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Client BACL Certificate No; D750V3-1167_Nov16

|CALIBRATION CERTIFICATE |

Object D¥50V3 - SM:1167

Calbration procedure(s) QA CAL-D5.v9
Calibration procedure for dipole validation kits above 700 MHz

| Calibration date: MNovember 08, 2016

This calibration cenificale decements the traceability 1o nalional stan dards, which realize e physical units of maasuraments {S1),
The measuremertis and the uncarfainties with confide nce prebability are given on the loliowsng pages and are pa of the canificata.

All catibrations have been conducted In the closed kaboralory facility: enviromment tamperalure (22 + 3)°C and humidity < 705

Calibration Equipment used (ME&TE critical for calibiatéon)

Primary Standards D & Cal Date (Cortificate Mo.) Scheduled Calibration
Poreser meter NRP SH: 104778 OB-Apr-16 (Mo, 217-02288/022589) Aapr-17
Porwer samsor NRP-Z281 S 103244 06-Apr-16 (Mo. 217-02288) Sapra?

| Powar sensor NRP-281 Sh: 103245 0B-Apr-16 (No. 217-02268) Apr7?
Reference 20 i Attenuator Si: 5058 (20k) O5-Apr-16 (Mo, 217-02202) fapr-17

Type-N mismalch combination SM: 5047.2 / 08327 05-Apr-16 [No. 217-02295) Aprd?
Rzference Probo EX30V4 Sh: 7349 15.Jun-16 (No. EX3-73409_Junia) Jun17?
DAE4 SM: 601 30-Dec-15 (Mo, DAES-601_[Moe15) Dec-16
Secondary Standards D # Check Dale {irn house) Scheduled Chack
Power meter EPh-2424, SM: GBIF4B0TOS 07-0cl-15 (in house check Oct-16) In housa check: Qcl-18

| Power sensor HP B4&1A Shl: US3T282783 07-0ct-15 (i house chock Owl-16) I house check: Oct-18
Power sensor HP 84814 SM: MY410%2317 07-0c1-15 i house chack Oct-16) In house check: Qct-18
HAF generator A&S SMT-06 | SM; 100872 15-Jun-15 {in howse check Ool-10) In house check: Oct-18
Megwork Analyzer HP 8753E S US3T390685 18-0c1-01 {in house check Oet-16) In house check: Oct-17

Hame Fumnclion Signature
Calibrated by: Laif Kiysnar Labomtory Technician W lﬁé’/"‘( |
- |
Approved by: Kafja Pokovic Tachnical Manager 1_; . 6’7{,.-;_,. 3
J__e-;-" s r’"/x.e_-}'_
Issued: Wovember 11, 2016

This calibration cerificate shall mol be reproduced axcept in full without wiillen approval of the labaralory,
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schwaizarischer Kallbrierdienst
Service suisse d'dtalonnage
Servizio svizzere di taratura
Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation Mo.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of ealibration cortificates

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

b} IEC 62208-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear {frequency range of 300 MHz to 3 GHz)",
February 2005

c} IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 8 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 8 GHz"

Additional Documentation:
e) 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
pasitioned 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 paoint.
MNo uncertainty required.

s 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 pags 1.

DASY Version DASYS vsz2.8.8
Extrapolation Advanced Extrapolation
Phantom Moadular 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 ware applied.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 41.9 0.89 mha/m
Measured Head TSL parameters (22002 °C 411£6% 0.92 mho/m £ 6 %
Head TSL temperature change during test <0.5°C -
SAR result with Head TSL
SAR averaged over 1 ecm? {1 g) of Head TSL Condition
SAR measured 250 mW input power 2.12 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 8.23 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.38 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

5.39 Wikg + 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Bedy TSL parameters 220°C 55.5 0.96 mho/m
Measured Body TSL parameters (22,0 £0.2)°C 55.6 =6 % 0.97 mhoim + 6 %
Body TSL temperature change during test =05°C -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Bady TSL Condition
SAR measured 250 mW input power 2.16 Wikg

SAR for nominal Body TSL paramatars

normalized 1o 1W

8.58 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.43 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

5.69 W/kg + 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 54.102-3.7Q
Raturn Loss -2556dB8

Antenna Parameters with Body TSL

Impedance, transiormed io feed poink 4980 -54i0
Retum Loss -26.44dB

General Antenna Parameters and Dasign

Electrical Delay (one direction) | 1.033ns

After long term use with 100W radiated power, only a slight wamming of the dipole near the leedpoint can be measurad.

The dipole is made of standard semirigid coaxial cabla. The center conductor of tha feading line s directly connected to the
second arm of the: dipole. The antenna is therefore shor-cincuiled for DG-signals. On some of the dipcles, small end caps
are added lo the dipole amns in order 1o improve matching when loaded according te the position as explained in the
“Measurement Conditions® paragraph. The SAR dalta are not affected by this changa. The overall dipole length is still
according 1o the Standard,

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

Additional EUT Data
Manufactured by SPEAG
Manufactured on Qctober 10, 2016
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DASYS5 Validation Report for Head TSL

Date: Q08.11.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3: Serial: D750V3 - SN: 1167

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

Medium parameters used: ['= 750 MHz; g =0.92 S/m; & = 41.1; p= 1000 kg/m*
Phantom section: Flat Section

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

DASYS2 Configuration:
*  Probe: EX3DV4 - SN7349; ConvF(10.07, 10.07, 10.07); Calibrated: 15.06.2016;
= Sensor-Surface: .4dmm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 30.12.2015
= Phantom: Flat Phantom 4.9L; Type: QDROODP49AA: Serial: 1001
« DASYS252.88(1258): SEMCAD X 14.6.1007372)

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

Reference Yalue = 58.22 V/m; Power Drifi = 0.01 dB

Peak SAR (extrapolated) = 3.17 W/kg

SARI(1 g} = 2.12 W/kg; SAR(10 g) = 1.38 W/kg

Maximum value of SAR (measured) = 2.82 Wikg

-2.20
-4.40
-6.60

-8.60

-11.00

0dB =232 W/kg =450 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL
Date: 08.11.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN:1167
Communication System: UID 0 - CW: Frequency: 750 MHz
Medium parameters used: =750 MHz; 6 = 0,97 $/m; & = 55.6: p = 1000 kg/m”

Phantom section: Flat Section
Measurement Standard: DASY S (IEEEAEC/ANST C63.19-2011)

DASYS2 Configuration:
*  Probe: EX3DV4 - SN7349; ConvF(9.99, 9.99, 9.99); Calibrated: 15.06.2016;
«  Sensor-Surface: LA4mm (Mechanical Surface Detection)
+  Electronics: DAE4 Sn601; Calibrated: 30.12.2015
«  Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001
o DASYS52 52.8.8(1258) SEMCAD X 140.6.10(7372)

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

Reference Value = 56,52 Vim; Power Drilt =-0.01 dB

Peak SAR (extrapolated) = 3.20 Wikg

SAR(L gy = 2.16 W/kg: SAR(10 g) = 1.43 W/kg

Maximum value of SAR {measured) = 2.83 Wikg

-2.20
-4.40
-6.60

-11.00

0dB =283 W/kg =452 dBW/kg
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Impedance Measurement Plot for Body TSL
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Measurement Conditions
DASY sysiem configuration, as far as nol given gn page 1.

DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantam Madular Flat Phaniom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequancy 1750 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations ware applied.
Temperature Permittivity Conductivity
Moiminal Head TSL parameters 22.0°C 40,1 1.37 mhoim
WMeasured Head TSL parameters (22.0£0.2)°C 380+6% 1.38 mhofm = 6 %
Head TSL temperatura change during test <0.5°C o
SAR result with Head TSL
SAR averaged over 1 cm® {1 g) of Head TSL Condilian
SAR measured 250 mW input power 9.31 Wikg
SAR for mominal Head TSL parameters normalized to 1W 38.8 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measurad 260 mW inpul powar 4,97 Wikg

SAR for nominal Head TSL parameters

nomglized 1o 1W

19.7 Wikg = 16.5 % (k=2}

Body TSL parameters
The following parameters and calculations ware appliod.
Temperature Parmittivity Conductivity
MNominal Body TSL parametars 22.0°C 53.4 1.48 mho/m
Measured Body TSL parameters {22.0x£0.2)°C [y 1.48 mho'm =6 %
Body TSL temperature change during test =05*°C il
SAR result with Body TSL
SAR averaged over 1cm® {1 g) of Body TSL Condition
SAR measured 250 mW input power 9,37 Wikg
SAR for mominal Body TSL parameters nommalized to TW 7.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® {10 g) of Body TSL condillon
SAR measured 250 mW inpul power 5.07 Wikg
SAR for nominal Body TSL paramelars mormalized to 1W 20,3 Wiy = 16.5 % (k=2)

Certificate No: D1750V2-1141_JuN5

Pege 3of 8




Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, iransformad 1o feed point 51.10-01§0
FRetun Loss -39.5dB

Antenna Parameters with Body TSL

Impedancs, transiormed to feed point 4660+ 03[0
Relum Loss - 20.0 dB

General Antenna Parameters and Design

i Elactrical Delay {one diraciion) | 1.225ns —[

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

The dipole Is made of standard semingld coaxial cabla. The center conductor of the feading line is direcily connectad 1o the
second am of 1he dipole. The antenna is theralore short-circuited for DC-signals. On soma of the dipoles, small end caps
arg added to the dipole arms in grder te improve matching when loaded according to the position as explalned in the
"Measurement Conditions” paragraph, The SAR data are not affected by this change. The overall dipola largth is still
according lo the Standard.

Mo axcessive forge must be appliad to the dipole arms, because thay might bend or the solderad connections near the
feedpoint may be damaged.

Additional EUT Data

Manuiactured by SPEAG
Manufactured on Baptermber 30, 2014
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Certificate No: D2450V2-971_Jul15

CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration date:

D2450V2 - SN:971

QA CAL-05.v89

Calibration procedure for dipole validation kits above 700 MHz

July 08, 2015

Calibration Equipmant used (M&TE critical for calibration)

This calibration certificate documents the traceabilily to national standards, which realize the physical unils of measurements (S1).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

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

Metwork Analyzer HP 8753E

Calibrated by:

Approved by:

US37390585 S4206

Name
Jeton Kastrati

Katja Pokovic

18-0ct-01 (in house check Oct-14)

Function

Technical Manager

Laboratory Tat:hnir:larlL__d;lf‘,ﬁ L
J =
o f/"

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration
Power meter EPM-442A GB37480704 07-Oct-14 (No. 217-02020) Oct-15

Power sensor HP B481A us37202783 07-Oct-14 (No. 217-02020) Oct-15

Power sensor HP B481A MY41092317 07-Oct-14 (Mo. 217-02021) Oct-15

Relarence 20 dB Altenuator SN: 5058 (20k) 01-Apr-15 (No. 217-02131) Mar-16

Type-N mismalch combination SN: 5047.2 / 06327 01-Apr-15 (No. 217-02134) Mar-16

Reference Probe ES3DV3 SN: 3205 30-Dec-14 (Mo. ES3-3205_Dec14) Dec-15

DAE4 SN: 601 18-Aug-14 (No. DAE4-601_Aug14) Aug-15

Secondary Standards 1D # 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-16

In house check: Oct-15

Signature
.
oz

o L

Issued: July 9, 2015

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

Schweizerischer Kalibrierdienst

. A= S
Schmid & Partner ﬂaﬁé//m G Service suisse distalonnage
Engineering AG S Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland "/,,,ﬁ\\ﬁ S swiss Calibration Service
Accradited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, “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

¢) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

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

Additional Documentation:

e)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

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

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

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

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

iven on page 1.

DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m
Measured Head TSL parameters (22.0£0.2)°C 37.9x6% 1.88 mho/m £ 6 %
Head TSL temperature change during test <0.5°C eee -
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.7 Wikg
SAR for nominal Head TSL parameters normalized to 1W 53.3 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.40 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

25.2 Wikg + 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.7 1.95 mho/m
Measured Body TSL parameters (22.0x0.2)°C 524x6% 2,03 mhofm £6 %
Body TSL temperature change during test <0.5°C wee ne—
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 12.9 W/kg
SAR for nominal Body TSL parameters normalized to 1W 50.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 6.05 Wikg
SAR for nominal Body TSL parameters normalized to 1W 23.9 Wikg = 16.5 % (k=2)

Certificate No: D2450v2-971_Jul15
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedancs, transformed to feed point 535Q+19|Q
Return Loss -28.3dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50.5Q +3.6Q
Return Loss -28.8dB

General Antenna Parameters and Design

I Electrical Delay {(one direction) 1.155 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feadpoint 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 shon-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 to the position as explained in the
“Measurement Conditions® paragraph. The SAR dala 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 December 30, 2014
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DASY5 Validation Report for Head TSL

Date: 08.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:971

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

Medium parameters used: f = 2450 MHz; o = 1.88 S/m; g, = 37.9; p = 1000 kghn"
Phantom section: Flat Section

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

DASYS2 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(4.54, 4.54, 4.54); Calibrated: 30.12.2014;
+  Sensor-Surface: 3mm (Mechanical Surface Detection)
s Electronics: DAE4 Sn601; Calibrated: 18.08.2014
e Phantom: Flat Phantom 5.0 (front); Type: QDOOOP50AA; Serial: 1001
« DASY5252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 101.3 V/m: Power Drift = 0.03 dB

Peak SAR (extrapolated) = 28.1 W/kg

SAR(1 g) = 13.7 W/kg; SAR(10 g) = 6.4 W/kg

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

dB

0
l -4.00
-8.00
-12.00

-16.00

-20.00

0dB = 18.0 Wrkg = 12.55 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 08.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:971

Communication System: UID 0 - CW; Frequency: 2450 MHz
Medium parameters used: f = 2450 MHz; 6 = 2.03 S/m; £, = 52.4; p= 1000 kg;‘m"
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)
DASYS52 Configuration:
o Probe: ES3DV3 - SN3205; ConvF(4.32, 4.32, 4.32); Calibrated: 30.12.2014;
«  Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601: Calibrated: 18.08.2014
= Phantom: Flat Phantom 5.0 (back); Type: QDO00OP50AA; Serial: 1002

o DASY5252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 94.67 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 26.4 W/kg

SAR(1 g) = 12.9 W/kg; SAR(10 g) = 6.05 W/kg

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

dB

-4.00

-8.00

-12.00
-16.00
-20.00

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

Callbl:‘allﬂn Laboratory of g‘"&"”z’ § Schweizerischer Kalibricrdionst
Schmid & Partner ;‘-1“:*‘1*1 o Service suisso d'étalonnage
Enginsering AG _;#__f_’iﬂ\l@& * Servizio svizzero di laratura
Ioughaussirasse 43, 8004 Zurish, Switze-land T S Swiss Callbration Senice
focredited by the Swizs Accradiltion Servize (SAS) Accraditation Ne: SCS 0108

The Swiss Accraditalion Service is ane of the signatories to the EA
Multilateral Agreemant for the recognition of calibration certlicates

Cilent BACL Cerificate No: D2600V2-1132_Novi16

|CALIBRATION CERTIFICATE

|'3'JJE':'l D2sCovz - sNi1132

!Callnmllur procedurc(s) QA CAL-D5.9
Calibration procsdurs for dipole validation kits above 700 MHz

Calibralior date: MNovember 10, 2016

Thig cakbralicn certifizale docunents the treeabilily b rational standards, which realize the phys cal units ol measwements (ST,
The measurements and the uncartainties with confidence probability are givan on the fallowing pages and are part of the certilicats,

All calibradons have bean conducted in the closed tbaraiory faciity: ervirarmant temparature (25 + 3)°C and Mamitity < 70%,

Calibeation Equipment used (MATE critical lar ealibration)

| Primary Standards | 1D # Cal Date (Cerdilicate Mo.) Schedulad Calibeaton
[ Power meler NEP SM: 104778 DE-ARF-16 (Mo 217-02283/02280) Apr-17

Powar sansor NRP-Z21 SM: 103244 05-ARr-16 (Mo 217-02283) Apr17

Power sensae NRP-Z11 SH: 103245 DE-Apr-16 (Mo 217-02283) Apr17
| Aference 20 dB Atenuator Sh: 5058 (20k) D5-Apr-16 (Mo, 217-02202) Apr-1T

Typah MEMACH comonalon S 0458 [ USEES US-AQRr-16 (Mo, 217-02203) Apr17

Raference Prabe EXZDV4 SN: 7340 15-Jur-16 (Mo, EX3-7348_Jun16) Jun-17

DAE4 SM: @0l 30-Dec-15 (Mo, DAE4-B01_Deci5) Dee-16
|59ccndar',.l51anuamg lip# Chack Date {in house) Schodulxd Chock
|P‘DWBI' medar EPM-442A | SN: GEAP4B0704 OF-Det-15 {in house chady Oel-16) I howse eheck: O-18
| Power sensar HP B4E1A SN: US3T202783 O7-0Ct-15 (in house chod Ocl-16) In house check: Od-18
Power sansor HP B4E1A Sh: MY41092317 O7-0ct-15 (in kousa cheds Ocl-16) In house check: Ool-18
RF generalor R&S SMT-08 SM: 100872 15-Jun-15 {in house chadk Oct-16) In housa chack: Ocl-18
Mobwork Analyzer HP 8753E SM: US37300583 18-2ct:01 (in Bowse chack Oct-16) In howse chack: Og-17

Mame Function Signaiuia
Calibrated by, Michael Weber Labarxtany Techhician

Approid by: Kalja Pokovic Technical Minager },d{/‘{-’ja ey

-

Issuad: hovembar 11, 2016

Thet calibrafion corificale shall ot be reproduccd exeepl in (ol wihaut willen approval af the laboratary.
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Calibration Laboratory of Sy,

4 P G Schweizerischor Kalibrierdienst
Schmid & Partner Jl_ﬁﬁwzkb—_g}m @ Service suisse ditalonnage
E“QiﬁEETing AG I Servizio svizzero di taratura
Zoughausstrasse 33, 8004 Zurich, Switzertand AN S Swiss Calibration Service
el oo
Accradited by the Swiss Accraditation Seevice {SAS) Aecreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signateries to the EA
Multilateral Agreoment for the recognition of calibration eertiticates

Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL / NOBM x,y,z
MN/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) IEC 82209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human bady (frequency range of 30
MHz to 8 GHz)", March 2010

d) KDBE 865664, "SAR Measurement Requirements for 100 MHz to 6§ GHz"

Additional Documentation:
e) 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 liguid filled phantom. The impedance stated is transfarmed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. Mo 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 resuit.

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 V52.8.8
Extrapolation Advancad Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resclution di, dy, dz =5 mm
Frequency 2600 MHz + 1 MHz
Head TSL parameters
The following parametars and calculations were applied.
Temparature Parmittivity Conductivity
Nominal Head TSL parameters 22.0°C 38.0 1.96 mhofm
Measured Head TSL parameters {220z02)°C FE£ER 2.04 mhe'm + 6 %
Head TSL temperature change during test <0.5°C -— e
SAR result with Head TSL
SAR averaged over 1 cm” (1 g) of Head TSL Condition
SAR measured 250 m\W input power 14.4 Wikg
SAR for nominal Head TSL parameters normalized to 1W 56.1 Wikg = 17.0 % (k=2)
SAR averagad over 10 em’ {10 g) of Head TSL condition
SAR measurad 250 mW input power 6.38 Wikg

SAR for nominal Head TSL parameters

nomalized to 1W

25.1 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conduchvity
Neminal Body TSL parameters 22.0°C 525 2,16 mho/m
Measured Body TSL parameters 22002 °C 508+6% 2.20 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 measurad 250 mW input power 13.7 Wikg

SAR for nominal Body TSL paramaters

normalized to 1W

53.9 Wikg £ 17.0 36 (k=2)

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

condition

SAR measured

250 mW input power

6.10 Wikg

SAR for nominal Body TSL parameters

narmalized Lo 1W

24.2 Wikg = 16.5 % (k=2)

Certificate No: D2800V2-1132_MNoviE
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 4760-86
Return Loss - 20.8 dB

Antenna Parameters with Body TSL

Impedance, transformed 1o feed point A00-61K
Retumn Loss -20.8dB

General Antenna Parameters and Design

| Etectrical Delay {one direction) | 1154 ns

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

The dipole i made of standard semirigid coaxial cabls. The center conductor of the feading line is dirsctly connected to the
second arm of the dipole. The antenna is therslore short-circulled for DC-signals. On some of the dipates, small end caps
are added to the dipole arms in arder to improve matehing when loaded according to the position as explained in the
“Measuremant Gonditions" paragraph. The SAR data are not afiected by this change, The overall dipole length is still
according to the Standard.

Mo excessive force must be applied to the dipola arms, because they might bend or the saldered connections near the
feedpoint may be damaged.

Additional EUT Data
Manufactured by SPEAG
Manufactured on October 12, 2016
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DASYS Validation Report for Head TSL

Date: 10011.2016

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2600 MHz: Type: D2600V2; Serial: D2600V2 - SN:1132

Communication System: UID 0 - CW; Frequency: 2600 MHz

Medium parameters used: [= 2600 MHz: 6 = 2.04 S/m; £, = 37.6: p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (I[EEE/EC/ANSI C63.19-2011)

DASY 52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(7.56, 7.56, 7.56); Calibrated: 15.06.2016:

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAES Sn601: Calibrated: 30.12.2015

Phantom: Flat Phantom 5.0 (front); Type: QDOMPS0AA; Serial: 1001

DASYS2 52.8.8(1238); SEMCAD X 14.6.10(7372)

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

Reference Walue = 1150 Vim; Power Drft = -0.02 dB

Peak SAR (extrapolated) = 30.4 Wikg

SAR(1 @) = 14.4 W/ka: SAR(10 g) = 6.38 Wikp

Maximum value of SAR (measured) = 24.2 Wike

-5.00

-10.00

-15.00

=20.00

-25.00

0dB =24.2 Wikg = 1384 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Drate: 10.11.2016

Test Laboratory: SPEAG, Zurich, Swilzerland

DUT: Dipole 2600 MHz; Type: D2600V2: Serial: D2600V2 - SN:1132

Communication System: UID 0 - CW; Frequency: 2600 MHz

Medium parameters used: = 2600 MHz: ¢ = 2.2 S/m; & = 50.8; p= 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEAEC/ANS] CA3,19-2011)

ASYS2 Configuration:

« Probe: EX3DV4 - SN7349; ConvF(7.48, 748, 7.48); Calibrated: 15.06,2016;

= Sensor-Surface: 1dmm (Mechanical Surface Detection)

«  Electronics; DAE4 Sn601; Calibrated: 30.12.2015

*  Phantem: Flat Phantom 5.0 iback): Type: QDOUDPS0AA; Serial: 1002

« DASYS2 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Relerence Value = 107.2 Vim; Power Drifi = -0,05 dB

Peak SAR (extrapolated) = 27.9 Wikg

SAR(L g) = 13.7 W/kg: SAR(10 g) = 6.1 W/kg

Maximum value of SAR (measured) = 22.8 Wiks

-5.20

-10.40

-15.60

-20.80

-26.00

0dB =228 W/kg= 1358 dBW/kg
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Impedance Measurement Plot for Body TSL
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