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Power sansar NRP-Z51 SN: 103244 Ol Apr1 T (No, 217.02521) Apr-18

Power sensar NRP-Z81 SN: 103245 (4-Ape1 7 (No, 21702522) Apr-18
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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 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 62208-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

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 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
refiected power. No uncertainty required.

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

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

e SAR nommalized: SAR as measured, normaiized 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%.

Certificata No: D750V3-1014_Jul17 Page 2018
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.100
Extrapolation Advanced Extrapoiation
Phantom Maodular 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 Parmittivity Conductivity
Nominal Head TSL parameters 220°C 419 0.89 mho/m
Measured Head TSL parameters (22.0+02)"C 41026% 0.89 mhaim + 6 %
Head TSL temperature change during test <05"C e
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAA measured 250 mW input power 2,08 Wikg
SAH for nominal Head TSL parameters normalized to 1W 8,28 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.35 Wikg
SAR for nominal Head TSL parameters normafized 1o 1W 5,38 W/kg = 16.5 % (k=2)
Body TSL parameters
The lollowing parametsrs and caiculations wera applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 555 0.96 mho/m
Measured Body TSL parameters {220+02)°C 550+6% 0,99 mha/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 222 Whkg
SAR for nominal Body TSL parameaters normatized to 1W B.68 W/kg = 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Body TSL condition
SAR measured 250 mW input power 1.45 Wikg
SAR for nominal Body TSL parameters normatiized lo 1W 5.68 Wikg = 16.5 % (k=2)
Ceantificate No: O750V3-1014_Jul17 Page 3of 8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impadance, transformed 10 feed point 5560Q+35iQ

Return Losa ~24.1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed poim 5030Q-050Q
Return Loss -451dB

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1,036 ns |

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

The dipole is made of standard semirigid coaxial cable. The center conductor of e feading line is directly connected 1o the
second arm of the dipole. The antenna is therefore short-circulled for DC-signals. On some of the dipoles, small end caps
are added o the dipole arms in order to improve maiching when loaded according to the position as explained in the
*Measurement Conditions™ paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied 1o the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data
Manulactured by SPEAG
Manufactured on March 22, 2010
Cartificate No: D750V3-1014_Juit7 Page dof 8
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DASYS5 Validation Report for Head TSL

Date: 19.07.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz: Type: D750V 3; Serial: D750V3 - SN:1014

Communication System: UID () - CW; Frequency: 750 MHz

Medium parameters used: f = 750 MHz; o = 0.89 S/m; & =41; p = 1000 kg/m*
Phantom section: Flat Section

Measurement Stundard: DASYS (IEEE/TEC/ANSI C63.19-2011)

DASYS52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(10.49, 10.49, 10.49); Calibrated: 31.05.2017;
» Sensor-Surface: | 4mm (Mcchanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 28.03.2017
« Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

« DASY5252.10.0(1446); SEMCAD X 14.6,10(7417)

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

Reference Value = 58.57 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 3.20 Wikg

SAR(I g) = 2.08 W/kg; SAR(10 g) = 1.35 W/kg

Maximum value of SAR (measured) = 2.81 Wikyg

dB
0

-2.20
-4.40
-6.60

-11.00

0dB = 2.81 W/kg = 4.49 dBW/kg

Centificate No: D750V3-1014_Jult7 Page 5ol 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 19.07.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN:1014

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

Medium parameters used: =750 MHz; o = 0.99 S/m; ¢ = 55; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEAEC/ANSI C63,19-2011)

DASY352 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(10.35, 10.35, 10,35); Calibrated: 31.05.2017:
= Sensor-Surface: L.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 28.03.2017
« Phantom: Flat Phantom 4.9 (Back); Type: QD 00R P49 AA; Serial: 1005

« DASYS2 52.10.0(1446), SEMCAD X 14.6.10(7417)

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

Reference Value = 57.61 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.32 W/kg

SAR(I g) = 2.22 W/kg: SAR(10 g) = 1.45 W/kg

Muaximum value of SAR (measured) = 2,94 W/kg

-4.40
-6.60

-8.80

-11.00

0dB =294 W/kg =4.68 dBW/kg

Certificate No: D750V3-1014_Juft7 Page 7of 8
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Impedance Measurement Plot for Body TSL
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Cartiticate No: DB35V2-441_Sep17

CALIBRATION CERTIFICATE

Ctsct

Calibration procadureds)

Calbrafion date

D835V2 - SN:441

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

September 21, 2017

Calbration Equipment usad (MATE critical for calibration)

This callbration certificate cocuments the raceabiity 1o rafional standards, which realize the physical units of measurements (SI).
The measurements and the uncerainlies with confidence probability ara given on the following pages and are pan of the cerdificale,

All caiibrations have been conducted in the clased laboratory fagility: environment fesnpecatirs (22 + 37°C and humidity < 70%,

Primary Standards iD# Cal Date (Cenilicate No.) Schaduled Calibeation

Powesr metar NRFP SN: 104778 Da-Apt-17 (No, 217-0252102522) Ape-18

FPower sensor NAP-291 SN 103244 D4-Apr-17 (No. 217-02521) Ape-18

Power sensor NAP-291 SN: 103245 D&-Apr-17 (No. 217-02522) Ape-18

Refarenco 20 dB Atenuator SN: 5068 {20k) 07-Apra17 (Ne. 217-02528) Ape-18

Type-N mismatch combination SN: 50472 / 06327 O7-Apr-17 (No. 217-02528) Ape-18

Referanca Probe EX30VA SN: 7348 31-May-17 (No. EXS-7348_May17) May-18

DAES SN: 601 28-Mar-17 (No. DAE4-601_Mar7) Mar-18

Secondary Standards 10 ¢ Check Cate (in house) Schaouled Chack

Power matar EPM-4424 SN: GB3748070¢ 07-0ct15 (In housa chack Oct-16) In house chack: Oct-18

Power sonsor HP BAB1A SN: US37282783 07-Qct15 (In house chack Ogt-16) In house check: Oct 18

Power sansor HP B4B1A SN: MYAr1092317 07-0ct-15 (In housa chack Oot-16) In house chack: Oct-18

AF geneator ASS SMT-06 SN 100972 15Jun-15 (In housa check Oct-16) In house check: Oct-18

Netwark Anatyzer HP B753E SN: US3735058% 18-0¢t-01 (In house chack Oct-18) In house chack: Oct-17
Nama Function Signature

Cafbrated by, Michmal Wotior Laboratary Technician m‘__

Approved by, Katja Pokovic Tuchnical Manapar /m

lasued! Seplamber 21, 2017

This caliraton cedificals shall not be reproduced excap? In tull without wiltten approval of the laboeatoey
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Calibration Laboratory of

: Schweizerischer Kalib
Schmid & Partner Kafibrierdienst

Service suisse d'étalonnage

Engineering AG Servizio svizzero di taratura
Zeughsusstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Accredited by the Swiss Accreditation Senvics (SAS) Accreditation No.: SCS 0108
The Swiss Accredltation Service is one of the signatories to the EA
Muitiloteral Ags forther gnition 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, "Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2018

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 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 Retumn 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.

* SAR measurad: 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%.

Cortificate No: DB35V2-441_Sep17 Page 20l 8
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Measurement Conditions

DASY system configuration, as tar as not given on page 1.
DASY Version DASYS V52.10.0
Extrapolation Advanced Extrapolation
Phantom Modudar Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, gy, dz =5 mm
Frequency 835 MHz + 1 MMz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220"C 1415 0.90 mho/m
Measured Head TSL parameters (22.020.2)°C 409 +6% 0.93 mho/m £+ 6 %
Head TSL temperature change during test <05°C e
SAR result with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAR measured 250 mW input power 241 Wikg
SAR for nominal Head TSL parameters normalized to TW 9.38 W/kg = 17.0 % (k=2}
SAR averaged over 10 em? (10 g) of Head TSL condition
SAR measured 250 mW input power 1.55 Wikg
SAR for nominal Head TSL paramelers nomalized to 1W 6.07 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied,
Temperature Parmittivity Conductivity
Nominal Body TSL parameters 220'C 552 0.97 mho/m
Measurod Body TSL parameters (220+0.2)°C 553+6% 0.98 mho/m £ 6 %
Body TSL temperature change during test <05"C -
SAR result with Body TSL
SAR averaged aver 1 cm® (1 g) of Body TSL Candition
SAR measured 250 mW input power 2.37 Whkg

SAR for nominal Body TSL parameters

normaiized to 1TW

9.41 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measured 250 mW input power 1.55 Wiha
SAR for nominal Body TSL parameters normalized to 1W 6.16 W/kg = 18.5 % (k=2)

Certificate No: D835V2-441_Sep17
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Appendix (Additional assessments outside the scope of SCS 01 08)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 51.1Q-230

Retum Loss -321dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4760-502

Retum Loss -245d8

General Antenna Parameters and Design

Electrical Delay (one direction) | 1.371 ns

Alter 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 ta 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 to the dipole arms in order to improve maltching when loaded according to the position as explained in the
“Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length Is still
according to the Standard.

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

Additional EUT Data

Manutactured by SPEAG
Manufactured on March 09, 2001
Centificate No: DB35V2-441_Sep17 Page 4 of B8
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DASYS5 Validation Report for Head TSL

Date: 21,09.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:441

Communication System: UID 0 - CW: Frequency: 835 MHz

Medium parameters used: [ = 835 MHz; o = 0.93 S/m; & = 40.9; p = 1000 kg/m®
Phantom section: Flat Section

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

DASYS52 Configuration:
» Probe; EX3DV4 - SN7349; ConvF(10.07, 10.07, 10.07); Calibrated: 31.05.2017:
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 28.03.2017
« Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

« DASYS2 52.10.0(1446); SEMCAD X 14.6,10(7417)

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

Reference Value = 62.34 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 3,75 W/kg

SAR(1 g) = 2.41 W/kg; SAR(10 g) = 1.55 W/kg

Maximum value of SAR (measured) = 3,28 W/kg

dB
0

-2.40
-4.80
-1.20
-9.60
-12.00

0dB =3.28 W/kg =5.16 dBW/kg

Certificate No: D&35V2-441_Sept7 Pege 50l 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 21.09.2017

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:441

Communication System: UID () - CW; Freguency: 835 MHz

Medium parameters used: = 835 MHz; o = 0.98 S/m; & = 55.3: p = 1000 kg/m’
Phantom section; Flat Section

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

DASY32 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(10.2, 10.2, 10.2); Calibrated: 31.05.2017:
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 28.03.2017
» Phantom: Flat Phantom 4.9 (Back); Type: QD 00R P49 AA; Serial: 1005
« DASY5252.10.001446) SEMCAD X 14.6.10(7417)

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

Reference Value = 59,66 Vim; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 3.57 Wikg

SAR(1 g) = 2.37 W/kg; SAR(10 g) = 1.55 W/kg

Maximum value of SAR (measured) = 3.12 W/kg

dB
0

-2.40
-4.80
-1.20
-9.60
-12.00

0dB =312 W/kg =4.94 dBW/kg
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Impedance Measurement Plot for Body TSL

EED 51 pos 23 o
L)
Del
—— \
4
Z 7 \
¥
¥ - .l
| {
\ y
CHZ $14  LOG 5 GB/RET -20 8 i 1:-24.904 dB  §35,000 600 Mz
o S | — 4 -
B \‘\ . = o
=
~ o -
3 7
?7 /
e \ /
16 -5' f -
\/
¥ |
ETART 625,800 BOO e = STOP 1 015,000 808 MMz
Cartificate No: DB35V2-441_Sep1? Page 8ol 6

F-TP22-03 (Rev.00) 236 / 263 HCT CO.,LTD.



I CT

FCC ID: ZNFQ610EA

Report No: HCT-SR-1803-FC003-R1

HCTCO, LTD.
Calibration Laboratory of K, G Schweizerischer Kallbriardienst
Schmid & Partner e G Service suisse détalonnage
Engineering AG B Servizio svizzero df taratura
Zeughausstrasse 43, B004 Zurich, Switzerland i/,”?'-:\\\‘_@-“ S Sswiss Callbeation Sarvice
L T

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agr for the gnition of callbration certificates

ciient  HCT (Dymstec)

Accreditation No: SCS 0108

Ceetificate No: D1800V2-2d006 Nov17

CALIBRATION CERTIFICATE

Object D1800V2 - SN:2d006

Calbrahon date

Calbiration procedura(s)

QACAL-05v8 _ Ee
Calibration procedure for dipole validation kits above 700 MHz

Calbration Equipment used (MATE critical lor calibeation)

A

202 L2 /S

23

S0 )75

ol

November 15, 2017

This calbiration certificale gocuments the traceabiity 1o national standards, which realize he physical units of measurements (S1).
The maasuremants and the uncersnties with confidence probability are given on the tollowing pagaes and ara part of the canificate

All cafibrations have been conducted in the closed laboratory tacility: emveonment femparature (22 + 31°C and numadity < 70%,

This calraton cerificats shall nat be reproducad excapt In full without written epproval of the laboratory,

Primary Standends D¢ Cal Date {Canticate No.) Schedulad Callbeation

Power meler NRP SN 104778 DE-Ape-17 (No, 217-02621/02522) Apr-18

Power sensoe NRP-291 SN: 105244 DE-Ape-17 (No, 217-02521) Apr18

Power sensor NRP-291 SN 103245 DE-Ape 7 (No, 217-02522) Apr1B

Referance 20 dB Atenuator SN: 5058 (20k) D7-Apr7 (No, 217-02528) Apr1g

Type-N mismatch combination SN: 5047.2 / 06327 07-Ape T (No, 297-02528) Apr1g

Referance Probe EX30VA SN: 7349 31 May-17 {No. EX3-7349_May17) May-18

DAES SN: o0 #6-00ct-17 (No. DAE4-801_Oel17) Oct:18

Secondiry Standurds D¢ Check Date {in house) Schaduled Chack

Power meter EPM-442A SN: GB3748070¢ 07-0ct-15 (In house chack Oct-16) In house chack: Oct-18

Power sonsor HP B4B1A SN. US3raeeras 07-Qct15 (In house chack Ogt-16) In heuse chack: Oct-18

Power s6nsor HP B4B1A SN MY41082317 070ct-15 (In housa chack Oot-18) In housa chack: Oct-18

AF generator R&S SMT-06 SN: 100872 15-Jun15 (In housa check Oct-16) In house check: Oct-18

Natwork Analyzer HP B753E SN: USa73005a5 18-0ct-01 {In house chack Oct-17) I house chack: Oct-18
Nama Function Sigrature

Calibrated by Mictmel Weber Laboratary Technician w’_

Approved by: Katia Pokovic Tachnical Managar

e

Issued. November 15, 2017
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughausstrasse 43, B004 Zurich, Switzertand

S Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accradited by the Swiss Accraditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Sorvice is one of the signatories to the EA
Multilateral Agreement for the racognition of calibration cedificates

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, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GH2)", July 2016

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 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 detalls 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.

* 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 paint,
No uncertainty required.

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

o 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
muiltiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Cenificate No: D1800V2-2d006_Novi7 Page 2 of 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1
DASY Version DASYS V52.10.0
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =« 5mm
Frequency 1800 MHz + 1 MHz
Head TSL parameters
The following parametors and caleulations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1.40 mho/m
Measured Head TSL parameters (220+02)°C 39726% 1.38 mho/m 4+ 6 %
Head TSL tomperature change during test <05°C - e
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.63 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 38.8 Wikg = 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Hoad TSL condition
SAH measured 250 mW input power 5.01 Wikg
SAR for nominal Head TSL parameters normalized to 1W 20.1 Wikg = 16.5 % (k=2)
Body TSL parameters
The foliowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220*C 53.3 1.52 mha/m
Measured Body TSL parameters {(220+02)°C 525:26% 1.52 mho/m =6 %
Body TSL temperature change during test <05°C —_ —
SAR result with Body TSL
SAR averaged over 1 ecm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.75 Whkg
SAH for nominal Body TSL parameters nomatized to 1W 38.9 Wikg = 17.0 % (k=2)
SAR averaged aver 10 em’ (10 g) of Body TSL condition
SAR measured 250 mW input powar 5.00 W/kg
SAR for naminal Body TSL parametars nomalized to 1W 20.3 Wikg = 16.5 % (k=2)

Cetificate No: D1800V2-2d006_Nov17 Page 3 of 8

F-TP22-03 (Rev.00)
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FCC ID: ZNFQ610EA

Report No: HCT-SR-1803-FC003-R1

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transtormed to feed point 4680-730
Return Loss -21.7d8B
Antenna Parameters with Body TSL
Impedance, transformed 10 fesd point 4290-801K2
Retum Loss -20.0 dB
General Antenna Parameters and Design
l Electrical Delay (one directian) l 1208 ns

After leng term use with 100W radlated powaer, anly a slight warming of the dipole near the feedpoint can be measured,

The dipole is made of standard semirigid coaxial cable. The center conducior of the feeding fine 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 length is still

according to the Standard,

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

feedpoint may be damaged.

Additional EUT Data
Manufactured by SPEAG
Manufactured on July 23, 2001

Certiticate No: D1500V2-2d006_Nov17

Paged ol 8

F-TP22-03 (Rev.00)

240 / 263

HCT CO.,LTD.



Py
‘—rC'- FCC ID: ZNFQ610EA

HCTCO.,LTD.

Report No: HCT-SR-1803-FC003-R1

DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1800 MHz; Type: D1800V2; Serial: D1800V2 - SN:2d006

Communication System: UID 0 - CW; Frequency: 1800 MHz

Medium parametens used: f= 1800 MHz: o = 1.38 S/m; & = 39.7; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.56, 8.56, 8.56); Calibrated: 31.05.2017:

Sensor-Surface: |.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 26.10.2017
Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

DASYS52 52.10.0(1446); SEMCAD X 14.6.10(7417)

Date: 15.11.2017

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:

Measurement grid: dx=5mm, dy=5mm, dz=5mm
eference Value = 108.6 V/m; Power Drift = -0.06 dB

Peuk SAR (extrapolated) = 18.2 W/kg

SAR(I g) = 9.63 W/kg; SAR(10 g) = 5.01 W/kg

Maximum value of SAR (measured) = 14.9 W/kg

-3.60

-7.20

-10.80

-14.40

0dB =149 W/kg=11.73 dBW/kg

Certficate No: D1800V2-2d006_Novi7 Page5ot8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 15.11,2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: DIS00V2; Serial: DIS00OV2 - SN:2d006

Communication System: UID 0 - CW; Frequency: 1800 MHz

Medium parameters used: f = 1800 MHz; = 1.52 $/m; & = 52.5; p = 1000 kg/m*
Phantom section: Flat Section

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

DASY52 Configuration:
¢ Probe: EX3DV4 - SN7349; ConvF(8.38, 8.38, 8.38); Calibrated: 31.05.2017:
« Sensor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 26.10.2017
» Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

o DASYS5252.10.0(1446); SEMCAD X 14.6.10(7417)

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 = 102.8 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 17.5 W/kg

SAR(1 g) = 9.75 W/kg; SAR(10 g) = 5.09 W/kg

Maximum value of SAR (measured) = 14.5 W/kg

-3.00
-6.00
-9.00

-12.00

-15.00

0dB = 14.5 Wikg = 11.61 dBW/kg

Certificats No: D1800V2-2d005_Nov17 Page 7ot 8
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of {.\‘“‘\"'\";{,""7.; § Schweizerischer Kalibrierdiens!
Schmid & Partner % G Serice suisse détalonnage
Engineering AG N Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzerand NG S Swiss Calibration Service

)
bl W

Accradied by the Swiss Accreditation Seevice (SAS)
The Swiss Accreditation Secvice is one of the signatories to the EA
Multilateral Agreement for the recognifion of cafibration cenificates

HCT (Dymstec)
|CALIBRATION CERTIFICATE

Accraditation Mo, SCS 0108

Client Certificate No: D1900V2-5d032_Mar17

Object D1900V2 - SN:5d032
Callbration procadurals) QA CAL-05.v8 -

Calibration procedure for dipole validation kits above 700 MHz
Catbration date March 21, 2017

Thig caliteation certficat documents the (raceabillty to nationai standards, which reskze the physical units of measuremants (S1)
| The measuraments and tha uncenainties wilh confidence probabiity are given on the following pages and are part of the certdicate.

Calbraton Equipment used (MATE cribcal tor calibeation)

A calitvations have baen conducted in the closed labosmoey facility: anveonment temporature {22 + 31°C and humidity < 70%

Cafibrated by:

Approved by:

Name
Johannes Kurikka

Katja Pokovic

Funcsian
Laboradory Technician

Technical Managor

[ This calibration cartificate shat not be reproducad except i full without wittten appeoval of the labaoratory

Primary Standards 10 A Cal Date {Corificato No.) Scheduled Calbration
Fowar mater NAP SN: 104778 06-Ape-16 (No. 217-02288/02286) Apr-17

Powsr sansor NRP-Z81 SN 105242 06-Ape-16 (No. 297-02268) Apr17

Power sansor NAP-281 SN 103245 DE-Ape-18 (No. 217-0228%9) Ape17

Raferanog A0 dB Altenuator SN: 5058 (20k) D5-Apr-16 (No. 217-02292) Ape17?

Type-N mismalch combination SN: 5047 2 / 06327 05-Apr-18 (No. 217-02295) Ape-17

FRetarance Probe EX3DV4 SN. 7348 31-Doc-18 (No. EX3-7349_Dec16) Dec-17

DAEA SN: 601 0d-Jan-17 (No. DAE4-801_Jan17) Jan-18

Secandary Standarss LDy Check Oate {In house) Scheduled Chisck
Power matar EPM-442A SN. GB37480704 07-Oct-15 (in house chack Oct+16) In house chack: Oct-18
Power sensor HP B4B1A SN: US3T202783 07-0ct-15 (in house chack Oct-16) In house chack: Oct18
Power sensor HP BAB1A SN, MY41002317 07-0ct-15 {in housa check Oct-16) in house chack: Oct18
RF genarator R4S SMT-08 SN: 100872 15-Jun-15 (n house cheok Oct-16) In house chack: Dot-18
Natwork Analyzer HP 8753 SN: US37390585 18-0ct-01 (In houss check Oct-16) In house check: Cct17

Signaturs
7&#\ e~

HEAG

tasyed: March 23, 2017

Cerfificate No: D1800V2-53032_Mari7
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HCTCO,,LTD.
Calibration Laboratory of A g Schwaizerischer Kaiibe
Schmid & Partner k \\://5 : E.;: Sarvice sulsse d'étalonnage

Engineering AG g C  gervisio svizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switzeriand % ,}ﬁ‘“‘\? S swiss Calibration Service
Accredited by tha Swiss Accraditation Sarvics (SAS) Accroditation Ne.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Ag nt for the gnition 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 (frequancy 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 6 GHz”

Additional Documentation:
e) DASY4/S 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 cerfificate 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
parailel 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 iow
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
multiphed by the coverage factor k=2, which for a narmal distribution corresponds to a coverage
probability of approximately 95%.

Cenlificate No: D1900V2-5d032_Mar17 Page20f 8
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Measurement Conditions

DASY system configuration, as far as not given on page 1
DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modutar Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Fraquency 1800 MHz + 1 MHz
Head TSL parameters
The foilowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220'C 400 1.40 mho/m
Measured Head TSL parameters (220+02}"C 403+6% 1.38 mho/m £ 6 %
Head TSL temperature chango during test <05°C - -
SAR result with Head TSL
SAR averaged over 1 cm?® (1 g) of Head TSL Condition
SAHA measured 250 mW input power 9.91 Wikg
SAR for nominal Head TSL parameters normalized to TW 40.0 Wikg = 17.0 "% (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 518 Wikg
SAR lor nominal Head TSL parameters normatized to TW 20.9 Wikg = 16.5 "% (k=2)
Body TSL parameters
The following parameters and calculations were applied,
Temperature Parmittivity Conductivity
Nominal Body TSL parameters 220"C 533 1.52 mho/m
Measured Body TSL parameters {220+:02)"C 541+6% 1.50 mho/m =8 %
Body TSL temperature change during test <05°C -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.0 Wikg
SAR for nominal Body TSL parameters normalized to 1W 40.5 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 5,30 Wikg
SAR for nominal Body TSL parameters normalized 10 1W 21.4 Wikg = 16.5 % (k=2)
Certificate No; D1800V2-50032_Mar17 Page 30i8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transtormed to feed point 51.702+530Q

Return Loss -253d8

Antenna Parameters with Body TSL

Impedance, transformed 10 feed point 4710Q+82

Retum Loss -231dB

General Antenna Parameters and Design

l Electrical Detay (one direction) | 1.184 ns

After long term use with 100W radiated power, only a slight warming of the dipolé 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 10 the dipoie 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 length is stil
according 1o the Standard.

No excessive lorce must be applied 1o the dipole arms, bocause they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on March 17, 2003
Certificate No: D1900V2-5d032_Mar17 Page 4of8
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DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d032

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz; o = 1.38 S/m; £ =40.3; p= 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.12, 8.12, 8.12); Calibrated: 31.12.2016;

Sensor-Surface: |.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 04.01.2017
Phantom: Flat Phuntom 5.0 (front); Type: QDODOPSOAA; Serial: 1001

DASYS52 52.8.8(1258). SEMCAD X 14.6.10(7372)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Sca
Measurement grid: dx=5mm, dy=Smm, dz=5mm

Reference Value = 107.2 V/m; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 18,6 W/kg

SAR(1 g)=9.91 W/kg; SAR(10 g) = 5.18 W/kg

Maximum value of SAR (measured) = 15.4 W/kg

-3.60

-7.20

-10.80

-14.40

-18.00

0dB =154 W/kg = 11.88 dBW/kg

Cartificate No: D1900V2-53032_Mar17 Page 5ol 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 21.03.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2: Serial: D1900V2 - SN:54032

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: = 1900 MHz; o = 1.5 S/m; & = 54.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.03, 8.03, 8.03); Calibrated: 31.12.2016:;
« Sensor-Surface: L4mm (Mechunical Surface Detection)
= Electronics: DAE4 Sn601: Calibrated: 04.01.2017
«  Phantom: Flut Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

« DASYS52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 104.1 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 17.9 W/kg

SAR(] g) = 10 W/kg; SAR(10 g) =53 W/kg

Muximum value of SAR (measured) = 14.9 Wikg

-3.40
-6.80
-10.20
-13.60

-17.00

0dB =149 Wikg = 11,73 dBW/kg

Certficate No: D1900V2-5d032_Mar17 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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Certificatn No: D2450V2-965 Feb18

Schweizorischer Kalibrierdienst

Servizio svizzero di taratura

S
c Service sulsse ¢étalonnage
S swiss Callbration Service

Accraditation No.: SCS 0108

CALIBRATION CERTIFICATE

Object

Calbration procedure(s)

Cafbration date

D2450V2 - SN:965

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

February 16, 2018

Cadbration Equipment used (MATE critical loe calitiration)

This calbration cenilicate documents the traceability to national standards, which realize tho physical units of measuements {Sl).
Tha measurements and the uncartainties with confidence probabiity ae given on the following pages and a7s parn of the ceniticste.

Al calitrations have baen conducisd In the closed labormtory tacillty; anvirenmant tomperature (22 = 3)'C and humidity < 70%

ek

Issued: February 19, 2018

This cadbration cerificate shall not be reproducad excapt in full withowt written approval of the labaratory.

Primary Standards [ID# Cal Data (Certilicale No.) Scheduled Calbration
Power mater NAP | SN 104778 O4-Apr-17 (No. 217-02521/02527) Apr-18
Powes sensce NBP-291 | 8N 103244 D4-Apr-17 (No, 217-02521) Apr-18
Power sansor NRP-Z91 | SN 103245 Od-Apr-17 (No. 217-02522) Apr-18
Rederance 20 dB Attenustoe | SN 5058 (20K) 07-Apr-17 (No. 217-02528) Apr-18
Type-N mismatch combination | SN: 5047.2/06327  O7-Apr-17 (No. 217-02529) Apt-18
Acisrence Probe EX30V4 | 8N T340 30-Doc-17 (No. EX3-7349_Uec17) Dec-18
DAE4 | SN 801 26.0c1-17 (No. DAE4-801_Oct17) Dct-18
Secondary Slandarss lioe Check Date {In house) Scheduded Chuck ,
Power mator EPM-442A | 5N: GB37480704 07-Oct-15 (in house chock Oct-18) In house check: Oct-18
Power sensoe HP BAB1A SN: 837202783 07-0¢1-15 (i house eheck Oct-16) In howss check: Ot-18 ‘
Power sensec HP 84B1A 1 5N MY41082317 07-O¢ct-15 (in house check Oct-16) In housa check; Oct-18
AF generator R&S SMT-08 SN 100972 15-Jun-15 {in house check Oct-18) In howss check: Oct-18 }
Netwoek Anatyzar HP §753E SN 1I537390585 18-Oc1-01 (in house check Oct-17) In house check: Oct-18
Nume Function Signaturn
Cadbrated by: Machae| Weber Laboemtury Techian lw
Approved by: Katja Pokovic Technical Manager

A &9 o<
~ r
Cartificate No: D2450V2-965_Feb16 Page 10f 8
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Calibration Laboratory of S, Schwaizerischar Kalibricrdienst
Schmid & Partner — g Service suisse d'éalonnage

Engineering AG % Servizio svizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switzarland % ,‘/f"\}l\f S swiss Calibration Service
Accredited by the Swiss Accreditation Sarvce (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 10 the EA
Muitilaterai Agr 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, "|[EEE 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, "Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

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 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
refiected 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 Iinput 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%.

Certificate No: D2450V2-965_Feb18 Page20f8
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Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS Vs2.10.0
Extrapolation Advanced Extrapolstion
Phantomn Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacar
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 220°C 332 1.80 mho/m
Measured Head TSL parameters {220+02)C 379+8% 1.87 mho/m =6 %
Head TSL temperature change during test <05"C een e
SAR result with Head TSL
SAR averaged over 1 cim® (1 g) of Head TSL Condition
SAR measured 250 mW input powar 13.1 Wikg
SAR for nominal Head TSL parameters normalized to 1W 51.1 Wikg = 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Hoad TSL candition
SAR measurad 250 mW input power 6.07 Wikg
SAR lor nominal Haad TSL parameters normalized to TW 23.9 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parametars 220 52.7 1.95 mho/m
Measured Body TSL parameters {220+02)°C 514:6% 2.04 mho/m =6 %
Body TSL temperature change during test <05°C - -
SAR resuit with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Candition
SAR measured 250 mW input power 12.9 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

50.2 W/kg £ 17.0 % (k=2)

SAR averaged over 10 cm? (10 g) of Body TSL condition
SAR measured 250 mW input power 5.98 Wikg
SAR for nominal Body TSL parameters normalized to 1W 23.6 W/kg = 16.5 % (k=2)

Cenificate No: D2450V2-865_Feb18

Page30fB
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 5490+42i0

Retum Loss -242d8

Antenna Parameters with Body TSL

Impedance. transformed to feed point 5090+63[Q

Ratum Loss -24.0dB

General Antenna Parameters and Design

I Electrical Delay (one direction) I 1.163ns ]

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 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 changa. The overall dipole length s 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

Manutactured by SPEAG
Manufactured on November 18, 2014
Cartificate No: D2450V2-865_Feb 18 Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date; 16.02.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 965

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

Medium parameters used: { = 2450 MHz; 6 = 1.87 S/m; & = 37.9; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(7.88, 7.88, 7.88); Calibrated: 30.12.2017;
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 26.10.2017
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 PSO AA; Serial: 1001

« DASY5252.10.0{1446), SEMCAD X 14.6.10(7417)

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

Reference Value = 112.7 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 26,2 Wikg

SAR(1 g = 13.1 W/kg; SAR(10 g) = 6.07 W/kg

Maximum value of SAR (imeasured) = 20.7 W/kg

dB
0

-5.00
-10.00
-15.00

-20.00

-25.00

0dB =20.7 W/kg = 13.16 dBW/kg

Certifficate No: D2450V2.985_Fob18 Page S of 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 16,02.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 965

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

Medium parameters used: = 2450 MHz; o = 2.04 S/m; & = 51.4; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(8.01, 8.01, 8.01); Calibrated: 30,12.2017;
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 26.10.2017
» Phantom: Flat Phantom 5.0 (back): Type: QD 000 PS0 AA; Serial: 1002

* DASY5252.10.0(1446); SEMCAD X 14.6.10(7417)

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

Reference Value = 104.7 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 25.8 Wikg

SAR(1 g) = 12.9 W/kg; SAR(10 g) = 5,98 W/kg

Maximum value of SAR (measured) = 20.0 W/kg

-5.00

-10.00
-15.00
-20.00

-25.00

0dB =20.0 W/kg = 13.01 dBW/kg
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Impedance Measurement Plot for Body TSL
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info@speag.com, hitp /fwvwaw. speag com
Certificate of conformity / First Article Inspection
Item Triple Modular Flat Phantomn V5.1
Type No QD 000 P51 C
Series No 1100 and higher
Manufacturer / Origin Untersee Composites
Knebelstrasse 8, CH-B268 Mannenbach, Switzertand
Tests
The sub-units of item 1100 are identified with the designation 1100/1, 1100/2 and 1100/3. Tests were
conducted on all 3 sub-units of this phantom.
Test Requirement Details Units tested
Material Compliant with the standard 2 mm +/- 0.2 mm all
thickness requirements. 30 points over the bottom area
Material Dielectric parameters for required | 200 MHz -6 GHz - Material
parameters frequencies Relative permittivity 3- 5 sample
Loss tangent < 0.05.
Material The material is compatible with DGBE based simulating liquids, | Material
resistivity the liquids defined in the Observe Technical Note for Samples
standards if handled and cleaned | material compatibility.
accerding to the instructions.
Shape Internal dimensions Internal height: > 175 mm Pre-series,
Bottom internal length: 280 mm | design
Bottom internal width: 175 mm
Nominal filling height: 155 mm
Nominal volume: 8.2 |
Sagging Depending on standard No initial sagging (negative 1100/2
preshaped, change < 0.5 mm)
Standards
[1] [IEEE 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices; Measurement
Techniques®, June 2013
{2] IEC 62208 - 1, “Specific Absorption Rate (SAR) in the frequency range of 300 MHz to 3 GHz -
Measurement Procedure, Part 1: Hand-held mobile wireless communication devices”, February
2005
[3] |EC 62208 ~ 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, Pan 2: Procedure to determine the Specific
Absorption Rate (SAR) for ... including accessories and multiple transmitters”, March 2010
[4] KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"
Conformity
Based on the dimensions and sample tests above, we cerify that this item is in compliance with the
standards [1] to [4] for frequencies > 700 MHz, if operated according to the specific requirements.
Date 16.07.2015
si 8
gnature / Stamp
e e 0k -
gl a1 44345370 Fom .‘a,# 2459779
i SOReg Com, M IVWW.SPe3g COm
DocNo BB -QDOOPS1C-0 Page 1(1)
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Attachment 5. —= SAR Tissue Characterization

The brain and muscle mixtures consist of a viscous gel using hydrox-ethyl cellulose (HEC) gelling agent and
saline solution (see Table 3.1). Preservation with a bacteriacide is added and visual inspection is made to
make sure air bubbles are not trapped during the mixing process. The mixture is calibrated to obtain proper
dielectric constant (permittivity) and conductivity of the desired tissue. The mixture characterizations used for
the brain and muscle tissue simulating liquids are according to the data by C. Gabriel and G. Harts grove.

Ingredients Frequency (MHz)
(% by weight) 835 1750 2450 - 2700
Tissue Type Head Body Head Body Head Body Head Body Head Body
Water 411 517 40.45 53.06 52.6 68.8 54.9 70.17 71.88 73.2
Salt (NaCl) 14 0.9 1.45 0.94 0.4 0.2 0.18 0.39 0.16 0.1
Sugar 57.0 47.2 57.0 44.9 0.0 0.0 0.0 0 0.0 0.0
HEC 0.2 0 1.0 1.0 0.0 0.0 0.0 0 0.0 0.0
Bactericide 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0 0.0 0.0
Triton X-100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 19.97 0.0
DGBE 0.0 0.0 0.0 0.0 47 31 44.92 29.44 7.99 26.7
Diethylene glycol
hexyl ether ) ) ) ) )
Salt: 99 % Pure Sodium Chloride Sugar: 98 % Pure Sucrose
Water: De-ionized, 16M resistivity HEC: Hydroxyethyl Cellulose
DGBE: 99 % Di(ethylene glycol) butyl ether,[2-(2-butoxyethoxy) ethanol]

Triton X-100(ultra pure):

Polyethylene glycol mono[4-(1,1,3,3-tetramethylbutyl)phenyl] ether

Composition of the Tissue Equivalent Matter

F-TP22-03 (Rev.00)
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Attachment 6. — SAR SYSTEM VALIDATION

Per FCC KCB 865664 D02v01r02, SAR system validation status should be document to confirm measurement
accuracy. The SAR systems (including SAR probes, system components and software versions) used for this
device were validated against its performance specifications prior to the SAR measurements. Reference
dipoles were used with the required tissue- equivalent media for system validation, according to the procedures
outlined in IEEE 1528-2013 and FCC KDB 865664 D01v01r04. Since SAR probe calibrations are frequency
dependent, each probe calibration point was validated at a frequency within the valid frequency range of the
probe calibration point, using the system that normally operates with the probe for routine SAR measurements
and according to the required tissue-equivalent media.

Atabulated summary of the system validation status including the validation date(s), measurement frequencies,
SAR probes and tissue dielectric parameters has been included.

Dielectric Parameters Ccw Valldatlon Modulatlon Validation
Probe CPI_rgbe_ : b T e
alibration |Dipole ate easure!
Type Point ° PermlttIVIt MEEEIEG Sensitivit FIOhE) NRIObEN SMODE SDUt
Conductivity Linearity  Isotropy| Type | Factor

8 3967 |EX3DV4|Head | 750 | 1014 | 2018-02-08 42 1 0.90 PASS | PASS | PASS

8 3967 |EX3DV4| Body | 750 | 1014 | 2018-02-09 56.0 0.98 PASS | PASS [ PASS | N/A | N/A | N/A
8 3967 |EX3DV4| Head | 835 | 441 | 2018-02-08 41.6 0.91 PASS | PASS | PASS |GMSK|PASS | N/A
8 3967 |EX3DV4| Body | 835 | 441 | 2018-02-09 55.5 1.01 PASS | PASS | PASS |GMSK|PASS | N/A
3 3797 |EX3DV4 | Head | 835 | 441 | 2017-12-04 41.6 0.90 PASS | PASS | PASS |GMSK|PASS | N/A
12 7370 |EX3DV4| Body | 835 | 441 | 2017-10-09 55.4 0.98 PASS | PASS | PASS |GMSK| PASS | N/A
12 7370 |EX3DV4 | Head | 1750 |2d006| 2017-11-29 40.1 1.41 PASS | PASS [ PASS | N/A | N/A | N/A
12 7370 |EX3DV4 | Body | 1750 |2d006| 2017-11-29 53.3 1.50 PASS | PASS |PASS | N/A | N/A | N/A
12 7370 |EX3DV4 | Head | 1900 |5d032| 2017-09-04 40.1 1.42 PASS | PASS | PASS |GMSK| PASS | N/A
12 7370 |EX3DV4| Body | 1900 |5d032| 2017-09-05 53.3 1.53 PASS | PASS | PASS |GMSK| PASS | N/A
8 3967 |EX3DV4 | Head | 2450 | 965 | 2018-02-27 39.2 1.83 PASS | PASS | PASS |OFDM| N/A | PASS
8 3967 |EX3DV4| Body | 2450 | 965 | 2018-02-27 52.8 1.94 PASS | PASS | PASS |OFDM| N/A | PASS

SAR System Validation Summary 1g

Note;

All measurement were performed using probes calibrated for CW signal only. Modulations in the table above
represent test configurations for which the measurement system has been validated per FCC KDB Publication
865664 D01v01r04. SAR system were validated for modulated signals with a periodic duty cycle, such as
GMSK, or with a high peak to average ratio (>5 dB), such as OFDM according to KDB 865664 D01v01r04.
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