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Attachment 2. — Dipole Calibration Data
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The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

client ~ DT&C (Dymstec) Certificate No: D750V3-1049_Jan17
CALIBRATION CERTIFICATE

Object D750V3 - SN:1049

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

ation certificaie documenis ihe traceabiiity io naiional siandards, which reaiize the pnysrcal units of measurements (
The measurements and the uncertainties with confidence probability are

ai o
idence probabilit given on th ving p
Ali caiibrations have been conducied in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Mrimary Siandands o4 Cai Daie (Carlilivaie Nu.) Scheduied Calibraiion

Power mater NRP SN: 104778 06-Apr-16 {No, 217-02288/02289) Apr-17

Power sensor NRP-281 SN: 108244 06-Apr-16 (No. 217-02288) Apr-17

Power sensor NRP-Z21 SN: 103245 06-Apr-16 {Wo. 217-02288) Apr-17

Reference 20 dB Altenuator SN: 5058 (20k) 05-Apr-16 (No. 217-02292) Apr-17

Type-i mismaich combination Si: 5047.2 / 06327 05-Apr-16 (No. 217-02295) Apr-17

Reference Probe EX3DV4 SN: 7349 31-Dec-16 (Mo. EX3-7348_DeciS) Dec-17

DAE4 SN: 601 04-Jan-17 (No. DAE4-601_Jan17) Jan-18

Secondary Standards 1D # Check Date (in house) Scheduled Check

Power meter EPM-442A SN: GB37480704 07-0ct-15 (in house check Qct-16) In house check: Oct-18

Power sensor HP 8481A Sh: US37252783 07-Cct=15 {in house check Oct-1G) in house check: Oct-18

Power sensor HP 8481A SMN: MY41092317 07-0ct-15 (in house check Oct-16) In house check: Oct-18

RF generaior R&S SMT-06 Si: 100972 15-Jun-15 {in house check Oct-16) in house check: Oct-18

Network Analyzer HP 8753E SN: US37390585 18-Oct-01 (in house check Oct-16) In house check: Oct-17
Name Function Signature

Calibrated by: Johannes Kurikka Laboratory Technician

;/Z(_ Woto_

o

Approvad by Katja Pokovic Technical Manager // %’

Issued: January 20, 2017
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Calibration Laboratory of
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Engineering AG Z /-f,_—-,_\\ = Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % fﬁw\? S swiss Calibration Service
felpphyphat
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral 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)",

Matharde Arnnliard and Intarnratati nf Daramatarc:
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of the certificate. All figur ed in the certificate are valid at the frequency indicated.
e Antenna Parameters wit L: 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

paraliel to the body axis.
e Feed Point impedance and Return i.oss:

hese parameters are measured with the
positioned under the liquid filied phantom. i
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» 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
prohability of approximately 95%.
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Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS5 V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 750 MHz = 1 MHz

Head TSL parameters
The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 419 0.89 mho/m
Measured Head TSL parameters (22.0+0.2) °C 416+x6% 0.89 mho/m 6 %
Head TSL temperature change during test <0.5°C o
™A M s A el R gy
SQAM resuit witn neaa 1oL
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.13 Wikg
SAR for nominal Head TSL parameters normalized to 1W 851 W/kg +17.0 % (k=2)
CAD avnramard Ause 10N nw\a 1N ~) o Af Uansd TCI e el i e
RN avsiaycu uver v i LIV yy v nicau 1oL ST U
SAR measured 250 mW input power 1.38 Wikg
SAR for nominal Head TSL parameters normalized to 1W 5.51 Wikg = 16.5 % (k=2)

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 55.5 0.56 mho/m

Measured Body TSL parameters (22.0+0.2) °C 542 +6% 0.96 mho/m +6 %

Body TSL temperature change during test <05°C e —
SAR resuit with Body TSL

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

SAR measured 250 mW input power 2.17 Wikg

SAR for nominal Body TSL parameters normalized to 1W 8.63 W/kg £17.0 % (k=2)

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

SAR measured 250 mW input power 1.42 Wikg

SAR for nominal Body TSL parameters normalized to 1W 5.66 W/kg = 16.5 % (k=2)
Certificate No: 0750V3-1049_.1an17 Page 3of 8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 54.89Q-1.1jQ
Return Loss -26.4dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4950 -52jQ
Return Loss -25.6dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.035ns

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

The dipole is made of standard semirigid coaxial cable. The center condugtor of the feeding line is directly connected to the
second amm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
ara addad tn thn dinala arrs s aesdae do inamemiin moodbababo e o s o lom oo d o oo SN T T H L RN B

TS SR L L WU s T USROS Talieniniyg wiicn iwaucu avuiaing [ (W I~

[L
"Measuremen Conditions" paragraph. The SAR data are not affected by this change. Th

e |

0 ir1ht hand ~r tha ealdarad canmactiame rasr das
y might bend or the scldered connections near the
Ad Al e ] LI M s
AUUIUOndl CU 1l dle
Acarmiifartiirad ks oA
T LU T Uy DA
Manufactured on October 03, 2011
Certificate No: D750V3-1049_Jan17 Page 4 of R
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DASYS5 Validation Report for Head TSL

Date: 18.01.2017

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN:1049

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

Medium parameters used: f = 750 MHz; ¢ = 0.89 S/m; & = 41.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
s Probe: EX3DV4 - SN7349; ConvF(10.17, 10.17, 10.17); Calibrated: 31.12.2016;
+ Sensor-Surface: 1.4mm (Mechanical Surface Detection)

o Electronics: DAE4 Sn601; Calibrated: 04.01.2017

Reference Value = 59. 39 V}m
Peak SAR (extrapolated) = 3.2
SAKR(1 g) = Z.13 Wikg; SAR(10 g)

foa Ty

Maximum value of SAR (measured) = 2.87 W/kg
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0dB =2.87 W/kg=4.58 dBW/kg
Certificate No: D750V3-1049_Jani7 Page 50f8
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Impedance Measurement Plot for Head TSL

18 Jan 2017 16:43:49
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DASYS5 Validation Report for Body TSL

Date: 18.01.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN:1049

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

Medium parameters used: f = 750 MHz; ¢ = 0.96 S/m; & = 54.2; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
¢ Probe: EX3DV4 - SN7349; ConvF(9.99, 9.99, 9.99); Calibrated: 31.12.2016;
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)

e Electronics: DAE4 Sn601; Calibrated: 04.01.2017
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0dB =292 W/kg =4.65 dBW/kg

Certificate No: D750V3-1048_.lan17 Page 7 of R
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Impedance Measurement Plot for Body TSL

18 Jan 2017 13:15:33
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Zeughausstrasse 43, 8004 Zurich, Switzerland A fﬁ\“* S  swiss Calibration Service
QA
Accredited 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

Client DT&C (Dymstec) Certificate No: D835V2-4d159_Sep16

CALIBRATION CERTIFICATE

Object D835V2 - SN:4d159

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

All calibrations have been conductad in the closed laboratory facility: environmeant temperature (22 + 2)°C and humidity < 70%.

Cal Date {Certificate No.) Scheduled Calibration

06-Apr-16 (No. 217-02288/02280) Apr-17

06-Apr-16 (No. 217-02288) Apr-17

08-Api-16 (No. 217-02288) Apr-17

05-Apr-16 (No. 217-02292) Apr17

05-Apr-16 (No. 217-02295) Apr-17

15-dun-18 {iNo. EX3-7345_Junigj Jun-17

30-Dec-15 {No. DAE4-601_Dec15) Dec-16
Secondary Standards iD# Check Date {in house) Scheduied Check
Powar mster EPM-42A SN: GB37480704 07-Cct-15 {No. 217-02222) in house chack: Oct-18
Power sensar HP 8481A SN: US37292783 07-Oct-15 (MNo. 217-02222) In house check: Oct-16
Power sensor HP 8481A SN: MY41092317 07-Oct-15 (No. 217-02223) In house check: Ocl-16
RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Jun-15) In house check: Oct-16
Network Analyzer HP 8753E SN: US37390585 18-Ocl-01 (in house check Cct-15) In house check: Oct-16

Name Funclion Signature

Calibrated by: Jeton Kastrati Laboratory Technician C_‘T- %v
Approved by: Katja Pokovic Technical Manager % @4
P 7

Issued: September 28, 2016

This caiibration certificate shali not be reproduced except in fuii without written approvai of the iaboratory.

Certificate No: D835V2-4d159_Sep16 Page 1 of 8
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Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral 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

S Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accreditation No.: SCS 0108

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
o DT E ST ID T . (U [P TR L O | R . T TR LT . S IO 0 T o W o | 4 (o) PRy TRET, o Wt § |
UBVIUCS USElU 1N ClusE PIOXITIY W uie edr (ireguerncy ranye ol suu ivin£ o o ansgj ,

e e s TR TAY =~
rediudaiy «uuo

A IE, 209N0 0 "Demmasdiirs o mAdatmmmmime dlam Qs aifi; Ao avmbinem Doadts QA fav anivalams

L Il U cugTe, TIULTUUIT LU uUTieinnine u QPEUIILC ARDSUTPLUUTT Ndle oAn) U wiieilcoos
ArmPnlimiaatian Aonaan imad il oAlaos meacimeib g b b pmmmim by y (frm i tmmmy pmm e ~F 2N
U I Ineauwill Ucoviuco 20U Il vivoo ’JlUAI IIII.)II wuie el UUL.IY I\IIUL,'UU (L% 1 I HG vl au
!\J‘I =+t~ B (2H=" AMar~h 2040
Vil e LW W Al Il_} g ViKWl & T

d\ NR aRERREA “CAD Mamscniramant Qamiiramante fAar 10N MU= A & ="

J AL DT, WAL VI AWl Sl I o \U\-‘UIIL{I[IGIIL\J i T VI A W W Al
Additional Documentation:
e) DASY4/5 System Handhook
Methods Apnlied and Internretation of Parameters:

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

e Antenna Parameters with TSL: The dinole 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 dinole
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

eflecte vel J fainty required.

o Electrical Delay: One-way delay between the SMA connector and the antenna feed point.

No uncertainty require.d..

e  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.

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

nominal SAR result.

nrobhahbility of annroxvimately Q594
propabilit I appro Yoo,

¥y~ AniSaoy

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
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