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chent  HCT (Dymstec)
CALIBRATION CERTIFICATE

Accreditation No.: SCS 0108

Cartificate No: D750V3-1014_Jul17

Object D750V3 - SN:1014
Cafaration procedura(s) QACAL-05v8 LN

Calibration procedure for dipole validation kits above 700 MHz
Caltration date: July 18, 2017

This caliveation corfificate documants the traceabilty 1o national slandards. which realize ihe physical units of maasuremants (S6)
The measuramants and the uncertainties with confidence probabilily are ghven on the folfowing pages and ar part of the certilicate

All calibrations have bean conducted n ihe closed ubaratory faciity: environmaent femperatize (22 2 3)'C and humidity < 70%

Caliteation Equpment used (MATE crtical for casibiration)

This calibration cenificate shall not ba reproduced except in fub witheu! wrilten approve of the labomiory,

Primary Standards D& Cal Date (Cedificate No.) Scheduied Catbration

Powsr meter NAP SN: 104778 O4-Apr-17 (No, 217.02521/02522) Apr-18

Power sansar NRF-Z61 SN: 109244 Gl Ape1 7 (No, 217.024521) Apr-18

Power sensar NRP-Z81 SN: 103245 {4-Ape1 7 (No, 217402522 Apr-18

Aelerence 20 B Altenuator SN: 5058 (20k) OT-Ape-17 (Na, 217-02523) Apr-18

Type-N mismastch comblnmtian SN: 5047.2 / 06327 O7-Ape1 7 (No, 29702528) Apr-18

Aelersnce Probe EX30V4 SN 7349 31-May-17 (No. EX3-7348_May17) May-18

DAE4 SN: 601 28-Man17 (No. DAESS01_Mari?) Mar-18

Secondary Standards Dz Check Date {in housa) Schegued Check

Power mater EFM-442A SN: GB3I7480704 07-0ct-15 {in house check Oct-16) In house chack: Oct-18

Power sensor HP BAB1A SN: US37262783 07-0ct-15 (in house chack Ocl-16) In house check: Oct-18

Power sensor HP BAGTA SN MY41082317 07-0ct-15 {in house check Oct-16) In house check: Oct-18

AF generator B&S SMT-06 SN: 100872 18-Jun-15 (in housa check Oct-186) In house chack: Oct-18

Natwork Aralyzes HP 8753E SN: US37ras088s 18-0ct-01 (in housa chack Oct-16) In houss ghack: Oct-17
Name Function Sigrature

Calipratod by: Johannes Kurikka Laboratory. Technician ; et l

Approved by Katia Pokovic Techrical Managar

g

Issued: July 20, 2017
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Calibration Laboratory of

P —
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Zeughausstrasse 43, 8004 Zurich, Switzeriand S Swiss Calibration Service

Accredited by the Swiss Accreditation Servics (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is ono 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, "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 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.

« Flectrical 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.

e SAR nomalized: 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%.

Certificata No: D750V3-1014_Juli7 Page 201 8
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HCT CO,LTD. HCT-SR-1804-FC004
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.10.0
Extrapolation Advanced Extrapoiation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy. dz =5 mm
Frequency 750 MHz + 1 MH2
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 parametars (220+02)"C 410+26% 0.88 mha/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
SAA measured 250 mW input power 2,08 Wikg
SAR far nominal Head TSL parameters normalized to 1W 8,28 Wkg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condltion
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 appliad,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.5 0.96 mho/m
Measured Body TSL parameters {220:02)°C 55.0+86 % 0,99 mha/m =6 %
Body TSL temperature change during test <05°C - —
SAR resuit with Body TSL
SAR averaged over 1 em’ (1 g) of Body TSL Condition
SAR measured 250 mW inpul power 222 Wikg
SAR for nominal Body TSL parameters 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 nomaitzed lo 1W 5.68 Wikg = 16.5 % (k=2)

Cantificate No: D750V3-1014_Jul17
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 5560 +35iQ

Return Loss ~24.1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed poim 503R-05Q
Return Loss -451 dB

General Antenna Parameters and Design

| Etectrical 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 s made of standard semirigid coaxial cable. The center conductor of e feeding 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 ovarall 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

Ceartificate No: D750V3-1014_Jui17 Page 4 of 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: D750V3; Serial: D750V3 - SN:1014

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

Medium parameters used: f = 750 MHz; o = (.89 S/m; & =41; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Stundard: DASYS (IEEE/TEC/ANSI €63.19-2011)

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(10.49, 10.49, 10.49); Calibrated: 31.05.2017;
» Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 28.03.2017
« Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
« DASYS5252.10.0(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=5Smm, dy=Smm, dz=Smm

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

Peak SAR (extrapolated) = 3.20 W/kg

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

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 (IEEE/IEC/ANSI C63,19-2011)

DASY352 Configuration:

Probe: EX3DV4 - SN7349; ConvF(10.35, 10.35, 10,35); 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

DASY52 52.10.0(1446); SEMCAD X 14.6,10(7417)

Date: 19.07.2017

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/im; 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
Maximum value of SAR (measured) = 2,94 Wikg

dB

-2.20

-4.40

-6.60

-8.80

-11.00

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

Certilicate No: D750V3-1014_Juit7 Page 7ol 8
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Impedance Measurement Plot for Body TSL

19 Jul 2017 14151:37
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Accrecitad by the Swiss Accraditation Secvics (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
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cient  HCT (Dymstec) Cerificate No: DB35V2-441_Sep17
CALIBRATION CERTIFICATE
Object D835V2 - SN:441
Calbration procedurais) QA CAL-OS.VQ - 3

Calibration pracedure for dipole validation kits above 700 MHz

Cadbration dae: September 21, 2017

This cadbration canificate documents the traceability 1o nasional standards, which realze the physical units of moaswemants (S1)
The measurements and Ihe uncarairdies with confidence probabiity are given on the following pages and are pan of the cedificate.

AR callbvations have been canducted In the closed laboratory tacilty: anvironmant temperature (22 = 3)°C and humidity < 70%

Cadbration Equipment used (MATE crilical for calration)

Primary Standards 13 Cal Date (Cortificate No ) Scheduled Calbration

Power mater NR® SN: 104778 O4-Apr1 7 (No. 217-02521/02522) Apr18

Power sansor NRP-251 SN. 103244 O4-Apr-17 (No. 217-02521) Apr18

Powee aansor NRP-291 SN: 103245 4-Apr-17 (No. 217-02522) Apr18

Reterence 20 B Atlanuaior SN: 5058 (20%) O7-Apr-17 (No. 217-02528) Ape-18

Type-N mismaich combnation SN: 5047.2/ 06327 TT-Ape-17 (No. 217-08529) Apr-18

Hederence Probe EXIDVE SN: 7349 31-May-17 (No. EX3-7349_May17) May-18

DAE4 SN 601 26-Mar-17 (Na. DAE4-GOY_Mart7) Mar-18

Secondary Standards 10 * Check Date (in house) Scheduled Check

Power meter EPM-4424 SN: GBA7480704 07-0ci-15 (In housa check Oct-18) In house chack: Oct-18

Powsr sensor HP 8481A SN: USarzaz7ey 07-0ct-15 (In house check Oct-18) In house chack: Oct-18

Powee sansor HP 8481A SN: MY41092317 07-0ct-15 (In house check Oct-16) In house chack: Oct-18

FIF genersicr AAS SMT-08 SN: 100972 15-Jun-15 (in house check Oct-16) in house chack: Oct1B

Network Analyzer HP 8753E SN: US37390565 18-0ct-01 (In house check Oct-18) In houss chack: Oct-17
Name Function Signature

Caibrated by: Michael Webar Laboratory Techncian

Approved by: Katjit Poxovic Tachnical Manager /M'

lssusd September 21, 2017

This caltiration cedificate shall not be reproduced axcept in full without writtan aporeval of the lsboratory,

Cortificata No: DB35V2-441_Sep17? Pago 1 of8
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Calibration Laboratory of
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Engineering AG
Zeughsusstrasse 43, B004 Zurich, Switzertand

Sohweizerischer Kalibrierdienst
S

c Service sulsse détalonnage

s Servizio svizzero di taratura

Swiss Caflbration Service
Accredited by the Swiss Accredtation Service (SAS) Accreditation No,: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Multiloteral 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, "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 usad 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.

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

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

« SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Codificate No: DB35V2-441_Sep17 Page2cl8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52,100
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Canter - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, d2 =5 mm
Frequency 835 MHz = 1 MMz
Head TSL parameters
The lollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 415 0.90 mhoim
Measured Head TSL parameters (220+02)"C 409+6% 0.83 mho/m + 6 %
Head TSL temperature change during test <058"C -
SAR result with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.41 Wikg
SAR far nominal Head TSL parameters normalized to 1W 9.38 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm?® (10 g) of Head TSL condition
SAA measured 250 mW Input power 1.55 Wika
SAR for nomenal Head TSL parameters normalized to 1W 6.07 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were appliad.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.2 0.87 mho/m
Measured Body TSL parameters (220 £0.2)°C 553+6% 0.88 mho/m + 6 %
Body TSL. temperature change during test <05°C e —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.37 Wikg

SAR for nominal Bady TSL parameters

normalized to 1W

9.41 Wikg = 17,0 % (k=2)

SAR averaged over 10 ecm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.55 Wrkg
SAR lor nominal Body TSL parameters normalized 10 1W 6.16 W/kg = 16.5 % (k=2)

Caentificate No: DB3SV2-441_Sep17

Page 3of 8

F-TP22-03 (Rev.00)

HCT CO.,LTD.
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 51.1Q-231Q
Retumn Loss -321dB

Antenna Parameters with Body TSL

Impedance. transformed to feed point 4760-50/Q
Retum Loss -249dB

General Antenna Parameters and Design

| Electrical Delay {one dirsction) [ 1.371 ns

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

The dipole is made of standard semingid coaxial cable. The center conductor of the feeding line is directly connected to the
second am 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 Inadad according to the position as expiained in the
"Measurement Conditions” paragraph. The SAR data are not affectad by this change. The overall dipole length fs 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
Manufactured by SPEAG
Manulactured on March 09, 2001
Cenificate No: DE35V2-441_Sep17 Pagedol 8
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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: f = 835 MHz; o = 0.93 S/m; & = 40.9; p = 1000 ke/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

» DASYS252.10.0(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=5mm, dz=5mm

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

Peak SAR (extrapolated) = 3.75 Wikg

SAR(1 g) = 2.41 W/kg; SAR(10 2) = 1.55 W/kg

Maximum value of SAR (measured) = 3.28 W/kg

dB
0

-2.40
-4.80
-1.20
-9.60
-12.60

0dB =328 W/kg=5.16 dBW/kg

Certificate No; D835V2-441 Sept7 Page 5ol 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 Laboraory: 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; 0 = 0,98 S/m; & = 55.3: p = 1000 kg/m’
Phantom section; Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI €63,19-2011)

DASY52 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
» Phoentom: Flat Phantom 4.9 (Back); Type: QD 00R P49 AA: Serial: 1005

« DASY5252.10.0(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=53mm, dy=5mm, dz=5mm

Reference Value = 59.66 Vim; Power Drift =-0.09 dB

Peak SAR (extrapolated) = 3.57 Wike

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

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

dB
0

2.40
| -4.80
-7.20
-9.60
12.00

0dB =312 Wikg =494 dBW/kg

Certificate No: D835V2-441_Sep17 Page 7of 8
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Impedance Measurement Plot for Body TSL
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FCC ID: A3LSMG8750 HCT-SR-1804-FC004

Accreditad by the Swiss Accraditation Sanica (SAS)
The Swiss Accreditation Service is one of the signatories to the EA

HCTCO.,LTD.
Calibration Laboratory of 4*‘\\@""’3 S Schweizerischer Kalibriordlonst
Schmid & Partner % c Service sulsse d'étalonnage
Engineering AG - e Servizio svizzero di taratura
Ty
Zeughausstrasse 43, 8004 Zurich, Switzerland S S swiss Calibration Service
QAR

Accreditation No.: SCS 0108

Multilaters! Agr for the recognition of catibration cortificatss

Ctient HCT (Dymstec) Certiticate No: D1800V2-2d006_Nov17
CALIBRATION CERTIFICATE FEmr—

Object

Calbration procedurels)

Cafbration dase:

D1800V2 - SN:2d008 &
A

QACAL-05v9 i 22 L2
Calibration procedure for dipole validation kits above 700 MHz

November 15,
This calbration cenificate documents the traceability to nasianal standarts, which readze the physical units of measurernents (S1).
The measurements and the uncanainties with confidence prcbabiity am givan on the folowing pages und are part of tha carificate
Al cailbrations have been conducted In the closed labaratary faciity: environment lempensture (22 + 35°C and humdity < 70%,

Catbration Equipment used {MATE critical for calbration)

=0 )75

2017

Primary Standards 10 ¥ Ca! Data (Contificate No,) Scheduled Calibration

Power mater NHP SN: 104778 O4-Apr-17 (No. 217-02521/02622) Ape18

Powee sansor NRP-Z#1 SN: 103244 04-Apr-17 {No. 217-02521) Ape-18

Power asnsor NRP-Z81 SN: 103245 O4-Apr-17 (No, 217-02522) Ape-18

Hederence 20 dB Attenusion SN: 5058 (20m) O7-Apr-17 (No. 217-02528) Ape-18

Type-N mismatch cambination SN: 8047.2/ 06327 O7-Apt-17 (No. 217-02629) Ape-18

Helevence Probe EX3DVe SN: 7349 J1-May-17 (No, EX3-7249 Mayt?) May-18

DAE4 SN 601 26-0ct-17 (No. DAEA-80Y_OctiT) Qet-18

Secondary Standards 10 % Check Date (in house) Scheduled Chack

Powss meter EPM-442A SN: GBI7480704 G7-Oct-15 (In house check Oct-18) in house check: Oct-18

Power se0s0r HP BAB1A SN: USa7292783 07-001-15 (In house check Oct-18) In house chack: Oct-18

Powst sansor HP BABIA SN: MY41082317 G7-0ci-15 (In house check Oct-18) in housa chack. Oct-18

AF genemtor ASS SMT-08 [ SN: 100472 15-Jun-15 (In house check Oct-16) in howse check: Oct-18

Natwork Analyzer HP 87S3E | SN LISS7390565 18-0ct-01 (In house check Oct17) in house chack: Dct-18
Name Function Signature

Caltirated by: Mchael Weber Luboratory Techmcian %_

Appraved by: “Katja Poxovic

This calbiration cedificate shall nof be reproduced axcept in full without writtan aparoval of tha laboratory,

oo

lssued; Novernber 15, 2017
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Calibration Laboratory of
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Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzsriand

S Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S swiss Calibration Service

Accradited by the Swiss Accreditaticn Service (3AS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agr for the recagnition 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) KDE 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.

* 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.

e 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 85%.

Cenificate No: D1800V2-2d006_Nov17 Pago2af 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 Modutar Flal Phantom
Distance Dipole Center - TSL 10 mm with Spaces
Zoom Scan Resolution dx, dy. dz =5 mm
Frequency 1800 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mha/m
Measured Head TSL parameters (220+02)°C 307+6% 1,38 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 9.63 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 38.8 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.01 Whg
SAR for nominal Head TSL parameters normalized to 1W 20.1 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mho/m
Measured Body TSL parameters (220£02)°C 5256 % 1.52 mho/m = 6 %
Body TSL temperature change during test <05°C — e
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 8.75 Wikg
SAR for nominal Body TSL parameters normalized to TW 38.9 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 5.00 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 20.3 Wikg = 16.5 % (k=2)

Certificate No: D1800V2-24006_Nov17
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 4680Q-7310
Retumn Loss -21.7dB
Antenna Parameters with Body TSL
Impedance, transformed 10 feed point 4290-6012
Retum Loss - 20048
General Antenna Parameters and Design
| Electrical Dalay (one direction) l 1.208 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 fine is directly connacted fo the
second arm of the dipoie. 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 1o the position as expiained In the
*Measursment Condifions* paragraph. The SAR dala are not affected by this change. The overall dipole langth is still

according to the Standard,

No excessive force must be applied to the dipale arms, because thay might bend or the soldered connections near the

feadpoint may be dameaged.

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

Certificate No: D1800V2-2d006_Nov17
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HCTCO,,LTD. HCT-SR-1804-FC004

DASYS5 Validation Report for Head TSL

Date: 15.11.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: DISB00V2; Serial: DI1SO0V2 - SN:2d006

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

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

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

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.56, 8.56, 8.56); Calibrated: 31.05.2017;
= Sensor-Surface: L.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated:; 26.10.2017
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

« DASYS5252.10.0( 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=Smm. dy=5Smm, dz=5mm

Reference Value = 108.6 V/m; Power Drift =-0.06 dB

Peak SAR (extrapolated) = 18,2 W/kg

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

Maximum value of SAR (measured) = 14.9 Wikg

-3.60
-7.20
-10.80

-14.40

-18.00

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

Certificate No: D1800V2-2d005_Novi7 Page50f 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1800 MHz; Type: DIS00V2; Serial: DISOOV2 - SN:2d006

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

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

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

DASYS52 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: Seriai: 1002

DASYS52 52,10.0(1446); SEMCAD X 14.6.10(7417)

Date: 15.11,2017

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/im; Power Drift = -0.09 dB
Peak SAR (extrapolated) = 17.5 Wikg

SAR(1 g) = 9.75 W/kg; SAR(10 g) = 5.09 W/kg
Muaximum value of SAR (measured) = 14.5 Wikg

0dB =145 W/kg = 11.61 dBW/kg

Certficate No: D1800V2-2d006_Nov17 Page 7ot 8
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Impedance Measurement Plot for Body TSL
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Multilateral Agreement for the recognition of calibration certificates
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Caltwation Equipment wsod (MATE critics for calibration)

Primary Standards De Cal Date (Centificate No ) Schedued Calibration

Power mater NRP SN 104778 O4-Apr-17 (No. 217-02521/02522) Apr-18

Power s2nsor NRP-291 SN: 103244 O&-Ape-17 (No. 217-02521) Apr-18

Power sansar NRP.Z81 SN: 103245 O4-Apr-17 (No. 217-02522) Apr-18

Rederence 20 dB Attanuator SN. 5058 (20k) O7-Apr-17 (No. 217-02528) Apr18

Type-N mismatch combington SN. 5047.2 7 08327 O7-Apr-17 (No. 217.02529) Apr18

Rederence Probe EXIOV4 SN: 7348 30-0ec-17 {No. EX3-7349_Dect7) Dec.18

DAE4 SN 801 26-0ct-17 (No. DAEASN_Cen?) Oct.18

Secondary Standards Dw Check Dals (n houss) Scheduled Check

Powar meter EPM-442A SN: GB3I74B0704 07.Cct-15 (in house check Oct-18) In house check: Cct-18

Fowar sensar HP 8431A SN, US37292783 07-Cres-15 (in housa check Oct-16) in housa chack: Oct-18

Powar sensar HP 8481A SN: MY41092317 07.0ct-15 (in house check Oct-18) In house check. Oct-1B

RF genarstor RAS SMT.08 SN, 100972 15Jun-15 (in house check Oct-18) in house check: Oct-18

Natwork Anslyzer HP 8763E SN: US37300685 18.0ct-01 (In house check Oct-17) In house chack: Ocs-18
Name Function

Calirated by o !

Approved by,

issved. March 15, 2018

This catbration cantificate shal not ba reproduced excent in Rill without writton spproval of ihe isbaratory
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Schmid & Partner — oo mmag
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service |s one of the signatories to the EA
Multilataral Ag for the recognition of calibration cartificates
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 Recommendad 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 62208-2, "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 8 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

» Feed Point Impedance and Retumn 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 fow
reflected power. No uncertalinty required.

» Electrical Delsy: 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 al 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: D1000V2-54061_Mar18 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 Advancad Extrapolation
Phantom Modular Flat Phantorn
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =Smm
Frequency 1900 MHz £ 1 MHz
Head TSL parameters
The following parameters and caiculations were applied,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°'C 40.0 1.40 mhoim
Measured Head TSL parameters (220202)°C 405+6% 1.37 mha/m + 6 %
Head TSL temperature change during test <05°C _ —
SAR resuit with Head TSL
SAR averaged over 1 cm’® (1 g) of Head TSL Candition
SAR measured 250 mW input power 9.88 Wikg
SAR for nominal Head TSL parameters normalzed to 1W 40.1 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW Input powes 5.18 Wikg
SAR for nominal Head TSL parameters normalized to 1W 21.0 Wikg £ 16.5 % (k=2)

Body TSL parameters
The foliowing parameters and calculations were applied.
Tomperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 63.3 1.62 mho/m
Measured Body TSL parameters (22020.2)°C 55226% 1.47 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 0.84 Wikg
SAR for nominal Body TSL parameters nomaitzed to 1W 39.6 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 5.14 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

20.9 Wikg £ 16.5 % (k=2)

Certificate No: D1900V2-5d061_Mar18
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5140+82|0
Retum Loss ~240dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4770+49j0
Retum Loss -251d8

General Antenna Parameters and Design

| Esectrical Delay (one direction) | 1,194 ns |

After long term use with 100W radiated power, only & shight 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 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 (o 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 1o the Standard

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on December 10, 2004
Cartificate No: D1900V2-54061_Mar18 Page 4 of 8
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DASYS5 Validation Report for Head TSL
Date: 15.03.2018

I'est Laboratory: SPEAG, Zurich, Switzeriand
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d061
Communication System: UID 0 - CW; Frequency: 1900 MHz
Medium parameters used: = 1900 MHz; o = 1.37 S/m; & = 40.5; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASY5 (IEEE/AEC/ANSI C63.19-2011)
DASYS52 Configuration:

» Probe: EX3DV4 - SN7349; ConvF(8.18, 8.18, 8.18); 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

« DASYS2 52.10.0(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 = 107.8 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 18.3 Wikg

SAR(1 g)=9.88 W/kg; SAR(10 g) = 5.19 W/kg

Maximum value of SAR (measured) = 15.1 W/kg

-3.40
-6.80
-10.20
-13.60

-17.00

0dB =151 Wkg=11.79 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
Date: 15.03,.2018
lest Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipale 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d061
Communication System: UID 0 - CW; Frequency: 1900 MHz )
Medium parameters used: = 1900 MHz; o = 1.47 S/m; &, = 55.2; p = 1000 kg/m’

Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS2 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(8.15, 8.15, 8.15); Calibrated: 30.12.2017:
» 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

= DASYS52 52.10.0(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=5Smm, dy=5mm, dz=Smm

Reference Value = 101.9 V/m; Power Drift = -0,04 dB

Peak SAR (extrapolated) = 17.1 W/kg

SAR(1 g) = 9.64 W/kg; SAR(10 g) = 5,14 W/kg

Maximum value of SAR (measured) = 13.9 W/kg

-3.40
-6.80
-10.20
-13.60

-17.00

0dB = 13.9 W/kg = 11.43 dBW/kg

Certificate No: D1900V2-53061_Mar1a Page 7of 8
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Impedance Measurement Plot for Body TSL
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HCTCOLTD. HCT-SR-1804-FC004
Calibration Laboratory of S, Schweizerischer Kailbrierdien:
Schmid & Partner %& o ez
Engineering AG = C' gorvtilo siiesars ot tncsters
Zeughausstrasse 43, 8004 Zurich, Switzerland NG S Swiss Callbration Servica
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Accrediied by Ihe Swiss Accradgabon Seevice (SAS)

The Swiss Accreditation Sorvice is one of the signatories to the EA
Muitilsteral Agreemant for the recognition of calibration certificates

cient  HCT (Dymstec)
[CALIBRATION CERTIFICATE

Ovject D2450V2 - SN:985

Accreditation No.: SCS 0108

Certificsta No: D2450V2-965 Feb18

Callbration procedure(s)

Calibration procedure for

ole validation kits above 700 MHz

Caitbration date; February 16, 2018 |

Thez calibration carificate documents the traceability to national standards, which realize the physical units of measuements sy,

Ther and the L intias with confidancs probability are given cn the following pages and are part of the cenfficate.
Al calibestions bave been condocted in the closad y luciity: er temparature (22 « 3)°C and humidiy < 70%
Callbration Equipment used (MBTE critical for calibraticn)
Primasy Standarcs ID# Caé Date (Caniticate No.) Schedusad Calloration
Power meter NAP SN: 104778 04-Apr-17 (No. 217-0252102522) Apr-18
Power sensor NRP-Z61 SN: 103244 04-Apr-17 (No. 217-02521) Apr-18
Power sansor NRP-Z81 SN: 103245 04-Apr-17 (No. 217-02522) Apr-18
RAederonce 20 dB Attaruator SN: 5056 (20&] O7-Apr-17 (No. 217-02528) Apt-18
Typo-N mismatch combnation SN: 5047 2/ 08327 O7-Apr-17 (No. 217-02529) Apr-18
Aoforence Probe EX30V4 8N: 7542 30-Doc-17 (No. EX3-7340_[Dec17) Dec-18
DAE4 SN: 601 26-0ct17 (No. DAES-601_Oct17) Oct-18
Secondary Standards 10 # Chock Data (n house) Scheduled Check
Power melar EPM-4424 SN: GB37480704 07-0ct-15 {in house chock Oct-16) In house chack: Ocl-18
Power sensor HP 8481A 8N: US37292785 07-0ct-15 {In house check Oct-18) In house check: Oct-18
Power sansoe HP 8481A SN MY41092317 07-0ct-15 {in house check Oct-16) In house check: Oct-18
FF genersior AAS SMT-06 SN: 100072 15-Jun-15 (i hause check Oct-16) In house check: Oct-18
Network Anatyzar HP 87838 8N: US37390585 18-Cct-01 {in house check Oct-17) In house check: Ocl-18
Name Functicn nature
Calibrated by: Michae! Weber Laboratory Techniclan : w—
I1ssued: February 19, 2018
This cadbration certificate shal not ba reproduced except in full withoul written appraval of the labormtory.
2 ¥ 2 A 3 o A
~ 7
Cartificate No: D2450V2-965_Feb18 Page 1 of B A W )ﬂ
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Accrodited by the Swiss Accreditation Sarvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA
Muttitaternt Agr t for the recognition of catibration 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 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 phantomn. 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; D2450V2-965_Feb18 Page 20l 8
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Measurement Conditions

DASY system configuration, as [ar as not given on page 1.
DASY Version DASYsS V52.10.0
Extrapolation Advanced Extrapolation
Phantom Modular Fiat 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 paramaters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 382 1.80 mho/m
Measured Head TSL parameters (22.0+0.2}°C 378+6% 1.87 mhoim =26 %
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 measurad 250 mW input power 13.1 Wikg
SAR for nominal Head TSL parameters normalized to 1W 51.1 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.07 Wikg
SAR for nominal Head TSL parameters nommalized to 1W 23.9 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and caiculations were applied,
Temperature Permittivity Conductivity
MNominal Body TSL parameters 220°C 827 1.95 mho/m
Measured Body TSL parameters {220=202)"C 514+6% 2.04 mho/m =6 %
Body TSL temperature change during test <05°C eee —
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
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 Wiy = 16,5 % (k=2)

Certificate No: D2450V2-965_Feb18 Paga 3ol 8
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Appendix (Additional assessments outside the scope of SCS 01 08)
Antenna Parameters with Head TSL

Impedance, transformead to feed point 5490+4252

Retum Loss -242d8

Antenna Parameters with Body TSL

Impedance, transformed o feed point 5090+63|Q
Return Loss -240d8

General Antenna Parameters and Design

| Electrical Delay (ane direction) | 1.163 ns |

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

The dipole is made of standard seminigid coaxial cable. The center conductor of the feeding line is diractly connected to the
second arm of the dipofe. The antenna is tharefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 10 the dipole arms in order to imprave matching when loaded according to the pasition as explainad in the
"Measurement Conditions® paragraph, The SAR data are not alfected by this change. The overall dipole length is still
according to the Standard,

No excessive force must be applied 1o the dipole arms, because thay might bend or the soldered connections near the

feedpoint may be damaged.
Additional EUT Data
Manufactured by SPEAG
Manufactured on November 19, 2014
Certificate No: D2450V2-865_Feb18 Page 4 of 8
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DASYS 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: f= 2450 MHz; o = 1.87 S/m; & = 37.9; p = 1000 ke/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
+ Phanton: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

« DASY52 52.10.0(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 W/kg

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

Maximum value of SAR (measured) = 20.7 Wikg

-5.00
-10.00
-15.00

-20.00

-25.00

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

Certificate No: D2450V2-965_Feb18 Page 50t 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 $/m; g = 51.4; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(8.01, 8.01, 8,01); Calibrated: 30.12.2017:
= Secnsor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601: Calibrated: 26.10.2017
» Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA: Serial: 1002

=  DASYS52 52.10.0(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=5Smm

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

Peak SAR (extrapolated) = 25.8 W/kg

SAR(1 g) = 12.9 W/kg; SAR(10 g) = 5.98 W/kg

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

dB
6

-5.00

-10.00
-15.00
-20.00

-25.00

0dB =20.0 W/kg = 13.01 dBW/kg

Cerilicate No: D2450V2-965_Fab18 Page 7ol 8
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Impedance Measurement Plot for Body TSL
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HCT COLLTD. HCT-SR-1804-FC004
Calibration Laboratory of o, walinstsohier Kailboriaitsana
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Engineering AG % C  sarvisio svizzero ot taratura

Zeughsusstrasse 43, 8004 Zurich, Switzeriand {""4///—;.\\}? S Swiss Calibration Service
Accredasd by the Swiss Accreditation Servios (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Sarvice is ane of the signatories to the EA

Multilateral Agreement for the recognition of calibration certificates

cient  HCT (Dymstec) Cartificate No: D2600V2-1106_Dec17
CALIBRATION CERTIFICATE

Coject D2600V2 - SN:1106

Calration procedureis) QACAL-05vG

Calibration procedurs or dipcle
Catbration date: December 15, 2017

This calbration canificate documents the trsceabilily to natonal standards, which ra -
Tho measuremants and tha uncerainlies with confidence probabdity ara given on the following pages and are part of the cartilicate

All celibrations have been conducted in the closed laboratary faciity: environment tempersture (22 + 35°C and humiity < 70%

Caiicubon Equipment used (MATE criticat for calitration)

Primary Standards 10 ¢ Cal Date (Cartificate No.) Seheduled Calibeation

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

Power sensor NRP-281 SN 103244 M-Ape-17 (No. 217-02621) Ape-18

Powar simsor NRP-291 SN 105245 O-Ape-17 (No. 217-02522) Apea18

Raf e 20 dB An i SN 5068 (20k) 07-Ape-17 (No. 217-02628) Ape-18

Type-N mismatch combination SN: 47,2/ 06327 07-Ape-17 (No. 217-02529) Ape18

Rafarence Probe EX30DVA SN; 7343 S1-May-17 (No. EX3-7349_May17) May-18

DAE4 SN: BN 26-Oct-17 (No. DAE4-601_Oct17) Qct-18

Secondary Standards D Check Date (in house) Scheduled Chack

Pawar meter EPM-442A SN: GB37480704 07-0ct-15 (In house check Oct1-18) In house check: Oct-18

Power sansor HP 84814 8N: US37292783 07-0ct-15 {In house check Oct-16) In howse check: Oct-18

Power sonsor HP 84814 SN MY41082317 07-0ct-15 {In nouse chack O1-16) In hause check: Oct-18

AF genarator HAS SMT-06 SN 100972 15-Jun-15 (In houss check Oct-18) In hause check: Oot-18

Network Anadyzar HP 87538 SN: US37390585 18-Oct-01 {In house check Oct-17) In hause check: Oct-18
Name Function Signature

Calbrated by: Le# Kiysnar Labaratory Techniclan w Y

Approved by: Katja Bokovic Techrical Manager mf’

issued: Dacember 18, 2017

This calbration certificate shall not be reproducad except i full without written approved of the laboratory,

Cerificate No: D26800V2-1106_Dec17 Page 1 of 8

F-TP22-03 (Rev.00) HCT CO.,LTD.
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S

Engineering AG e Servizio svizzero di taratura
Zeughsusstrasse 43, 8004 Zurich, Switzerland % ,.ﬁ.\._\? Swiss Calibration Sorvice
Accredted by Ihe Swiss Accraditation Service (SAS) Accreditation No.: SCS 0108
The Swigs Accreditation Service is one of the signatories to the EA
Multitsteral Age 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, “|[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/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 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.

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 Retum 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.

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

« SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR 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: D2600V2-1106_Dec17 Page 2of8
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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 Medular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5mm
Frequency 2600 MHz = t MHz
Head TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.0 1.96 mho/m
Measured Head TSL parameters (220+02)°C 371:x6% 2,03 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 14.5 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 56.4 Wkg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.35 Wikg
SAR for nominal Head TSL paramsters nommalized 10 1W 25.0 Wikg = 16.5 % (kn2)
Body TSL parameters
The following parameters and calculations were appiied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 525 2.16 mho/m
Measured Body TSL parameters (22020.2)°C 510+£6% 222 mho/m £ 6 3%
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 13.9 Wikg
SAR for nominal Body TSL paramaters normalized to 1W 54.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measured 250 mW input power 6.13 Wikg
SAR for nominal Body TSL parameters normalized to W 24.2 Wikg = 16.5 % (k=2)
Caertificate No: D2600V2-1106_Dect? Page 3of 8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to lead paint 478Q-83 0

Return Loss -21.2dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 47Q-58i0

Return Loss -21.6dB

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1.150 ns

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

The dipole s mada of standard semirigid coaxial cable. The center conductor of the feeding fine is directly connected to the
sacond arm of the dipole. The antenna is therefore shont-circuited for DC-signals. On some of the dipoles, small end caps
gre added to the dipole arms In order to improve matching when loaded according to the position as exptained 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 connections near the
teedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on February 18, 2015
Cerlificate No: D2600V2-1106_Dec17 Page4of 8
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HCTCO.,LTD. HCT-SR-1804-FC004

DASYS5 Validation Report for Head TSL
Date: 15.12.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1106
Communication System: UID 0 - CW; Frequency: 2600 MHz
Medium parameters used: { = 2600 MHz; o = 2.03 S/m; 2 = 37.1; p = 1000 kg/m’

Phantom section; Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANS] C63.19-2011)

DASYS52 Configuration:
» Probe; EX3DV4 - SN7349; ConvF(7.96, 7.96, 7.96); Calibrated: 31.05.2017;
* Sensor-Surface: L4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 26.10.2017
= Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA: Serial: 1001

» DASYS52352.10.0(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=3mm, dy=5mm, dz=5mm

Reference Value = 113.0 Vim; Power Drift =-0.07 dB

Peak SAR (extrapolated) = 32,1 Wikg

SAR(I g) = 14.5 W/kg: SAR(10 g) = 6.35 W/kg

Maximum value of SAR (measured) = 23.6 W/kg

-5.00

-10.00
-15.00
-20.00

-25.00

0dB =23.6 W/kg = 13.73 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1106

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

Medium parameters used: f= 2600 MHz; o = 2.22 S/m;, &= 51; p = 1000 kg/m*
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI €63.19-2011)

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(7.94, 7.94, 7.94). Calibrated: 31.05.2017,

Sensor-Surface: 1.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601: Calibrated: 26.10.2017
Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

DASYS2 52.10.0(1446), SEMCAD X 14.6.1((7417)

Date: 15.12.2017

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=Smm, dz=5mm
Reference Value = 104.4 V/m; Power Drift = -0.08 dB
Peak SAR (extrapolated) = 29.9 Wikg

SAR(1 g) = 13.9 W/kg; SAR(10 g) = 6.13 Wikg
Maximum value of SAR (measured) = 22,4 Wikg

-5.00

-10.00

-15.00

-20.00

-25.00

0dB =224 Wikg = 13.50 dBW/kg
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Impedance Measurement Plot for Body TSL
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HCT COLLTD. HCT-SR-1804-FC004
Calibration Laboratory of RO weizert —
Schmid & Partner i%_\?///;; e
Engineering AG o C genizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland N S Swias Calibration Service

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

Accreditation No,: SCS 0108

client  HCT (Dymstec) Certificate No: DSGHzV2-1107_Dec17
CALIBRATION CERTIFICATE

Object D5GHzV2 - SN:1107-

Calibeation proceduras) QA CAL-22.v2 : ] :
MEEEIETE:

Callbeation date: December 14, 2017 b M g3 \
st eas| ke

This calibration cedificate documents the tracaabiity 10 naticnal standards, which realize e physical units of measurements {S1)
The measurements and the uncertaintias with corfidence probiabiity am given on the following pages and we pan of e cedificale

All calibrations hava bean conducted In the dased laboratory tackity: amdronment temparature (22 2 3)°C and humidity < 70%.

Calibration Equipment ussd (M&TE ontical for calibeation)

Primary Standards iD# Cal Data (Cendicats No ) Scheduled C n

Powar metar NRP SN 104778 D4-Apr-17 (No. 217-02521/02622) Apr-18

Fower sensor NRP-Z91 SN: 103244 04-Apr-17 (No. 217-02521) Apr-18

Power sansor NRP-Z91 SN; 103245 D4-Apr-17 (No. 217-02522) Apr-18

Retarance 20 d8 Atlenuator SN; 5058 {20K) 07-Apr-17 (No. 21702528) Apr-18

Type-N mismatch combinaton SN; 50472 / D327 07-Apr-17 (No. 217-02529) Apr-18

Rederence Probe EX3DV4 SN: 3503 31-Dec-16 (No, EX3-3503_Dac16) Dec-17

DAE4 SN; 601 26-0ct-17 (No. DAE4-601_Oct17) Det-18

Sacondary Standards 1D # Check Date (n houss) Scheduled Check

Power meler EPM-442A SN; GBR37480704 07-0c2-15 (In housa chack Oct-18) In housse check: Oct-18

Power sensor HP 84814 SN; US37292783 07-0ct-15 {in house check Oct-18) In house chack: Oct-18

Powes sensor HP 8481A SN: MY41092317 07-0ct-15 (In house check Oct-18) In house chack: Oct-18

AF generator AAS SMT-06 SN; 100972 15-Jun-15 (in house check Dot-16) In house check: Oct-18

Netwark Anadyzer HP 8753E SN: US37390585 16-0ct-01 (in house check Oct-17) In heuse chack: Oct-18
Namo Function Signalure

Catbrated by: Michagd Webar Latoratory Techniclan

Issued: Decembaer 14, 2017

This catbration carificate shall not be reproduced except in full without written approva! af the laborasory,
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= Report No:
FCC ID: A3LSMG8750

HETEn LT HCT-SR-1804-FC004
Calibration Laboratory of S, Schwaizerischer Kailbr
g N Z, brierdionst
Schmid & Partner —— S Saervice suisse d'étalonnage
Engineering AG % C  servisio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % ,'ﬁ_\,,\? S Swiss Calibestion Service
Accradted by the Swiss Accrodifation Sarvice {SAS] Accraditation No.: SCS 0108

msmnamsmhmolhdgmdumma
Multitateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:
a) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-

Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, "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 Retum 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%.

Certificate No: DSGHzV2-1107_Dec17 Page 2 of 13
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HCTCO,LTD.
Measurement Conditions
DASY system configuration, as far as not given an page 1
DASY Version DASYS V52.10.0
Extrapolation Advancad Extrapolation
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy = 4.0 mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)
5250 MHz + 1 MHz
Frequency 5600 MHz + 1 MMz
5750 MHz + 1 MHz

Head TSL parameters at 5250 MHz
The following paramelers and calcutations were applied,

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 359 4.71 mho/m

Measured Head TSL parameters (220+x0.2)°C 357+6% 4.56 mho/m + 6 %

Head TSL temperature change during test <05°C - e
SAR result with Head TSL at 5250 MHz

SAR averaged over 1 cm® (1 g) of Head TSL Caondition

SAR measured 100 mW input power B.15 Wikg

SAR for nominal MHead TSL parameters normalized to TW 81.3 W/kg = 19.9 % (k=2)

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

SAR measurad 100 mW input power 2.34 Wikg

SAR for nominal Head TSL parameters normalized to 1W 23.3 Wikg = 19.5 % (k=2)
Certificats No: DSGHzV2-1107_Dect? Page 30f 13
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Head TSL parameters at 5600 MHz

The following parameters and calculations were applied,

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 35.5 5,07 mhoim

Measured Head TSL parametars (220£02)°C 352:26% 491 mho/m =8 %

Head TSL temperature change during test <05°C - -
SAR result with Head TSL at 5600 MHz

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

SAR measured 100 mW input power B.43 Wiy

SAH for nominal Head TSL parameters noemalized to 1W 84.0W / kg = 19.9 % (k=2)

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

SAR measured 100 mW input power 241 Wikg

SAR for nominal Head TSL parameters normakized to 1W 24.0 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 paramoters (220+02)°C 350+6% 5.07 mho/m £ 8 %

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.09 Wikg

SAR for nominal Head TSL parameters normalized to 1W 80.6 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 230 Wikg

SAR for noménal Head TSL parameters nommalized to 1W 22.9 Wikg = 19.5 % (k=2)
Cerificale No: DSGHzV2-1107_Dect7 Page 4 ol 13
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Body TSL parameters at 5250 MHz
Tha following parameters and calcuiations were appliad.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 489 5.36 mho/m
Measured Body TSL parameters {22020.2)°C 47126% 5.51 mho/m +6 %
Body TSL temperature change during test <05"C e -
SAR resuit with Body TSL at 5250 MHz
SAR averaged over 1 ecm’ (1 g) of Body TSL Condition
SAH measured 100 mW input power 7.78 Wikg
SAR for nominat Body TSL parameters nocrmalized to 1W 77.4 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm? (10 g) of Body TSL condition
SAR measured 100 mW input power 2.17 Wikg

SAR for nominal Body TSL parameters

normakzed to 1W

21.5 Wikg + 19.5 % (k=2)

Body TSL parameters at 5600 MHz

The following parameters and calculations wera appled.

Temperature Permittivity Conductivity

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

Measured Body TSL parameters (220+02)"C 465+8% 5.97 mho/m = 6 %

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

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

SAR measured 100 mW input power 8.09 Wikg

SAR for nominal Body TSL parameters nommadized to 1W 80.3 W/kg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2,26 Wikg

SAR for nominal Body TSL parameters normalized 1o 1W 224 Wikg = 19,5 % (k=2)
Centificate No: D5GHzV2-1107_Dect? Page 50 13
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Body TSL parameters at 5750 MHz
The following parameters and calculations were applied,

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 483 5.84 mho/m

Meoasured Body TSL parameters {220+02)°C 462+868% 6,18 mho/m + 6%

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

SAR averaged over 1 em® (1 g) of Bady TSL Condition

SAR measured 100 mW input power 7.65 Wikg

SAR for nominal Body TSL parameters normalized to 1W 75.9 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 213 Wihkg

SAR for nominal Body TSL parameters normalized to 1W 21.1 Wikg = 19.5 % (k=2)
Certificate No: DSGHzV2-1107_Dec17 Pago 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 4880Q-867iQ
Aeturh Loss -235dB

Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 5460-24)Q
Return Loss -2650dB

Antenna Parameters with Head TSL at 5750 MHz

Impedance, transtormed to feed point 5560-260
Retumn Loss -24.6dB

Antenna Parameters with Body TSL at 5250 MHz

Impedancs, transformed to feed point 4840-525Q
Hotum Loss -251dB

Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformead to feed point 5540-260
Return Loss -250dB

Antenna Parameters with Body TSL at 5750 MHz

Impedance, transtformed 1o fead point 8570Q-3.1§Q
Return Loss ~243d8

General Antenna Parameters and Design

| Electrical Delay (one direction) ] 1.186 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 fo the
second arm of the dipole. The antenna is thersfare short-circulted for DC-signals, On some of the dipoles, small end caps
are adgded 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 stil
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on March 11, 2011
Cortificate No: D5GHzV2-1107_Dec1? Page 7 of 13
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DASYS5 Validation Report for Head TSL

Date: 14.12.2017
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1107

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: f = 5250 MHz; 6 = 4.56 S/m; & = 35.7; p = 1000 kg/m’ ,

Medium parameters used: f = 5600 MHz; o =4.91 S/m; & = 35.2; p = 1000 kg/m”

Medium parameters used: f = 5750 MHz; ¢ = 5.07 S/m; & = 35; p = 1000 kg/m’

Phantom section: Flat Scction

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

DASYS52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.58, 5.58. 5.58); Calibrated: 31.12.2016, ConvF(5.09, 5.09,
5.09); Calibrated: 31.12.2016, ConvF(5.02, 5.02, 5.02); Calibrated: 31.12.2016;

» 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
« DASY5252.10.0¢1446); SEMCAD X 14.6.1((7417)

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 = 71.55 V/m; Power Drift =-0.09 dB

Peak SAR (extrapolated) = 30.5 Wikg

SAR(1 g) = 8.15 W/kg; SAR(10 g) = 2.34 W/kg

Maximum value of SAR (measured) = 19.1 W/kg

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 = 71.65 V/im: Power Drift = -0.07 dB

Peak SAR (extrapolated) = 33.4 Wikg

SAR(I g) = 8.43 W/kg; SAR(10 g) = 2.41 W/kg

Muximum value of SAR (measured) = 20.2 Wrkg

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

Reference Value = 69,75 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 32.8 W/kg

SAR(1 g) = 8.09 W/kg; SAR(10 g) = 2.3 Wikg

Maximum value of SAR (measured) = 19.6 Wikg

Certificate No: D5GHzV2-1107_Dee17 Page B of 13
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-5.00

-10.00

-15.00

-20.00

-25.00

0dB =19.6 W/kg = 12,92 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 13.12.2017
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole D5GHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1107

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: f = 5250 MHz; o= 5.51 S/m; & = 47.1; p = 1000 kg/m’ ,

Medium parameters used: f = 5600 MHz; o = 5.97 S/m: & = 46.5: p = 1000 kg/m’ ,

Medium parameters used: f = 5750 MHz; o = 6.18 S/m; & = 46.2; p = 1000 kg/m’

Phantom section: Flat Section

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

DASY52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.14, 5.14, 5.14); Calibrated: 31.12.2016, ConvF(4.57, 4.57.
4.57); Calibrated: 31.12.2016, ConvF(4.51, 4.51, 4.51); Calibrated: 31.12.2016:

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

+ Electronics: DAE4 Sn601; Calibrated: 26,10,2017

« Phantom: Flat Phantom 5.0 (back); Type: QD 000 PSO AA; Serial: 1002
« DASYS5252.10.0¢1446); SEMCAD X 14.6.10(7417)

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=4mm, dz=1.4mm

Reference Value = 66.06 Vim; Power Drift =-0,04 dB

Peak SAR (extrapolated) = 30.6 W/kg

SAR(1 g) =7.79 W/kg; SAR(10 g) = 2.17 W/kg

Maximum value of SAR (measured) = 18.5 W/kg

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

Reference Value = 64.93 Vim; Power Drift =-0.07 dB

Peak SAR (extrapolated) = 34.6 Wikg

SAR(1 g) = 8.09 W/kg; SAR(10 g) = 2.26 W/kg

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

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=14mm

Reference Value = 62.90 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 34.0 Wikg

SAR(1 g) = 7.65 W/kg; SAR(10 g) = 2.13 W/kg

Maximum value of SAR {measured) = 19.0 Wikg
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0dB = 19.0 Wrkg = 12.79 dBW/kg
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Impedance Measurement Plot for Body TSL
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Certificate of conformity / First Article Inspection

Item Triple Modutar 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
Abscrption Rate (SAR) in the Human Head from Wireless Communications Devices; Measurement
Techniques®, June 2013

2] 1EC 62209 - 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 62209 - 2, "Evaluation of Human Exposure to Radio Frequency Fields from Handheld and
Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to 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 certify 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

Schand &-Pror B neorrg AG
Ty tagge 3 A00 Dty =3
31 84335 3705, £om +4 743 245 9779
SHREP COM, FD(WWW.SP03Q COM
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