REPORT NO: UL-SAR-RP13041774JD16A V1.0 Issue Date: 10 March 2020

12.4. Calibration Certificate for E-Field Probes

This sub-section contains Cal Certificates for E-Field Probes, and is not included in the total number of pages
for this report.
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12.5. Calibration Certificate for Dipoles

This sub-section contains Cal Certificates for Dipoles, and is not included in the total number of pages for this
report.
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Accreditelion No.: SCS 008

Cartificate Na: D2450V2-725_0ct19

CALIBBATION CERTIFICATE

Objecl

Calibration pracadura{s)

Callbration data:

D2450V2 - SN:725

QA CAL-05.v11
Calibration Procedure for SAR Validatich Sources betwsan 0.7-3 GHz

Qctober 08, 2019

Calibrallon Equipment used {METE critical for calibration)

This calibration certiflcals documents the traceakility 1o natignal standards, which realize tha phygical units of measuramsants (S1).
Tha measuremants and the uncartainlies with confidence probability are given on the follswing pages and ara part of Ihe cerlificate.

All cefirations have been eonducted in Ihe closad labaralary facility: emvirenment tam paralurg (22 £ 3°C and humidity < 70%.

Primary Slandards D # Cal Dalg (Canifleata Mo.) Scheduled Calibratian
Power meler NAP SN 104778 03-Apr-12 (No. 217-02892/02883} Apr-gy
Powar sansar WAP-Z91 SN: 103244 03-Apr-12 (Mo, 217-02802) Apr-20
Fower sansar MAP-Z91 SN 103245 3-Apr-18 (Mo, 217-(2893) Apr-20
Relerencs 20 dB Attenuator Gh: G058 (20k) 04-Apr-19 (Mo, 217-02834) Apr-20
Type-M mismateh comblnation SM: B047T.2 f 0B32Y 04-Apr-19 (Mo, 217-028D5) Apr-20
Ralerance Probe EXIDVY SM: 7349 2a2-May-13 {Mo. EX3-7349_May19) May-20
DAE4 SM: &0 30-Apr-19 (Mo, DAE4-E01_Apri 3} Apr-20 !
Secondary Slandards ID # Check Date fin helise) Schaduled Check
Powar metar E44198 SN: GR30512475 30-Oct-14 (in houss chack Feb-19) In house chack: Ogl-20
Powar gansgr HP 84814 8N: US37223783 07-Oct-15 (in house chack Qal-18) In howsa check: Ocl-20
Fowar sanser HP 84814 Sh: MY41092317 07-Oct-15 (I house check Og=18) In houza chack: Ocl-20
RF generater &S SMT-06 Sk 100072 15-Jun-1% (In house chack Oct-18) In houge sheck: Cel-20
Malwork Analyzer Agliant ES358A | SM: USH 0B047F 31-Mar-14 (in house check Out-18) In house chack: Ocl-18

Mama Function Slonature
Calibrated by: Michaeal YWeaber Laboralory Technlclan /

i

Approved by Kalla Pokoyic Technlcal Managsr

Thiz calibration caiticats shall not be reproduced except In full withoul willtan approval of the laboralary.

A

lesuad: October 8, 2018

Corificate No: D2450V2-725_0ct19
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Calibration Laboratory of S8l

Schmid & Partner iﬁ;&
Engineering AG T ¥
Zeugheusstrasse 43, 8004 Zurich, Switzerland ’-‘/,frr:\}‘

Accradied by Ihe Swizss Accraditalion Ssrvice (545}
The Ewiss Accreditalion Service I8 ane of the signatories to the EA
Muliilateral Agresment far the racognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

< Schwalzarlzcher Kalibrierdienst

C Bervica suigse d'&elonnage
Sarvizio svizzero d| taratura

S  swiss Callbration Service

Accraditation No.: SCS 0108

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 62208-1, "Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of

300 MHz to 6 GHz)”, July 2016

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

MHz to 6 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

+ Antenna Parameters with TSL: The dipale is mounted with the spacer to position its fesd
point exactly below the center marking of the flat phantom section, with the arms oriented

paraliel to the body axis.

s Feed Point Impedarnce 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 ensuras low

reflected power. No uncertainty required.

e Flectrical Delay: One-way delay between the SMA connector and the antenna feed point.

Neo uncertainty required.

» SAR measured: SAR measured at the stated antenna input powet.
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 5AR result.

probability of approximately 95%.

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

Contificate No; D2450V2-725_0ct1 Fage 2 of &




Measurement Conditions

iven on page 1.

DASY system configuration, as far as not

DASY Version DASYS ¥52.10.3

Extrapolation Advanced Extrapolation

Phantom Madular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolutlan dx, dy, dz =5 mm

Fregquensy 2450 MHz = 1 MHz
Head TSL parameters

The following parsmaters and calculations were applied.
Temperature Permittivity Conductivity

MNominal Head TSL paramatsta 220°C 302 1.80 mhadim

Measured Hesd TSL parameters (220202 °0 78 +6% 1.87 mhofm + 8 %

Herd TSL temperature change during test =0E5°C m—en ----
SAR result with Head TSL

SAR avaragad aver 1 em? {1 g) of Head T5L Conditicn

SAR measured 250 mW input power 13.0 Wikg

SAR for nominal Head TEL parameters

normalized 1o 1%

50.7 Wikg = 17.0 % (k=2}

SAR averaged over 10 em? (10 g) of Head TSL condition

5AR measzured

280 m\W [put power

5.04 Wikg

SAR for nominal Head TSL parametars

narmalized to 1YY

23.8 Wikn = 16.5 % {le=2)

Certificate No: D2450W2-725_Oct19
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed 1o feed point . 5450 +582j0
Return Loss -20.2dB

General Antenna Parameters and Design

Electrical Delay {one diraction) 1.155ns

Alter lang term use with 100W radiated power, only & slight warming of the dipole near the feedpoint can be measured.

The dipale is made of standard semirigld coaxial cabla. Tha centar conductar of the feeding line is directly connacted to the
second arm of the dipola. The anlenna is therefore short-circuited for DC-signals. On some of the dipolas, small end caps
are added to the dipcle arms in order to improve matching when lnaded according to the position as explained in the
"Measuramant Conditions" paragraph. The SAR data are nat affected by this change. The overall dipole length is still
according to the Standard.

Mo excessive force must be applied to the dipole anms, bacause they might band or the scldered connections near the
feadpolnt may be damagsd.

Additional EUT Data

Manufactured by SPEAG

Cortificate No: D2450V2-725_Oct18 Pagadcf &




DASYS Validation Report for Head TSL

Date: 08.10.201%
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipule 2450 MHz; Type: D2450V2; Serial: DZ450V2 - SN: 725

Communication System: UID 0 - CW; Frequency: 2450 MI1z

Medium parameters used: f = 2450 MHz; ¢ = 1.87 8/m; & = 37.9; p = 1000 kg/m*
Phantom section: Flat Section

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

DASY 52 Configuration:
+ Probe: EX3DV4 - SN7349; ConvF(7.9, 7.9, 7.9) @ 2450 MHz; Calibrated: 29.05.2019

Sensor-Surface: 1.4mm {Mechanical Surface Detection)

Elcctronics: DAE4 Sn601; Calibrated: 30.04.2019

Phantom: Flat Phantom 5.0 (front); Type: QI 000 P50 AA; Serial: 1001

DASYS2 52.10.3(1513), SEMCAD X 14.6.13(7474)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cubc 0:
Measurement grid; dx=5mn1, dy=>5mm, dz=5mm

Reference ¥Yaloe = 1154 Vim; Power Drill = -0.007 dB

Peak SAR (extrapolated) = 25.4 W/ks

SAR(L g) = 13 W/ky; SAR{10 g} = 6.04 Wikg

Smallest distance from peaks to all points 3 dB below =9 mm

Ratio of SAR at M2 to SAR ut M1 = 51%

Maximum value of SAR (measured) = 21.3 W/kg

+-5.00
{-10.00
-15.00

-20.00

-22.00

0dB =21.3 Wikg=13.28 dBW/kg

Certificate No: D2450W2-725_Oct1g Faga 5of &




Impedance Measurement Plot for Head TSL
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Calibration Laboratory of w s, f““""’"ﬁ%‘ § Schwslzerischer Kalibrierdienst
Schmid & Partner M g Sorvice suisse d'étalonnage
Engineering AG e Servizio svizzera dl faratura
Zoughausstrassa 43, 8004 Zurich, Switzerland ﬁ:ﬁﬁ g'*%a%h ﬁﬁ? 8  swiss Calibratlon Service
Accradilad by the Swiss Accreditatlon Service {SAS) Accreditation No.: SCS 0108

The Swlos Accraditatlon Service [s one of the algnatories 1o the EA
Muitllataral Agraement for the resognition ¢f callbratlon cartificatas

cront  [WIGERENOK

et s DEGH2Y2-1222.00119 |

Calibratlon precedurais)

AHV&lIdHﬂUHEUUFﬂES be}wean 36 GH_E o

Calibration dale: Ostohera T, 2049 ST T
Thiz callbratlen carificale documents the traceability 1o natlonal standards, which realize the physleal unlie of measuremanls {S1).

The measurements and the uncertalnllas with confldence probabilily are givan on the following pages and are part of the ceriflcata.

Al callbralions have been conducted in the closed laboratery lacllity: anvirconment lampsrature (22 £ 3)°C and humidity < 703,

Calibration Equipmenl usad (METE crltical for callbration)

Primary Slandards 1D # Cal Date {Carilicats Mo Seheduled Callbration

Power ralar NAP Sh: 104778 03-Apr-19 {Mo. 217-02852/02893) Apr-20

Pawer sanzar MAP-Z91 S 103244 03-Apr-18 (Mo, 217-02852) Apr-20

Power sensor NBP-£91 SN 103245 03-Apr-19 (Mo, 217-02883) Apr=20

Fatarence 20 dB Atlanuatar SM; 5068 (20K 04-Apr-18 (Mo, 217-02854) Apr-20

Type-N mismatch combinalion SN: 5047 2 / DA327 Dd-Apr-18 (Mo, 217-02885) Apr-20

Relorence Probe EXIDV4 SM: 3501 25-Mar-19 (Mo, EX3-3503_Mar18) har-20

DAES SN 601 J0-Apr-§9 (No. DAES-E01. ApriB) Apr-20

Secondary Slandards 1D # Check Bate {In house) Scheduled Chack

Powar meter E44198 5 GB26512475 30-0xt-14 {in house chack Feb-19) In hpuse check: Oot-20

Powar sensor HP 84814 BM: Us3ranzvas 07-0ct-15 (in house check Oc-148) In house check: Oct-20

Fower sensor HP §481A S MY HOR2317 O7-0ct-15 {in housa check Ogl-18) In kouse check: Ool-20

RF gensarator RAS SMT-06 BN: 100072 15-Jun-15 {In housa chack Oct-18] In housa chack: Ocl-20

Melwork Analyzer Agilant ER358A | SM: US41080477 31-Mar-14 {in hauss chack Out-18) In housa check: Jok-18
Name Funclion Slgnalure

Calibrated by: T T Al T L gmy

Approvad by: “‘i‘;_ai-_tgh_hl'chl':!uiarjia}gdr_ ST

Issued; Qctobar 16, 2019

This calibration cadilicata shall net be reproduced axcept in full without writhen approval of lhe laboratory.

Coriificate No: D&GEHzY2-1222_Oct12 Page 1 of 8




Calibration Laboratory of
Schmid & Partner

Enginesring AG
Zoughauasirasae 43, 8004 Zurlch, Switzeriand

Schwalzarischer Kallbrierdienst
Sarvice sulssa d'étalonnege
Servizlo svizzero dl taratura
Swiss Calibration Servlce

Accradited by the Swiss Accredilation Sarvice (SAS) accreditation No.: SCS 0108
The Swise Agcraditation Service !s ona of the slgnatorias fo the EA
Muittataral Agreement for tha recegniien of calibration certificatas

Glossary:

TSL tissue simulating liquid

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

Calibratlon is Performed According to the Following Standards:

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

b) IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (freguency range of
300 MHz to 6 GHz)", July 2016

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

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

Additional Documeantation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

e Antenna Parameters with TSL: The dipcle is mounted with the spacer to position its feed
point exactly below the center marking of the fiat 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
reflacted power. No uncertainty required.

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

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

+ SARA normalized: SAR as measured, normalized te 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 meagurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate Mo: DSGH2V2-1822_0ct19 Page 2 of §




Measurement Conditions

DASY system configuration, as far as not givan onh page 1.

DASY Version DASYS Va2 103

Extrapolation Advanced Extrapolaiion

Phantom Maodular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacar

Zoom Scan Resalution oy, dy = 4.0 mm, dz = 1.4 mm Gradad Ralio = 1.4 (Z diraction)
5250 MHz = 1 MHz

Freguency 5600 MHz £ 1 MHz
B750 MHz = 1 MHz

Head TSL parameters at 5250 MHz

The following paramaters and calculations were applisd.

Temperature Permittlvity Conductivity
Mominal Head TSL paramaters 220°C 350 4.71 mha/m
Measured Head TSL parameters {22.0+0.2)°C 35.0+68% 453 mho/m + & %
Head TSL temperature change during test «05°C e -
SAR result with Head TSL at 5250 MHz
SAR averaged over 1 em® {1 g) of Head TSL Canditlon

SAR measured

100 mW input power

8.15 Wrkg

SAR for nominal Head TSL parameters

normalized to 1V

B1.0 Wikg = 19.9 % (k=2)

SAR averaged over 10 em® {10 o) of Head TSL

condition

SAR measured

100 mW Input power

2.36 Wikg

SAR for nominal Head TSL parameters

nomalized to 14

23.4 Wikg = 19.5 % (k=2)

Head TSL parameters at 5600 MHz

The following paramesters and caleulations were applled.

Temperature Permittivity Canductivity
Hominal Head TSL parameters 22.0°C 355 5.07 mho/m
Measured Head TSL parameters (22.0+ 0.2} °C 344+6% 4.89 mhofm + & %
Head TSL temperature change during test 205°C -
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 em® (1 ¢) of Head T5L Condition

SAR measurad

100 MW Input power

B.56 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

84.9 Wikg = 19.9 % {k=2}

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

condition

5AR measzured

100 mW input power

2.45 Wrkg

540 for nominal Head TSL parametsrs

normalized t© 1%

24.3 Wikg £ 19.5 % (k=2)

Corificate No: DEGHzV2-1223_Cct19
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Head TSL parameters at 5750 MHz

Ths following paramaterz and calculailons were appliad.

Tamperature Permittlvity Conductivity
Naminal Head TSL parameters 22.0°C 354 5.22 mhofm
Measured Head TSL parameters {22.0x0.2)°C M2 +8% 5.04 mhodm £ 6 %
Head TSL temperature change during tast <0.5°C - -
SAR result with Head TSL at 5750 MHz
SAR averaged over 1cm® (1 g) of Head TSL Condition
SAR measured 100 miy [hput power 8.14. Wikg

5AR for nominal Head TSL parametars

narmalized to 1W

80.7 Wikg = 19.9 % {(k=2}

SAR avaraged aver 10 cm® (10 g) of Head TSL

condilion

SAR measurad

100 mW input power

233 Wikg

SAR for nominal Head TSL parameters

normalized to 14

23,1 Wikg + 19.5 % (k=2)

Cerifleate No: DEGHzV2-1222_0Oct1B
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Appendix (Additional assessments outside the scope of SCS 0108)
Antanna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point 4400 -86]0
Redurn Logs -234dB

Antenna Parameaters with Head TSL at 5600 MHz

Impedance, trensformed to feed point 5080+06]0
Retumn Loss ~-40.8 dB

Antenna Parameters with Head TSL at 5750 MHz

Impadance, transformed to feed point §740+0140
Relumn Loss -232dB

General Antenna Parameters and Design

Electrical Delay {one direction) 1.192 n3

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

The dipole is mads of standard semirgld coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefora short-clrclited for DC-glgnals. On some of tha dipeles, small end caps
gre added to the dipole arms in order to improve malching when loaded aceording to the posltion as explained in the
"WMeasurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole lenath is siill
according to the Standard.

Mo excessive force must be applied to the dipola arms, because they might band or the soldered connections near the
feadpoint may be damaged.

2
Additional EUT Data

Manufactured by SPEAG

Carlificate No: DSGH2V2-1222_0ct19 Page Saof B




DASYS Validation Report for Head TSL
Date: 11.10,2019

Test Laberatory: SPEAG, Zurich, Switzerland

DUT: Dipole D5GHzY2; Type: DSGHzV2; Serial: D5GH2V2 - SN:1222

Communication System: UID 0 - CW; Frequeney: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 Mbz
Medium parameters used: { = 5250 MHz; 6 =4.53 5/m; 5, = 35, p= 1000 kg.l’m

Medimn parameters vsed: f = 5600 MHz; 6 = 4.89 5/m; g, = 34.4; p = 1000 kghn

Medium parameters used: = 5750 MHz; o = 5.04 8/m; £, = 34.2; p= 1000 kg/m®

Phantom section: Flal Section

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

DARYS2 Configuration:

+ Probe: EX3DV4 - SN3303; Convi(5.4, 5.4, 5.4) @ 5250 MHz,
ConvF(4.95, 4.95, 4.95) @ 5600 MHz, ConvEi(4.98, 4.98, 4.98) @ 5750 MHz; Calibrated: 25.03.2019

+ Sensor-Surface: |.4mm (Mechanical Surface Detection)

» Electronics: DAE4 8n601; Calibrated: 30.04.2019

» Phantom: Fat Phantom 5.0 (front), Type: QD 000 BS0 AA; Scrial: 1001
»  DASYS252,10.3(1513) SEMCAD X 14,6.13(7474)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,

dist=1.4mm (8x8x7)/Cube (: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Referonee Value = 77,11 Vim; Power Iift = -0.05 dB

Peak SAR (extrapolated) = 28.2 W/kg

SAR{1 g) = 8.15 Wikyg; SAR(10 g) = 2.36 W/kg

Smallest distance from peaks to all points 3 dB below = 7.4 mm

Ratio of SAR at M2 10 SAR at M| = 69.8%

Maximwmn value of SAR (mcasured) = 18.8 Wrkg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,

dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 77.47 V/m; Power Drift = -0.07 dB

Peak SAR (extrapelated) = 31.9 Wikg

SAR(1 g) = 8.56 W/kg; SAR(I0 g) = 2.45 Wikg

Smallest distance from peaks to all points 3 dR below = 7.4 mm

Ratio of SAR at M2 to SAR at M1 = 067.4%

Maxitmum value of SAR (measured) = 20.5 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,

dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 74.85 V/m, Power Drift = -0.06 dB

Peak SAR (cxtrapolated) = 31.7 W/kg

SAR(1 g) = 8.14 Wikg; SAR(10 g) = 2.33 Wikg

Smallest distance from peaks to all points 3 dB below = 7.5 min

Ratio of SAR at M2 to SAR at M1 = 65.9%

Maximum value of SAR (measured) = 19.7 Wik

Cerificate Mo: DEGHZV2-1222_Oet19 Page 6 of 8




-6.00

-12.80

-18.00

-24.00

-30.00

0 dB = 18.8 Wr/kg = 12.74 dBW/kg

Contificate No: DEEH2Y2-1222_0Oci18 Page 7 of 8




Impedance Measurement Plot for Head TSL
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REPORT NO: UL-SAR-RP13041774JD16A V1.0 Issue Date: 10 March 2020

12.6. Tissues-Equivalent Media Recipes

The SPEAG Broadband Tissue Simulation Liquid HBBL600-6000V6 has been used for Body testing. The
composition of this fluid is undisclosed and proprietary to SPEAG.

Visual inspection is made to ensure air bubbles are not trapped during the mixing process. The mixture is
calibrated to obtain proper dielectric constant (permittivity) and conductivity of the tissue.
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