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“‘I'C'- FCC ID: ZNFM250H

her iy Report No: HCT-A-1611-F003-1
Calibration Laboratory of Schweizerischer Kalibrierdienst
Schmid & Partner 2 Mtululmﬂ'::mnm
Engineering AG g Servizio svizzero i taratura
Zeughausstrasse 43, 8004 Zurich, Switzerlend Swiss Calibration Service
Acoredrad by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multliateral Agreement for the recognition of callbration certificates

Calibration date:

This cabention cerficats documants the troceatiity to naficnal standeeds, wiich resfize the physical units of messwremants (51)
The meesurematls snd (he uncamsmiss wih confideacs pobablity are givan on tha folowing pages end are part of the certificarle.

All calbrations have been conducted In e clossd dorsiony faclity, snvrorment tnmperatios (22 £ 3)°C and humidity < T0%.

Calbraton Equipment used (MATE critical for calibration)

Frimary Standars [+ Cal Date (Catificate No | Scheduled Calitration
Power meter NRP SN 14778 08-Apr-16 (No. 217-02283M2289) Ape17
Powar sansor NRP.281 SN 103244 18 [No. 217-02288) Ape-17
Powar sansor NRP-Z31 SN 106245 06-Apr-18 (No. 217402289) Ape-17
Rt 2008 A SN SS277 (20%) 05-Apr-18 (No. 217-02283) Agr-17
Praobe ESIDV2 SN- 3013 31-Dec-15 (No. ES3-3013_Dec1§) Dec-16
| DAE4 SN: 68 22-Dec-15 [No. DAEA-E80_Dacts) Dec-18
S dary S = 10 Chack Date (in house) Schedukd Check
| Power matar E44108 SN: GBA1293674 5-Apr-18 (in house chedk Jun-16) In house chack: Jun-18
Pawar sensor E4412A SN MY4 1486057 05-Apr-18 {in houne chedck Jur-18) In houss chack: Jun-18
Power sansor E4412A4 SN: 000110210 05-Apr-18 (in hause check Jun-16) In house ocheck: Jun-18
RF g HP E825C SN USIG2001700 04-Aug-9% (in house check Jun-16} In houss chack: Jun-18
Analyzec HP 8753E SN US37380565 18-0ct-01 (in house chack Oct-15) In house check: Oct-18
Funclian Signature
Approved by

Thes calibeation catificale shall not be reproduced except in fll withoul weilten spgrowvad of (ha

Certificate No: EX3-3903_Sep16 Page 1 of 11

F-TP22-03 (Rev.00) 128 /223 HCT CO., LTD



-~
“"’C-'- FCC ID: ZNFM250H Report No: HCT-A-1611-F003-1

HCTCO,LTD

Calibration Laboratory of S Schweizsrischer Kalibrierd
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Zeughausstrasse 43, 0004 Zunich, Switzeriana Swiss Calibration Service

Accradiiod by the Swiss Accrediatian 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 cortificstes

Glossary:

TSL tissue simulating Bquid

NORMx.y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

pecp diode compression point

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

AB.C,D modulation depandent linearization parameters

Polaraation ¢ o rotation around probe axis

Polarization & # rotation around an axis that is in the plane normal to probe axis (sl measurement center),

re., B =0 normal to probe axis
Connector Angle nformation used In DASY systam to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

8) IEEE Std 1528-2013, "IEEE Recommended Praclice for Determining the Paak Spabal-Averaged Specific
Absorption Rate (SAR) in the Human Head fram Wireless Communications Devicas: Measurement
Techniques”, June 2013

b} IEC 62209-1, "Procedure to measure the Specific Absorplion Rate (SAR) for hand-heid devices used in close
proximity 1o the ear (fraquency range of 300 MHz to 3 GHz)*, February 2005

¢] |EC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wreless 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 & GHz"

Methods Applied and Interpretation of Parameters:

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

«  NORM|fx.y,z = NORMxy.z * frequency_response (see Frequency Response Chart). This linearization is
implementad in DASY4 software versions later than 4.2, The uncertainty of the frequency response is inciuded
In the stated uncertainty of CanvF.

« DCPxy.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 meadia.

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

o Axyz Bxyz Cxyz Dxyz VRxyaz A B, C, D ate numerical linearzation parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
média. VR IS the maximum calibration rangs axpressed in RMS voltage across the diode.

« ConvF and Boundery Effect Parameters: Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distnbutions 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 paramelers are
used in DASY4 software fo improve probe accuracy close 1o the boundary. The sensitivity in TSL cofresponds
to NORMx,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 aliows extending the validity from £ 50 MHz to = 100
MHz.

« Spherical isotropy (30 devialion from isotropy): m a field of low gradients reslized using a fiat phantom
exposed by a palch antenna.

*  Sensor Offsel; The sensor ofiset 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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Report No: HCT-A-1611-F003-1
HCTCO,LLTD

EX3DV4A- SN:3903 Saplembear 28, 2016

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

Basic Calibration Parameters

| Sensor X Sensor Y Sensor Z Unc (k=2) |
Nomm (uVI(VIm))" 0.39 0.36 053 101 % |
| DCP (mV)" | 102.5 106.2 1031
Modulation Calibration Parameters
uo c ication System Nama A B ¢ o VR Une'
4B | dBVpv | dB mV (x=2)
0 | CW x| 00 ) 10 | 000 | 1740 | #35%
Y | 00 0.0 1.0 N 1846
Z| 00 0.0 1.0 1944

The reported uncertainly 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
probahility of approximately 95%.

* The uncertainties of Neem X.¥,Z do not affect he E*-fieid uncatainty Inside TSL (see Pages % and 6)
¥ Numerical inaarzation parameter; uncerainty not requined

* Uncenainty is dotermined using the max: deviation from linaar response applying rectangulor distibuton snd le sxpressed fof the square of the
tax] value
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EX3DV4- SN:2803 September 28, 2016

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative c«\duotlvlty Dopth ™ Unc
f(MHz)© | Pormittivity" (Sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 52.3 0.76 1342 | 1342 1342 | 0.00 1.00 | £133%
300 45.3 0.87 1288 | 1268 1268 | 0.10 140 | £133%
450 435 0.87 11.00 | 11.00 11.00 | 020 125 | £133%
750 419 0.88 1135 | 1135 1135 | 033 | 114 | 2120%
835 415 0.90 10.72 10.72 10.72 | 05t 080 | £120%
900 415 0.97 1030 | 10.30 1030 | 035 | 101 | +120%
1450 40.5 1.20 B8.76 8.76 8.76 039 | 080 | +120%
1750 40.1 1.37 8.75 8.75 B.75 028 | 085 | +120%
1900 40.0 1.40 841 8.41 B.41 028 | 084 | +120%
1850 40.0 1.40 8.22 8.22 8.22 032 | 080 | £120%
2300 395 1.67 8.01 ] 8.01 8.01 032 | 080 | £120% |
2450 39.2 1.80 7.54 ‘ 7.54 7.54 0.31 084 | £120%
2600 39.0 1.96 7.42 7.42 7.42 0.31 086 | £120%
5250 350 471 5.51 5.51 5.51 0,35 180 | +131%
5800 35.5 5.07 478 478 479 0.45 180 | £13.1%
5750 354 522 5.04 5.04 5.04 0,45 180 | £131%

“mnmymmwm:m»uugmuMuzwymommsvucmm(mvagezuuunuwmouozsomq The
uncertainty 5 the ASS af the CanvF uncertainty =t caliration fre y and the y bandl. Freg y valcity
below 300 Mz is £ 10, 25, 40, 50 and 70 MH2 for Com# assessments at 30, 54, 128, 1sowmmwwmy ma@uwmmy
vumnymaemmmﬂow:

' A1 troquencies below 3 Ghlz, tha validty of tissue parameters (¢ and o) can ba rekared 10 + 10% I liquic fhon & ia is appied 10
measured SAR values, AL fraquencies above 3 GHz. the valldity of 1ssue parameters [t and o) is resiricied o = 5% The uncertamty is the RSS of
tha ConvF uncadanty for ingicated target tssue parameters,

“ AlphaDapth are cetarmined during calibration. SPEAG warrants that the remaining deviabon dus 10 the boundury sffect aftee compensation is
ahways less than £ 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GH2 & any distancs larger than hat the probe bp
dametar kom the bountdary,
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HCTCO,LLTD

EXIDVA- SN:3903 September 28, 2016

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

Calibration Parameter Determined in Body Tissue Simulating Media

Rolative Conductivity | Depth © Une
F(MHZ)® | Permittivity" (8im)" ConvF X | ConvFY | ConvFZ | Alpha® 1 {nm) (k=2)
150 61.9 0.80 13.33 1333 | 1333 000 | 100 | £133%
300 582 0.92 12.07 12.07 12.07 0.08 110 | 133 %
450 56.7 0.94 11.85 11.85 11.85 0.10 120 | +13.3%
750 55.5 0.96 10.50 10.50 10.50 0.29 113 | £120% |
835 852 0.87 10.42 10.42 10.42 0.55 080 | £120%
1750 | 534 1.49 B.37 B.37 837 | 035 | 091 | z120%
1900 | 53.3 1.52 8.10 8.10 8.10 0.37 0,80 $12.0%
2450 52.7 1.95 7.69 7.69 7.69 033 | 085 +12.0%
2600 525 2.16 | 745 7.45 745 0.33 | 0g0 | £120%
5250 48.9 5.38 453 463 | 463 0.50 190 | £131%
5600 48.5 577 3.85 385 3.85 0.60 180 | +134%
5750 48.3 5.94 413 413 413 0.60 190 | 134 %

 Frequency valdty above 300 MHz of £ 100 MHz cnly applies for DASY vé.4 and higher (se= Page 2), eiss it s restricted 1o 2 50 MHz The
uncednty is tha RSS of the Com® uncartainty at calibealicn frequency and the uncanainty 1o the indicated frequency band. Frequency validity
Delow 300 MHz 15 £ 10, 2540, 50 and 70 Mz for ConyF assassmenss o 30, 64, 128 150 ang 220 MHz mspoctvely. Above § GHz froquency
valdity can be extended %o £ 110 MHz,
" Al requencies balow 3 GHz. the valldity of tssue parameters {z and ) can be relaxed to = 10% Il Iguid cempensaton fonmula is appiied to
measured SAR values. Al frequencies above 3 GH2. the validiy of tissue parameters (c and o) & restricted o + 5% The urcananty & the RSS of
theConvF uncertainty for indicatad targal Ussue parametars
% Alpha'Depth are detamined dunng caltirason. SPEAG warrants thal the remaning teniation dus 1o tha b y ettact aftor P

less than + 1% for fequancies below 3 GHz and below = Zibrmwem:nesbmm%Gﬂzutanymﬁmwmmnd{m;xobwp
diamaler from the hoondary.
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FCC ID: ZNFM250H Report No: HCT-A-1611-F003-1
HCT CO,LTD
EX3I0V4- SN:3803 Seplember 28, 2016
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX3DV4.- SN:3903 Saptember 28, 2016
- - f)°
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Uncertainty of Axial Isotropy Assessment: £ 0,5% (k=2)
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FCC ID: ZNFM250H

Report No: HCT-A-1611-F003-1

EX3DV4- SN:3903

Cartdficate No: EX3-3803
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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FCC ID: ZNFM250H

Report No: HCT-A-1611-F003-1

EX3DV4- SN:3903

Conversion Factor Assessment

Saptember 28. 2016

f=835 MH2 WGLS RS (H_convf) I = 1900 MHz, WGLS R22 {H_comvF)
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Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Certificate No; EX3-3803_Sep16 Page 10 of 11

F-TP22-03 (Rev.00)

137 /223

HCT CO., LTD



N
"‘"C'- FCC ID: ZNFM250H Report No: HCT-A-1611-F003-1

HCTCO,LLTD

EX3DV4- SN:3803 September 28, 2016

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

Other Probe Parameters

Sensor Arrangement ‘ Triangular
Connector Angle (*) [ T 333 |
‘Mechanical Surface Detection Mode ‘ enabled
“Optical Surface Detection Mode ‘ disabled
Probe Overall Length 337 mm
Probe Body Diamstar | 10mm |
Tip Length “Bmm
Tip Diameter 25mm
—i’roh_Te.ﬁpTget_\sor'-fééﬁfmlion Point fmm |
| Probe Tip to Sensar Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
| Recommaended Measuremen! Distance from Surface t4mm |

Certilicate No: EX3-3803_Sep16 Page 11 of 11
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i FCC ID: ZNFM250H Report No: HCT-A-1611-F003-1
Calibration Laboratory of S, Schwelzerischer Kalib
Schmid & Partner S o
Engineering AG flacuRA ot e o foruture
Zeughaussirasse &3, 8004 Zurich, Switzerand AN S gwiss Calibration Service

Accrediied iy the Swiss Accradilation Secvica (SAS)
The Swiss Accreditation Service |s one of the signatories 1o the EA
Multilateral Agreement for the recognition of calibration certificates

Accreditation No.: SCS 0108

cient  HCT (Dymstec) Cortificate No: EX3-3863_Jul16
CALIBRATION CERTIFICATE

Coject EX30V4 - SN:3863

Casibeaticn procedurels) m&mmm CAL-12.v8, QA CAL-14.v4, QA CAL-23.v5,
Caltration date July 28, 2016

This calibeation cenificate documents the traceabiity to naional standards, which realze the physcal units of emants (S1)
Tha ts and the L with canfich probahiity arm given on the following pages and sre part of the cetificate.
Al caliteations have besn conduciod in the dosed laboratory taciity: amironmant semperature (22 = 3)°C and humicity < 70%

[Caiu-wn Equioment used (M TE crtcal for calibeation)

Primary Standards (=] Cal Date (Certificate No. | Scheduted Calbrahion
Powar meter NRP SN: 104778 05-Age-16 (No. 2170228802289) Ape-1T
Power sersor NRP-Z91 SN: 103244 05-ADr-16 {Na. 21702288) Aor-1T
Power sersor NRP-Z01 SN: 103248 05-Apr-16 |No. 217-022885) Apt-17
Reference 20 dB Attanuator SN: S5277 (20x) 05-Apr-16 (No. 217-02283) Apr-17
Reference Probe ES30DV2 SN: 3013 3t-Dec-15 (No. ES3.3013_Dec15) Oec-16
OAEA SN- 660 23-Doc-15 (No. DAEA-860_Dec15) Onc-16
Sacondary Standards 0 Chack Date {in house) Scheduled Check
Powear meter E44188 SN. GBA1293374 06-Apr-18 (in house chack Jun-16) In howse check: Jun-18
Power sensor E4A492A 5N: MY4&1438067 06-Agr-16 {in house chadk Jun-18) In house check: Jun-18
Power sensor E4A412A EN. 000110210 05-Apr-16 {in house chack Jun-18) In house chedc Jun-18
R¥ g HP 8648C SN: US3B42001700 04-Aug-86 {in house check Jun-18) in house chedk Jun-18
N rk Analyzer HF 8753E £N: US37360585 18.0c4.01 (in houss check 021-15) In bouse check: Oct-18

Namo Functicn i
Gallbrated by: ‘Claudo Leutiar Laboratory Technician

I
Apgroved by Katje Pokov: Tochncal Manager %j;
Issued: July 29, 2016

This cerificate shall not ba reproduced excest in full winout wison approval of the lsboratory.
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HCTCO,LTD

Calibration Laboratory of A, Schweizerischer Kallbriardienst

Schmid & Partner ST g Service sulsse détalonnage
Engineering AG % g Serviso sviuzera dl taratura

Zoughausstrasse 43, 8004 Zurich, Switzerland %Y "ﬁ‘\y} Swiss Calibration Service

Accrodeed by the Swiss Accrediation Serace (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is ona of the signatories to the EA

Multiiatoral Agreement for the recognition of calibration cartificatas

Glossary:

TSL tissue simulating liquid

NORMx.y,z sensilivity in free space

ConvF sensiivity in TSL / NORMx.y,z

DCP diode compression pont

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

A B C.D modulation dependent inearization parameters

Polarization ¢ o rotation around probe axis

Polarization 3 & rotation around an axls that is in the piane normal to prabe axis (al measurement center),

i.¢., & =0 is normal 1o probe axis
Connector Angle information used in DASY system to align probe sensor X 1o the robot 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: Measurament
Techniques”, June 2013

|EC 82208-1, "Procedure to measure the Specific Absorplion Rate (SAR) for hand-held davices 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 closa proximity to the human body {frequancy range of 30 MHz to 8 GHz)", March 2010

KDB 8685664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

NORMYx,y,z- Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; > 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
uncectainty inside TSL (see below ConvF).

NORM(Ax.y.z = NORMx,y.z * frequency_respanse (see Frequancy Response Chart), This linearization Is
implemented in DASY4 software versions iater than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF

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

PAR! PAR is the Pezsk to Average Ratio that is not calibrated but determined based on the signai
characteristics

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

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

Spherical isotropy (3D deviation from isotropy}: in & 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 measuremeant 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),

Corlificate No: EX3-3883_Jul18 Page 2 of 11
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FCC ID: ZNFM250H

Report No: HCT-A-1611-F003-1

EX30V4A- SN:3863

July 28, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Basic Calibration Parameters

Sensor X Sensor Y | Sensor Z | Unc (k=2)
| Norm (uwWi(Vimyy" 0.35 0.34 | 0.44 =101 %
[ DCP (mV)" 98.2 101.0 1 99.6 |
Modulation Calibration Parameters 7

uiD c Ication System Name A a8 c D VR Unc™

4B dBvuV dB mv (k=2)

0 low X | 00 0.0 10 | 000 | 1314 | 30%
' Y| 00 | 00 1.0 1482
[ [z | 00 | 00 10 1457

probability of approximately 95%.

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

A The uncerainties of Notm XY .Z 4 nat affect the E™.fisld unceriainty Inside TSL {see Pages 5 and 6),

Y Nymarical lingarization paramesr uncestainty not required.

* Uncertainty i detemined using o max. deviation fom Inear response applying rectangular distribution and & expresssd for tha sguare of the

fiald valoe
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EX3DVa~ SN:3863 July 28, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth” Unc

t(MHZ)® | Permittivity” (Sim)* ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 523 0.76 12.50 12.59 12,59 0.00 1.00 £133%
300 45.3 0.87 11.75 11.75 11.75 0.1 120 | £133%
450 43.5 0.87 10.84 10.84 10.84 0.20 125 | +133%
750 41.9 0.89 10.44 10.44 10.44 0.36 103 | $120%
835 415 0.80 10.03 10.03 10.03 0.48 083 | £120%
a00 415 0.97 9.81 9.81 a.81 0.28 1.1 £120%
1450 40.5 120 8.84 884 8.84 0.32 0.80 £12.0%
1750 40.1 137 865 | 866 8.65 0.28 0.97 +120%
1800 40.0 1.40 5,38 8.38 8.38 0.33 080 | +120%
1950 20.0 1.40 8.00 8.00 8.00 0.33 0.80 £12.0%
2300 385 1.67 7.84 7.84 7.84 0.30 080 | £120%
2450 392 1.80 7.42 7.42 742 0,39 080 | 2120%
2600 39.0 1.98 7.7 7.7 717 041 0.8 +120 %
5250 359 aT 5.01 5.01 5.01 0.40 180 | £131%
5600 355 5.07 4.85 4.85 4.85 0.40 180 | £131%
5750 354 522 | a62 4.92 4.92 0.45 1.80 +£131%

‘—qunoyvumnym:mmxuatmmwyapp«mtumsvu4wmuv(mmozp_-uumc¢wzsoumm
uncettainty is the RSS of the Convi- uncertarty al calibration freq y and the ue My for the d fre band. Frequency validity
bolorw 300 MH2 18 = 10, 25, 20, £ and 70 MH2 for ConvF assessmonts at 30, B4, 128, 150 and 220 MHz respectively. Above 5 GHz frequancy
validity can be extenced to 4 110 Mz
'N(Muwhbdoa:!@&“vﬂidﬂydmmmkmdn)cmbt.'dmdtos!mtl’lmulo' = v i du = apphed 0
MSARvaluu.MhmncmmSGHz.lmvdadhydinueoammn(unda)is:cmmdmzsﬁfneuw)nmuyslnnssa
e ComvfF uncertainty for indicated tarpet lissue parameters.

“ AphaDepth are determined dudng cakbrabion SPEAG warrants thal the remaining dewiation due 10 the boundary effect after compensation s
-mylleulhnn:1510%&“3G&mnbcbw:?%ro!hqu-'anbemml-aGwmwammbwmanwltmmnp
diameter from the boundary
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Calibration Parameter Determined in Body Tissue Simulating Media

Ralative Conductivity Depth ® Unc

| 1(MHz)® | Permittivity" {shm)* ConvEX | ComvFY | ConvFZ | Alpha® |  (mm) (k=2)
150 61.9 D.B0 12.11 12.11 12.11 0.00 1.00 | 21323%
300 58.2 0.92 11.56 11.58 11.56 0.05 120 | +133%
450 56.7 0.4 11.24 11,24 11.24 0.09 125 | £133%
750 55.5 0.986 9.98 9.98 9.98 0.48 0,82 +120%
835 55.2 0.87 8.73 9.73 9,73 0.48 0.80 £120%
1750 534 149 817 817 8.17 0.40 0.83 +12.0%
1900 533 1,52 783 | 783 7.83 0.39 083 | £120%
2450 527 1.95 7.45 745 7.45 0.38 080 | +120%
2600 525 2.16 72¢ | 724 | 724 | 032 | o080 | 2120%
5250 48.9 5.36 4.49 4.49 4.49 0.45 190 | £131%
5600 48.5 5.77 a7 | 377 377 . 0.55 190 | 2131 %
5750 483 584 419 | 419 419 0.55 1.90 | 131 %

cFveqmcyvalmyammOMsz:100MHLonlyopoiuhrOASYNlmﬁ@or{me?}.m!mmMeﬂm:sOMu The
uncestainty m the RSS of the Convi® uncertainty &1 calibration fraguency acd Ihs uncerainty for the indicated Frequancy band Freguency validey
below 300 MHz is + 10, 25, 40. 50 and 70 MHz for Comd assessments 8t 30 54, 128 150 anc 220 MHz respectively. Abave & Gz frequancy
valiity can be extended 10 * 110 MHZ

* At frequencies below 3 GHz, the validty of issue parametars {r and a) can be ralaxad to 2 10% if liquid compensation farmula is appled to
measured SAR vakues. Al fraquencies above 3 GHz, the vakdty of tissun parsmeters (e and o) is mestncied to £ 5% The uncenainty ts the RSS of
the Canvf unoattanty for Indcated tarpet lissus parameterns.

U AlphaiDaptn are Gelermined during calbeation. SPEAG warrants that the remaning destaton tue to the boundary effect afier compensstian
ammmman:wtafrmrcmmssmwmbmzmumnmmsemuwammlmmvmnmmno
diamenar from the boundary.
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EX30V4—- SN-3863 July 28. 2018

ency response (normalized)

Frequ

Caertificate No:

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

05— et Lt ! - Al fd
0 500 1000 1500 2000 2500 3000
f[MHz]
o ¢

TEN vl

Uncertainty of Frequency Response of E-fleld: £ 6.3% (k=2)
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EX3DV4- SN:3BE3 July 282016

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz R22

m:: ok 3-e-9-gps-g 3-8 1 2 -3 9 1

Error [d8)

Rot [1]

L . | ‘
790 O M-z 1800 WMz 2600 M-z

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4- SNI36683 Iuly 28, 2016
Dynamic Range f(SARcaq)
(TEM cell , fouy= 1900 MHz)
.
LR
3
10%4 i 1 TR SR 315 s £ 8 3 & ot i
$
n
S W ool
‘2 -4 ’. :.:
¢ .
o ‘
(7] ”
2 F
£ 105 A
= | "
Ll
o
* [
10°4 s i
7
H »
1014 T SRY §E S LB bk iy Ly
10 10 10! 10 10 10° 10
SAR [mW/iem3)
=] o]
not compensated compensated
-
= e v WA o R A
£ 3
w
2— . =] i
107 103 1¢! 100 o 100 10
SAR [mW/cm3]
L3 L3
net compansated compeansatled
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Certificate No; EX3-3663_Jul16 Page 9of 11

F-TP22-03 (Rev.00) 147 /223 HCT CO., LTD



-~
“"’C'- FCC ID: ZNFM250H

il Report No: HCT-A-1611-F003-1

EX30V4- SN:3863 July 28, 2018

Conversion Factor Assessment

f = B35 MH2 WGLS RS (H_conF) = 1900 MMz WGLS R22 (H_comF)
3 31
£ £
g L) g :
E $ "
s
W
| B
ao! Soaisd " Y P PO PY T
n R4 P = n ke n ] m " = s » . -
2ol ime
LN 2 X b a2
savhes Mestu e ressu e
Deviation from Isotropy in Liquid
Error (4, 9), f =900 MHz
10 08 -06 04 02 0D 02 04 06 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2,6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Other Probe Parameters
Sensor Arrangement Triangular
Connector Angle (") 107.2
Mechanical Surface Detection Mode - T enabled
Optical Surface Detection Mode T disabled |
Probe Overali Langth 337 mm

mﬂ&iﬂéter 10mm
Tip Length amm

| Tip Diameter 25 mm
Probe Tip to Sensor X Calibration Point Tmm |

"Probe Tip to Sensor Y Calibration Point 1imm
Prabe Tip 1o Sensor Z Calibration Point , 1mm
Recommended Measurement Distance from Surface 1.4 mm

Certdicate No; EX3-3663_Jul16 Page 11 of 11
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FCC ID: ZNFM250H

Report No: HCT-A-1611-F003-1

HCTCOLLTD
Calibration Laboratory of Schweizerisches Kalibeerdianst
Engineering AG Sarvizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switrerland Swiss Callbration Service

Accredifed by the Swss Accredilabon Servicas (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Muttilateral Agreemant for the recognition of calibration certificates

Accraditation No.: SCS 0108

Calbraton dale

This calibration cedificale documents the Iraceabiily 10 national standards. which reakze the physical unts of measurements (S1),
The meansurements sod th uncananses with confidenca probadlity are gven on the following peges ond are part of the cenficais.

Al cadibratinns have beers sonducied in the cloged laboratory facilty: envimnment temperasturs (22 = 5)°C and bumidity < T0%

Cafibeation Equpment used (METE critical for calinration)

Primary Standards 10 Cal Datw {Centificate Na. ) Scheduled Calliratian
Pawer meter NRP SN 104778 08-Apr-18 (No. 217-022E8/02288) Apr-17
Pawer sensor NRP-291 SN 103744 06-Apr-16 (No. 217-02268) -17
Bower sensce NRP-291 SN 103245 06 Ape 16 (No. 217-02269) Ape-17
HoA 20 d8 Attenustar SN S5277 (20x) 05 Ape-18 (Na, 217-02293) Ape-17
Hod Prabe ESI0V2 SN: 3013 31.Doc-15 (No, ES3-3013_Decis) Dec-18
ﬁd SN 650 23-Dec 15 (No. DAEA-560_Dec15) Dec-16
Standards 1D Gheck Date (in house) Scneculed Chack
Power muter E44158 SN: GBA1293674 00-Apr-18 (in house check Jur-16) In house chack: Jun-18
Poaer sensar E4412A SN MY 1498087 08-Apr-18 {in house check Jun-16] In house chack: Jun-18
Power sensor E44124 SN 000110210 00-Apr-18 (in houss check Jun-16) In house check: Jun-18
RF ge HP 66400 SN US3842001700 04-Aug-89 (in house check Jun-16) In house chack: Jun-18
Notwoek Araiyzer MP 8753E | SN US37390585 18-Oct Q1 (in housa check Oct-15) | In house check: Oct- 16
Caibrated by.
Aporoved by

Thes calibeation cartificate shall not be repeocuced excegl in ful wihout wrten approval of the b Y.
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HCTCO,LTD

Calibration Laboratory of e, Sihuitiitachne Kalbrierds

Schmid & Partner — g Service suisse d'étalonnage
Engineering AG % g Servisiosvizzera dl taraturs

Zeughausstrasse 43, 8004 Zurich, Switzertand €,,'/’,-|—-\‘\\? Swiss Calibration Service

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

Tha Swiss Accreditation Seevice is one of the signatories to the EA

Multitateral Agreament for the rocognition of calibeation certificates

Glossary:

TSL tissue simulating liquid

NORMx,y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx.y,2

DCceP diode compression point

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

A.B,C.D modulation dependent linearization parameters

Polarization ¢ i rotation around probe axis

Polanzation 5 1 rotation around an axis that is in the plane normal to probe axis (at measurement center),

Le., 8 =0 is normal 1o probe axis
Connector Angle information used In DASY system to align probe sensor X 1o the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)
c}

d)
Meth

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

IEC 62200-1, "Procedure 1o 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 62200-2, "Procadure o determine the Specific Absorption Rate (SAR) for wireless communication devices
used in close proximity (o the human body (frequency range of 30 MHz to 6 GHz)", March 2010

KDB 865664, "SAR Maasurement Requirements for 100 MHz to 6 GHz"

ods Applied and Interpretation of Parameters:
NORMx,y,2! Assessed for E-fiald polarization 8 = 0 {f < 900 MHz in TEM-celi; 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
uncertainly Inside TSL (see below ConvF).
NORM(f)x.y,z = NORMx.y,z * fraquancy_response (see Fraguency Response Chart). This linearization is
implemented in DASYA4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncersinty of ConvF
DCPx,y.z: DCP are numerical linearization parameters assessed based on the data of pawer sweep with cw
signal (no uncertainty required). DCP does not depend on frequency nor media.
PAR: PAR s the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics
Ax,y.Z; Bxy,z; Cx.y.z; Dx.v.2; VRx,y,z: A, B, C, D are numerical knearization parameters assessed based on
the data of pawer sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressad in RMS voltage across the diode.
ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using anaiytical fiekd distributions based on power
measurements for { > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (aipha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software 1o improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx.y,z * ConvF whereby the uncertainty correspands to that given for CanvF. A frequency depandent
ConvE 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 isotropy): in a field of low gradients realized using 2 fiat phantom
exposed by a patch antanna.
Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the peobe lip
(on probe axis). No tolerance required.
Connecior Angle: The angle is assessed using the information gained by determining the NORMx (no
unceriainty required),

Certificate No: ET3-1605_Jul16 Page 2ot 11
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FCC ID: ZNFM250H Report No: HCT-A-1611-F003-1

ETIOVE - SN 16806

July 29, 20186

Probe ET3DV6

SN:1605

Manufactured:  July 27, 2001
Calibrated: July 29, 2016

Calibrated for DASY/EASY Systems

(Nate: non-compatible with DASY2 system!)
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Basic Calibration Parameters

| Sensor X Sansor Y SensorZ Une (k=2)
Norm (uVi(Vimy')® 146 1.83 1.55 £ 101 %
| DCP (mV)" 100.9 99.5 99.3 ==\

Modulation Calibration Parameters

Ui Communication System Name A 8 c 5] VR Unc"
dB | dBVjv 88 | mv | (=2
0 ow X 00 0.0 1.0 000 | 2182 | 38%
Y 0.0 0.0 1.0 2325
2 0.0 0.0 1.0 210.7

The re[aorted uncertainty of measurement is slated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds 1o a coverage
probability of approximately 95%.

A The uncertainties of Norm X,Y 2 da not affect the E*-fisld uncentainty inside TSL (ssa Pages 5 and 6)

:' Numnerical insarzation parameten uncenginty nol reguired

Uncartainly is detamined usng the max. deviabon from insar response applying rectangular distnb ‘and s d for the sguare of the
ey value
Certficate No: ET3-16056_Jul16 Pagedof 11
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Calibration Parameter Determined in Head Tissue Simulating Media

Rolative Conductivity Depth ” Une
f{MHz)® | Permittivity” (8im)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k2)
750 41.9 0,89 6.96 6.95 6.96 0.32 2.81 £12.0%
835 415 0.80 6.60 6.60 6.60 0.35 2.80 +120%
900 41.5 0.97 | 6.50 .50 6.50 031 | 284 +120%
1450 405 1.20 5.64 564 5.64 048 | 280 | £120%
1750 40.1 1.37 5.37 537 537 072 | 215 | £120%
1900 40.0 1.40 5.18 5.18 5.18 0.80 2.08 +120%
1950 40.0 1.40 5.03 5.03 .03 0.80 210 | £120%
2300 395 1.87 479 4.79 4.79 0.80 2.05 £120%

© Frequancy velidity sbove 300 MHz of + 100 MHz onty applies for DASY w4 4 ard higher (see Pags 2). else It Is resinctad 10 + 50 MHz. Tha
uncartanty ks the RSS of the ConvF uncertanty at cafibeation frequency and the uncertainty for the indcated frequancy band. Frequency valcty
betow 300 MHZ 15 2 10, 28, 40, 50 and 70 MMz for CanvF ussessments gt 30, 64, 128, 150 and 220 MHz respecavely, Above 8§ GHz frequency
valkiity can be extenced to £ 110 MHz,

" Al frequencies below 3 (3Hz, the validity of ¥ssue parameters (c and o) can ba relaxsd 10 + 10% ¥ fgud compensaton formula 1 appled fo
maasured SAR values. M lraquancies above 3 GHz, the validity of tssue paramaters (c and a) is restncted o £ 5%, Tha uncartainly is the RSS of
mwmntymlmwu@mnwumm

% ajphaDepth are determined turing cakb . SPEAG that the remaining daviation due to the boundary effect atter compensation is
Myslessmanx1'.&lnrfroqumnnbabwaG&anabelow:2%brbaqumheMmMGHtalvamht9uﬂmM1h-pcmnm
diameter from the baundary
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity | Depth“ Unc |

f{MHz}© | Permittivity” (8im)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) | (k=2) |

750 55.5 0.96 B.55 6.55 B8.55 0.39 228 +120%
835 55.2 0.97 6.42 6.42 842 0.42 223 | £120%
1750 53.4 1.49 4.79 4.79 4.79 0.80 239 | 2120%
1900 53.3 1.52 4,55 4.55 4.55 0.80 246 | =120%

© Froguency validity above 300 MHz of & 100 MHz only applies for DASY Wi 4 and highar {see Page 2), eise it 5 rastncted to 4+ 50 MHz. The
uncartaity ks fhe RSS of the ConyF uncenainly at caityation fraquency and the uncerainty for the indcated 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 Mz respecively. Above 5§ GHz frequency
validity can be extanced 1o © 110 MHz,

" A frequencies below 3 Gz, the validity of tssue paramelers (« 80d o) can ba relaxed to + 10% # qud formuta is appled o
masgsured SAR values. At frequancies abava 3 GHz, the valkiny of tusue parameters [ and o} ls resificted 10t 5% Tha uncenainty is 1he RSS of
tha ConvF uncartanty for indcated target issue paramelers

" alphaDapth are determined during cakbration. SPEAG warrants that the remaining davistion due to tha beandary effect afer compensation m
stways less than & 1% for frequencies below 3 GHz and below & 2% for Mequencies detwesn 3-6 GHz at any distance larger than ha¥ the probe to
Garnesar from the boundary.

Cartificate No; ET3-1605, Jul16 Page 6of 11
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

cy response (normalized)

Frequens

O 5 - - T . 1 . ) W W T ddned. <+ 1 ‘. T | - A
0 500 1CC0 1500 2000 2800 2000
f [MH2]

Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM f=1800 MHz,R22

o4 208 Fug g oe—y-+8

Emor [dB8}

= = — *-o 3 g=p ot T4

: - RN [

; T2 - o

Unceortainty of Axial Isotropy Assessment: * 0.5% (k=2)
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ET30OVE~ SN:1805 July 29, 2018

Dynamic Range f(SARcaq)

(TEM cell , foen= 1900 MHZ)

10 : : L A
i
. 1 ‘
=
107+ T
e
.
E‘ ¥
= 104+ 3
[ t ¥
c { v
=4 | y
w | >
T | .
£
107+ AL jz=xd
| . i |
| r ekl
- | |
10 t !
: i
HEREY)
10 10+ 10 1o 10 10
SAR [mWiem3)
o o
not compensated compensated
1
PR L e e S o St
L
10 101 101 100 10! 102
SAR [mW/iem3)
* | L
not compensated compensated
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

f =835 MHz WGLS RS (H_convF) f = 1900 MHz WGLS R22 (H_convF)
“ \
’ “;
z 19 %m:
g }
f_ o = |
B B

L

W
0 [
|

Q04 -—igs PN | T Y U T P | i ‘e =

L) s w ™ o = x » & 0 L] 0 " x > = " «
& o) cpwml
) 4! 2]
v r———— e el

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

Daviation

Lesdbeo
o;e,;uom

10 08 06 04 02 00 02 04 05 08 1.0
Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Other Probe Parameters
Sensor Arrangement | Triangular
Connector Angle (*) \ 588
“Mechanical Surface Detection Mode l o m
Oplical Surface Detection Made ~ disabled l
Probe Overall Length l 337 mm |
"Probe Body Diamster T 10mm |
[Tip Length T 10mm |
Tip Diameter T B.8mm
Probe Tip 1o Sensor X Calibration Point 27mm
Probe Tip to Sensor Y Calibration Point 2.7 mm
Probe Tip to Sensor Z Calibration Polnt 2.7 mm
Recommended Measurement Distance from Surface 4 mm
Certificate No: ET3-1805_Jul1é Page 11 of 11
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FCC ID: ZNFM250H

Report No: HCT-A-1611-F003-1

Accredited by the Swiss Accredtation Sarvice (SAS)
The Swiss Accreditation Secvice is one of the signatories to the EA
Mudtitateral Agreement for the recognition of callbration certificates

Client

This catbeation cenficate documents the tracaabiity to national standards, which realze the

HCTCO,LTD
Calibration Laboratory of S,
Schmid & Partner At ; ,““"\ g Schweizerischer Kadibriordienst
Engm 'm“. 'ngAG z 5 g Servizio sviezero di taratura
- 45, B004 Zurien, Swimariand KN Nt/ Swiss Callbration Service

Accreditstion No.: SCS 0108

wns of 1S

¥

The mesaur and the with confidence probabiity are given on the following pages and are part of the cenificate.
Al caibxations have been conducied in the dossd lab y faciity: (22 = 3)°C ard humidity < 70%.
Catbraton Equipment used (MATE critical for calibration)

Primary Standards 10 Cal Date (Cortficate No ) Schedufed Calbraton
Power mater 44158 GB41203672 Ot-Apr-15 (No. 217-02128) Mar-10

Poww sensor E4412A MY41458087 O1-Apr-18 (No 217-02128) Mar-18

Refarence 3 4B Atenuatol SN 55054 (3¢} O1-Apr-15 (No. 217-02120) Mar-10

Raterence 20 vB Attenualor SN 85277 (20%) 01-Apr-15 (No 217-02132) Mar-18

Refacence 30 0B Atleruator SN. 55129 (300) Qt-Apr-15 (No. 237-02133) Mar-18

Referance Probe ES30VZ 5N 3013 30-Dec-14 {Na. ES3.3013 Decl4) Dec- 18

DAE4 SN. 660 14-Jan-15 (No. DAE4-8E0_Jan15) Jan-16

Secondary Standards 0 Chack Data (n housal) Scheduled Check

RF genarator HF B548C US3842U01700 A-Aug-48 {in house check Apr-13) In hause check: Apr-18
Network Analyzer HP 87538 US3ranosss 1E-Oct-01 (in house check Oct-15) In hause chack: Ot 18

Function
D’ b et
Aporaved by:

This calibration cerificate shall nat ba reproduced except in full without written aoproval of e lsbosory

Certdficate No) EX3-3797_Novis

Pags 1af 11

F-TP22-03 (Rev.00)

161 /223

HCT CO,, LTD



aCT

FCC ID: ZNFM250H Report No: HCT-A-1611-F003-1
HCT CO,LTD
Calibration Laboratory of s\‘&//\/”"« S Schwoizerischer Kalibrierdienst
Schmid & Partner i 5 C Service suisse d'étalonnage
Engineering AG B Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzarland LT F S Swias Calibeation Servics
Acoredied by (he Swiss Accredtalion Serace (SAS] Accroditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilaterat Agr for the recognition of cabeation carntificates
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
AB.CD maodulation dependent linearization parameters
Polarization p o rotation around probe axis
Polarization 9 & rotation around an axis that is in the plane normal o probe axis (al measurement centar),
Le, 8 =01 nomal to probe axis
Conneclor 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)

)
<)

d)

|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

IEC 622081, "Procedura to measurs 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 62208-2, "Procedure o 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 Measursment Requirements for 100 MHz to 8 GHz"

Methods Applied and Interpretation of Parameters:

NORMzx.y,z: Assessed for E-field polarization 8 = 0 {f < 900 MHz in TEM-cell; | > 1800 MHz: R22 wavagum)
NORMx,y,z are only Intermediate values, | 6., the uncertainties of NORMx,y.z does not affect the E*-fisld
uncertainty Inside TSL (see below ConvF),

NORM(T)x.y.z = NORMx.y.z * frequency_response {see Frequency Response Chart), This lineanzation 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 lingarization parameters assessed based on the data of power sweep with CW
signal (no unceriainty 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

Ax.y,z; Bx,v.z; Cx,y,2; Dx,y.z; VRx.yz. A, B, C, D are numerical ingarization parameters assessed based on
the data of power swaep for specific modutation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage acrass 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 > 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 * Canvi whereby the uncertainty corresponds to that given for CanvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the vaidity from £ 50 MHz to = 100
MHz,

Spherical isotrapy (3D deviation from isctropy): in a field of low gradients reafized using a flat phantom
axposed by a patch antenna.

Sensor Offset: The sensor offset comesponds 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),

Centificate Na: EX3-3787_Nov15 Page 20t 11
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HCTCO,LTD

FCC ID: ZNFM250H

Report No: HCT-A-1611-F003-1

EX3DVa - SN.3797

November 24, 2015

Probe EX3DV4

SN:3797

Manufactured:  April 5, 2011
Calibrated: November 24, 2015

Calibrated for DASY/EASY Systems

(Nete: nen-compatible with DASY2 system!)

Cerificate No- EX3-3797_Nov15
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HCTCO,LLTD

FCC ID: ZNFM250H

Report No: HCT-A-1611-F003-1

EX30Va- SN:3767

November 24, 2015

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

Basic Calibration Parameters

v Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uVi(Vim)')" 0.62 0.56 0.56 £10.1% |
| DCP (m\v)" Q9.5 a7.0 93.4
Modulation Calibration Parameters
uio Communication System Name | A B8 [ [+ VR Unc®
- 1 d8 dByuv daB mV (k=2)
0 cw X 0.0 0.0 1.0 000 | 1775 | 225%
Y 0.0 0.0 1.0 1769
Z| 00 00 | 10 1718

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

* The uncantainties of Norm X Y.Z do not affect the E*fiskd uncetarty inside TSL (see Pages 5 and 6)
" Numerics! lineanzstion parameter uncsrtaintly not requined.
 Uncertaity ts determingd uaing e max. daviation from lnegr respanss dpglying rectangular dsint

fisld vale

ang =

ap d for tha sguare of e

Cantificate Na: EX3-3787_Nov1s
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HCTCO,LLTD

EX30V4-SN:3797 November 24, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth * Unc
fiMHz)® | Pormittivity” (Sm)" ConvEX | ConvFY | ComvFZ | Alpha® | (mm) | (k=2)
750 41.9 0.89 9.38 9.38 9.38 0.32 096 | +120%
835 415 0.90 5.98 B.98 8.98 0.16 178 | $120%
800 415 0.97 8.86 B.86 8.86 021 153 | +120%
1450 405 1.20 7.73 7.73 7.73 0.15 177 | £120%

1750 40.1 1.37 7.85 7.85 7.85 0.35 080 | +120% |
1900 40,0 1.40 7.61 7.61 7.61 0.34 080 | +120% |

1950 40.0 1.40 7.32 7.32 7.32 0.39 083 | +120%
2300 395 1.67 7.27 r.27 7.27 0.39 085 | £120%
2450 39.2 1.80 6.90 6.90 6.90 0.40 080 | £120%
2600 39.0 1.96 6.68 6.68 6.68 0.48 080 | £120%
3500 378 2.91 6.61 6.61 6.61 0.39 099 | =131%
5200 36.0 4.66 4.80 4.80 480 | 040 180 | 213.1%
5300 35.9 476 4,59 459 4.5 0.40 180 | 2131 %
5500 35.6 4.96 452 4,52 4.52 0.45 180 | +131%
5600 355 5.07 421 4.2 4.21 0.50 1.80 | 131 %
5800 353 5.27 4.20 4.20 4.20 050 | 180 | +131%

" Fraquency validey above 300 MHz of = 100 MHz only spgies for DASY w4 4 and hghar {see Paga 2), else It is restricted 1o = 50 MMz, The
uncertainty @ the RSS of the Comd uncenaintly &t calteaton frequency and the unceriainty for the indcated frequency band. Frequency valicity
below 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ComnF assessments at 30, 64, 128, 150 and 220 Mz respectively. Above 5§ GHz frequency
vakdity can be exiended 10 = 110 MHz

" At froquencies bolow 3 Gz, the valdity of lissus parametens (c and o) ¢81 ba refaxed 10 + 10% ¥ igud compensation formua s applad to
measured SAR vaduas, Al froquencies above 3 GHz. the validity of tssue parameters [ and o} is restricted to = 5%, The uncentsinty i (ha RSS of
the ConvF uncertainty for ndicated target tszuo parametars.

“ Alpha'Depth are detarmined during calitration. SPEAG warrants thal the remaining deviation dus 10 the boundary sffect after ¢

always less than ¢ mlorhwmbethGHznwnemwzz\hmﬁnummuaﬂzmmydmmowmnmﬂlmmm
diasmeler from the bowndary

Certificate No. EX3-3787_Novts Page 5 of 11
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HCTCO,LLTD

EX3DV4.- SN:3797 November 24, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

3 Relative | Conductivity .| Depth® Unc

f (MHz) Permittivity (Sim) ConvF X | ConvFY | ConvFZ | Alpha (mm) | (k=2)
750 555 0.96 9.39 9.39 9.39 029 1.16 +£12.0%
835 55.2 0.97 9.17 0.17 9.17 0.32 1.09 +120%
1750 534 1.49 7.52 7.52 7.52 042 0.80 +£120% ]
1900 53.3 1.52 7.32 7.32 7.32 0.31 0.97 +120%
2450 52.7 185 6591 6.91 8.91 0.34 0.85 +120%
2600 525 216 6.75 6.75 6.75 0.16 0.99 £120%
5200 49.0 5.30 | 424 4.24 424 0.50 1.90 +13.1%
5300 489 542 407 4.07 4.07 0.80 1.90 | & 131%
5500 486 565 380 | 380 3.80 0.55 100 | 2131%
5600 48 5 577 354 354 3.54 0.60 1.90 $13.1%
5800 482 6.00 384 384 384 | 080 1.90 +13.1%

" Frequency validity sbove 300 Mz of £ 100 Mz ory applies for DASY vl 4 and highes (sse Page 2, eise £ s restricted 1o + 50 MHz Thw
uncantainty is the RSS of me ConyF uncannanty at calibeation ¥equency @nd tha urg y for the frequency band. Fraquancy valkity
Dadow 300 MHZ is = 10, 25, 40, 50 and 70 MHz for ConvF assessments @t 30, 64, 128, 480 and 220 MHz respectively. Above 5 Gz frequancy
validity can be extended to £ 110 M-z

' Al Irmquencies below 3 GHz, tha validity of tssue paramaters s 8nd a) can be relaxed 1o = 10% If lquid pensation formula is appled 1o
measired SAR values. At frequencies above 3 GHz, the validty of hissue parametens (¢ and o) & resircied (o £ 5%, The uncertanly is ihe RSS of
the CorwF Lncertainty for indicated target lissue paramebens.

¢ | ore datermined during caitrution. SPEAG wurtanty that (hs remaining deviaticn due 1o tha boungsey sftect afier compensation is
Aways Jess than = 1% for frequancias besow 3 GHz and beltw = 2% for fraguencies betawen 3-6 GHz at any astanca larger than had the probe op
diametar from the boundary

Cartificate No: EX3-3797_Nov1s Page 6 of 11
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EX3DV4.- SN:3797 November 24, 2015
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-fleld: £ 6,3% (k=2)
Cartificate Na: EX3-3797_Nov1s Page T of 11
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e Co D FCC ID: ZNFM250H Report No: HCT-A-1611-F003-1

EX3DV4.. SN.3797 Novembar 24, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22
" © D) . . . .
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
Cenlificate No: EX3-3797_Nov1§ Page 8of 11
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HCTCO,LTD

FCC ID: ZNFM250H

Report No: HCT-A-1611-F003-1

EX3DV4- SN-3797

Dynamic Range f(SARcaa)
(TEM cell , foa= 1900 MHz)
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Uncentainty of Linearity Assessment: £ 0.6% (k=2)
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FCC ID: ZNFM250H Report No: HCT-A-1611-F003-1
HCTCO,LTD
EX3DV4- SN.3797 November 24, 2015
Conversion Factor Assessment
f= 835 MHz. WGLS RS (H_comF) = 1900 MHz WGLS R22 (H_convF)
32 : mi
| by
§ Ty £n
= u{ ‘ g
¥ in
LT oA 2T A
Deviation from Isotropy in Liquid
Error (¢, 9), =900 MHz
10 08 06 04 02 00 02 04 O8 08 10
Uncartainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
Cartficate No: EX3-3787_Novts Paga 10 of 11
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EX30V4- SN:3787 Novernber 24, 2015

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

Other Probe Parameters

i Sensor Arrangement Trianguiar
| Connector Angle (") 67.5
Mechanical Surface Detection Mode enabled
Optcal Surface Detection Mode disabled
[ Probe Overall Length 337 mm
Probe Body Diameter = 10 mm
Tip Length amm
Tip Diameter 25mm
‘Probe Tip to Sensor X Calibration Point 1T mm
Probe Tip to Sensor Y Calibration Point ‘ 1 mm
Probe Tip to Sensor Z Calibration Point . 1 mm
Recommended Measuroment Distance from Surface 1.4 mm
Cartificate No: EX3-3787_Novi5 Page 11 of 11
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Report No: HCT-A-1611-F003-1
HCTCO,LTD
Calibration Laboratory of S, §  Schweizerischer Kalibriardienst
Schmid & Partner ! Service suisse détalonnage
Engineering AG % C Sarvizio svizzero di tareturs
Zeughaussirasss 43, 8004 Zurich, Switzeriand %y ,:,—R\ & S swiss Calibeation Service
Accredited by the Swiss Accreditation Servica (SAS) Accreditation No: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multiistersl Agreement for the recognifion of calibration cerlificates

cient  HCT (Dymstec) Certificate No: D750V3-1014_Jul16

CALIBRATION CERTIFICATE

Object D750V3 - SN:1014

Calibration procedusels) QACAL-05v9 T _
Calibration procedure for dipole validation kits above 700 MHz

Cafibration date: July 22, 2016

This calibeation cedificate documents the {raceabilty to national standards, which reaize the physical units of measuremants (1),
The meast s and he ur intins with confidence probablity are glven on the following pages and ame pan of tha candicate

All calibrations have been conducted in the closed laboratory faclity: snvirpnment temperature (22 = 3)°C and humdity < 70%,

Caliteation Equipment used (MATE crifical for caltbration)

Primary Standards Lo ¥ Cal Date (Centficate No ) Sohaculed Cailbration

Powar meter NEP SN: 104778 D5-Ape-16 (No. 217-02288:0226%) Ape-17

Powar sansor NRP-Z91 SN: 103242 06-Apr-16 (No. 217-02288) Apea7

Power sensor NAP-291 SN: 103245 08-Ap-18 (No. 217-02289) Apr17

Felecence 20 dB Atisnuator SN 5068 {20K) 05-Apr-16 {No. 217-02292) Apr-17

Type-N mismatch combination SN; 50472/ 06227  05-Apr-16 (No. 217-02285) Apr17

Aelerance Proba EX30VA SN; 7340 16-Jun-18 (No. EX3-7340_Jun16) Jun-17

DAE4 SN: 601 40-Dec-15 {No. DAE4-601_Dac15) Doc-16

Secondary Standards 10 ¥ Check Date {in houss) Sohedulad Check

Power meter EPM-4424 SN: GB3I7480704 07-0ct-15 (No. 217-02222) In house check: Oct1B

Power sansar HF 8481A SN: LIS3729278) 07-0ct-15 (No. 217-02222) In house chack: Oct-16

Power sansar HF 84814 SN MY41092a17 07-0ct-15 (No, 217-02223) In house checkc Oct-16

RF generator AES SMT-06 SN 100672 15-Jun-15 {in house check Jun-15) in housa check: Oct-16
| Network Anatyzer HF 8753E | SN US3Ta60585 18-0ct-01 {in houss chack Oct-15) in housa check: Oct-16

Name Function
Cadbrated by: Claudio Lavblar Labaratory Technician

Approved by Kasa Pokove: Technical Manager /@‘

lssued, July 26, 2016

This caliteation cortificate shwll not ba seproduced except in Rl without written appeoval of the laboratory

Certificate No: D750V3-1014_Jul1g Page 10t 6
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HCTCO,LLTD

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, B004 Zurich, Switzerland

G Schweizerischer Kaiibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accradited by the Swiss Accreditation Sarvica (SAS) Accreditation No.: SCS 0108
The Swiss Accraditation Service s one of the signatories to the EA
Multilstersl Agresment for the recognition of calibeation 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 8 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 cerificate are valid at the frequency indicated.

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

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

s 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.

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

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

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

Cenicate No: D750V3-1014_Jul16 Page20t 8
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FCC ID: ZNFM250H

Report No: HCT-A-1611-F003-1

HCTCO,LTD
Measurement Conditions
DASY system configuration, as far as not given oo page 1.
DASY Version DASYS V5288
Extrapolation Advanced Exirapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequoncy 750 MHz = 1 MH2z
Head TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 419 0.89 mho/m
Measured Head TSL parameters {(220202)°C 409 268% 0.91 mho/m =26 %
Head TSL temperature change during test <05°C o —
SAR result with Head TSL
SAR averaged over 1 cm’ (1 @) of Head TSL Condition
SAR measured 250 mW input power 212 Wikg
SAR for nominal Head TSL parameters normalized to 1W 8,29 Wikg = 17.0 % (k=2)
SAR avaraged 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 o 1W 5,46 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Parmittivity Conductivity
Nominal Body TSL parameters 220°C 555 0.96 mho/m
Measured Body TSL parameters {220202)°C 551+68% 0,98 mhoym = 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 2.24 Wikg
SAR lor nominal Body TSI parameters normalized to 1W B.74 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measursd 250 mW Input power 1.46 Wikg
SAR for nominal Body TSL parameters normalized to 1W 5.72 Wikg = 16.5 % (k=2)

Certficate No: D750V3-1014_Julié
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HCTCO,LLTD

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

Impedance, transiommed to feed point 5470Q+22iQ

Aeturn Loss -26.1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4360-08112
Retum Loss -411dB

General Antenna Parameters and Design

I Electnical Delay (one direction) ] 1.033 ns

Aiter 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 canter conductor of the feading line is directly connected to the
second arm of the dipole, The antenna is therefore shon-circulted for DC-signals. On some ol the dipoles, small end caps
are added 1o the dipole anms 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
leadpoint may be damaged.

Additional EUT Data
Manufactured by SPEAG
Manufactured on March 22, 2010
Cerilicate No: D750V3-1014_Jul1é Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 21.07.2016

Fest Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 750 MHz D750V 3; Type: D750V3; Serial: D750V3 - SN: 1014

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

Medium parameters used: =750 MHz; o= 0,91 S/m; &= 40.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(10.07, 10.07, 10.07); Calibrated: 15.06.2016;
Sensor-Surface: | 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.12.2015

Phantom: Flat Phantom 4. 9L; Type: QDOOOP49AA; Serial: 1001

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

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

Reference Value = 58.75 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3,19 Wikg

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

Maximum value of SAR (measured) = 2.83 Wikg

-2.14

-4.28

-6.42

-8.56

-10.70

0dB = 2.83 Wikg = 4.52 dBW/kg

Certificate No: D750V3-1014_Jul18 PegeSol &
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Pate: 22.07.2016
T'est Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz D750V 3; Type: D750V 3; Serial: D750V3 - SN:1014

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

Medium parsmeters used: [= 750 MHz; o= 0.99 S8/m; & = 55.1; p= 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(9,99, 9.99, 9.99); Calibrated; 15.06.2016;
« Sensor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
«  Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

« DASY5252.8.8(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/ikg

SAR(I g) = 2.24 W/kg; SAR(10 g) = L.46 W/kg

Maximum value of SAR (measured) = 3.01 Wikg

dB
0

-2.40
4.80

-9.60

-12.00

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

Cartificate No: D750V3-1014_Jul18 Page 70! 8
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Impedance Measurement Plot for Body TSL
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HCTCO,LTD FCC ID: ZNFM250H

Report No: HCT-A-1611-F003-1

Calibration Laboratory of

Mg,
o

) i\ev A S Schweizerischer Kalibrierdienst

Schmid & Partner m c Service suisse d'#alonnage
Engineering AG T Servizio svizzero di tarstura

Zeughausstrasse 43, 8004 Zurich, Switzerland % ,‘ﬁ‘\y S Swiss Calibration Service

Accredaed by the Swiss Accroditation Service [SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Ag for the gnition of calibration certificates

HCT (Dymstec)

[CALIBRATION CERTIFICATE
-

1

Vo

Accraditation No.: SCS 0108

Client Certificate No: DB35V2-4d165_Nov15

D835V2 - SN: 4d165

Catbration procedure(s)

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

Calitration date: November 24, 2015

This calibention ceftificata dacuments the traceabiity (o national standands, which realize the physical units of measuraments {s),
The measuraments and the uncenaintas with confidence prabability are gven on the following pages and are part of the cenificats

AX calibentions have been conducted in the closed laboratory fachity: environmant tempesatiee (22 + 3)°C and humidity < 70%.

Calbration Equipment used (MATE critical for calration)

This caltration carificate shall not be reproducad except in full without welitan approval of the labaratory.

Primary Stangatds Dy Cal Date (Certificals No ) Scheduled Calbration

Fower mesar EPM-242A GH37480708 07-0ct-15 (No. 217-02222) Oct-16

Powsar sensor HP 8481A US37292783 07-0ct-15 (No. 217-02222) Cet16

Power sansor HP 8481A MY41092317 Q7-0ct-15 {No. 217.022235) Qct16

Aedecance 20 dB Attaruatos SN 5058 (20w) O1-Agr-15 (No, 217-0213%) Mas-16

Type-N mismatch combination SN 5047.2/7 08327 01-Agr-15 (No, 217-02134) Mar-16

Relarenca Probe EX30V4 SN 7349 a0-Dec-14 (No, EX3-7349 _Det14) Dec-156

DAE4 SN 60 17-Aug-15 (No. DAEA-601_Aug15) Aug-16

Secandary Siendards D # Chack Dute (in house) Scoheduec Cheok

RAF genermtor AAS SMT-06 100972 15-Jun-15 (n housa check Jun-15) In house check: Jun-18

Network Anatyzar MP 8753E US37300588 S4206  18-0ct-01 (in house check Oct-15) In house check: Oct-16
Name Function Signature

Calwated by Michasl Waber Lavoratory Tacknician I ﬂ&r

Approved by. Kufsa Pokovic Technical Manager

g

tssued. November 24, 2015

Centificate No: DA35V2-4d165_Novis
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Calibration Laboratory of S,
¢ DA% Schwelzertscher Kalibrierdienst
Schmid & Partner = g Service sulsse d'étalonnage
Engineering AG e Servizio svizzoro ol taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland AN S swiss Calibration Service
Accrodifed by the Swiss Accreditaton Serdcs (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agr t for the recognition of calibration cartificates
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |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:

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

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

« 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.
Ne 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 lo a coverage
probability of approximately 85%.

Certificate No: D835V2-4d1685_Novis Page20f 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, gz = 5 mm
Frequency 835 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Tempersture Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0,20 mho/m
Measured Head TSL parameters (220:02)°C 426=6% 0,92 mho/m « 6 %
Head TSL temperature change during test <05°C — -
SAR result with Head TSL
SAR averaged over 1 em? (1 g) of Head TSL Condition
SAR measured 250 mW input power 2,20 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 9.06 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm?® (10 g) of Head TSL condition
SAR measured 250 mW Input power 1.49 W/kg
SAR for nominal Head TSL parameters normalized to 1W 5.90 W/ikg = 16.5 % (k=2)
Body TSL parameters
The lollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220'C 552 0.97 mha/m
Measured Body TSL parameters (220+0.2)°C 556 +6% 0.99 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 measurad 250 mW input power 2.40 Wikg
SAR for nominal Body TSL parameters nommalized to 1W 9.47 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measurad 250 mW input power 1.58 Wikg
SAR for nominal Body TSL parameters normatized to 1W 6.25 Wikg = 16.5 % (k=2)

Certificate No: D835V2-4d165_Novis
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed fo feed point S210Q-47 0
Retum Loss -260dB

Antenna Parameters with Body TSL

Impedanace, transformed to feed point 478Q-680
Retumn Loss -227dB

General Antenna Parameters and Design

Elactrical Delay {ane direction) ] 1,440 ns ]

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

The dipole is made of standard semingid coaxial cable, The center conductor of the feeding line is directly connected 1o the
second am of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 1o improve matching when loaded acoording 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 lorce must be appled 1o the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged,

Additional EUT Data

Manufacturad by SPEAG
Manufacturad on December 28, 2012
Certificate No: D835v2-4d165_Novls Pagedof 8
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DASYS Validation Report for Head TSL

Date: 24.11.2015
Test Laboratory: SPEAG, Zurich. Switzerland
DUT: Dipole 835 MHz: Type: D835V2; Serial: D835V2 - SN: 4d165

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

Medium parameters used: =835 MHz: o = 0.92 S/m; & =42.6; p = 100 kg/m‘
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349: ConvF(9.77, 9.77. 9.77). Calibruted: 30.12.2014;
» Sensor-Surface: L.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 17.08.2015
»  Phantom; Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

« DASY5252.8.8(1222), SEMCAD X 14.6.10(7331)

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 = 60.39 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 3.40 W/kg

SAR(1 g) = 2,29 W/kg; SAR(10 g) = 1.49 W/kg

Maximum value of SAR (messured) = 3.03 W/kg

649

-am

0 dB =3.03 W/kg = 4.81 dBW/kg

Certificate No: DB35V2-4a165 _Nov15 Page50i 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 24.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz: Type: D835V 2; Serial: D835V2 - SN: 4d 165

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

Medium parameters used: =835 MHz; o = 0.99 S/m; & = 33.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe; EX3DV4 - SN7349; ConvF(9.72, 9.72, 9.72). Calibrated: 30.12,2014;
«  Sensor-Surface: |, 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 17.08.2015
« Phantom: Flat Phantom 4.91; Type: QDOOOP49AA; Serial: 100]

« DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5Smm, d2=5mm

Reference Value = 61.95 V/m; Power Drift = -0.02 dB

Peak SAR {extrapolated) = 3.54 W/kg

SAR(1 g) = 2.4 W/kg: SAR(10 g) = 1.58 Wikg

Maximum value of SAR (measured) = 3.17 W/ikg

mn

0dB =3.17 W/kg = 5.01 dBW/kg

Centificate No: DE35V2-4d1685_Nov15 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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FCC ID: ZNFM250H

Report No: HCT-A-1611-F003-1

HCTCO,LTD
Calibn;ahon Laboratory of i\@\""\"‘,'"w,,; S Schwetzerischer Kalibrierdient
Schrmid & Partner e o Service suisse diétalonnage
Engineering AG N Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland NG S Swies Calibration Service

Accradited by the Swiss Actrediation Service (SAS)

Accredilation No: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agr for the gnition of calibeation certificates
cient  HCT (Dymstec) Certificate No: D1800V2-2d006_Jan16
CALIBRATION CERTIFICATE
Cuject D1800V2 - SN: 2d006
Caiibration procedurels) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz
Callbration date: January 22, 2016

This calibration cenificate documents the traceablity to natonal standards. which reaiize (he physical units of measurements (S1)
The moas 5 and the 1 with confidence probabdity are given on the fofowing pages and are part of the certificate

All calibrations have deen conducled in the clused laboratory faciity: envirorment temperatre (22 + 3)°C and humidity < 70%.

Calibrstion Equipmunt used (MATE crtical far callbration)

Primary Standarss 1D ¥ Cal Dale (Cerfificate No.,) Schoduled Calibration
Power metor EPA-442A GBa7480704 07-0cs-15 (No. 217-02222) Oot-18
Pawer sansar HP 84814 US357262763 07-0ct-15 (No. 217.02222) Oct-16
Pawaer sansar HP 8481A MY41002317 07-0ct-15 (No, 217-02223) Oct-18
Aeferance 20 dB Atteruator SN 5058 (20%) 01-Apr-15 (No. 217-02131) Mar-16
Type-N mismatch combination SN 5047.2 /06327 01-Apr-15 (No. 217-02134) Mar-18
Aederance Probe EX30V4 SN 7340 J1-Dec-15 (No. EX3-7349_Declb) Dec-16
DAE4 SN 60 30-Dec-15 (No. DAEQA-E01_Dec15) Dec-16
Secondary Standards 0¥ Check Date (in house) Scheduled Check
HF generator HAS SMT-06 100972 15-Jun-15 (In house chack Jun-15) In house checke Jun-18
Network Anatyzar HP 8753E US37380585 54206 18-0ct-01 (in house check Oes-15) In house check. Oc1-16
Name Funcsian S ®
Catbraled by Michaal Waber Laboratory Techmcan Z?
.
Approved by: Katja Pokevic Technical Managor

e

issueed January 25, 2016

This calbration cerilicate shall not be reproduced except in full without wrilten spproval of the abaratory.

Centificate No: D1800V2-20006_Jan16
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Calibration Laboratory of

' Schweizerischer Kalibriordlenst
Schmid & Partner S Service sulsse d'étalonnage
Engineering AG C  garvicio svizoero di tratura
Zeughausstrasse 43, 8004 Zurich, Switzariand S Swiss Callbration Service
Accreditad by he Siwiss Accreditation Sarvica (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is one of the signatories 1o 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 82209-2, "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 Reguirements 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
paralle! 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 transiormed 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.

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

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

« SAR for neminal 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: D1800V2-2d006 _Jan16 Page2of 8
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Measurement Conditions
DASY system coafiguration, as far as not given on page 1.
DASY Version DASYS v52.8.8
Extrapolation Advanced Extrapolation
Phantom Modutar Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1800 MHz + 1 MHz
Head TSL parameters
The following parametars and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1.40 mho/m
Measured Head TSL parameters (22.0+0.2)"C 401 +6% 1.3 mho'm =6 %
Head TSL temperature change during test <05°C e -
SAR result with Head TSL
SAR averaged aver 1 em?® (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.57 Wikg
SAR for nominal Head TSL parameters normalized to 1W 38.5 Wikg = 17.0 % (k=2)
SAR averaged over 10 em? (10 g) of Head TSL condition
SAR measured 250 mW Input power 5.03 Wikg
SAR for nominal Head TSL parameters normalized to 1W 20.2 W/kg + 16.5 % (k=2)
Body TSL parameters
The tollowing parametars and calculations wera applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.3 1.52 mho/m
Measured Body TSL parameters (22.0202)°C 537=6% 1.52 mha/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 pawer 8.57 Wikg
SAR for nominal Body TSL parameters nomalized to 1W 38.3 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 5.05 Wikyg
SAR for nominal Body TSL parameters normalized to 1W 20.2 Wikg = 16,5 % (k=2)

Centificate No: D1800V2-20006_Jan16
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, fransformed to feed point 4650Q-68 10
Return Loss -221dB
Antenna Parameters with Body TSL
Impedance, transformed 1o feed point “7Q-6210
RAeturn Loss -21.3d8
General Antenna Parameters and Design
| Electrical Delay (one direction) | 1.208 ns

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

Tha dipole is made of standard semingid coaxial cable. The center conductor of the feeding line is directly connectaed fo the
second arm of the dipole. The antanna is theralore 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 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 force must be applied o the dipole arms, because they might bend or the soldered connections near the

feedpoint may be damaged.

Additional EUT Data
Manufactured by SPEAG
Manuactured on July 23, 2001
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DASYS Validation Report for Head TSL

Date: 22.01.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: DI1800V2; Serial: DISOOV2 - SN: 2d006

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

Medium parameters used: = 1800 MHz; o = 1.39 Sfm; & = 40.1; p = 1000 kg/m*
Phantom section: Flat Seetion

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.26, 8.26, 8.26); Calibrated: 31.12,2015;
« Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
« Phantom: Flat Phantom 5.0 (front); Type: QDODOPSOAA; Serial: 1001

o DASYS5252.8.8(1258). SEMCAD X 14.6.1((7372)

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

Reference Value = 106.1 Vim; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 17.5 Wikg

SAR(1 g) = 9.57 W/kg; SAR(10 g) = 5.03 W/kg

Maximum value of SAR (measured) = 14.5 Wikg

-3.60
-7.20
-10.80

-14.40

-18.00

0dB = 14.5 W/kg = 11.61 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 22.01.2016

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1800 MHz: Type: DI1800V2; Serial: DIS00V2 - SN: 2d006

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

Medium parnmeters used: = 1800 MHz; o= 1.52 S/m; 2 = 53.7; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.17, 8.17, 8.17); Calibrated: 31.12.2015;
Sensor-Surface: |.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30,12.2015

Phantom: Flat Phantom 5.0 (back ), Type: QDOOOPSOAA; 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 = 102.4 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 16.8 Wikg

SAR(I g) =9.57 W/kg: SAR(10 g) = 5.05 W/kg

Maximum value of SAR (measured) = 14.4 W/kg

-3.60

-7.20

-10.80

-14.40

-18.00

(HdB = 14.4 Wikg = 1 1.58 dBW/kg
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Impedance Measurement Plot for Body TSL
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Callbfatlon Laboratory of {‘q“‘&:’/’"y} G Schweizerischer Kalibrierdienst
Schmid & Partner % Service sulsse d'étalonnage
Engineering AG T c Servizio svizzero ¢l taratura

Zeughausstrasse 43, 8004 Zurich, Switzerand e ana S swiss Callbration Service
Accredited by the Swiss Accradation Service (SAS) Accraditstion No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA

Muitilateral Agreement for the recognition of calibration certificates

cient  HCT (Dymstec) Certificate No: D1900V2-5d061_Apri16
CALIBRATION CERTIFICATE

Object D1800V2 - SN: 5d061

Calibeation procedureds) QA CAL-05.v8

Calbration date: Aprﬂ 25, 2016

Calibeation Equipment used (METE critical for cabration)

Calibration procedure for dipole validation kits above 700 MHz

This calluration cedificals dacumants the raceabilty to national standards, which realize tha physical Unils of maasuremeants (51)
The measiremants and the uncedainties with cenflidence probabillly are ghen on the folowing pages and are par of the certificate

All calbrations have bean contuctad n the closed ory fachity: 22 £ 3)°C and humidily < 70%

This calibration cedtiticata shall not be reproduced except In full without writton aporoval of the laboralory

Primary Standarcs 10 # Cal Date {Cestificate No.) Schaduled Callbraton

Power meoler NP SN 104778 06-Ape-16 (No, 217-02288/02288) Apr-17

Power sensor NRP-Z91 | SN 103244 06-Apr-16 (No. 217-02268) Apr-17

Power sensce NRP-Z81 SN 103245 D5-Apr-16 (No, 217-02289) Apr-17

Aeferance 20 dB Altenustor SN 5058 (20k) 0S-Apr-16 (No. 217-02292) Apr-17

Type-N mismatch combination SN 5047 2/ 06327 05-Apr-16 (No. 21702295) Ape17

Referance Probe EX30V4 SN: 7345 §1-Dec-15 (No. EX3-7340_Dec15) Dec-18

DAE2 SN 601 30-Dec-15 (No. DAE4-601_Dac15) Dec-16

Secongary Siandards D# Check Date (in house) Scheduled Chock

Powar metor EPM-342A SN: GEI7480704 07-0ct-15 [No, 217.02222) In housa check: Oct-16

Powar sensar HP 8481A SN: US37292763 07-Oct-15 (No, 217.02222) In house check: Oct-16

Pawer sansor HP 84814 EN MY41092317 07-0ct-15 (No, 217-02223) In house check: Ocl-18

AF genarator &S SMT.06 SN: 100872 156-Jun-15 {in house check Jun-15) In house check: Oct-18

Network Anatyzer HP 8753€ , BN UIS37390585 18-O0t-01 (in house check Oct-15) in house check: Oct-18
Narne Function Signatjure

Calbrated by. Michasl Waber Laboralory Technician

Hlelgs

Approved by: Kaja Pokovic Technical Managor /%4

lesued Apnil 26, 2016
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Calibration Laboratory of S, G Schweizerischer Kalibrierdienst
Schmid & Partner m Service suisse détalonnage
Engineering AG s C' servisio svizasro di taraturn
Zaughaussirasse 43, 8004 Zurich, Switzerland {-/,, //,‘;\\\\ p? S  swisa Calibration Service
UM
Accredited by the Swiss Accreditation Serveos {SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilatersl Agreement for the recognition of calibration cartificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |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 valld at the frequency indicated.

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

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

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

* SAR measured: SAR measured at the stated antenna input power,

o  SAR nommalized: 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%.

Cedtificate No: D1200V2-5d061_Apri6 Page2oi8
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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 1900 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 400 1.40 mho/m
Measured Head TSL parameters (22.0+0.2}°C 400+6% 1.37 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
SAH moeasured 250 mW input power 3.53 Wikg
SAR tor nominal Head TSL parameters normalized to 1W 38.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW Input power 5.01 Wikg
SAR for nominal Head TSL parameters normalized to 1W 20.2 W/ikg = 16,5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mha/m
Measured Body TSL parameters (220+02)°C 528+6% 1.49 mho/m =6 %
Body TSL temperature change during test <05°C - —
SAR resuit with Body TSL
SAR averaged over 1 cm? (1 g) of Body TSL Condition
SAR measured 250 mW Input power 9.82 Wikg
SAR for nominal Body TSL parameters normalized to 1W 39.7 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measured 250 mW input power 5.20 Wikg
SAR for nominal Body TSL parameters normalized to 1W 20.9 Wikg = 16.5 % (k=2)
Centificate No: D1900V2-50d061_Apr16 Page 30of B
F-TP22-03 (Rev.00) 199 /223 HCT CO., LTD
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5250+771Q
Retum Loss -221dB

Antenna Parameters with Body TSL

Impadance, transformed to feed point 4790+B5)Q

Aeturn Loss -21.0dB

General Antenna Parameters and Design

I Electrical Delay (one direction) [ 1192 ne

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

The dipole is made of slandard semirigid coaxial cable, The center conductor of the feeding line is directly connected to the
sacond amm of the dipole. The antenna i therefore short-circulted for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 10 improve matching when loaded according to the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not alfected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied to the dipale arms, because they might band or the solderad connections near the

feedpoint may be damaged.
Additional EUT Data
Manufactured by SPEAG
Manufactured on December 10, 2004
Centificate No: D1900V2-50d061_Apr16 Page 4 ol B
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DASYS Validation Report for Head TSL

Date: 25.04.2016
Test Laboratory; SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54061

Communication System: UID 0 - CW; Frequency: 190 MHz
Medium parameters used: F= 1900 MHz; o = 1.37 S/m; & = 40; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEEIEC/ANSI C63.19-2011)
DASYS52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(8.2, 8.2, 8.2); Calibrated; 31.12,2015;
o Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12,2015
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; 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=5Smm

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

Peak SAR (extrapolated) = 17.2 Wikg

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

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

-3.80
-7.60
-11.40
-15.20

-19.00

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

Certificate No: D1200V2-53061_Apri6 Page 50l 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

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

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

Medium parameters used: [ = 1900 MHz; 6 = 1.49 S/m; & =32.9; p = 1000 kg/m’
Phantom section: Flat Section

Mecasurement Standard: DASYS (IEEETEC/ANSI C63.19-2011)

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.03, 8.03, 8.03); Calibrated: 31.12.2015;
« Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
» Phantom: Flat Phantom 5.0 (back); Type: QDODOPSOAA; Serial: 1002

» DASYS252.8.8(1258); SEMCAD X 14.6.1(§7372)

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

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

Peak SAR {extrapolated) = 17.3 Wikg

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

Maximum valuc of SAR (measured) = 14.9 Wikg

-3.80
-1.60
-11.40

-15.20

-19.00

0 dB = 14.9 Wikg = 11,73 dBW/kg

Certiticate No: D1800V2-50061_Apri16 Page 7 ci @
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Impedance Measurement Plot for Body TSL
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5 2 i,
CallbfﬂtIOH Laboratory of s'\\\\,\\ll_z"'z Schweizerischer Kalibrierdienst
Schmid & Partner % Service sulsee d'étalonnage
Engineering AG T Servizio svizzero di taratura
Zoughousstrasse 43, B004 Zurich, Switzerland NN Swiss Calibration Service

Accrodited by the Swiss Accreddation Senice (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agr for the gnition of calibration certificates

HCT (Dymstec)
CALIBRATION CERTIFICATE

Accreditation No,: SCS 0108

Cilent Certificate No: D2450V2-965_Apr16

Dbjact D2450V2 - SN: 8965

Calibration procedurals)

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

Calivratan date:

April 18, 2016

This calibeation centficate documents tha raceability to national standards, which realize the physicsf units of measurements (S1).
Tha measuroments and the uncenainties with confidence probabiity are givan on tha folkswing papes and are part of the canificate.
Al caliteations have baen condusied in the closed Iabonsiory taciilty: emviconment temperature {22 + 3)°C and humidity < 70%,

Caitirnbion Equipment used (METE critical for calibration)

Primary S IDa Cal Date (Cerificate No.) Scheduled Calration

Pawar meter NAP SN: 104778 06-Apr-16 (No. 217-02288/02289) Apri7

Power sensor NRP-Z31 SN;: 103244 06-Ape-16 (No. 297-02283) Apr17

Powar sansor NRP-281 SN 103245 D6-Ape16 (Na. 217-02268) AprAT

Heferanca 20 dB Attenuator SN 5053 (20K) (5-Ape-16 (Na. 217-02202) Apr17

Type-N mismatch combination SN:5047.2706327  05-Apr16 (No, 217-02295) Ape T

Reteranca Proba EX30V4 SN 7349 31-Doc-15 (No. EX3-7348_Dec15) Dec-16

DAE4 SN: 601 30-Dac-15 (No DAE4401_Decis) Dec-16

Secondary Standards DA Check Date (in house) Scheduled Chack

Powar meter EPM-442A SN: GB3T460704 07-Oct15 (No. 217-02222) In house chack: Oct-18

Power sensor MP 8481A SN: US37292783 07-Oct-15 (No, 217-02222) I hoiss check; Oct-16

Power sarsar HP 84814 SM: MYA41082317 070115 (Na. 217-02223) In house check: Oct-16
| AIF ganacator H&S SMT-08 SH: 100972 15-Jun-13 {in house chock Jun-15) In housa check: Oct-18

Netwark Anatyzer HP 8753E | S 11837390585 18-Oc1-01 (n house check Oct-15) In house shack; Oct-16

Name Function Signature
Caibrated by: Michaal Webor Laboratory Technician // “;
Approved by: Katia Pokovic Tecnrical Manager

P

Issued: Aprf 20, 2016

This calibadion centiticate ahial not be reproduced except i full without wrilten appeoval of the laboratary.
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Zeughausstrasse 43, 8004 Zurich, Switzertand S Swiss Calibration Service

Accredited by 1he Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) |IEC 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

d) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

« 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%.
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS V5288
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 tollowing parameters and caloulations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL paramelers 220°C 38,2 1.80 mha/m
Measured Head TSL parameters (220=02)°C 400286 % 1.83 mho/m =6 %
Head TSL temperature change during test <05C — —
SAR result with Head TSL
SAR averaged over 1 cm® (1 @) of Head TSL Condition
SAR measured 250 mW Input power 12.7 Whg
SAR for nominal Head TSL parameters normalized 1o TW 50.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.89 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 23.5 Wikg = 18.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Tempersture Permittivity Conductivity
Nominal Body TSL. parameters 220"C 527 1.95 mho/m
Measured Body TSL parameters (22.0+02)°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 Caondition
SAR measured 250 mW input power 12.4 Wikg
SAR tor nominal Body TSL parameters normalized 1o 1W 49.2 Wikg = 17.0 % (k=2)
SAR averaged over 10 ecm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 578 Wikg
SAR for nominal Body TSL parameters nomalized to TW 23.0 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

impedance, transformed to feed point 54610+ 38)Q

Heturn Loss -248dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 51004590

Retumn Less -245dB

General Antenna Parameters and Design

[Eiectncal Delay (one direction) ] 1162 ns I

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 dipcies, small end caps
are added 10 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 lorce must be applled to the dipole arms, because they might bend or the solderad connections near the
feedpoint may be damaged.

Additional EUT Data

Manutactured by SPEAG
Manufactured on November 19, 2014
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DASYS5 Validation Report for Head TSL

Fest 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 S/m; & = 40; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/TEC/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)
Electronics: DAE4 Sn601; Calibrated: 30.12.2015
Phantom: Flat Phantom 5.0 (front); Type: QDODOPSOAA; Serial: 1001

DASYS2 52.8.8(1258); SEMCAD X 14.6.10(7372)

Date: 19.04.2016

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Mecasurement grid: dx=5mm, dy=5Smm, dz=5Smm
Refercnce Value = 112.4 Vim; Power Drift = 0.02 dB
Peak SAR (extrapolated) = 25.6 Wi/kg

SAR(1 g) = 12.7 W/kg; SAR(10 g) = 5.89 W/kg
Maximum value of SAR (measured) = 20.7 W/kg

-5.00

-10.00

-15.00

-20.00

-25.00

0 dB =20.7 Wikg = 13.16 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 19.04.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 963

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

Medium parumeters 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)

DASYS52 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: 30.12.2013
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002

« DASYS5252.8.8(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 Wikg

SAR(1 g) = 12,4 W/kg: SAR(10 g) = 5.78 W/kg

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

-5.00
-10.00
-15.00

-20.00

-25.00

0dB =200 W/kg = 13.01 dBW/kg
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Impedance Measurement Plot for Body TSL

19 Apr 2016 10:23:27

LHi] s14 1 U Fs 5098 591990 3V457 pM 2 450,00 080 MH:

\ /
Wy
16
ia

CH2 Si1t LOG S 4B/ REF -28 8 . 1:-24,525 a8 2 459,900 B30 MKz

! 4 | 4 4 4 4 4 4
Del 4 4 i 4 4 4 4 4

—t 4 4 4 4 ‘ —t—

Ca e — _—

+- — e 4 + e 4 S +

— —
e p— - ~ - — T —
» 0.7
2

4 { ! S | . { 4 A
e ) ! T —— ! {

4 4 4 4 4 i 4
Hid . ‘ | i |

START 2 250000 800 MHz STOF 2 FOG.000 800 Mz
Certificate No: D2450V2-985_Aprif PageBot 8

F-TP22-03 (Rev.00) 212 /223 HCT CO., LTD



N
""’C'- FCC ID: ZNFM250H Report No: HCT-A-1611-F003-1

HCTCO,LTD
Calibration Laboratory of S, Schweizerischer Kalibrierd|
Schmid & Partner — S Service n:u:‘mlonwno:om
Engineering AG % C - sarvicic evicawo o tarsturs
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Accrodited by the Swiss Accredilaticn Servics {SAS) Accraditstion No.: SCS 0108
The Swiss Accreditation Service is ono of the signatories to the EA

Multilateral Agreement for the recognition of callbration cerfificates

Client HCT (Dymstec) Centificate No: D2600V2-1106_Feb16
CALIBRATION CERTIFICATE

Object D2600V2 - SN: 1106

Calbraton procedure(s) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

Calbration dale February 18, 2016

This calvration cerlilicate coclments the traceabiity to national standards, which realize the physica unts of measuraments {S1),
The measicements and the unceraniies with confidence protiahiity are gwven an the Sollowing pages and are pan of the ceniticate

All casbrations have boen conducted In the ciosed laboratory facility: anvwonment lemperalire (22 + 37°C and humidity < 70%

Calration Equipment used (MATE critical for calibention)

Primary Standards e Cal Date (Cenit No,) Scheduled Calibraton

Powar meter EPM-442A GBIT480704 07-0ct-15 (No. 217-02222) Oct-16

Power sensar HP 848TA US37292783 07-0ct-15 (No. 217-02222) Qer-16

Power sonsor HP 84814 MY41092317 07-0ct-15 (No. 217-02223) Oct-16

Refarance 20 &8 Attenuator SN: 5058 {20k) O1-Apr-15 (No. 217-02131) Mur-16

Typa N msmatch combination SN: 50472 / 053227 01:Apr-15 (No. 217-02134) Mas-16

Refarance Probs EX3DV4 SN: 7349 31-Dec 15 (No, EX3-7328 Dects) Dec-18

DAE4 SN: 601 30-Dec 1% (No. DAEL.E01_Dects) Dec-16

Sacondary Standards 0 Check Data (in house) = Schaculsd Chack
i RF generator RAS SMT-06 100872 168-Jun-15 (n house check Jun-15) in house check: Jun-18
| Network Analyzer HP 8753€ USS7300685 54206 180101 (in houso check Oct-15) In house check: Oct-16

Name Functian S e
Calitwated by Clauda Laubler Labaratary Tachnician

]Mmfmdbv Katja Fokovie Technical Manager /ﬁ&

Issuod: February 18, 2046

This calbration cartificate shall not be reproduced axcept in full wehout weithan approval of the laboratory.
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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-1, "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:

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

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 85%.

Certificate No: D2600V2-1106_Feb16 Page2of 8

F-TP22-03 (Rev.00) 214 /223 HCT Co., LTD



-~
“‘"C'- FCC ID: ZNFM250H Report No: HCT-A-1611-F003-1

HCT CO,LTD
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Fiat 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
Nomina! Head TSL parameters 22.0°C 390 1.96 mhao/m
Measured Head TSL parameters (22.0+£0.2)°C 38.1+6% 2.01 mhoim = 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 140 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 55.1 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL candition
SAR measured 250 mW input power 8,19 Wikg
SAR for nominal Heod TSL parameters normatized to 1W 24.5 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 525 2.16 mha/m
Measured Body TSL parameters (22.0+0.2)°C 525+6% 218 mhoim =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 13.4 Wikg
SAR for nominal Body TSL parameters normatized 10 1W 53.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Body TSL condition
SAR measured 250 mW input power 5,94 Wikg
SAR for nomina! Body TSL parameaters normalized to 1W 23.7 Wikg = 16.5 % (k=2)
Certificate No: D2800V2-1106_Feb16 Page 3 ofB
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed polmt 4954-731Q
Return Loss -227d8B

Antenna Parameters with Body TSL

Impedance, transformed to feed point 44BQ-60 0

Return Loss -215d8

General Antenna Parameters and Design

[Ebctrical Dalay (one direction) ] 1.150 ns ]

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

The dipole s made of standard semiriged coaxial cable. The canter conductar of the feeding line is directly connected to the
sacond arm of the dipole. The antenna is therefore shon-circuited for DC-gignals. On some of the dipoles, small end caps
are added to the dipole amms 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 axcessivs 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
Manulactured by SPEAG
Manufactured on February 18, 2015
Centificate No: D2600V2-1106_Feb16 Page 4 of 8
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DASYS Validation Report for Head TSL

Date: 18.02.2016
Test Labormtory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1106

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

Medium parameters used: { = 2600 MHz: 6 = 2.01 S/m; & = 38.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(7.49, 7.49, 7.49); Calibrated: 31,12.2015;
« Sensor-Surface: | Amm (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 14.6.1((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 = 113.4 Vim; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 29.4 Wikg

SAR(1 g) = 14 W/kg; SAR(10 g) = 6.19 W/kg

Maximum value of SAR (measured) = 23,1 Wikg

-4.89
-9.77
-14.66

-19.54

-24.43

0dB =231 W/keg = 13.64 dBW/kg
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Impedance Measurement Plot for Head TSL

189 Feb 2016 17:59:42

£Ns 14 1 Fe 1 49,496 72734 6 BALED pf 2 600,000 2Qd MMz
»
el
\
4 - -
4
CH 1 LOC S d8/ REF 20 de 1:-22.723 9B 2 £00.008 @08 NHz

A o o —
: = | ! —
- l’ _7,—"—_-,» p— -
g
L |
16~ t
\
400,000 GO0 MHz A TGP 2 300,800 D08 MMz
Centificale No: D2600V2-1106_Feb16 Page 6ot 8

F-TP22-03 (Rev.00) 218 /223 HCT CO., LTD



-~
ha- FCC ID: ZNFM250H Report No: HCT-A-1611-F003-1

HCTCO,LTD

DASYS Validation Report for Body TSL
Date: 18.02.2016
Test Laboratory: SPEAG, Zunch, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1106
Communication System: UID 0 - CW; Freguency: 2600 MHz .
Medium parameters used: = 2600 MHz: o = 2.18 S/m; &= 52.5; p = 1000 kg/m™

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

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.6, 7.6, 7.6); Calibrated: 31.12,2015;
« Sensor-Surface: [ 4mm (Mechanical Surface Detection)
« Electronics: DAEA Sn60)1; Calibrated: 30.12.2015
« Phantom: Flat Phantom 5.0 (back), Type: QDOOOPS0AA; Senal: 1002

« DASYS252.8.8(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=Smm, dz=5mm

Reference Value = 1041 V/im: Power Drift = 0.05 dB

Peak SAR (extrapolated) = 27.7 W/kg

SAR(I g) = 13.4 W/kg: SAR(10 g) =594 W/kg

Maximum value of SAR (measured) =21.2 Wikg

dB
0

-4.82
-9.64
-14.46

-19.28

-24.10

0dB =21.2 Wikg = 13.26 dBW/kg

Certificate No: D2600VZ-1106_Feb16 Page 7 of B
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Impedance Measurement Plot for Body TSL

12 Feb 2016 18:08:27
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Certificate of conformity / First Article Inspection

tem Triple Modutar Flat Phantorn V5.1
Type No QD 00C P51 C
Series No 1100 and higher
Manufacturer / Origin Untersee Composites
Knebelstrasse 8, CH-B268 Mannenbach, Switzertand

Tests
The sub-units of item 1100 are identified with the designation 1100/1, 1100/2 and 1100/3. Tests were
conducted on all 3 sub-units of this phantom.

Test Requirement Details Units tested
Material Compliant with the standard 2 mm +/- 0.2 mm all
thickness requirements. 30 points over the bottom area )
Material Dielectric parameters for required | 200 MHz — 6 GHz - Material
parameters frequencies Relative permittivity 3- 5 sample

Loss tangent < 0.05.
Material The material is compatible with DGBE based simulating liquids, | Material
resistivity the liquids defined in the Observe Technical Note for Samples

standards if handled and cleaned | material compatibility.
accerding to the instructions.
Shape Internal dimensions Internal height: > 175 mm Pre-series,
Bottom internal length: 280 mm | design

Bottom internal width: 175 mm
Nominal filling height: 155 mm
Nominal volume: 8.2 |

Sagging Depending on standard No initial sagging (negative 110042
preshaped, change < 0.5 mm)

Standards

[1] [IEEE 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-Average Specific
Abscrption Rate (SAR) in the Human Head from Wireless Communications Devices; Measurement
Techniques®, June 2013

2] 1EC 62209 - 1, “Specific Absorption Rate (SAR) in the frequency range of 300 MHz to 3 GHz -
Measurement Procedure, Part 1: Hand-held mobile wireless communication devices”, February
2005

[3] |EC 62209 - 2, "Evaluation of Human Exposure to Radio Frequency Fields from Handheld and
Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to 6 GHz:
Human models, Instrumentation and Procedures, Pan 2: Procedure to determine the Specific
Absorption Rate (SAR) for ... including accessories and multiple transmitters”, March 2010

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

Conformity
Based on the dimensions and sample tests above, we cerify that this item is in compliance with the
standards [1] to [4] for frequencies > 700 MHz, if operated according to the specific requirements.

Date 16.07.2015

Schend &P ror Pogreotrg AG

Ty taggs 13 2000 2raty =3
31 S8 335 D70, Fim +4F43 245 9779

i SHRag Com, M IVWW.SPe3g COM

Signature / Stamp

DocNo BB1 ~-QDOXOPS1C-0 Page 1(1)

F-TP22-03 (Rev.00) 221 /223 HCT CO., LTD



N
“'I'C'- FCC ID: ZNFM250H Report No: HCT-A-1611-F003-1

HCTCOLLTD

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) 2450-2700
Tissue Type Head Body Head Body Head Body Head Body
Water 411 51.7 40.45 53.06 54.9 7017 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 )
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
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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.

Dielectric Parameters CW Validation Modulation Validation
Hfeled C;irgrt;ﬁion Dipole Date  ([RARSRNUNE IR B R

Tee | paint pemitiiy Gonductity S ezt cotropy Type |Facter PAR

5 3903 [EX3DV4|Head | 750 | 1014 | 2016.10.10 42.1 0.92 PASS | PASS | PASS | N/A | N/A | N/A
1 3863 [EX3DV4 | Body | 750 | 1014 | 2016.08.09 55.9 0.98 PASS | PASS | PASS | N/A | N/A | N/A
5 3903 [EX3DV4 | Head | 835 | 4d165 | 2016.10.10 41.4 0.91 PASS | PASS | PASS |[GMSK|PASS| N/A
5 3903 [EX3DV4 | Head | 835 | 4d165 | 2016.10.10 41.4 0.91 PASS | PASS | PASS | N/A | N/A | N/A
1 3863 [EX3DV4 | Body | 835 | 4d165 | 2016.08.09 55.3 0.99 PASS | PASS | PASS | N/A | N/A | N/A
1 3863 [EX3DV4 | Body | 835 | 4d165 | 2016.08.09 55.3 0.99 PASS | PASS | PASS |GMSK|PASS| N/A
1 3863 [EX3DV4 | Head [1800| 2d006 | 2016.08.08 39.9 1.42 PASS | PASS | PASS |GMSK|PASS| N/A
5 3903 [EX3DV4 | Head [1800| 2d006 | 2016.10.10 40.2 1.41 PASS | PASS | PASS | N/A | N/A | N/A
4 1605 [ET3DV6 | Body (1800 | 2d006 | 2016.08.09 53.7 1.54 PASS | PASS | PASS |GMSK|PASS| N/A
1 3863 [EX3DV4 | Body [1800| 2d006 | 2016.08.09 53.7 1.54 PASS | PASS | PASS | N/A | N/A | N/A
1 3863 [EX3DV4 | Head [1900| 5d061 | 2016.08.08 40.3 1.43 PASS | PASS | PASS |GMSK|PASS| N/A
5 3903 [EX3DV4 | Head [1900| 5d061 | 2016.10.10 40.3 1.39 PASS | PASS | PASS | N/A | NA | N/A
4 1605 [ET3DV6 | Body (1900 | 5d061 | 2016.08.09 53.5 1.49 PASS | PASS | PASS |GMSK|PASS| N/A
1 3863 [EX3DV4 | Body [1900| 5d061 | 2016.08.09 53.5 1.49 PASS | PASS | PASS | N/A | NA | N/A
5 3903 |EX3DV4 | Head [2450| 965 |2016.10.10 39.4 1.82 PASS | PASS | PASS |OFDM| N/A |PASS
3 3797 [EX3DV4 | Body (2450 965 |2016.05.03 52.4 1.96 PASS | PASS | PASS |OFDM| N/A |PASS
3 3797 |EX3DV4 | Head |2600| 1106 |2016.03.07 39.2 1.94 PASS | PASS | PASS | N/A | NA | N/A
3 3797 |EX3DV4 | Body [2600| 1106 |2016.03.08 52.1 212 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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