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Appendix C

Calibration certificate

1. Dipole

D750V3-SN 1210

D835V2-SN 4d256

D1750V2-SN 1105

D1900V2- SN 5d114

D2300V2-SN 1072

D2450V2-SN 1038

D5GHzV2-SN 1313

2. DAE

DAE4-SN 1455

3. Probe

EX3DV4-SN 3982
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Calibration Laboratory of ‘\:\\t\\\\;ﬁ!p’/g § Schweizerischer Kalibrierdienst

Schmid & Partner m c Service suisse d'étalonnage
Engineering AG gl Servizio svizzero di taratura

N0 s
Zeughausstrasse 43, 8004 Zurich, Switzerland %, ot Swias Calibration Service
Al
Accrediled by he Swiss Accredilalion Service (SAS) Accreditation No.: SCS 0108

The Swisa Accreditation Service is one of the sighatories to the EA
Multifateral Agresment for the recognition of calibration cerlificates

cient ~ SGS-CN (Auden) Certificate No: D750V3-1210_Sep21

CALIBRATION CERTIFICATE

Ohject D750V3 - SN:1210

Calibration procedura(s) CGlA CAL-05.vi1
. Calibration Prazedure for SAR Validation Sources betwean 0.7-3 GHz

Calibration date: September 08, 2021

This calibration certificate documants the Iraceability fo national stendards, which realize the physical unlte of measurements (S0

The measurements and the uncertainties with canfidence probability are givan on the following pages and are part of the cerlilicale.

All calibrations have been conducted in the closed laboratory facility: erwironment temperature (22 = 3°C and humidity = 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D4 Cal Date (Certificate No.) Scheduled Calibration

Powear metar NAP SN: 104778 09-Apr-21 (No, 217-03281/03282) Apr-22

Power sensor NRP-Z31 SN: 103244 03-Apr-21 (No. 217-03201) Apr-22

Power sansor NAP-Z91 SH: 103245 09-Apr-21 (No. 217-03292) Apr-22

Aaferance 20 dB Attenuator SN: EHZ384 {20k} 09-Apr-21 {No. 217-03343) Apr-22

Type-N mismatch combination SN: 310982 / 06327 09-Apr-21 (No. 217-03344) Apr22

Reference Probe EX3DV4 SN: 73449 28-Dec-20 (No. EX3-7348_Dec20) Dac-21

DAE4 SN; 601 02-Nov-20 (No. DAE4-601_Nov2() Mav-21

Secondary Standards 1D # Check Date {in houss) Schaedulad Check

Power meter 44196 SN: GR38512475 B0-0¢1-14 (in house check Oct-20) In house check: Cot-22

Power sensor HP 8481A | SN: US37202783 07-0cl-15 (in house chack Oct-20) In houss chack: Qct-22

Powar sensor HP 84814 8M: MY41092317 07-0ct-15 (In house chack Oct-20) In house check: Oct-22

RF generator R&S SMT-06 SN: 100872 15-Jun-15 {in house check Ogl-20) In house check: Oct-22
| Nelwork Analyzer Agllent ER358A | SN: LUS41080477 31-Mar-14 {in house check Oct-20) In housa chack: Oct-21

Name Funotion Signature
Callsrated by: Jeffrey Katzman Laboratory Technigian
Approvad by: Kafja Pokovic Technieal Manager ﬂﬁ’é’% -

Issued: September 10, 2021
This callbration cerificata shall not be reproduced except in full without written approval of the labaratory.
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Calibration Laboratory of .,

SN2, G  Schwelzerischer Kalibrierdienst
Schmid & Partner m c Service suisse d'étalonnage
Engineering AG S Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland 2 {,?:{:\‘,\\\ S  swiss Caiibration Service
AT
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 applicabie or not measured

Calibration is Performed According to the Following Standards:

a) |EC/IEEE 62209-1528, “Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
c) DASY 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. Alf figures stated in the certificate are valid at the frequency indicated.

e Antenna Parameters with TSL: The source is mounted in a touch configuration below the
center marking of the flat phantom.

* FHetum Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power. 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%.

Certificate No: D750V3-1210_Sep21 Page 2 of 6



Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS2 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantam
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 750 MHz + 1 MHz

Head TSL parameters
The following parametars and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 41,9 0.89 mho/m

Measured Head TSL parameters (22.0x0.2)°C 41.826% 0.20 mho/m + 6 %

Head TSL temperature change during test «<0.5°C — —
SAR result with Head TSL

SAR avaraged over 1 cm’ {1 g} of Head TSL Gondition

SAR measured 250 mW input power 2.14 Wikg

SAR for nominal Head TSL parameters normalized to 1W 8.48 Wikg + 17.0 % (k=2)

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

SAR measured 250 mW inpul power 1.40 W/kg

SAR for nominal Head TSL parameters nomalized to 1W 5.56 Wikg x 16.5 % {k=2)

Cerfificate No: D750V3-1210_Sep21 Page 3 of 8



Appendix (Additional assessments ouiside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to fead peint b28R-27jQ
Return Loss -283dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.033 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 mada of standard semirigid coaxial cable. The center conductor of the feeding lins is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-gignals. 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

Manufaciured by SPEAG

Cartificate No: D750V3-1210_Sep21 Page 4 of 6



DASY5 Validation Report for Head TSL

Dater 08.09.2021
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN:1210

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

Medium parameters used: f = 750 MHz; ¢ = 0.9 8/m; & =41.8; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration;
+ DProbe: EX3DV4 - SN7349; ConvF(10.11, 10.11, 1011} @ 750 MHz; Calibrated: 28.12.2020
e Sensor-Surface: 1.4mm (Mechanical Surface Detection)
s Electronics: DAE4 Sn601; Calibrated: 02.11.2020
e Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA: Serial: 1001
« DASYS52 52.10.4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 59.69 V/m; Power Drift = -0.02 dB

Peak SAR (cxirapolaied) = 3.25 W/kg

SAR(1 g) = 2,14 W/kg; SAR(10 g) = 1.4 W/kg

Smallest distance from peaks to all points 3 dB below = 20.6 mm

Ratio of SAR at M2 to SAR at M1 = 065.7%

Maximum value of SAR (measured) = 2.88 W/kg

-2.00
-4.00
-6.00

-10.00

0 dB =288 W/kg =4.59 dBW/kg

Cerificate No: D750V3-1210_Sep21 Page 5 of 6



Impedance Measurement Plot for Head TSL
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Servica (SA5}
Tha Swiss Accreditetion Service is one of the signatories to the EA
Mulllateral Agraement for the recognition of calibratlon cartificates

Cllent

SGS-CN (Auden)

Service suisse d'stalonnage
Servizio svizzero di taratura
Swiss Calibration Service

S
C
S

Accreditation Ne.: SCS 0108

Certificate No: DIB35V2-4d256_Apr20

|CALIBRATION CERTIFICATE

Qbject

Calibration procedure(s)

Calibration date:

|

D835V2 - SN:4d256

QA CAL-05.v11

Schweizerischer Kalibrierdianst

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

April 15, 2020

Calibration Equipment used {(M&TE critical for calibration)

This calibration certificate docurnents the traceability 10 natlonal standards, which realize the physical units of maasurements {Sl).
The measurements and the uncertainties wilh confidence probabllity are given on the following pages and are part of the cartificale.

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

Calibrated by:

Approved by:

Network Analyzer Agilent E3358A | SN: LIS41080477

Namea
Jeton Kastrati

Katja Pokovic

31-Mar-14 (in house check Oct-19)

Functlon
Labomtory Technician

Techricat Manager

This calibration cartificate shall not be reproduced except in full wilhout written approval of ihe laboratery.

Primary Standards 1D # Cal Date (Certificate No.) Schaduled Callbration
Powar matar NRF SN 104778 01-Apr-20 (No. 217-03100/63101) Apr-21

Powear sensor NRP-261 SM: 103244 01-Apr-20 (No. 217-03100) Apr-21

Power sensor NRP-291 SN 103245 01-Apr-20 {No. 217-03101} Apr-21

Raference 20 dB Attanuatar | SN: BHS9394 (20k) 31-Mar-20 (MNo. 217-031086) Apr-21

Type-N mismatch combination SN: 310982 / 06227 31-Mar-20 (No. 217-03104) Apr-21

Relerence Probe EX3DV4 SN: 7349 31-Dec-19 (Mo. EX3-7349_Dec18) Dec-20

DAE4 SN: 601 27-Dac-19 (Mo. DAE4-601_Dec1s) Dec-20

Sacondary Standards D # Chack Date (in house) Scheduled Check
Power meter E4419B SN: GBR3A512475 30-Oct-14 {in house check Feb-19) In house check: Cet-20
Powar sansor HF 24814 SN: US37292783 07-0ct-15 (in house check Oct-18} In house check: Oct-20
Power ssnsor HP B481A SN: MY41092317 07-Oct-15 tin house check Qet-13) In house check: Ogt-20
RF generator R&S SMT-05 SN: 100972 15-Jun-15 (in house check Ocl-18) In houss chack: Qct-20

In house checke Qct-20

Signadurs

7

S

Issued: Apnl 17, 2020

Certificate No: DE35V2-4d256_Apr20

Page 1 of 7




Calibration Laboratory of \\@1/ (GomnN g Schweizerischer Kallbrierdienst
Schmid & Partner m i i i | ¢ Service suisse d'étalonnage
Engineering AG -:;,-/_-'—:_-:-\\ S % e Servizlo svizzero di taraiura
Zeughausstrasse 43, 8004 Zurich, Switzerland ] 4?_?"'{\‘\‘;3 Oy < S  Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accraditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of callbration cartificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, “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

¢) |EC 62209-2, "Procedure to determine the Specific Absomtion 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:

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.

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 {0 a coverage
probability of approximately 95%.

Cerlificate No: DB35V2-4d256_Apr2Q Page 2 of 7




Measurement Conditions

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

DASY Version DASY5 V52,104

Extrapolation Advanced Extrapclation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx, dy,dz =5mm

Frequency 835 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 41.5 0.90 mho/m

Measured Head TSL parameters {22.0 £ 0.2)°C 422 +86% 0.92 mho/m £ 6 %

Head TSL temperature change during test <0.5°C - —
SAR result with Head TSL

SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured 250 mW input power 2.41 Wikg

SAR for nominal Head TSL parameters

nermalized to 1W

9.52 Wikg =+ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.56 Wikg

SAR for nominal Head TSL parameters

nomalized to 1W

6.17 Wikg = 16.5 % (k=2)

Cortificate No: D835V2-40256_Apr20

Paga3of 7




Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to teed peint 4350-21jQ
Return Loss -33.2dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.385 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 therefora 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.

Nc excessive force must be applied to the dipole arms, bacause they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Certificate No: DB35V2-4d256_Apr2C Page 4 of 7



DASY5 Validation Report for Head TSL

Date: 15.04.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d256

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

Medium parameters used: f = 835 MHz; 6 = 0.92 S/m; £ = 42.2; p = 1000 kg/m’
Phantom section: Flat Section

Measorement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(2.89, 9,89, 9.89) @ 835 MHz; Calibrated: 31.12.2019
« Sepsor-Surface: 1.4mm (Mechanical Surface Detection)
+« Blectronics: DAE4 Sn601; Calibrated: 27.12.2019
+ Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
« DASY5252.10.4(1527); SEMCAD X 14.6.14(7483)

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

Reference Value = §2.76 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 3.63 Wikg

SAR(1 g) = 2.41 W/kg; SAR(10 g) = 1.56 W/kg

Smallest distance from peaks to all peints 3 dB below = 17 mm

Ratio of SAR at M2 to SAR at M1 = 66.6%

Maximum value of SAR (measured) = 3.19 Wikg

-2.00
-4.00
+.00

-10.00

0 dB =3.19 W/kg =5.04 dBW/kg

Certificate No: DB35Y2-4d256_Apr20 Page b of7



Impedance Measurement Plot for Head TSL
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Appendix: Transfer Calibration at Four Validation Locations on SAM Head'

Evaluation Condition

Phantom

SAM Head Phantom

For usage with ¢SAR3DV2-R/L

SAR result with SAM Head (Top = C0)

SAR averaged over 1 cm® (1 g) of Head TSL

Condition

SAR for nominal Head TSL parameters

normalized to 1W

9.01 Wikg = 17.5 % (k=2)

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

candition

SAR for nominal Head TSL parameters

normalized to 1W

5.93 Wikg = 16.9 % (k=2)

SAR result with SAM Head (Mouth = F90)

SAR averaged over 1 cm® (1 g} of Head TSL

Condition

SAR for nominal Head TSL parameters

normalized to 7W

9.46 Wikg + 17.5 % (k=2)

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

condition

SAR for nominal Head TSL parameters

normalized to 1W

6.31 Wikg £ 16.9 % (k=2)

SAR result with SAM Head (Neck = H0)

SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR for nominal Head TSL paramsters normalized to 1W 8.99 W/kg = 17.5 % (k=2})
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR for nominal Head TSL parameters normalized to 1W 6.03 Wikg + 16.9 % {k=2)
SAR result with SAM Head (Ear = D90)
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR for nominal Head TSL parameters normalized to 1W 7.72 Wikg £ 17.5 % (k=2}
SAR averaged over 10 cm® (10 g) of Head TSL. condition
SAR for nominal Head TSL parameters normalized to 1W 5.17 W/kg = 16.9 % (k=2)

1 - .
Additional assessments outside the current scope of SCS 0108

Certificate No: DB35V2-4d256_Apr20

Page 7of 7




N
\\\

A‘“’ In Collaboration with w.\"\"lnﬂ? %, A *Eﬁ—l
/,

L TR MCNAS

‘/ CALIBRATION LABORATORY

ERAA

Add: No.51 Xueyuan Road, Haidinn District, Beijing, 100191, China '4, RN - CALIBRATIOH
Tel: +86-10-62304633-2079  Fax; +86-10-623(4633-2504 Yrelyg o CNAS L0570
E-mail: cttli@chinattl.com hitpe /Ao chinattl.on

Client 8GS Certificate No: Z20-80326

CALIBRATION CERTIFICATE

Object D1750V2 - SN: 1106

Calibration Procedure(s) FF-Z11-003-01

Calibration Procedures for dipole validation kits

Calibration date: August 29, 2020

This calibration Certificate documents the traceabllity to national standards, which realize the physical units of
measurements(Sl). The measuremeants and the uncentainties with confidence prokability are given on the following

pages and are part of the certificate.

All caiibrations have been conducted in the cloged laboratory facility: environment temperature(22:3j°c and

humidity<70%.

Calibration Equipment usad (M&TE critical for calibration)

Primary Standards D& Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 106276 12-May-20 (CTTL, No.J20X02965) May-21
Power sensor NRPSA 101389 12-May-20 (CTTL, No.J20X02885) May-21
ReferenceProbe EX3DV4 | SN 3617 30-Jan-20{SPEAG ,No.EX3-3617_Jan20) Jan-21
DAE4 SN 771 10-Feb-20{CTTL-SPEAG No.Z20-80017) Feb-21
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430 25-Feb-20 (CTTL, N0.J20X00516) Feb-21
MNetworkAnalyzer EE071C | MY46110673  10-Feb-20 (CTTL, Ne.J20X00515) Feh-21

Name Function Signaituie

Calibrated by: Zhaa Jing SAR Tasi Engineer ’g Z{ '

Reviewed by: Lin Hao SAR Test Engineer ‘ﬁﬁ‘,ﬁ% |

Approved by: Qi Dianyuan SAR Project Leader é(?/ 2. by =

Issued: September 3, 2020 |
This calibration certificate shall not be repreduced except in full without writlen approval of the laboratory. \

Certificate No: Z20-607326 Page 1 of &



!\n In Collaboration with
w777, s . p e a g

s~ CALBRATION LABORATORY

Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504

E-mail: cttl@chinastl.com http:/fwww.chinattl.cn
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,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, “Measurement procedure for assessment of specific absomption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 2016

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

d) KDB865664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and interpretation of Parameters:

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

o Anlenna 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 Retum Loss: These parameters are measured with the dipcle
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 Flectrical 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: S8AR as measured, normalized to an input power of 1 W at the antenna
connector.

s 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 nomal distribution
Corresponds to a coverage probability of approximately 95%.

Certificate No: Z20-60326 Page 2 of 6



In Collaboration with

Add: No.51 Xueyuan Read, Haidian Distriet, Beijing, 100191, Chioa
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504
E-mail: ettli@chinattl.com hittp:/fwww.chinattl.cn

Measurement Conditions
DASY systermn configuration, as far as not given on page 1.
DASY Version DASYS2 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom 8can Resolution dx, dy, dz=5 mm
Fraquency 1750 MHz £ 1 MHz
Head TSL parameters
The fallowing paramelers and calculations werg applied.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 40.1 1.37 mho/m
Measured Head TSL parameters (220£02) °C 308+6% 1.38 mho/m £ 6 %
Head TSL temperature change during test <1.0°C —s -
SAR result with Head TSL
SAR averaged over1 cmi® (1 g) of Head TSL Condition

SAR measured 250 mW inpul power

8.90 Wikg

SAR for nominal Head TSL parameters narmalized to 1W

35.3 Wikg * 18.8 % (k=2)

SAR averaged over10 ¢m’ (10 g) of Head TSL Condifion

SAR measured 250 mW inpul powar

4.68 Wikg

SAR for nominal Head TSL parameters nermalized to 1W

18.7 Wikg £ 18.7 % (k=2)
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Appendix {Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

impedance, transformed to feed point 51.50-2.54 0 J
Return Loss -308dB i

General Antenna Parameters and Design

Electrical Delay (ona direction) 1.080 ns

After long term use with 100W radiated power, enly 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 shori-circuited for DC-signals. On some
of the dipoles, small end caps are added to the dipole arms in order to improve maiching 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
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DASYS Validation Report for Head TSL Date: 08.29.2020

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 1750 MHz: Type: D1750V2; Serial: D1750V2 - SN: 1105
Communication System: UID 0, CW; Frequency: 1750 MHz; Duty Cycle: 1:1
Medium parameters used: f= 1750 MHg; o = 1.383 S/m; & = 39.75; p = 1000 kg/m’
Phantom section: Right Section

DASY5 Configuraiion:

Probe: EX3DV4 - SN3617; ConvF(8.41, 8.41, 8.41) @ 1750 MHz; Calibrated:
2020-01-30

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn771; Calibrated: 2020-02-10

Phantom: MFF_V5.1C (20deg probe tilt); Type: QD 000 P51 Cx; Serial: 1062
Measurement SW: DASY 52, Version 52.10 (4); SEMCAD X Version 14.6.14
(7483)

System Performance Check/Zoom Scan (7x7x7) (7x7x7)/Cube 0; Mcasurement grid;
dx=5mm, dy=5mm, dz=5mm

Reference Value = 89.77 V/m; Power Drift = -0.07 dB

Peak SAR (extrapclated) = 16.9 W/kg

SAR(1 g) = 8.9 W/kg: SAR(10 g) = 4.69 W/kg

Smallest distance from peaks to all points 3 dB below = 10 mm

Ratio of SAR at M2 to SAR at M1 = 52.8%

Maximum value of SAR (measured) = 13.9 W/kg

0 dB = 13.9 W/kg = 11.43 dBW/kg
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Impedance Measurement Plot for Head TSL
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Client SGS Certificate No: Z220-60327

CALIBRATION CERTIFICATE

Object D1900V2 - SN: 5d114

Calibration Procedure(s) FF-Z11-003-01

Calibration Procedures for dipole validation kita

Calibration date: August 27, 2020

This calibration Certificate documenis the traceabilily to national standards, which realize the physical units of
measurements(Sl). The measurements and the uncertainties with confidance probability are given on the following
pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D # Cal Date(Calibrated by, Certificate No.) Schedufted Calibration
Power Meter NRP2 108276 12-May-20 (CTTL, No.J20X02965) May-21
Power sensor NRPBA 101369 12-May-20 (CTTL, Na.J20X02965) May-21
ReferencaProbe EX3DV4 | SN 3617 30-Jan-20(SPEAG No.EX3-3617_Jan20) Jan-21
DAE4 SN 771 10-Feb-2C{CTTL-SPEAG,N0.Z20-60017) Feb-21
Secendary Standards iD# Cal Date{Calibrated by, Certificate No.) Scheduted Calibration
Signal Generator E4438C | MY48071430 25-Feb-20 {CTTL, No.J20X00518) Feb-21
NetworkAnaiyzer ES071C | MY46110673 10-Feb-20 (CTTE, No.J20X00515) Feb-21

Name Function Sighature

Callbrated by: Zhao Jing SAR Test Engineer fg g/ -

Reviewed by: Lin Hao SAR Test Engineer : Tﬁﬁ%

A ed by W . P
pproved by Qi Dianyuan SAR Project Leader PR R

Issued: September 3, 2020
This ealibration certificate shall not be reproduced except in full without written approval of the laboratory.
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logsary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |IEEE Std 1528-2013, “[EEE 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, “Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz ta
8GHz)", July 2016

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

d) KDB865664, 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 freqguency indicated.

e Anfenna 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.

s 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 Retum 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.

o 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 uncerainty of
Measurement muliiplied by the coverage factor k=2, which for a normal distribution
Corresponds to a coverage probability of approximately 95%.

Certificate No; Z20-60327 Page 2 of 6
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Measurement Conditicns
DASY sysiern configuration, as far as not given on page 1.

DASY Version DASYS2 V52104
Extrapolation Advanced Extrapclation
Phantom Triple Flat Phantem 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution ox, dy, dz=5mm
Frequency 1900 MHz £ 1 MHz
Head TSL parameters
The following paramelers and calculations werg applied.
Temperature Permittivity Cenductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mho/m
Measured Head TSL parameters (220 £0.2) °C 411+68% 140 mho/m + B %
Head TSL temperature change during test <1.0°C — —

SAR result with Head TSL
SAR averaged over1 ¢m’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.57 Wikg
SAR for nominal Haad TSL parameters nommalized to 1W 39.7 W/kg = 18.8 % (k=2}
SAR averaged over 10 ¢’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 5.06 Wikg
SAR for nominal Head TSL parameters normalized to W 20.3 Wikg £ 18.7 % (k=2)

Certificate No: Z20-60327 Pape 3 of 6
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Appendix (Additional assessments outside the scope of CNAS LO570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 51.90+6.78{0Q

Return Loss -23.2dB

General Antenna Parameters and Design

Electrical Delay {one direction) 1.067 ns

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

The dipole is made of standard semirigid coaxial cable. The cenler conductor of the feeding line is directly
connecled fo the secand arm of the dipele. The antenna is therefore short-circuited for DC-signals. On some
of the dipoles, small end caps are added ta the dipole arms in order to improve matching when oaded
according to the position as explained in the "Measurement Conditions" paragraph. The SAR dzia are not
affected by this change. The overall dipele length is siill according to the Standard.

No exceasive farce must be applied to the dipole arms, because they might bend or the soldered
conneclions near the feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
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DASYS Validation Report for Head TSL Date: 08.27.2020

Test Laboratory: CTTL, Beijing, China

DUT: Iipole 1900 MHz; Type: D1900V2; Serial: D1900Y2 - SN: S5d114
Communication System: UTD 0, CW; Frequeney: 1900 MHz; Duty Cyele: 1:1
Medium parameters used: £= 1900 MHz; o = 1.404 S/m; & = 41.12; p = 1000 kg/m*
Phantom section: Center Section

DASYS Configuration:

s Probe: EX3DV4 - SN3617; ConvF(8.14, 8.14, 8.14) (@ 1900 MHz; Calibrated:
2020-01-30

+ Sensor-Surface: 1.4mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn771; Calibrated: 2020-02-10

+ Phantom: MFP V5.1C {20deg probe tilt); Type: QD 000 P51 Cx; Serial: 1062

e Measurement SW: DASYS2, Version 52.10 (4); SEMCAD X Version 14.6.14
(7483)

System Performance Check/Zoom Secan (7x7x7) (7x7x7)/Cube 0: Measurement grid:
dx=5mm, dy=3mm, dz=5mm

Reference Value = 98,97 V/m; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 19.0 W/kg

SAR(1 g) = 9.87 Wikg; SAR(10 g} = 5.06 Wikg

Smallest distance from peaks to all points 3 dB below = 10 mm

Ratio of SAR at M2 to SAR at M1 =352%

Maximum value of SAR (measured) = 15.7 Wikg

-3.65

-7.29

-10.94

-14.58

-18.23

0 dB = 15.7 W/kg = 11.96 dBW/kg
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Impedance Measurement Plot for Head TSL
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Accrediled by the Swiss Accreditalion Sarvice {SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilataral Agreement for the recognition of calibration certlflcates

SGS-CN (Auden)

Accreditation No.: SCS 0108

Client

Certfificata No: D2450V2-1038 Apr20

CALIBRATION CERTIFICATE
_

Chbject D2450V2 - SN:1038

QA CAL-05.v11
Celibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibration procedure(s)

Callbration date: April 08, 2020

This calibration cerificate documents the traceability to national standards, which realize the physical units of measurements (SI}.
The measurements and the uncerlanties with cordidence probability are given on tha following pages and are part of the cerificate.

All calibrations have been ¢conducted in the clozsed feboratory facifity: environment lemperatura (22 + 3)°C and humidiy < 70%.

Calibration Equipment used (M&TE critical for callbration)

Primary Standards D # Cal Date (Certificate No.) Schedulad Callbration
Power meter NRP SN: 104778 01-Apr-20 (No. 217-03100/03101) Apr-21

Powar sansor NRP-781 SN: 103244 01-Apr-20 (No. 217-03100) Apr-21

Power sensor NRP-Z91 SN: 103245 01-Apr-20 (No. 217-03101) Apr-21

Reference 20 dB Attenuator SN: BH3384 (20K) 31-Mar-20 (No. 217-03106) Apr-21

Type-N mismatch combination SN: 310882 f 06327 31-Mar-20 {No. 217-03104) Apr-21

Refarance Probe EX3DV4 SN; 7349 31-Dec-19 {No. EX3-7349_Dec19) Dac-20

DAE4 SN; 601 27-Dec-18 (Mo. DAF4-601_Dectd) Dec-20

Secondary Standards D # Chack Data (in housa) Scheduled Check

Powar metar E4410B

FPower sansar HF 8481A

FPower sanscr HP 8481 A

RF ganarator R&S SMT-06
Network Analyzer Agilenl EB358A

| Calibrated by:

Approved by:

SN: GB3gs12475
SN: US37292783
SN: MY41002317
SN: 100972

SN: US41080477

Mame
Jeffrey Katamer

Katja Pakavic

30-0ct-14 {in house check Feb-19}
07-Oct-15 {In hause chack Oct-18)
07-0ct-15 (in house check Oet-18)
15-Jun-15 (in house check Oct-18)
31-Mar-14 (In hause check Cct-19)

Function
Laboratory Technician

Tachnical Managsr

This calibration certificate shall not be reproduced excapt in full without written approval of the labcratory.

In housa chack: Oct-20
In housa check: Oct-20
In housa check: Oct-20
In house check: Oct-20
In house chack: Oct-20

Signature

=
P

Issusd: Aprit 20, 2020

Certificate Na: D2450V2-1038_Apr20
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Schmid & Partner S g Servis suisse détalonnage
Engineering AG g SN Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland %y ,ﬁ\‘;\? S  swiss Calibration Service
A
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is one of the signatories to the EA
Mustllateral 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) IEEE Std 1528-2013, “[EEE 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, “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, "Procedure to determine the Specific Absorption Rate (SAR) for wirefess

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.

o Feed Point Impedance and Retum 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.

» Flectrical Delay: One-way delay beiween the SMA connector and the antenna feed point.
No uncertainty required.

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

s SAR normalized: SAR as measured, hormalized 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 resuii.

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: D2450V2-1038_Apr20 Page2oi 7




Measurement Conditions
DASY system conliguration, as far as not given on page 1.

DASY Version DASYS V52.10.4
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m
Measured Head TSL parameters (22.0 +0.2) °C 386x£6% 1.86 mho/m £ 6 %
Head TSL. temperature change during test <05°C - mmee
SAR result with Head TSL
SAR averaged over 1 cm’® (1 g) of Head TSL Conditicn
SAR measured 250 mW input power 13.3 Wrkg
SAR for nominal Head TSL parameters ncmalized to 1TW 52.2 Wikg + 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input powsr 6.18 W/kg
SAR for nominal Head TSL parameters normalized to 1W 24.5 Wikg = 16.5 % (k=2)

Centificate No: D2450V2-1038_Apr20 Page 3of 7



Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point

523Q+20j0

Retum Loss -30.5dB
General Antenna Parameters and Design
Elactrical 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 feeding line is directly connecied 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 lecaded according to the position as explainaed in the
"Measurement Cenditions" paragraph. The SAR data are not affacted by this change. The overall dipole length is stii

according to the Standard.

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

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Certificate No: D2450V2-1038_Apr20
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DASY$5 Validation Report for Head TSL

Date: 08.04.2020

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipale 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:1038

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

Medium parameters used: f = 2450 MHz; o = 1.86 $/m; ¢, = 38.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY 52 Configaration:

-

-

»

Probe: EX3DV4 - SN7349; ConvF(7.98, 7.98, 7.98) @ 2450 MHz; Calibrated: 31.12.2019
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601: Calibrated: 27.12. 2019

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P30 AA; Serial: 1001

DASYS52 52.10.4(1527); SEMCAD X 14.6.14(7483)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=3mm, dz=5mm

Reference Value = 1160.6 V/im;, Power Drift = -0.05 dB

Peak SAR (extrapolated) = 26.2 Wikg

SAR(1 g) = 13.3 W/kg; SAR(10 g) = 6.18 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 50.8%

Maximum value of SAR (measored) = 21.9 W/kg

-4.00

-12.00

-16.00

-20.00

0 dB =21.9 W/kg = 13.40 dBW/kg
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Impedance Measurement Plot for Head TSL
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Appendix: Transfer Calibration at Four Validation Locations on SAM Head’

Evaluation Condition

Phantom

SAM Head Phantom

For usage with cSAR3DV2-R/L.

SAR result with SAM Head (Top = C0)

SAR averaged over 1 cm® (1 g) of Head TSL

Condition

SAR for nominal Head TSL paramsters

normalized to 1W

55.7 Wikg = 17.5 % (k=2)

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

condition

SAR for nominal Head TSL parameters

normalized to 1W

26.6 W/kg = 16.9 % (k=2)

SAR result with SAM Head (Mouth = F90)

SAR averaged over 1 cm® (1 g) of Head TSL

Condition

SAR for neminal Head TSL paramsters

normalized to 1W

56.8 W/kg = 17.5 % (k=2)

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

SAR for nominal Head TSL parameters normalized to 1W 28.0 Wikg + 16.9 % (k=2)
SAR result with SAM Head (Neck = HO)

SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR for nominal Head TSL parameters normalized to 1W 53.5 Wikg = 17.5 % (k=2)

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

condition

SAR for nominal Head TSL parameters

normalized to 1W

25.5 Wikg = 16.9 % (k=2)

SAR result with SAM Head (Ear = D90)

SAR averaged over 1 em® (1 g) of Head TSL

Condition

SAR for nominal Head TSL parameters

normalized {o 1W

34.3 Wikg + 17.5 % (k=2)

SAR averaged over 10 em’ {10 g) of Head TSL

condition

SAR for nominal Head TSL parameters

normalized to 1W

17.8 Wikg = 16.9 % (k=2)

! Additional assessmants outside tha current scope of 3CS 0108

Certificate No: D2450V2-1038_Apr20
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Client SGS Certificate No:  Z22-60016

CALIBRATION CERTIFICATE

Object D5GHzV2 - SN: 1313

Calibration Procedure(s) FFE-711-003-01

Calibration Procedures for dipole validation kits

Calibration date: January 25, 2022

This calibration Certificate documents the traceabilily o national standards, which realize the physical units of
measurements (Sl}. The measurements and the uncertainties with confidence prabability are given on the following
pages and are part of the ceriificate.

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

Calibration Equipment used {M&TE crilical for calibration)

Primary Standards 1D # Cal Date {Calibrated by, Cerlificate No.) Scheduled Calibration
Power Meter NRP2 106277 24-Sep-21 (CTTL, No.J21X08326) Sep-22
Power sansor NRP8S 104291 24-Sep-21 (CTTL, No.J21X08328) Sep-22
Reference Probe EX3DV4 | SN 3617 27-Jan-21{SPEAG No.EX3-3617_Jan21) Jan-22
DAE4 SN 1556 12-Jan-22{CTTL-SPEAG No.Z22-80007) Jan-23
Secondary Standards D # Cal Date (Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430 13-Jan-22 {(CTTL, No. J22X00409) Jan-23
Network Analyzer ES071C | MY46110673 14-Jan-22 (CTTL, No.J22X00406) Jan-23

Name Function Signature

Calibrated by: Zhao Jing SAR Test Engineer ; -‘g

Reviewed by. Lin Hao SAR Test Engineer ' ‘ﬁrj‘j;

Approved by: Qi Dianyuan SAR Project Leafier m’—

lssued: January 31, 2022
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z22-50016 Page 10f 8
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEC/IEEE 62205-1528, “Measurement Procedure for The Assessment of Specific Absorpiion
Rate of Human Exposure to Radio Frequency Fields from Hand-held and Body-mounted
Wiraless Communication Devices- Part 1528: Human Models, Instrumentation and
Procedures (Frequency range of 4 MHz to 10 GHz)", October 2020

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

Additional Decumentation:
c) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

o Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the cerlificate 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 ocriented
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 cennector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

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

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

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

Certificate No: Z22-60014 Page 2 of 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASY52 52.10.4
Extrapolation Advanced Extrapolation

Phantom | Triple Fiat Phaniom 5.1C

Distance Dipole Center - TSL 10 mm with Spacer

de, dy=4 mm, dz = 1.4 mm Graded Ratic = 1.4 (Z direction)

5250 MHz + 1 MHz
Frequency 5600 MHz + 1 MHz
5750 MHz + 1 MHz

Zpom Scan Resolution

T —
|
T
|

Head TSL parameters at 5250MHz
The fellowing parameters and calculaiions were applied.

Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 358 4.71 mhofm
Measured Head TSL paramaters {(22.0+0.2)°C I6216% 471 mho/im £ 6 %
Head TSL temperature chaﬁgé l_iuring fest <1.0°C - ——

SAR result with Head TSL at 5250NMH=z

SAR averaged over 1 ¢ (1g) of Head TSL Condition

SAR measuied 250 mW input powsar 7.79 Wikg

SAR for nominal Head TSL parameters normalized to 1W 78.0 W/kg + 24.4 % (k=2)
SAR averaged over 10 ¢#?° {10 g) of Head TSL Condition

SAR measured 250 mW input power 2.18 Wikg

SAR for nominal Head TSi paramelsrs normalized to 1W AM.BWikg + 242 % (k=2)

Certificate No: Z22-60016 Page 3 0f 8
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Head TSL parameters at 5600MHz
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The following parameters and calculations were applied.

Temperature Permlittivity Conductivity
Nominal Head TSL parametars 20°C 358.5 5.07 mho/m
Measured Head TSL paramelers 22.0zx0.2)°C 355+6% 5.09 mho/m £ 8 %
Head TSL temperature change during test <1.0°C -—— -
SAR result with Head TSL at §600MHz
SAR averaged over1 c¢m’ (1 g) of Head TSL Condition

SAR measured

250 mW input power

7.99 Wikg

SAR for nominal Head TSL parameters

normalized 1o 1W

79.9 Wikg * 24.4 % {k=32)

SAR averaged over 10 cin® (10 g) of Head TSL Condition

SAR measured 250 mW input power 225 Wikg

SAR for nominai Head TSL parameters normalized 1o 1W 22.5 Wikg £ 24.2 % (k=2)
Head TSL parameters at 5750MHz

The following parameters and calculations were applied.
Temperatura Permilttivity Conductivity

Neminal Head TSL parameters 22.0°G 354 5.22 mho/m

Measured Head TSL parametera (220+02)°C 353+6% 525 mhoim £6 %

Head TSL temperature change during test <1.0°C — I
SAR result with Head TSL at 5760MHz

SAR averaged over1 ¢m° (1 g) of Head TSL Condition

SAR measured

250 mW jnput power

7.54 Whg

SAR for nominal Head TSL parameaters

noermalized to T

76.4 Wikg = 24.4 % (k=2)

SAR averaged over 10 c#¢” (10 g) of Head TSL

Condition

SAR measured

250 m\W/ input power

2.12 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

21.2 Wikg 1 24.2 % (k=2)

Certificate No: Z22-60016

Page 4 of 3
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Appendix {Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL at 5250MHz

Impedance, ransformed to feed point ] 47,00 1.42i0
Return Loss -292dB

Antenna Parameters with Head TSL at 5600MHz

Impedance, transformed to feed point 53.50+ 1.70i0

Return Loss - 28.5dB

Antanna Parametsrs with Head TSL at 5750MHz

Impedance, transformed 1o feed point 50.20+ 1.97102

Return Loss -341d4B

General Antenna Parameters and Design

Electrical Dalay (one direction) 1.104 ns

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

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

Mo excessive force must be applied to the dipole ams, because they might bend or the soldered
connections near the feed-point may be damaged.

Additional EUT Data

Manufactured by SFEAG

Certificate No: Z22-60014 Page 5 0f 8
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DASYS5 Validation Report for Head TSL Date: 2022-01-25

Test Laboratery: CTTL, Beijing, China

DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN: 1313
Communication System: CW: Frequency: 5250 MHz, Frequency: 5600 MHz,
Frequency: 5750 MHz Duty Cycle: 1:1
Medium parameters used: f = 5250 MHz; o = 4.708 S/m; & = 36.15; p = 1000 kg/m®
Medium parameters used: f = 5600 MHz; o = 5.088 §/m, & = 35.54; p = 1000 kg/m?
Medium parameters used: f = 5750 MHz; o = 5.262 8/m; & = 35.32; p = 1000 kg/m?
Phantom section: Right Section
Measurement Standard: DASY5 (IEEE/IEC/ANS] C83.19-2007)

DASY?S Configuration:

« Probe: EX3DV4 - SN3617: ConvF(5.4, 5.4, 5.4) @ 5250 MHz; ConvF(5, 5,
5) @ 5600 MHz; ConvF(5.12, 5.12, 5.12) @ 5750 MHz; Calibrated:
2021-01-27

+ Sensor-Surface: 1.4mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn1556; Calibrated: 2022-01-12

« Phantom: MFP_V5.1C (20deg probe tilt); Type: QD 000 P51 Cx; Serial:
1062

« DASY52 52.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration /Pin=100mW, d=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 68.82 VV/im; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 32.5 W/kg

SAR(1 g) = 7.79 W/kg; SAR(10 g) = 2.18 W/kg

Smallest distance from peaks to all points 3 dB below = 7.2 mm

Ratio of SAR at M2 to SAR at M1 =64%

Maximum value of SAR (measured) = 18.5 Wikg

Dipole Calibratlon /Pin=100mW, d=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 70.59 V/m; Power Drift ='0.02 dB

Peak SAR (extrapolated) = 37.5 Wikg

SAR(1 g) = 7.99 Wikg; SAR(10 g) = 2.25 Wkg

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

Ratio of SAR at M2 to SAR at M1 = 60.4%

Maximum value of SAR (measured) = 19.7 W/kg

Certificate No: Z22-60016 Page 6 of §
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Dipole Calibration /Pin=100mW, d=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7}/Cube §: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 66.01 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 37.8 W/kg

SAR{1 g) = 7.64 W/kg; SAR(10 g) = 2.12 W/kg

Smallest distance from peaks to ail points 3 dB below = 7.2 mm

Ratic of SAR at M2 to SAR at M1 = 58.8%

Maximum value of SAR (measured) = 12.2 Wikg

dB
n

-0.90
-19.80
-29.69

-39.59

&

0dB =19.2 W/kg = 12.83 dBW/kg

-49.19

Certificate No: Z22-6(016 Papge 7 of 8
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Impedance Measnrement Plot for Head TSL

[ Tri 511 Log mag 10.00d8/ rRef 0.000dB [F1]
|
0-80 5560000 GHz 29,223 OB
1000 | 2 §-8000000 Ghz -28.527 db
. 3 57500000 GHz 34,092 db

| z6.00

20.00
| 10.00
| 0.c00M r
| -lg.¢v
~-2G.00 b
-30.00

| ~-40.00

-50.00 = = _—
P 511 smith (r+{x) scale 1.0000 [Fi os1]
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3 3.7500000 GHz 50.205 0 1.9703 O . 326 pH

b
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CALIBRATION CERTIFICATE

Ohbject EX3DV4 - SN : 3982

Calibration Procedure(s) FF-Z11-004-02

Calibration Procedures for Dosimetric E-field Probas

Calibration date: December 29, 2021

This calibraticn Certificate documents the traceability to national standards, which realize the physical units of
measurements(Sl). 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)

F—— —
Primary Standards ID# Cal Date{Cazlibrated by, Ceriificate No.)  Scheduled Galibration |
Fower Meter NRP2 101919 15-Jun-21(CTTL, No.J21X044686) Jun-22
Powar sansor NRP-791 101547 18-Jun-21(CTTL, No.J21X04456) Jun-22
Power sensor NRP-Z91 101548 15-Jun-21(CTTL, No.J21X04468) Jun-22
Reference 10dBAttenuator | 1BN50W-10dB  10-Feb-20(CTTL., No.J20X0D0525) Feb-22
Refarence 20dBAttenuator T8NS0W-20dB  10-Feb-20(CTTL, No.J20X00526) Fah-22
Reference Probe EX3DV4 | SN 3817 27-Jan-21(SPEAG, No.EX3-3617_Jan21) Jan-22
DAE4 SN 1555 20-Aug-21{SPEAG, No.DAE4-1555_Aug21/2) Aug-22 .
Secondary Standards ID # Cal Date(Galibrated by, Cerfificate Ne.) Scheduled Calibration
SignalGenerator MG3700A | 6201052605 16-Jun-21{CTTL, No.J21X04467) Jun-22
ENgatwoyk Analyzer ES071C | MY48110673  21-Jan-21(CTTL, No.J20X00515) Jan-22
Name Function Signature
Calibrated by: Yu Zongying SAR Test Engineer /é,,:,:-ﬁe;,
Reviewed by: Lin Hac SAR Test Engineer : f[ﬁﬁt{-}%
Approved by:

Qi Dianyuan SAR Project Legder %

Issued. December 31, 2021
This calibration certificate shall not be reproduced excapt in full' withoul writlen approval of the laboratory.

Certificate No: Z21-60450 Page 1 of 9
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Glossary:
TSL tissue simulating liquid
NORMXx,y.z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parameters

Polarization ¢ ® rotation around probe axis

Palarization 8 8 rotation around an axis that is in the plane normal to probe axis (at measurement center), i

8=0 is narmal 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) [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 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 (frequency range of 300 MHz to 6 GHz)",
July 2016

¢) 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 8 GHz"

Methods Applied and Interpretation of Parameters:

o NORMx,y,z: Assessed for E-field polarization 8=0 (fs900MHz in TEM-cell; f>>1800MHz: waveguide).

NORMx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not effect 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 implemented in DASY4 software versions later than 4.2, The uncertainty of the
frequency response is included in the stated uncertainty 'of ConvF.

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

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

o Ax,¥.Z Bx.y.z; Cx,y,z;VRX,y,2:A,B,C are humerical 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 calibration range expressed in RMS voltage across the diode.

» ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for f<800MHz) and inside waveguide using analytical field distributions based on
power measurements for f >800MHZz. The same setups are used for assessment of the parameters
applied for boundary compensation (alpha, depth) of which typical uncertainty valued 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 higher which
iate values, i.e., the uncertainties of NORMX,y,z doSpherical isotropy (3D deviation from isotropy): in

s Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a flat
phantom exposed by a patch antenna.

o Sensor Offset: 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 required).

Certificate No:Z21-60450 Page 2 of 9
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DASY/EASY — Parameters of Probe: EX3DV4 - SN:3982

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc {k=2)
Nom(pVi{(V/m)y*}* 0.56 0.5% 0.50 +10.0%
DCP(mV)® 101.9 103.8 103.4
Modulation Calibration Parameters
uiD Communlcation A B c D VR UneE
System Name dB dBVuV dB mV (*=2)

0 cw X 0.0 0.0 1.0 0.00 176.4 +2.1%

Y 0.0 0.0 1.0 178.9

z 0.0 0.0 1.0 164.2

The reported uncertainty of measurement is stated as the standard uncertainty of
Measurement multipied by the coverage factor k=2, which for a normal distribution
Corresponds fo a coverage probability of approximately 95%.

A The uncertainties of Norm X, Y, Z do not affect the E2-fiekd uncertainty inside TSL {see Page 4).

B Numerical linearizalion parameter: uncertainfy not required.

E Uncerlainly is determined using the max. déviation from linear response applying rectangular distribution
and is expressed for the square of the field value.

Certificate NeeZ21-60450 Page 3 of 9
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DASY/EASY — Parameters of Probe: EX3DV4 — SN:3982

Calibration Parameter Determined in Head Tissue Simulating Media

N - a Lt
 MHz)¢ Pei:';:i‘:;yF c°“°::f::;’f” ConvF X | ConvF Y | ConvF Z | Alpha® ':::’:: :i:‘;—
750 41.9 .89 10.40 10.40 1040 | 011 | 154 | +121%
838 41.5 0.90 10.02 10.02 10.02 | 018 | 117 | £12.1%
1760 40.1 1.37 &.50 8.50 8.50 0.21 | 1.02 | H121%
1800 40.0 1.40 8.33 8.33 8.33 0.25 | 1.08 | +121%
2300 39.5 1.67 8.06 8.06 8.06 043 | 0.86 | +12.1%
2450 39.2 1.80 7.77 7.97 7.77 040 | 093 | +£12.1%
2600 39.0 1.96 7.58 7.58 7.58 049 | 080 | £121%
3300 38.2 2.7 7.34 7.34 7.34 036 | 1.01 | £13.3%
3500 3r.9 2.91 7.07 7.07 7.07 030 | 1.06 | 113.3%
3700 37.7 312 6.75 6.75 6.75 042 | 1.01 | +13.3%
3900 37.5 3.32 6.62 6.62 6.62 035 | 1.35 | +13.3%
4100 37.2 3.53 6.65 5.66 6.65 040 | 1145 | =13.3%
4400 36.9 3.84 6.46 6.46 6.46 035 | 135 | £13.3%
4600 36.7 4.04 6.34 6.34 6.34 045 | 1.20 | £13.3%
4800 36.4 4.25 6.29 6.29 6.29 0.40 | 130 | £13.3%
4950 36.3 4.40 6.03 6.03 6.03 0.40 | 1.35 | +13.3% |
5250 35.9 471 5.55 5.55 5.56 0.45 | 135 | +13.3%
5600 35.5 5.07 .00 6.00 5.00 0.50 | 1.25 | £13.3%
5750 5.4 5.22 5.10 £.10 510 | 055 | 115 | £13.3%

< Frequency validity above 300 MHz of +100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted lo
150MHz. The uncertainty is the RSS of ConvF uncerlainty at calibration frequency and the uncertainty for the indicated

frequency band. Frequency validity beiow 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 54, 128,

150 and 220 MHz respectively. Above 5 GHz frequency validity can be extended 1o + 110 MHz.
F At frequency below 3 GHz, the validity of tissue parameters (€ and o} can be relaxad to +10% if liquid compensation
formula is applied te measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (cand o) is
restricted to +5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.

© Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compensation is always less than + 1% for frequencies below 3 GHz and below 2% for the freguencias
between 3-8 GHz at any distance larger than half the prabe tip diameter from the boundary.
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Frequency Response of E-Field
(TEM-Cell: ifit10 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £7.4% (k=2)
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Receiving Pattern (®), 8=0°

f=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial [sotropy Assessment: +1.2% (A=2)
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Conversion Factor Assessment
=750 MHz,WGLS R9(H_convF) f=1750 MHz,WGLS R22(H_convF)
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Uncertainty of Spherical Isotropy Assessment: £3.2% (k=2)
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DASY/EASY — Parameters of Probe: EX3DV4 — SN:3982
Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle {°) 170.7
Mechanical Surface Detaection Mode enabled
Optical Surface Detection Mode disable
Probe Overall Length 337mm
Probe Body Diameter 10mm
Tip Length mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point fmm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surface 1.4mm

Certificate No:Z21-60450 Page 9 of §




W, .
AP\, coeboration with Q:q‘\\\://”z} F-FE],\‘EI
=777 s e a N

T z S
e oS CALIBRATION
Add: No.52 HuaYuanBei Road, Haidian District, Beijing, 100191, Ching ’:,4',:::\“\3‘ CNAS L0570

Tel: +86-10-62304633-2512 Fax: +86-10-62304633-2504

'
>
;

E-mail: cttl@chinattl.com Hittp://www.chinatt].cn
Client . = SGS Certificate No: Z21-60465

CALIBRATI#N CERTIFICATE

Ob1ect DAE4 - SN: 1455
Calibration Procedure(s) FF-Z11-002-01

Calibration Procedure for the Data Acquisition Electronics
(DAEXx)

Calibration date: December 29, 2021 |

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(Sl). 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(Calibrated by, Certificate No.) Scheduled Calibration
Process Calibrator 753 | 1971018 15-Jun-21 (CTTL, No.J21X04465) Jun-22

i

{

Name Function Signature

Calibrated by: Yu Zongying SAR Test Engineer o2 B
Reviewed by: Lin Hao SAR Test Engineer N ﬂj’@% ,
Approved by: Qi Dianyuan SAR Project Leader e = i

Issued: December 31, 2021
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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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 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.

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

e The report provide only calibration results for DAE, it does not contain other
performance test results.
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DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: 1LSB = 6.1uV, full range = -100...+300 mV
Low Range: 1LSB = 61nV, full range = o PR +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y Z
High Range 403.524 + 0.15% (k=2) | 403.811 + 0.15% (k=2) | 403.827 + 0.15% (k=2)
Low Range 3.98535+0.7% (k=2) | 4.01112+0.7% (k=2) | 3.97249 + 0.7% (k=2)
Connector Angle
Connector Angle to be used in DASY system 203°t1°

Certificate No: Z21-60465 Page 3 of 3
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CALIBRATION CERTIFICATE

Ohbject EX3DV4 - SN : 3982

Calibration Procedure(s) FF-Z11-004-02

Calibration Procedures for Dosimetric E-field Probas

Calibration date: December 29, 2021

This calibraticn Certificate documents the traceability to national standards, which realize the physical units of
measurements(Sl). 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)

F—— —
Primary Standards ID# Cal Date{Cazlibrated by, Ceriificate No.)  Scheduled Galibration |
Fower Meter NRP2 101919 15-Jun-21(CTTL, No.J21X044686) Jun-22
Powar sansor NRP-791 101547 18-Jun-21(CTTL, No.J21X04456) Jun-22
Power sensor NRP-Z91 101548 15-Jun-21(CTTL, No.J21X04468) Jun-22
Reference 10dBAttenuator | 1BN50W-10dB  10-Feb-20(CTTL., No.J20X0D0525) Feb-22
Refarence 20dBAttenuator T8NS0W-20dB  10-Feb-20(CTTL, No.J20X00526) Fah-22
Reference Probe EX3DV4 | SN 3817 27-Jan-21(SPEAG, No.EX3-3617_Jan21) Jan-22
DAE4 SN 1555 20-Aug-21{SPEAG, No.DAE4-1555_Aug21/2) Aug-22 .
Secondary Standards ID # Cal Date(Galibrated by, Cerfificate Ne.) Scheduled Calibration
SignalGenerator MG3700A | 6201052605 16-Jun-21{CTTL, No.J21X04467) Jun-22
ENgatwoyk Analyzer ES071C | MY48110673  21-Jan-21(CTTL, No.J20X00515) Jan-22
Name Function Signature
Calibrated by: Yu Zongying SAR Test Engineer /é,,:,:-ﬁe;,
Reviewed by: Lin Hac SAR Test Engineer : f[ﬁﬁt{-}%
Approved by:

Qi Dianyuan SAR Project Legder %

Issued. December 31, 2021
This calibration certificate shall not be reproduced excapt in full' withoul writlen approval of the laboratory.
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Glossary:
TSL tissue simulating liquid
NORMXx,y.z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parameters

Polarization ¢ ® rotation around probe axis

Palarization 8 8 rotation around an axis that is in the plane normal to probe axis (at measurement center), i

8=0 is narmal 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) [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 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 (frequency range of 300 MHz to 6 GHz)",
July 2016

¢) 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 8 GHz"

Methods Applied and Interpretation of Parameters:

o NORMx,y,z: Assessed for E-field polarization 8=0 (fs900MHz in TEM-cell; f>>1800MHz: waveguide).

NORMx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not effect 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 implemented in DASY4 software versions later than 4.2, The uncertainty of the
frequency response is included in the stated uncertainty 'of ConvF.

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

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

o Ax,¥.Z Bx.y.z; Cx,y,z;VRX,y,2:A,B,C are humerical 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 calibration range expressed in RMS voltage across the diode.

» ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for f<800MHz) and inside waveguide using analytical field distributions based on
power measurements for f >800MHZz. The same setups are used for assessment of the parameters
applied for boundary compensation (alpha, depth) of which typical uncertainty valued 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 higher which
iate values, i.e., the uncertainties of NORMX,y,z doSpherical isotropy (3D deviation from isotropy): in

s Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a flat
phantom exposed by a patch antenna.

o Sensor Offset: 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 required).

Certificate No:Z21-60450 Page 2 of 9
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DASY/EASY — Parameters of Probe: EX3DV4 - SN:3982

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc {k=2)
Nom(pVi{(V/m)y*}* 0.56 0.5% 0.50 +10.0%
DCP(mV)® 101.9 103.8 103.4
Modulation Calibration Parameters
uiD Communlcation A B c D VR UneE
System Name dB dBVuV dB mV (*=2)

0 cw X 0.0 0.0 1.0 0.00 176.4 +2.1%

Y 0.0 0.0 1.0 178.9

z 0.0 0.0 1.0 164.2

The reported uncertainty of measurement is stated as the standard uncertainty of
Measurement multipied by the coverage factor k=2, which for a normal distribution
Corresponds fo a coverage probability of approximately 95%.

A The uncertainties of Norm X, Y, Z do not affect the E2-fiekd uncertainty inside TSL {see Page 4).

B Numerical linearizalion parameter: uncertainfy not required.

E Uncerlainly is determined using the max. déviation from linear response applying rectangular distribution
and is expressed for the square of the field value.

Certificate NeeZ21-60450 Page 3 of 9



Tel: +86-10-62304633-2512
E-mail: citli@chinattl com

e

In Collzborstion with

=777 s p e a g

e CALIBRATION LABGRATORY

Add: No.52 HuaYaanBei Road, Haidian District, Beijing, 100191, China
Fax: +86-10-62304633-2504
Hutp://www.chi

DASY/EASY — Parameters of Probe: EX3DV4 — SN:3982

Calibration Parameter Determined in Head Tissue Simulating Media

N - a Lt
 MHz)¢ Pei:';:i‘:;yF c°“°::f::;’f” ConvF X | ConvF Y | ConvF Z | Alpha® ':::’:: :i:‘;—
750 41.9 .89 10.40 10.40 1040 | 011 | 154 | +121%
838 41.5 0.90 10.02 10.02 10.02 | 018 | 117 | £12.1%
1760 40.1 1.37 &.50 8.50 8.50 0.21 | 1.02 | H121%
1800 40.0 1.40 8.33 8.33 8.33 0.25 | 1.08 | +121%
2300 39.5 1.67 8.06 8.06 8.06 043 | 0.86 | +12.1%
2450 39.2 1.80 7.77 7.97 7.77 040 | 093 | +£12.1%
2600 39.0 1.96 7.58 7.58 7.58 049 | 080 | £121%
3300 38.2 2.7 7.34 7.34 7.34 036 | 1.01 | £13.3%
3500 3r.9 2.91 7.07 7.07 7.07 030 | 1.06 | 113.3%
3700 37.7 312 6.75 6.75 6.75 042 | 1.01 | +13.3%
3900 37.5 3.32 6.62 6.62 6.62 035 | 1.35 | +13.3%
4100 37.2 3.53 6.65 5.66 6.65 040 | 1145 | =13.3%
4400 36.9 3.84 6.46 6.46 6.46 035 | 135 | £13.3%
4600 36.7 4.04 6.34 6.34 6.34 045 | 1.20 | £13.3%
4800 36.4 4.25 6.29 6.29 6.29 0.40 | 130 | £13.3%
4950 36.3 4.40 6.03 6.03 6.03 0.40 | 1.35 | +13.3% |
5250 35.9 471 5.55 5.55 5.56 0.45 | 135 | +13.3%
5600 35.5 5.07 .00 6.00 5.00 0.50 | 1.25 | £13.3%
5750 5.4 5.22 5.10 £.10 510 | 055 | 115 | £13.3%

< Frequency validity above 300 MHz of +100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted lo
150MHz. The uncertainty is the RSS of ConvF uncerlainty at calibration frequency and the uncertainty for the indicated

frequency band. Frequency validity beiow 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 54, 128,

150 and 220 MHz respectively. Above 5 GHz frequency validity can be extended 1o + 110 MHz.
F At frequency below 3 GHz, the validity of tissue parameters (€ and o} can be relaxad to +10% if liquid compensation
formula is applied te measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (cand o) is
restricted to +5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.

© Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compensation is always less than + 1% for frequencies below 3 GHz and below 2% for the freguencias
between 3-8 GHz at any distance larger than half the prabe tip diameter from the boundary.
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Frequency Response of E-Field
(TEM-Cell: ifit10 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £7.4% (k=2)
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Receiving Pattern (®), 8=0°

f=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial [sotropy Assessment: +1.2% (A=2)
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Conversion Factor Assessment
=750 MHz,WGLS R9(H_convF) f=1750 MHz,WGLS R22(H_convF)

30 _
Bo
25
200 l
2
= 20 3
3 % 150
S|\ : \
g \'\ H \
100 :
n 10 ’ u \
, i
o 5.0
h-‘"‘*v-u...,_‘

-1.0 -0.80 D80 040 -020 00 020 040 0€0 080 1.0

Uncertainty of Spherical Isotropy Assessment: £3.2% (k=2)
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DASY/EASY — Parameters of Probe: EX3DV4 — SN:3982
Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle {°) 170.7
Mechanical Surface Detaection Mode enabled
Optical Surface Detection Mode disable
Probe Overall Length 337mm
Probe Body Diameter 10mm
Tip Length mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point fmm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surface 1.4mm

Certificate No:Z21-60450 Page 9 of §




Dipole D835V2 SN 4d256

Head Liquid
Date of Measurement Return Loss(dB) A% Impedance (Q) AQ
2020-04-15 -33.2 / 49.5 /
2021-04-14 -34.1 2.71% 50.6 1.1Q
2022-04-13 -34.3 -3.31% 51.1 1.6Q
Dipole D1750V2 SN 1105
Head Liquid
Date of Measurement Return Loss(dB) A% Impedance (Q) AQ
2020-08-29 -30.8 / 51.5 /
2021-08-28 -29.6 3.90% 52.3 1.7Q
Dipole D1900V2 SN 5d114
Head Liquid
Date of Measurement Return Loss(dB) A% Impedance (Q) AQ
2020-08-27 -23.2 / 51.9 /
2021-08-26 -24.3 4.74% 52.6 0.7Q
Dipole D2300V2 SN 1072
Head Liquid
Date of Measurement Return Loss(dB) A% Impedance (Q) AQ
2019-05-21 -26.7 / 46.9 /
2021-05-19 -27.4 2.62% 48.1 1.2Q
2022-05-18 -26.9 -0.01 47.3 -04
Dipole D2450V2 SN 1038
Head Liquid
Date of Measurement Return Loss(dB) A% Impedance (Q) AQ
2020-04-08 -30.5 / 52.3 /
2021-04-07 -31.7 3.93% 53.6 1.3Q
2022-04-06 -31.2 2.30% 53.1 0.8Q
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