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HCTCO.,LTD.

B Verification Data (2 600 MHz Body)

Test Laboratory: HCT CO., LTD
Input Power 100 mW (20 dBm)
Liquid Temp: 19.9 °C

Test Date: 02/22/2017

DUT: Dipole 2600 MHz; Type: D2600V2

Communication System: CW; Frequency: 2600 MHz;Duty Cycle: 1:1
Medium parameters used: f = 2600 MHz; ¢ = 2.16 mho/m; & = 51; p = 1000 kg/m?
Phantom section: Center Section

DASY4 Configuration:

Probe: EX3DV4 - SN3797; ConvF(6.94, 6.94, 6.94); Calibrated: 2016-11-25
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn1225; Calibrated: 2016-11-24

Phantom: Triple Flat Phantom

Measurement SW: DASY4, V4.7 Build 80

Postprocessing SW: SEMCAD, V1.8 Build 186

Verification 2600MHz/Area Scan (9x9x1): Measurement grid: dx=12mm, dy=12mm
Maximum value of SAR (measured) = 7.49 mW/g

Verification 2600MHz/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 50.1 V/m; Power Drift = 0.020 dB

Peak SAR (extrapolated) = 13.4 W/kg

SAR(1 g) = 5.71 mW/g; SAR(10 g) = 2.46 mW/g

Maximum value of SAR (measured) = 9.22 mW/g

dB
0.000

-h.22

-10.4

-15.7

-20.9

-26.1

0 dB =9.22mW/g
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Canificate No: EX3-3903_Sep16

|CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration date:

EX3DV4 - SN:3903

QA CAL-01.v9, QA CAL-12:v8, QA CAL-14.v4, QA CAL-23.v5,

QA CAL-25.v6

Calibration procedure for dosimeiric E-field probes

Septembet 28, 2016

Calibration Equipment used (M&TE critical for calibration)

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

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

Primary Standards 18] Cal Date (Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 DE-Apr-16 (No. 217-02288/02283) Apr-17

Pawer sensor NRP-Z21 SN: 103244 06-Apr-16 (No, 217-02288) Apr-17

Power sensor NRP-291 SN: 103245 06-Apr-16 (No. 217-02288) Apr-17

Reference 20 dB Atenuator SM: 56277 (20%) 05-Apr-16 (No. 217-02293) Apr-17

Reference Probe ES3DV2 SN: 3013 31-Dec-15 (No. ES3-3013_Decls) Dec-16

DAE4 SN; B0 23-Dec-15 (No. DAE4-860_Deci5) Dec-16

Secondary Standards 8] Check Date (in house) Scheduled Check
Power meter E44188 Sh: GB41203874 06-Apr-16 (in house check Jun-16) In house check: Jun-18
Power sensor E4412A SN: MYd#1498087 08-Apr-16 (in house check Jun-16) In house check: Jun-18

Power sensor E44124

SN: 000110210

06-Apr-18 (in house check Jun-16)

In house check: Jun-18

AF generator HP 86480

SN: US3642U01700

Nd-Aug-88 {in house check Jun-16)

In house check: dun-18

Metwork Analyzer HP BY53E

SN: US37300585

18-0ct-01 (in house check Oct-15)

In house check: Oct-16

Calibrated by:

Appraved by:

Mame Fungtion
Michael Weber Laboratory Technician.

Signature

|ssued: September 29, 2018

This calibration certificate shall not be reproduced except in full without wrilten approval of the labaratory.

Certificate No: EX3-3903_Sep16

F-TP22-03 (Rev.00)
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HCTCO,,LTD.
Calibration Laboratory of sﬁ“':_‘\_l;j"‘z; S  Schweizerischer Kalibrierdienst
Schmid & Partner iﬁé c Service suisse d'étalonnage
Engineering AG s Servizio svizzero di taratura
Zeughausstrasse 43, B004 Zurich, Switzerland 7-1,,4?1-;‘\‘1 3.3' S Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMX.y.Z sensitivity in free space
ConvF sensitivity in TSL / NORMz.y,z
DCP dicde compression point
CF cresi factor (1/duty_cycle) of the RF signal
A.B,C,D modulation dependent linearization parameters
Palarization ¢ y rofation around probe axis
Polarization 8 # rotation around an axis that is in the plane normal to probe axis (at measurement center),
j.2., & =0i= normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robol coordinate system
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) |EC B2209-1, "Pracedure ta measure the Specific Abserption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

o) IEC 62209-2, "Procedure lo 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 Requirementis for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

NORMx,y,z: Assessed for E-field polanization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMzx,y,z are only intermediate values, i.e.. the uncertainties of NORMx,y.z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

NORM(f)x,y,z2 = NORMzx,y,z * frequency_response (see Frequency Response Chart), This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

DCPx.y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no unceriainly required). DCP does not depend on frequency nor media.

PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics

Axy.z: Bx,y.z; Cxiy,z Dx,y.z; VRx,y,z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep far specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distribulions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameiers are
used in DASY4 soflware lo improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y,2 * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows exlending the validity from + 50 MHz to £ 100
MHz

Spherical isotropy (3D deviation from isotropy); in a field of low gradients realized using a flat phantom
exposed by a patch anlenna.

Sensor Offset; The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.

Cannector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).

Certificate No: EX3-3903_Sep16 Page 2ol 11
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EX3DV4 — SM:3903 Seplember 28, 2016
Manufactured:  September 4, 2012
Calibrated: September 28, 2016
Calibrated for DASY/EASY Systems
(Note: non-compatible with DASY2 system!)
Certificate No: EX3-3903_Sep16 Page 3 of 11
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FCC ID: ZNFM320H

Report No: HCT-A-1702-F006-1

EX3DV4- SN:3903

September 28, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Basic Calibration Parameters

[ Sensor X SensorY Sensor Z Unc (k=2)
Norm (pV/I(Vim)*)* | 0.39 0.36 0.53 +10.1 %
DCP (mV)" | 102.5 106.2 103.1
Modulation Calibration Parameters
uiD Cor tion System Name A B c D VR Unc™
dB dE+/pV dB mV (k=2)
0 CcW X 0.0 00 10 0.00 174.0 | 3.5%
Y| 00 | o0 1.0 184.6
[ 0.0 0.0 1.0 194.4

The reported uncertainty of measurement is sltated 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%.

* The uncertaintias of Nomm XY Z do not affect the EX-field uncerainty (nside TSL [see Pages 5 and 6)
& Numerlcal linearization parameler: uncertainty not reguired,
F Uneertainty is determined using the max. deviation from linear respanse applying rectangular distribution and is expressed for the square of the

Tield value

Certificate No: EX3-3803_Sep16

F-TP22-03 (Rev.00)
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FCC ID: ZNFM320H

Report No: HCT-A-1702-F006-1

EX3DV4- 5N:3803

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Calibration Parameter Determined in Head Tissue Simulating Media

Saplember 28, 2016

F . Relative | Conductivity \ 5| Depth® Unc

(MHz) Permittivity (Sim) ConvF X | ConvFY | ConvFZ | Alpha (mm) (k=2)
150 52.3 0.76 13.42 13.42 13.42 0.00 1.00 +133%
300 45.3 0.87 12.68 12.68 12.68 0.10 1.10 +13.3%
450 43.5 0.87 11.00 11.00 11.00 0.20 1.25 £133 %
750 41.9 0.89 11.38 11.35 11.35 0.33 1.14 +12.0%
835 41.5 0.80 10.72 10,72 10.72 0.51 0.80 +12.0 %
900 41.5 0.97 10.30 10.30 10.30 0.35 1.01 +12.0%
1450 40.5 1.20 8.76 8.76 8.76 0.38 0.80 +12.0%
1750 401 1.37 8.75 8.75 8.75 0.28 0.85 +12.0%
1900 40.0 1.40 8.41 8.41 8.41 0.28 0.84 +12.0 %
1950 40.0 1.40 8.22 8.22 8.22 0.32 0.80 +£12.0%
2300 39.5 1.67 8.01 8.01 8.01 0.32 0.80 +12.0 %
2450 39.2 1.80 7.54 7.54 7.54 0.31 0.84 +12.0%
2600 39.0 1.96 742 742 7.42 0.31 0.86 +12.0%
5250 359 4.71 5.51 5.51 5.51 0.35 1.80 +131%
5600 35.5 5.07 4.78 478 478 0.45 1.80 +13.1 %
5750 354 522 5.04 5.04 5.04 0.45 1.80 131 %

 Frequency validity above 300 MHz of = 100 MHz only applles for DASY vd 4 and higher (see Page 2), else il is restricled lo + 50 MHz. The

uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty tor the indicated frequency band. Fraquenty validity
below 300 MHz is = 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respeclively. Above 5 GHz frequency
validity can be oxtended 10 = 110 MHz2

* At frequencies below 3 GHz, the validity of tissue parameters (e and o) can be relased to = 10% Il liquid compensation farmula is applied ko

measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (r and ) is resinoted 1o ¢ 5%. The uncerainty is the RSS of

the ConvF uncerainty for indicated tamget lissue parameters

© Alpha/Depth are determined during calibration, SPEAG warrantz that the remaining deviztion due 1o the boundary effect after compensation is
#lways less than & 1% for frequencies below 3 GHz and below + 2% for frequencies betwaen 3-8 GHz at any distance larger than hall the probe lp

diareter from the boundary

Carlificale No: EX3-2903_Sepi16

F-TP22-03 (Rev.00)
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FCC ID: ZNFM320H

Report No: HCT-A-1702-F006-1

EX3DV4- SN:3903

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Calibration Parameter Determined in Body Tissue Simulating Media

Seplember 28, 2016

Relative Conductivity Depth ® Une

F{MHz)® | Permittivity (S/m)© ConvFX | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
150 1.9 0.80 13.33 13.33 13.33 0.00 1.00 +13.3%
300 58.2 0.92 12.07 12.07 12.07 0.08 1,10 +133%
450 56.7 0.94 11.85 11.95 11.95 0.10 1,20 +£133 %
750 56.5 0.96 10.50 10.50 10.50 0.29 113 +£12.0 %
835 55.2 0.97 10.42 10.42 10.42 0.55 0.80 +12.0%
1750 53.4 1.49 8.37 8.37 8.37 0.35 0.91 +120%
1900 53.3 152 8.10 8.10 8.10 0.37 0.80 +12.0%
2450 52.7 1.95 7.69 7.69 7.69 0.33 0.85 +120%
2600 52.5 2,16 7.45 7.45 7.45 0.33 0.90 £12.0%
5250 48.9 5.36 4.63 4,63 4,63 0.50 1.90 +13.1%
5600 48.5 577 3.85 3.85 3.85 0.60 1.90 £13.1%
5750 48.3 5.94 413 4.13 4,13 0.80 1.90 £13.1%

© Frequency validity abova 300 MHz of & 100 MHz only 2pplies for DASY v4.4 and higher (see Page 2), else it is restricted to = 50 MHz. The

uneertainty 1% the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band, Frequency validity
below 300 MHz is £ 10, 26, 40, 50 and 70 MHz for ConvF 2ssessments at 30, 64, 128, 150 and 220 MHz respeclively. Above 5 GHz frequency
validily can be extended to = 110 MHz.

" Al frequencies below 3 GHz, the vallidity of lissue paramieters (x and o) can be relaged 1o £ 10% if liquid compensation farmula (s applied to

measured SAR values, Al frequencies above 3 GHz, the validity of issua parametars (& and &) is restricled lo & 5%. The unceriainly is the RSS of

the ConvF uncenainty for indicated target tissue parametess,

% plpha/Depth are determined during callbralion. SPEAG warranis that the remaining deviation due to the boundary effect after compensation 1s
always less than + 1% for frequencies below 3 GHz and below t 2% lor frequenties between 3-6 GHz a1 any distance larger than half the probe tip

diameter from the boundary

Certificate No! EX3-3803_Sepi6

F-TP22-03 (Rev.00)

Page 6 of 11

138 /239

HCT CO.,LTD.



-
ha- FCC ID: ZNFM320H Report No: HCT-A-1702-F006-1

HCTCO,,LTD.

EX3DV4— SN:3903 September 28, 2016

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

ST T

Frequency response (normalized)
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Uncertainty of Frequency Response of E-field: +6.3% (k=2)
Cerlificale No; EX3-3903_Sep6 Page 7 of 11
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EX3DV4- SN:38903 Seplember 28, 2016

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: % 0.5% (k=2)

Cerificate No: EX3-3903_Sep16 Page 8 of 11

F-TP22-03 (Rev.00)
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EX30V4- SN:3803 Seplember 28, 2016

Dynamic Range f(SARpead)

(TEM cell , feya= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Certificate No; EX3-3803_Sep16 Page 9.of 11
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EX3DV4a— SN:3203 September 28, 2016
Conversion Factor Assessment
f= 835 MHz,WGLS R (H_convF) = 1900 MHz,WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 9), f = 900 MHz
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
Cerificate No: EX3-3903_Sep16 Page 10 of 11
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EXA3DV4- SN.3903 September 28, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) = -33.3
Mechanical Surface Detection Mode = enabled
'b—b'l_i;:al Surface Detection Mode disabled
Probe Overall Length 1= 337 mm
| Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Paint 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm
Certificale No; EX3-3803_Sep16 Page 11 of 11

F-TP22-03 (Rev.00) 143 /239 HCT CO.,LTD.



-
hC'- FCC ID: ZNFM320H Report No: HCT-A-1702-F006-1

HCTCO.,LTD.
Calibration Laboratory of ‘Q:xi’_:j’, S Schweizerischer Kalbrierdi
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Accrediled by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

ciient  HCT (Dymstec) Certificate No: ET3-1609_Mar16

[CALIBRATION CERTIFICATE

Objec! ET3DV6 - SN:1609

Calibration procedure(s) QA CAL-01.v9, QA CAL-23.v5, QA CAL-25.v6
Calibration procedure for dosimetric E-field probes
Calibration date; March 18, 2016

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

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

Calibration Equipment used (M&TE critical for calibration)

Pnmary Standards 1D Cal Date (Certificate No.) Saoheduled Calibration

Power meter E44198 GB41293874 01-Apr-15 (No. 217-02128) Mar-16

Power sensor E4412A MY41498087 01-Apr-15 (No. 217-02128) Mar-16

Reference 3 dB Attenuator SN: 55064 (3c) 01-Apr-15 (No. 217-02128) Mar-16

Reference 20 dB Aflenualor SN S5277 (20x) 01-Apr-15 (No. 217-02132) Mar-16

Reference 30 dB Attenuator SN: 55129 (30b) 01-Apr-15 (Mo, 217-02133) Mar-16

Reference Probe ES30DV2 Sh: 3013 31-Dec-15 (No. ES3-3013_Deci15) Dec-16

DAE4 SN: G660 23-Dec-15 (No. DAE4-660_Dec15) Dee-16

Secondary Standards (s} Check Date (in house) St d Chack

RF generator HP BGABC US3642001700 4-Aug-99 (in house check Apr-13) In house check: Apr-16
I Nelwork Analyzer HP BYS3E LIS37390585 18-0ct-01 {in house check Oct-15) In house cheak: Oct-16

Name Function Signature

Calibrated by: Leif Klysner Lanoratory Technician W @ ;
Approved by Kalja Pakovic Technical Manager ﬂ @

Issued: March 21, 2016

This calibration certificale shall not be reproduced except in full without written approval of the laboratary

Certificate No: ET3-1609_Mar16 Page 1 of 11
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Accredited by the Swiss Accredilation Service (SAS) Accreditation No.! SCS 0108

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

Glossary:

TSL tissue simulating liquid

NORMX v,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode compression point

CF crest factor (1duty_cycle) of the RF signal

A B C D modulation dependenl linearization parameters

Folarization ¢ p rotation around probe axis

Polarization 9 rotation around an axis that is in the plane nenmal Lo probe axis (at measurament center),
i.e., 4 = 0is npormal to probe axis

Connector Angle information used in DASY system to align probe sensor X to the robol coordinate system

Calibration is Performed According to the Following Standards:

a)

b)
=]

d)

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
Technigues", June 2013

IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held daevices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

|EC 62209-2, "Procedure to delermine the Specific Absorption Rate (SAR) for wireless communication devices
used in close proximity to the human body (frequency range of 30 MHz o & GHz)", March 2010

KDB 865664, "SAR Measurement Requirements for 100 MHz lo 6 GHz"

Methods Applied and Interpretation of Parameters:

NORMzx,y,z: Assessed for E-field polarization 8 = 0 (f <900 MHz in TEM-cell; f> 1800 MHz: R22 waveguide).
NORMz,v.z are only intermediate values, i.e., the uncertainties of NORMx,y.z does not affect the E™field
uncertainty inside TSL (see baelaw ConvF).

NORM(f)x,y,z = NORMx,y,z * frequency response (see Frequency Response Chart). This linearization is
Implemented in DASY4 software versions later than 4,2, The uncertainty of the frequency response is included
In the stated uncertainty of ConvF,

DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

PAR: PAR is the Peak to Average Ratio that is not calibrated bul determined based on the signal
characteristics

Ax,y.z; Bx.y,z; Cx.y.z; Dx.y,z; VRx.y,z. A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voliage across the diode.

ConvF and Boundary Effect Parameters: Assessed in flal phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > B0O MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software o improve probe accuracy close to the boundary, The sensitivity in TSL carresponds
lo NORMpy,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF, A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to £ 100
MHz.

Spherical isotropy (3D deéviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

Sensor Offsel: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
{on probe axis). No tolerance required.

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uV/(Vim)S)® 2.00 1.81 1,82 +10.1 %
DCP (mV)” 102.0 100.5 101.5
Modulation Calibration Parameters
uip Communication System Name A B [+ D VR Unc':
dB dBv v dB mV (k=2)
0 cw X 0.0 0.0 10 000 | 266.0 | £33%
Y 0,0 0.0 1.0 266.9
Z 0.0 0.0 1.0 2592

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

" The uncerainties of Norm XY Z do not affect the E”-field uncertainty inside TSL (see Pages 5 and 6)

? MNumerical ineanzation parameter: uncertainty not required.

* Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed lor the square of the

Teld value
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth ° Unc

F(MHZ)® | Permittivity " (Stm) " ConvFX | ConvFY | ConvFZ | Alpha® | (mm) {k=2)
750 41.9 0.89 6.81 B8.81 6.81 0.42 2.32 £12.0%
B35 41.5 0.80 6.48 6.48 6.48 0.45 2.22 +120%
800 41.5 0.97 6.33 6.33 6.33 0.34 2,61 £120%
1450 40.5 1.20 5.61 5.61 5.681 0.53 2.34 £12.0%
1750 40.1 1.37 5.40 5.40 5.40 0.68 2.25 +12.0%
1900 40.0 1.40 5.20 5.20 5.20 0.79 2.05 +12.0%
1950 40.0 1.40 5.04 5.04 5.04 0.80 2.16 +12.0%
2300 39.5 1.67 4.88 4.88 4.88 0.80 1.94 +12.0%

© Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
pelow 300 MHz is + 10, 25, 40, 50 and 70 MHz for CanvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to £ 110 MHz,

" M freguencies below 3 GHz, the validity of lissue paramelers (i: and o) can be relaxed io + 10% if iquid compensation formula is applied lo
measured SAR values, At frequencies abave 3 GHz, the validity of issue paramelers (= and o) is restricted to = 5%. The uncerainly is the RSS of
(he ConvF uncerainty for indicated target lissue paramsters.

“ Alpha/Depth are determined during calibration, SPEAG that the g devialion due to the boundary effect affer compensation is
always less [han + 1% tor frequencies helow 3 GHz and belaw + 2% for frequancies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unc

F(MHz)® | Permittivity " (Stm) " ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 6.25 6.25 6.25 0.31 2.756 +12.0%
835 55.2 0.97 6.16 6.16 6.16 0.32 2.73 +12.0 %
1750 53.4 1.49 4.86 4.86 4.86 0.80 245 +12.0%
1900 53.3 1.52 4.68 4.68 4.68 0.80 2.31 +12.0%

© Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to + 110 MHz.

" At frequencies below 3 GHz, the validity of tissue parameters (x and o can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) Is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters

% alpha/Depth are determined during calibration. SPEAG warrants thal the remaining deviation due to the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-8 GHz al any distance larger than half the probe lip
diameter from the boundary
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Frequency response (normalized)

March 18, 2016

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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Uncertainty of Linearity Assessment: + 0.6% (k=2)
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Conversion Factor Assessment

f= 835 MHz WGLS R (H_convF) f = 1900 MHz, WGLS R22 (H_convF)
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 77.4
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
“Probe Overall Length 337 mm
Probe Body Diameter o - 0mm |
Tip Length 40 mm |
Tip Diameter 6.8 mm
Probe Tip to Sensor X Calibration Point 2.7 mm
Probe Tip to Sensor Y Calibration Point 2.7 mm
Probe Tip to Sensor Z Calibration Paint 2.7 mm
Recommended Measurement Distance from Surface 4 mm

Certificate No: ET3-16028_Mar16 Fage 11 of 11
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Calibration Laboratory of

4 S Schweizerischer Kalibrierdi
SChm!d & F_’ar1ner C Service suisse d'étalonnage
Engineering AG . g Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Accredited by the Swiss Accreditation Sarvice (SAS) Accraditation No.: SCS 0108

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

cient  HCT (Dymstec) Certificate No: EX3-3967_Dec16

|CALIBRATION CERTIFICATE (Replacement of No: EX3-3967_Nov16) |

Object EX3DV4 - SN:3967
Calibration procedure(s) QA CAL-01.v9, QA CAL-12.v9, QA CAL-14.v4, QA CAL-23.v5,
QA CAL-25.v6

Calibration procedure for dosimetric E-field probes

Calibration date: December 14, 2016

This calibration certificate documents the traceability to national standards. which realize the physical units of measurements (S1).
The measur and the unc inties with confidence probability are given on the following pages and are par of the cenificate

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ] Cal Date (Certificate No.) Scheduled Calibration

Power meter NRP SN 104778 0B-Apr-16 (No. 217-D2288/02288) Apr-17

Power sensor NRP-Z91 SN 103244 O6-Apr-16 (No. 217-02288) Apr-17

Power sensor NRP-Z81 SN 103245 06-Apr-16 (No, 217-02289) Apr-17

Reference 20 dB Allenualor SN: 55277 (20x) N5-Apr-16 (No. 217-02293) Apr-17

Reference Probe ES30V2 SN: 3013 31-Dec-15 (No. ES3-3013_Deci5) Dec-18

DAE4 SN: 860 23-Dec-15 (No. DAE4-660_Dec15) Deac-18

Secondary Standards D Check Date (in house) Scheduled Check

Power meter E44198 SN: GB41203874 06-Apr-16 (in house check Jun-16) In house check: Jun-18

Power sensor E4412A Sh: MY4 1438087 06-Apr-18 (in house check Jun-16) In house check: Jun-18

Power sensor E4412A SN 000110210 06-Apr-16 (in house aheck Jun-16) In house check! Jun-18

RF generator HP BE4BC SN: US3642U01700 04-Aug-99 (in house check Jun-16) In house check: Jun-18

Network Analyzer HP 8753E SN: US37380585 18-0ct-01 (in house check Ocl-16) In house check: Oct-17 <t
MName Function Signaturg., L

Calibrated by: -Jeton Kastratl Laboratory Technician a‘ s [ £ Z./f

\
Approved by: Katja Pokovic Technical Manager ﬂ % ;

Issued: December 14, 2016

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Zeughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service
Acoreditod by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMx,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
ocpP diode compression point
CF crest factor {1/duty_cycle) of the RF signal
A B,C.D modulation dependent linearization parameters
Palarization o o rotation around probe axis
Polarization & B rotation around an axis thal is in the plane normal lo probe axis (al measuramenlt cenlter),
&, # =0 Is normal to probe axis
Connectar Angle information used in DASY system lo align probe sensor X (o the robol coordinate system

Calibration is Performed According to the Following Standards:

a)

b}
c)

d)

|EEE Std 1528-2013, “IEEE Recommended Praclice for Determining the Peak Spalial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Technigues®, June 2013

IEC 62209-1. "Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximily to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

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

KDB 865664, “SAR Measurement Requirements for 100 MHz lo 6 GHz"

Methods Applied and Interpretation of Parameters:

NORMx,y,z: Assessed for E-field polarization 8 = 0 (f = 900 MHz in TEM-cell, f> 1800 MHz: R22 waveguide).
NORMzx, v,z are only inlermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty Inside TSL (see below ConvF).

NORM(flx.v,z = NORMzx,y,z * frequency response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4,2, The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (ne uncertainty required). DCP does nol depend on frequency nor media.

PAR: PAR is the Peak lo Average Ratio that is nol calibrated bul determined based on the signal
charactenstics

Axy.z; Bx.y.z; Cx,y.z: Dx,y.z; VRx.y.z: A, B, C, Dare numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do nol depend on frequency nor
media. VR is the maximum calibration range expressed In RMS voltage across the diode.

CuonvF and Boundary Effect Parameters: Assessed in flal phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and Inside waveguide using analytical field distribulions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y,z * ConvFF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF Is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to + 100
MHz.

Spherical isotropy (3D deviation from [sotropy): in a field of low gradients realized using a flat phantom
exposed by a palch antenna.

Sensor Offsel: The sensar offset corresponds to the offset of virtual measuremeant center from the probe tip
(on probe axis). Mo lolerance required.

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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SN:3967

Manufactured:  September 30, 2013
Calibrated: December 14, 2016

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASYZ system!)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Basic Calibration Parameters

Sensor X Sensor Y SensorZ Une (k=2)
Norm (uV/(Vim)*)* 0.53 0.40 0.47 £101 %
DCFP {mV)" 99.3 991 100.0
Modulation Calibration Parameters
uip Communication System Name A B c D VR Une™
dB | dBVjuv dB mV (k=2)
o0 CW S X 0.0 0.0 1.0 0.00 143.6 +3.0 %
|k 0.0 0.0 1.0 143.7
|2 0.0 0,0 1.0 1533

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%.

* The unceranties of Norm XY, Z do not affect the E*-field uncertamty inside TSL (see Pages 5 and 6}
'f Mumerical linearization parameter: uncertainty not required,
© Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for ihe square of the

field value

Cerificate No: EX3-3967_Dec16
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unc
| f(MHz)® | Permittivity" (§m)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 52.3 0.76 12.93 12,93 12.93 0.00 1.00 +£13.3 %
300 45.3 0.87 12.06 12.06 12.08 0.10 1.20 +13.3%
450 435 0.87 11.12 11.12 11,12 0.15 1.20 £133%
750 41.9 0.89 10.53 10.53 10.53 0.56 0.80 £12.0%
835 41,5 0.90 10.07 10.07 10.07 0.43 0.80 £12.0%
900 415 0.97 9.94 9.94 9.94 0.50 0.81 +12.0%
1450 405 1.20 8.48 8.48 8.48 0.42 0.80 £12.0%
1750 40.1 1.37 8.44 8.44 8.44 0.31 080 | £12.0%
1900 40.0 1.40 8.22 8.22 8.22 037 0.80 £12.0%
2300 39.5 1.67 7.74 7.74 7.74 0.35 0.80 +12.0%
2450 39.2 1.80 7.48 7.48 7.48 0.34 0.85 +12.0%
2600 30.0 1.96 7.23 7.23 7.23 0.40 0.86 £12.0%
3500 37.9 291 7.41 7.41 7.41 0.48 0.85 £131 %
5250 359 4.71 5.49 549 5.49 0.30 1.80 | £13.1%
5600 36.5 5.07 4.78 4.78 478 | 040 180 | +131%
5750 354 5.22 5.08 5.09 5.00 0.40 180 | £131 %

" Frequency validity above 300 MHz ol £ 100 MHz only applies for DASY v4.4 and higher (see Page 2}, else it is resincled to © 50 MHz, The
uncerlainty 15 the RSS of the ConvF uncerainty al calibration frequency and the uncertainty for the indicated frequency band. Freguency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MMz for GonvF assessmants at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validily can be extended (o + 110 MHz

" At frequencles below 3 GHz, the validily of lissue parameters (s and o) can be relaxed Lo £ 10% 1 liquid compensation formula is applied to
measured SAR values, Al Trequencies above 3 GHz, the validity of lissue parameters (r and a) is restricted lo £ 5%. The uncertalnty Is the RSS of
the ConvF uncertainty for indicated target lissue parameters

5 plphalDepth are determined during calibration. SPEAG that the 1g deviation due 1o the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below + 2% for frequencles between 3-6 GHz at any distance larger than hall the probe tip
diameter from the bolndary
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Calibration Parameter Determined in Body Tissue Simulating Media

December 14, 2016

Relative Conductivity Depth® Unc

f(MHz)® | Permittivity {Stm)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 61.9 0.80 12.24 12.24 12.24 0.00 1.00 £133%
300 58.2 0.92 11.89 11.89 11.89 0.05 1.15 +133%
450 56.7 0.94 11.82 11.82 11.82 0.08 1.15 +13.3%
750 555 0.96 979 979 9.79 0.35 1.07 +12.0%
835 55,2 0.97 9.62 9.62 9.62 0.35 0.98 +12.0%
1750 53.4 1.49 8.19 8.19 B.19 0.43 0.80 +120%
1900 53.3 1.52 7.87 7.87 7.87 0.43 0.80 +12.0%
2300 52.9 1.81 7.68 7.68 7.68 0.48 0.80 +12.0%
2450 52.7 1.95 7.49 7.49 7.49 0.38 0.80 +12.0%
2600 D2.9 2.16 7.28 7.28 7.28 0.37 0.80 £12.0 %
3500 51.3 3.31 6.82 6.82 6.82 0.53 0.79 £131%
5250 48.9 5.36 4.71 4.71 4.71 0.40 1.90 £131%
5600 48.5 577 4.00 4,00 4.00 0.50 1.90 £13.1%
5750 48.3 5.94 4.24 4.24 4,24 0.50 1.80 $13.1%

* Frequency validity above 300 MHz of = 100 MHz only applies for DASY v4.4 and higher (see Page 2), else It is restricted to + 50 MHz. The

uncertainty is the RSS of the ConvF uncertainty al calibration frequency and the uncentainty for the indicated frequency band. Frequancy validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequenay
validity can be extended lo = 110 MHz

" At freguencies below 3 GHz. the valldity of tissue parameters (c and o) can be relaxed to + 10% if liquid compensation famula s applied 16

measured SAR values, At frequencies above 3 GHz, the validily of lissue paramelers (e and o) is restricted 1o = 5%, The uncerlainty is the RSS of

the ConvF uncertainty for indicaled larget tissue parameters

% Alpha/Depth are determined during calibration. SPEA warrants that the remaining deviation due to the boundary effect after compensalion is
aways less than + 1% for frequencies below 3 GHz and below + 2% for frequencies belween 3-6 GHz at any distance larger than half the probe tip

diameter from the boundary.
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: 1 6.3% (k=2)
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EX30V4- SN:3967

Receiving Pattern (¢), 9 = 0°

f=600 MHz, TEM

f=1800 MHz,R22

December 14, 2016
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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Dynamic Range f(SARpeaq)
(TEM cell , foya= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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f= 835 MHz WGLS RS (H_convF)

.
armbyical rreasaed anakical

December 14, 2016
Conversion Factor Assessment

f= 1900 MHz, WGLS R22 (H_convF)
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z imm] z|

Deviation from Isotropy in Liquid
Error (¢, 9), f =900 MHz

Deviation
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Certificate No: EX3-3967_Dec16

F-TP22-03 (Rev.00)

Page 10 of 11

164 /239

HCT CO.,LTD.



-
hC'- FCC ID: ZNFM320H Report No: HCT-A-1702-F006-1

HCTCO,,LTD.

EX30V4- SN:3867 December 14, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Other Probe Parameters

Sensar Arrangement

Triangular
Connector Angle (%) =271
| Mechanical Surface Detection Mode " enabled |
Optical Surface Detection Mode ' disabled
Probe Overall Length 337 mm
Probe Bod\_.r-D-i-almeter o 10 mm
Tip Length - 9 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm
Certificate No: EX3-3967_Dec16 Page 11 of 11
F-TP22-03 (Rev.00) 165 /239 HCT CO.,LTD.
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FCC ID: ZNFM320H

Report No: HCT-A-1702-F006-1

Calibration Laboratory of

Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich,

Switzerland

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

client  HCT (Dymstec)

nwow

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

Certificate No: EX3-3968_May16

CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration date:

EX3DV4 - SN:3968

QA CAL-01.v9, QA CAL-12.v9, QA CAL-14.v4, QA CAL-23.v5,

Calibration procedure for dosimetric E-field probes

May 31, 2016

Calibration Equipment used (M&TE critical for calibration)

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

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

Primary Slandards i8] Gal Date (Certificate No.) Scheduled Calibration
Power meler NRP SN: 104778 DB-Apr-16 (No. 217-02288/02289) Apr-17
Power sensor NRP-Z81 5N: 103244 D6-Apr-16 (No. 217-02288) Apr-17
_Power sensar NRP-291 SN: 103245 06-Apr-16 (No, 217-02288) Apr-1T
Referenca 20 dB Attenuator SN: 85277 (20x) 05-Apr-16 (Nn. 217-02293) Apr-17
Reference Probe ES30V2 SN; 3013 31:Dec-15 (Mo, ES3-3013_Dec15) Dec-16
DAE4 SN: 660 23-Dec-15 (No. DAE4-G60_Dec15) Dec-16
Secondary Standards D Check Date (in house) Scheduled Check
Power meter E44198 SN: GB41293874 06-Apr-16 (Mo, 217-02285/02284) In house check. Jun-16
Power sensor E4412A4 SN: MY4148B087 06-Apr-16 (Mo, 217-02285) In house check: Jun-16
Power sensor 44124 SN: 0007110210 06-Apr-16 (Mo. 217-02284) In house check: Jun-16
RF generator HP 8848C SN: US36420U01700 04-Aug-29 (in house check Apr-13) In house check: Jun-16
| Metwork Analyzer HP B753E SN: US37390585 18-0ct-01 (in hause check Oet-15) In house check: Oct-16

Calibrated by:

Approved by:

MName
Jeton Kastrati

Function

Signature

This calibration certificate shall not be reproduced except in full withoul written approval of the laboratory,

Issued: June 1. 2016

Certificate No: EX3-3968_May16

F-TP22-03 (Rev.00)
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Calibration Laboratory of \\L‘;‘*:b/;’ S Schweizerischer Kalibri
Schmid & Partner S%ﬁ C  Service sulsse d'étalonnage
Engineering AG = x Servizio svizzero di taratura
Zeughausstrasse 43, B004 Zurich, Switzerland 14ﬂ> S e O Sdbe
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreement for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMX.y.z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABC D modulation dependent linearization parameters
Polarization o ip rotation around probe axis
Polarization & S rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., § =0 is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robol coordinale system
Calibration is Performed According to the Following Standards:

a) |EEE Sid 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) |EC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

c) |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) KDE 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

NORMzx,y,z: Assessed for E-field polarization 9 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMzx,y,z are only intermediate values, i.e., the uncertainties of NORMy,y,z does nol affect the Efield
uncertainty inside TSL (see below ConvF).

NORM(f)x,y.z = NORMx.y.z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF,

DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required), DCP does not depend on frequency nor media.

PAR: PAR is the Peak 1o Average Ratio that is not calibrated but determined based on the signal
characteristics

Ax.y.z; Bx,yz; Cx,y.z; Dx.y,2; VRx,y.z: A, B, C. D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for T = 800 MHz) and Inside waveguide using analytical field distributions based on power
measurements for f = 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary, The sensitivity in TSL corresponds
to NORMzx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to £ 100
MHz.

Spherical isotrapy (3D deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

Sensor Offset. The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required,

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required),

Certificate No: EX3-3968_May16 Page 2 of 11
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Manufactured:  September 30, 2013
Calibrated: May 31, 2016
Calibrated for DASY/EASY Systems
(Note: non-compatible with DASYZ2 system!)
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FCC ID: ZNFM320H

Report No: HCT-A-1702-F006-1

EX3DV4— SN:3968

May 31, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uVI(Vim)*)* 0.36 0.35 042 +10.1 %
DCP (mV)® 101.7 102.0 97.4
Modulation Calibration Parameters
uID Communication System Name A B c D VR Unc®
dB dBVpV dB mV (k=2)
0 CW x| o0 | o0 1.0 0.00 | 1344 | #25%
Y 0.0 0.0 1.0 1315
z 0.0 0.0 1.0 146.5

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 lo a coverage
probability of approximately 95%.

A The uncerainlies of Norm X,Y.Z do not affect the E*-fleld unicertainty inside TSL (see Pages 5 and &),
" Numerical linearization parameter: uncertainty nat required.
E Uncerainty 1s determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the

field valug,

Certificate Mo: EX3-3968_May 16
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Calibration Parameter Determined in Head Tissue Simulating Media

c Relative Conductivity Depth © Unc
f (MHz) Permittivity " (Stm) " ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 52.3 0.76 13.17 1317 13.17 0.00 1.00 +13.3 %
300 45.3 0.87 12.10 12.10 12.10 0.09 1.10 +13.3 %
450 43.5 0.87 10.73 10.73 10.73 0.16 1.20 +133 %
750 419 0.89 10.27 10.27 10.27 0.51 0.80 +12.0%
835 415 0.90 9.97 9.97 9.97 0.42 0.87 +12.0 %
900 41.5 0.97 9.62 9.62 9.62 0.25 1.20 +12.0%
1450 40.5 1.20 8.55 8.55 8.95 0.34 0.80 +12.0%
1750 40.1 1.37 8.45 8.45 8.45 0.33 0.80 +12.0%
1900 40.0 1.40 8.14 8.14 B8.14 0.31 0.80 £120%
1950 40.0 1.40 7.89 7.89 7.89 0.37 0.80 +12.0%
2300 39.5 1.67 772 P2 7.72 0.30 0.89 +12.0 %
2450 39.2 1.80 7.30 7.30 7.30 0.35 0.80 £12.0%
2600 39.0 1.96 7.24 7.24 7.24 0.37 0.80 £120%
5250 359 4.71 5.35 5.35 5,35 0.30 1.80 +131 %
5600 355 5.07 4.66 4.66 4.66 0.40 1.80 £13.1%
5750 354 5.22 4.78 4.78 4.78 0.40 1.80 £13.1 %

G Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restncted to = 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncenainly for the indicated frequency band. Frequenay validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to + 110 MHz

F AL frequencies below 3 GHz, the validity of lissue parameters (£ and o) can be relaxed lo £ 10% 1 liquid compensalion formula is applied lo
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (£ and o) is restricted to = 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

o Alphal/Depth are determined during calibration. SPEAG that the Ining deviation due to the boundary effect after compensation is
always less than = 1% for frequencies below 3 GHz and below = 2% for frequencies belween 3-8 GHz al any distance larger than half the probe Up
diameter fram the boundary.

Certificate No: EX3-3968_May16 Fage 5 of 11
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FCC ID: ZNFM320H

Report No: HCT-A-1702-F006-1

EX3DV4— SN:3968

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Calibration Parameter Determined in Body Tissue Simulating Media

May 31, 2016

Relative Conductivity Depth Unc

f(MHz)® | Permittivity” (Sim) " ConvFX | ConvFY | ConvFZ | Alpha®| (mm) | (k=2)
150 61.9 0.80 12.46 12.46 12.46 0.00 1,00 +13.3%
300 58.2 0.92 11.57 11.57 11.57 0.08 1.11 +13.3%
450 56.7 0.94 11.24 11.24 11.24 0.10 1.20 +13.3%
750 55.5 0.96 9.65 9.65 9.65 0.40 0.92 +12.0 %
835 55.2 0.97 9.66 9.66 9.66 0.49 0.80 +12.0 %
1750 53.4 1.49 8.16 8.16 8.16 0.34 0.80 +12.0%
1900 53.3 1.52 7.89 7.89 7.89 0.40 0.80 +12.0%
2450 52.7 1.95 7.31 7.31 7.31 0.41 0.80 +12.0 %
2600 52.5 216 7.11 7.11 7.11 0.34 0.80 £12.0%
5250 48.9 5.36 4.37 4.37 4.37 0.50 1.90 £13.1%
5600 48.5 577 3.78 3.78 3.78 0.55 1.90 +13.1 %
5750 48.3 5.94 3,92 3.92 3.92 0.60 1.90 £13.1%

© Frequency validity above 300 MHz of + 100 MHz only applies for DASY vd.4 and higher (see Page 2), else it s restricted to + 50 MHz, The

uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the Indicated frequency band. Frequency valldity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF azsessmenls at 30, 64, 128, 150 and 220 MHz respectively, Above 5 GHz frequency
validity can be exlended to = 110 MHz.

" At frequencies below 3 GHz, the validity of lissue parameters (r and a) can be relaxed to £ 10% If liquid compensation farmula is applied to

measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (z and o) Is restricted to + 8%, The uncenainty is the RSS of

the CanvF uncertainty for Indicated target tissue parameters

5 Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effact after compensation is
always less han £ 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-8 GHz at any distance larger than half the prabe tip

diameter from the boundary,

Cerlificale No: EX3-3968_May16
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FCC ID: ZNFM320H

Report No: HCT-A-1702-F006-1

EX3DV4- SN:3968

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

May 21, 2016
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Uncertainty of Frequency Response of E-field:

&) + |
TEM

+6.3% (k=2)
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Receiving Pattern (¢), 8 = 0°

May 31, 2016
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4- SN:3968

Dynamic Range f(SAR}caq)
(TEM cell , faya= 1900 MHz)

May 31, 2016
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Uncertainty of Linearity Assessment: + 0.6% (k=2)
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FCC ID: ZNFM320H Report No: HCT-A-1702-F006-1
HCTCO,,LTD.
EX3DV4- SN:3968 May 31, 2016
Conversion Factor Assessment
f= B35 MHz, WGLS R (H_convF) f= 1900 MHz, WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 9), f =900 MHz
g
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Uncertainty of Spherical Isotropy Assessment: + 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Other Probe Parameters

Sensor Arrangement Triangular |
Connector Angle (°) - 634 |
Mechanical Surface Detection Mode N enabled |
Optical Surface Detection Mode N disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length N 9mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Paint 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm

Cerlificate No:r EX3-3968_May16 Page 11 0f 11
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Calibration Laboratory of

_ s Schweizerischer Kalibrierdienst
Schml_d & F_‘adner C Service suisse d'étalonnage
EI'IgII"IEE!rII"lg AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service
Accredited by the Swiss Accredialion Service (SAS) Accreditation No.: SCS 0108

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

client  HCT (Dymstec) Curtificate No: EX3-3797 Nov16

[CALIBRATION CERTIFICATE

Object EX3DV4 - SN:3797
Calibration procedure(s) QA CAL-_O1'.V9, QA CAL-12.v9, QA CAL-14.v4, QA CAL-23.v5,
QA CAL-25.v6

Calibration procedure for dosimetric E-field probes
Calibration date: November 25, 2016

This calibration certificate documents the traceability to national standards, which reafize the physical unils of measurements (3l).
The measurements and the uncertainties with confidence probability are given on the following pages and are pan of the cenificate.

All calibrations have been conducted in the closed laboralory facility: environment temperature (22 + 3)°C and hurmidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards [8] Cal Date (Certificate No.| 5 C M

Pawer meter NRP SN: 104778 06-Apr-16 (No. 217-02288/02289) Apr-17

Power sensor NRP-281 SN: 103244 06-Apr-16 (Na_ 217-02288) Apr-17

Power sensor NRP-Z91 | SN: 103245 06-Apr-16 (Mo, 217-02288) Apr-17

Reference 20 dB Allenuator SN 55277 (20x) 05-Apr-16 (Mo 217-02253) Apr-17

Reference Probe ES30V2 SN: 3013 31-Dec-15 (Mo. ES3-3013_Dec15) Dec-16

DAE4 SN: 660 23-Dec-15 (No. DAE4-660_Daci5) Dec-16

Secondary Standards 1D Check Dale (in house) Scheduled Check

Power meter E44198 SN: GE41293874 06-Apr-16 (in housa chack Jun-16) {1 house check: Jun-18

Power sensor E44124 SN MY41498087 06-Apr-16 (in house check Jun-16) In huuse check: Jun-18

Power sensor E44124 SN- 000110210 06-Apr-16 (In house check Jun-1E) In house check; Jun-18

RF g lor HP B648C | SN: US3642001700 04-Aug-89 (in house check Jun-18) In house check: Jun-18

Network Analyzer HP 8753E SN: US37390585 18-0ct-01 {in house check Oct-16) In house check: Oct-17
Name Funetion Signature

Calibrated by: Jeton Kastarti LammTuﬁviﬁb_tZ’ __W
Kpprovad by: Kalja Pokovic Technical Manager /gf L

Issued: Novernber 28, 2016

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Calibration Laboratory of {Qt\“‘:\"};’:’@,} §  Schweizerischer Kalibrierd

Schmid & Partner % ¢ Service suisse d'étalonnage
EI'IgiI'IBBriI"Ig AG e Servizio svizzero di taratura

Zoughausstrasse 43, B004 Zurich, Switzerland ’/@\ S swiss Calibration Service

Accrediled by he Swiss Accreditalion Service (SAS) Accreditation No.: SCS 0108

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

Multilateral Agreement far the recognition of callbration certificates

Glossary:

TSL tissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMX,y,z

DCP diode compression point

CF crest factor (1/duty_cycle) of the RF signal

A/B C.D modulation dependent linearization parameters

Palarization ¢ i rotation around probe axis

Polarization & 9 rotation around an axis that is in the plane normal lo probe axis (al measuremant center),

i.e., 8 =0is normal to probe axis

Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

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
Technigues”, June 2013

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

o) |EC 62209-2, "Procedure lo 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 B65664, "SAR Measuremenl Requirements for 100 MHz lo 6 GHz"

Methods Applied and Interpretation of Parameters:

NORMz,y,2: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMx,y,z are only Intermediate values, i.e., the uncertainties of NORMx.y,z does not affect the E*-field
uncertainty inside TSL (see below CanvF).

NORM(f)x, v,z = NORMx,y,z * frequency_respanse (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

DCPy,y,z- DCP are numerical linearization parameters assessed based on the data of power swaep with CW
signal (no uncertainty required). DCP does naot depend on frequency nor media,

PAR: PAR is the Peak to Average Ratio that is not calibraled but determined based on the signal
characteristics

Ax.y.z; Bry.z; Cxy.z; Dx,y,z; VRx.y,z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS vollage across the diode.

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > B0O MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameiers are
used in DASY4 sofiware lo improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMSx,y,z * ConvF whereby the uncertainty corresponds lo that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to + 100
MHz.

Spherical isotropy (30 devialion from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

Sensor Offset. The sensor offsel corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). Mo tolerance required,

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Une (k=2)
Norm (uV/(V/m)*)"* 0.60 0.56 0.55 +101 % |
DCP (mV)" 97.9 97.7 97.2

Modulation Calibration Parameters

uiD Communication System Name A B c D VR Ungs |
dB dBv/ v dB mvV (k=2)
0 cw x| 00 0.0 10 | 000 | 1332 | #35%
= Y | oo 0.0 1.0 | 1485
z 00 0.0 1.0 146.9

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%.

* Ihe uncertainties of Narm X ¥ Z do not affect the E™-field uncerainty inside TSL. (see Pages 5 and &),
Y Numerical lingarization parameler uncerainly nol required,

= Uncerainty is determined using the max, deviation from linear response applying rectangular distribution and |s expressed for the square of (he
fiald value
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EX3DV4-~ BN:3797

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Calibration Parameter Determined in Head Tissue Simulating Media

November 25, 2016

Relative Conductivity Depth © Unc

f(MHz)“ | Permittivity " (sim)" ConvF X | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
150 52.3 0.76 11.99 11.89 11.99 0.00 1.00 +133 %
300 453 0.87 11.04 11.04 11.04 0.10 1.25 +13.3%
450 435 0.87 10.36 10.36 10.36 0.15 1.25 +13.3 %
750 419 0.89 9.66 9.66 9.66 0.44 0.88 +12.0%
835 41.5 0.90 9.33 9.33 9.33 0.33 1.01 +12.0%
800 1.5 0.97 9.17 917 9.17 0.46 0.80 +£12.0%
1450 40.5 1.20 8.03 8.03 8.03 0.43 0.80 | +12.0%
1750 40.1 1.37 8.03 8.03 8.03 0.32 080 | £120%
1900 40.0 1.40 7.79 7.79 7.79 0.30 0.80 +12.0%
2300 39.5 1.67 7.50 7.50 7.50 0.36 0.80 +12.0%
2450 39.2 1.80 7.21 7.21 7.21 0.39 0.80 +12.0 %
2600 39.0 1.96 6.97 6.97 6.97 0.40 0.83 £12.0 %
5250 35.9 471 5.06 5.08 5.08 0.35 1.80 £13.1%
5600 35.5 5.07 4.62 462 4.62 0.40 1.80 £13.1 %
5750 35.4 5.22 4.76 476 4.76 0.40 1.80 | 134 %

“ Frequency validity above 300 MHz of £ 100 MHz only applies for DASY v4 4 and higher (see Page 2), else il 15 restricted 1o = 50 MHz. The

uncertainty is the RSS of the ConvF uncenalnty at calibration frequency and the uncentainty for the indicaled frequency band Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above § GHz frequency

validity can be extendad to = 110 MHz.
" At fraquencies below 3 GHz, the validily of hissue paramelers (e and o) can be relaxed to £ 10% If figuid compensation formula Is applied (o

measured SAR values. Al frequencies above 3 GHz, the validity of tissue parameters (s and o) is resiricted to + 5%. The uncertainly ls the RSS of

the ConvF unceralnty for indicated farget tissue parameters

% Alpha/Depth are determingd during callbralion, SPEAG warrants that Ihe remaining deviation due ta the boundary effect after compensalion is
always less than & 1% for Irequencies below 3 GHz and balow * 2% for frequencies between 3-6 GHz al any distance [arger than half the probe 1ip

diameter from the boundary
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EX30V4- SN:3797

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Calibration Parameter Determined in Body Tissue Simulating Media

November 25, 2016

Relative Conductivity Depth © Unc
_f(MHz)® | Permittivity " (sim)" ConvF X | ConvFY | ConvFZ | Alpha (mm) (k=2)
150 61.9 0.80 11.38 11.28 11.38 0.00 1.00 +133%
300 58.2 0.92 11.02 11.02 11.02 0.05 1.15 £13.3%
450 56.7 0.94 10.70 10.70 10.70 0.08 1.15 +13.3 %
750 55.5 0.96 9.60 960 9.60 0.50 0.80 +12.0%
835 55.2 0.97 9.42 9.42 9.42 0.44 0.80 +12.0 %
1750 53.4 1.49 7.75 7.75 7.75 0.34 0.93 +12.0%
1900 53.3 1.52 7.45 7.45 7.45 0.41 0.80 +12.0%
2450 52.7 1.95 7.18 7.19 7.19 0.42 0.80 +12.0%
2600 52.5 216 .94 6.94 6.94 0.32 0.80 +12.0% |
5250 48.9 5.36 443 4.43 4.43 045 1.90 £13.1 %
5600 485 577 3.93 3.93 3.93 0.50 1.90 +131 %
5750 48.3 5.94 4.19 4.19 419 0.50 1,90 £13.1 %

" Freguency validity above 300 MHz of = 100 MHz only applies for DASY v4.4 and higher (see Page 2), alse il is restricled 1o 4 50 MHz The
uncerainty is the RSS of the ConvF unceralnty at calibration frequency and ihe uncenainty for the indicated frequency band. Frequency validily
helow 300 MHz ks + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, B4, 128, 150 and 220 MHz respectively Above § GHz frequency

valldity can be extended to £ 110 MHz.

" Al frequencies below 3 GHz. the validity of lissue parameters (& and m) can be relaxed to = 10% if liquid compensalion Tormula Is applied to

measured SAR values, Al frequencies above 3 GHz, the validily of issue parameters (e and o) Is restricted to = 5%, The uncertainty is Ihe RSS of

the ConvF uncerainty for indicated target tissue paramelers
5 Alpha/Dapth are detarmined during callbration, SPEAG warrants that he remalning deviation due to the boundary effect after compensation is

always less than + 1% lor frequencies below 3 GHz and below + 2% for frequencies batween 3-6 GHz al any distance larger fhan haff the probe tip

diameter from the boundary
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

TTT71

1:2
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0.9

Frequency response (normalized)
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: i i == > T
0 500 1000 1500 2000 2500 3000

Uncertainty of Frequency Response of E-field: + 6.3% (k=2)
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Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SARcad)
(TEM cell , foyai= 1900 MHz)
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Uncertainty of Linearity Assessment: * 0.6% (k=2)
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=835 MHz WGLS R8 (H_convF)

MNovember 25, 2016

Conversion Factor Assessment

f = 1900 MHz WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, ), f =900 MHz

Deviation
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Certificate No: EX3-3797_Nov16

F-TP22-03 (Rev.00)

Page 10 of 11

186 /239

HCT CO.,LTD.



-
"rC'- FCC ID: ZNFM320H Report No: HCT-A-1702-F006-1

HCTCO,,LTD.

EX30V4- SN:3797 November 25, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) ' 68.9
Mechanical Surface Deteclion Mode i ' enabled
Optical Surface Detection Mode - disabled
Probe Qverall Léﬁgth o 337 mm
Probe Body Diameter T 10 mm
'Tip Length - 9 mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1 mm
“Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Paint 1 mm
Recommended Measurement Distance from Surface 1.4 mm
Certificate No: EX3-3797_Nov16 Page 11 af 11
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FCC ID: ZNFM320H

Report No: HCT-A-1702-F006-1

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

client ~ HCT (Dymstec)

S Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accreditation No.: SCS 0108

Certificate No: D750V3-1014_Jul16

CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration date:

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

July 22, 2016

Galibralion Equipment used (M&TE eritical Tor calibration)

D750V3 - SN:1014

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sl).
The measurements and the uncerainties with confidence probability are given an the following pages and are part of the certificate.

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

Primary Standards 10w Cal Date (Certificate No.) Scheduled Calibralion
Power meter NRP SN 104778 06-Apr-16 (No. 217-02288/02289) Apr-17

Powar sansor NAP-Z91 SN: 103244 06-Apr-16 (No. 217-02288) Apr-17

Pawer sensor NRP-Z91 SN: 103245 06-Apr-16 (Mo, 217-02280) Apr17

Relerence 20 dB Altenualor Sh: 5058 (20k) 05-Apr-16 (No, 217-02292) Apr7

Type-N mismatch combination SN: 50472 / 06327 05-Apr-16 (No. 217-02285) Apr17

Relerence Probe EX3DVA SN: 7349 15-Jun-16 (No. EX3-7349_Jun1B) Jun-17

DAE4 SN: 601 30-Dec-15 (No. DAE4-601_Decl15) Dec-16

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

Power malar EPM-442A
Power sensor HP B481A
Power sensor HP 84814
AF generator R&S SMT-06
Metwork Analyzer HF 8753E

SN: GBI7480704
SN. US37292783
SN: MY41082317
SN: 100872

SM: US37390585

07-0c1-15 (No. 217-02222)
07-0ct-15 (No, 217-02222)
07-0ct-156 (No, 217-02223)
15-Jun-15 (in house check Jun-15)
18-Ocl-01 (in house check Oct-15)

Name Function gnatur
Calibrated by: Claudio Leubler Laboratery Technician
Approved by: Katja Pokovic Technical Manager M‘
Issued: July 26, 2016
This calibration certificate shall not be reproduced except in full without written approval of the laboratory,

In house check: Oct-16
In house check; Oct-16
I house check: Oc-18
In house check: Oct-16
In house check: Oct-16

Certificate No: D750V3-1014_Jul16

F-TP22-03 (Rev.00)
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, B004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst

C Service suisse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accredited by the Swiss Acereditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) IEC 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.

s 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.

e 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: D750V3-1014_Jul1& Page 2 of 8
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Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS \V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 750 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 419 0.89 mho/m
Measured Head TSL parameters (22.0+0.2)°C 409+ 6% 0.91 mho/m =6 %
Head TSL temperature change during test <05°C — it
SAR result with Head TSL
SAR averaged over 1 em”® (1 g) of Head TSL Condition
SAR measured 250 mW inpul power 2.12 Wikg
SAR for nominal Head TSL parameters normalized to 1W 8.29 W/kg +17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.39 Wikg
SAR for nominal Head TSL parameters normalized to 1W 5.46 W/kg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.5 0.96 mho/m
Measured Body TSL parameters (22.0+0.2) °C 551+6% 0.99 mho/m + 6 %
Body TSL temperature change during test <0.5°C e —
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2,24 W/kg
SAR for nominal Body TSL parameters normalized to 1W 8.74 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 1.46 W/kg
SAR for nominal Body TSL parameters normalized to 1W 5.72 W/kg + 16.5 % (k=2)

Cerlificate No: D750V3-1014_Jul16
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Report No: HCT-A-1702-F006-1

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5470Q+22iQ

Return Loss -26.1dB
Antenna Parameters with Body TSL

Impedance, transformed 1o feed point 4960-08]Q

Retumn Loss -41.1dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1.033 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 leeding line Is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
“Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still

according to the Standard.

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

leedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manufactured an

March 22, 2010

Certificate No: D750V3-1014_Jul16
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DASY5 Validation Report for Head TSL

Date: 21.07.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz D750V3; Type: D750V 3; Serial: D750V3 - SN:1014

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

Medium parameters used: f =750 MHz; 6 =091 8/m; & =40.9; p= 1000 kg!m"
Phantom section: Flat Section

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

DASYS52 Configuration:

= Probe: EX3DV4 - SN7349; ConvF(10.07, 10.07, 10.07); Calibrated: 15.06.2016;

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

.

Electronics: DAE4 Sn601; Calibrated: 30.12.2015

.

Phantom: Flat Phantom 4.9L; Type: QDO00P49AA; Serial: 1001
» DASY5252.8.8(1258);: SEMCAD X 14.6.10(7372)

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 =58.75 V/m: Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.19 W/kg

SAR(1 g) = 2.12 W/kg; SAR(10 g) = 1.39 W/kg

Maximum value of SAR (measured) = 2.83 W/kg

0dB =2.83 W/kg =4.52 dBW/kg

Certificate No: D750V3-1014_Jul16 Page 5 of 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 22.07.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz D750V 3; Type: D750V 3; Serial: D750V3 - SN:1014

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

Medium parameters used: f=750 MHz: o =0.99 S/m: & = 55.1; p= 1000 kg;‘m“
Phantom section: Flat Section

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

DASY52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(9.99, 9.99, 9.99); Calibrated: 15.06.2016;
= Sensor-Surface: 1.4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601: Calibrated: 30.12.2015
» Phantom: Flat Phantomn 4.9L: Type: QDOO0P49AA; Serial: 1001

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

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

Reference Value = 57.48 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.42 W/kg

SAR(1 g) = 2.24 W/kg; SAR(10 g) = 1.46 W/kg

Maximum value of SAR (measured) = 3.01 W/kg

-12.00

0dB =3.01 W/kg =4.79 dBW/kg

Certificate No: D750V3-1014_Jul16 Page 7 of B
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

i S Schweizerischer Kalibrierdienst

SChm!d & F"artner c Service suisse d'étalonnage
Englneermg AG Servizio svizzero di taratura

Zeughausstrasse 43, B004 Zurich, Switzerland S Swiss Calibration Service

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

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

Multilateral Agreement for the recognition of calibration certificates

client  HCT (Dymstec) Certificate No: D835V2-441_Nov16

CALIBRATION CERTIFICATE

Object DB835V2 - SN:441

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

Calibration date: November 16, 2016

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

All calibrations have been conducted in the closed laboratory facllity: environment lemperature (22 + 3)°C and humidity < 70%.

Callbration Equipmen used (MATE oritical for callbration)

Primary Standards oW Cal Date (Cerlilicate No.) Scheduled Callbration

Pawer meter NRP SN 104778 08-Apr-18 (No. 217-02288/02289) Apr-1T7

Power sensor NRP-291 SN 103244 06-Apr-16 (No. 217-02288) Apr-17

Power sensor NAP-Z91 SN: 103245 D6-Apr-16 (No. 217-02289) Ap-17

Relerence 20 B Attenuator SN. 5058 (20k) 05-Apr-16 (No, 217-02292) Apr-17

Type-N mismatch combination SN. 50472 / 06327 05-Apr-16 (No. 217-02205) Apr17

Reference Proba EXaov4 SN: 7349 15-Jun-18 (No, EX3-7348_Jun18) Jun-17

DAE4 SN: 601 30-Dec-15 (No. DAE4-601 Deci5) Dec-16

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

Power metar EPM-442A SN: GBaT480704 07-0¢t-15 (In house check Oct-18) In house check: Oct-18

Power sansor HP B4B1A SN: US37292783 07-Oct-15 {in house check Oct-16) In house eheck: Oct-18

Pawer sensor HP 8481A SN: MY41002217 07-0et-15 (in house check Oct-18) In house check: Oct-18

AF generator R&S SMT-08 SN: 100872 15-Jun-15 {In house check Oel-16) In house check: Oct-18

Network Analyzer HP B753E SN: UsS37390585 18-0ct-01 (in house check Oct-16) In house check: Oct-17
Name Function Signature

Calibrated by: Claudio Laubler Laboratory Technician

Approved by: Katja Pokovic Technical Manager %/’? 4’

Issued: November 17, 2018

This calibration certificate shall not be reproduced excep! in full without written approval of the laboratory,

Certificate No: D835V2-441_Nov16 Page 1 of 8
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, B004 Zurich, Switzerland

s Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S swiss Calibration Service

Accredited by the Swiss Accredifalion Service (SAS) Accreditation No,; SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) 1EC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

¢) |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 avallable 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 pasition 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%.

Certificate No: DB35V2-441_Nav16e Page 2 of 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASY5 V52.8.8
Extrapolation Advanced Extrapolation

Phantom Madular 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 (22.0£0.2) °C 409+ 6 % 0.94 mho/m £ 6 %
Head TSL temperature change during test <05°C faok -
SAR result with Head TSL
SAR averaged over 1 cm” (1 g) of Head TSL Condition
SAR measurad 250 mW input power 2.43 W/kag

SAH for nominal Head TSL parameters

normalized to 1TW

9.38 W/kg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1,57 Wikg

SAR for nominal Head TSL parameters

normalized 1o 1W

6.11 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+0.2)"C 552+6% 1.01 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 measurad 250 mW input power 2.48 Wikg

SAR for nominal Bady TSL parameters

normallzed to 1W

9.62 W/kg + 17.0 % (k=2)

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

condition

SAR measured

250 m\W input power

1.63 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

6.37 Wikg = 16.5 % (k=2)

Certificate No: DB35V2-441_Nov16
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5080-18jQ

Return Loss -34.1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4600-46 0

Return Loss -24.0 dB

General Antenna Parameters and Design

| Electrical Delay (one direction) 1.369 ns ]

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

The dipale is made of standard semirigid coaxial cable. The center conduetor of the feeding line is directly connected fo the
second arm of the dipole. The antenna is therefore shor-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explainad 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 torce must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on March 08, 2001
Certificate No: DB35V2-441 Nov16 Pane 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 16.11.2016
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 = 0.94 S/m; &, = 40.9; p = 1000 ke/m’
Phantom section: Flat Section

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

DASY52 Configuration:
= Probe: EX3DV4 - SN7349: ConvF(9.72, 9.72, 9.72): Calibrated: 15.06.2016:
* Sensor-Surface: | 4mm (Mechanical Surface Detection)
= Electronics: DAE4 8Sn601: Calibrated: 30.12.2015
» Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA: Serial: 1001

o DASYS5252.8.8(1258): SEMCAD X 14.6.10(7372)

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 = 61.83 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.67 W/kg

SAR(1 g) = 2.43 W/kg; SAR(10 g) = 1.57 W/kg

Maximum value of SAR (measured) = 3.27 W/kg

~2:23
-4.47
-6.70
-8.94

-11.17

0dB =327 W/kg =5.15 dBW/kg

Certificate No: DB35V2-441_Nov16 Page50of8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 16.11.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2: Serial: D835V2 - SN:441

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

Medium parameters used: [ =835 MHz; o = 1.01 S/m: &, = 55.2: p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration;
» Probe: EX3DV4 - SN7349; ConvF(9.73. 9,73, 9.73); Calibrated: 15.06.2016;
e Sensor-Surface: 1.4mm (Mechanical Surface Delection)
e Electronics: DAE4 Sn601; Calibrated: 30.12.2015
»  Phantom: Flat Phantom 4.9 (front): Type: QD 00L P49 AA: Serial: 1001
« DASY52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 59.90 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.61 W/kg

SAR(1 g) = 2.48 W/kg; SAR(10 g) = 1.63 W/kg

Maximum value of SAR (measured) = 3.25 W/kg

-6.37
-8.49
-10.61
0 dB = 3.25 W/kg = 5.12 dBW/kg
Certificate No: DB35V2-441_Nov16 Page 7 of B
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FCC ID: ZNFM320H

Report No: HCT-A-1702-F006-1

Impedance Measurement Plot for Body TSL
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FCC ID: ZNFM320H Report No: HCT-A-1702-F006-1

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Swilzerland

Accredited by the Swiss Accreditation Service (SAS)

S Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

AN

Accreditation No.: SCS 0108

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

Muitilateral Ag it for the

HCT (Dymstec)

Client

gnition of calibration certificates

Certificats No: D1800V2-2d007_Novi16

|CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

QA CAL-05.v8

Calibration date:

D1800V2 - SN:2d007

Calibration procedure for dipole validation kits above 700 MHz

November 16, 2016

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

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

Calibration Equipment used (M&TE critical for calibration)

Name
Calibrated by: Claudio Leubler
Approved by: Katja Pokavic

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 08-Apr-16 (No. 217-02288/02288) Apr-17

Power sensor NRP-Z91 SN: 103244 06-Apr-16 (Mo. 217-02288) Apr-17

Powaer sensor NRP-Z91 SN: 103245 06-Apr-16 (No. 217-02289) Apr-17

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

Type-N mismatch combination SN: 5047.2 / 06327 05-Apr-16 (No. 217-02285) Apr-17

Reference Probe EX30V4 SN: 7349 15-Jun-16 (No. EX3-7349_Jun16) Jun-17

DAE4 SN: 601 30-Dec-15 (No, DAE4-601_Dec15) Dec-16

Secondary Standards 1D # Check Date (in house) Scheduled Check
Power meter EPM-442A SN: GB37480704 07-Oet-15 (in house check Oct-16) In house check: Oct-18
Power sensor HP 8481A SN; US37292783 07-Oct-15 (in house check Oct-16) In house check: Oct-18
Power sensor HP 84814 SN: MY41092317 07-Oct-15 (in house check Ocl-16) In house check: Oct-18
AF generator R&S SMT-06 SN: 100872 15-Jun-15 (in house check Oct-16) In house check: Oct-18
Network Analyzer HP 8753E SN: US37390585 18-Oct-01 (in house check Oct-16) In house check: Oct-17

This calibration certificate shall not be reproduced excep! in full without written approval of the laboratory.

Sighatuse

Function
Laboratory Technician \
Technical Manager

A

Issued: November 17, 2016

Certificate No: D1800V2-2d007_Nov18
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst

c Service suisse d'élalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service Is one of the signatories to the EA
Muitilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) 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 Technigues”, June 2013

b) 1EC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) IEC 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.

= Anptenna 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%.

Certificate No: D1800V2-2d007 _Nov16 Page 2 of 8
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Measurement Conditions

DASY system configuration, as far as not given on page 1,
DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Madular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
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 22.0°C 40.0 1.40 mho/m
Measured Head TSL parameters (22.0+0.2)°C 391+6% 1.39 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 9.47 Wikg
SAR for nominal Head TSL parameters normalized to 1TW 37.8 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 4.95 Wikg
SAR for nominal Head TSL parameters normalized to 1W 19.8 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 53.3 1.52 mho/m

Measured Body TSL parameters (220+02)°C 536+6% 1.52 mho/m + 6 %

Body TSL temperature change during test <05°C e -
SAR result with Body TSL

SAR averaged over 1 em® (1 g) of Body TSL Candition

SAR measured 250 mW input power 9.39 Wikg

SAR for nominal Body TSL parameters normalized to 1W 37.6 Wikg +17.0 % (k=2)

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

SAR measured 250 mW input power 4.97 Wikg

SAR for nominal Body TSL parameters normalized to 1W 19.9 W/kg = 16.5 % (k=2)

Certificate No: D1800V2-2d007 _NoviE
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 4720 -840

Return Loss -20.9dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4390-62jQ

Return Loss -20.7dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.203 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 dipale. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipale arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on July 23, 2001
Cerificate No: D1800Y2-2d007_Novie Page 4 of 8

F-TP22-03 (Rev.00) 208 /239 HCT CO.,LTD.



-
ha- FCC ID: ZNFM320H Report No: HCT-A-1702-F006-1

HCTCO,,LTD.

DASY5 Validation Report for Head TSL
Date: 15.11.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: D1800V2; Serial: D1800V2 - SN:2d007
Communication System: UID () - CW; Frequency: 1800 MHz _
Medium parameters used: f= 1800 MHz; o = 1.39 $/m; & = 39.1: p = 1000 kg/m"”

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

DASY52 Configuration:
» Probe: EX3DV4 - SN7349: ConvF(8.26, 8.26, 8.26); Calibrated: 15.06.2016;
* Sensor-Surface: |.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 30.12.2015
¢ Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001
= DASYS5252.8.8(1258); SEMCAD X [4.6.10(7372)

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

Reference Value = 105.8 V/m; Power Drift =-0.04 dB

Peak SAR (extrapolated) = 17.5 W/kg

SAR(1 g) = 9.47 W/kg; SAR(10 g) = 4.95 W/kg

Maximum value of SAR (measured) = 14.7 W/kg

-3.60
-7.20
-10.80
-14.40

-18.00

0dB = 14.7 W/kg = 11.67 dBW/kg

Certificate No; D1800V2-2d007_Nov16 Page 5 of 8
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Impedance Measurement Plot for Head TSL
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Report No: HCT-A-1702-F006-1

DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1800 MHz; Type: D1800V2; Serial: D1800V2 - SN:2d007

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

Medium parameters used: ['= 1800 MHz: 6= 1.52 S/m; g, = 53.6; p = 1000 kg_z‘rn"
Phantom section: Flat Section

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

DASY 352 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.17, 8.17, 8.17); Calibrated: 15.06.2016:

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.12.2015

Phantom: Flat Phantom 5.0 (back); Type: QDO0O0OPS0AA; Serial: 1002
DASY52 52.8.8(1258); SEMCAD X 14.6.10(7372)

Date: 16.11.2016

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=3mm, dz=5mm
Reference Value = 101.5 V/m; Power Drift =-0.03 dB
Peak SAR (extrapolated) = 16.3 W/kg

SAR(1 g) =9.39 W/kg; SAR(10 g) = 4.97 W/kg
Maximum value of SAR (measured) = 14.1 W/kg

-3.33

-6.65

-9.98

-13.30

-16.63

0dB =14.1 W/kg = 11.49 dBW/kg

Certificate No: D1800V2-2d007_Nov16 Page 7 of B
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FCC ID: ZNFM320H

Report No: HCT-A-1702-F006-1

Impedance Measurement Plot for Body TSL
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FCC ID: ZNFM320H Report No: HCT-A-1702-F006-1

Calibration Laboratory of :
Schmid & Partner St
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

nmow

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

Accreditation No.: SCS 0108

gnition of calibration certificates

Client

HCT (Dymstec)

CALIBRATION CERTIFICATE

Certificate No: D1900V2-5d061_Apri6

Object D1900V2 - SN: 5d061

Callbration procedure(s)

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

Calibration date:

April 25, 2016

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (51)
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

Calibration Equipment used (M&TE critical for calibration)

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

Primary Standards 1D # Cal Dale (Gertificale No.) Scheduled Calibration

Pawar matar NRP SN 104778 06-Apr-16 (No, 217-02288/02289) Apr-17

Power sensor NRP-Z91 SN; 103244 0B-Apr-16 (No. 217-02288) Apr-17

Pawer sensar NRP-Z91 SN 103245 D6-Apr-16 (Mo, 217-02288) Apr-17

Ref £ 20 dB At of SN: 5058 (20k) 05-Apr-16 (No. 217-02292) Apr-17

Type-N mismalch combination SN: 5047.2 / 06327 05-Apr-16 (Mo, 217-02295) Apr-17

Reference Probe EX3DV4 SN: 7349 31-Dec-15 (No. EX3-7349_Deci5) Dec-16

DAE4 SN: a1 30-Dec-15 (No. DAE4-601_Dec15) Dec-16

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

Power meter EPM-442A SN GB37480704 07-0ct-15 (No. 217-02222) in nouse check: Oo-16

Power sensar HP B481A Sh: US37292783 07-0ct-15 (No. 217-02222) In house check: Oct-16

Power senaor HP B481A SN: MY41092317 07-Oct-15 (Mo, 217-02223) In housa check: Oct-16

RF generator RRS SMT-06 SN 100972 15-Jun-15 (in house check Jun-15) In house checlc Oct-168

Network Analyzer HP 8753E SN: US37390585 18-0ct-01 (In house check Oct-15) In house check. Ocl-16
Name Function Signature

Calibrated by: Michasl Webar Laboratory Technician /{M [

Approved by: Katja Pokavic Techrical Manager M 4

Issued: April 26, 2016
This ¢ ion certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: D1900V2-5d061_Apr16

F-TP22-03 (Rev.00)
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Calibration Laboratory of

3 S Schweizerischer Kalibrierdienst
Schmid & Partner ¢ Service suisse détalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service
Accredited by the Swiss Accredilation Service (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed Accerding 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) 1EC 62208-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

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

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

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

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

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

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

Cartificate No: D1300V2-5d061_Aprié Fage 2 of 8
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SAR for nominal Head TSL parameters

normalized to 1W

38.6 W/kg = 17.0 % (k=2)

SAR averaged over 10 ecm® (10 g) of Head TSL

condition

SAR measured

250 mW Input power

5.01 Wikg

SAR for nominal Head TSL parameters

normalized o 1W

20.2 W/kg + 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Mominal Body TSL parameters 22.0°C 53.3 1.52 mha/m
Measured Body TSL parameters (22.0£0.2) "C 529+6% 1,49 mho/m +6 %
Body TSL temperature change during test «05°C —-ee -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.82 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

39.7 W/kg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.20 Wikg

SAR for nominal Body TSL parameters

normalized to TW

20.9 W/kg + 16.5 % (k=2)

Certificate No: D1800V2-5d061_Apr16

Page 3of 8

FCC ID: ZNFM320H Report No: HCT-A-1702-F006-1
HCTCO,,LTD.
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASY5 V52.88
Extrapolation Advanced Extrapolation
Phantom Madular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHz = 1 MHz
Head TSL parameters
The following paramelers and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 40.0 1.40 mho/m
Measured Head TSL parameters (22.0+0.2) °C 40,0 =6 % 1.37 mho/m = 6 %
Head TSL temperature change during test <05"C em- es
SAR result with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.53 Wikg

F-TP22-03 (Rev.00)

215 /239

HCT CO.,LTD.
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transtormed to teed point 5250+7.7[Q

Return Loss -221dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4790 +B5(Q

Return Loss -21.0dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1182 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 connecied to the
second arm of lhe dipole. The anlenna is therefore shori-circuited for DC-signals. On some of 1he dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the posilion as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to (he Standard,

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

Additional EUT Data

Manufacturad by SPEAG
Manufactured on December 10, 2004
Certificate No: D1900V2-5d061_Apri6 Page 4 of &
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DASYS5 Validation Report for Head TSL
Date: 25.04.2016

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d061
Communication System: UID 0 - CW; Frequency: 1900 MHz
Medium parameters used: f= 1900 MHz: o = 1,37 S/m; & = 40; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)
DASY52 Configuration:

o Probe: EX3DV4 - SN7349; ConvF(8.2. 8.2, 8.2): Calibrated: 31.12.2015;

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

« Electronics: DAE4 Sn601; Calibrated: 30.12.2015

« Phantom: Flat Phuntom 5.0 (front); Type: QDOO0OPS0AA; Serial: 1001

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

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

Reference Value = 107.4 V/m; Power Drift =0.03 dB

Peak SAR (extrapolated) = 17.2 W/kg

SAR(1 g) = 9.53 W/kg; SAR(10 g) = 5.01 W/kg

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

-3.80
-7.60
-11.40
-15.20

-19.00

0dB=14.5W/kg=11.61 dBW/kg

Certificate No: D1900V2-5d061_Apr16 Page 5 of 8
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 25.04.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d061

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

Medium parameters used: ['= 1900 MHz; o = 1.49 S/m; & = 52.9; p = 1000 kg/m*
Phantom scction: Flat Section

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

DASY52 Configuration:
= Probe: EX3DV4 - SN7349; ConvF(8.03. 8.03, 8.03); Calibrated: 31.12,2015;
¢ Sensor-Surface: |.4mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 30,12.2015
= Phantom: Flat Phantom 5,0 (back); Type: QDO00P50AA: Serial: 1002
s« DASY52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 104.3 V/m: Power Drift =-0.03 dB

Peak SAR (extrapolated) = 17.3 W/kg

SAR(1 g) = 9.82 W/kg; SAR(10 g) =5.2 W/kg

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

-3.80
-7.60
-11.40

-15.20

-19.00

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

Certificate No: D1900V2-5d061_Apr16 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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FCC ID: ZNFM320H
HCTCO, LTD.

Report No: HCT-A-1702-F006-1

Calibration Laboratory of

: 5 s 2 S 5 izerischer Kalibrierdi

Schmid & Partner iﬁ?ﬁ @ Service suisse d'étalonnage
Engineering AG T Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland NS S swiss Calibration Service

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

HCT (Dymstec)

Accreditation No.: SCS 0108

Client

Certificate No: D2450V2-965_Apri16

|CALIBRATION CERTIFICATE

Object D2450V2 - SN: 965

QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz

Calibration procedure(s)

Calibration date: April 19, 2016

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

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

Galibration Eguipment used (M&TE critical for callbration)

Power sensor HP B481A
Power sensor HP 8481A

AF generator R&S SMT-06
Network Analyzer HP B753E

Calibrated by:

Approved by:

SN. Usar2ez2783
SN: MY41082317
SN: 100972

SN: U537390585

Name
Michael Weber

Katja Pokaovic

07-0ct-15 (No. 217-02222)
07-Oct-15 (No. 217-02223)
15-Jun-15 (in house check Jun-15)
18-Oct-01 (in house check Oct-15)

Function
Laboratory Technician

Technical Managar

Primary Standards DA Gal Date (Certificate No.) Scheduled Gal |
Powsar meler NAP SN: 104778 06-Apr-16 (No. 217-02288/02289) Apr-17

Power sensor NRP-Z21 SN 103244 08-Apr-16 (Mo, 217-02288) Apr17

Power sensor NRP-Z81 SN: 103245 06-Apr-16 (No. 217-02289) Apr17

Reference 20 dB Attenuator SN: 5058 (20k) 05-Apr-16 (Mo, 217-02292) Apr-17

Type-N mismatch combination SN: 5047 2 / DB327 05-Apr-16 (No. 217-02295) Apr-17

Relerence Probe EX3DV4 SN: 7349 31-Dec-15 (No, EX3-7349_Dec15) Dec-16

DAE4 SN: 601 20-Dec-15 (No. DAE4-601_Dec15) Dec-16

Secondary Standards (=K} Check Date (in house) Scheduled Check
Power meter EPM-442A SN: GBa7480704 07-Oct-15 (No. 217-02222) In house check: Ocl-16

In house check: Oct-16
In house check: Oct-168
In house check: Oct-16
In house check: Oct-16

Signature

Hises-
AL

Issued: April 20, 2016

This calibration certificate shall not be reproduced except in full without written approval of the laboratory

Certificate No: D2450V2-965_Apr16

F-TP22-03 (Rev.00)
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L SR S Schweizerischer Kalibrierdienst
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Enginee I'il"lg AG S Servizio svizzero di taratura
. e = H
Zeughausstrasse 43, 8004 Zurich, Switzerland %, ,/f-“\-“\&" S swiss Calibration Service
LT T
Accrediled by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL

ConvF

N/A

tissue simulating liquid
sensitivity in TSL / NORM x,y,z
not applicable or not measured

Calibration is Performed According to the Following Standards:

a)

b)

c)

d)

|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

|[EC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

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

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

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

Certificate No: D2450V2-965_Apr16 Page 2 ol &
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FCC ID: ZNFM320H Report No: HCT-A-1702-F006-1

Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz =1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.2 1.80 mha/m
Measured Head TSL parameters (22.0 £0.2) °C 400 +6% 1.83 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 12.7 Wikg
SAR for nominal Head TSL parameters normalized to 1W 50.6 W/kg = 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.89 Wikg
SAR for nominal Head TSL parameters normalized to 1TW 23.5 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 52.7 1.85 mho/m
Measured Body TSL parameters (22.0+0.2) °C 527+6% 1,98 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 12.4 Wikg
SAR lar nominal Body TSL parameters normalized to 1W 49.2 W/kg =17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 5.78 Wikg
SAR for nominal Body TSL parameters nomalized to 1W 23.0 W/kg = 16.5 % (k=2)

Certificate No: D2450V2-9685_Apr16 Page 3 of 8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 5460 +38j0

Return Loss -24.8dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 51.02+59]0Q

Return Loss -245dB

General Antenna Parameters and Design

rElectrical Delay (one direction) 1.162 ns

Adter 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 direally connecled to the
second arm of the dipole. The antenna is therefore short-circuited far DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
“Measurement Conditions” paragraph, The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

Mo excessive force must be applied to ithe dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged,

Additional EUT Data

Manufactured by SPEAG
Manufactured on Novernber 19, 2014
Certificate No: D2450V2-965_Apri6 Page 4 of &
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DASYS5 Validation Report for Head TSL

Date: 19.04.2016
l'est 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 = 1.83 $/m; & = 40; p = 1000 kg/m"*
Phantom section: Flat Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)
DASY52 Configuration:
¢ Probe: EX3DV4 - SN7349; ConvF(7.76, 7.76, 7.76); Calibrated: 31.12.2015;

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

Elecuronics: DAE4 Sn601; Calibrated: 30.12.2015

Phantom: Flat Phantom 5.0 (front); Type: QDO0O0OPSOAA; Serial: 1001

« DASY5252.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 112.4 V/m: Power Drift = 0.02 dB

Peak SAR (extrapolated) = 25.6 W/kg

SAR(1 g) = 12,7 W/kg; SAR(10 g) = 5.89 W/kg

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

dB
0

-5.00
-10.00
-15.00

-20.00

-25.00

0dB = 20.7 W/kg = 13.16 dBW/kg
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Impedance Measurement Plot for Head TSL

19 Apr 2016 18:23:52
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DASY5 Validation Report for Body TSL

Date: 19.04.2016
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 = 1.98 S/m; & = 52.7; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY352 Configuration:
¢ Probe: EX3DV4 - SN7349; ConvF(7.79, 7.79, 7.79); Calibrated: 31.12.2015;
« Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 30.12.2015
= Phantom: Flat Phantom 5.0 (back); Type: QDDOOPS0AA; Serial: 1002
« DASYS52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 104.7 V/m; Power Drift =0.01 dB

Peak SAR (extrapolated) = 24.7 W/kg

SAR(1 g) = 12.4 W/kg; SAR(10 g) = 5.78 W/kg

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

0dB =20.0 W/kg = 13.01 dBW/kg
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Impedance Measurement Plot for Body TSL

19 Apr 2016 10:23:27
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FCC ID: ZNFM320H

Report No: HCT-A-1702-F006-1

Calibration Laboratory of
Schmid & Partner ST

Engineering AG ac-ura

Zeughausstrasse 43, 8004 Zurich, Switzerland

mwow

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

HCT (Dymstec)

Client

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

Certificate No: D2600V2-1015_Jani17

(CALIBRATION CERTIFICATE

2

Objact D2600V2 - SN:1015

Calibration procedure(s)

QA CAL-05.v8

Calibration date: January 18, 2017

Them nts and the uncer

Calibration Equipment used (M&TE orilical tor calibration)

Calibration procedure for dipole validation kits above 700 MHz

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

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

Name Function
Calibrated by: Leif Klysner Labaratory Technician
Approved by: Katja Pokovic Technical Manager

This calibration certificate shall not be reproduced except in full without writlen approval of the laboratory,

Primary Standards 1D # Cal Dale (Certllicale No.} Scheduled Callbralion
Power meler NRP SN: 104778 06-Apr-16 (No. 217-02288/02289) Apr-17

Power sensor NRP-Z91 SN 103244 D6-Apr-16 (No, 217-02288) Apr1T

Power sensor NAP-Z91 SN: 103245 06-Apr-16 (No. 217-02283) Apr-17

Reterence 20 dB Attenuator SN: 5058 (20k) 05-Apr-16 (No. 217-02292) Apr17

Type-N mismatch combination SN: 5047.2/ 08327 05-Apr-16 (No. 217-02295) Apr-17

Reference Probe EX30VA Sh: 7348 A1-Dec-16 (No. EX3-7349_Dec1B) Dec-17

DAE4 SN: 601 04-Jan-17 (No. DAE4-801_Jan17) Jan-18

Secondary Standards 1D W Check Date (in housa) Scheduled Check
Power meater EPM-4424 SN: GB37480704 07-0ct-15 (in house check Ocl-16) In house check: Oct-18
Power sensor HP B4B1A SN: Us3rze2783 07-Oct-15 (in house check Oct-16) I house check: Oct-18
Power sensor HP B481A SN: MY41092317 07-06t-15 (In house check Oct-16) In house check: Oct-18
AF generator R4S SMT-08 SN: 100972 15-Jun«15 (in house check Ocl-16) In house check: Oct-18
MNetwork Analyzer HP B753E SN: US37390585 18-Oct-01 (in house check Oct-16) In house check: Oct-17

Signature

Ll

P =

Issued: January 19, 2017
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Calibration Laboratory of

. S  Schweizerischer Kalibrierdienst

Schrnl_d & F_’artner C Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland S  Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

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 Technigues”, June 2013

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) IEC 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 Requiremenis 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 ceriificate 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 resull.

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: D2600V2-1015_Jan17 FPage 2ol 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASYS V52.8.8

Extrapolation Advanced Extrapolation

Phantom 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 39.0 1.96 mho/m

Measured Head TSL parameters (22.0+02)°C 374+6% 2.05 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 14.8 W/kg

SAR for nominal Head TSL paramelers normalized to 1W 57.5 W/kg + 17.0 % (k=2)

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

SAR measured 250 mW input power 6.49 W/kg

25.5 W/kg = 16.5 % (k=2)

SAR for nominal Head TSL parameters normalized to 1W

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.5 2.16 mho/m
Measured Body TSL parameters (22.0=02)°C 52.3x6% 2.20 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 13.9 Wikg

SAR for nominal Body TSL parameters

normalized lo 1W

55,1 W/kg + 17.0 % (k=2)

SAR averaged over 10 cm? (10 g) of Body TSL condition
SAR measured 250 mW inpul power B8.17 Wikg
SAR for nominal Body TSL parameters normalized to 1W 24.6 W/kg = 16.5 % (k=2)

Certificate No: D2600V2-1015_Jan17 Page 3of 8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transtormed to feed point 4880-28i0

Return Loss -303dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 451 0-25)0

Return Loss -24.8dB

General Antenna Parameters and Design

i Electrical 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 made of standard semirigid coaxial cable. The center conductor of the feeding line is direclly connected lo 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 to improve matching when loaded according Lo the position as explained in the
"Measurement Conditions" paraaraph. 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 thay might bend or the soldered connections near the
feedpoint may be damaged.,

Additional EUT Data

Manufactured by SPEAG
Manufactured on QOctober 30, 2007
Certificate Na: D2600V2-1015_Jan17 Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 17.01.2017
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: f= 2600 MHz; o = 2.05 S/m; & =37.4; p= 1000 kg/m*
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.56, 7.56, 7.56): Calibrated: 31.12.2016;
= Sensor-Surface: |.4mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601: Calibrated: 04.01.2017
o Phantom: Flut Phantom 5.0 ([ront); Type: QD 000 P50 AA: Senial: 1001

= DASYS5252.8.8(1258): SEMCAD X [4.6.10(7372)

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 = 116.7 V/m; Power Drift =-0.04 dB

Peak SAR (extrapolated) = 32.4 W/kg

SAR(1 g) = 14.8 W/kg; SAR(10 g) = 6.49 W/kg

Maximum value of SAR (measured) = 25.3 W/kg

-5.00
-10.00
-15.00

-20.00

-25.00

0 dB = 25.3 W/kg = 14.03 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 18.01.2017
Test Laboratory: SPEAG, Zurich, Switzerlund
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN:1015

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

Medium parameters used: f= 2600 MHz; ¢ = 2.2 S/m; &= 52.3: p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
s Probe: EX3DV4 - SN7349; ConvF(7.48, 748, 7.48): Calibrated: 31.12.2016;
« Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.01.2017
¢ Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Senal: 1002
« DASYS52 52.8.8(1258); SEMCAD X [4.6.10(7372)

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

Reference Value = 108.8 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 28.6 W/kg

SAR(1 g) = 13.9 W/kg; SAR(10 g) = 6.17 W/kg

Maximum value of SAR (measured) = 23.4 W/kg

dB
0

-4.60
-9.20
-13.80

-18.40

-23.00

() dB =23.4 W/kg = 13.69 dBW/kg

Certificate No: D2600V2-1015_Jan17 Page 7 of 8

F-TP22-03 (Rev.00) 235 /239 HCT CO.,LTD.



CT

HCTCO,,LTD.

FCC ID: ZNFM320H

Report No

: HCT-A-1702-F006-1

Impedance Measurement Plot for Body TSL
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Zeughausstrasse 43, 8004 Zurich, Switzerland
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info@speag.com, hitp:/iwww.speag.com

Certificate of conformity / First Article Inspection

Item

Triple Modular Flat Phantom V5.1

Type No

QD000 P51 C

Series No

1100 and higher

Manufacturer / Origin

Untersee Composites
Knebelstrasse 8, CH-8268 Mannenbach, Switzerland

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.
according 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: 9.2 |
Sagging Depending on standard No initial sagging (negative 1100/2
preshaped, change < 0.5 mm)
Standards

[1] IEEE 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques”, June 2013

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

2] IEC 62209 —

2005

[3] IEC 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, Part 2: Procedure to determine the Specific

Absorption Rate (SAR) for ...

[4] KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Conformity

including accessories and multiple transmitters”, March 2010

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

Signature / Stamp

16.07.2015

p e a g

Schanid-&ParTror Phgnec ;21:3 AG
et

ax +4744 245 8779

Zegg tragse 43, 800
+41 44 345°9700.
i speag. com, Mg fiwww.speag.com

Doc No 881 -QD000P51C~-D
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Attachment 5. — SAR Tissue Characterization

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

Ingredients Frequency (MHz)
(% by weight) 1900 2450 —2 700
Tissue Type Head Body Head Body Head Body Head Body
Water 411 51.7 40.45 53.06 54.9 70.17 71.88 73.2
Salt (NaCl) 1.4 0.9 1.45 0.94 0.18 0.39 0.16 0.1
Sugar 57.0 47.2 57.0 44.9 0.0 0 0.0 0.0
HEC 0.2 0 1.0 1.0 0.0 0 0.0 0.0
Bactericide 0.2 0.1 0.1 0.1 0.0 0 0.0 0.0
Triton X-100 0.0 0.0 0.0 0.0 0.0 0.0 19.97 0.0
DGBE 0.0 0.0 0.0 0.0 44.92 29.44 7.99 26.7
Diethylene glycol
hexyl ether . . . . B . . .
Salt: 99 % Pure Sodium Chloride Sugar: 98 % Pure Sucrose
Water: De-ionized, 16M resistivity HEC: Hydroxyethyl Cellulose
DGBE: 99 % Di(ethylene glycol) butyl ether,[2-(2-butoxyethoxy) ethanol]
Triton X-100(ultra pure): Polyethylene glycol mono[4-(1,1,3,3-tetramethylbutyl)phenyl] ether

Composition of the Tissue Equivalent Matter

F-TP22-03 (Rev.00) 238 /239 HCT CO.,LTD.
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Attachment 6. —- SAR SYSTEM VALIDATION

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

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

SAR Probe Dielectric Parameters CW Validation Modulation Validation

System Probe

Probe Calibration |Dipole Date

Type Measured Measured Probe | Probe | MOD. | Duty

Point Permittivity Conductivity BRI Linearity | Isotropy| Type | Factor Ha
5 3903 |EX3DV4|Head | 750 |1014 | 2016.10.10 421 0.92 PASS | PASS [ PASS | N/A | N/A N/A
2 1609 ET3DV6 | Body | 750 | 1014 | 2016.08.09 55.9 0.98 PASS | PASS [ PASS | N/A | N/A N/A
5 3903 |EX3DV4|Head | 835 | 441 | 2016.11.24 41.5 0.89 PASS | PASS [ PASS | N/A | N/A N/A
5 3903 |EX3DV4|Head | 835 | 441 | 2016.11.24 415 0.89 PASS | PASS | PASS |GMSK | PASS | N/A
5 3903 |EX3DV4| Body | 835 | 441 | 2016.11.25 55.4 0.98 PASS | PASS | PASS |GMSK | PASS | N/A
2 1609 ET3DV6 | Body | 835 | 441 | 2016.11.25 55.4 0.98 PASS | PASS | PASS | N/A | N/A N/A
9 3968 [EX3DV4 | Head | 1800 (2d007| 2016.11.24 40.1 1.41 PASS | PASS | PASS | N/A | N/A N/A
9 3968 [EX3DV4 | Head | 1800 (2d007| 2016.11.24 40.1 1.41 PASS | PASS | PASS |[GMSK| PASS | N/A
8 3967 [EX3DV4 | Body | 1800 (2d007| 2016.12.30 53.4 1.54 PASS | PASS | PASS |GMSK| PASS | N/A
8 3967 [EX3DV4 | Body | 1800 (2d007| 2016.12.30 53.4 1.53 PASS | PASS [ PASS | N/A | N/A N/A
2 1609 ET3DV6 | Head | 1900 |5d061| 2016.05.09 39.9 1.41 PASS | PASS | PASS |GMSK | PASS | N/A
9 3968 [EX3DV4 | Head | 1900 (5d061| 2016.06.13 40.2 1.42 PASS | PASS | PASS |GMSK | PASS | N/A
9 3968 [EX3DV4 | Head | 1900 (5d061| 2016.06.13 40.2 1.42 PASS | PASS [ PASS | N/A | N/A N/A
8 3967 [EX3DV4 | Body | 1900 (5d061| 2016.12.30 53.1 1.58 PASS | PASS | PASS |GMSK | PASS | N/A
8 3967 [EX3DV4 | Body | 1900 (5d061| 2016.12.30 53.2 1.52 PASS | PASS [ PASS | N/A | N/A N/A
3 3797 [EX3DV4 | Head | 2450 | 965 | 2016.12.06 39.3 1.81 PASS | PASS | PASS |OFDM| N/A | PASS
3 3797 [EX3DV4 | Body | 2450 | 965 | 2016.12.7 52.8 1.94 PASS | PASS | PASS |OFDM| N/A | PASS
3 3797 |EX3DV4| Head | 2600 | 1015 | 2017.01.30 39.1 1.94 PASS | PASS | PASS | N/A | N/A N/A
3 3797 |EX3DV4 | Body | 2600 | 1015 | 2017.01.31 52.3 217 PASS | PASS | PASS | N/A | N/A N/A

SAR System Validation Summary 1g

Note;

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