConvF(4.35, 435, 4.35); Calibrated: 30.12.2013;
e Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 25.04.2013
= Phantom: Flat Phantom 5.0 (back); Type: QDO0OOPS0AA; Serial: 1002
» DASY52528.7(1137); SEMCAD X 14.6.10(7164)

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 = 94.560 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 26.7 W/kg

SAR(1 g) = 12.8 W/kg; SAR(10 g) = 5.89 W/kg

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

-14.40
-19.20

-24.00

0dB =168 W/kg = 12.25 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

g Schweizerischer Kalibrierdienst

C Service suisse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accredited by the Swiss Accraditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agreement for the recognition of callbration certificates

ciont EMTEK (Auden) Cortificate No: DSGHZV2-1169_Jan14
CALIBRATION CERTIFICATE

Cibject D5GHzV2 - SN: 11698

Calibration procedure(s) QA CAL-22.v2

Calibration procedure for dipole validation kits between 3-6 GHz

Calibration date: January 07, 2014

This calibration certificals documants the traceabllity to national standards, which realize the physical unils of measurements (S1).
The measurements and the uncerlainties with confidence probability are given on the following pages and are pan of the certificate,

All calibrations have bean cenducted in the closed laboratory tacility: environment temperature (22 + 3)°C and humidity < 70%,

Calibration Equipmént usad (MATFE crilical for calibration)

Primary Standards 10 # Cal Data (Cenificate No.) Scheduled Calibration

Powor malor EPM.442A GBIT480704 09-0et-13 (Ne, 217-01827) Oct-14 |

Power sansor HP B4B1A Lsar2g2Taa 09-0ci-13 (Mo, 21T7-01827) Oct-14

Powar songor HP 84814 MY AT 082317 09-0e1-13 (Me. 217-01828) Oct-14

Relarence 20 dB Alttanualor SM: BO&E (20k) Od-Apr-13 (Mo, 21 7-017386) Apr-14

Type-h mismatch combination SM: 50473 7 DEIZT D4-Apr-13 (Mo, 217-01739) Apr-14

Aelerence Proba EX30V4 5N: 3503 30-Dec-13 (Mo, EX3-3503 Docld) Dac-14

DAE4 SN B0 25-Apr-13 (Mo, DAE4-BD1_Aps13) Apr-14

Sacondary Standarnds 10 # Chiack Date (in howsa) Schedulad Check _

RF ganarator RES SMT-06 10HHNS 04-Aug-89 (in house check Oct-13) In house chack: Oct-16

MNatwork Analyzer HP 8753E USIFIg0ses S4206  18-0ct-01 (In houze check Oct-13) In house chack: Oet-14
MNama Funetion Signatune

Calbrated by: Jeston Kastrat MTW

Approved by Katja Pokovic Technical Manager %’"/’é{

lssued: January 8, 2014

This calibration certificale shall not be roproducad axcept in full without writlan ll.ppn:!{\._-gl of tha Inboratony,
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Calibration Laboratory of A

| & o s Schweizeriacher Kalibrierdienst
Schm!d & F"artl‘tEf S Service suisse d'étalonnage
Engineering AG T Servizio avizzero di taratura
Teughausstrasse 43, 8004 Zurich, Switzerland 'fq‘;r:",-:-\‘\-‘;‘;ﬁ" Swisa Calibration Service
R
Accrodited by the Swiss Accradilation Service (SAS) Accreditation No.: SCS 108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) IEC 62209-2, "Evaluation of Human Exposure to Radio Frequency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
& 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”

c) 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 Technigues”, June 2013

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.

s FElectrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.
SAR measured: SAR measured at the stated antenna input power.
SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
cannector,

= 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 conliguration, as far as not given on page 1.

DASY Version DASYS V52.8.7
Extrapolation Advanced Extrapolation

Phantoem Maodular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy = 4.0 mm, dz = 1.4 mm Graded Ratio = 1.4 (2 direction)

5200 MHz = 1 MHz
5300 MHz = 1 MHz
Frequency 5500 MHz + 1 MHz
SE00 MHz = 1 MHz
5800 MHz = 1 MHz

Head TSL parameters at 5200 MHz
The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Mominal Head TSL parameters 22.0°C 5.0 4.66 mha'/m

Measured Head TSL parameters (22002 °C A55:6% 443 mho/m £ 6 %

Head TSL temperature change during test <0.5°C wes
SAR result with Head TSL at 5200 MHz

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

SAR measured 100 mW input power 8.00 Wikg

SAR for nominal Head TSL parameters normalized to 1W 79.7 Wikg £ 19.9 % (k=2)

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

SAR measured 100 mW input power 230 Wikg

SAR for nominal Head TSL parameters normalized to W 22.9 Wikg = 19.5 % (k=2)
Cartificate Mo, DSGHzV2-1169_Jan14 Page 3 of 16
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Head TSL parameters at 5300 MHz

The follawing parameters and calculations were applied.

Temperature

Permittivity Conductivity
MNominal Head TSL parameters 220°C 359 4.76 mho/m
Measured Head TSL parameters (220=x02)°C 35326% 4,54 mho/m + & %
Head TSL temperature change during test =0.5°C - —
SAR result with Head TSL at 5300 MHz
SAR averaged over 1 cm” (1 g) of Head T5L Conditian
SAR measured 100 mW input power 8.34 Wikg
SAR for nominal Head TEL parametars narmalized to 1W 83.0 W/ kg + 19.9 % (k=2)
SAR averaged over 10 em” (10 g) of Head TSL condition
SAR measured 100 mW input power 240 Wikg
SAR for nominal Head TSL parameters normalized to 1W 23.8 Wikg = 19,5 %% (k=2)
Head TSL parameters at 5500 MHz
The following parameters and calculaticns ware applied.
Temperature Permittivity Conduchivity
Nominal Head TSL parameters 220°C 356 4 98 mhao'm
Measured Head TSL parameters (220+02)°C 35.126% 4.75 mho/m + 8 %
Head TSL temperature change during test <0.5°C
SAR result with Head TSL at 5500 MHz
SAR averaged over 1 cm” (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.50 Wikg

SAR for nominal Head TSL parameters

normalized 1o 1W

84.6 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.43 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

24.2 Wikg + 19.5 % (k=2)

Cerificate Mo: DSGHzV2-1169_Jan14
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Head TSL parameters at 5600 MHz

The follnwing paramaters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 355 5,07 mhadm

Measured Head TSL parameters (22.0+0.2)"C A0 +6% 4.B4 mho/m £ 6 %%

Head TSL temperature change during test =05°C -ean
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 8.54 Wikg

SAR for rominal Head TSL parameters normalized to 1W 85.0 Wkg = 19.9 % (k=2)

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

SAR measured 100 mWW input power 2.43 Wikg

SAR for nominal Head TSL parameters normalized to 1W 24.2 Wikg + 19.5 % (k=2)
Head TSL parameters at 5800 MHz

The following parameters and calculations ware applied.
Temperature Permittivity Conductivity

Mominal Head TSL parameters 220°C 353 5.27 mha'm

Measured Head TSL parameters (22.0+02)°C 347+ 6% 5.05 mho/m + 6 %

Head TSL temperature change during test «05"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 8.13 Wikg

SAR for nominal Head TSL parameters normalized to 1W 80.9 Wikg = 19.9 % (k=2)

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

SAH measured 100 mW input power 2.32 Wikg

SAH for nominal Head TEL paramoters

normalized to 1W

23.1 Wikg = 19.5 % (k=2)

Certificate Mo: DSGHZV2-1169_Jan14
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Bedy TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
MNominal Body TSL parameters 220°C 49.0 5.30 mho/m
Measured Body TSL parameters (22.0 £0.2) °C A72=6% 5.38 mho/m £ & %
Body TSL temperature change during test =05°C ---
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 em” (1 g) of Body TSL Condition
SAR measured 100 mW input power 743 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

73.8 Wikg £ 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Body T5SL

condition

SAR measured

100 mW input power

2.08 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

20.6 Wikg £ 19.5 % (k=2)

Body TSL parameters at 5300 MHz
The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 48.9 5.42 mho/m
Measured Body TSL parameters {220 £02)°C 47.0+6 % 5.52 mhoim + 6 %
Body TSL temperature change during test 205"C —

SAR result with Body TSL at 5300 MHz

SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 100 mW inpul power 7.58 Wikg
SAR for nominal Body TSL parameters normalized to 1W 75.2 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 100 mW input powear 2,12 Wikg
SAR for nominal Body TSL parameters nommalized o 1W 21.0 Wikg £ 19.5 % (k=2)
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Body TSL parameters at 5500 MHz
The lollewing parametars and caloulations were appliad,

Temperature Permittivity Conductivity
Mominal Body TSL parameters 22.0°C 48.6 5,65 mho'm
Measured Body TSL parameters (22.0+02)°C 46.7 + 6 % 5.80 mho/m + 6 %
Body TSL temperature change during test =0.5°C f— —

SAR result with Body TSL at 5500 MHz

SAR averaged over 1 em’ (1 g of Body TSL Condition
5AR measurad 100 mW input power 7.98 Wikg
SAR for nominal Body TSL parameters normalized to 1W 79.2 Wikg £ 19.9 % (k=2)
SAR averaged over 10 em” (10 g) of Body TSL condition
SAR measured 100 mW input powear 222 Wikg

SAR for nominal Body TSL parameters

normialized to 1W

22.0 Wikg = 19.5 % (k=2)

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 (220203 "C 466 + 6% 5.92 mho/m £ 6 %
Body TSL temperature change during test < 0.5C -

SAR result with Body TSL at 5600 MHz
SAR averaged over 1 em® (1 g) of Body TSL Condition
5AR measurad 100 mWW input power 8.03 Wikg
SAR for nominal Body TSL parameters normalized to 1W 79.7 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 100 mW input power 2.23Wikg

SAR for nominal Body TSL parameters

normalized 1o 1W

22,1 Wikg £ 19.5 % (k=2)
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Body TSL parameters at 5800 MHz

The lollowing paramaters and calculations wers applied.

Temperature Permittivity Conductivity
MHominal Body TSL parameters 220°C 482 6.00 mho/m
Measured Body TSL parameters (22.0=02)"C 462 = 6% 6,20 mhoim £ 6 %
Body TSL temperature change during test =0.5°C _— -
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 T.48 Wikg
SAR for nominal Bedy TSL parameters normalizad to 1W T4.3 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL candition
SAR measured 100 mW input power 2.07 Wikg

SAR T{;r naminal Body TSL parameters

nermalized to 1W

20.5 Wikg = 19.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed point 49.7 1 - 8.2 2

Retum Loss -21.7dB
Antenna Parameters with Head TSL at 5300 MHz

Impedance, transformed to feed point 49501-580

Feturn Loss =247 dB
Antenna Parameters with Head TSL at 5500 MHz

Impeadances, transformed to fead point B2T0-33)0

Heturn Loss =276 dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance. transformed to feed point 54.7 {1 - 2.7 ji2

Hetum Loss -25.8dB
Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to feed point 8570 -4.4 0

Ratum Loss - 234 dB
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to feed point 496 -T75)0

Ratum Loss -225dB
Antenna Parameters with Body TSL at 5300 MHz

Impedance, transtormed to tead paoint 49.7 43 - 4.7 jid

Retum Loss - 26.5dB
Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed to feed paint 9320 -2.2 K

Return Loss -2B.5dB
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Antenna Parameters with Body TSL at 5600 MHz

Impadance, transtormad to feed point 5526 -1.6)0Q
Return Loss -25.8 dB

Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed to feed point 5590R-290
Return Loss -24.1 d8

General Antenna Parameters and Design

1 Electrical Delay (one direction) | 1.207 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feading line is directly connected to the
second arm of the dipale. The antenna is tharafora short-circuited for DC-signals. On seme of the dipoles, small end caps
are added to the dipole arms in order to improve matching when leaded according to the position as explained in the
"Measurement Conditiana® paragraph, The SAR data are not affected by this change. The overall dipole lengih is still
according to the Standard.

Mo excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feadpoint may be damaged,

Additional EUT Data

Manufactured by SPEAG
Manufacturad an December 09, 2013
Certificate No: DSGHzV2-1169_Jan14 Page 10 of 16
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DASY5 Validation Report for Head TSL

Date: 07.01.201
Test Luboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 5GHz; Type: DSGHzV2; Serial; DSGHzV2 - SN: 1169

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; o = 4.43 S§/m; & = 35.5: p = 1000 kg/m' , Medium parameters
used: =35300 MHz; o = 4.54 Sim; & = 35.3; p = 1000 kg/m” , Medium parameters used: { = 5500 MHz; o =
4.75 Sfm; £, = 35.1; p= 1000 kg/m' , Medium parameters used: f = 5600 MHz: o = 4.84 Sim; e, =35 p=
1000 kg/m” , Medium parameters used: f = 5800 MHz; o = 5.05 §/m; g, = 34.7; p = 1000 kghn"

Phantom section: Flat Section

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

DASYS52 Configuration:

= Probe; EX3DV4 - SN3503; ConvF(5.52, 552, 5.52); Calibrated: 30.12 2013, ConvF(5.2, 5.2, 5.2);
Calibrated: 30.12,2013, ConvF(5.01, 5.01, 5.01); Calibrated: 30.12.2013, ConvFi4.86, 4.86, 4.86);
Calibrated: 30.12.2013, ConvF(4.91, 4.91, 4.911; Calibrated: 30.12.2013:

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

+ Electronics: DAE4 Sn601; Calibrated: 25.04.2013

»  Phantom: Flat Phantom 5.0 (front); Type: QDUOOPS0AA; Serial: 1001
«  DASYS252.8.7(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 0: Measurement grid: dx=4mm, dy=4mm, dr=1_4mm

Reference Value = 63,584 Vim: Power Drift = 0.05 dB

Peak SAR (extrapolated) = 28.9 Wikg

SAR(1 g) = 8 W/kg; SAR(10 g) = 2.3 W/kg

Maximum value of SAR (measured) = 18.6 W/kg

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

Reference Value = 64,034 Vim; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 31.5 Wikg

SAR(1 g) = 8.34 W/kg; SAR(10 g) = 2.4 W/kg

Maximum value of SAR (measured) = 19.5 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=14mm

Reference Value = 63,164 Vim; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 33.6 Wikg

SAR(1 g) = 8.5 W/kg; SAR(10 g) = 2.43 W/kg

Maximum value of SAR (measured) = 20.5 W/kg
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,

disi=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=dmm, dz=| 4mm
Reference Value = 63.543 Vim: Power Drift = 0.04 dB

Peak SAR (extrapolated) = 33.9 Wikg

SAR(I g) = 8.54 W/kg; SAR(10 g) = 2.43 W/kg

Maximum value of SAR (measured) = 20.6 W/kg

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

Reference Value = 60.517 Vim; Power Drift = 0,07 dB

Peak SAR (extrapolated) = 33.6 W/ikg

SAR(] g) = 8.13 Wikg: SAR(10 g) = 2.32 W/kg

Maximum value of SAR (measured) = 19.9 W/kg

-6.00
-12.00
-10.00

-24.00

-30.00

0dB = 19.9 Wkg = 12,99 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 07.01.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGH2V2; Serial: DSGHzV2 - SN: 1169

Communication System: UID 0 - CW; Frequency: 52(0 MHz, Frequency: 3300 MHz, Frequency: 5600
MHz, Frequency: 5500 MHz, Frequency: 5800 MHz

Medium parameters used: = 5200 MHz; o =538 S/m; &£, =47.2; p= 1000 kg!m'% » Medium parameters
used: f=5300 MHz; o = 5.52 8/m; &, =47, p= 1000 kg.-"m"' » Medium parameters used: f = 5600 MHz; o =
592 5/m; g = 46.6; p= 1000 kg/m” , Medium parameters used: f= 5500 MHz; o = 5.8 5/m; g, =46.7; p =
1000 kg.fn't" » Medium parameters used: = 5800 MHz, 0 = 6.2 5/m; £, =46.2; p= 1000 Icg.fm"'

Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANST CA3.19-2007)

DASYS2 Configuration:

«  Probe: EX3DV4 - SN3503; ConvF(5.01, 5.01, 5.01); Calibrated: 30.12.2013, ConvF(4.76, 4.76,
4.76); Calibrated: 30.12.2013, ConvIF(4.3, 4.3, 4.3); Calibrated: 30.12.2013, ConvF(4.52, 4.52, 4.52);
Calibrated: 30.12.2013, ConvF(4.47, 4.47, 4.47); Calibrated: 30.12.2013;

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

» Electronics: DAE4 Sn601; Calibrated: 25.04.2013

«  Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
« DASYS2528.7(1137): SEMCAD X 14.6.1007164)

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

Reference Value = 58.646 Vim; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 29.4 Wikg

SAR(I g} = 7.43 Wikg; SAR(10 g) = 2.08 W/kg

Maximum value of SAR (measured) = 17.5 Wikg

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

Reference Value = 58.747 Vim; Power Drift = -(0.01 dB

Peak SAR (extrapolated) = 30.6 W/kg

SAR(1 g) = 7.58 W/kg: SAR(10 g) = 2.12 W/kg

Maximum value of SAR (measured) = 17.9 W/kg

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

Reference Value = 538,868 Vim; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 35.7 Wikg

SAR(T g) = 8.03 W/ke: SAR(10 g) = 2.23 W/ke

Maximum value of SAR (measured) = 19.8 W/kg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, {=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 59.036 Vim; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 34.4 W/kg

SAR(1 g) = 7.98 W/kg: SAR(10 g) = 2.22 W/kg

Maximum value of SAR (measured) = 19.3 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, {=3800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0; Mcasurcment grid; dx=4mm, dy=4mm, dz=1.4mmn

Reference Value = 55.673 Vim; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 35.0 W/kg

SAR(1 g) =748 W/kg: SAR(10 g) = 2.07 W/kg
Maximum value of SAR (measured) = 18.7 Wikg

-6.00
-12.00
-16.00

-24.00

-3n.on

0dB = 18.7 Wikg = 12.72 dBW/kg
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Impedance Measurement Plot for Body TSL
7 Jan 2014 13:38:54
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ANNEX E DAE4 CALIBRATION CERTIFICATE

Schmid & Partner Enginasning AG s p E a q

Zoughaussiragse 43, 8004 Zurich, Bwitzerland '
Phone +41 44 245 5700, Fax +d1 44 245 9779 i
info@spaag.com, htiphsanslspesg.com

IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unil iz a delicale, high precision instrument and requires careful treatment by the user. There ane ne
serviceable parts inside the DAE. Special attention shall be given to the following points:

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

Shipping of the DAE: Beiore shipping the DAE io SPEAG for calibration, remove the batterias and pack the
DAE in an anlistatic bag. This antistatic bag shall then be packed Into a larger box or container which protects the
DAE from Impacsts during transportation. The package shall be marked to indicate that a fragile instrument is
inshde.

E-Stop Failures Touch detection may be malfunctioning dus fo broken magnets in the E-stop. Rough handling
of the E-stop may lead to damage of these magnets. Touch and collision emors are often caused by dust and dirt
accumulated in the Estop. To prevent Estop fallure, the customer shall always mount the probe to the DAE
carefully and keep the DAE unit in a non-dusty emvironment if not uged for measuremeants.

Repair. Minar rapairs are performed at no extra cost during the annual calibration. However, SPEAG resarves
the right to charge for any repair especially if rough unprofessional handling caused the defecl

DASY Configuration Files: Since the exact values of the DAE input resistances, as measured durdng the
calibration procadure of a DAE unit, are not used by the DASY softwara, a nominal value of 200 MOhm is givan
in the correspanding configuration file.

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

Important Mote:

MNever atternpt to grease or oil the E-stop assembly. Cleaning and readjusting of the E-
stop assembly is allowed by certified SPEAG personnel only and is part of the annual
calibration procedure.

Important Note:

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

Schmid & Partner Engineering

TH_BRO40315AD DAE4 . doc 11.12.2008
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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 Auden

S Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accreditation No.: SCS 0108

Certificate No: DAE4-1341_Aug15

CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration date:

DAE4 - SD 000 D04 BM - SN: 1341

QA CAL-06.v29

Calibration procedure for the data acquisition elecironics (DAE)

August 25, 2015

Calibration Equipment used (M&TE critical far calibration)

This calibration cerlificate documents the traceability to naticnal 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 ceriificate.

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

Primary Standards ID# Cal Date (Certificate No.) Schedulad Calibration
Keithley Multimster Type 2001 SN: 0810278 03-Cet-14 {Ne:15573) COel-15
Secondary Standards 1D # Check Date (in housa) Scheduled Check

Auto DAE Calibration Unit
Calibrator Box V2.1

Calibrated by:

Approved by

SEUWS 053 AA 1001 06-Jan-15 {in house check)

SE UMS 006 AA 1002 06-Jan-15 (in house check)

Name Function
Eric Hainteld Techniclan

In house check: Jan-16
In house check: Jan-18

Signature

e al

Fin Bomholt Deputy Technical Manager \‘ \/ % ‘L W

Issued: August 25, 2015

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

. G Schweizerischer Kalibrierdienst
Schmid & Partner ¢ Service suisa didtalonnage
Engineering AG Servizio svizzero dl taratury
Zaughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service
Aceradited by the Swiss Actrediation Sarvice [SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is one of the signaterles 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 veltmeter 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.

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

s 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.

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

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

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
AJD - Converter Resolution nominal

High Range: 1LSE = GV, fuil range = ~100...+300 mV
Low Range: 1LSE u ainv , fullrange = -1....... +3amy
DASY measurement paramelers: Auto Zero Time: 3 sec; Measuring time: 3 soc
Calibration Factors X ¥ z
High Range 403.750 £ 0.02% (k=2} | 403,984 & 0.02% (k=2) | 403.685 £ 0.02% (k=2)
Low Range 3.98548 + 1.50% (k=2} | 400128 £ 1.50% (k=2) | 3.99767 £ 1.50% (k=2)
Connector Angle
Connector Angle to be used in DASY systern 168.5%+1°*
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Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Linearity

High Range Reading (uv) Difference (uV) Error (%)
Channel X + Input 199996.78 0,32 -0.00
Channel X + Input 2000432 272 0.0
ChannelX - Input -19999.36 112 001
Channel ¥ + Input 192896.05 088 -0.00
Channel ¥ + Input 20004.21 274 0.0
Channel ¥ - Input =20000.52 -0.38 0.00
Channel Z + Input 199996.11 -1.18 -0.00
Channel Z + Input 20000.24 -1.29 -0.01
Channel Z - Input -20001.93 -1.38 0.01
Low Range Reading (uV}) Difference (uV) Error (%)
Channel X + Input 2001.20 -0.19 -0.01
Channel X + Input 202.18 0.35 L8 )
Channel X = Input -187.68 0,38 -0.20
Channel ¥ + Input 2001.41 015 o.m
Channel Y + Input 200,46 -1.23 -0.61
E‘hanm].‘l" o Input -199,37 =125 0.63
Channel Z + Input 2001.30 -0,03 -0.00
Channel Z + Input 200,84 -0.86 =0.44
Channel Z - Input -192.71 -1.51 Q.78
2. Common mode sensitivity
DASY measuraman! parameters: Aute Zero Time: 3 99¢, Measuring time: 3 gec
Common mode High Range Low Range
Input Valtage (mV) Average Reading (pV) Average Reading (uV)
Channel X 200 11.26 10.62
- 200 ) -8.82 -11.32
Channel Y 200 6.16 -6.57
= 200 aes 3.83
Channel 2 200 -22.22 -2216
- 200 20.49 20.34
3. Channel separation
DASY measurement parameters: Aule Zere Time: 3 sec; Measuring fime: 3 sec
Input Veltage (mV) | Channel X (V) | Channel ¥ (uV) Channel Z (V)
Channel X 200 -4 48 -2.32
Channel ¥ 200 _ 5.21 ) - -1.81
Channel £ 200 g.82 2.20 -
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4. AD-Converter Values with inputs shorted

DASY measuremant paramaters: Auto Zerp Time: 3 sec; Measuring fime: 3 sec

High Range (LSB) Low Hange (LSB)
Channel X 15976 1.531;1 -
Channel ¥ 15918 17210
Channel £ 16256 16814

5. Input Offset Measurement

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

Input 10M52
Average (WV) | min. Offset (V) | max. Offset(uV) | ' ?:;;“H""
Channel X 1.14 0.22 2.05 0.42
Channel ¥ -0.70 -1.B8 0.32 0.44
Channel Z -2.05 -2.82 -1.09 0.42
6. Input Offset Current
Mominal Input Gircuitry offset current on all channels: <254,
7. Input Resistance (Typical values for infermation)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel ¥ 200 200
Channel £ 200 200

8. Low Battery Alarm Voltage {Typical values far information)

Typical values Alarm Level (VDC)
Supply (+ Vec) 78
Supply (= Vec) 7.6
9. Power Consumption (Typical valuas for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vec) +0.01 +B +14
Supply (- Voc} -0.m -8 -8
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ANNEX F TEST LAYOUT

Liquid depth:15.3cm
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ANNEX G THE EUT APPEARANCE AND TEST CONFIGURATION

Test position 1 Bottom Face-Omm:

Picture 1

Test position 2 Bottom Face-16mm:

Picture 2

TRF No.: FCC SAR/A Report No.: ES160623027E9 Ver.1.0




Test position 3 Edge 3-Omm:

L

Picture 3 WIFI&BT antenna

Test position 4 Edge 3-12mm:

=

Picture 4
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Test position 5 Edge 4-O0mm:

-
2G&3G&4G antenna Picture 5

Test position 6 Edge 4-7mm:

Picture 6
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Test position 7 Edge 1-Omm:

Picture 7
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