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Accreditation No.: SCS 0108

Primary Standards D# Cal Date (Cartiticate No.) Schaduled Calibration

Fower meter NAF SN 104778 04-Apr-18 {No. 217-02672/02673) Ape19

Power sensor NRP-231 SN: 103244 G4-Agr-18 {No. 217-02672) Apr19

Pawer sansar NRP-Z81 SN: 103245 O4-Apr-18 (No, 217-02673) Apr19

FAoferonce 20 dB Attanustor SN: 5058 (20k) O4-Apr-18 (No. 217-02662) Apr-19
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Secandary Standards oe Check Date (In houss) Scheduled Check
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Power sensor HP B4B1A SN Usar2e2783 07-Oct-16 (in house check Oc1-16) In house check: Oct-18
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Notwork Analyzer Agllent EBSSSA | SN: US21080477 31-Mar-14 {In house chack Oct-17) In heuse check: Oct-18
Function
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Calibration Laboratory of
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Schmid & Partner —— G e .

Engineering AG = C  arvizio svizzero i tarstura
Zeughausstrasse 43, 8004 Zurlch, Switzsriand % ,,m‘,s‘ S swiss Callbration Service
Accredited by he Swiss Accreditation Senice (SAS) Accroditation No.: SCS 0108
The Swiss Accreditation Servioe Is cne of the signatories 1o the EA
Multitaterai Agr 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, "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 avaiiable 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 Dejay: 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 systern configuration, as far as not given on page 1.
DASY Version DASYS V52.10.1
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 835 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.90 mho/m
Measured Head TSL parameters {220202)°C AWB26% 0.81 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 2.38 Wikg
SAR for nominal Head TSL parameters normalized to 1W 9.41 Wikg = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Head TSL condition
SAR measured 250 mW Input power 1.53 Wikg
SAR for nominal Head TSL parameters normalized to 1W 6.06 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 552 0.97 mho/m
Measured Body TSL parameters (22.0+0.2)°C 554 +6% 0.99 mha/m + 6 %
Body TSL temperature change during test <05°C e -
SAR result with Body TSL
SAR averaged over 1 em’ (1 @) of Body TSL Condition
SAR measured 250 mW input power 241 Wikg
SAR for nominal Body TSL parameters normalized to 1W 9.50 Wkg = 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Body TSL condition
SAR measured 250 mW input power 1.57 Wikg
SAR for nominal Body TSL parameters normalized 10 1W 6.21 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 5050Q-53[Q
Returmn Loss -255d8

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4550Q-76jQ
Retum Loss -20.7 dB

General Antenna Parameters and Design

| Esectrical Detay (one direction) | 1.436 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore shont-circuited for DC-signals: On some of the dipoles, small end caps
are addead 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 10 the dipoe arms, because they might bend ar the solderad connections near the
feedpoint may be damaged

Additional EUT Data

Manutactured by SPEAG
Manutactured on December 28, 2012
Certficate No: D835V2-4d165_Sep186 Page 4 ol B
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DASY5 Validation Report for Head TSL

Date: 18.09.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d 165

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

Medium parameters used: f = 835 MHz: 6 = 0.91 $/m: ¢, = 40.8; p = 1000 kg/m’
Phuntom section: Flat Section

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

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(9.9, 9.9, 9.9) @ 835 MHz; Calibrated: 30.12.2017
« Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 26.10.2017
« Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Senal: 1001

« DASYS5252.10.1(1476); SEMCAD X 14.6.11(7439)

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

Reference Value = 65.64 V/m; Power Dnft = 0.08 dB

Peak SAR (extrapolated) = 3,70 Wikg

SAR(1 g) = 2.38 W/kg; SAR(10 g) = 1.53 W/kg

Maximum value of SAR (measured) = 3.24 W/kg

dg

-2.00
-4.00
-6.00
-8.00
-10.00

0dB=324 Wkg=5.11 dBW/kg

Centificate No: D835V2-44165_Sep18 Page50f 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 18.09.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d 165

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

Medium parameters vsed: =835 MHz; 6 =0.99 S/m; &, =55.4; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(10.05, 10,05, 10.05) @ 835 MHz; Calibrated: 30.12.2017
» Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 26,10.2017
« Phantom: Flat Phantom 4.9 (Back); Type: QD O0R P49 AA; Serial: 1005

» DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

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

Reference Value = 60.86 V/m; Power Drift = -0,08 dB

Peak SAR (extrapolated) = 3.62 W/kg

SAR(1 g) = 2.41 W/kg: SAR(10 g) = L.57 W/kg

Maximum value of SAR (measured) = 3.22 W/kg

dB

-2.00
-4.00
-6.00
-8.00
~10.00

0dB =3.22 W/kg = 5.08 dBW/kg

&
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of S, (TN Schweizerischer Kalibrierdionst
Schmid & Partner % - S a«mnmc‘r:m-g.
Engineering AG S = c Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzorland //['\‘\" \,. %/ S Swiss Callbrstion Service
Accredited by tha Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
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This calibration cartificate documents the traceabilily to national standards, which realize the phr units of ents {SI).
n-ammmwmmmmmmmmmmmgmmnmummn

mnmmmmnmmmwmwmmawczzgarcmmmuq<m.

Calbration Equipment usad (MATE ortical for calibeation)

Primary Standards 0¥ Cal Dato (Cartificate No.) Scheduiad Calibeation
Powar meter NRP SN: 104778 O4-Ape-18 (No. 217-02672/02673) Apr-19
Pawar secsar NRP-Zi1 SN: 103244 04-Apr-18 (No. 217-02672) Apr-19
FPower sensor NRP-Z31 SN: 103245 04-Apr-18 (No. 217-02673) Ape-19
Retarence 20 o8 Attanuator SN: 5058 (20) 04-Apr-18 {No. 217-02682) Ape-18
Type-N mismatch combination SN: SIM7 27 06327 04-Apt-18 (No. 217-02683) Ape-19
Aeleronce Probe EX30V4 SN: 7348 31-Dec-18 (No, EX3-7348_Dec18) Dec-18
DAE4 SN: e D4-Oct-18 (No. DAE4-601_Oct18) Oc119
Secondary Standards 1D ¥ Check Date (In house)} Scheduleds Check
Power meter £44150 SN; GB38512475 07-001-15 {in house check Feb-18) In house check: Oct-20
Power sensar HP 84814 SN: US37292783 07+0c2-15 (in housa check Oct-18) In house check: Oct-20
Power sensor HP B481A SN: MY41082317 07-Oct-15 {in housa chack Oct-18) In house chack: Oct-20
AF generator R&S SMT-06 SN: 100872 15-Jun-16 (in housa check Oc-18) In house chack: Oct-20
Network Analyzer Agllent EBASSA | SN: US41080477 31-Mar-14 {in house chack Oct-18) In house chack: Oct-18
Namea _
Calibrated by: Laboratery:
Approved by
Issued. February 21, 2019
mmunmmwoej d except in full without written appeoval of the aboratory.
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Calibration Laboratory of

S Schwelzerischer Kalibrierdlenst
Schmid & Partner ¢ Service suisse détalonnage
Engineering AG Servizio svizzero di tarstura
Zeughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service
Accredited by the Swiss Accroditation Senvice (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 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
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%.

Centificate No: D1900V2-54032_Feb19 Pago 20t 8
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Report No: HCT-SR-1904-FC004-R1

Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52102
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 1900 MHz 2 1 MMz
Head TSL parameters
The following paramelers and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220C 40,0 1.40 mha/m
Measured Head TSL parameters (220+02)°C 409 :6% 1.38 mho/m + 6 %
Head TSL temperature change during test <05°C —een -
SAR result with Head TSL
SAR averaged over 1cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.87 Wikg
SAH for nominal Head TSL parameters normalized to 1W 40.0 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW Input power 517 Wiy
SAR for nominal Head TSL parameters normalized to 1W 20.9 Wikg = 16.5 % (k=2)
Body TSL parameters
The loflowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.3 1.52 mho/m
Measured Body TSL parameters (220=02)°C 536+6% 1.47 mho/m =6 %
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 9.71 Wikg
SAR for nominal Body TSL parameters normalized to 1W 39.7 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 5.13 Wiy
SAR for nominal Body TSL paramaters normatized to 1W 20.8 Wikg = 16.5 % (k=2)
Certificate No: D1900V2-50032_Feb19 Page 30f8
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Appendix (Additional assessments outside the scope of SCS 01 08)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 4980+ 66)Q
Return Loss -236dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4560 +6.7 02

Retun Loss -222d8

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1198 ns

After tong term use with 100W radiated power, only a slight warming ol the dipole near the feedpoint can be maasured

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 shont-circuited for DC-signals. On some of the dipcles, smali 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 averall dipole length is stil
according 1o the Standard,

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

Additional EUT Data

l Manufacturaed by SPEAG

Certificate No: D1900V2-54032_Feb19 Page 4 ol 8
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DASYS5 Validation Report for Head TSL
Date: 21.02.2019
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: {= 1900 MHz; 6 = 1.38 S/m; & = 40.9; p = 1000 kg/m’

Phantom section: Flat Section
Measurement Stundard: DASY 5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(8.26, 8.26, 8.26) @ 1900 MHz; Calibrated: 31,12.2018
« Sensor-Surface: |.4mm (Mechanical Surface Detection)
* Elecuronics: DAE4 Sn601; Calibrated; 04.10.2018
= Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

e DASYS252.10.2(1495). SEMCAD X 14.6.12(7450)
Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=3mm, dy=Smm, dz=5mm
Reference Value = 109.8 V/m; Power Drift =-0.01 dB
Peak SAR (extrapolated) = 18.2 W/kg

SAR(1 g) = 9.87 W/kg: SAR(10 g) = 5.17 W/kg
Maximum valuc of SAR (measured) = 15.3 Wrkg

-4.00
-8.00
-12.00

-16.00

-20.00

0dB =15.3 Wikg = 11.85 dBW/kg

Certificate No: D1800V2-54032_Feb19 Page 5of 8

F-TP22-03 (Rev.00) 74 / 106 HCT CO.,LTD.



HCT FCC ID: A3LSMAG060 Report No: HCT-SR-1904-FC004-R1

HCT CO,LTD

Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL
Date: 21.02.2019
Test Laboratory: SPEAG, Zurich, Switzeriand
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d032
Communication System: UID 0 - CW: Frequency: 1900 MHz
Medium parameters used: f = 1900 MHz; 6 = 1.47 S/m; g = 53.6; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)
DASY32 Configuration:
» Probe: EX3DV4 - SN7349; ConvFi.23, 8.23, §.23) @ 1900 MHz; Calibrated: 31.12.2018
e Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 04.10.2018
¢ Phantom: Flat Phantom 5.0 (back). Type: QD 000 PSO AA; Serial: 1002

« DASYS5252.10.2(1495); SEMCAD X 14.6.12(7450)
Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5Smm, dy=5mm, dz=5mm
Reference Value = 104.5 V/m; Power Drift = -0,03 dB
Peak SAR (extrapolated) = 17.3 W/kg

SAR(I g) = 9.71 W/kg; SAR(10 g) = 5.13 W/kg
Maximum value of SAR (measured) = 14.6 Wikg

-4.00
-8.00
-12.00

-16.00

-20.00

0dB = 14.6 W/kg = 11.64 dBW/kg
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Impedance Measurement Plot for Body TSL
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aCT

HCT CO,LTD
Calibfation Laboratory of \‘&‘A’/Z’, Schwoizerischar Kallbriordionst
Schmid & Partner m Service sulsse d'éalonnage
Engineering AG e Servizio svizzero di taratura
Zeughausstrasse 43, BOOS Zurich, Switzerfand N Swiss Calibration Service

A d
b

Accredted by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreemant for the recognition of calibration certificates

cient  HCT (Dymstec) Cartificate No: D2450V2-743_Jan19
=Y. -,‘; . _'-1";‘&5: ~7-i' § :I

Obiect D2450V2 - SN:743 A v |

A GW I Fadeh
S s L 4 44[? LA .’.f .

o S0 between 0.7-3 Gz

Catbration date: January 28, 2019
This calbration cerificate doo the bality %o r | dards, which realze the physical units of measurements (S1)

The measuroments and the uncertainties with confidence probabiity are given on the folowing pages and are pan of the cartiticate
All caibrations have been conducted In tha closed laboratory faclity; emdronment temperature (22 « 3)°C and humidity < 70%.

Caltiration Equipment used (MATE critical lor calibration)

This calbration cerdificate shall not be reproduced axcapt n full without witttan approval of the laboratony

Primary Standards D # Cal Date {Certificat No.) Schoduled Catbration
Powar matar NRP SK 104778 O4-Ape-18 (No. 27-08672/02673) Apr-19

Power sensor NRP-Z91 SN 103244 O4-Apr-18 (No, 217-02672) Apr-19

Powear sensor NRP-Z91 SN 103245 D4-Apr-18 (No. 217-02673) Apr-19

Referance 20 dB Attenuator SN: 5068 (20k) 04-Apr-18 (No. 217-02662) Apr-19

Type-N mismalch combination SN:S(M7.2/08327  04-Apr-18 (No. 217-02683) Apr-19

Retarence Probe EX3DV4 SN. 7348 31-Dac-18 (No. EX3-7349_Dec18) Dec-19

DAE4 SN: 601 04-Oct-18 (No. DAE4-501_Oct18) Oct-19

Sacondary Standards iD# Chack Date (in housa) Scheduled Check
Power meter EPM-4424 SN: GB37480704 07-0c-15 {in house chack Oc1-18) In house check; Oct-20
Powsr sansor HP 84814 SN; US37292783 07-0ct-15 {in house chack Oct-18§) In house chieck: Oct-20
Paower sansor HP 8481A 5N MY31092317 07-0ct-15 {In houss chack Oct-18) In house check: Oct-20
RAF generator RAS SMT-06 SN; 100872 15-Jun-15 (i house check Oct-18) In houss check: Oct-20
Network Analyzer Agilant EBS58A | SN: US41000M77 31-Mar-14 {in housa check Oct-18) In house check: Oct-19

Issued: January 28, 2019
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HCTCO,LTD

Calibration Laboratory of s, s thor Kalltwierds

Schmid & Partner SS= % 2 Service suisse d'étalonnage
Engineering AG N Servizio svizzero di taratura

Zeughausstrassa 43, 8004 Zurich, Switzerland % nﬁw‘? S swiss Calibration Service

Accrediied by the Swiss Accreditation Sevvice [SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA

Multiiateral Agr 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, "“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 avallable 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.

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

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

SAR measured: SAR measured at the stated antenna input power.
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 1o 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: D2350V2-743_Jan18 Paga 2of B
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Report No: HCT-SR-1904-FC004-R1

HCT CO,LTD
Measurement Conditions
DASY system configuration, as far as not on page 1.
DASY Version T‘“’“ DASYS v52.10.2
Extrapolation Advanced Extrapotation
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 220°C 392 1.80 mha/m
Measured Head TSL parameters (22.0+0.2)°C J78+6% 1.87 mho/m £ 6 %
Head TSL temperature change during test <05°C e e
SAR result with Head TSL
SAR averaged over 1 cm’ (1 @) of Head TSL Condition
SAR measured 250 mW input power 13.3 Wiy
SAR for nominal Head TSL parameters normalized to 1W 51.8 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g} of Head TSL condition
SAR measured 250 mW Input power 6.14 Wiy
SAR for nominal Head TSL parameters nomalized to 1W 24.2 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 82.7 1.95 mho/m
Measured Body TSL parameters {(22.0202)°C 51.126% 2,03 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 12.8 Wikg
SAR for nominal Body TSL parameters normalized to 1TW 49.9 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 5.94 Wikg
SAR for nominal Body TSL parameters normalized to 1W 23.4 Wikg = 16.5 % (k=2)
Certificate No: D2450V2-743_Jan19 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 360 +55j0

Return Loss -24.0dB
Antenna Parameters with Body TSL

Impedance, transformed to feed point 5020Q+78 Q2

Return Loss -22.1dB
General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.161 ns |

After long term use with 100W rackated 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 canductor 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 dipole arms in order lo 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 axcessive force must be applied to the dipole arms, because they might bend or the soldered connections near the

feadpoint may be damaged

Additional EUT Data

I Manufactured by

SPEAG

Certificate No: D2450V2-743_Jan19
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DASYS5 Validation Report for Head TSL

Date: 28.01.2019

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:743

Communication System: UID () - CW: Frequency: 2450 MHz

Medium parameters used: = 2450 MHz; ¢ = 1.87 S/m; & = 37.8; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(7.96, 7.96, 7.96) @ 2450 MHz; Calibrated: 31.12.2018
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAEA Sn601; Calibrated: 04.10.2018

Phantom: Flat Phantom 5.0 (front): Type: QD 000 P50 AA: Senal: 1001

DASYS52 52.10.2(1495): SEMCAD X 14.6.12(7450)

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

Reference Value = 116.5 V/m: Power Drift = (.01 dB

Peak SAR (extrapolated) = 26.6 W/kg

SAR(1 g) = 13.3 W/kg; SAR(10 g) = 6.14 W/kg

Maximum value of SAR (measured) = 22.1 W/kg

(0 dB =221 W/kg = 13.44 dBW/kg

Certilicate No; D2450V2-743_Jan19 Page 50l 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL
Date: 28.01.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:743
Communication System: UID 0 - CW; Frequency: 2450 MHz :
Medium parameters used: f = 2450 MHz: 6 =2.03 S/m; g, = 51.1; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEETEC/ANSI C63.19-2011)
DASYS52 Configuration;
« Probe: EX3DV4 - SN7349: ConvF(8.09, 8.09, 8.09) @ 2450 MHz: Calibrated: 31.12.2018
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.10.2018
« Phantom: Flat Phantom 5.0 (back}; Type: QD 000 PSO AA: Serial: 1002

= DASYS52 52.10.2(1495); SEMCAD X 14.6.12(7450)

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 = 107.2 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 25.5 W/kg

SAR(1 g) = 12.8 W/kg; SAR(10 g) = 5.94 W/kg

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

5800

<1000
1500
20000

2500

(0 dB = 20.7 W/kg = 13.16 dBW/ke
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Impedance Measurement Plot for Body TSL
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HCTCO,LTD
Calibration Laboratory of S, S Schweizerischer Kalibrierdienst
Schm!d & F_’artner S c Service suisse d'étalonnage
Engineering AG 7 = Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland {'/,‘ /f;\}\_.\-} S Swiss Cakibration Service
Whlah®

Accredited by the Swise Accreditation Sarvice (SAS)
The Swiss Accreditation Service is one of the signatories to the EA

Accreditation No.: SCS 0108

Multllateral Agr for the gnition of calibration certificates
client  HCT (Dymste Centficate No: D2600V2-1015_Nov18
\ »
LU ATV, 25 A W% R - =2
Callbration procedurets) “-il_ Jtuw i fa.ﬁg. g
dipolo vaiidation kits above 700 MHz
Calibeation dato; November 20, 2018

This calitvation cenficate decuments the t

abilty to nats d
inies with confid

. which realize the physical units of maasuremants (SI),
we probabiity are given on the folowing pages and are past of the certificate

Tha meast s and the

| Al calibrations have been conducted in the closed laboratory faciity: environmant temperatire (22 + 3)°C and hamiklity < 70%

Callbration Equpment used (MATE critical for calbration)

Primary Standards 1D ¥ Cal Date (Certificate No.) Scheduled Calibration

Power mater NRP SN 104778 04-Apr-18 (No, 21 7-02672/02673) Ape-19

Power sansor NHP-Z1 5N 103244 4-Apr-18 (No, 217-02672) Ape-19

Power sansor NRP-Z91 SN 105245 4-Apr-18 (No. 217-02673) Apr-19

Helerance 20 dB Atenuator SN 5068 (20k) M-Ape-1B (No, 217-02882) Apr-19

Type-N mismateh combination SN 5047.2 / 06327 04-Ape-18 (No. 217-02683) Apr-19

Falerance Probe EX3DVA SN 7343 30-Dec-17 (No. EX3-7349_Dect7) Dac-18

DAE4 SN B0 04-0ct-18 (No. DAE4-601_Oct18) Oct-19

Secondary Standards iDa Check Date (in houss) Scheduled Check

Powar meter EPM-4424 SN: GB37480704 07-0ct-15 (In house chack Oct-18) In house check: Oct-20

Powear sensor HP 84314 SN: US37292783 07<0ct-15 (In house chack Qct-18) In house check: Oct-20

Powear sengor HP 8481A SN: MY41062317 07-0ct-15 {In house chack Oct-18) In house check: Oct-20

RF ganerator RAS SMT-06 SN: 100672 15-Jun-15 {In houséa check Oct-18) In house chack: Oct-20

Network Analyzer Agient EBISBA | SN: US41080477 31-Mar-14 {in house check Oct-18) In house chack: Oct-19
Nams Function Signature

Caiibeated by: Lol Kiysoan aborstory Tachnicien & A~

Issued: November 20, 2018

This caiibration canificate shall not be reproducad axcepl in full without written approval of the laborsiory
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Calibration Laboratory of

r S, Schweizerischer Kalibrierdienst
Schmid & Partner e 2 Service suisse d'étalonnage
Engineering AG T Servizio svizzero di taratura
Zeughaussirasse 43, BO04 Zurich, Switzertand YN S swiss Calibration Service
lale®
hocraditad by tha Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Sarvice ks one of the signatories to the EA
Multilateral Agreamaent 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, "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) |EC 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.

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.

s 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 caiculate the
nominal SAR result.

The reported uncentainty 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%.

Cartificate No: D2600V2-1015_Nov18 Page20of8
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HCTCO,LTD
Measurement Conditions
DASY system configuration, as far as not given on page 1
DASY Version DASY5 V52.10.2
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2600 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 3590 1.86 mho/m
Measured Head TSL parameters (220+02)"C 373+6% 203 mho/m =6 %
Head TSL temperature change during test <05°C — —_—
SAR result with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAR measured 250 mW input power 14.9 Wikg
SAR for nominal Head TSL paramstars normalized to 1W 58.1 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm* (10 g) of Head TSL condition
SAR measured 250 mW input power 6.63 Wikg
SAR for nominal Head TSL parameters normalized to 1W 26.1 Wikg = 16.5 % (k=2)
Body TSL parameters
The foliowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.5 2.16 mha/m
Measured Body TSL parameters (220+0.2)°C 509+6% 220 mhofm =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 13.9 Wikg
SAR for nominal Body TSL parameters normalized to 1W 54.8 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condstion
SAR measured 250 mW input power 6.14 Wikg
SAR for nominal Body TSL parameters normalized to 1W 24.3 Wikg = 16.5 % (k=2)
Certificate No: D2600V2-1015_Nov18 Page 3 of 8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impadance, transtormed to feed point 4980-41jQ
Retumn Loss -276d8

Antenna Parameters with Body TSL

impedance, transformed to feed point B580-2810

HAeturn Loss -255d8

General Antenna Parameters and Design

[ Electrical Delay (one direction) l 1150 ns

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

The dipole 13 made of standard semirigid coaxial cable. The canter conductor of the feeding line is directly connected 1o the
sacond 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 a5 explained in the
*‘Measuremant Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length |s 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
feadpoint may be damaged

Additional EUT Data

Manufactured by SPEAG
Manufactured on October 30, 2007
Certificate No: D2600V2-1015_Nov18 Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 16.11.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1015

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

Medium parameters used: = 2600 MHz; o = 2.03 S/m; & = 37.3; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(7.7, 7.7, 7.7) @ 2600 MHz; Calibrated: 30.12.2017
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.10.2018
= Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

« DASY52 52.10.2(1495): SEMCAD X 14.6.12(7450)

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 = 121.3 V/m; Power Drift =-0.04 dB

Peak SAR (extrapolated) = 30,2 Wikg

SAR(I g) = 14.9 W/kg; SAR(10 g) = 6.63 W/kg

Maximum value of SAR (measured) = 25.0 W/ikg

-4.80
-9.60
-14.40
-19.20

24.00

0 dB =25.0 Wikg = 13,98 dBW/kg

Cerificate No: D2600V2-1015_Nov18 Page 50f 8

F-TP22-03 (Rev.00) 90 / 106 HCT CO.,LTD.



HCT FCC ID: A3LSMAG060 Report No: HCT-SR-1904-FC004-R1

HCT CO,LTD

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

Date: 20.11.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN:1015

Communication System: UID 0 - CW; Frequency: 26(0) MHz

Medium parameters used: f = 2600 MHz; a = 2.2 S/m; & = 50.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
e Probe: EX3DV4 - SN7349; ConvE(7.81, 7.81, 7.81) @ 2600 MHz; Calibrated: 30.12.2017
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
o Electronics: DAEA Sn601; Calibrated: 04.10.2018
« Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA: Serial: 1002

« DASYS252.10.2(1495): SEMCAD X 14.6.12(7450)

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

Reference Value = 108.5 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 28.6 Wikg

SAR(1 g) = 13.9 W/kg; SAR(10 g) = 6.14 W/kg

Maximum value of SAR (measured) = 23.1 W/kg

-5.00
-10.00

-15.00

0dB =23.1 W/kg = 13.64 dBW/kg
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Impedance Measurement Plot for Body TSL
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Report No: HCT-SR-1904-FC004-R1

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Service (SAS)
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The Swiss Accreditation Service is one of the signatories to the EA

Cafibration Equpment used (MATE critical for calbration)

S
Cc
S

Schwelzerischer Kallbrierdionst
Service sulsse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

This calbration certificate documents (he traceability 1o national stardards, which realize the physical units of measuremants (S1)
The measuremants and the uncertsinties with contidence prodabilty are givan an the fallowing pages and are parnt of the cerbificate.

All caltbrations have besn conductad in the clossd Bboratory taciity: environment emperature (22 = 3)°C and humidity < 70%.

Calbrated by:

Function

Pranary Standands 0¥ Cal Date (Certificate No.) Scheduled Cefibration
Power matar NRP SN 104778 O4-Ape-18 (No. 217-0267202673) Apr-19

Powear sensor NAP-Z91 SN 106244 04-Apr-18 (No. 217-02672) Apr-18

Powear sensor NRP-Z91 SN: 103245 04-Apr-18 (Na. 217-02673) Apr-18
Retarence 20 o8 Attenuator SN: 5058 {20k) 04-Apr-18 (No. 217-02682) Apr-18

Typa-N mismatoh combnation SN: 50472 / 06327 04-Apr-18 {No. 217-02683) Apr-18

Aelerence Probe EX3ADV4 SN: 3503 30:Dec-17 (No. EX3-3503_Dec17) Dec-18

DAE4 SN 801 04-0ct-18 (No. DAE4-601_Oct18) QOct-19

Standards oy Check Date (In house) Scheduled Check

Powar metar EPM-442A SN: GB37480704 07-0ct-15 (in houss check Oct-18) In housa chick: Oct-20
Power sensor HP B4B1A SN: US37262783 07-Oct-15 (In house check Oct-18) In house check: Oct-20
Powar sensor HP B4S1A SN: MY41082317 07-0ct-15 {In house chack Ocl-18) In housa check: Qct-20
RF ganerator AAS SMT-06 SN: 100672 15-Jun-15 (i house check Oct-18) In house chack: Oct-20
Notwork Analyzer Agilant EB3SBA | SN: US41080477 31-Mar-14 (In housa chack Oct-18) In house chack: Oct-19

This cadbration cartificate shal not ba reproduced axcept n full without written approval of tha laboratory.
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Calibration Laboratory of

] s S ischer Kalibrierdi

Schmid & Partner Service suisse d'étalonnage
Engineering AG C  servitio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service

Accradited by the Swiss Accraditation Service {SAS) Accreditation No,: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Ag 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, "[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

¢) 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:

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 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.

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

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

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

Certficate No: DSGHzV2-1253_Nov18 Page 2 0f 13

F-TP22-03 (Rev.00) 95 /106 HCT CO.,LTD.



aCT
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HCT CO,LTD
Measurement Conditions
DASY systerm configuration, as far as not given on page 1.

DASY Version DASYS V52.10.2

Extrapolation Advanced Extrapolation

Phantom Modidar Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx,dy=4.0mm, dz =1.4mm Graded Ratio = 1.4 (Z direction)
5250 MHz = 1 MHz

Frequency 5600 MMz = 1 MHz
5750 MHz = 1 MHz

Head TSL parameters at 5250 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 359 4,71 mho/m
Measured Head TSL paramaters (220+£02)°C 362+6% 4.50 mha'/m + 6 %
Head TSL temperature change during test <05°C . —
SAR result with Head TSL at 5250 MHz
SAR averaged over 1 cm” (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.20 W/kg
SAR for nominal Head TSL parameters normalized to 1W 82.0 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SARA measured 100 mW input power 2.34 Whkg

SAH for nominal Head TSL parameters

nomalized to 1W

23.4 Wikg = 19.5 % (k=2)

Cenificate No: D5GHzV2-1253_Nov18
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Head TSL parameters at 5600 MHz

The following parameters and calculations wese applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 355 5.07 mho/m
Measured Head TSL parameters {220+£02)C 35.7+6% 4.84 mho/m £ 6 %
Head TSL temperature change during test <05°C — —
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power B.39 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

83.8 W/ kg £ 19.9 % (k=2)

SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 100 mW input power 2.38 Wikg
SAR for nominal Head TSL parameters normalized to 1W 23.9 Wikg = 19.5 % (k=2)
Head TSL parameters at 5750 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 354 5.22 mho/m
Measured Head TSL parameters (220+02)°C 35526% 5.10 mho'm = 6 %
Head TSL temperature change during test <05°C — -
SAR result with Head TSL at 5750 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power B.23 Wikg
SAR for nominal Head TSL parameters normalized 10 1W 82.3 Wikg = 19,9 % (k=2)
SAR averaged over 10 cm”’ (10 g) of Head TSL condition
SAR measured 100 mW input power 234 Wikg
SAR for nominal Head TSL parameters normmalized to 1W 23.4 Wikg = 19.5 % (k=2)
Certificate No: DSGHzV2-1253_Nov1s Page 4 of 13
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Body TSL parameters at 5250 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 489 5.36 mho/m
Measured Body TSL parameters (220+0.2)"C 475+6% 546 mho/m + 6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL at 5250 MHz
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.84 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

SAR measured 100 mW input power 217 Wikg

SAR for nominal Body TSL parameters normalized to TW 21.6 Wikg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz

The following parameters and calculations were applied,
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 485 5.77 mho/m

Measured Body TSL parameters (220=202)°C 46826 % 5.94 mho/m + 6 %

Body TSL temperature change during test <05"C e -
SAR result with Body TSL at 5600 MHz

SAR averaged over 1 em” (1 g) of Body TSL Condition

SAR measured 100 mW input power 821 Wiy

SAR for nominal Body TSL parameters normalized to 1W 81.6 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2,28 Wikg

SAR for nominal Body TSL parameters normalized to 1W 22.6 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5750 MHz
The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 20°C 483 5.94 mho/m

Measured Body TSL parameters (220+02}°C 468+6% 6.15 mho/m =86 %

Body TSL temperature change during test <05°C —- —
SAR result with Body TSL at 5750 MHz

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

SAR measured 100 mW input power 797 Wikg

SAR for nominal Body TSL parameters normalized to 1W 77.3 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input powet 216 Wikg

SAR for nominal Body TSL parameters normalized to 1W 21.4 Wikg = 19.5 % (k=2)
Certificate No: DSGH2V2-1253_Nov18 Page 6 of 13
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point 4920-4212

Return Loss -274dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to fead point 5270Q+27 2

Return Loss - 28.6 d8
Antenna Parameters with Head TSL at 5750 MHz

Impedance, transformed 10 teed point 541Q+40jQ

Return Loss -252d8
Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed to faed point 4840Q-20iQ

Return Loss -33.6dB
Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 5250Q+31jQ

Retumn Loss -282dB
Antenna Parameters with Body TSL at 5750 MHz

Impeadanca, translormed 1o feed point 565043812

Return Loss -23.0dB
General Antenna Parameters and Design

I Electrical Delay (one direction) l 1.185ns

Atter 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 semingid 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, smail end caps
are added to the dipole arms in order 1o 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 Jength s still

according to the Standard.

No excessive force must be applied to the dipole arms, bacause they might bend or the solderad connections near the

feedpoint may be damaged.

Additional EUT Data

Manutactured by

SPEAG

Manufactured an

January 22, 2016
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DASYS5 Validation Report for Head TSL

Date; 15.11.2018
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1253

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz. Frequency: 5750 MHz
Medium parameters used: = 5250 MHz; o = 4.5 S/m; & = 36.2; p = 1000 kg/m” ,

Medium parameters used: = 5600 MHz; ¢ = 4.84 S/m; ¢ = 35.7, p = 1000 kg/m’ .

Medium parameters used: f = 5750 MHz: ¢ = 5.1 S$/m; & = 35.5; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-201 1)

DASYS52 Configuration:

» Probe: EX3DV4 - SN3503; ConvF(3.51, 5.51, 5.51) @ 5250 MHz,
ConvF(5.05, 5.05, 5.05) @ 5600 MHz,
ConvF(4.98, 4.98, 4.98) @ 5750 MHz; Calibrated: 30.12.2017

* Sensor-Surface: 1. 4mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601 (5G); Calibrated: (04,10.2018

*  Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
o  DASYS2 52,10.2(1495); SEMCAD X 14.6.12(7446)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 80,61 Vim; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 27.6 Wikg

SAR(1 g) = 8.2 W/kg; SAR(10 g) = 2.34 W/kg

Maximum value of SAR (measured) = 18.3 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm. dz=1 4mm

Reference Value = 77.68 Vim; Power Drift =-0.01 dB

Peik SAR (extrapolated) = 30.8 Wikg

SAR(1 g) = 8.39 W/kg; SAR(10 g) = 2.39 W/kg

Maximum value of SAR (measored) = 19.6 Wike

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 75,48 Vim; Power Dnft = -0.04 dB

Peak SAR (extrapolated) = 30.7 Wikg

SAR(1 g) = 8.23 W/kg; SAR(10 g) = 2.34 W/kg

Maximum value of SAR (measured) = 19.2 W/kg

Certificate No: D5GHZV2-1253_Nov18 Page 8 of 13

F-TP22-03 (Rev.00) 101 / 106 HCT CO.,LTD.



HCT FCC ID: A3LSMAGO60 Report No: HCT-SR-1004-FC004-R1

HCTCO,LLTD

0 dB = 18.5 Wikg = 12.67 dBW/ke
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 22.11.2018
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: D5GHzV2; Serial: DSGHzV2 - SN:1253

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: f = 5250 MHz; o = 5.46 S/m; &, = 47.5; p = 1000 kg/m’ ,

Medium parnmeters used: = 5600 MHz; 0 = 5.94 §/m; & =46.8; p = 1000 kg/m',

Medium parameters used: { = 5750 MHz: ¢ = 6.15 S/m; &, = 46.6; p = 1000 kg/m’

Phantom section: Flat Section

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

DASY352 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.26, 5.26, 5.26) @ 5250 MHz,
ConvF(4.65, 4.65, 4.65) @ 5600 MHz,
ConvF(4.57, 4,57, 457) @ 5750 MHz; Calibrated: 30.12.2017

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

s Electronics: DAEA4 Sn601 (5G); Calibrated: 04.10.2018

« Phantom; Flat Phantom 5.0 (back): Type: QD 000 P50 AA: Serial: 1002
e DASYS52 52.10.2(1495); SEMCAD X 14.6.12(7450)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mum, dz=1.4mm

Reference Value = 69,32 Vim; Power Drift =-0,03 dB

Peak SAR (extrapolated) = 30.5 Wikg

SAR(1 g) = 7.84 W/kg: SAR(10 g} = 2.17 W/kg

Maximum value of SAR (measured) = 18,6 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Valoe = 69.85 Vim; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 34.8 Wikg

SAR(1 g) = 8.21 W/kg; SAR(10 g) = 2.28 W/kg

Maximum valee of SAR (measured) = 20.3 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 67.21 V/m; Power Drift =-0.04 dB

Peak SAR (extrapolated) = 33.5 W/kg

SAR(1 g)=7.77 W/kg: SAR(10 g) = 2.16 W/kg

Maximum value of SAR (measured) = 19.3 Wikg

Certificate No: DSGHzV2-1253_Nov18 Page 11 0f 13

F-TP22-03 (Rev.00) 104 / 106 HCT CO.,LTD.



HCT FCC ID: A3LSMAGO60 Report No: HCT-SR-1004-FC004-R1

HCTCO,LLTD

0dB = 18.6 W/kg= 1270 dBW/kg
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Impedance Measurement Plot for Body TSL
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