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Cliart SGS Certificate No: Z21-60289

_\ CALIBRATION CERTIFICATE ‘

Object EX30V4 - SN : 3788

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

Calibration Procedures for Dosimetric E-field Prohas

‘ Calibration date: August 12, 2021
This calibration Cerlificate 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 laboratary faciiity: environmant temperature(zz:3yc and
humidity<70%.

Calibration Equipment used {M&TE critical for calibraticn)

Primary Standards ID# Cal Date(Calibrated by, Certificata No.)  Scheduled Calibration
Power Meter NRP2 1019189 15-Jun-21(CTTL, No.J21X04466) Jun-22
Power sensor NRP-Z91 101547 15-Jun-21{CTTL, No.J21X04466) Jun-22
Power sensor NRP-Z91 101548 15-Jun-21{CTTL, No.J21X044686) Jun-22

| Reference 10dBAttenuator | 18NS0W-10dB 10-Feb-20(CTTL, No.J20X00525) Feb-22

‘ Reference 20dBAttenuator ‘ 18N50W-20dB  10-Feb-20{CTTL, No.J20X00525) Feb-22
Reference Probe EX3DV4 | SN 3617 27-Jan-21(SPEAG, No.EX3-3617_Jan21) Jan-22
DAE4 SN 1556 15-Jan-21(SPEAG, No.DAE4-1556_Jan21) Jan-22
Secondary Standards ID # Cat Date(Cealibrated by, Gertificate No_) Scheduled Calibration

‘ SignalGenerator MG3700A | 6201052605 16-Jun-21{CTTL, No.J21X04467) Jun-22
Network Analyzer E5071C | MY46110673  21-Jan-21(CTTL, No.J20X00515) Jan-22 .

Name Function Signature
Callbrated by: Yu Zongying SAR Test Engineer /j.\/vﬁl’s
 Reviewed by: Lin Hao SAR Test Engineer ’ﬁ#,‘:%

‘ Approved by: Qi Dianyuan SAR Project Leader c_é,/.q____ﬂ,

Issued: August 14, 2021
Thig calibration cerlificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:

TSL lissue simulating liquid

NORMx,y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

DCP diode compression point

CF crest factor (1/duty_cycle) of the RF signal
AB,CD modulation dependent linearization parameters

Polarizatien @  ® rotation around probe axis

Polarization 8 9 rotation around an axis that is in the plane normal to probe axis (at measurement center), i

8=0 is normal to probe axis

Connector Angle information used in DASY system 1o afign probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

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

¢) IEC 62208-2, "Procedure to detemine the Specific Absorption Rate (SAR) far wireless communication
devices used in close proximity ta the human body {frequency range of 30 MHz to 6 GHz)", March
2010

d} KDB 865664, “SAR Measurement] Rigquirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

*  NORMx,y z: Assessed for E-field pplarization 8=0 (f<900MHz in TEM-cell; f>>1800MHz: waveguide).

NORMz,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).

o NORM(f)x,y.z = NORMX,y z* frequency_response (see Frequency Response Chart). This
linearization is implemanted in Y4 software versions later than 4.2. The uncertainty of the
frequency response is included i the stated uncertainty of ConvF.

* DCFPx.y.z: DCGP are numerical linkearization parameters assessed based on the data of power sweep
{ro uncertainty required). DCP do?: nat depend on frequancy nor media.

« PAR PAR is the Peak to Averagb Ratio that is not calibrated but determined based on the signal
characteristics.

o Axy2z Bxy.z; Cx.y.z;VRx,y,ZAB,{ are numerical linearization parameters assessed based on the
data of power sweep for specific|miodulation signal. The parameters do not depend on frequency nor
media. VR is the maximum caliblation range expressed in RMS voltage acrass the diode.

e CenvF 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 >300MHz. The same setups are used for assessment of the parameters
applied for boundary compensat og (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 comrespongs to NORMx,y,z* ConvF whersby the uncertainty corresponds to
that given for ConvF. A frequenc cilependent ConvF is used in DASY version 4.4 and higher which
allows extending the validity from+50MHz tox100MHz.

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

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

» Connectar Angle: The angle is assessed using the information gained by determining the NORMx
(no uncertainty required).

Certificate No:Z21-60289 Page 2 of' 9
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DASY/EASY — Parameters of Probe: EX3DV4 — SN:3789

Basic Calibration Parameters

| Sensor X Sensor Y  SensorZ | Unc (k=2)
| Norm(uv/{(Vimy})* 0.45 | 0.51 0.52 +10.0%
| DCP(mV)? - | 10238 1 102.2 08.9

Modulation Calibration Parameters

UiD Communication A B c D VR Unc*
System Name | dB dBpV dB mV (*=2)
0 cw X 100 0.0 1.0 0.00 163.7 12.2%
Y |00 0.0 1.0 171.9
Z ' 00 0.0 1.0 176.8

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

| IS

A The uncertainties of Norm X, Y, Z do not affect the E2-field uncertainty inside TSL (see Page 4).
® Numerical linearization parameter: uicertainty not required.

E Uncertrinly is determined using the max. deviation from finear response applying rectangular distribution
and is expressed for the square of the field value.

Certificate No:Z21-60289 Page 3 of 9
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DASY/EASY — Parameters of Probe: EX3DV4 — SN:3789

Calibration Parameter Determined in Head Tissue Simulating Media

1 | Relative | Conductivity | 7 ' G

‘ f MH=]® Permittivity F t{f:f::\;::ty | ConvF X | ConvFY | ConvF Z | Alpha® E:::::; :':::; .

| 750 M9 | o8 | 890 B30 890 | 040 | 080 | £121% |

| 835 45 | o080 854 | 864 | B64 | 016 | 1.35 | +12.1%

1750 404 | 137 7.59 760 | 769 | 0.20 | 112 | +12.1% |

1900 400 | 140 7.30 7.30 730 | 025 | 1.08 | £121%

| 2000 400 | 1.40 738 | 738 | 738 | 020 | 121 | £124%
2300 386 | 167 713 7.13 743 | 062 | 070 | £12.1%
2450 39.2 180 | | 6.88 6.88 888 | 062 072 | +121% |
2600 39.0 196 | | 672 6.72 672 | 066 | 070 | £121% |

© Frequency validity above 300 MHz of +100MHz only applies for DASY v4.4 and higher (Page 2}, else it is restricled to
+30MHz. The uncertainty is the RSS of ConlvF uncerthinty at calibration frequency and the uncertainty for the indicated
frequency band. Frequency validity below 300 MHz isit 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128,
150 and 220 MHz respectively. Above 5 GHz frequendy validity can be extended to + 110 MHz.

F At frequency below 3 GHz, the validity of tissue parameters (g and o) can be relaxed to £10% if liquid compensation
formula is applied to measured SAR values; At frequencies above 3 GHz, the validity of tissue parameters (e and o) is
restricted to £5%. The uncertainty is the RSS of the CbnvF 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 [ess than + 1% for frequencies below 3 GHz and below * 2% for the frequencies
between 3-6 GHz at any distance larger than half the probe tip diameter from the boundary.

Certificate No:7Z21-60289 Page 4 of 9
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: +7.4% (k=2)
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Uncertainty of Axial Isetropy Assessment: £1.2% (k=2)
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Conversion Factor Assessment
f=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:3789

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 47.2
Mechanical Surface Datection Mode enabled
| Optical Surface Detection Maode disable
Frobe Overall Length 337mm
| Probe Body Diameter 10mm
Tip Length 9mm
| Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point Tmm
:robe Tip to Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surface 1.4mm

Certificate No:Z21-60289 Page ¢ of 9
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
Tha Swiss Accreditation Service [s one of the signatories {o the EA
Multlateral Agreement for the recognition of calibration certificaies

client  Innowave (Auden) Certificate No: EX3-7620_Aug21

CALIBRATION CERTIFICATE

Chject EX3DV4 - SN:7620

Calibralion progedure(s} QA CAL-01.v89, QA CAL-23.v5, QA CAL-25v7
Calibratior: pracedure for dosimetric E-field probes

Calibration dale: August 24, 2021

This calibration cestlficate documants the traceabllity to national standards, which realize tha physicel units of measurements (S1).
The measuremenis and the uncertalnties with confidence probability are given on the following pages and are part of the certificate.

All ealibrations have been conductad in the closed laboratory facility: environment temperature (22 & 3)°C and humidily < 70%.

Calibgation Equipment used {M&TE critical Tor calibration)

Primary Standards [ ] Cal Date {Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 O9-Apr-21 (No. 217-03281/03282) Apr-22
Power sensor NRP-Z91 SN 103244 09-Apr-21 (Na. 217-03291) Apr-22 |
Power sansor NEP-Z91 BN 103245 09-Apr-21 (WNo. 217-03292) Apr-22 :
Reference 20 dB Aftenuator SN CC2552 (20x) 09-Apr-21 (Na. 217-03343) Apr-22
DAE4 SN: 660 23-Dec-20 (No. DAE4-660 Daec20) Dec-21
Reference Probe ES3DV2 SN: 3013 30-Dec-20 (No. ES3-3013_Dec20) Dac-21 i
Secondary Standards ID Check Date (in house) Scheduled Check
Power meter E4419B SN: GB41293874 06-Apr-18 (in house check Jun-20) | In house check: Jun-22
Power sensor E4412A SN: MY41498087 06-Apr-16 (in house check Jun-20) | In houes check: Jun-22
Power sensor E4412A SN: 000110210 06-Apr-186 (in house check Jun-20) In house check: Jun-22
RF generator HP 8648C SN: US3642U01700 04-Aug-99 (in house check Jun-20) In house check: Jun-22
Network Analyzer EG358A SN: US41080477 31-kiar-14 (in house check Oct-20) | In house check: Oct-21
o 1 MName Functlen Signature
Calibralad by: Leif Kiysnar taboratory Techntcian i

Approved by: Nichs Kusler Cluality Managar

/

Issued: Seplember 8, 2021

This calibration certificate shall not be raproduced except In full without written approval of the laboratory.

Certificate No: EX3-7820_Aug21 Page 10f 9
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Glossary:
TSL tissue simulaiing liquid
NORM:x y.z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP dicde comprassion point
CF crest factor (1/duty_cyele) of the RF signal
ABCD modulation dependent linearization parameters
Polarization ¢ 1 rotation around probe axis
Polarization & 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., % =0is normal o probe axis

Connactor Angle information used in DASY system to align probe sensor X to the robot coordinate sysiam

Calibration is Performed According to the Following Standards:

a)

b)

IEC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific Absorption Rate Of Human
Exposure Te Radic Frequancy Fields From Hand-Held And Body-Worn Wireless Communication Devices -
Fart 1528 Human Models, Instrumentafion And Precedures (Frequency Range of 4 MHz to 10 GHz)", October
2020.

KDB 835664, “SAR Measurement Requirements for 100 MHz to 6 GHz*

Methods Applied and Interpretation of Parameters:

NORMx.y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 wavaguida).
NORMx,y,z are only intermediate values, i.e., the uncerlainties of NORMzx,y,z does not affect the E’field
uncertainty inside TSL (sse below Convi).

NMORM()x,y,.z = NORMx.y,z * frequency_rasponse (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions latar than 4.2. The uncertainty of the frequency responsa is included
in the stated uncerainty of CenvE.

DCPx,y,z: DGP are numerical linearization parameters assessed based on the data of power sweep with CW
signal {no uncertainty required). DCP dues nol depand on frequency nor media.

FAR: PAR is the Peak to Average Ratio that is nol calibratad but determined based on the signal
characteristics

Ax.y,z; Bx.y.z; Cx.y.z; Dx,v,Z; VRx,y.Z. A, B, C, Drare numerical linearization parameters assessed based on
the data of power sweep for specific madulation signal. The paramaters do not depend on frequency nor
media. ViR is the maximum calibration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Parametfers: Assessed in flat phantorn using E-field {or Temperaturs Transfer
Standard for f < 800 MHz} and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty valuas are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL comesponds
to NORMzx,y,z * ConvF whereby the uncertainty correspeonds ta that given for ConvF. A frequency dependeant
ConvF is usad in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to £ 100
MHz.

Spherical isotropy (3D deviation from isofropy); in a field of low gradients realized using a flat phantom
axposead by a patch antenna.

Sensor Offset: The sensor offset corresponds to the offset of viual measurement center from the probe tip
{on probe axis). No tolerance required.

Connaclor Angle: The angle is assessed using the information gained by determining the NORMx (no
urtcertainty required).

Certificate No: EX3-7620_Aug21 Page 2 0T 9



EX3DV4 - GN.7G20

August 24, 2021

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7620

Basic Calibration Parameters

Sensor X Sensor Y Sensor 2 Unc (k=2)
Norm (pV/(Vim Py 0.66 062 0.60 +10.1%
DCP {mv® 108.9 108.7 108.6
Calibration Results for Modulation Response
[uiD Communication System Name A | B cC D VR Max Unc"
dB dBvpV dB mv dev. | (k=2)
0 cw X 0.0 0.0 1.0 0.00 | 1470 | #33% | +47%
N 00 0.0 1.0 133.5 i
|l z| o0 | 00 | 10 1328 |

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

prebability of approximately 95%.

A The uwertainties of Norm X,Y.Z do nol affect the E*field uncertginty inslde TSL (see Page 5 ).

® Numarical (inearization parameler: wnceriginty nol required.

B Uncertainty is daternined using the mex, deviation fram linear response gpplying reclangular distribution and is expressed for the square of the

fizld value.

Cerlilicale No, EX2-7320 Aug21
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EX3DVA= SN 7620

August 24, 2021

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7620

Other Probe Parameters

| Senser Arrangement Triangular
| Connector Angle (%) 148.1
Mechanical Surface Detection Mode enabled
" Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
"Probe Body Diameter 40 mm
| Tip Length 8 mm
"Tip Diamater 2.5mm |
Probe Tip to Sensor X Calibration Point 1 mm
' Probe Tip te Sensor Y Calibration Point B 1mm
"Probe Tip to Sensar Z Calibration Paint N 1mm
Recommended Measurament Distance from Surface 1.4 mm

Note: Measuremant distance from surface can be increased ta 3-4 mm for an Area Scan job.

Cerlificale No, EX2-7620 Augz21 Page 4 of 8




EX3Dv4- SN:7620

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7620

Calibration Parameter Determined in Head Tissue Simulating Media

August 24, 2021

' Relative Conductivity Depth @ Unc

f(MHz)¢ | Permittivity (Sim)F ConvFX | ConvFY | ConvFZ | Alpha® (mm) {k=2)
750 419 0.89 10.79 10.79 10.79 0.45 080 | £120%
835 41.5 0.90 10.33 10.33 10.33 0.30 1.11 +120%
1750 40.1 1.37 8.87 8.97 a.97 0.32 085 +12.0%
1900 40.0 1.40 8.67 8.67 B.67 0.38 0.85 +120%
2300 39.5 1.67 8.58 8.58 8.58 0.36 0.80 +120%
2450 39.2 1.80 8.28 8.29 8.29 029 | 0.80 *120 %
2600 39.0 1.86 | 7.97 7.97 7.97 0.37 0.90 +12.0%

© Frequency validity above 300 MHz of £ 100 MHz only applies for DASY vd_4 and higher {see Paga 2), alsa itis restricted 1o + 50 MHz. The
uncartainty is the RSS of the ConvF uncertainty at calibration frequency and the uncerlainly for the indicated frsquancy hand. Frequancy validity

below 300 MHz 18 + 10, 25, 40, 50 and 70 MHz for ConvF assessments al 30, 64, 128, 150 and 220 MHz raspectively. Validity of Convl assessed at

6 MMHz is 4-8 KiHz, and ConvF assessed at 13 MHz is 9-19 MHz. Above 5 BHz frequency validity can be extandad to £ 110 MHz.
F At requencies below 3 GHz, the validity of tissue paramaters {s and o} can be relaxed to + 10% if hiquid compensaticn formula is applied to

measured SAR values. Al frequencies above 3 GHz. 1he validity of lissue paramelers (e and &) is restricted to & 5%. The uncerainty is the RSS of

the ConvF uncerainty for indicated largel lissue paramelars.
& Alpha/Depth are determined during calibralion. SPEAG warrants that the remaining deviation dus ta the boundary affect aflar compensation is

always less than £ 1% for frequencies below 3 GHz and below + 2% for frequencies hetwesn 3-8 GHz at any distance larger than half the probe tip

diameter from the boundary.

Certificate No: EX3-7620_Aug21
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EX3DVa— SN:7B20

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

August 24, 2021
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Uncertainty of Linearity Assessment: * 0.6% (k=2)
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Conversion Factor Assessment
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Dipole D835V2 SN 4d256

Head Liquid
Date of Measurement Return Loss(dB) A% Impedance (Q) AQ
2020-04-15 -33.2 / 495 /
2021-04-14 -34.1 2.71% 50.6 1.1Q
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 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




