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Calibration Laboratory of
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Zeughausstrasse 43, 8004 Zurich, Switzeriand Swiss Calibration Service
Acrradiid by the Swiss Accradialion Sasvica (SAS) Accreditation He.! SCS 0108
Thi Bwiks Accreditation Service is one of the signatories to the EA
Mudtitaleral Agroement for the recognithon of calibration cariificatas
Glossary:
TSL tissue simulating Squid
NORME. .2 sensitivity in free space
ComF sensitivity in TSL f MORMx.y,2
DcpP diode compression paint
CF crest factor {1iduty_cycle) of the RF signal
A B CD modulation dependent nearization parameters
Polatization @ ¢ rofation around probe axis
Polarizabon 4 4 rotation around an axie that iz in the pkane noomal 1o probe axis (al measurement center)
i.e., 3 =0 is normal to probe axis
Conneclor Angle Information wsed in DASY system to align probe sensor ¥ to the robot coordinate system

Calibration is Performed According to the Following Standards:

a} IEEE Std 1528-2011, "|EEE Recommended Praciice for Determining the Peak Spatial-Averaged Specific
Apsorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measwramaent
Techniques™, Juna 2013

oy IEC 62209-1, ", "Messwiernen] procesdure lor e assessment of Specfic Absorplion Hale (SAR) rom nand-
hald and body-mounted devices used next 1o the ear {frequency range of 300 MHz to 6 GHz)®, July 2016

¢} |EC B2208-2, "Procedure 1o determine the Specific Absorption Rate (SAR) for wirebess communication devices
used in close prooamity 1 the human body (frequency range of 30 MHz ta & GHz)", March 2010

d) KDB 865664, "SAR Measurement Reguirements for 100 MHz 1o 6 GHz"

Methods Applied and Interpretation of Parameters:

= NORMxy, 2 Assessed for E-field polarization § =0 (f = 900 MHz in TEM-call: { = 1800 MHz: RZZ wavequide)
NORM,y, 2 are only Intermediate values, ie., the uncertainties of NORM:, vz doas not affect the E-fleid
uncertzinty ngide TSL (see below CanvF),

o NORRME, .z = NORMx .z * frequency,_response (see Frequency Response Chart). This linearization is
impemented in DASY4 software versions later than 4.2, The uncartainty of the frequency response & included
in the stated uncertainty of Canye,

« DGy y.z DCF are numencal lingarization paramelers assessed based on the dala of power aweep with GYWY
signal [ne uncertainty required). DCP does not depend an frequency nor mesdia

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

s Axyz Bxyz Coyz Dwyz VR px A, B, C, Dare numerical lingarization parameters assessed based on
the data of power sweep lor specfic modulalion signat, The paramelers do not depend on frequancy nor
media. VR is the maximum calibration range expressed in RMS voltege across the diode.

«  ConviF and Boundary Effect Paramaters. Assessed in flat phantom using E-Neld (or Temperature Transfar
Standard for f < 800 MHz) and inside waveguide using analytical field distributicns based an power
measurements for { = 800 MHz. The same Seps are used for S55e55meni of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values aro given, These paramelers ane
used in DASYY software to improve probe accuracy close o the boundary. The sengilivily in TSL cormesponds
o NMORMy, ¥,z * ComvF whereby the uncerainty cormesponds to that given for ConvF. A frequency dependant
ComvF 15 used m DASY version 4.4 and hagher which allows exfending the validity from £ 50 MHz 1o £ 100
MHz

»  Sphedcsl isotropy (3D dewiation from isotropy): in a field of low gradients realized using a flat phantom
gxposed by a patch antanna.

«  Sensor Offzet: The sensor offsel comesponds fo the offset of virkual measurement center from the probe tip
{on probe axis). Mo tolerance required.

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

Carlifizaie Na: EE3-3292 lan18 Page 2 of 11
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ES300I - Shidzie January 25, 2T1E

Probe ES3DV3

SN:3292

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

Calibrated for DASY/EASY Systems

(Mate; non-compatibe with DASYZ systeml)

Cerdificate Mo: EE3-3282_Jan18 Page 3 of 11
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ES3DV3- 5N:3282 January 25, 2018

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

Basic Calibration Parameters

Sensar X Sensor ¥ Sensor £ Une (k=2) |
Morm {uMiim)©y" 0.08 0,56 0.83 £ 101 % |
DCP (m\yy® 1042 1076 112.3

Modulation Calibration Parameters

uiD Communication System Name ] A B C o VR Une"
48 | dBywV | 4B | eV | (k=)

o oW i D0 | 0O 1.0 000 | 1915 | #53%
| _ ¥ g 0.0 10 | 187.6 |
I F3 0.a 0o 10 | | 1@z |

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

multiplied by the coverage factor k=2, which for a nermal distribution corresponds to a coverage
probability of approximately 853,

:TH'E urcertantes of Morm XY do not affect the E™-Seld uncedainty insde TSL [see Pages 5 and &)
Mumarncal linearizstion parameter: uncerainly nob ouined

¥ Uncertanty i ceBmingd using T8 Max. deyialion from inesr response applying rectangular disinbution ard i expressed for the souare of tha
Fredd value,

Shenzhen Anbotek Compliance Laboratory Limited
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ES3DV3- SN:3202 January 25, 2018

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

Calibration Parameter Determined in Head Tissue Simulating Media

. Relative | Conductivity | Depth Une
| FiMHz) " | Parmittivity {Sm)" ConvF X | ComwF ¥ { ConvF Z | Alpha® |  |mmj k=2)
150 52.3 0.76 7.85 785 |  7.85 004 | 120 | $133% |
|__450 435 087 | 112 702 | 712 | o018 | 120 | :133%

* Frequency valdly above 300 MHz of = 100 MHz orly applies for DASY w8 4 and highes (gee Pags 2], else it is restricied Io & 50 MHz The
urisartarity is tha RES of tha ConuF unceriainly at calibraton frequency and the uncanairty 1or e indcaled frequancy bard. Fragueniy valdty
becdicm 300 MHE = 10, 28, 40, 50 and 70 MHz for Com sasessments at 30, 64, 128, 150 and 220 MHz respectivaly. Above § GHI frequancy
vahkdiy can be extended 10+ 110 MHz

" A frecuancies below 3 GHz, the valdity of tssue paramaters [z Bnd o) Gan be reaeed 1o £ 10% # iouid compensation famaula s aapked o

mbasured SAR values. At frequencies above 3 GHz, the validity of listue paramessrs (e and o) s restricied to + 5%, The wcertainty is the RSS of
the CameF uncanainty 1or indicaled fanget issue pammaiers

“ AiphavDepth are detammingd during calibration. SPEAG warrants that the remaning desiation dus o the Baundary effect sfar compereatian is
Ay bads than & 1% for frequonses bakow 3 GH2 ard Belaw + J5 foe frequensies betaeen 18 GHz af any distanss angar Ban kel the prebs tia
ciameter from the boundany.

Cartificsds N FS3-3292_ lanif Page & of 11
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ES30V3= 3N 3292 January 25, 2018

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

Calibration Parameter Determined in Body Tissue Simulating Media

. Relative Conductivity | Depth™ Unc |

f {(MHz) - Permittivity ™ {Sm) " ConvF X | ComvFY | ComvFZ | Alpha® |  (mm) fk=2) |

150 G148 0.80 | T.59 7.58 7.549 0.04 1.20 £ 133 % I
450 56.7 0.94 7.28 7.28 728 | 042 120 | £133%

© Fraquancy walidty stirws 300 MMz of £ 100 MHz only apgies o DASY w04 and higher (see Page 2), tlse if & resiricted 1 + 50 MHz, The
unoeriainty s Wa RES of the Comd uncertainty at calibration Tnequerscy ard the uncerairty for the indcabed frequency band Frequanty vadidily
bekow SO0 MHz is + 10, 25, 40, 50 .ang 70 MHE for Cornd™ assessments of 300, 64, 178, 150 and 220 MHz respeciively. Abcve & GHz frequency
walldity can ba estended 1o £ 110 MHz

Al frequences bekoe 3 GHz, the validily of thsue parameters (o and a) can be releed 32+ 10% i o compensstion formula is appied ba
mezmured SAR valises, A ineguencies abave 3 GHz, the validity of lissioe paremetens {c and o} & restricled o & 5%, The uncerainty & the RS5 of
;IFF ComwF urcarainty for indicated target ligsue paramaiers
" AlphaTiapth ane delermined dunng calbeation. SPEAG wamanis thal the remainng deviation due b the boundary efact afler compensalion is

atways less than + 1% for Mequendies beioa 3 SHz and Dalow + 2% Tor feguencies betesen 3-8 GHz = any distance targes than half the probe ip
dismatar ¥om the boundary.
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ES30VI— SN:3202 Jamuary 25, 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)
Carificale No: ER3.3282_Jani8 Page 7 af 11
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ESA0NI- EN-3a92 January 26, 2018

Receiving Pattern (¢), 8 = 0°

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axlal |sotropy Assessment: £ 0.5% (k=2)
Centificats Mo: ES3-3292_Jan18 Page 8ol 11
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ES3DV3= SN:207 January 25, 2018

Dynamic Range f(S ARpeaq)

(TEM cell , fova™ 1900 MHZ)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Carificate Na: ES3-3252_Jlan18 Page 9 of 11
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ESIDV3- BN:3262 January 25, 2018

Conversion Factor Assessment

f= 450 MHz WELS Flat Pharom 4.4 f= 480 MHz WGELS Flan Phamam 4.4

SAR [V e

i .
Deviation frem Isotropy in Liquid
Error (¢, 8), f= 900 MHz
1.0
08
0.6
04
% oz
% 0.0
=02
-4
-0.8
-0.4a
10
o
a0
0
=10 05 -06 -04 402 00 02 04 0.8 0B 1.0
Unecartainty of Spherical Isotropy Assessment: £ 2.6% [k=2)
Certificate Mo: ES3-3202_Janis Page 10 of 11
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ESI0ONVI- SM: 3263 Jameary 35, 2018

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

Other PFrobe Parameters

Sensor Arrangement Trizngular
Connecicr Angle (7] X1
Mechanical Suface Detecion Mode - enabled
Optical Surface Delection Mode disabled
Probe Overall Length ' ' 337 mm
[ Probe Body Diameter B ~ inmm|
Tip Lewxgth T T 10mm |
Tip Diameter 4 mm
Probe Tip to Sensor X Calibration Paint 2 mm
Prabe Tip o Sensor ¥ Calibration Point 2 mm
Prabe Tip ko Sensor Z Calibration Point T Zmm
Recommended Measurement Distance from Surface | ~ 3mm |
S |
Cortificale No: ES3-3292_Jan1B Page 11 of 11
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Schmid & Panner Engineering AG 5- E E a g

Zoughausstrasss 43, BO0A Zurich, Switrarland
Phone «41 44 245 9700, Fax +41 44 245 8770
inlo@ispaag. com, http wwaw speag com

IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE wnit is a deficate, high precision instrument and requires careful traatment by the user. There are no
serviceable pars inside the DAE. Special atientien shall be given to the following paints:

Battery Exchange: The batery cover of the DAE4 unll Is clased 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 iin an antistatic bag. This antistatic bag shall then ba packed into a larger box or container which pratects the
DAE from impacts during transportation, The package shall be marked lo indicate that a fragile instrument is
inside,

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

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 inpul resistances, as measured during the
calibration procedure of a DAE unit, are not used by the DASY software, a nominal value of 200 MORm 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 & Panner Eng-nae?mg

TN_BRO40315AD DAE4. doc 11,12.2009
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a = G b BT TS
Callbll*ﬂtlnn Laboratory of {.-;“.:‘x_:_.r:,"?.;f Schwaizerischer Kalibrierdienst
Schmid & Partner %& Service suisse d'dalennage
Engineering AG i Servizio svizzoro di tarstura
Zoughaussirasse 43, 8004 Zurich, Switzorland {%ﬁ- Swiss Calibration Service
Eiliat¥”
Accraditod 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

cient  Anbotek (Auden) Certificate No: DAE4-387 Sepi17
|CALIBFIATIUN CERTIFICATE I
Object DAE4 - SD 000 DO4 BM - SN: 387
Calibration procedurais) QA CAL-06.v29

Calibration procedure for the data acquisition electronics (DAE)

Calibration data: Septamber 13, 2018

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

All calibrations have bean canducted in the closed iaboratony facility: environment temperature (22 & 3)%C and humidity < 70%

Calibration Equipment used [MATE crilical lor calibration)

Prienary Standarnds !__IFI # Cal Date (Costificate MNo.) Sehaduled Calibration

Kaoithloy Multimoter Typo 2001 I SM: 0810278 I1-Aug-18 (Mo:21062) Aug-19

Secondary Standards liow Chock Date (in housa) Schaduled Chack

Auto DAE Calibration Uinit | SE UWS 053 AA 1001 05-Jan18 (in house check) In houss check: Jan19

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

Calibrated by: Dominique Steten Laberatery Technican @\

Approved by Svan Kihn Daputy Managar

I*J&?W

Issued: Seplember 13, 2018

| This calitration cadificala shal not be reproduced axcept in full without witten approval of the labomiony

Cerificate No: DAE4-387_Sep17 Page 1ol 5
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Calibration Laboratory of

: 5 Schweizerischer Kalibrierdienst
Schrm_d & Partner ¢ Service suisse détalennage
Engineering AG Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzerand S  gwiss Callbration Service
Accredited by the Swiss Accraditation Senvcn (SAS) Accreditation Na.: SCS 0108

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

Glossary

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
* DC Voitage 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.

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

= The following parameters as documented in the Appendix contain technical informatien 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,

s 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.

e [nput 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 connecter,
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.

Ceniificate No: DAE4-387_Sep17 Page 2 of 5
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DC Voltage Measurement
AD - Corvearter Resolution nominal

High Ranga: 1LSB = G.Auv, fullrange = -100..,+300 mV
Low Range: 1L5E = ainv full range = -1.......+3mV
DASY measurement parameters: Aute Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y Fd
High Range 404.489 + 0.02% (k=2) | 404.852 + 0.02% (k=2) | 404.862 £ 0.02% (k=2)
| Low Range 3.87827 = 1.50% (k=2) | 3.95875 £ 1,50% (k=2) | 3.07982 + {1 50% (k=2)

Connector Angle

Connector Angle 1o be used in DASY system E3.0%%1° ]

Certificate Mo: DAEL-387_Sapi7? 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 (uWV) Error (%)
Channel X + Input 20003285 =331 -0.00
Channel X + Input 20007.54 1.88 0.0
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 ¥ - Input -20004.04 0.72 -0.00
Channel £ + Input 200035.38 -0.83 -0.00
Channel Z + Input 20003.69 -2.11 =0.01
Channel £ = Input -20006.38 -1.58 0.01
Low Range Reading (V) Difference (uV) Error (3)
Channel X + Input 2001.63 0.08 0.00
Channel X + Input 20229 0.70 0.35
Channel X = Input -197.90 0.80 -0.30
Channel Y + Input 2001.33 -0.07 -0.00
Channel Y + Input 200.85 -0.60 -0,30
Channel ¥ - Input -188.87 -1.23 0.62
Channel Z + Input 2001.61 0.27 0.0
Channel £ + Input 200.60 -0.70 .35
Channel Z - Input -198.51 -0.85 0.43
2. Common mode sensitivity
DASY measurement parameters: Aute Zero Time; 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Yoltage (mV) Average Reading (V) Average Reading (pV)
Channel X 200 13.50 11.56
= 200 -B.64 -11.18
Channel ¥ 200 -0.81 -1.28
- 200 1.05 0.09
Channel £ 200 TAT 8.91
- 200 -8.46 -8.01
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel ¥ (uV) Channel Z (uVv)
Channel X 200 -1.70 0.33
Channel Y 200 10.70 - -0.38
Channel Z 200 7.1 7.89
Ceriificate No: DAE4-387_Sapi7 Pagedof &
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4. AD-Converter Values with inputs shorted

'ELAS\‘ measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSE) Low Range (LSB)
Channel X 15969 17466
Channel ¥ 15661 16162
Channel Z 15980 16180
5. Input Offset Measurement
DASY measurement paramedars: Auto Zera Time; 3 sec; Measuring time: 3 sac
Input 10MG
Average (uV) min, Offset (uV) | max. Offset (uV) =, ?::;atian
Channel X 0,73 -2.58 328 .62
Channel ¥ 041 0.49 1.23 0.40
Channel Z -0.80 -1.88 0.30 042
6. Input Offset Current
Mominal Input circuitry offset current on all channels: <25i4
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 ]AIarrn Level (VDC)
Supply (+ Vee) +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 +B +14
Supply (- Vec) -0.01 -8 9
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Impedance Measurement Plot for Body TSL
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Multilateral Agreement for the recognition of calibration certificates

CIQ-SZ (Auden)
CALIBRATION CERTIFICATE

Accreditation No.: SCS 0108

Client Certificate No: D450V 3-1079_Aug16

Object D450V3 - SN: 1079

Aty (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)

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

Primary Standards D # Cal Date (Certificate No.) ‘Scheduled Calibration

Power meter NAP SN: 104778 06-Apr-16 (No. 217-02288/02289) 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) Apr7

Reference 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 ID# s Check Date (in house) Scheduled Check

Power meter E44198 SN: GB41293874 06-Apr-16 (Mo. 217-02285/02284) In housa check: Jun-18

Power sensor E4412A SN: MY41438087 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-99 (in house check Jun-16) 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 qj W

Approved by: Katja Pokovic Technical Manager ,g 7

Issued: August 30, 2016
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. - ROuR
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |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.

e 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 th
nominal SAR result.

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

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

Certificate No: D450V3-1079_Aug16 Page 2 of 8
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Measurement Conditions

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

DASY Version DASY5 V52.8.8
Extrapolation Advanced Extrapolation
Phantom ELI4 Flat Phantom Shell thickness: 2 + 0.2 mm
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
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 W/kg

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 1TW

3.06 W/kg = 17.8 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°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 <0.5°C —--
SAR result with Body TSL
SAR averaged over 1 cm’® (1 g) of Body TSL Condition
SAR measured 250 mW input power 1.16 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

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 Wikg

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 58.00-29jQ

Return Loss -22.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 56.1Q-58jQ2
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 pesition 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; ¢ = 0.89 §/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; ConvE(6.58, 6.58, 6.58); Calibrated: 31.12.2015;
e Sensor-Surface: 4mm (Mechanical Surface Detection)
e Electronics; DAE4 Sn654; Calibrated: 12.08.2016
e Phantom: ELI v4.0; Type: QDOVAQO01BB; Serial: TP:1003
« DASY52 52.8.8(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=3mm, 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

dB = 1.26 W/kg = 1.00 dBW/kg

Certificate No: D450V3-1079_Aug16 Page 50f 8

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



M Shenzhen Anbotek Compliance Laboratory Limited
etk AP CC ID: 2AONLML-339 Page 620f 65 Report No.: R0219060005W

Impedance Measurement Plot for Head TSL

29 Aug 2046 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 D450V 3; 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: & =567, p= 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
e Probe: ET3DV6 - SN1507; ConvF(6.99, 6.99, 6.99); Calibrated: 31.12.2013;
« Sensor-Surface: 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn654; Calibrated: 12.08.2016
« Phantom: ELI v4.0; Type: QDOVAO001BB; Serial: TP:1003

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

Dipole Calibration for Body Tissue/d=15mm, Pin=250mW/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 Wikg

-2.00
-4.00

-6.00

-10.00

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

29 Aug 2016 15:46144
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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
2018-08-29 -21.6 1.82 58.1 0.1 -3.1 -0.2
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
2018-08-29 -21.8 0.91 55.8 -0.3 -5.9 -0.1

The return loss is <-20dB, within 20% of prior calibration; the impedance is within S5ohm of prior calibration.

Therefore the verification result should support extended calibration.
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