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Appendix D. DASY5 System Calibration Certificate
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Client
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Accresiation Me.: SCS 0108

Cortificate Mo: ES3-3292_Jan18

|CALIBRATION CERTIFICATE

Olygect

Calibralion peocaduneds)

Calibralion datm

ES30V3 - SN.3282

QA CAL-01.v9, QA CAL-12.v9, QA CAL-23.v5, QA CAL-25.v6
Calibration precedure for dosimetric E-fleld probes

January 25, 2018

Thiz calbration cedificate documients the tnacsabilly o nalisnal slandands, which realkzes the physical units of measuremenis {31
The measurements and the uncenintes with confidence prababibty are gven on the foliowing pages and are par of the cerlificain

Al calbrations have been conducted in tha cloged tebonatery tecify. anvirorment tampesature (22 £ 35°C and humidiy < T0%

Calibeabon Equspment used [METE crical for calitaton |

Primary Stardarda

5 Cal Dare (Canfcatm No | Schadulen Galbrasion
Pawer mater NAP SM 1047TH Od-Apr17 (Mo 21 7=-D262 1025224 Aor-18
Powes sensar NRP-Z84 Sh. 105244 | e-Ape-17 (Mo, 217-02521) Aor-18 : _
Power sensor NRP-Z81 SN T00Ren Q-Apr-17 (Mo, 217-12525] Ani-18
R a 90 di Atenuaior SN B52TT (20x) 7-har-17 (WMo 217-02828) | Bar18
Rederence Probe EBA0NS __35\15_3_91; 30-Dec-17 (Ho. ES3.3013_Dec1T Dec-18
DAEL 5N BED 21-Dec-17 (Mo, DAE4-660_DeciT) Dec-18
Secondary Slandanis . Check Date {in howse) — Schecuied Check
Prower madar E42168 5N, GAA193ETY [6-Apr-16 {in houwses sheck Jun- 18} In house check: Jun-18
Perwar sanaor E44124 SM: WIY41 455087 DE-Apr-16 {in houses chck Jun-16} In house check. Jun-18
| Piorsnr sensor 44124 SH: 000110210 HE-&pr- 16 {in Ilu:q:mc'}auh-_p;n-.m; |n_r:q!45,e_n_h.é|ch‘ Jun-1ﬂ.
RF ganerator HP BEAAC BN US3E42000 00 Ual-Aug-84 [in houses chact Jun-16) In house check: Jun-18
Metwork Analyzer HP BTS3E | SM. US3T300585 18-0st-01 fin house check D17 In house chech: Oct-18
Mama Function Signatura
Caliorated by: Jato Kaslisti Laberiitory Technican ¢
7 - e
Approved by Kafja Polovic Technal Manager

T
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_:| Fis caliration caniices ahal nol b reproduced sxceot in fdl sithoud wrion aoproval of the labaorakary,

Carmflicala Noc EE3-3282_lan1B

Fage 1 af 11

Shenzhen Anbotek Compliance Laboratory Limited
Tel:(86)755-26066544

Fax:(86)755-26014772www.anbotek.com

Schweizerischor Kalibnendianst




Anbotek

Shenzhen Anbotek Compliance Laboratory Limited
heasahaiu P - CC ID: 2AI0Q-FPEN10A Page 390f 64 Report No.: R0218110001W

Calibration Laboratory of

" s Bchwetzerischer Kalibebe rdienst
Schmid & Pariner ¢ Servies sulsss ditslonnage
Engineening AG s Survizio svizzuro & larstura
Zeughausstrasse 43, 8004 Zusich, Switzerland Swiss Calibration Service
Aecradried by the Swiss Acorediation Saevics (SAS) Accreditation He.! SCS 0108
The Swiss Accreditalion Service is one of the signatories to the EA
Muttitatersl Agroemant for thie racognition of calibration carifizatas
Glossary:
TSL tissue simulating Sgquid
NORMx .2 sensitivity in free space
ComdF sansitivity m TSL f NORMxy, 2
ocpP diode compression point
CF crest factor (1iduty_cycle) of the RF signal
ABGCD miodulation dependent nearization parametsrs
Polarizaton p ¢ rofation around probe axis
Polarizabion % 4 rotaticn around an axis that is in the pkane normal 1o probe axis (al measurement center),
i.e., 8 =0 is normal to probe axis
Conneclor Angle information used in DASY system Lo align probe sensor X to the robot coordinale syslem

Calibration is Performed According to the Following Standards:

a) IEEE Sbtd 1528-2013. "|EEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Ansarplion Rabe (SAR) in the Human Head from Wireless Communications Devices: Measurameand
Techniques”, June 2013

o) IEG 62209-1, °, “Measwiernenl procedure o e assessmenl of Specfic Absorplion Rale (SAR) from nand-
hald and body-mounted devices used next o the ear {frequency range of 300 MHz to 6 GHz)", July 2018

¢} |EC B2208-2, "Procedure to determine the Specific Absorplion Rate (SAR) for wireless communication devices
used In close prowdmity 10 the human body (frequency range of 30 MHz to & GHz)", March 2010

d) KDB 865664, "SAR Measurement Reguirements for 100 MHz o 6 GHz"

Methods Applied and Interpretation of Parameters:

o NORMx Yz Assessed far E-field polarization 5 = 0 [f < 900 MHz in TEM-call; { > 1800 MHz: RZ2 waveguide)
NORMz v,z are only intermediate values, ie., the uncerainties of NORMs,y.2 doss not affect the E™-field
uncertainty mside TSL (see below ConvF),

s NORM{fx .z = NORMx v,z * frequency_response (see Frequency Response Chart). This linearization is
impemented in DASY4 softwara versions later than 4.2, The uncertainty of the frequency response & inclueded
in the stated uncertainty of ConwF,

= DCPx vz DCP are numerical linsarization paramelers assessed based on the data of power sweep with CW
signal [mo uncertainty requined). DCP dees not depend on frequency nor mesdia

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

o Ay By r Cryz Duyz VRx W2 A, B, C, D are numerncal inearization parameters agsessed based on
the data of power sweep for specfic modulation signal, The paramelers do not depend on frequency nar
madia. VIR is the maximum calibration range expressad in RMS voltege across the diode.

=  CanvF gnd Boundary Effect Paramaters. Assessed in fat phantom using E-Meld [or Temperature Transfer
Standard for f = 800 MHz) and Inside waveguide using analytical field distributicns based on power
measurements for f = 200 MHz The same seiups are used for assessment of the parameters applled for
boundary compensation (alpha, depth) of which typical uncerainty values are given. These paramelers ane
used in DASYE software to improve probe accuracy clase (o the boundary. The sensilivity in TSL cormesponds
to NORMx, y.z * ConvF whareby the unceriainty comesponds to that given for ComeF. A frequency dependant
ComvF is used i DASY version 4.4 and higher which allows exfending the validity from & 50 MHz 1o £ 100
MHz

»  Sphancal isatropy (30 deviation from isctropy): in a field of low gradients realized using a flat phantom
axposed by a patch antenna.

= Senszor Offsat: The sensar offset comresponds 1o the offses af virtual measuremeant center from the probe tip
{on probe axis). Mo tolerance required.

= Connector Angle: The angle is assessed using the information gained by determining the NORM: (no
uncertainty required],

Carlificale Na, EE3-3292_Jan18 Page 2 of 11
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ES30V3 - Shizie January 25, 2HE

Probe ES3DV3

SN:3292

Manufactured:  July 6, 2010
Calibrated: January 25, 2018

Calibrated for DASY/EASY Systems

[(Mate: non-compatible with DASYZ sysleml)

Cerificale Mo: EE3-2282_Jan18 Page 3 of 11
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ES3DV3I- 5N:3282 Jamgary 25, 2018

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

Basic Calibration Parameters

Sensor X Sensor 'y Sensor I Une (k=2)
Morm {uiWim)©y" 0.08 0,96 0.83 £ 101 %
DCP (my) 104.2 1076 112.3 |

Modulation Calibration Parameters

uin Communication System Name | A B C o VR Unct
dB | dBVv | 48 mv | (k=2
o | o [ x| oo | oo 10 | 000 | 1815 | 333% |
| ) i 00 | 0D 1.0 187 6
| N | z 0.0 0.0 1.0 | 1902

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 o a coverage
probability of approximately B5%,

:TI'I'H urcartantes of Koem XY .Z o nol et the E™-Seld uncedainty insads TEL [see Pages 5 and &)
, Humancal linesrization parameter: uncerainty not recuined

Uncerainty & deemmingd using e max. devialian from linear response applying reciamguiar distiboion and i expressed for the squans of tha
Fsld value.

Shenzhen Anbotek Compliance Laboratory Limited
Tel:(86)755-26066544  Fax:(86)755-26014772www.anbotek.com
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ES30V3- SM:a202 January 25, 2018

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

Calibration Parameter Determined in Head Tissue Simulating Media

. Relative | Conductivity Depth© Une
| FiMHz) " | Permitthvity {Sim) " ConwF X | ComvFY | ConwFZ | Alpha® | (mm) k=2
150 52.3 0.76 T.85 7.85 785 0,04 1.20 $13.3% |
| |
| 450 43.5 0.87 A F T.12 | 712 0.18 1.20 +13.3%

¥ Frequency validity abava 300 MHz of = 100 AMHz only appies for DASY 8.4 and highe (ses Page 2), slss it i resticled 1o ¢ 50 MHz The
uriartanty is tha RES af the ConyF unceriainiy at calibraten frequency and thi ungaraiety 127 T indcabed frequancy bard. Freguency valdiy
b 300 MHE i = 10, 28, 40, 50 and 70 MHZ for Cor aesessments at 30, 54, 128, 180 and 220 MHz respectivaly, Abows 5 GHZ freguancy
vahdiy can ke extended 1o + 170 MHz
" A fresquancies below 3 GHz, the valdity of ts5ue parameters = and o) can be ielaeed 1o = 10% # fouid compensation famua s aopled 1o
mbgsuied SAR values. it frequencies above 3 GHz, ihe validity of lissue paramesars (cand a) s resticied o + 5%, The whcertanty is the RSS of
tha CameF uncanainty Ter indicaled tangel issue pammaiers.

Alpha!Depth are detamningd during calioration. SPEAG warrants that the remaining deeiahion dus to the Baundary sfiect sfar compansation is
alwiays leis than & 1% for requences bakow 3 GH2 ard Belaw & 25 for frequencies betaaan 16 GHz ot any Jiekanss langer an kel e prabs 1
ciameter fram he oy,

Cartificata Mo FRE3-A292_ laniA Page & of 11

Shenzhen Anbotek Compliance Laboratory Limited
Tel:(86)755-26066544  Fax:(86)755-26014772www.anbotek.com



M Shenzhen Anbotek Compliance Laboratory Limited
heasabaiu P - CC ID: 2AI0Q-FPEN10A Page 43of 64 Report No.: R0218110001W

ES3DV 3= 3N: 3292 January 25 2018

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

Calibration Parameter Determined in Body Tissue Simulating Media

Ralativa Conductivity Depth - Unc

fiMHZ)" | Parrmittiviey " {Sim) " ConvF X | ComFEY | ConvE 2 r.upm“ ) (=2}
150 f1.9 080 | 758 7.59 750 | 0.04 120 | £133%
450 56.7 0.94 7.28 7.28 728 | 0.2 120 | £133%

¥ Frequancy alidiy sbiuve 300 MMz of £ 100 MHz erly apeies ho: DAEY w44 and higher (sec Page 2), slse i i restrictad 1 = 50 MHz. The
uncerainty s fa R55 of the ConF uncertainty at calitvation requency and the uncariairty for the indicabed frequensy band. Fregusncy validily
Bediw 00 MHz is + 10, 25, 40, 50 and 70 MHE for Corn® assessments of 300, 64, 128, 150 and 220 MHz respeciively. Abcve B GHz frequency
walldity can ba esterded 1o 2 110 MHz

Al Trequencies bekow 3 GHz, the valldily of tasue paramesars (z and a) can be reigesd 19+ 10% if gl cormperrestion formuta is appied ko
mezzred SAR values, Al frequencies abave 3 GHz, the walidity of lissa perametars {c and o) i restricied 1o & 5% The uncerainty & the RS5 of
the ConyF urcertainky for indicated fargat tiepus paramsalers
“ wphamMapth ane delermined during calbration. SPEAG wamania kot the remaining deviation dug to the Bouncany sBac Bler compensalion i

arways less than & 1% or Mequenses balos 3 GHz and balow 1 2% for fiequencies. betersen 3-8 GHz 2 any dstance lager than half the probe ip
dismetar from the boundary.

Shenzhen Anbotek Compliance Laboratory Limited
Tel:(86)755-26066544  Fax:(86)755-26014772www.anbotek.com
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ES30OV3- SM:3202

=
©n

Jamuary 256, 2013

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)

Cerificale Mo: EBJ-E202_Janid

Page Fof 11
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ESA0NI- SN:3292 January 25, 2018

Receiving Pattern (¢), 8 = 0°

=600 MHz TEM =1800 MHz,R22
L] L] [] " | []
Tol X ¥ 2 Tot ] L £

a0 -l—-n-l_--l.----l-l--d:-—.-—'l' o o S TSI R SRS — gt R = o 2 T

Errcr [d8]
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Rl 1]
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1I:E-'H|-|.' ﬁl’_Q—-: :‘ill_"t_'il-l_- EEIT'L-'.'.
Uncertainty of Axlal Isotropy Assessment:  0.5% (k=2)

Certificabs Mp: E53-3292_Jan1B Page Bof 11
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ES3DVI= SN 3202 Jamary 25 2018

Dynamic Range f(SAR}c.q)

(TEM cell , fara™ 1900 MHz)
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Uneenainty of Linearity Assessmenk: * 0.6% (k=2)
Cenificala Ma: EE3-3292_Jantd Page 9 of 11
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ESIDV3- BN:3262 January 25, 2018

Conversion Factor Assessment

f= 450 MHz WGELS Flai Phamom 4.4 f= 450 MHz WGELS Flat Fhamom 4.4

A [Pl ey

srwiiersl T - arowslnab -l

Deviation from Isotropy in Liquid
Error (p, 8), f = 900 MHz

=10 08 -08 -04 -02 04 0z 04 o8 O0OA& 1.0
Uncartainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Certilicats No: ES3-3282_Jan1a Page 10 of 11
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ES30NE- SN:3262 Jamzary 25, 2014

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

Other Probe Parameters

Sensor Arrangement Triangular
Connecior Angle () o "R
Mechanical Surface Detection Mode enablad
Opical Surface Delection Mode dsabled
Probe Overall Length ' 337 mm
Frobe Body Diameler 10 mm
Tip Leswgth - 10 mm
Tip Diameler 4 mm
Prabe Tip to Sensor X Calibration Paint 2 mm
Prabe Tip o Sensor ¥ Calibration Point 2 mm
Prabe Tip ta Sensor £ Calibration Point Zmm |
Recommended Measurement Distance from Surface . T 3mm |
Cartificale Mo: ES3-3292_Jan1E Page 11 of 11
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Zeughausstrasse 43, 8004 Zurich, Switzerland
Phone +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, http:/fwww.speag.com

IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit is a delicate, high precision instrument and requires careful treatment by the user. There are no
serviceable parts inside the DAE. Special attention shall be given to the following points:

Battery Exchange: The battery cover of the DAE4 unit is closed using a screw, over tightening the screw may
cause the threads inside the DAE to wear out.

Shipping of the DAE: Before shipping the DAE to SPEAG for calibration, remove the batteries and pack the
DAE in an antistatic bag. This antistatic bag shall then be packed into a larger box or container which protects the
DAE from impacts during transportation. The package shall be marked to indicate that a fragile instrument is
inside.

E-Stop Failures: Touch detection may be malfunctioning due to broken magnets in the E-stop. Rough handling
of the E-stop may lead to damage of these magnets. Touch and collision errors are often caused by dust and dirt
accumulated in the Estop. To prevent Estop failure, the customer shall always mount the probe to the DAE
carefully and keep the DAE unit in a non-dusty environment if not used for measurements.

Repair: Minor repairs are performed at no extra cost during the annual calibration. However, SPEAG reserves
the right to charge for any repair especially if rough unprofessional handling caused the defect.

DASY Configuration Files: Since the exact values of the DAE input resistances, as measured during the
calibration procedure of a DAE unit, are not used by the DASY software, a nominal value of 200 MOhm is given
in the corresponding configuration file.

Important Note:
Warranty and calibration is void if the DAE unit is disassembled partly or fully by the
Customer.

Important Note:

Never attempt to grease or oil the E-stop assembly. Cleaning and readjusting of the E-
stop assembly is allowed by certified SPEAG personnel only and is part of the annual
calibration procedure.

Important Note:

To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in the
mating position. Avoid any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.

Schmid & Partner Engineering

TN_BR040315AD DAE4.doc 11.12.2009

Shenzhen Anbotek Compliance Laboratory Limited
Tel:(86)755-26066544  Fax:(86)755-26014772www.anbotek.com
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c—ﬂlibrﬂunﬂ Lﬂhﬂfﬂtnw of ﬁﬁw?}. Schwaizerischer Kalibrerdienst
sﬁEhm[d & Eﬂn:ﬂg = Servico suisse d'dalennage
ngineering Ala T i Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland fﬁr Swiss Calibration Service
Filliy
Accradited by the Swiss Accreditation Service [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

client  Anbotek (Auden) Certificate No: DAE4-387_Sep17
|CALIBFIATIIDN CERTIFICATE |
Object DAE4 - SD 000 DO4 EM - SN: 387
Calibration procedures) QA CAL-06.v29

Calibration procedure for the data acquisition electronics (DAE)

Calibration data: September 13, 2018

This calibration cortificala documents the traceability to national standards, which realiza the physical units of measuremants (S1).
The measuraments and the uncertainties with confidence probability are given on the following pages and are part of the certificats,

All enlibrations have been conducted in the closed laboratory facility: emvironment temparature (22 + 3)°C and humidity < T0%.

Calibration Equipment used [(MATE crilical lor calibradian)

Primary Siandards | Da Cal Date (Certificats Mo.) Schoduled Calibration

Kaithlay Multimater Typo 2001 I SN: 0810278 3-Aug-18 (Moo 062) Aug-18

Socondary Standards |ioe Chack Date (in housa) Scheduled Check

Auito DAE Calibration Uit | SE UWS 053 AA 1007 05-Jan-18 (in housa chock) In house check: Jan-14

Calitrator Box V2.1 SE UMS D06 AA 1002  05-Jan-18 {in house chock) In house chisck: Jan-19
Name Function Signatura

Calibrated ty: Dominigue Stoton Laboratory Technician %
Approved by: Sven Kihn Deputy Managar
[ \: a? W

lssued: Seplember 13, 2018
Thes calieation cedtificals shall Hol b reproduced axcept in full withoul writhen approval of the laboemiory

Carificate Mo: DAE£-38T_Sep17 Page 1ol 5
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Calibration Laboratory of s\v\‘w'/q/_’
Schmid & Partner =]
Engineering AG iEEEﬁEk/__\ &
Zeughausstrasse 43, 8004 Zurich, Switzerland 71/,////—:\\\\\}
Yol i\

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

Glossary

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

now

Accreditation No.: SCS 0108

DAE

data acquisition electronics

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

coordinate system.

Methods Applied and Interpretation of Parameters
e DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds to the full scale range of the voltmeter in the respective range.

e Connector angle: The angle of the connector is assessed measuring the angle
mechanically by a tool inserted. Uncertainty is not required.

e The following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurement.

Common mode sensitivity: Influence of a positive or negative common mode voltage on
the differential measurement.

Channel separation: Influence of a voltage on the neighbor channels not subject to an
input voltage.

AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltage

Input Offset Measurement. Output voltage and statistical results over a large number of
zero voltage measurements.

Input Offset Current: Typical value for information; Maximum channel input offset
current, not considering the input resistance.

Input resistance: Typical value for information: DAE input resistance at the connector,
during internal auto-zeroing and during measurement.

Low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

Power consumption: Typical value for information. Supply currents in various operating
modes.

Certificate No: DAE4-387_Sep17 Page 2 of 5
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DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: 1LSB = 6.1uv, fullrange = -100...4300 mV
Low Range: 1LSB = 61nV , full range =  -1......+3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y z
High Range 404.489 + 0.02% (k=2) | 404.852 + 0.02% (k=2) | 404.862 + 0.02% (k=2)
Low Range 3.97827 + 1.50% (k=2) | 3.95875+ 1.50% (k=2) | 3.97982 + 1.50% (k=2)

Connector Angle

| Connector Angle to be used in DASY system 53.0°%+1°

Certificate No: DAE4-387_Sep17 Page 3 of 5
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Appendix (Additional assessments outside the scope of SCS01 08)

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 200032.85 -3.31 -0.00
Channel X + Input 20007.64 1.88 0.01
Channel X - Input -20003.48 1.18 -0.01
Channel Y + Input 200034.23 -1.43 -0.00
Channel Y + Input 20006.60 0.9 0.00
Channel Y - Input -20004.04 0.72 -0.00
Channel Z + Input 200035.38 -0.83 -0.00
Channel Z + Input 20003.69 -2.11 -0.01
Channel Z - Input -20006.38 -1.59 0.01
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2001.63 0.08 0.00
Channel X + Input 202.29 0.70 0.35
Channel X - Input -197.90 0.60 -0.30
Channel Y + Input 2001.33 -0.07 -0.00
Channel Y + Input 200.86 -0.60 -0.30
Channel Y = Input -189.87 -1.23 0.62
Channel Z + Input 2001.61 0.27 0.01
Channel 2 + Input 200.60 -0.70 -0.35
Channel Z = Input -199.51 -0.85 0.43
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (V) Average Reading (uV)
Channel X 200 13.50 11.56
- 200 -8.64 -11.18
Channel Y 200 -0.81 -1.28
- 200 1.05 0.09
Channel 2 200 7.7 6.91
- 200 -9.46 -9.01

3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec: Measuring time: 3 sec

Input Voltage (mV) | Channel X (uV) | Channel Y (uV) Channel Z (uV)
Channel X 200 E -1.70 0.33
Channel Y 200 10.70 = -0.38
Channel Z 200 7.1 7.89 -
Certificate No: DAE4-387_Sep17 Page 4 of 5

Tel:(86)755-26066544

Shenzhen Anbotek Compliance Laboratory Limited

Fax:(86)755-26014772www.anbotek.com




e Shenzhen Anbotek Compliance Laboratory Limited
heasabaiu P - CC ID: 2AI0Q-FPEN10A Page 540f 64 Report No.: R0218110001W

4. AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 15969 17466
Channel Y 15661 16162
Channel Z 15980 16190

5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec: Measuring time: 3 sec

Input 10MQ
Average (uV) min. Offset (uV) | max. Offset (uV) Std. I;J:‘\;;atlon
Channel X 0.73 -2.58 3.29 0.62
Channel Y 0.41 -0.49 1.23 0.40
Channel Z -0.80 -1.88 0.30 0.42
6. Input Offset Current
Nominal Input circuitry offset current on all channels: <25fA
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200

8. Low Battery Alarm Voltage (Typical values for information)
Typical values

Alarm Level (VDC)
Supply (+ Vec) +7.9
Supply (- Vec) -7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vec) +0.01 +6 +14
Supply (- Vcc) =0.01 -8 -9
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Impedance Measurement Plot for Body TSL
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CIQ-SZ (Auden)
CALIBRATION CERTIFICATE

Accreditation No.: SCS 0108

Client Certificate No: D450V3-1079_Aug16

Object D450V3 - SN: 1079

o AT (o)
Tkt
QA CAL-15.v8

Calibration procedure for dipole validation kits below 700 MHz

Calibration procedure(s)

Calibration date: August 29, 2016

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

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date (Certificate No.) Scheduled Calibration
Power meter NAP SN: 104778 06-Apr-16 (No. 217-02288/02288) Apr-17

Power sensor NRP-Z91 SN: 103244 06-Apr-16 (No. 217-02288) Apr-17

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

Retference 20 dB Attenuator SN: 5277 (20x) 05-Apr-16 (No. 217-02293) Apr-17

Type-N mismatch combination SN: 5047.2 / 06327 05-Apr-16 (No. 217-02295) Apr-17

Reference Probe ET3DVE SN. 1507 31-Dec-15 (No. ET3-1507_Dec15) Dec-16

DAE4 SN: 654 12-Aug-16 (No. DAE4-654_Aug16) Aug-17

Secondary Standards D # Check Date (In house) Scheduled Check
Power meter E4419B SN: GB41293874 06-Apr-16 (Mo. 217-02285/02284) In house check: Jun-18
Power sensor E4412A SN: MY41498087 06-Apr-16 (No. 217-02285) In house check: Jun-18
Power sensor E4412A SN: 000110210 06-Apr-16 (No. 217-02284 In house check: Jun-18
RF generator HP 8648C SN. US3642U01700  04-Aug-29 (in house check Jun-1€) In house check: Jun-18
Network Analyzer HP 8753E SN: US37390585 18-Oct-01 (in house check Oct-15) In house check: Oct-16

Name Function Signature
Calibrated by: Jeton Kastrati Laboratory Technician 7
Approved by: Katja Pokovic

Technical Manager ﬂ%

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

Ilssued: August 30, 2016
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Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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.

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement

multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions

DASY system configuration, as far as not given on page 1.

DASY Version

DASY5

V52.8.8

Extrapolation

Advanced Extrapolation

Phantom ELI4 Flat Phantom Shell thickness: 2 = 0.2 mm
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy,dz =5mm
Frequency 450 MHz =1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 43.5 0.87 mho/m
Measured Head TSL parameters (22.0+0.2)°C 443 +6% 0.89 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 1.16 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

4,58 W/kg = 18.1 % (k=2)

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

condition

SAR measured

250 mW input power

0.775 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

3.06 Wkg = 17.6 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 56.7 0.94 mho/m
Measured Body TSL parameters (22.0+0.2)°C 56.7 +6 % 0.95 mho/m £ 6 %
Body TSL temperature change during test <05°C —---
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measurad 250 mW input power 1.16 W/kg

SAR for nominal Body TSL parameters

normalized to 1TW

4.60 W/kg = 18.1 % (k=2)

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

condition

SAR measured

250 mW input power

0.764 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

3.03 W/kg = 17.6 % (k=2)

Certificate No: D450V3-1079_Aug16
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5800-29iQ
Return Loss -22.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 56.1Q-58jQ
Return Loss --220dB

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.348 ns '

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

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

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on March 03, 2011
Certificate No: D450V3-1079_Aug16 Page 4 of 8
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DASY5 Validation Report for Head TSL

Date: 29.08..
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 450 MHz; Type: D450V 3; Serial: D450V3 - SN: 1079

Communication System: UID 0 - CW; Frequency: 450 MHz

Medium parameters used: f =450 MHz; o = 0.89 S/m; & = 44.3; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
« Probe: ET3DV6 - SN1507; ConvF(6.58, 6.58, 6.58); Calibrated: 31.12.2015;
s Sensor-Surface: 4mm (Mechanical Surface Detection)
e Electronics; DAE4 Sn654; Calibrated: 12.08.2016
e Phantom: ELI v4.0; Type: QDOVAOQ01BB; Serial: TP: 1003
e DASYS5252.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 39.87 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 1.69 W/kg

SAR(1 g) = 1.16 W/kg; SAR(10 g) = 0.775 W/kg

Maximum value of SAR (measured) = 1.26 W/kg

=2.00
-4.00
-6.00

-8.00

-10.00

0dB = 1.26 W/kg = 1.00 dBW/kg
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Impedance Measurement Plot for Head TSL

29 fug 2016 10:29:57
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DASY5 Validation Report for Body TSL

Date: 29.08.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 450 MHz D450V3; Type: D450V3; Serial: D450V3 - SN:1079

Communication System: UID 0 - CW; Frequency: 450 MHz

Medium parameters used: f =450 MHz; 6 = 0.95 S/m; €= 56.7; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: ET3DV6 - SN1507; ConvF(6.99, 6.99, 6.99); Calibrated: 31.12.2015;
« Sensor-Surface: 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn654; Calibrated: 12.08.2016
« Phantom; ELI v4.0; Type: QDOVAQ01BB; Serial: TP:1003
« DASYS5252.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 37.17 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 1.82 W/kg

SAR(1 g) = 1.16 W/kg; SAR(10 g) = 0.764 W/kg

Maximum value of SAR (measured) = 1.24 W/kg

-2.00
-4.00
-6.00

-10.00

0dB = 1.24 Wikg = 0.93 dBW/kg
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Impedance Measurement Plot for Body TSL

29 Aug 2016 15:46:44
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Extended Dipole Calibrations

Referring to KDB865664 D01, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration), and
in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and the calibration interval
can be extended.

Head
Date of Return-loss Delta Real Impedance Delta Imaginary Delta
measurement (dB) (%) (ohm) (ohm) impedance (ohm) (ohm)
2016-08-29 -22.0 58.0 -2.9
2017-08-29 -21.9 0.45 58.2 0.2 -3.0 -0.1
Body
Date of Return-loss Delta Real Impedance Delta Imaginary Delta
measurement (dB) (%) (ohm) (ohm) impedance (ohm) (ohm)
2016-08-29 -22.0 56.1 -5.8
2017-08-29 -22.0 0.00 56.2 0.1 -5.6 -0.2

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5ohm of prior calibration.
Therefore the verification result should support extended calibration.

wxxxxEND OF REPORT**x

Shenzhen Anbotek Compliance Laboratory Limited
Tel:(86)755-26066544  Fax:(86)755-26014772www.anbotek.com



