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Calibration Laboratory of 3 S Schwolzertscher Kallbrierdienst
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Accroditod by the Swiss Acoredtation Service (SAS) Accroditation Ne.: SCS 0108

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

Glossary

TSL fissue simulating liguid

NORMx.y,z sensdivity in free space

ComwvF sensitivity in TSL / NORMx,y.z

oce diade compression paint

CF crest factor (1/duty_cycle) of the RF signal

A B CD modulation dependent linearization paramaters

Polarization ¢ w rofation around probe axis

Palarzation § @ rotation around an axis thal is in the plane normal 1o probe axis (sl measuwrement center), e, #=01s
normal 1o probe axis

Connectoe Angla  Information used In DASY system o align proba sensor X 1o the robot coordinate system

Calibration is Performed According to the Following Standards:

n) IECAEEE 62208-1528, “‘Measurement Procedure For The Assessment Of Specilic Absorption Rate Of Human Exposure
To Radio Frequency Falds From Hand-Held And Body-Worn Wiredess Communication Davices — Part 1528: Human
Models, Instrumentation At Procedures (Frequency Rangoe of 4 MMz to 10 GHz)", October 2020,

b) KDB 865664, "SAR Measurement Requiremnents for 100 MHz 1o 6 GHz"

Methods Applied and Interpretation of Parameters:

* NORMY.y.z: Assassed for E-lield polarization 8 = 0 (/ = 900MHz in TEM-call; f > 1800MHz: R22 wawoguido), NORMx y,2
ar anly intermediate values, Le,, the uncertainties of NORMy,y,2 does not aflect the E*-field uncertainty inside TSL (see
below ConvF).

« NOAM{l)x.y.z = NORMx.y,z * frequency, response (see Frequency Response Chart). This inearization is implemaented in
DASY4 software versions lator than 4.2, The uncortainty of the fraquency response is included in the stited uncertainty of
ComvF,

* DCPx.y.z: DCP are numerical linearization paramaters asseesed based on the data of power sweap with CW signal. DCP
doas not depend on frequancy nor media.

+ PAR: PAR is the Peak 1o Avorage Ratio that is not calbraded bul defermined biased on the signal characteristics

* Axy2, Bryz, Cxp2; Dxyz VA2 A, B, C, D are numesical lingarization paramelers assessed based on the data of
power sweep for specific modutation signal. The parameters do not dapend on frequency nor media. VR & the maximum
calibration range exprassed in RMS vollage across the diode.

« ConwF and Boundary Effect Parameters: Assessed in flal phantom using E-liedd (or Temparature Transfer Standard for
[ = BOOMHz) and Inside waveguide using analytical feld distributions based on power measuremanis for f > B00MHz. Tha
same setups are usad for assessment of the paramaters apphed for boundary compensation (alpha, dopth) of which typical
uncertainty values aro given, These paramaters aro used in DASY4 software 10 impeove probe accuracy close 1o the
boundary. The sensiiivity In TSL carrasponds to NORMx.y.z * ConvF whereby the uncerlainty comesponds to that glven for
ConwF. A frequency depandent ConvF is used in DASY version 4,4 and highar which allows extending the valdity from
250 MHz to +100 MHz.

« Spherical isotropy (30 deviation from isotropy): in a field of low gradients restized using a fls! phantom exposed by a patch
antenna.

+ Sensor Offset: The sensor offset corresponds 1o the ofiset of virtual measurement center from the peobe fip (on probe axis).
No tolerance required.
+ Connector Angle: The angle s asseased using the information gained by determining the NORMx (no unceriainty reguired).
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EX3DV4 - 5N:3963

Parameters of Probe: EX3DV4 - SN:3953

Basic Calibration Parameters

September 18, 2025

[ Sensor X Sensor Y Sensor Z Unc (k = 2)
[ Norm (V/Vimy?) 056 i 0.70 0.50 +10.1%
[ oeP my B 100.3 107.3 101 1 +4 7%
Calibration Results for Modulation Response
Ui% | Communication System Name A B C D | VR | Max
dB dB./pv dB my dev.
0 | CW X] 0.0 0.00 100 | 000 |12332 | +10%
Y| 000 0.00 1.00 130.8
Z| 0.00 0.00 700 1223

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%.

A The uncerlainties of Norm X,Y,Z do not atfect the E2-field uncertainty inside TSL (see Page 5).
Linearizaiipn parameter uncertainty for mavimum specified field strength.

E Uincerlainty Is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the field value.
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EX30V4 - SN:3853

Parameters of Probe: EX3DV4 - SN:3953

Other Probe Parameters

September 18, 2025

Note: Measurement distance from surface can be increased ko 3—4 mm for an Area Scan job.

Gertificate No: EX-3953_Sep25

Page 4 of 9

Sensor Arrangement Triangular
Cannector Angle 3.4°
Mechanical Surface Detection Mode enabled
Opiical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 12 mm
Tip Length gmm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Galibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1Tmm
Recommended Measurement Disiance from Surface 1.4mm
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EX30V4 - SN:3863 September 18, 2025

Parameters of Probe: EX3DV4 - SN:3953

Calibration Parameter Determined in HSL

f {MHz)¢ Relative Conductivity™ | ConvFX | ConvFY | ConvFZ | Alpha® | Depth® Unc!
Permittivity" {S/m) (mmy (k=2)
150 52.3 0.76 13.46 i2.56 14.26 0.00 1.25 +13.3%
450 435 0.87 11.52 11.52 11.52 0.18 1.30 +13.3%
750 41.9 0.89 10.05 10.19 10.59 0.35 1.27 i‘l‘l.U%_J
835 415 0.90 9.83 357 10.36 0.34 1.27 +11.0%
900 415 0.97 9.91 9.64 10.02 0.34 1.27 +11.0%
1750 40.1 1.37 8.280 8.41 8.74 0.33 1.27 +11.0%
1810 40.0 1.40 8.20 8.32 8.64 0,33 1.27 +11.0%
P A Db s
1850 40.0 1.40 8.02 8.13 8.44 0.33 1.27 +11.0%
2100 38.8 1.49 7.86 7.96 8.27 0.33 1.27 +11.0%
TR
2300 385 167 7.64 7.74 8.05 033 1.27 +11.0%
2450 39.2 1.80 7.47 757 7.87 032 1.27 +11.0%
2600 338.0 1.96 7.30 7.40 7.69 0.32 1.27 +11.0%
3500 37.9 2.91 6.67 6.76 7.03 0.31 1.27 +13.1%
5200 36.0 4.66 5.64 571 594 0.28 1.27 113.1%
5600 355 5.07 5.09 516 5.38 0.26 1.27 +13.1%
5750 354 5.22 518 5.23 .44 0.25 1.27 +13.1%

© Freguency validity above 306 MHz of +100 MHz only applies for DASY v4.4 and higher (see Page 2), ¢lse it is restricted to +50 MHz. The unsertainty is the
R3S of the ConvF uncertainty at calibration frequency and the uncerlainty for the indicated frequency band, Fraquency validity below 300 MHz is £10, 25,
40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectivaly, Validity of ConvF assessed at 6 MH2 is 4-9 MHz, and CGonvF
assessed at 13 MHz is 919 MHz. Above & GHz frequency validity can be extended to £110 MHz.

F The probes are calibrated using tissue simulating liquids (TSL} that deviate for £ and = by less than 5% from the larget values (iypically betier than +3%)
and are valid for TSL with deviations of up to +10% if SAR correction is applied.

G Alpha/Depth are determined during calibration. SPEAG warrants that the remaining devialion due to the boundary effect afier compensation is always less
than 1% for frequencies below 3 GHz and below £2% for frequencies belween 3-8 GHz at any distance larger thar half the probe lip diameter from ihe
boundary.

H The stated uncerlainly is lhe total calibration uncertainty (k = 2) of Norm-ConvF, This is equivalen! to the uncertainty component with the symbal CF in
Table 8 of IECHEEE 82208-1528:2020.
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EX30V4 - SN:3053 Seplember 18, 2025
Frequency Response of E-Field
(TEM-Colliti110 EXX, Wavegulde:R22)
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Uncertainty of Frequency Response of E-field: +6.3% (k=2)
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EX30V4 - SN:3953

Receiving Pattern (¢), §# =0°

Fn<x

September 18, 2025
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Unceriainty of Axial Isotropy Assessment: +0.5% (k«2)
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EX30V4 - SN:2363
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10°
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tngut Signai (V)
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Error [dB]
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September 18, 2025
Dynamic Range f(SARus.)
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Uncertainty of Linearity Asseasment: +0,6% (k=2)
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EX30V4 - SN:3953 Seplember 18, 2025

Conversion Factor Assessment

121950 MHz, WGLS R2Z (H_convF)

SAR [(Wikg)W]

0 10 20 30 T
z{mm]

—=— analytical ~a— measurad

Deviation from Isotropy in Liquid
Error (¢,0), 1 = 900 MHz

-1 -08 -06 -04 D2 0 0.2 04 08 08 1
Uncertainty of Spherical lsotropy Assessment! 42.6% (k=2)
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DAE CALIBRATION DATA

T s b e i A o~ i CAICT
C BERACNASH "~
A/ 4

we
Add: No.52 1unYuaniei Road, Haidisn District. Heifing, 10019), China. % CALIBRATION
Tel: 186 10-62304633-2117 0 ﬁ' CNAS LOSTO
F-mail: emfaxcuict ac.cn Lt www calctac.sm
Client : agc-cert Certificate No: 25J02Z000301

Object DAE4 - SN: 1308

Calibration Procedure(s) FF-Z11-002-01
Callbration Procedure for the Data Acquisition Electronics
(DAEX)

Calibration date: May 08, 2025

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) 0 and
humidity<70%.

Calibration Equipment used (M&TE crifical for calibration)

Primary Standards D# Cal Date(Calibrated by, Certificate No)  Scheduled Calibration

Process Calibrator 753 | 1871018 11-Jun-24 (CTTL, No 24J02X005147) Jun-25
Name Function

Cotoraind by YuZongying  SAR Test Engineer

Reviewed by Lin Jun SAR Test Engineer

Approved by Qi Dianyuan SAR Project Leader

Issued: May 13, 2025
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Cemificate No: 25)02Z000301 Page 1 of 3
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CAICT

Add: No.52 Hua YuunBel Road, Haidian District, Helling. 100191, China
Tel +86-10-6230M633-2117

E<mail; emfi@caict.nc.cn bt 'www.calgtag.cn
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.

« The report provide only calibration results for DAE, it does not contain other
performance test results.

Centificate No: 251027000301 Page20f)
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TTI s peag CAICT

Add; No 52 Hua YuanBel Road, Haidian Dwinct, Beljing, 100191, China
Telk: +H6-10-62304633-2117
E-mail. emfi@cmct.ac.cn P Wy st €0

DC Voltage Measurement
AJD - Converter Resolution nominal
High Range: 1LS8 = CRIMUS full range = -100...+300 mV
Low Range: 1LSB = 8inV, full range = -1 +3ImV
DASY measurement parameters: Auto Zero Time: 3 sec, Measurning time. 3 sec

Calibration Factors X Y z

High Range 404 228 £ 0.15% (k=2) | 404.214 + 0 15% (k=2) | 403 669 £ 0.15% (k=2)

Low Range 397371 £0.7% (k=2) | 399172 +0.7% (k=2) | 3,96886 + 0.7% (k=2)
Connector Angle

Connector Angle 10 be used in DASY system 475°:1°

Centificate No: 25J02Z000301 Page 3 0f 3



DIPOLE CALIBRATION DATA

Calibration Laboratory of

Schmid & Partner
Engineering AG
Zoughausstrasse

43, 8004 Zurich, Switzerland

Accrudited Uy tho Swiss Accreditation Senvice (SAS)
The Swiss Accreditation Service is one of ihe signatories 10 the EA
Multilateral Agreement for the recognition of calibration centificxies

Sl
;

S Swiss Colitratian Service

Client AGC-CERT Cartificate No. D450V3-1113_Feb24
Shenzhen
CALIBRATION CERTIFICATE
Cbiect D450V3 - SN:1113
Calitrabon procedurss} QA CAL-15v11
Calibration Procedure for SAR Validation Sourceas below 700 MHz
Cabention date: February 14, 2024
This caibeation cetdicals Gocuments e dity to da, which resiize the pysical units of measurmments (S1)
The s aend the with confick probatifity are gven on the following pages and ar part al the cenficate
Al calrabors have been conducted in e Closed labonstory Inclity (22 = 5)°C and humidity < 70%

Caibention Equipment used (MATE cotical Yor catbration)

Primary Standard: D ¥ Cal Dase (Cortiticats No.) Scheduled C

Power meter NAP2 SN; 104778 20-Mar-24 (No. 217-06304/03806) Mar24

Pawer sensor NFP-291 SN 106244 30-Maar-23 (No. 217-0G504) Mar24

Power sensor NRP-291 SN: 100245 B0-Mar-23 (No. 217-03808) Mat-24

Retorence 20 dB Attermalor SN: BHEG4 (20%) 30-Mar-23 (No., 217.03808) Mar-24

Type-N mismatch combination SN: 310982/ 06327 30-Mde-23 (No, 217-03810) Mar-24

Retoronce Probe EXIDV4 &N sary 10-Jar-24 (No. EX3-3877_Jan24) Jan-2%

DAE4 SN 908 030423 (No. DAEH-008_Jul23) vl

Seccodsry Standards D # Check Dasa {in house) Schedulod Check

Powsr mater NP2 SN 107190 08-Nov-21 {in house check Dec-22) In house check: Dec-24

Power sensor NAP-Z81 SN 100622 15-00oc-09 (In house check Dec-22) In house check: Dec-24

Power sensor NRP-Z91 SN 100418 D1-Jan-04 {in house check Dec-22) In housa chack: Dec-24

RF guneraior HP MG46C SN USIS2001 700 D4-AugaE (in house chodk Jun-22) In houss chack: Jun-24

Notwork Analyzer Aglent EB3SEA | SN: US41080477 3%-Mar-14 {In heuse chock Oct-22) In house checx: Oct-24
Name Funcoon Sigresure

Callrased by Keafime Franjie Laboralory Tachnician 7{

Approved by: Sven Kiba Tachnica Managar 'S év""

hsued: February 15, 2024
This calb cerificale shall not be reprocuced axcept in Wl wahou! wittan appeoval of the | Y.

Cartificate No: D450V3-1113_Feb24
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Calibration Laboratory of Py
Schmid & Partner SN
Engineering AG S
zngnngmga,m Zurich, Switzeriand 2/@‘5
Accracitad by the Swias Accreditation Sarvice (SAS) Accreditation No,: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multliatersl Agresment for the ecognition 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) |IECNEEE 62209-1528, “Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Wom 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:

« 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.

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

» Elactrical 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 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 refaorted 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 5%,

Certificate No: DASOV3-1113_Feb24 Paga2ot6
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Measurement Conditions

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

DASY Version

DASYS

V52.10.4

Extrapolation

Advanced Extrapolation

Phantom ELl4 Flat Phantorn Shell thickness: 2 + 0.2 mm
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 450 MHz + 1 MHz
Head TSL. parameters
The following parameters and calcuiations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 43.5 0.87 mho/m
Measured Head TSL parameters (22.0£0.2)°C 45.0 28 % 0.87 mho/m =6 %
Head TSL temperature change during test <0.5°C e
SAR result with Head TSL
SAR averaged over 1 em?® {1 g) of Head TSL Condition
SAR measured 250 mW input power 1.16 Wikg

SAR for nominal Head TS parameters

normalized to 1W

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

SAR averaged over 10 cm? (10 g} of Head TSL

condition

SAR measured

250 mW input power

0.772 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

3.10 Wikg + 17.6 % (k=2)

Certificate No: 0450V3-1113_Fgb24
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 58.20Q-09|Q

Return Loss -21.5dB

General Antenna Parameters and Design

Electrical Delay (ane direction) 1,346 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore shon-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 te the pesition as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
aceording 1o the Standard.

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

Additional EUT Data

Manufactured by SPEAG

Certificate Nor D450Y3-1113_Feh24 Page 4 of 8
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DASY5 Validation Report for Head TSL

Date: 14.02.2024

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 450 MHz; Type: D450V3; Serial: D450V3 - SN: 1113

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

Medium parameters used: { = 450 MHz: o = 0.87 S/m; & = 45; p= 1000 kg/m”
Phantom section: Flat Section

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

DASY52 Configuration:

Probe; EX3DV4 - SN3877; ConvF(10.64, 10,64, 10,64) @ 450 MHz; Calibrated: 10.01,2024
Sensor-Surface: 1. 4mm (Mechunical Surface Detection)

Electronics: DAE4 Sn908; Calibrated: 03.07.2023

Phantom: EL1 v6.0; Type: QDOVAGO3AA: Serial: TP:2034

DASYS52 52.10.4(1535). SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/d=15mm, Pin=250mW/Zoom Scan (7x7x7)/Cube (:
Measurement grid: dx=5mm, dy=53mm, dz=5mm

Reference Value = 38,84 V/m; Power Drift = 0,02 dB

Peak SAR (extrapolated) = 1.82 Wikg

SAR(1 g) = 116 W/kg; SAR(10 g) = 0.772 Wikg

Smallest distance from peaks 1o all points 3 dB below: Larger thun measurement grid (> 15 mm)

Rutio of SAR at M2 to SAR wt M| = 63.6%

Maximum value of SAR (measured) = 1.57 Wikg

-1.60

-3.20

-4.80

O dB = 1.57 Wikg = 1.96 dBW/kg

Certificate No: D450V3-1113_Feb24 Page 50t 6
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Impedance Measurement Plot for Head TSL
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