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FCC ID: ZNFM320F

Report No: HCT-A-1703-F004-1

HCTCO,LTD.
Calibration Laboratory of S Schweizorischer Kallbrierdienst
Schmid & Partner =7 S i o e
Engineering AG z Sarvizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland “‘%ﬁ Swiss Calibration Service

Acoredied by the Swiss Accredtation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multliaterat Agroement for the recognition of callbration certificates

Calibration date:

The 1% snd the

Calbraton Equipment used (MBTE critical for calibration)

This catbeation camficats documants the troceabiity to naliceal standeeds, which reahize the physical units of messwremonts (S1)
wiih confideacs probabiity are givan an tha following pages and are part of the certificarte.

All caibrations have been conducted In thi closed dorsiony faclity, snvrorment tnmperatrs (22 £ 3)°C and humidity < 70%.

Accreditation No.: SCS 0108

Prinary Standar 4] Cal Date (Cartificate No | Scheduled Calibration
Power meter NRP SN: 14778 05-Apr-16 {No, 217-022882289) Ape-1T
Fowar sanscr NRP.291 SN 105244 08-Apr-16 [No. 217-02288) Ape-17
Powar sansor NRP-Z81 Sh- 103245 06-Apr-16 (No. 217-02289) Ape-17
Rat 20 dB A SN: S5277 (20%) O5-Apr-16 (No. 217-02233) Agr-17
Probe ESIDNV2 SN- 3013 31-Dec-15 (No. ES3-3013_Dec15) Dec-16

| DAE4 SN: 662 23-Doc-14 (No. DAE4-660_DectS) Dec-18
Secondary Stancands 1D Check Date (in house) Scheduld Check
Power mater E44108 SN: GBA1293674 05-Agr-18 tin house check Jun-15) In house chack: Jun-18
Pawar sensor E4412A SN MY41456087 05-Apr-18 {in houne chedk Jun-18) In houss chack: Jun-18
Fower sansor E44124 SN- 000110210 08-Apr-18 (in house check Jun-16) In house check: Jun-18
AF ge HP B64KHC SN US3642001700 _04-Aug-98 (in house check Jun-16} In house chack: Jun-18
Neawoek Anahyzee HP 87538 SN US37360565 18-0¢ct-01 (in house chack Oct-15) In house check: Oct-16

Funtcdion Signature
Approved by:

Ths callbestion catificate shall not be reproduced except in full withoul weillen spgmovad of (he laberatory.
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HCTCO,,LTD.

Calibration Laboratory of S, . —

Schmid & Partner is Q/ - CSZ Servite sulsse détalorinage
Engineering AG e g Servizio svizzero di aratura

Zeughausstrasse 43, 0004 Zurich, Switzerfand % %ﬁ\“\‘,\? Swiss Calibration Service

Accreditod by the Swiss Accrediation Service (SAS) Accraditation No.: SCS 0108

The Swiss Accroditation 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

pCcpP diode compression point

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

A B.C,D modulation dependent linearzation parameters

Polarzation ¢ o rotation around probe axis

Polarization 4 4 rotation around an axis that is in the plane normal to probe axis (at measurement center),

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

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, *IEEE Recommended Praclice for Determining the Paak Spabal-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devicas: Measurement
Techniques®, June 2013

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

¢)] IEC 62200-2, "Procedure to determine the Specific Absorption Rate (SAR) for wreless communication davices
used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

d) KDB 8565664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:
NORMz,y.2: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell, { > 1800 MHz: R22 wavegulde]
NORMx,y,z are only intermediate values, |.2., the uncartainties of NORMx,y.z does not affect the E”field
uncertainty inside TSL (see below ConvF).

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

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

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

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

« ConvF and Boundsry Effect Parameters: Assessed in fial 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 > B00 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 parametlers 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 offset corresponds to the offset of virtual measurement center from the probe tip
{on probe axis). No tolerance required.

« Connector Angle: The angle is assessed using the Information gained by determining the NORMx (no
uncertainty requirad).

Cerificate No: EX3-3903_Sep16 Pape 2of 11
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HCTCO,,LTD.
EX30V4 - SN:3503 September 28, 2016
Manufactured:  September 4, 2012
Calibrated: September 28, 2016
Calibrated for DASY/EASY Systems
(Note: non-compatible with DASY2 system!)
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HCTCO,,LTD.

EX3DVA- SN:3003 Saplember 28, 2016

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

Basic Calibration Parameters

| Sensor X Sensor Y Sensor Z Unc (k=2) |
Norm (uV/(Wim)*)" 039 0.36 0.53 £10.1%
DCP (mV)" ; 1025 106.2 103.1

Modulation Calibration Parameters

wo ¢ System Name A B ¢ ) VR Une'
4B | dBVV | d8 mv x=2)
0 ow x| 00 0.0 10 | 000 | 1740 | #35%
Y | 00 0.0 10 | 1848
Z| 00 0.0 1.0 1944

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

* The uncertainties of Noem X.¥,Z do not atfect ihe E*-ieid uncatainty Inside TSL (see Pages % and 6)
¥ Numerical inaanzation parameter; unceriainty not required

* Unoenainty is determined ysing the max: de 1 from linoar resp applymg rectangular distributon sad I8 sxpeessed fof the square of the
taxl value
Coriificate No: EX3-3903_Sepi6 Page 4 of 11
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HCTCO,,LTD.

EX3DV4- SN:2803 September 28, 2016

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

Calibration Parameter Determined in Head Tissue Simulating Media

1 (MHz) © p.m' co'(wsletw ConvF X | ConvFY | ConvFZ | Alpha® m“ (t::;)
150 523 0.76 13.42 13.42 13.42 0.00 1.00 | £133%
300 45.3 0.87 12.68 12.68 12.68 0.10 110 | £133%
450 435 0.87 11.00 11.00 11.00 0.20 125 | $133%
750 419 0.82 11.35 11.35 11.35 0.33 114 | 2120%
835 415 0.90 10.72 10.72 10.72 0.51 080 | £120%
900 415 0.97 10.30 10.30 10.30 0.35 1.01 +120%
1450 40.5 1.20 8.76 8.76 8,76 0.39 080 | £120%
1750 40.1 1.37 8.75 875 B.75 0.28 085 | +120%
1900 40.0 1.40 841 841 B.41 0.28 084 | +120%
1850 40.0 1.40 822 822 822 0.32 080 | £120%
2300 395 1.67 8.01 ]: 8.01 8.01 0.32 080 | £120% |
2450 39.2 1.80 7.54 7,54 7.54 031 0.84 £12.0%
2600 39.0 1.96 7.42 7.42 7.42 0.31 086 | £120%
5250 354 471 5.51 5.51 5.51 0,35 180 | #1311 %
5600 35.5 5.07 478 478 478 0.45 1.80 | £13.1%
5750 354 522 5.04 5.04 5.04 0.45 1.80 | £131%

© Froquoncy valldity above 300 MMz of 4 100 MHz only apoles for DASY w4 and highet (see Page 2). alss i i restricted to = 50 MHz The
uncertainty &5 the ASS af the ConvF uncertainty ot caltration fre y and the inty for the ingicaled frequancy band. Fraquency valoty
below 300 Mz is £ 10, 25, 40, 50and7oumbvcmmauao 64, 128, 150“220“‘!%?' Abavo 5 GHz froguancy
vumycmaemmmzﬂowm

' A1 trequencies bolow 3 Gz, tha valdity of tissue parameters (¢ and o) can ba rekaed 10 + 10% If hquic comp fion & in is appied 10
messured SAR values. A requences above 3 GHz. the valldity of 1ssue paramaeters |:.n::$o]umdeozsxmmmymhen35d
tha Conv uncatanty for indicated target tssoe paramaters.

“ AlphaDapth are cetamined during calibration. SPEAG warrants that the remaining deviabon dus 1o the boundury sffect aftee compensation is
atways less than £ 1% for frequencies below 3 GHz and below + 2% for frequencies batween 3-6 GH2 & any distance larger than hat the probe Bp
dametar kom the bountdary,

Certificate No: EX3-3903_Sap16 Page Sof 11
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HCTCO,,LTD.

FCC ID: ZNFM320F

Report No: HCT-A-1703-F004-1

EXIDV4- SN:23803

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

Calibration Parameter Determined in Body Tissue Simulating Media

September 28, 2016

Rolative CmductMty Depth© Une

F(MHZ) S | Pormittivity" (sfm)" ConvF X_| ConvF Y f ConvFZ | Alpha® |  (mm) (k=2)
150 61.9 0.80 13.33 13.33 ‘ 13.33 0.00 1.00 +£133%
300 58.2 0.92 12.07 12.07 12.07 0.08 1.10 £133%
450 56.7 094 11.85 11.85 11.85 0.10 1.20 +133%
750 55.5 0.96 10.50 10.50 10.50 0.29 113 £120%
835 85.2 0.87 10.42 10.42 10.42 0.55 0.80 £ 12.0%
1750 53.4 148 B.37 B.37 8.37 0.35 0.91 £12.0%
1900 53.3 1.52 8.10 8.10 8.10 0.37 0,80 $120%
2450 52.7 1.95 7.69 7.69 7.69 0.33 0.85 +120%
2600 525 2.16 745 745 ‘ TAS 0.33 0.90 £120%
5250 48.9 5.36 463 463 463 0.50 1.90 +13.1%
5600 48.5 577 3.85 3.85 3,85 0.60 1.80 +131%
5750 483 5.94 413 413 413 0.60 1.80 131 %

" Frequency valdty above 300 MHz of + 100 MHz cnly applies for DASY v4.4 and higher (ses Page 2), elss it s restficted 1o = 50 M4z The
uncedanty is tha RSS of the ConvF uncartainty at calibeaticn frequency and the uncantainty Yor the indicased Fequency band. Frequency validity
Delow 300 MHz 1s £ 10, 2640, 50 and 70 Mitz for ConyF assassments a1 30, 64 128 150 and 220 MHz mspectvely. Above § GHz froquency

valdity can be extendad %o & 110 MHz

" Al requencies bakow 3 GHz. the valldity of tssue parameters {c and ) can be relsxed to = 10% If guid compensaton fonmula is applied to
measured SAR values. Al frequencies above 3 GH2. the validiy of tissue parameters (c and o) & resiricted o & 5% The uncananty & he RSS of
the ConviF uncerainty for indicatad targal Ussue parametars.

% Aipha'Depth are detammined dunng caltirason. SPEAG warrants thal the remaining teniation ¢us 10 tha boundary effect after

Blways less than + 1% for frequencies below 3 GHz and below £ Z&Ianmsm%Gaxatonymh:gummnmmpob.up
diamater from the Soundary.

Centificate No: EX3-3203_Sep16
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HCTCO,,LTD.

FCC ID: ZNFM320F Report No: HCT-A-1703-F004-1

EX3DV4-- SN:3803

Frequency response (normalized)

T

Seplamber 28, 2016

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

500 1000 1500 2000 2500 000
f [MHz]

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)

Centficate No, EX3-3803_Sep18 Page 7 of 11
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FCC ID: ZNFM320F

Report No: HCT-A-1703-F004-1
HCTCO,,LTD.

EX3DV4- SN:3903 Saptember 28, 2016

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz,R22
X ; z o X v z

y ra——

[
g
‘g TR o Seees = . SR = OV SRR SRR SR SRR o o o SRR iges :1
(")
Rot [
»
1 ’%.T.- __‘_'_J 'w:T‘dH 2500 Wiz
Uncertainty of Axial isotropy Assessment: £ 0.5% (k=2)
Cerificate No- EX3-3903_Saep16 Page 6 of 11
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FCC ID: ZNFM320F

Report No: HCT-A-1703-F004-1

EX30V4- SN3903

Input Signal [uV]

Dynamic Range f(SARcaq)
(TEM cell , fouu= 1900 MHz)

Septamber 28, 2016

104

10|

10

Ertor [d8)

N

102

Cartificate No: EX3-3803 _Sep16
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kil “1 —
103 10! Sl 10t 100
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net compensatod compensatec

Uncertainty of Linearity Assessment: £ 0.6% (k=2)

Page 9of 11
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HCTCO.,LTD.
EX3DV4- SN:3803 Saptember 28. 2016
Conversion Factor Assessment
f= 835 MHzWGLS R9 (H_conv) = 1900 MHz WGLS R22 {H_comvF)
i - i
z !
i, B
3 i™
l"ﬂ ' ‘,J:" b Y -IJ » . nv 3 \H “-A;-'z:"l _)V 4 »n i -- i -
--:v_ad -.é"'n ﬂ&- wanuoel
Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
-0 -08 -06 -04 02 00 02 04 08 048 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
Cartificate No; EX3-3803_Sep16 Page 10 of 11
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HCTCO,,LTD.

EX3DV4- SN:3903 September 28, 2016

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

Other Probe Parameters

Sensor Arrangement ‘ Triangular

Connector Angle (*) [ 333 |
‘Mechanical Surface Detection Mode i enabled
“Optical Surface Detection Mode i disabled

Probe Overall Length 337 mm

Probe Body Dismater | T 10mm |
Tip Length T omm |
Tip Diameter 265mm
—Proh—fe_‘l-'ip_to"SEf_\sorﬂiﬁéhbralion Point fmm |
[Probe Tip to Sensor Y Calibration Point T mm

Probe Tip to Sensor Z Calibration Point 1 mm
| Recommaended Measursment Distance from Surface 1.4 mm I
Certificate No: EX3-3903_Sep16 Page 110l 11
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HCTCO.,LTD.
Calibration Laboratory of SR, = Schweizerischer Kallbriesdienst
Schmid & Partner = (i g Service sulsse d'étalonnage
Engineering AG 2 3 g Servisio svizzero d taratura
Zeughausstrasse £3, 8004 Zurich, Switzertand oy Nt Swish Calibration Service
Aocredied by the Swiss Accreditanan Senice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signoatories to the EA
Multilaterat Agreament for tha recognition of calibration certfficates

Caterson e Merchg,2006

This calibratian certificate documents the raceatsiity fo naticnal standards, which reaize the ahy unes af s {54)
The messuremens and the uncerainties wieth corfdance prodabiity am given on the following pages and are part of the certificate.

Al calibrations hirve been conguctad In the clased labormary taciity; erviranment temperature (22 £ 3)°C and humidity < 70%.

Culibrstion Equipmant used (MSTE criteal for calibration]

Primaty Stardurds 12] Ca Date (Cartifcate No.) Schuduled Calbraton
Power meer E44166 GBA1253374 01.Apr-14 (No. 217.02128) Mar-16
Powsr sengor 44124 MY41438087 01-Apr-15 (No. 217-02128] Mar-16
| Reference 3 d8 Attenuator SN: 550854 {3c) 01:Ape-15 (No. 217-02129) Mar-16
Raference 20 4B Attnusitor SN: S5277 {20) 01-Apr-15 (No. 217-02132} Mur-16
Reference 30 dB Atenuator SN: $3129 {20n) 01-Ape-15 (No. 217-02135} Mar-18
Refurence Probe ES30VY SN 3013 31.Dec-15 (No. ES3-3013_Dects) Dec-16
DAEA SN: 660 Z3-Dec-15 (No. DAE4-850_Dec15) Dec-16
Seooedary Standards o Check Date {in house) Scheduled Check
F HP 8648C US3BA2U0I 700 &-Aug-98 (in house check Ape-13) In Nouse chick: Apr-16
wmmwwm USS7350588 18-Oct-01 (in huuse chack Oct-15) In house check; Oct-18
Functian
Calbrated by HR0MY
Approrved by

lesued: Maech 21, 2016

This calibration cerfificate shal nol bs reproduced axcept in 1l without wiitten approval of the laboratory

Cartificate No: ET2-1609_Mar18 Page 10f 11
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HCTCO.,,LTD.

Calibration Laboratory of S, S  Schweizerischer Kallbrierdienst

Schmid & Paﬂnef F— ’-'. c Sorvice suisse d'dtalannage
Engineering AG % Servizio svizzeco di taratura

Zeughausstrasse £3, 8004 Zurich, Switzertand ’@,\ S Swiss Catibration Service

Accredited by ihe Swiss Acoreditation Senvice (SAS) Accreditation No.: SCS 0108

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

Multilateral Agreemant for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMXx.y.z sensitivity in free space

ComvF sansitivity in TSL / NORMx.y.z

DCP diode compression point

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

A B.C,D moduiation dependent linearization parametors

Polarization o o rotation around probe axis

Polarization 5 4 rotation @round an axis that is in the plane normal to probe axis (at measuremant center),

e, B =0is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

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

¢) |EC 62209-2, “Procedure to determine the Specific Absarption 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 fo 8 GHz"

Methods Applied and Interpretation of Parameters:

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

»  NORM(Nx.y.z = NORMx y.z * frequency_response (see Frequency Response Chart), This linearization |s
implemented in DASY4 software versions [ater than 4.2. The uncerfainty of the frequency response is included
In the stated uncertainty of ConvF,

« 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 media,

« PAR:PAR is the Peak to Average Ratio that is not calibrated but detaermined basad on the signal
characteristics

o Axyz Bxyz Cxyz Dxy.z VRxyz A B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibeation range expressed in RMS volfage acress the diode.

« ConvF and Boundary Effect Parameters: Assessed In flat phantom using E-fiekd (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical fieid distributions based on power
meaasurements 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 * CanvE whereby the uncertainty corresponds to that given for ConvF. A frequency dapendent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to + 100
MHz

o Spherical isotropy (3D deviation from Isotropy): In a field of low gradients realized using a flat phantom
axposed by a patch antenna.

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

« Connector Angie: The angle is assessed using the information ganed by determining the NORMx (no
uncertainty required).

Centificate No: ET3-1608_Mart6 Page 2 of 11
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ET3IOVE - SN: 1809 March 18, 2016
Manufactured:  July 27, 2001
Calibrated: March 18, 2016
Calibrated for DASY/EASY Systems
(Note: non-compatible with DASY2 system!)
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HCTCO,,LTD.

ET30VE- SN:1609 March 18, 2016

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

Basic Calibration Parameters

Sensor X Sensor Y | Sensor Z Unc (k=2)
Norm (uV/(Vim))" 2.00 1.61 1.82 +101 %
DCP (mV)" 102.0 100.5 ; 101.5

Modulation Calibration Parameters

uiD 'C ication Sy Name A 8 [ ) VR Une
I E— || e |eBvpv| | dB my | (ed) |
9 LCW. = X | 00 00 | 10 | 000 | 2680 | 433%
Y 0.0 0.0 1.0 268.9
| 2 0.0 0.0 1.0 2592

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

" The urcaraiias of Norm XY, Z do nat affect the E°-Seid uncertainty inside TSL {see Pages 5 and 6).

" Numarcal linganzaticn parameter: urcertainty not reguired

" Uncertainty & determined using the max. deviation from inear response applying rectanguls dutribution snd is exprassad for B sousns of the
field vakue

Certificate No: ET3-1609_Marié Page 4 of 11
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HCTCO,,LTD.

ETIDVE- SN:1609 March 18, 2016

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth ™ Unc
T{MHz)® | Permittivity" (Sim)* ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 419 0.89 6.81 6.81 6.81 042 232 | 2120%
838 41.5 0.90 6.48 648 8.48 045 222 £12.0%
900 41.5 0.97 6.33 6.33 6.33 0.34 2.61 +120%
1450 40.5 1.20 5.61 561 | 561 0.53 234 +120%
1750 401 1.37 » 540 5.40 540 0.68 2.25 +120%
1900 40.0 1.40 5.20 5.20 5.20 0.70 205 | +120%
1950 40.0 1.40 5.04 5.04 5.04 0.80 2.16 +12.0%
2300 395 1.67 4,88 4.88 4.88 0.80 1.94 +120% |

“ Fraquenty valdty sbove 300 MHz of = 100 MHz ondy applies for DASY vd 4 and highar (see Page 2), else & & restricted 10 4 50 MHz. The
uncecdainty & the RSS of the Com® uncartainty at cadbration frequency and the uncartanty for the indicated frequency band. Frequency validity
Below 300 MHE is + 10, 25, 40. 50 and 70 MHz for CanvF assessmonts at 30, B4, 128, 150 and 220 MMz respectivesy. Above § GHz frequency
vakdty can be extonded 3 £ 110 MHz

M Fequercies below 3 GHL the valdity of 1issue parameters (¢ and o) can be relaxed 1o = 10% i liquid compensation formula is appied to
measured SAR values. Al frequencies above 3 GHz, the validity of tissue parameters (c and o) @ restrciad to £ 5% The uncartanty & the RSS of
the ConvF uncertainty for ndicaled targel lissue paramedars,

Y Alpha'Depth are determined duting caltrasion. SPEAG warmants at the remaning deviation dus to the bouncary efect after compersation is
alwarys less than £ 1% for frequencies below 3 GHz and below = 2% for fraguancies batwean 3-6 GHz at any distance larger than half the probe lip
diameter from the boundary
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Dopth ™ Unc

1(MHz)® | Permittivity” (Stm)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55,5 0.96 6.25 6.25 6.25 0.31 2.75 £120%
835 55.2 0.87 6.16 6.16 6.16 0.32 2.73 +120%
1750 534 1.49 4.86 4.86 488 0.80 245 +120%
1800 53.3 1,52 4,68 4.68 468 0.80 231 £120%

“ Froguancy validity above 300 MHz of # 100 MHz anly appies fof DASY vd.4 and higher (see Page 2§, else # is restricted to £ 50 MRz The
uncertanty is the RSS of the ConviF uncenainty at calbration frequency and the uncertainty for the indicated fregquency bang. Frequency validity
below 300 Mz is + 10, 25, 40, 50 and 70 MHz for ComvF assessments of 30, B4, 128, 150 and 220 MHZ respactively. Above 5 GHz frequency
valdity can be extended to + 110 MKz

' AL frequences below ) GHz, the valdity of tissus pararnetens (¢ 2nd o) can be retaced 1o 2+ 10% i iquid compansation Smule is sppled 1o
measured SAR values. At froquencies above 3 GHz. the validity of tissue parameters (¢.and o) Is resticiod to + &% The uncertainty is the RSS of
the ConvF uncestamty for indicated target tssue poramelers.

" Alpha'Depth are d ined duting calibration. SPEAG warrants thal the remaining ceviaiion dus 1o the boundary effect alier compensation is
elways iess than £ 1% for Inequences delow 3 GHE and below £ 2% for frequencies batween 3-8 GHe at any dalance larger (han half the probe tip
dametar from (he boundary
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ETIDVE- SN:1602 March 18, 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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Receiving Pattern (¢), 9 = 0°

=600 MHZ. TEM =1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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ETIDOVE- SN:1602 March 18, 2016

Dynamic Range f(SARead)
(TEM cell , fyo= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Cerificale No. ET3-1608_Mare Page 9 of 11
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Conversion Factor Assessment
1= B35 MHz, WGLS RS (H_comF) f= 1900 MHz WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 8), f= 900 MHz
10 08 08 04 02 00 D2 04 083 08 1.0
Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Other Probe Parameters

Sensor Arrangement Triangukar |
" Connector Angle (%) 774 |
Mechanical Surface Detection Moce enabled

Oplical Surface Detection Mode disabled |
Probe Overall Length 337 mm |
f Probe Body Diameter 10 mm
{ Tip Length 10 mm
"Tip Diameter ] 6.8 mm
Probe Tip to Sensor X Calibraton Point ‘ 2.7 mm
Probe Tip to Sensor Y Calibeaton Point | 2.7 mm
Probe Tip to Sensor Z Calibration Point ‘ 2.7 mm
Recommended Measurement Distance from Surface ! 4 mm
Certificata No: ET3-1608_Mar16 Page 11 ol 11
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Calibration Laboratory of S, S N
Schmid & Pariner = '. g Survice sulsse d'::ln:mqo
Engineerlng AG % 3 Servizio svizzoro di taratura
Zoughausstrasse 43, 8004 Zurich, Switzorland RN S Swisa Catitration Service

Meakalot?

Accradited by Ihe Swes Accreditaton Servica (SAS)
The Swiss Accreditation Sarvice is one of the signatories 1o the EA
Muttitateral Agreement for the recognition of calibration certificates

Accreditation No.: SCS 0108

Cliont Certificate No: EX3-3967 Dec16

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

Object EX3DV4 - SN;3967
Caltraton procedurs(s) QA CAL-01.v9, QA CAL-12.v0, QA CAL-14,v4, QA CAL-23.v5,
QA CAL-25v6
Calibration procedure for dosimetric E-field probes
Calibration date: December 14, 2016
This cortficate tha Lility 10 nationat , which reslize the ohysical units of measurements (S1)
The messurements and the uncer with cond biley ara givan on the Inllowing peges and are part of the cenficale

Al calibratians have bean conducted in the cosad |ab y Sty er parature (22 = 3)°C and humidity « 70%
Calivration Equipmant Leed (MATE criteal for calibration)

Primary Standards {ID Cal Date {Certficate No ) Scheduled Calbration
Powar metar NRP | SN 14776 08-Apr-18 (No. 217-02286/02289) Ape-17

Power sansce NRP-Z31 SN 10G244 06-Apr-16 (No. 217-D2288) Apt-17

Power sansor NRF-Z91 SN 103245 06-Apr-15 (No. 297-02286) Apr-1T

Retarunce 20 08 Altenuator SN: 55277 (20%) 05-Ap-16 (No. 247-02283) Apr-1T

Relerence Probe ESIOV2 SN: 3013 31-0ec-15 {No. E53-3013_Dects) Dec-16

DAES SN. E62 23-Dec-15 (No. DAE4-660_Dac15) Dec-16

Secondary Standarts 10 Chock Date (0 houss) Schaduind Check
Power meter E44188 SN GB41263874 06-Apr-15 (0 house chack Jun-16} In house check. Jun- 18
Power sersor E4412A SN: MY4 1498087 06-Apr-18 (I housa check Jun-18} In house check: Jun-18
Power sensor E44124 SN. 000110210 06-Agr-16 (1 housa check Jun-16} In house check: Jun-18
RF genedator HP B648C SN. US3642001700 DA-Aug-29 (0 housa chack Jun-16] In house check. Jun-18
Network Analyzss HP 8753E | SN LIS37390635 18-Oct-01 (In housa check Oct-16) In hause check: Ot 17

Calibrated by.

Issuec. Decernber 14, 2016

Approved by Katja Pokoult:

This catbration certsficate shall not be reproduced exceot in full without wiitten spproval of e labottory

Centificate No: EX3-3967_Dec1é Page 1of 11
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Calibration Laboratory of S, Solvwelzerisch ordi
> SN Kalib
Schmid & Partner e g Service wulsse d'dtalonnage
Engineering AG B < Servizio svizzero di taratura
Zeughausstrasse 43, 8064 Zusich, Switzerland ‘—,,'@.\5‘ S gwiss Catiteation Service
Accredied by the Swiss Accredtation Sevice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Servics is one of the signatories to the EA
Multilateral Agroament for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMX,y.2 sensitivity in free space
ConvF sensitivity in TSL / NORMx,y .z
DCcP diode comprassion point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent ingarization parameters
Polarization ¢ @ rotation around probe axis
Polarization 8 # rotation around an axis that is in the plane normal to probe axis (at measurement centar),
i.e., 8 =0 is normal to probe axis
Cannactor Angle information used in DASY system to align probe sensor X to the robot coordinate systam

Calibration is Performed According to the Following Standards:

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

b) |EC 62208-1, "Procedure 1o measure the Specific Absorption Rate (SAR) for hand-hald devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

c) |EC 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication devices
used in close proximity to the hiuman body (frequency range of 30 MHz to 6 GHz)". March 2010

d) KDB 8656864, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

o NORMz.y.z: Assessed for E-field polarization 8§ = 0 (f < 800 MHz In TEM-=call, f> 1800 MHz: R22 wavaguide).
NORMx.y,z are only intermediate vakues, |.e., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

o NORM(Nx.y,z = NORMx.y,z * frequency_response (see Frequancy Response Chart). This linearization s
implemented In DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
In the stated uncertainty of ConvF.

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

« PAR'PAR is tha Peak to Average Ratio that is not calibeated but determined based on the signal
characteristics

o Axy.z Bxy.z Cxyz Dxyz VRx.yz A B, C, D are numerical inearization paramelers assessed based on
the data of power sweep for specific moduiation signal. The parameters do not depend on frequency nor
media. VA is the maximum calibration range expressed in RMS voltage across the dicde,

s 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 Tha 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 ciose 1o the boundary. The sensitivity in TSL corresponds
to NORMx,y.z * ConvF whereby the uncertainly corresponds to that given for Convi. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to + 100
MHz,

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

»  Sonsor Offset The sensor offset corresponds to the offset of virtual measurement center from the probe fip
(on probe axis), No tolerance required

« Connector Angle: The angle is assessed using the information gained by datermining the NORMx (na
uncertainty required),

Certificaty No: EX3-3967_Dec16 Page 2 of 11
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EX3DVa - SN 3067 Decembar 14, 2018

Probe EX3DV4

SN:3967

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

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASYZ system!)

Certificate No: EX3-3967_Dec16 Page 30f 11
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Dacember 14, 2016

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

Basic Callbration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uMAVIm)*)" 0.53 0.40 0.47 +10.1 %
DCP (mV)® ag 3 291 100.0
Modulation Calibration Parameters
uip Communication System Name A B c D VR Une"
d8 dBvVuv dB mV (k=2)
9 cw X 0.0 0.0 1.0 000 | 1438 | +30%
\ Y 0.0 00 10 1437
Z | 00 0.0 1.0 1533 | =

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

* Tha uncarartias of Norm X Y.2 do not affect the E”-eld uncerainty inside TSL (see Pages 5 and 8).

* Numancal linearization parameder uncestainty not required

 Uncertarty = determined uming the max. devation from inasr response spphying réclangular datribution and I8 axpressad for the squara of the

field value

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unc

1(MHZ)© | Permittivity” iSim)© ConvF X | ConvFY | ConwFZ | Alpha® | (mm) (k=2) |
150 52.3 0.76 12.93 12.93 12,93 0.00 100 | s133%
300 45.3 0.87 12.06 12.06 12.08 0.10 120 | £133%
450 435 0.87 1412 | 1112 1112 | 045 120 | £133%
750 41.9 0.89 10.53 10.53 10,53 0.56 080 | 2120%
835 415 0.80 10.07 10.07 10,07 0.43 080 | £120%
900 415 0.87 8.94 9.04 9.94 0.50 0.81 +120%
1450 40.5 1,20 8.48 8.48 8.48 0.42 080 | £120%
1750 40.1 1.37 B8.44 8.44 8.44 031 | 080 | £120%
1900 40.0 1.40 | 8.22 8.22 ‘ 8,22 0.37 080 | +120%
2300 39.5 167 7.14 7.74 7.74 0.35 080 | +120%
2450 39.2 1.80 7.48 7.48 7.48 0.34 085 | £120%
2800 39.0 1.96 7.23 7.23 7.23 0.40 088 | +120%
3500 a7.9 2.91 7.41 7.41 7.41 0.48 085 | £131%
5250 359 471 5.49 549 549 0.20 180 | £131%
5600 355 5.07 4,78 4,78 478 0.40 1.80 | #131%
5750 354 522 5.08 5.09 5.00 0.40 180 | 2131%

* Frequency validity above 300 MHz of = 100 MHz only spgkas for DASY w4 4 and higher {see Page 2), eise it is restricted 1o = 50 MH2. The
urcananty s the RSS of the CanvF unceainty ai caliration fraguency and the uncertainty for the indicated frequency band. Fraquency valkiity
befow 300 MHz is = 10, 25, 40, 50 and 70 MKz far Com# assessmants at 30, 62, 128, 150 and 220 MHx respectively. Above 5 GHz frequency
validity con be extended 1o + 110 MHz

' At frequencies below 3 Giz, the validiy of Ussue parameters (e angd o) can bo melaxed to 4+ 10% ¥ Sgud o0 foemuis & applied 10
massured SAR valuss. Al fraquonmes above 3 GHz, the vaidity of tssus paramelens (x 8nd o) I8 resticted 10 £ 5%, The uncertainty s the RSS of
the ComvF uncartanty for indicated target (issue parpmelers

U Aphaepth are determined during caibeafion. SPEAG wamants that the remaining duviatian due to the boundary effect alter compensation i
ahways loss than £ 1% for Irequancis befow 3 GHz and below = 2% for frequencies between 34 GHz st any distance karges tan hall 1 peobe tip
dameter from the bouncary

Cerlificate No- EX3-2967_Dec1d Page 5of 11
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Calibration Parameter Determined in Body Tissue Simulating Media

Relative | Canductivity Depth ® Une

f(MHz)® | Permittivity " {sim)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) |  (k=2)
150 §1.9 0.80 1224 | 1224 | 1224 | 000 | 100 | £133%
300 58.2 0.92 1189 | 1189 | 1189 | 005 | 115 | 2133%
450 56.7 0.84 1182 | 1182 | 1182 | 008 | 115 | +133%
750 56.5 0.96 9.79 978 | 479 035 | 107 | +120%
835 55.2 0.97 962 9.62 9,62 035 | 088 | +120%
1750 53.4 1.49 8.19 8.19 8.19 043 | 080 | +120%
1900 533 1.52 7.87 7.87 7.87 042 | 080 | £120%
2300 52.9 1.81 7.68 7.68 7.68 048 | 080 | +120%
2450 52.7 1.95 7.49 7.49 7.49 038 | 080 | £120% |
2600 52.5 2.16 7.28 7.28 7.28 037 | 080 | £120%
3500 513 a31 6.82 6.82 6.82 053 | 079 | £131%
5250 489 5.38 4.7 4.7 471 040 | 190 | £131%
5600 485 577 4.00 4.00 4.00 050 | 190 | £131%
5750 48.3 5.94 4.24 4.24 4.24 050 | 180 | =131%

 Fraguancy valiy above 300 MHz of = 1oouwomyappmram3vucwn@v-(mpagezpeuummoamxsomm
uncenainty is the RSS of the CoevF uncertainty at calbration freg y bano. Frequency validity
Delow 300 Mz is ¢ 10, 25, 40, SOMdmmzhCanvamunmulN 64 123, 150wmlﬁ-lzmpwm'v Abuwsm;frumcy
vuldtwmnhemderﬂedm-ﬂotﬂ&

" At frequencies below 3 GHz. the valciy of lissus parametess (v sad o) can be relazed 10 = 10% if liquid compensation fanmula is appied to
massurad SAR values. Al requancies above 3 GHz, the valldity of issue parameters (¢ and a) in restricled to & 5% The uncenainly is the RSS of
tha CanvF uncestainty for Mmdu@amnm
' Alpha'Dapth am during jon. SPEAG that the remanng ceviation ¢ua 10 he boundary effect atler compansation 5
uupmmmgmfomeqummmaefnanomznmmmonwuuasmuumasmmgmmmmm»
diometer from the boundary,

Centificate No. EX3-3967_Dec16 Page Gof 17
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

December 14, 2016

Uncertainty of Frequency Response of E-field: £ 6,3% (k=2)
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SARc.q)
(TEM cell , foyu= 1900 MHz)

December 14, 2016
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

=835 MHz, WGLS R9 (H_conwF) f= 1800 MHz WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 9), f=900 MHz
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Other Probe Parameters
[ Sensor Arrangement

Triangular
Connector Angle (%) 271
Mechanical Surface Detection Mode " enabled |
“Optical Surface Detecton Mode disabled |
Probe Ovarall Length 337 mm
Probe Bbd;b‘ameter 10 mm
“Tip Length T amm |
Tip Diameter 25mm |
Probe Tip to Sensor X Calibration Point a 1Tmm
Probe Tip to Sensor Y Calibeation Point 1 mm
‘Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance fram Surface 1.4 mm
Cerfificate No: EX3-1967_De:16 Page 11 of 11
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FCC ID: ZNFM320F

Report No: HCT-A-1703-F004-1

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerfand

Accreditad by the Swiss Accreditation Service (SAS)

X

©

Sarvice suisse d'étalonnage
Sarvizio svizzero & taratura
Swiss Caliration Service

Accraditation No.: SCS 0108

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

Calbraton cste

This caliramon cetificate o

Ihe Iraceatsdity to

Calbrntion Equipment used (MATE criical for calibration)

Us. which realize the plysical unils of measureneats (S1).
The measwrements and the uncanainties with confidénce probatyiity ore given an the followng pages and are part of the cedificate

Al calorasions have bean conductad i the closed labanstory faciity: ervtronment temperature (22 4 3)°C and humidity < T0%.,

Thes cafibeation cermhicate shall net be reproduced axcapt In 1l without wettien appror of the laboratony,

Primary Stantartss ) Cal Date {Cendicata Na ) Schedukd Caltwation
Pawee meter NRP SN 104778 (f-Apr-18 (No. 217-02288/X2289) Agr-17

Pawer sensor NRP-201 SN 103284 G8-Apr-16 (Mo 217-02288) Apra7

Powee sensar NRP-Z91 SN 103245 Gfi-Apr-18 (No. 217-022885) Agr-17

Reh 20 68 Ay SN: S5277 (20x) 08-Apr-16 (Np. 217-12263) Apr1?

Ref Probe ESSOV2 SN- 3013 31-Dec-15 {No. E83:3013_Dec15) Dec-18

DAES SN 660 23.Dec-15 (No. DAEA-060_Dects) Dec-16

Secordary Stardard D Chack Date (in houss) Scheduled Check
Powee meter E44 198 SN GB41293874 06-Apr-18 (No. 217-02265X2284) In house check: Jun-16
Poawes sensor E4412A SN MY41458087 08-Apr-18 (No. 217-02285) In house check: Jur-16
Power sensar EA412A SN 000110210 Q6-Ape-18 (No. 247-02284) In house check: Jun-16
RF generatcr HP B628C SN USI642U01700 04-Aue-29 (in house check Apr-13) In hause chack. Jun-16
Network Anayzer HP B753€ | SN US37320585 1B-Dct-01 (i housa check Oct-15) In house chack: Oct-16

Name Function

Calibrated by: SRR
Approved by

Certificate No: EX3-3968 May16
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HCTCO.,,LTD.
Calibration Laboratory of A, 7\ S Schweizerischor Kalibrierdienst
Schmid & Partner e C  Senvice suisse d'dtalonnage
Engineering AG S & Servizio svizzero di taratura
Zoughaussirasse 43, 8004 Zurich, Switzerland {'/.:‘Q\b? ‘\ & S Swiss Calibeation Servics
el " =,
Accroaiied by the Swias Accreditaion Servion (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Sarvice is one of the signatories to the EA
Multilateral Agr for the recagnition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMx.y,z sensitivity In free space
ConvF sensitivity in TSL / NORMx.y.z
DCcP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
A B, CD modulation dependent linearization parameters
Paolarization ¢ o rotation around probe axis
Polarization & 8 rotation around an axis that is in the plane normal to probe axis (at measurement center),
l.e., & = 0 Is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a) IEEE Std 1628-2013, “IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measuremant
Techniques”, June 2013

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

o) IEC 62209-2, "Procedure to determine the Specific Abscrption 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"

Methods Applied and Interpretation of Parameters:
NORMx.y,z: Assessed for E-fisld polarization & = 0 (f < 900 MHz in TEM-cell, f > 1800 MHz: R22 wavogu-de)
NORMx.y,z are only intermediate values, Le., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

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

« 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 media.

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

o Axyz Byz Cxyz Dxyz VRxy.z A B, C, D are numerical linearization parameters assessed based on
the data of power swaep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voitage across the diode.

« ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfar
Standard for { < 800 MHz) and Inside waveguide using analytical field distributions based on power
measurements for > B00 MHz The same selups are used for assessment of the parameters applied for
houndary compensation {alpha, depth) of which typical uncertainly values are given. These parameters are
used in DASY4 software to Improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMY,y.z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £+ 50 MHz to £ 100
MHz,

« Sphencal 1sotropy (3D dewviation from isotropy): In a field of low gradients realized using a flat phantom
exposed by a patch antenna.

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

« Connector Angle: The angle i assessed using the Information gained by determining the NORMx (no
uncertainty required).

Certificate No: EX3-3968_ May16 Page 2 of 11

F-TP22-03 (Rev.00) 168 /232 HCT CO., LTD.



iy
ha FCC ID: ZNFM320F Report No: HCT-A-1703-F004-1

HCTCO,,LTD.
EX3DV4 - SN:3968 May 31, 2016
Manufactured:  September 30, 2013
Calibrated: May 31, 2016
Calibrated for DASY/EASY Systems
(Note: non-compatible with DASY2 system|)
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EX3IDV4- SN:3068 May 31, 2016

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

Basic Calibration Parameters

. Sensor X Sensor Y | Sensor Z | Une (k=2)
Norm (uVi(Vim)*y* 0.36 0.35 0,42 =101 %
DCP (mV)* 101.7 102.0 974 |
Modulation Calibration Parameters
uip 'C ication Sy Name | A B c [3) VR Unc"
dB d8ypv | | dB mv (k=2)
0 | cW X 00 | 00 1.0 000 | 1344 | 225%
1 Y| 00 0.0 1.0 131.5
Z| 00 0.0 1.0 146.5 —]

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

* Tt uncanainties of Nom X,Y.Z do not affect the £ field uncerainty inside TSL {ses Pages 5 ard 6)
" Numarical ineaczation parameter. uncanainty not reuired

" Uncertainty I5 detanmined using the max. devintion from inear response sophying ractangular datribution and is expressed for the square of the
field value
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EX3DV4- SN:3968 May 31, 2016

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth ™ Unc
f(MHz) ¢ | Permittivity" (§im)* ConvFX | ConvFY | ConvFZ | Alpha® |  (mm) (k=2)
150 52.3 076 13.47 13.17 1317 0.00 100 | £133%
300 45.3 0.87 12.10 12.10 12.10 0.08 110 | +133%
450 435 0.87 10.73 10.73 10.73 016 | 120 | +133%
750 41.9 0.89 10.27 10.27 10.27 0.51 I 080 | £120%
835 41.5 0.80 9.97 9.97 9.97 0.42 | 0.87 +12.0%
200 41.5 0.97 9.62 9.62 9.62 025 | 120 | £120%
1480 40.5 1.20 855 B.55 8.55 0.34 0.80 +120%
1750 401 1.37 845 | 845 8.45 0.33 080 | +120%
1800 40.0 1.40 814 | 814 8.14 0.31 0.80 £120%
1950 40.0 1.40 7.89 7.89 7.89 0.37 080 | +120%
2300 39.5 1.67 7.72 7.72 7.72 0.30 0.88 +12.0%
2450 39.2 1.80 7.30 7.30 7.30 0.35 080 | 2120%
2600 39.0 1.96 7.24 7.24 7.24 0.37 080 | £120%
5250 35.8 a7 535 5.35 5.35 0.30 180 | £131%
5600 355 5.07 486 4.66 4.66 0.40 1.80 +13.1%
5750 3654 5.22 4.78 4.78 4.78 0.40 1.80 | $£13.1%

‘Frmmvﬂiﬂﬂynbanw(!m‘lzdz1mm&valnshr0&$¥vl4aﬂdnth(uﬂ>q=2] mcsmdmzsomm The
uncerarity s the RSS of the ConvF uncestartty at calibration frequency and the uncertanty for the y band. F valdty
Delow 300 MHZ is £ 10, 25, 40, 50 and 70 MHz for CornvF assesaments st 30, 64, 128, l&Otnd'&OM&raaecwdy AbavnSCszrmncy
valdty can ba extended 10 ¢ 110 MHz

© At Bnquencies below 3 GHz, the valdey of tissue paramesers (c and «) can be relaxod t = 10% if liguid compensation formula s appied 1o
maasured SAR vatues. Al frequencies above 3 GHZ, the vaildily of lissue parametens (= 8nd o) & rastrictad 10 £ 5%. Tha uncartainly is the RSS of
the CanvF uncertainty for ndicated farget tssue parameters.

"‘Alptheplhmdmneddm calitration. SPEAG that the i due to the boundary effact atter compensation is
ammmz1%brhaqmbetcw36&knrdbdwg2$bimmmMG&nlmmmwmnmmmnp
diamater from the boundary,

Cortificate No: EX3-3968_May16 Pags 5of 11

F-TP22-03 (Rev.00) 171 /232 HCT CO., LTD.



| |
ha FCC ID: ZNFM320F Report No: HCT-A-1703-F004-1

HCTCO,,LTD.

EX30V4- SN:3968 May 31, 2616

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unc

f(MHz}® | Permittivity" (S/m)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 61.9 0.80 1246 | 1246 | 1246 | 000 | 100 | 2133%
300 58.2 0.92 11,57 11.57 11.57 0.08 111 | £133%
450 567 0.94 11,24 11.24 11.24 0.10 120 | 2133%
750 55.5 0,96 5.65 9.65 9.65 0.40 082 | £120%
835 5§52 0.97 5.66 9.66 9.66 0.49 080 | £12.0%
1750 534 1.49 B.16 8.18 8.16 0.34 080 | £120%
1900 63.3 1.52 7.89 7.89 7.80 0.40 080 | +120%
2450 52.7 1.95 7.31 7.31 7.31 0.41 080 | +120%
2800 525 2.16 1 7.11 7.1 034 | 080 | +120%
5250 489 5.36 4.37 4.37 4.37 0.50 190 | £131%
5600 48.5 577 3.78 are 3.78 0.55 180 | £131%
5750 483 5.94 342 3.92 3.92 0.60 180 | £131%

‘qumnmmaoom«d:wOMmmmpamrunAsvnammw(umz).uunu.mwto:wmrne
uncenainty is the RSS of the Cormd uncertamly ot calibration freg y and the ¢ y for the indicated fraquancy band. Frequency vasdlty
balow 300 MHz 5 £ 10, 25. 40, 50 and 70 MHZ for ConvF assessments al 30, 64, 128, 150 and 220 M#{z reapectively, Above 5 GHz frequency
validity can be @denoad to + 110 MHz
'MfreauanciesbatmaGm.lhevaﬁdnydmmutdu)mummdw:!D%lmmmpummonfumua-wpmw
measured SAR values, At froquencies abova 3 GHz, tha validity of lissue parameters {1 and o) is eaEicled 1o = 5%. The uncertainty is tha RSS of
the Comd uncartainty for indcated target tissue parameters.

e are determined during cakk - SPEAG warrants that the ramamning deviation due 10 tha boundary offect after compensation is
Swoys less Lhan = 1% for freguencies below 3 GHz and bolow £ 2% for freguencies betanen 3-8 Gz at any datance larger than half the probe tip
dameder from the boundary
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HCTCO.,LTD.
EX30V4~ SN:3568 May 31, 2018
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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Report No: HCT-A-1703-F004-1
HCTCO,,LTD.

EX30V4. SN:3068 May 31, 2016

Receiving Pattern (¢), 8 = 0°

=600 MHz, TEM f=1800 MHz R22
© L . . o .
Tet » Y 2 Tot X Y Z
§
05+
o |
= | : = hia=s \
5 00 {Ba—glg=seg—atreg—t-t -t 33 Tl g ez P Tad i teats 0
i
) B+
F
Roll['] =
UL .I.'H_ v.%!‘l'; 1800 MHz 25 iTw.T.—ll-_
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Report No: HCT-A-1703-F004-1

EX3DV4- SN 1968

Dynamic Range f(SARca4)
(TEM cell , foo= 1900 MHz)
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Uncertainty of Linearity Assessment: * 0.6% (k=2)
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FCC ID: ZNFM320F Report No: HCT-A-1703-F004-1
HCTCO.,LTD.
EX3DV4- SN:3968 May 31, 2016
Conversion Factor Assessment
f= 835 MHz WGLS RS (H_comfF) = 1900 MHz WGLS R22 (H_comvF)
? |
i 3o
i
as |
et N a :." - x ~ © LT ] a ) l;':"." s © - -
it =5 =R e
Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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EX3DV4- SN:3968 May 31, 2016

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

Other Probe Parameters

Sensof Arrangament Triangular
‘Connector Angle (") 634
Mechanical Surface Detection Mode enabled |
Optical Surface Detection Mode T disabled |
Probe Overall Length 337 mm
Probe Body Diameter 10mm
Tip Length 9 mm

rTlp Diameter 25mm

["Probe Tip 10 Sensor X Calibration Point Tmm
Probe Tip to Sensor Y Calibraton Point Tmm

. Probe Tip to Sensor Z Calibration Point 1 mm

. Recommended Measurement Distance from Surface 1.4 mm

Centificate No: EX3-3968_May16 Page 11 of 11
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Calibration Laboratory of L T Sohslinilectiar

Schmid & Partner % “ g Service sulsse m“
Engineering AG T g Senvirio sviuzzero dl taratura

Zeughsusstrasse 43, 8004 Zurich, Switzedand E@g N/ Swiss Calibwation Service

Accredned Dy the Swiss Accraditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA
Multilatersd Agreement for the recognition of calibration centificates

This calbration canficate documents the traceabiity %o national standards, wevich realze the ohy units of (S1)
Th and the ) with confidence probaliity are givan on the lotlowing pages and are part of the cestificatn
Al zalb have been i the diosad lab y faciity: erv ] mure (22 = 3)°C and humidity < 7T0%

Calteaton Equipment 1sed (MATE cracal for calibration)

Primary Stancdands i) Cad Date [Certificate No.) Schedulwd Caltiration
Pawer meter NP SN 14778 0f-Apr-18 (No. 217-02268/2235) Apr-17
Power sensor NRP-Z91 SN 103244 06-Apr-16 (No. 217-02268) Apr-17
Power sansor NAP-Z91 SN 103245 06-Apr-16 (No. 217-02269) Ape-17

. 20 08 Atterator SN: 86271 (20x) 05-Ape-16 (No. 217-02263) Ape-17
Federence Probe ESIOVZ SN 3013 31-Dec-15 (No. ES3-3013_Deci5) Dac-16
DAE4 SN: 660 23.Dec-15 (No, DAESH60_Dec15) Dac-18
Secondery Stantaos L) Check Oate {in house) Scrmoued Check
Power mater 44158 SN GE41293874 06-Apr-16 (in house check Jun-16) In housa chedc Jun-18
Power sensor E4412A SN MY41298087 05-Apr-16 fin howss chack Jun-16] in house chadk: Jun 18
Power sensor E4412A SN: 000110210 06-Apr-16 (in house chack Jur-1 In house chadc Jun-18
RF geoarmor HP BB44C SN USIBA2UM 700 T4-Aug-59 (In hause chack Jun-16] In house check. Jun-18
Netwurk Anaiyzer HP B7S3E SN USI7I80585 18-0¢1-01 (n house chack Oct-18) In house check: Oct-17

Issuad November 26, 2016

Thia caliration certificate shal nol b reproduced axcapl in il wihaut witten approval of the labaratory
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Calibration Laboratory of A, icianca o e
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Schmid & Partner = G Sirice suses uosnige
Engineering AG e Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ”q,%‘/"\/(—\\\w\?' S Swiss Calibration Service
Accredied by the Swiss Accredization Service (SAS) Accreditation No.: SCS 0108
The Swiss Accraditation Service s one of thw signatories to the EA
Multilateral Ag for the recognition of calibration certificates
Glossary:
TSL tisaue simulating bquid
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 signat
A B CD modulation dependent linearfzation parameters
Polarization ¢ o rotation around probe axis
Polarization 8 A rotation around an axis that is in the plane normal to probe axis (at measursment center),
i.e,, & = 0is normal to probe axis
Connactor Angle Information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b) |EC 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

¢} |EC 62209-2, "Procadure to determine the Specific Absorption Rate (SAR) for wireless communication devices
used In close proximity ta the human body (frequency range of 30 MMz to 6 GHz)", March 2010

d) KDB 865664, "SAR Measurement Requirements for 100 MHz to 8 GHz"

Methods Applied and Interpretation of Parameters:
NORMy.y,z- Assessed for E-field polarization 8 = 0 {f < 900 MHz in TEM-cell, f > 1800 MHz: R22 wavegunda)
NORMx.y,z ara only intermediate values, i.e,, the uncertainties of NORMx,y.z does not affect the E*-field
unpertainty inside TSL (see below Conv).

o NORM(f)x.y,z = NORMx,y.2 * froquency_response (see Frequency Response Chart). This imearization is
implemented in DASY4 software versions later than 4,2. The uncertainty of the frequency response is included
in the statad uncartainty of ConvF,

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

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

e« Axy.z Bry.z Cxy.z Oxyz VRx.y.z A B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific medulation signal. The parameters do not depend on frequency nor
media. VR s the maximum calibration range expressed in RMS voitage across the diode.

« ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for { < 800 MHz) and inside waveguide using analytical field dstributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters appbed 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 * ConvF whereby the uncertainty corresponds to that given for ConvF, A frequency dependent
ConvF is used in DASY version 4.4 and highes which allows extending the validity from £ 50 MHz 1o + 100
MH2.

= Spherical isotropy (30 deviation from isotropy): In & field of low gradients realized using a flat phantom
exposed by a patch antenna,

« Sensor Offset. The sensor offset correspands o the offset of virtual measurement center from the probe tip
{on probe axis). No tolerance required.

« Connoctor Angle. The angle is assessed using the information gained by determining the NORMx (no
uncertainty required)
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SN:3797

Manufactured:  April 5, 2011
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Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX30DV4- SN:3797

November 25, 2016

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z | Unc (k=2)
Noem (uVAVIm)y" 0.60 0.56 0.55 | 101 %
DCP (mV)" 97.9 97.7 97.2 1
Modulation Calibration Parameters
uiD Communication System Name A 8 c D VR Unc™
dB dBVuv d8 mV (k=2)
0 cwW == —|'% 0.0 00 10 | 000 | 1332 | +35% |
Y 00 00 1.0 | 1485
z| oo 00 | 10 | 1463

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%.

A Thve uncanakies of Norm X.Y,Z do not aftect the £*-tiskl uncerairty meide TSL (see Pages 5 and §)

* Numencal lineanzation parameter: uncerainty not required
£ Uncsrtanty 15 deteeminad using the max. deviation from linesr resporse spedying rectanguiar Ssiroution and & maressed for the square of the

feld vahio
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EX30V4a- SN:3797 Naovemnbar 25, 2016

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth® Unc

 f(MHz}© | Permittivity" (Stm)" ConvFX | ConvFY | ConviZ | Alpha® | {mm) (k=2)
150 523 0.76 11.99 11.99 11,99 0.00 1.00 £13.3%
300 453 0.87 11.04 11.04 11.04 0.10 1.25 $133%
450 435 0.87 10.36 10.36 10.36 0.15 1.25 +£133%
750 419 0.89 9,66 9,68 5.66 0.44 088 | £120%
835 415 0.90 933 933 9.33 0.33 1.01 +12.0%
900 415 0.97 9.17 917 9.17 0.46 080 | +120% ‘
1450 40.5 1.20 8.03 8.03 8.03 0.43 080 | £120%
1750 401 1.37 8.03 8.03 8.03 0.32 0.80 £120%
1800 40.0 1.40 7.78 7.9 7.79 0.30 0.80 £120% |
2300 39.5 1.67 7.50 7.50 7.50 0.36 080 | £120%
2450 392 1.80 7.21 .21 7.24 0.39 080 | +120%
2600 39.0 1.98 6.97 .97 6.97 0.40 083 | +120% |
5250 358 4T 5.06 5.06 5.06 0.35 180 | £131%
5600 355 5.07 462 462 4.62 040 1.80 £131%
5750 35.4 5.22 476 4.78 4.76 0.40 180 | £131%

£ Frequancy vaidity 8bove 300 MHz of + 100 MHz only apphes for DASY vd 4 and tigher (see Page 2). else f 1s restricted bo £ 50 MHz The
unceniinty 5 the RSS of the Comvf uncertainly &t caibeation fraquency and the uncertainty for the indicated frequancy band Freguancy validity
babow 00 Midz = 4+ 10, 26, 80, 50 and 70 MHz for ConyF assessments at 30, 84, 128, 150 and 220 MHz respectivaly. Above & GHz frequency
vilidity can be exsended to = 110 MH2,

' At frequancies batow 3 GHz. the validity of tisus pacameless (¢ #0d o) can be méiaxed fo & 10% if liguid P ton 1 43 & apphed 10
moasured SAR valuss. Af eauencies above 3 GHz, the validity of kssue parametsrs o and a) s restricied 1o = 5%. The uncertainty is the RSS of
the Cornd™ uncertainty for indcaiad target issue paramesers.

“ Apha/Depth are delerminad during calirion. SPEAG that he g o due o the boundsry effect Ml compansation s
#hweys less than ¢ Nrorhqumbulaw:iGHzandbelow:?%bvmmmmﬁéG&Mmydigameuwwnhauhmup
diametar from the boundary
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EX30DVA- SN:3797 November 25, 2016

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

Calibration Parameter Determined in Body Tissue Simulating Media

— Relative | Conductivity ] . Depth © Unc ‘

z) Permittivity (Stm)" | ConvFX | ConwFY & ConvFZ | Alpha (mm) (k=2)
150 61.9 0.80 11.38 11.38 11.38 0,00 1.00 +£13.3%
300 58.2 0.92 11.02 11.02 11.02 0.05 1.15 £13.3%
450 56.7 0.94 10.70 10.70 10.70 0.08 1.15 +13.3 %
750 55.5 0.96 9.60 9.60 9.60 0.50 0.80 +120 %
83§ 55.2 0.97 942 9.42 9.42 0.44 0.80 £120%
1750 534 1.49 | 7.75 7.75 7.75 0.34 0.93 £12.0%
1900 53.3 1.52 7.45 745 7.45 0.41 0.80 £120%
2450 52.7 1.85 7.19 7.18 718 0.42 0.80 +12.0%
2600 52.5 216 5.94 694 | 694 0.32 0.80 +12.0%
5250 489 5.36 4.43 4.43 4.43 045 1.90 +13.1%
5600 48.5 577 393 383 3,93 6,50 1.90 £13.1%
5750 483 504 | 419 418 4.19 0.50 1.90 | £131%

® Frequancy vadidity abova 300 MHz of 2 100 MHx only applias for DASY vd 4 and higher (see Page 2) alse s restrcted to £ SOMHE The
uncertainty is the RES of the Comf uncertanty at calibrtion freq y and the ur y for tha d freq y band. Freguancy validity
baiaw 300 Midz = + 10, 25. 40, 50 snd 70 MHz for CanvF assaasmects at 30, 64, 128, 150 and 220 MHz respectivaly. Above 5 (GHz frequency
vaalldity can be extendad (0 + 110 MHz,
'A\Mmmb.balﬁllhnwmrydmwnmnm(:xdu}mbemmdto:"cmnlnweoanpmuuumfumunuwdbdw
measured SAR values. Al frequoncies abave 3 GHz, he validity of tissue paramedars {r and a) I8 resticied 1o = 5% The uncertainty is the RSS of
the Cornd uncanainty for indicaded target bssue parameters

= Apha'Depth are determinad dufing caliteation. SPEAG warants that the remaning 0sviaton due to the boundary #ffect after compensation s
amlus!'nunz1%'mﬁsquwetbolawsﬂmannmw12%Mwmmnl46&mmnmmwmmnmmmup
diameter from the boundary.
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EX30V4- SN:3797

November 25, 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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FCC ID: ZNFM320F

Report No: HCT-A-1703-F004-1

EX3DV4- SN:3797

Receiving Pattern (¢), 3 =0°

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX30V4- SN:3797 Novamber 25, 2016

Dynamic Range f(SAR}caq)
(TEM cell , feya= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0,6% (k=2)
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Report No: HCT-A-1703-F004-1

EX30V4-~ SN:3T9Y

Conversion Factor Assessment

f =835 MHz, WGLS R9 (H_convF)

«w

BaR WA
AR [WIGIW

—whine

Deviation from Isotropy in Liquid
Error (¢, 8), T= 900 MHz

Devialion
coonbo =
oham®o

Lodbbd
coaa:a®

10 08 <06 04 02 00 02 04
Uncertainty of Spherlcal Isotropy Assessment: £ 2.6% (k=2)
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EX30V4- SN:3797 Navember 25, 2016

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

Other Probe Parameters

["Sensor Arrangement Triangular
: Caonnector Angle (%) T B9
Mechanical Surface Detection Mode - “enabled
Optical Surface Detection Mode disabled

Probe Overall Length | T 337 mm |
“Probe Body Diameter [ T 10 mm |
Tip Length ) amm

Tip Diameter 25mm

Probe Tip to Sensor X Galibration Point 1 mm
"Probe Tip to Sensor Y Calibration Paint it 1 mm
“Probe Tip to Sensor Z Calibration Point 1 mm
"Recommended Measurament Distance from Surface 1.4 mm
Certificatn N EX3-3797_Nov16 Page 11 of 11
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ca"b":';o; Lr:’boratory of & S Schweizerischor Kalibrierdienst
Schm! . arner % c Service sulsse d'élalonnage
Engineering AG T Servizio svizzero & taratura
Zeughausstrasse 43, 8004 Zurich, Switzerand AN S Swiss Calibration Service

Accredited by the Swiss Accraditation Senvice (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Ag for the gnition of calibration certificates

HCT (Dymstec) Certificate No: DB35V2-441_Nov16
CALIBRATION CERTIFICATE A

Accroditation No.: SCS 0108

Client

Object D835V2 - SN:441
Calibration procedure(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MMz
Caldraton date November 16, 2016

This calibration cedificate documants ihe tracesbilty 1o nafionad standards. which realize the physical unils of measuremants (S9)
The measurements and thi uncanainties with confidance probability ane grven on the following pages and are pant of the cedificate

Al calibeations have basn conducied in the closed leboratovy tacility. ermvironment femparatura 122 + 3)°C and humidty < 70%.

Calibration Equipment used (MATE critical for calration)

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration
Powar meter NAP SN: 104778 06-Ape-16 (No, 217-02288/102289) Apr17
Powar sensor NRP-Z81 SN 103244 06-Apr-18 (Na, 217-02288) Apr-17
Power aensor NRP-Z91 SN: 103245 U6-Apr-16 (No. 217-02289) Apr-17
Ralerence 20 o8 Attenuatar SN. 5058 (20%) 05-Apr-16 (No, 217-022682) ApraT
Type-N ausmatch combination SN: 50472 / 08327 05-Apr-16 (No. 217-02255) Apr-17
Rofarance Probe £X30V4 SN. 7348 154lun-16 (Ne, EX3-7328_Jun18) Jun-17
DAE2 SN: 601 30-Dec-15 (No, DAE4-E801_Dec15) Dec-18
Secondary Standards iD# Check Date (in house) Scheduled Chock
Powar matar EPM-4424 SN: GB3748070¢ 070ct-15 (in house check Det-16) In housa check: Oc1-18
Powur sansor HP B461A SN: US37292783 070ct-15 (in house chéck Oct-18) in house chackc Oct-18
Powwr sansor HP B481A SN MY4t0s23? 07-0ct-15 {in house check Dct-18) In house chack: Oct-18
RF genesator RSS SMT-06 SN 100372 15-Jun-15 (in house check Oct-18) In house chack. Oct-18
Network Analyzer HP 8753E | SN: US37300585 18-0ct-01 (in house check Oct-16) n house check: Oct-17
Name Funation r

Calibrated by: Claudio Lesibiar Labomatory Technician ")

| VS
Approvad by: Katja Poxovic Tachnical Manager

This calibeation centéicate shall not ba eproduced excepl in full without writtan approval of the abaratory

tasvad: Novembar 17, 2016
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e
Calibration Laboratory of ST G  Schweizerischer Kalibrisrdienst
Schmid & Partner % Sarvice suisse d'stalonnage
Engineering AG %; 7 C - garvtito svtrzore taratura
Zoughausstrasse £3, 8004 Zurich, Switzerfand 1/,‘,?’\\\&? S Swiss Calibration Service
ol
Accrodited by the Swiss Accreditation Service (SAS) Accreditation No,: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "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:

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

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

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

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

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

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

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

Cantificate No: DB35V2-441_Nov16 Page 2ol B
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Measurement Conditions
DASY systam configuration. as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency B35 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.80 mho/m
Measured Head TSL parameters (220202)"C 40926% 0.94 mhao/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 Candition
SAR measured 250 mW input power 243 Wikg
SAR for nominal Head TSL parameters normalizad to 1W 9.38 Wikg £ 17,0 % (k=2)
SAR averaged over 10 em’ (10 g) of Head TSL candition
SAR measured 250 mW input power 1.57 Wikg
SAR for nominal Head TSL parameters normalized to 1W 6.11 W/kg = 18.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 552 0,97 mho/m
Measured Body TSL parameters (22.0+0.2)°C 552+6% 1.01 mho/m+ 6 %
Body TSL temperature change during test <05°C e -
SAR resuit with Body TSL
SAR averaged over 1 em’ (1 g) of Body TSL Condition
SAR measurad 250 mW input power 248 Wikg
SAR for nominal Body TSL parameters normalized to 1W 9.62 W/kg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.63 Wikg
SAR for nominal Body TSL parameters normalized to 1W 6.37 W/kg = 16.5 % (k=2)

Certificate No: D835V2-441_Novié
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transfarmed to feed point 5080Q-18jQ
Return Less -341dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 46.00-46Q

Return Loss -2404d8

General Antenna Parameters and Design

l Electrical Delay (one direction) ] 1.369 ns —I

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feading line Is directly connacted to the
second arm of the dipole. The antenna is therelfore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 10 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 affected by this change. The overall dipole length is siill
according 1o the Standard.

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

Additional EUT Data
Manufactured by SPEAG
Manulactured on March 08, 2001
Certificate No: D835V2-441 Nov1é Paged ot @
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DASY5 Validation Report for Head TSL

Date: 16.11.2016
Test Luboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DB35V2; Serial: D835V2 - SN:441

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

Medium parameters used: f= 835 MHz: 6 = 0.94 S/m; & = 40.9; p = 1000 kg/m”
Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/TEC/ANSI C63.19-2011)

DASYS2 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(9.72, 9.72, 9.72); Calibrated: 15.06,2016;
« Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30,12,2015
« Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; 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:
Measurement grid: dx=Smm, dy=Smm, dz=Smm

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

Peak SAR (extrapotated) = 3.67 W/kg

SAR(] g) = 2.43 W/kg: SAR(10 g) = L.57 W/ikg

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

-2.23

-4.47

0dB=3.27 W/kg=5.15 dBW/kg

Centificate No: DB35V2-441_Nov16 PageSof8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

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

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

Medium parameters used: f= 833 MHz; o= 1.01 8/m: ¢, = 55.2; p= 1000 kg/'m‘
Phantom section: Flat Section

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

DASYS2 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(9.73, 9.73, 9.73); Calibrated: 15.06.2016:
» Sensor-Surface: | .4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601: Calibrated: 30.12.2015
«  Phantom: Flat Phantom 4.9 {front); Type: QD O0L P49 AA; Serial: 1001

« DASY352 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 59.90 V/m: Power Drift = 0,01 dB

Peak SAR (extrapolated) = 3.61 W/kg

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

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

-2.12

0dB=3.25W/kg =5.12 dBW/kg

Certificate No: D835V2-441_Novis Pago 7 of B
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

4 _5 s % s Schweizerischor Kalibrierdienst
Schmid & Partner S ¢ Service sulsse détalonnage
Engineering AG T Servizio svizzero di taraturs
Zoughsusstrasse 43, 8004 Zurich, Switzerland LN S swiss Cafibration Service
o\
Accredied by the Swiss Accrediation Service (SAS) Accroditation No.: SCS 0108

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

cient  HCT (Dymstec) Cortificate No: D1800V2-2d007 Nov16
[CALIBRATION CERTIFICATE
Ouject D1800V2 - SN:2d007

Calibration proceduns(s) 3 AcAL-os.vs -

Caibration date: November 16, 2016

This calbration certificalo documants the frac v 10 nationaé s, which realize tha physical unils of measurements (Si)
The measuremants and the uncertamties with confidance probability are given on the following pages and are parn of the cerdificate

All caabrations have been conducted In INe cloged aboratory lackity: envionment lempesatire (22 « 3)°C and humidty < 70%.

Calyration Equipment uSed (METE cntical for calibration)

Primary Standards 10 # Cal Date (Certificate No.) Schodulod Calé

Power meter NRP SN: 104778 06-Agr-16 (No. 217-02288/02289) Apri7

Power sensor NRP-Z31 SN 103244 06-Apr-16 (No. 217-02288) Apr-17

Power sangor NRP-231 SN: 103245 06-Apr-16 (No. 217-02289) Apr-17

Rafarance 20 d8 Attenuator SN: 5058 (20x) U6-Ape-16 (No. 217-02202) Apr-17

Typa-N mismatch combination SN: 5047.2/ 06327  06-Apr-16 (No. 217-02205) Apr-17

Retarence Probe EX30V4 SN: 7344 15Jur-16 (No. EX3-7348_Juni8) Jun-17

DAEA SN: 601 a0ec-15 (No. DAES-601_Deat5) Dec-16

Secondary Standards Loy Check Oate {in hause) Schoduled Check

Powsr mater EPM-4424 She GBAT480704 07-0ct-15 (in house chack Oct-16) In house chack: Oct-18

Power sansor HF B4B1A SN: US37262783 07-0ct-15 (in house check Oct-16) In housa chack: Oct-18

Powes sansor HP BAB1A SN MY41002317 07-0ct-15 {in house chack Oct-16) n house check: Oct-18

AF genenalod RES SMT-06 SN: 100872 15-Jun+18 (in house check Oct-18) in house check Oc-18

Network Analyzer HP 5753E SN: US37390585 18-0ct-01 {in house check Oct-18) in house check: Oct-17
Nama chﬂpﬂ

Calibeatod by: Claudia Laubler ' Labaratory Fechnician:

Approved by Katja Poloavis Technical Manager

Issuatt. November 17, 2018

This calibration caficate shall not ba reproduced except n full without written approval of the abaratary
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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)

b)

c)

d)

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

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

KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz™

Additional Documentation:

€)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

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

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

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

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

The re&%ned uncertainty of measurement is stated as the standard uncertainty of measurement
multipl
probability of approximately 95%.

by the coverage factor k=2, which for a normal distribution corresponds to a coverage
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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 Phantorn
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 follawing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mhoim
Measured Head TSL parameters (220+0.2)°C 391+6% 1.39 mho/m + 6%
Head TSL temperature change during test <05+C . —
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condltion
SAR measured 250 mW input powes 5.47 Wikg
SAR for nominal Head TSL paramsters normalized to 1W 37.8 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 250 mW input power 4.95 Wikg
SAR for nominal Head TSL parameters normalized 10 1W 19.8 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mho/m
Measured Body TSL parameters (220+02)°C 536=26% 1.52 mho/m £ 6 %
Body TSL temperature change during test <05°C same -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAH measured 250 mW input power 9.38 Wikg
SAR for nominal Body TSL parameters normalized to 1W 37.6 Wikg = 17.0 % (k=2)
SAH averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 4.97 Wikg
SAR for nominal Body TSL parameters normalized to 1W 19.9 Wikg = 16.5 % (k=2)

Certificate No: D1800V2-2d007_Nov16
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transtormed to feed point 4720 -840
Retum Loss -209dB
Antenna Parameters with Body TSL
Impedance, transformed to feed point 4380-82Q
Retumn Loss -20.7 dB
General Antenna Parameters and Design
| Etectrical Detay (one direction) [ 1,203 ns

After long teem 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 leading line is directly connected to the
second arm of the dipole. The antenna is 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 affected by this change. The oversll dipole length is still

sccording to the Standard,

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

feadpoint may be damaged,

Additional EUT Data

Manufactured by

SPEAG

Manufaciured on

Juty 23, 2001
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DASYS5 Validation Report for Head TSL

Date: 15.11.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: D1800V2; Serial: D1800V2 - SN:2d007

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

Medium parameters used: = 1800 MHz: 6 = 1.39 $/m; £ = 39.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.26, 8.26, 8.26); Calibrated: 15.06.2016;
»  Sensor-Surface; |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

« DASYS5252.R.8(1258): SEMCAD X 14.6.10(7372)

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

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

Peak SAR (extrapolated) = 17.5 Wikg

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

Maximum value of SAR (measured) = 14,7 Wikg

I 3.60
= 7.20
10.80

-14.40

0dB =147 W/kg = 11.67 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 16.11.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: D1800V2; Serial: D1S00V2 - SN:2d007

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

Medium parameters used: f= 1800 MHz; o = 1.52 S/m; & = 53.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration
« Probe: EX3DV4 - SN7349; ConvF(8.17, 8.17, 8.17); Calibrated: 15.06.2016;
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
« Phantom: Flat Phantom 5.0 (back); Type: QDODOPS0AA; Serial: 1002

» DASYS52 52.8.8(1258); SEMCAD X 14.6.11§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 = 101.5 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 16,3 Wikg

SAR(I g) =9.39 W/kg; SAR(10 g) =4.97 Wikg

Maximum value of SAR (measured) = 14,1 Wikg

-3.33
6.65
-9.98

-13.30

-16.63

0dB=14.1 W/kg = 11.49 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of \\\\_/'\'J o, G Schweizerischer Kalibrierdienst
Schmid & Partner m Service suisse d'étalonnage
Engineering AG Tz c Servizio svizzero ¢l taratura
Zoughausstrasse 43, 8004 Zurich, Switzeriand KN S swiss Catibration Service
LTI

Accredited by the Swiss Accradation Sarvice (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Muitilateral Agreoment for the recognition of calibration certificates

Accraditstion No.: SCS 0108

ctiem  HCT (Dymstec) Certificate No: D1900V2-5d061_Apri16
Object D1800V2 - SN: 5dD61
Calibeation procedurels) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz
Cusibiration diste: April 25, 2016
This calibration cerdificals dacumeants the raceabilty to national standards, which realize tha physical unils of measuremants (51)
The 1 s and the unce with cenlidence probabilily are ghven on the following pages and are par of the certificate
All caltrations have bean conwucted n e closed y faciity: (22 + 3)°C and humidity < 70%.
Calibeation Equipment used (MBTE critical for casbration)
Primary Standarcs 10 # Cal Date {Cedilicats No.) Schaduled Callbratan
Power moler NAP SN: 104778 06-Ape-16 (No, 217-02288/022848) Apr-17
Power sensor NRP-291 | SN 103244 05-Ape-16 (No. 217-02268) Apr-17
Power sensce NRP-Z81 SN 103245 DS-Apr-16 (No. 217-02289) Apr-17
FAeferance 20 dB Altenuator SN: 5058 (20k) 05-Apr-16 (No. 217-02292) Apr-17
Type-N mismatch combination SN: 5047 .2/ 06327 05-Apr-16 (No. 21702295) Ape-17
Raferance Probe EX30V4 SN: 7345 51-Dec-15 (No. EX3-7349_Dec15) Dec-18
DAE= SN: 601 30-Dec-15 (No. DAE4-601_Dac15) Dec-16
Saecondary Standards D # Check Date (in house) Scheduled Check
Powar meter EPM-342A SN: GEI7480704 07-0ct-15 [No, 217.02222) In houss check: Oct-16
Powar sensar HP 8481A SN: US37292783 07-Oct-15 (No, 217.02222) In howse check: Oct-16
Pawsr sansor HP 8481A EN MYA41092317 07-0ct-15 (No, 217-02223) In house check: Ocl-16
AF genarator &S SMT-06 SN 100872 15-Jun-15 {In house chack Jun-15) In house check: Oct-18
Network Anatyaar HP 8753€ | BN UIS37390585 18-00t-01 (in house chack Oct-15) in hause check: Oct-16
Narne Function Signatlure
Cafibraled by: Michasl Waber Laboratory Technician /‘l
Approved by: Katja Pokovic Technical Managor /gg 4
lesued: April 26, 2016
This calibration cedtiticata shali not be reproduced except In full without writton aporoval of the | Y
Certificate No: D1900V2-54061_Apr16 Page 1 0f8
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Zaughausstrasse 43, 8004 Zurich, Switzerland ""'/,f",‘\\.\ N S  Swiss Caiibration Service
Accredited by the Swiss Accreditation Sarvics (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Muttilaters! 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) |IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

c) |EC 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 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.

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

* Feed Point Impedance and Retumn Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures 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,

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

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

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

Cedtificate No: D1200V2-5d061_Apri6 Page20i8
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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 Extrapotation
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 220°C 40.0 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
SAR measured 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/kg = 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 529+6% 1.49 mho/m =6 %
Body TSL temperature change during test <05°C - —
SAR result with Body TSL
SAR averaged over 1 cm? (1 g} of Body TSL Condition
SAR measured 250 mW input power 9.82 Wikg
SAR for nominal Body TSL parameters normalized 1o 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 1TW 20.9 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transtormead to feed point 5250+77iQ
Retum Loss -221dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 479Q+B5/Q
Heturn Loss -2104dB

General Antenna Parameters and Design

I Elactrical Delay (one direction) l 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 arm of the dipole. The antenna i therefors short-circuited 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 Condifions” paragraph. The SAR data are not alfected by this change. The overall dipole length is stil
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: D1900V2-5d061_Apr16 Page 4ol B
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DASYS5 Validation Report for Head TSL

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

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

Medium parameters used: f= 1900 MHz; o = 1.37 S/m; & = 40; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS52 Configuration;
e Probe: EX3DV4 - SN7349; ConvF(8.2, 8.2, 8.2); Calibrated: 31.12,2015;
e 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=5mm

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 W/kg

Maximum value of SAR (measured) = 14.5 Wikg

-3.80

T |

-71.60

-11.40

-15.20

-19.00

0dB =145 W/kg=11.61 dBW/kg
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Impedance Measurement Plot for Head TSL

25 Apr 2046 11158358

£HD sas 1 U FS 1924790 768820 EALEEpH L 993,000 800 "Nz
.
De |
\
v s
Ca V‘ 1
£ » -
L)
/
\
16"
Ml
CH2 8311 L0G 5 gf/REF ~29 dB N 1:-22,114 d8 1 900,000 B8O MHz
i 4 4 4 + + + 4 +
Del . 4 + " " " 4 ! + i
e + 4 4 4 4 - s
Ca e B e
i N + - - - _F...-" - * .
- { ’__-"
R - bz
4 4 N vl 4 4 4 4
e 4 " : \ 7 . 4 $— 4 4
\l/
. - . Ao . - - +
N/
Mg | + — " 4 . . + 4 4
TART 4 702,000 900 Mz ‘ GTOP 2 L00.000 800 MMz
Cenificate No: D1800V2-5d061_Apr18 PageBol B

F-TP22-03 (Rev.00) 211 /232 HCT CO,, LTD.



iy
ha FCC ID: ZNFM320F Report No: HCT-A-1703-F004-1

HCTCO,,LTD.

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; & =352.9; p = 1000 kg/m’
Phantom section: Flat Section

Mcasurement Standard: DASYS (IEEE/TEC/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: QDOOOPSOAA; 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:
Mecasurement grid: dx=5mm, dy=5Smm, dz=Smm

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

Peak SAR (extrapolated) = 17.3 W/kg

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

Maximum value of SAR (measured) = 14.9 Wikg

-3.80
-1.60
-11.40

-15.20

-19.00

0dB =149 Wikg = 11.73 dBW/kg
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Impedance Measurement Plot for Body TSL
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Schmid & Partner % ¢ Service suisse détalonnage
Engineering AG g Servizio svizzero di taratura
Zoughausstrasss 43, B004 Zurich, Switzerland 7 S swiss Calibration Service
AT
Accrodited by the Swiss Accreddation Setvice (SAS) Accreditstion No,: SCS 0108

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

cient  HCT (Dymstec) Certficate No: D2450V2-965_Apr16

CALIBRATION CERTIFICATE

Dbjact D2450V2 - SN: 965

Cadibration procedura(s) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz

Calivratian date: April 19, 2016

This calibraficn certficate documents tha raceability 1o natonal standards, which rualize the physicsf units of measurements (SI).
The maasuraments and the uncsnainties with confidence probabiity are givan on tha folkwing pages and are part of the camificite.
A calitvations have baen condudiod in the closed labormiory faciiity: enviconment temperature {22 + 3Y°C and humidity < 70%,

Caftirnion Equipment used (METE entical for calibration)

Primary Standards D& Cal Date (Certificate No.) Scheduled Calration

Pawar meler NAP SN: 104778 06-Apr-16 (No. 217-022B8/02289) Apr 7

Pawar sensor NRP-Z81 SN: 103244 06-Apr-18 (No. 217-02288) Apra7

Powar sensor NRP-281 SN- 103245 DG-Apr16 (Na. 217-02268) AprAT

Hederanca 20 dB Attenuator SN 5053 (20K) 05-Ape-16 (Na. 217-02282) Apri?

Type-N mismatch combination SN: 5047.2 7 06327 05-Apr16 (No, 217-02295) Apr T

Reteranca Proba EX30V4 SN T340 31-Dac-15 (No. EX3-7M48_Dec15) Dec-16

DAE4 SN: 601 30-Dec-15 (No. DAE4401_Deci5) Dec-16

Secondary Standards DA Check Data (i heuss) Scheduled Chack

Powar meter EPM-242A SN: GH3T4B0704 07-0c115 (No. 217-02222) In house check: Oat-16

Power sensor HP 8481A SN: US37292783 07-0ct-15 (No, 217-02222) In houss check: Oct-18

Power sarsar HP 84814 SMN: MYA1082317 0701415 (Na. 217-02223) In house check: Oct- 18

AF genarator R4S SMT-08 SN 100872 15-Jun-15 (in house chock Jun-15) In house check: Oct-18

Network Anatyzer HP B753E SA: US37380585 18-0¢1-01 (in house check Oct-15) In house check: Oct16
Name Function Sgnature

Casibrated by: Michaal Webor Laboratory Technician // “ ;
APSIOVed by: Katia Pokavic Tecnnical Managar /éf %%/

Issued: Apri 20, 2018

This calibeation cerniticate ahal not be reproduced except n full without written appeoval of the laboratary,

Cartificate No: D2450V2-965_Apri6 Page 1018

F-TP22-03 (Rev.00) 214 /232

HCT CO,, LTD.



| |
ha FCC ID: ZNFM320F Report No: HCT-A-1703-F004-1

HCTCO,,LTD.

Calibration Laboratory of
Schmid & Partner
Engineering AG

S Schweizerischer Kalibrierdienst
c Service sutsso d'étalonnage
s Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzertand Swiss Calibration Service
Accredited by 1he Swiss Accreditation Seevice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Ag t 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

¢) 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 68 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:

s 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 unceriainty 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%.

Canrtificata No: D2450V2-965_Aprié Page 20f8
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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 Phantomn
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 382 1.80 mha/m
Measured Head TSL parameters (220=02)°C 400286 % 1.83 mho/m =6 %
Head TSL temperature change during test <05'C - —
SAR result with Head TSL
SAR averaged over 1 cm® (1 @) of Head TSL Condition
SAR measured 250 mW input power 12.7 Wikg
SAHA for nominal Head TSL parameters normalized 1o TW 50.6 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 589 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 23.5 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Tempersture Permittivity Conductivity
Nominail Body TSL. parameters 220"C 527 1.95 mho/m
Measured Body TSL parameters (220+0.2)°C 527x6% 1.98 mho/m =6 %
Body TSL temperature change during test <05"C - e
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 12.4 Wikg
SAR for nominal Body TSL parameters normalized o 1W 49.2 Wikg = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAR measured 250 mW input power 578 Wikg
SAR for nominal Body TSL parameters nommalized to 1W 23.0 Wikg = 16.5 % (k=2)

Certificate No: D2450V2-865_Apri6
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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 510045910

Return Loss -24.5dB

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1.162 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the leeding line is directly connected to the
second arm of the dipole, The antanna is therefore short-circuited for DC-signals. On some of the dipotes, 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 1o the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manutactured by SPEAG
Manufactured on November 19, 2014
Cenificate No: D2450V2-865_Apr1é Page 4 0f B
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DASYS5 Validation Report for Head TSL

Date: 19.04.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 965

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

Medium parameters used: = 2450 MHz; o = 1.83 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: QDOOOPSOAA; Serial: 1001

« DASYS252.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 112.4 V/im; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 25.6 W/kg

SAR(I 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

0dB =207 Wikg = 13.16 dBW/kg

Cerificate No: D2450V2-965_Apri6 PageSofé
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FCC ID: ZNFM320F Report No
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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: 965

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

Medium parameters used: = 2450 MHz; o = 1.98 S/m; &,=52.7; p = 1000 kg/m’
Phantom section: Flat Section

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

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: 30.12.2015
« Phantom: Flat Phantom 5.0 (back); Type: QDODOPS0OAA; 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(I g) = 12.4 W/kg: SAR(10 g) = 5.78 W/kg

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

dB

-5.00
-10.00
-15.00

-20.00

-25.00

0dB =20.0 Wikg = 13.01 dBW/kg
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Impedance Measurement Plot for Body TSL
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Schmid & Partner e Service sulsse d'étalonnage
Engineering AG % C  servizio svizzero 6 taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland TSNS S swisa Calibration Service

Atcrodited by the Swiss Accreditation Senice (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Muttilateral Agreament for the recognition of calibration certificates

cient  HCT (Dymstec)

ool ™

Accreditation No.: SCS 0108

Certificnte No: D2600V2-1015_Jan17

CALIBRATION CERTIFICATE
Objest D2600V2 - SN:1015
Calioration procadure(s) QA CAL-05.v8

Calibeation date,

Calibration procedure for dipole validation kits above 700 MHz

January 18, 2017

Canbration Equpment used (MATE critical for catibration)

This caiibration canificate documents 1ha tracealility 10 national standards, which realze Ihe physical units of measuraments {SI).
The maasurements and the uncentainies with confidence peobabilty are given on the fallowing pages and are pan of the cedficate

Al calibrations have boon conductod in the dosad labomtory facilty: envircoment temperature (22 = 3)°C and humidity < 70%

Primary Standards D¥ Cal Dite (Centificale No.) Scheduled Callrabon

Power mater NRS | SN 1047TH 06-Ape-16 (No. 21702283/02289) Apra7

Power sansor NRP-Z91 SN 103244 D6-Ape-16 (No, 2917-02288) Apr17

Power sersor NFHP-Z81 SN 103245 06-Apr-16 (No. 2170228%9) Apra 7

Fateranca 20 dB Atsaustor SN 5058 (20k) 05-Apr-16 (No, 21702292 Apr1?

Type-N mismaich combination SN: 50472/ 06327 05-Apr-16 (No. 217-02295) Ape 7

Relerenca Proba EX30V4 SN: 740 31-Dac-16 (No. EX3-7349_Dec186) Dec7

DAE# SN: 601 04-Jan-17 (No. DAEA-601_Jan17) Jar-18

Seccodary Starderds DA Check Dals (n house) Schaculed Chack

Power metsr EPM-4424 SN; GB37480704 07-0ct-15 {in housea chack Oct-18) In house check: Oct-18

Fower sensor HP B481A SN: US37202783 07-0c4-1% (In housa chack Oct-14) in house chock: Oct-18

Power sensor HF B481A SN MY&1062317 07-0ct-15 {in housa chack Oct-18) In house check: Oct-18

RF garsratar RS SMT-06 SN: 100872 15-Jun-15 (In house check Oct-186) in houso chack: Oct-18

Network Anulyzet HP? B753E SN: US37300585 16-0c1-01 (In house check Dct-18) In house check: Oct-17
Name Function Signature

Calibeatod by: Leif Kiyanes Laborutory Technician &/%/

Approved by, Katja Pokovic Technical Manager

Thes calibration cartificate shall not be reproduced axcept n full without weilten approval of the @aboratory.

pr

lagund Jwnuary 19, 2017
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Calibration Laboratory of

r S Schwelzerischer Kaiibrierds

Schmid & Partner Service sulsse d'étalonnuge
Engineering AG C Servizlo svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibestion Service

Accredited by (he Swiss Accreditsbion Senvice (SAS) Acereditation No.: SCS 0108

The Swise Accraditation Service is one of the signatories 1o the EA

Multilateral Age for the recognition of catibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

e SAR normalized: SAR as measured, normailized 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: D2600V2-10156_Jan17 Page 2018
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapoiation
Phantom Madular Flat Phantam
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 apphed.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 380 1.96 mho/m
Measured Head TSL parameters (22.020.2)°C 37426% 2.05 mha/m + 6 %
Head TSL temperature change during test <0D5"C -
SAR result with Head TSL
SAR averaged over 1 em’ (1 g) of Hend TSL Condition
SAR measured 250 mW input power 14.8 Wha
SAR for nominal Head TSL parameaters normalized to 1W 57.5 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6549 Wikg
SAR for niominal Head TSL parameters normalized to 1W 25.5 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calcutations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.5 2,16 mho/m
Measured Body TSL parameters (220+02)°C 52326% 2.20 mho/m £ B8 %
Body TSL temperature change during test <05"C e
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.9 Wikg

SAR for nominal Body TSL paramsters

normalized to 1W

55.1 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measured 250 mW input power 617 Wikg
SAR for nominal Body TSL paramaeters normalized to 1W 246 Wikg = 16.5 % (k=2)

Cartficate No: D2600V2-1015_Jan17
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transtormed o fead point 4ABB0Q-28i0

Retumn Loss -30.3 dB

Antenna Parameters with Body TSL

impedance, transiormed 1o leed paint 4510Q-252

Heturh Loss -2484dB

General Antenna Parameters and Design

I Electrical Delay (one direction) l 1150 ns

After long teem use with 100W radiated power, only a stight warming of the dipole near the feedpoint ¢an be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connectad o the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according Lo the position as explained in the
*‘Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipale length s stll
sceording to the Standard,

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on October 30, 2007
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DASYS5 Validation Report for Head TSL

Date: 17.01.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1015

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

Medium parameters used: f = 2600 MHz; o = 2,05 S/m; & = 37.4: p= 1000 kg/m”
Phantom section: Flat Section

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

DASY52 Configuration
« Probe; EX3DV4 - SN7349; ConvF(7.56, 7.56, 7,.56): Calibrated: 31.12.2016;
« Sensor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAEA Sn601; Calibrated: 04.01.2017
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Senal: 1001

« DASYS525288(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=5mm

Reference Value = 116.7 V/im; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 32.4 Wikg

SAR(] g) = 14.8 W/kg: SAR(10 g) = 6.49 W/kg

Maximum value of SAR (measured) = 25.3 Wikg

-5.00
-10.00
-15.00

-20.00

-25.00

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

Date: 18.01.2017
l'est Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN:1015

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

Medium parameters used: = 2600 MHz; 6 = 2.2 S/m: &= 52.3; p = 1000 kg/m’
Phuntom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF{(7.48, 748, 7.48); Calibrated: 31.12.2016;
« Sensor-Surface; |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.01.2017
« Phantom: Flat Phantom 5.0 (back): Type: QD 000 PS5O AA; Serial: 1002

« DASYS2528.8(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 = 108.8 V/m: Power Drift = 0.06 dB

Peak SAR (extrapolated) = 28.6 Wikg

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

Maximum vilue of SAR (measured) = 23.4 W/ikg

dB
0

-4.60
-9.20
-13.80

-18.40

-23.00

0dB =23.4 W/kg = 13,69 dBW/kg

Certificate No: D2600V2-1015_Jan17 Page 7 of 8
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Schmid & Partner Engineenng AG

ﬂ'h

Zeughaussirasse 43, B0 Zurch, Switzerland
Fhone +47 44 245 9700, Fax +41 44 245 9779
info@speag.com, hitp /fwvwaw. speag com

Certificate of conformity / First Article Inspection

p_€e a g

Item Triple Modular Flat Phantomn V5.1
Type No QD 000 P51 C
Series No 1100 and higher
Manufacturer / Origin Untersee Composites
Knebelstrasse 8, CH-B268 Mannenbach, Switzertand
Tests

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

Test Requirement Details Units tested
Material Compliant with the standard 2 mm +/- 0.2 mm all
thickness requirements. 30 points over the bottom area
Material Dielectric parameters for required | 200 MHz -6 GHz - Material
parameters frequencies Relative permittivity 3- 5 sample
Loss tangent < 0.05.
Material The material is compatible with DGBE based simulating liquids, | Material
resistivity the liquids defined in the Observe Technical Note for Samples
standards if handled and cleaned | material compatibility.
accerding to the instructions.
Shape Internal dimensions Internal height: > 175 mm Pre-series,
Bottom internal length: 280 mm | design
Bottom internal width: 175 mm
Nominal filling height: 155 mm
Nominal volume: 8.2 |
Sagging Depending on standard No initial sagging (negative 1100/2
preshaped, change < 0.5 mm)
Standards

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

{2] IEC 62208 - 1, “Specific Absorption Rate (SAR) in the frequency range of 300 MHz to 3 GHz -
Measurement Procedure, Part 1: Hand-held mobile wireless communication devices”, February

2005

[3] |EC 62208 ~ 2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld and
Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to 6 GHz:
Human models, Instrumentation and Procedures, Pan 2: Procedure to determine the Specific

Absorption Rate (SAR) for ...

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

Conformity

including accessories and multiple transmitters”, March 2010

Based on the dimensions and sample tests above, we 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
Signature / Stamp

th corrpds

e ." A0 -2
u’:hnm; u.a#zmrm
nam 1tww\~wsmm
DocNo BB1 -QDOXOPS1C-0 Page 1(1)
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Attachment 5.— SAR Tissue Characterization

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

Ingredients Frequency (MHz)
(% by weight) 835 1750 1900 2450 — 2 700
Tissue Type Head Body Head Body Head Body Head Body
Water 40.45 54.9 52.6 68.8 54.9 70.17 71.88 73.2
Salt (NaCl) 1.45 0.94 0.4 0.2 0.18 0.39 0.16 0.1
Sugar 57.0 44.9 0.0 0.0 0.0 0 0.0 0.0
HEC 1.0 1.0 0.0 0.0 0.0 0 0.0 0.0
Bactericide 0.1 0.1 0.0 0.0 0.0 0 0.0 0.0
Triton X-100 0.0 0.0 0.0 0.0 0.0 0.0 19.97 0.0
DGBE 0.0 0.0 47 31 44.92 29.44 7.99 26.7
Diethylene glycol
hexyl ether . ) . .
Salt: 99 % Pure Sodium Chloride Sugar: 98 % Pure Sucrose
Water: De-ionized, 16M resistivity HEC: Hydroxyethyl Cellulose
DGBE: 99 % Di(ethylene glycol) butyl ether,[2-(2-butoxyethoxy) ethanol]
Triton X-100(ultra pure): Polyethylene glycol mono[4-(1,1,3,3-tetramethylbutyl)phenyl] ether

Composition of the Tissue Equivalent Matter

F-TP22-03 (Rev.00) 231 /232 HCT CO., LTD.
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Attachment 6.— SAR SYSTEM VALIDATION

Per FCC KCB 865664 DO02v01r02, SAR system validation status should be document to confirm
measurement accuracy. The SAR systems (including SAR probes, system components and software
versions) used for this device were validated against its performance specifications prior to the SAR
measurements. Reference dipoles were used with the required tissue- equivalent media for system validation,
according to the procedures outlined in IEEE 1528-2013 and FCC KDB 865664 D01v01r04. Since SAR probe
calibrations are frequency dependent, each probe calibration point was validated at a frequency within the
valid frequency range of the probe calibration point, using the system that normally operates with the probe
for routine SAR measurements and according to the required tissue-equivalent media.

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

SAR Probe Dlelectrlc Parameters CW Validation Modulation Validation
Probe P

System Probe | ‘1, Ca:;br_attlon Dipole|  Date  peasured  Measured Sensitiviny] PTobe | Probe | MOD. | Duty

(\[e} L PermltthltyConducthlty Linearity | Isotropy| Type | Factor

5 3903 |[EX3DV4| Head | 835 | 441 | 11.24. 2016 41.5 0.89 PASS | PASS | PASS N/A
5 3903 |[EX3DV4| Head | 835 | 441 | 11.24. 2016 41.5 0.89 PASS | PASS | PASS [GMSK| PASS | N/A
5 3903 |[EX3DV4| Body | 835 | 441 | 11.25. 2016 55.4 0.98 PASS | PASS | PASS [GMSK| PASS | N/A
8 3967 [EX3DV4 | Body | 835 | 441 | 12.30. 2016 55.4 0.99 PASS | PASS | PASS | N/A N/A N/A
9 3968 [EX3DV4 | Head | 1800 |2d007| 11.24. 2016 40.1 1.41 PASS | PASS | PASS | N/A N/A N/A
9 3968 [EX3DV4 | Head | 1800 |2d007| 11.24. 2016 40.1 1.41 PASS | PASS | PASS [GMSK| PASS | N/A
8 3967 [EX3DV4 | Body | 1800 (2d007| 12.30. 2016 53.4 1.54 PASS | PASS | PASS |GMSK | PASS | N/A
9 3968 [EX3DV4 | Body | 1800 |2d007| 11.25. 2016 53.3 1.5 PASS | PASS | PASS | N/A N/A N/A
2 1609 [ET3DV6 | Head | 1900 |5d061| 05.09. 2016 39.9 1.41 PASS | PASS | PASS |GMSK | PASS | N/A
9 3968 [EX3DV4 | Head | 1900 (5d061| 06.13. 2016 40.2 1.42 PASS | PASS | PASS |GMSK | PASS | N/A
9 3968 [EX3DV4 | Head | 1900 (5d061| 06.13. 2016 40.2 1.42 PASS | PASS | PASS | N/A N/A N/A
8 3967 [EX3DV4 | Body | 1900 (5d061| 12.30. 2016 53.1 1.58 PASS | PASS | PASS |GMSK | PASS | N/A
8 3967 [EX3DV4 | Body | 1900 |5d061| 12.30. 2016 53.2 1.52 PASS | PASS | PASS | N/A N/A N/A
3 3797 [EX3DV4 | Body | 1900 |5d061| 12.07. 2016 53.1 1.51 PASS | PASS | PASS [GMSK| PASS | N/A
9 3968 [EX3DV4 | Body | 1900 |5d061| 06.14. 2016 53.1 1.49 PASS | PASS | PASS [GMSK| PASS | N/A
9 3968 [EX3DV4 | Body | 1900 |5d061| 06.14. 2016 53.1 1.49 PASS | PASS | PASS | NA N/A NA
3 3797 [EX3DV4 | Head | 2450 | 965 | 12.06. 2016 39.3 1.81 PASS | PASS | PASS |[OFDM| N/A | PASS
3 3797 [EX3DV4 | Body | 2450 | 965 | 12.07.2016 52.8 1.94 PASS | PASS | PASS |[OFDM| N/A | PASS
3 3797 |EX3DV4| Head | 2600 | 1015 | 01.30. 2017 39.1 1.94 PASS | PASS | PASS | N/A N/A N/A
3 3797 |EX3DV4 | Body | 2600 | 1015 | 01.31. 2017 52.3 2.17 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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