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APPENDIX CCALIBRATION CERTIFICATES

5 Schwelzerlscher Kalibrierdienst

C Service suisse d'étalonmbge
Servizio svizzero di taralura

S Swiss Calibratlon Service

Calibration Laboratory of
Schmid & Partner

Engineering AG

Zrughaussirasse 43, 8004 Zurich, Swilzarand

Accrediled by the Swiss Accraditation Service [SAS) Accreditalion Mo.: SCS 0108
The Swiss Acoredilation Service is one of the signatories to the EA

Muklilateral Agrecment tor the recognition of calibration cerlificales

Client BACL Cerlilicate No. EX-7329 Mar2d
Shenzhen
[ CALIBRATION CERTIFICATE |
[
Dijact EX3DV4 - SN:7329
Calibration procedura(s) QA CAL-01.v10, QA CAL-12.v10, QA CAL-14.v7, QA CAL-23.vE,
0OA CAL-25.v8
Calibration procedure for dosimatric E-field probes
Calibration data March 27, 2024
This calibration cerfificate documants the traceabllity 1o netiona stendards, which realize the physical units of maasurements {51,
Tha measuramants and fhe uncerfsnbes with confldence probebility are given on the lelflowing pages and are part of the cerlificata.
All calibrations have been conducied in the closad laboratary facifity: ervirenmend temperature (22 +3) G and humidity «< 70%,
Calibration Equipment used (MATE crilical for calibration)
Frimary Standaris ib Cal Daln [Certicate Mo ) | Schaduled Calibration
Power mater NAP2 SN: 104778 -Mar-23 (Mo, 217-0380403805) War-24
Pawar sensar NRP-291 SN: 103244 B-Mar-23 {No. 21703804} Mar-24
| OGP DAK-3.5 [weightad) SN: 1248 05-0cl-23 [OGF-DAK3 5-1249_0ci23) Oct-24
OCPDAK-12 BN 1018 04-Ocl-23 [OCP-DAK1Z-1016_Oct23) Oct-24
Aeference 20 b Aienuslor | SN; COEESE [20x) | 3-Mar-23 (No. 217-03800) Tiar-24
DAE4 N SN: 660 | #1-Feb-24 (No. DAE4-GED_Feb2d) Fab-25
Aelerence Probe EXA0VA | SN: 7349 | D-Mowv-23 (Mo, EXS-7349_Noved) aw-24
[ Secondary Slandarda 1] Chach Dale (In hause] Scheduled Chetk
Powear mater E44198 SN: GB41203874 06-Apr-16 {in house check Jun-22) in hause check: Jun-24
| Pawer sensar E44124 GH: MY4 1458087 06-Apr-18 [in house check Jun-22) In hause chack, Jun-24
Fower sansar E4 124 SN: 000110210 06-Apr-18 {in house check Jun-27) In housa check: Jun-24
AF generaior HF BE4AC SH: US3B4ZU01 700 -39 (in house check Jur-22) In hause chack; Jun-24
Matwork Analyzer EB358A | SN; USA0A04TT 3 -Mar-14 {in house chack Ocl-22] In hauge check: Ocl-24
Beare Funcsion Signalure
Cabrated by Joanna Lisshaj Labaratory Technickan ﬂ';ﬁ-".- i (
i ol
. e Vi
Approvad by Sven Kihn Tachnize Manages S :
A S

tmsued: March 27, 2024
Thig calibeation canificate shall not be reproduced excapt in full sihout written approvel of the labaratory.
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5 Schweizerischer Kalibrierdienst

c Service sulsse d'éalonnage
Servlzio svizzero di taratura

5 Swiss Callbration Service

Calibration Laboratory of
Schrmid & Partner
Engineering AG

Feughausstrasse 43, BOOM Zurich, Switzerand

Accradited by the Swiss Accreditation Servica (SAS) Accreditation Mo.: SCS 0108
Thi: Swiss Accredilation Service |s one of the signatories to the E&
Muliitaleral Agreamen] lor the recogndilon of callbration cartificates

Glossary

TSL Lisswe simulating lliguid

MORM:x,y.Z sansilivily In free space

ConmvF sansilivily in TSL/ NORMx, vz

nce dinde compression poind

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

AB G D maodulation dependant linearization parameters

Polarizalion o rotation araund probe axis

Polarization & #f rofation around an axls that Is in the plane normal fo probe axis (af measurement center), i.e., #=0is

normal o probe axis
Connecior Angle  information used in DASY system o align probe sensor X 1o the robol coordinale syslem

Calibration is Performed According to the Following Standards:

a) IECAEEE 62209-1528, "Measurament Procadure For The Assessment Of Specific Absorplion Rate Of Human Exposure
To Radio Frequency Fields From Hand-Held And Body-Warn Wireless Communication Devices = Parl 1528; Human
Models, Instrurmentaticn And Procedures {Frequency Range of 4 8MHz o 10GHz)", Oclober 2020,

b) KDB 865664, "SAR Measuremen! Requirements for 100 MHz 1o 6 GHz"

Methods Applied and Interpretation of Parameters:

NORMx y.x: Assessad lor E-flekd polarization € =0 (f = 900MHz in TEM-cell; f > 1600MHz: RZ2 waveguide), NORMx,y.z
are only intermediale valuas, |e., the uncertainiles of NORMzx,y.z does not aflect the E*-field uncertainty inside TSL (see
below ComeF).

NORMTIx, pz « NORMy,y.z * frequency_rasponse (see Frequency Response Chart). This Bnearizatlon Is implemaented in
[WSY4 software versions tater than 4.2, The uncertainty of the frequency response is included in the stated uncertainty of
GanvF

DGPx,pz: DCP are numerlcal linearzation parameters assessed based on the data of power sweep with CW signal. DCP
does not depand on fregquency nor media,

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

« Az Bz Cx iz Oxpz; VAxy2: A, B, C, D are numerical linearization paramelers assessed based on the data of
power sweep for specific modulation signal. The paramaters do not depand on frequency nor media. VA is the maximum
callbration range expressed in RMS voltage across the diods.

ConvF and Bowndary Effect Paramelers: Assessed in fiat phantom using E-fisld {or Temperaiure Transler Standard for

= 800 MHz) and Inside waveguide using anahyical field distributions based on power measurements for > B00MHz. The
same setups are used for assessment of the paramelters apgplied for boundary compensation (alpha, depth) of which typical
uncertainly values are given. These paramelers are used In DASY4 software to improve probe accuracy close to the
boundary. The sensitivily in TSL corresponds 1o MOBMe, .z * Comv® whereby the uncertalnly corresponds to that given for
ConvF. A frequency dependent ConvF is used in DASY version 4.4 and highes which allows. axtending the validity from
+50 MHz to 4100 MHz.

Spherical izotropy (30 deviation from isodropy): in a field of low gradisnts realized using a flat phanlom exposed by a palch
antenna.

= Sangzor Offsel: The sensor offset cormesponds to the offsst of virfual measurement canter from the probe tip (on probe axis).
Neo toberance required,

Comnector Angle: The angle 18 assessed using the information gained by determining the NORMy (no ungertainly requirad).

-

*
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China Certification ICT Co., Ltd (Dongguan)

factor k=2, which for a normal distribution coresponds to a coverage probability of approximately 95%.

EX30W4 - SM:7320 March 27, 2024
Parameters of Probe: EX3DV4 - SN:7329
Baslc Calibration Parameters
Sansor X Sensor ¥ ‘Sensor 7 Unc (k = 2)
| Morm (pVi(Vim)E) A 0.51 0.41 | 0.562 +10.1%
BEP (my) B 298 102.9 1065 £4.79%
Calibration Results for Modulation Response
UID | Communication System Mame | A B [ © D VA | Max | Max
d8 | dB.,/uv dB | mV | dev. | UncE
B km2
[i] cw X 0.00 .00 1.00 | 0.00 | 1414 | £1.4% [ 24.7%
LY o.o0 0.00 1.00 130.4 |
- [Z] 060 o08 100 [ 7260 |
The reported uncertainty of measurement is slaled as he standard uncerlainty of maasurement mulliplied by e coverage

% The uncerlainting of Moem X¥.2 do nod affect the E2-diakd uncertainty irglde TSL (ses Paps 5)

Page 3 o1 9

Linsarizalion paramaesar uncariainly lor maximum speciliad lisld sirangih
E Uncariainly is determined waing the masx. devialion mam lnaar responss applying reclanguler dislibuton and b5 exprezsad tor the squans ol (he teid valua
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EXaDV4 - SM:T320

Parameters of Probe: EX3DV4 - SN:7329

Other Probe Parameiers

Report No.:2403V31893E-20

March 27, 2024

Niota: Measuramen distance fom surface can be increased fa 3-4 mem lor an Area Scan joh

Sensor Arrangemant Trlangular .
Conneclor Angle Y
.Ee{:_macal_éa'lace.betacﬁen'mm anébléﬂ-
Optical Surlace Detection Mode disabled
Probe Overall Length 337 mm
Frobe Body Diametar o mm
“Tip Lengin gmm
Tip Diameter 2.5mm |
| Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor ¥ Calibration Point 1mm
Probe Tip to Sensor £ Calibration Point 1mm

Recommuended Measuremen! Distance lrom Surface l4mm

Certificate Mo; EX-7329_Mar24 Page 4 of 9
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EX30V4 - BN:T329 March 27, 2024

Parameters of Probe: EX3DV4 - SN:7329

Calibration Parameter Determined in Head Tissue Simulating Media

| ((MHzE | Relative | Conductivity® | ConvF X | GomvFY | ConvFZ | Alpha® | Depth® | Unc
Parmittivity” (S/m) {mim) k=2
750 _IHQ 0.89 878 10.07 906 | 038 1.27 | £1 i.ﬂ;}é
—BDO 41.5 0.97 8.42 4.50 £.43 0.37 1.27 I +11.0%
1750 40.1 var | 756 856 77 0.27 127 | s11.0%
1800 | 400 1.40 7.37 832 754 .20 127 | #11.0%
2300 295 1.67 .21 813 741 0.30 127 +11.0%
2450 302 ;-El.'.l 7.05 7.82 7.2 0.29 1.27 +11.0%%
_EEQD | 38.0 1.96 6.9 Tl 7.08 0.29 1.27 E .l .I“.EI%
S50 a9 471 4-.!;!6 T 5-.51 | 518 038 1.83 +13.1%
_55[._H:|- 355 S-U'T | 438 4.98 4,56 0,35 1.74 +13.1%
5750 5.4 5.22 4,54 518 4,70 [ 0.35 1.83 l j.1;3.'|% |

© Froguency validiy above 300 MHz ol £100 MHz only applies lor DASY wi.4 and bigher [see Pags B, else il & realricked 1 L50MHz. The wcanainly s tha
ASS al the ConvF uncerlainty al calbealian freguaniy and tha uncarainly lor $ha indicalsd fregquancy bard. Frequency validity bolow 300MHz |s £10, 28,
40, 50 and 70 MHz for CorwF assessmonts a1 30, 64, 128, 150 and 220MHz respectively. Yaldily of ConvF assessad at 6 MMz is 4-8 MHz, and ConvF
masassad a1 13MHE is 319 MHz. Above 5 GHz lrequency validily can be exlerded lo £110MHZ

F The probes are calibraied usng 1issue simulating dguics (T5L) fhat deviata for « and o by less than +5% from the larget valses (typically belier lhan $3%)
and are vakd far T5L with deviations of up 1o +10%. il SAR coreclian is appliec.

G AlphaDapth ane detarmined during calibration, SPEAG warranis thad the remaining deviagion due ta the boundary ellect aller compansalion is always kees

han £1% for regqueancizs below 3 GHz and below 22% lor Irequencies batwesan 3-8 GHz at any distanca larger than hall tha prabe §p diameses from the
Baurdary.
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EX30W4 - SN7329 March 27, 2024

Frequency Response of E-Field
(TEM-Call:iii110 EXX, Wavegulde:R22)
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Uncerlainty of Fraquency Aesponse of E-field: +6.3% (k=2)
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March 27, 2024

EXabV4 - BN.7320

Receiving Pattern (¢), # = 0°

f=1800 MHz, R22, 0

f=600 MHz, TEM, 07
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Uneertainty of Axial lsolropy Assessment: +0.5% (k=2)
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EX3DWA - BN:TIEE March 27, 2024

Dynamic Range f(SARhead)
[TEM cell, fyyy = T900MHZ)
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Uneerlainty of Linearity Assesemeant: +006% (k=2)
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EM3DV4 - BN:T320 harch 27, 2024

Conversion Factor Assessment

1=1900 MHz, WGLS R22 (H_convF)

SAR [{Wikg) W]

10 X
5 g =
’
L ]
ui
0 10 20 an 40
2 [mm)]
= analytical = measured

Deviation from Isotropy in Liquid
Errar (i, 5), f = 900 MHz

Davi
L1
oo
= R

¥ [deg

g Sﬂﬂ{l
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Uncertainty of Spherical |sotropy Assessment: £2.6% (k=2)
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DIPOLE CALIBRATION CERTIFICATES

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Certificate No.

Client BACL USA
Sunnyvale, USA

CALIBRATION CERTIFICATE

D750V3-1230_Mar23

Object D750V3 - SN:1230

QA CAL-05.vi2
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibration procedure(s)

March 24, 2023

Calibration date:

This calibration certificale documents the traceability to national standards, which realize the physical unils of measurements (SI).
The measurements and the uncerainties with confidence probability are given on the following pages and are part of the cerificate.

All calibrations have been conducled in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

AF generator R&S SMT-06
Nelwork Analyzer Agilent EB358A

Calibrated by:

Approved by:

SN: 100972

SN: US41080477

Name
Michael Weber

Sven Kithn

15-Jun-15 (in house check Oct-22)
31-Mar-14 (in house check Oct-22)

Function
Laboratory Technician

Technical Manager

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

Primary Standards D # Cal Date (Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 04-Apr-22 (No. 217-03525/03524) Apr-23

Power sensor NRP-Z91 SN: 103244 04-Apr-22 (No. 217-03524) Apr-23

Power sensor NRP-Z91 SN: 103245 04-Apr-22 (No. 217-03525) Apr-23

Reference 20 dB Attenuator SN: BH9394 (20k) 04-Apr-22 (No. 217-03527) Apr-23

Type-N mismatch combination SN: 310882 / 06327 04-Apr-22 (No. 217-03528) Apr-23

Reference Probe EX3DV4 SN: 7349 10-Jan-23 (No., EX3-7349_Jan23) Jan-24

DAE4 SN: 601 19-Dec-22 (No. DAE4-601_Dec22) Dec-23

Secondary Standards 1D # Check Date (in house) Scheduled Check
Power meter E4419B SN: GB39512475 30-Oct-14 (in house check Oct-22) In house check: Oct-24
Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Ocl-22) In house check: Oct-24
Power sensor HP B481A SN: MY41093315 07-Oct-15 (in house check Oct-22) In house check: Oct-24

In house check: Oct-24
In house check: Oct-24

Signature

C /

——

Issued: March 24, 2023

Certificate No: D750V3-1230_Mar23
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

nwow

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral 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) |IEC/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:

o 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.

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

e Return 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.

e 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.

o 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: D750V3-1230_Mar23 Page 2 of 6
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Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASY52 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 750 MHz + 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 41.9 0.89 mho/m

Measured Head TSL parameters (22.0+0.2)°C 41.0+6% 0.90 mho/m =6 %

Head TSL temperature change during test <05°C e e
SAR result with Head TSL

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

SAR measured 250 mW input power 2.15 Wikg

SAR for nominal Head TSL parameters normalized to 1TW 8.49 W/kg + 17.0 % (k=2)

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

SAR measured 250 mW input power 1.40 Wikg

SAR for nominal Head TSL parameters normalized to 1W 5.54 W/kg = 16.5 % (k=2)

Certificate No: D750V3-1230_Mar23
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 53.0Q+09|Q
Return Loss -30.3dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.037 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole, The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the 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

Certificate No: D750V3-1230_Mar23 Page 4 of 6
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DASY5 Validation Report for Head TSL

Date: 24.03.2023

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN:1230

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

Medium parameters used: f = 750 MHz; 6 = 0.9 S/m; & = 41; p = 1000 kg/m?
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvE(10.11, 10.11, 10.11) @ 750 MHz: Calibrated: 10.01.2023
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 19.12.2022

Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

DASY52 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 = 60.71 V/m; Power Drift =-0.03 dB

Peak SAR (extrapolated) = 3.26 W/kg

SAR(1 g) = 2.15 W/kg; SAR(10 g) = 1.4 W/kg

Smallest distance from peaks to all points 3 dB below = 21.2 mm

Ratio of SAR at M2 to SAR at M1 = 65.7%

Maximum value of SAR (measured) = 2.90 W/kg

0dB =290 W/kg =4.62 dBW/kg

Certificate No: D750V3-1230_Mar23 Page 5 of 6
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Impedance Measurement Plot for Head TSL

lEiJa View Channel Sweep Calbration Trace Scale Marker System Window Help
|

o .| ‘ . } [ 750000000 MH 0.332 a8 |
il t - | ‘ { 1 1 | i {
| | I I
| | —]
10.00 ‘ ‘ { - |
15 00 + !
' i
0 Un— . |, I ‘
| ‘ i ) ) '
111 — b 1 -
<4 1301 I ChiAvg= 20 I | | - _! | | N |
Chl: Start 550,000 MHz2 — Stop 950 000 MH:
Status CH1: 511 R (e ) Avg=20 Delay LCL
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D750V3 - SN:1230 Extended Dipole Calibrations

DUT Code: | ADE Cal Date: 04313
Cesmiption | Anferma - Dipale Temperatme: BT
Modal | D750V ‘Himidity- M
Mamxfachmer | SPEAG Preszure 100.6kPa
Certificate ¥o: | D750V3-1130_Mar23 Tester Harl Gong | parl .r...j
TEST SPECTFICATIONS
Specfication: | WP 438 SAR Dipale Verification Versiom: J20-Bewl
Specfication: ersion:
TEST PARAMETERS
Device Received In Taleance: | Tes | Calitwated Frequency Famge: A et Cal Droe Diate: 024323
Equipment Used to perform Measure
Trenx: Nerwork Analyzer Identifier: | NAM Ivindal: 87338 LastCab | 200310717 | CalDme: | 20241016
Trem Calibmtion Verification - Kit Identifier: | NAM Mindal: E5032F Last Cal: NCE Cal Dre: HNCR
Trenx Temuinator Iientifier: | MNAMA | Model | B3032-10003 | LastCak | 2003420 | CalDme: | 20244728
Tremr Tdentifier: Midal: Last Cal: Cal Tre:
Treme Tdencifier: Mindsl: Last Cal: Cal De:
COMMENTS, OPINIONS and INTERPRETATIONS
HNone
Measurement Uncartainty
Probabilzny Inpedance (dH) Insertion Loss (dB) | Value(dB) | Vahe(+-%3)
Distrintion
R Hommel(k=2) 093
confidebce = 853)
BESULTS
Fasz
‘This measmement was 2 calibrton verification. (Insmmment parmeters are within tolemnces )
Measurements are traceable o the intermatonal Systers af Units (3I) via NIST
CALIBRATION DATA ATTACHED
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Report No.:2403V31893E-20

Per FCOC EDB 865664 D01, cahbrahon mtervals of up to 3 vears mayv be considered for reference
dipoles when it 15 demonstrated that the SAR target, impedance and refum loss of a dipole have
remamed stable according to the followmg requirencants.

I. The measurad SAR does not deviate more than 10% from the target on the calibration

certificate.

[

required 2 dB muminoum retuin-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 58 from

the previous measurement.

The return-loss does not deviate more than 20% fom the previous measwement and meets the

The following dipole was checked to pass the above 3 requrements to have 3-vear cahbration penod

from calibraton date.
L et || ey
Measured Value (dB) | 31482 Measured Vake () | 49870 -1.606
Target Value (dB) (  _30.332 Target Vahue (2} | 53.013 0.869
DT50V3 - Devanon () 4385 Devation (€) 3143 3475
SN:1230 Limit (%o} +20 Livmut () 3 5
Lumit (= dB) 0 Reaults Pass Pass
Results Pass

[} T T My (A

*L THLOSON eGP0 LMSS) 6 WL sdgge

.-!
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Schweizerischer Kalibrierdiansi
Service sulsse d'dtalonnage
Servizio svizzero di laralura
Swiss Calibeation Service

Recraditation o.: SCS 0108

Calibration Laboratory of
Schmid & Partnar
Engineering AG

Zeughavsstrasse 43, 8004 Zurich, Swilzerland

Accredited by the Swiss Accradilalion Senica (SAS)
The Swiss Accreditalion Service la one of the signatories 1o the EA
Multilateral Agreament for the recagnition of calibration certificates

Certilicale Mo,

client BACL USA
Sunnyvale, USA

CALIBRATION CERTIFICATE

Da00V2-1d217_Mar23

Dibjact D900V2 - SN:1d217

QA CAL-05.v12
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibeation procedure(s)

Calbralion date: March 24, 2023

Thits calibwation cartificate docurnantz the iraceability to rational standards, which malize (b phisical unils of measwamants (51).
The measurements and the uncertaintios with confidence probalBy are given on the Iolowing pages end are part of tha cerilicata.

All calibrations have besn conducted in the dosad laboratory lecility: emvironment lemperalung (22 = 3)°C and humidity < T,

Calibration Equipment used (ME&TE crilical for calibralion)

Primary Siandards [n}] Cal Dala {Cerlificate Mo Scheduled Calbration

Power melar NRF SN 14aTTa Dd-Ape-22 (Moo 217-03526/03524) Apr-23

Power sensor MRP-Z91 She 10a244 D4-Apr-22 (Mo, 217-03524) Apr-23

Power sensor NRP-Z31 SN 103245 Dd-APr-22 Mo 217-03525) Apr23

Relerence 20 dB Altensalor | SM: BHa304 (20K) {4-Apr-22 (Mo, 217-03527) A2

Typa-M mismatch combination SM: 310882 ¢ 06327 (t-Apr-E2 (Mo, 217-03528) Apr-23

Aelerence Probe EXI0VE Sh: 7348 10-Jan-23 (Mo, EX3-7349_Jan23) Jan-24

DAE4 SN; & 18-Dec-22 (Mo, DAE4-B01_Dec22) Die-23

 Secondary Standards oA Chack Date {in hausa) Schadulad Check

P;.var mater E44188 SN GE39E12475 A0-0et-14 {in house chack Ocl-22) I housa chack: Oct-24

Power sensor HP Bdai A SH: US3T282783 O7-0ct-15 {in house chack Ool-22) In housa chach; Oct-24

Powar sensor HF B4aiA Sh: MY41083315 07-0ct-15 {in housa chack Ool-22) In hausa chack: Ocl=24

HF generator A&S SMT-06 SM: 100972 15Jun-15 {in house check Cel-22) In house check: Ool-24

Metwork Analyzer Agilant ESA5MA | SN USH0B04TY A1-Mar-14 {in houss check Ocl-22) In house chack: Ool-24
Mama Function ionalure

Calibrated by: Michaed Weber Labaoratory Techniclan ?&]—

L)
Approved by Svan Kihn Tachnical Manager

W=

i
-

Ismwad: March 24, 3023

| This cafibration carificate shal nal be raprodiced excepl in ful withoul witlen approwal of the laboratony.

Cerificate No: DB00V2-1d217_Mar23 Page 1of 6
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Calibration Laboratory of

g Sehwelearischer Kalibrierdiens
Schmid & Partner C Harvice suisan d'étalonnage
EnginEEfir]g AG Saervizio svizzero di taratura
Zeughausstrasae 43, 8004 Zurlch, Switzariand s Swiss Calibration Service
Accredited by Ihe Swiss Accredilation Serdcs (SAS5) Accredilation Mo.: SCS 0108

The Swiss Accreditation Sarvice is ono of the signaories o the EA
Multilateral Agreamant for the recognition of calibration cenificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) IEC/EEE 62209-1528, “Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Warn Wireless Communication Devices - Part 1528: Hurman 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 Systemn 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,

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

» Heturn Loss: This parameter is measured with the source positioned under the liquid filled
phantorn (as described in the measurement condition clause). The Return Loss ensures low
reflected power. No uncertainty required.

s  SAH measured: SAR measured at the stated antenna input power.

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

« SARA for nominal TSL parameters: The measured TSL parameters are used fo calculate the
norminal SAR result.

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

Cerlificate Mo: D200V2-10217_MarZ3 Page 2 ol 6
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Measurement Conditions

DASY system configuration, as far as nol given on page 1

DASY Version

DASY52

Advanced Extrapolation

Report No.:2403V31893E-20

VEZ2 104

Extrapolation | Exb N
Phantam MDduI&rIF-Ia:.!ﬂtF F‘F\nnMrp

Distance Dipole Genter - TSL 15%_ - wilh Spacer B
Zoom Sean Resolution de, dy, dz =5 rﬁ

Frequency

Head TSL parameters

900 MHZ + 1 MHz

The lollowing paramelers and calculations were applied.

Temperature Permittivity Cnnductivilr_
Mominal Head TSL parameters 4.5 0.97 mho/m
Measured Head TSL parameters 40.5 = 6 % 0.95 mho/m + 6 %_
Head TSL temperature change during lest =05°C =t
SAR result with Head TSL
SAR averaged over 1 cm? {1 g) of Head TSL Condition
S5AR maasurad 250 mW input power 2.69 Who

SAR for nominal Head T5L parametars

normalized o 1W

10.9 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input powear

1.72 Whkg

SAR for nominal Head TSL parameters

normalized to 1W

6.96 Wiky £ 16.5 % (k=2)

Cerlificale Mo: DI0OOVE-16217_MarZ3

Page 3of 6
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Appendix (Additional assessments oulside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impadance, transformed to feed point 50.3 £ - 0.0 2

Return Loss - 50.1 dB

General Antenna Parameters and Design

Electrical Defay (one direction) 1.401 ns

Altar long term use with 100W radiated power, enly a slight warrming of the dipele near the feedpoint can ba measured,

The dipole s made of standard samingid coaxial cable. The center conductor of the feading line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small and CApS
are added to the dipols arms in order to mprove matching when loaded according 1o the position as explained in the
*Measurement Condilions® paragraph, The SAR dala are nol affected by this change. The overall dipole length is stll

aceording to the Standard.
Mo excessive force must be applied to the dipole arms, because they might bend or the soldared connections near the

feedpoint may be damaged

Additional EUT Data

Manufaciurad by SPEAG —I

Cartificate No: DB00V2-1d217_Mar23 Fage 4 of &
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DASYS Validation Report for Head TSL

Date: 24.03.2023
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 900 MHz; Type: D900Y2; Serial: D900V - SN:1d217

Communication System: UID 0 - CW; Frequency: 900 MHz

Medium parameters used: f =900 MHz; o = 095 5/m; & = 40.5; p= 1000 kg/m*
Phantom section: Flat Section

Measurement Standard: DASY S (IEEEAEC/ANST C63,19-2011)

DASY 52 Configuration:
= Probe: EX3DV4 - SNT349; ConvF(9.62, 9.62, 9.62) @ 900 MHz, Calibrated: 10.01.2023
= Sensor-Surface: 1. 4mm {Mechanical Surface Detection)
» Electronics: DAE4 Sno01; Calibrated: 19.12.2022
= Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
« DASYS2 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 = 64.47 Vim; Power Drifl = 0.03 dB

Peak SAR (extrapolated) = 4.11 W/ikg

SAR(L g) = 2.69 Wikg; SAR(10 g) = 1.72 Wilkg

Smallest distance from peaks to all points 3 dB below = 17.5 mm

Ratio of SAR at M2 to SAR at M1 =65.2%

Maximum value of SAR (measured) = 3.64 Wikg

-2.40
-4.80
-1.20

-9.60

-12.00

0 dB = 3.64 Wrkg = 5.61 dBW/kg

Cerificate No; DO0OV2-1d217_Mar23 Page 5 of 6
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Impedance Measurement Plot for Head TSL

Report No.:2403V31893E-20

Eile Wiew Channe! Swpep Calbration Trace Scale Marker System Window Help

| . In !
i t
| { N
| |
i
I (N ety
T e [ i
| !
TR Ch | Asg |-' |
Chi:Simm 100 000 b -— = |
— - |
Stalus CH1: BN C* 1-Post Aprgm2l) Dialagy LCL
Cerificate No: DI00V2-1d217_Mar23 Page 6 of &
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DI00V2Z - 5N:1d217 Extended Dipole Calibrations

Report No

.:2403V31893E-20

DUT Cede: | ADE Cal Date:
Desmiption | Anterma - Dipole Tempemtime:
Madsl | DoQOV2 Himvidiiny: =
Mamzfachmer | SPEAG Preszue 1006 kP
Ctificats o> | DOOOV2-1217_Mard3 “Testar Earl Guing | ey
TEST SPECTFICATIONS
Specification: | WP 438 SAR. Dipale Verification Version: W20 -Rav
Specification: Lersion:
TESTPARAMETERS
Device Beceived In Tolernee: | Y | Calfhrated Frequency Fange: WA et Cal True Dane: 24323
Equpment Used to perform Measure
Tremw Nemmk Analyzer Tdenfifier: NAM Iviodel: 87538 Last Cal: | 200310717 | CalDue: | 200410146
Trem Calibraion Verification - Fit Idenfifier: NAM Iiodel: B5032F Last Cal: WCR {Cal Crie: NCR
Treme Temuinator Identifier:  MAMA Modsl: | B5032-10003 | LaseCal: | 20234720 | CalDme: | 2004478
Teeme Identifier: Niodal: Last Cal: Cal Chee:
Teeme Identifier: Nodal: Last Cal: Cal Che:
CONDMENTS, OPINIONS and DNTERPRETATIONS
Measurement Tneertainty
Prohabilzty Inpedanre (dB) Inzertion Lozs (dB) | Valee (dB) | Vahe (+-%3)
Tistribuation
A R Mol (5=2) 003
conidebee= 85%)
ERESULTS
Pasz
This meanmement was 3 calibraton verrficadon (Insmument paameters are within toleances )
Measurements are traczable to the internatsonal System of Unsts (S0 via WIST
CAITBRATION DATA ATTACHED
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Per FOC EDEB 865664 D01, calibrafion mtervals of up to 3 vears may be considered for reference
dipoles when it 15 demeonstrated that the SAR target, impedance and refum loss of a dipole have
remamed stable according to the followmg requirensents.

1. The measuwred SAF. does not deviate more than 10% from the target on the calibration

certificate.

e

requured 20 dB muminmum retwm-loss requirement.
3. The measurement of real or imaginary parts of mpedance does not deviate more than 38 from
the previous measwrement.

The retum-lozs does not deviate more than 20% from the previous measwement and meets the

The following dipole was checked to pass the above 3 requirements to have 3-yvear cahbration pened

from calibranon date.
Return Loss Real Imaginary
Impedence | Impedence
Measured Value (dB) [ 49309 Measured Value (€2} | 49 663 -0.057
Target Value (dB) | .50.111 Taget Value (2} | 50312 -0.032
o002 - Devation (%5} L6 Devation () {.649 0025
SN:1d217 Limit {%5) +£20 Lmit ($2) 5 §
Limit (= dB) 0 Results Pass Pass
Results 5

L S00.00000 M 46.NE3 0 -BE.6P0 e LANE-W 00—

%,

\I.
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst

C Service suisse d'étalonnage
Servizio svizzero di taratura

] Swiss Calibration Service

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

Client BACL Certificate No. D1750V2-1200_Mar23
Sunnyvale USA

CALIBRATION CERTIFICATE

Object D1750V2 - SN:1200

Calibration procedure(s) QA CAL-05.v12
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibration date: March 27, 2023

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (S).
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 D # Cal Date (Certificate No.) Scheduled Calibration

Power meter NRP SN: 104778 04-Apr-22 (No. 217-03525/03524) Apr-23

Power sensor NRP-Z91 SN: 103244 04-Apr-22 (No. 217-03524) Apr-23

Power sensor NRP-Z91 SN: 103245 04-Apr-22 (No. 217-03525) Apr-23

Reference 20 dB Attenuator SN: BH9394 (20k) 04-Apr-22 (No. 217-03527) Apr-23

Type-N mismatch combination SN: 310982 / 06327 04-Apr-22 (No. 217-03528) Apr-23

Reference Probe EX3DV4 SN: 7349 10-Jan-23 (No. EX3-7349_Jan23) Jan-24

DAE4 SN: 601 19-Dec-22 (No. DAE4-601_Dec22) Dec-23

Secondary Standards 1D # Check Date (in house) Scheduled Check

Power meter E44198 SN: GB39512475 30-Oct-14 (in house check Oct-22) In house check: Oct-24

Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-22) In house check: Oct-24

Power sensor HP 8481A SN: MY41093315 07-Oct-15 {in house check Oct-22) In house check: Oct-24

RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-22) In house check: Oct-24

Network Analyzer Agilent EB358A | SN: US41080477 31-Mar-14 (in house check Oct-22) In house check: Oct-24
Name Funclion Signature-- --.H__D

Calibrated by: Paulo Pina Laboratory Technician = 7 - z 7____:3

Approved by: Sven Kiihn Technical Manager S é oo

€ e

Issued: March 27, 2023
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: D1750V2-1200_Mar23 Page 1 of 6
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. . a1, ——— o
Cal 'bratlon Laboratory of -‘C\‘ \\\‘://’ ’/,,/ o \ S Schweizerischer Kalibrierdienst
Schmid & Partner SEM\E“_*{T’E& s c Service suisse d'étalonnage
Engineering AG g \ J Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland f,,,’”/,:'\‘k\w\? 5 / S Swiss Calibration Service
T G
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral 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) IEC/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. All 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.

e Return 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.

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

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

e 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: D1750V2-1200_Mar23 Page 2 of 6
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Measurement Conditions

Report No.:2403V31893E-20

DASY system configuration, as far as not given on page 1.
DASY Version DASY52 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 1750 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 40.1 1.37 mho/m
Measured Head TSL parameters (220+0.2)°C 388+6% 1.33 mho/m + 6 %
Head TSL temperature change during test <05°C
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 8.85 Wikg
SAR for nominal Head TSL parameters normalized to 1W 35.8 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 4.67 Wikg
SAR for nominal Head TSL parameters normalized to 1W 18.8 Wikg % 16.5 % (k=2)

Certificate No: D1750V2-1200_Mar23 Page 3 of 6
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed lo feed point 46.9 Q + 3.1jO
Return Loss -27.0dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.209 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the 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

Certificate No: D1750V2-1200_Mar23 Page 4 of 6
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DASYS5 Validation Report for Head TSL

Date: 27.03.2023

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1200

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: f= 1750 MHz; 6 = 1.33 S/m; &= 38.8; p = 1000 kg/m’*
Phantom section: Flat Section

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

DASYS52 Configuration:

e Probe: EX3DV4 - SN7349; ConvF(8.67, 8.67, 8.67) @ 1750 MHz; Calibrated: 10.01.2023

o Sensor-Surface: 1. 4mm (Mechanical Surface Detection)

o Electronics: DAE4 Sn601; Calibrated: 19.12.2022

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

e DASYS52 52.10.4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 104.6 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 16.3 W/kg

SAR(1 g) = 8.85 W/kg; SAR(10 g) = 4.67 W/kg

Smallest distance from peaks to all points 3 dB below = 10.4 mm

Ratio of SAR at M2 to SAR at M1 = 54.4%

Maximum value of SAR (measured) = 13.7 W/kg

-3.20

-6.40

-9.60

-12.80

-16.00

0dB=13.7 W/kg = 11.36 dBBW/kg

Certificate No: D1750V2-1200_Mar23 Page 5 of 6
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Impedance Measurement Plot for Head TSL

Report No.:2403V31893E-20

IEiie View Channel Sweep Calbration Trace Scale Marker System Window Help
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D1750V2 - SN:1200 Extended Dipole Calibrations

Report No.:2403V31893E-20

DUT Code: | ADE Cal Date: VG
Desmmiption | Anterma - Dipale Tempemtime: RER
Modsl | D750%2 Himmidity- 513
Mimufachmer | SPEAG Prassme 1018k
Certificate Fo: | D17500W3-1200 Mar?3 Toster: Harl Gong | parl l‘-u_-j
TEST SPECTFICATIONS
Specification: | WP 438 SAR. Dipale Verification Version: 020 - Rew 0
Specification Version:
TEST PARAMETERS
Device Recerved In Tolernes: | T | Calftrated Frequency Bange: NiA et Cal Drue Dite: 004326
Equpment Used to perform Measure
Ttemr Fitvrk Analyzer Idenfifier: | NAM | Muodsl 87538 LastCab | 200310717 | CalDue: | 200410014
Tenr | Calibrasion Verification - Kit Idenfifier: | NAM | Modsl: [ SS03IF Last Cak: NCF. | CalDue | NCE
Tteme Terminator Idenfifier: | NWAMA | Model: | BS32-10003 | LasCal: | 2003420 | CalDue | 2004478
Treme Tdentifier: Modsl: Last Cal: Cal Due:
Tremme Tdentifier: Modsl: Last Cal: Cal Due:
COMMENTS, OFINIONS and INTERPRETATIONS
Meamurement Tncartainty
Prohahilsty Inpedance (dB) Izertion Lozs (dB) | Vale (dB) | Vahe(+-%3)
Distribution
N R Nojmal(=2) 093
confidebee = 8330)
RESULTS
Pass

This measmement was 2 calibraton venficadon. (Instnment pammeters are within tolemnces )
Measurements are traceable to the infematonal System of Unsts (30 wia WIST

CAITBRATION DATA ATTACHED
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Per FCOC EDBE 865664 D01, calibration mtervals of up to 3 vears may be considered for reference
dipoles when it 15 demonstated that the SAR target, impedance and renum loss of a dipole have
remamed stable accordng to the followmg requirements.

1. Themeasured SAF does not deviate more than 10% from the target on the calibration
cerbficate.
2 The retum-loss does not deviate more than 20% from the previous measwement and meets the
requred 20 dB mminnm retwm-loss requirensent.
3. The meanwement of real or imaginary parts of mpedance does not deviate more than 5 from
the previous measurement.

The following dipole was checked to pass the above 3 requirements to have 3-yvear calibration pened

from cahbration date.
Feturn Loss s iy
Impedance | Impedence
Measured Value (dB) | 29656 Meamwred Vale () | 48606 1914
Target Value (dB) 26957 Target Vahue ($2) | 48910 3.066
D1750V2 Devation (%) 10.161 Devation (£) -3.04 -0.152
- SN:1200 Lt (%) +20 Liruit (€2} § 5
Lamit (= dB) | Results Pass Fass
Results Dass

)
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Accredited by the Swiss Accreditation Service (SAS)
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|CALIBRATION CERTIFICATE

Certificate No.

Client D1900V2-5d251_Mar23

Obiject D1900V2 - SN:5d251

QA CAL-05.v12
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibration procedure(s)

March 27, 2023

Calibration date:

This calibration certificate documents the traceability to national standards, which realize the physical unils of measurements (SI).
The measurements and the uncertainties with confidence probability are given on the following pages and are par 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 1D # Cal Date (Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 04-Apr-22 (No. 217-03525/03524) Apr-23

Power sensor NRP-Z91 SN: 103244 04-Apr-22 (No. 217-03524) Apr-23

Power sensor NRP-Z291 SN: 103245 04-Apr-22 (Mo. 217-03525) Apr-23

Reference 20 dB Attenuator SN: BH9394 (20k) 04-Apr-22 (No. 217-03527) Apr-23

Type-N mismatch combination SN: 310982 / 06327 04-Apr-22 (No. 217-03528) Apr-23

Reference Probe EX3DV4 SN: 7349 10-Jan-23 (No. EX3-7349_Jan23) Jan-24

DAE4 SN: 601 19-Dec-22 (No. DAE4-601_Dec22) Dec-23

Secondary Standards 1D # Check Date (in house) Scheduled Check

Power meter E4419B

Power sensor HP 8481A

Power sensor HP 8481A

RF generator R&S SMT-06
Network Analyzer Agilent EB358A

Calibrated by:

Approved by:

SN: GB39512475
SN: US37292783
SN: MY41093315
SN: 100972

SN: US41080477

Name
Jeton Kastrati

Sven Kiihn

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

In house check: Oct-24
In house check: Oct-24
In house check: Oct-24
In house check: Oct-24
In house check: Oct-24

30-Oct-14 (in house check Oct-22)
07-0ct-15 (in house check Ocl-22)
07-Oct-15 (in house check Oct-22)
15-Jun-15 (in house check Oct-22)
31-Mar-14 (in house check Oct-22)

Function Signature

Laboratory Technician
(“hz L
E F

Issued: March 27, 2023

Technical Manager

Certificate No: D1900V2-5d251_Mar23
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China Certification ICT Co., Ltd (Dongguan) Report No.:2403V31893E-20

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, B004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst

C Service suisse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral 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) IEC/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. All 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.

e Return 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.

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

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

o 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: D1900V2-5d251_Mar23 Page 2 of 6




China Certification ICT Co., Ltd (Dongguan)

Measurement Conditions

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

Report No.:2403V31893E-20

DASY Version DASY52 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 1900 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mho/m
Measured Head TSL parameters (22.0£0.2)°C 39.0+6% 1.36 mho/m + 6 %
Head TSL temperature change during test <05°C
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.61 W/kg
SAR for nominal Head TSL parameters normalized to 1W 38.9 Wikg + 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.04 W/kg
SAR for nominal Head TSL parameters normalized to 1W 20.3 W/kg + 16.5 % (k=2)

Certificate No: D1900V2-5d251_Mar23
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China Certification ICT Co., Ltd (Dongguan) Report No.:2403V31893E-20

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 4950 +6.5j0
Return Loss -23.7dB

General Antenna Parameters and Design

Electrical Delay (one direclion) 1191 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order o 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

Manufactured by SPEAG

Certificate No: D1900V2-5d251_Mar23 Page 4 of 6




China Certification ICT Co., Ltd (Dongguan) Report No.:2403V31893E-20

DASYS5 Validation Report for Head TSL

Date: 27.03.2023

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d251

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: f= 1900 MHz; = 1.36 S/m; & = 39; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.35, 8.35, 8.35) @ 1900 MHz; Calibrated; 10.01.2023
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 19.12.2022

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

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

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

Reference Value = 108.9 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 17.4 W/kg

SAR(1 g) = 9.61 W/kg; SAR(10 g) = 5.04 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 55.4%

Maximum value of SAR (measured) = 14.8 W/kg

-3.20

-6.40

-9.60

-12.80

-16.00

0dB=14.8 W/kg = 11.70 dBW/kg

Certificate No: D1900V2-5d251_Mar23 Page 5 of 6
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Impedance Measurement Plot for Head TSL

File View Channel Sweep Calibration Trace Scale Marker System ‘Window Help

== =
/
f
|
A
\
b3
ChilAva= 20 - e
Chi: Start 1.70000 GHz Stop 210000 GHz
S0 l! B > 1 dooooocdHz 23715 dBj
5.00 -
0.00
F5.00 — —
10.00 - - - — 4  —
L1500 Bas = =
20000 . = — =
1
25.00
30,00
L35 00
L4000 Ch 1 Awg = |20 )
Chi; Start 170000 GHz = —— Stop 2.10000 GHz
Status  CH1: 511 | C*1-Port Avg=20 Delay LCL
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China Certification ICT Co., Ltd (Dongguan)

Report No.:2403V31893E-20

D1900V2 - SN:5d251 Extended Dipole Calibrations

DUT Code: | ADE Cal Diate- 2024326
Description | Anterma - Dipole Temperanue: 1307
Modl | D1200V2 Hmmidty- 51%
Mamfachmer | SPEAG Pressm= 101.8kFa
Cerificaie Na: | DISOFVI-54251_Mar23 Tester: ol Gong | .-WH--J
TEST SPECIFICATIONS
Specification: | WP 438 SAR. Dipale Verification Vrsion: 20 - Rew 0
Specification: Varsion:
TEST PARAMETERS
Device Received In Tolemnce: | ves | Calfrated Frequency Fange: WA et Cal True Die: 2004326
Equpment Used to perform Measure
Ttemr Metwork Analyzer Idengifier; | MAM | Modsl: BT3B LastCab | 200310717 | CalDue: | 200410416
Tenr | CalibmationVerification - Kt Tdentifier- | NAM | Modl | 85030F | LastCak NCR [ CalDue | NCR
Tremr Terminator Mentifier | NAMA | Modsl | 85032-10003 | LastCal: | 20234720 | CalDue: | 2004478
Tem: Tidenifier: Modsl: Last Cal: Cal Due:
Tremr Tdensifier: Modsl: Last Cal: Cal Due:
COMMENTS, OPINIORS and INTERPRETATIONS
HMane
Measurenent Tncertainty
Probahility Inpedsnce (dB) | HnsertionLoss (dB) | Vahe(dB) | Vahe+-%)
Distribation
e e Nommik=2) 083
confidebee=857%)
RESULTS
s

This measumement was 3 calibraton verificaton. (Insmmment parmeters are within tolemnces )
Measurements are tracsable to the international System of Units (30) via WIST

CALIERATION DATA ATTACHED

1/2




China Certification ICT Co., Ltd (Dongguan)

Report No.:2403V31893E-20

Per FOC EDB 865664 D01, calibrafion mtervals of up to 3 vears may be considered for reference
dipoles when it 15 demonstrated that the SAR target, impedsnce and refum loss of a dipole have
remamed stable accordmng to the followmg requrements.

1. The measured SAR does not deviate more than 10% from the target on the cabibrahon

certificate.

(B

requured 20 d5 munmiwum refun-loss requirement.
3. The measurement of real or maginary parts of impedance does not deviate more than 58 from
the previous measmement.

The retumn-loss does not deviate more than 20% from the previous measwement and meets the

The following dipole was checked to pass the above 3 requrements to have 3-year cahbrahon penod

from cahbration date.
Real Imaginary
Eetuon Loss =

Inpedence | Impedence

Meanured Value (dB) 23336 Measured Value (£2) | 45504 4827

Target Vaine (dB) 23715 Target Value (22} (49490 6.481

DI1500V2 Devation (%) | -0.755 Devation () -3.796 -1.854

SN-5AI51 Limit (%) +20 Lt {2 5 5
Lomit (= dB) 20 Results Pass Pass
Rasults Pass

i1

L]

22

_ﬁ
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China Certification ICT Co., Ltd (Dongguan)

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accrediled by the Swiss Accredilalion Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA

t for the

BACL
Sunnyvale, USA

Client

gnition of calibration certificates

woOow

Certificate No.

Report No.:2403V31893E-20

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

D2450V2-1102_Mar23

CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration date:

D2450V2 - SN:1102

QA CAL-05.v12
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

March 27, 2023

Calibration Equipment used (M&TE critical for calibration)

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%.

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 04-Apr-22 (No. 217-03525/03524) Apr-23

Power sensor NRP-Z91 SN: 103244 04-Apr-22 (No. 217-03524) Apr-23

Power sensor NRP-Z91 SN: 103245 04-Apr-22 (No. 217-03525) Apr-23

Reference 20 dB Attenuator SN: BH9394 (20k) 04-Apr-22 (No. 217-03527) Apr-23

Type-N mismatch combination SN: 310982 / 06327 04-Apr-22 (No. 217-03528) Apr-23

Reference Probe EX3DV4 SN: 7349 10-Jan-23 (No. EX3-7348_Jan23) Jan-24

DAE4 SN: 601 19-Dec-22 (Mo. DAE4-601_Dec22) Dec-23

Secondary Standards D # Check Dale (in housa) Scheduled Check

Power meter E4419B

Power sensor HP 8481A

Power sensor HP 8481A

RF generator R&S SMT-06
Network Analyzer Agilent EB358A

Calibrated by:

Approved by:

SN: GB39512475
SN: US37292783
SN: MY41093315
SN: 100972

SN: US41080477

Name
Jeton Kastrati

Sven Kihn

30-Oct-14 (in house check Oct-22)
07-0ct-15 (in house check Oct-22)
07-0ct-15 (in house check Oct-22)
15-Jun-15 (in house check Oct-22)
31-Mar-14 (in house check Oct-22)

Function
Laboratory Technician

Technical Manager

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

/;41_/_7

In house check: Oct-24
In house check: Oct-24
In house check: Oct-24
In house check: Oct-24
In house check: Oct-24

Signature

Wf

Issued: March 27, 2023

Certificate No: D2450V2-1102_Mar23
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China Certification ICT Co., Ltd (Dongguan) Report No.:2403V31893E-20

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accredited by the Swiss Accredilation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral 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) IEC/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. All 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.

e Return 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.

e 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: D2450V2-1102_Mar23 Page 2 of 6
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Measurement Conditions

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

Report No.:2403V31893E-20

DASY Version DASY52 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 (220+0.2)°C 38.0+6% 1.81 mho/m + 6 %

Head TSL temperature change during test <05°C — —
SAR result with Head TSL

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

SAR measured 250 mW input power 12.9 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

50.9 Wikg * 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.07 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

24.1 Wikg % 16.5 % (k=2)

Certificate No: D2450V2-1102_Mar23
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Report No.:2403V31893E-20

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point

53.90+48jQ

Return Loss -24.6 dB
General Antenna Parameters and Design
Electrical Delay (one direction) 1.155ns

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 direclly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the 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

Certificate No: D2450V2-1102_Mar23 Page 4 of 6
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DASYS5 Validation Report for Head TSL

Date: 27.03.2023

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:1102

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

Medium parameters used: f= 2450 MHz; o = 1.81 S/m; & = 38; p = 1000 kg/m*
Phantom section: Flat Section

Measurement Standard: DASY 5 (IEEE/IEC/ANSI C63.19-2011)

DASY 52 Configuration:

« Probe: EX3DV4 - SN7349; ConvF(7.88, 7.88, 7.88) (@ 2450 MHz; Calibrated: 10.01.2023

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

o Electronics: DAE4 Sn601; Calibrated: 19.12.2022

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

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

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

Reference Value = 115.0 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 24.7 W/kg

SAR(1 g) = 12.9 W/kg; SAR(10 g) = 6.07 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 51.9%

Maximum value of SAR (measured) = 20.7 W/kg

-4.00

-8.00

-12.00

-16.00

-20.00

0dB =20.7 W/kg = 13.16 dBW/kg

Certificate No: D2450V2-1102_Mar23 Page 5 of 6
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Impedance Measurement Plot for Head TSL

File View Channel Sweep Calbration Trace Scale Marker System Window Help
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D2450V2 - SN:1102 Extended Dipole Calibrations

DUT Code: | ADE Cal Date:
Desmiption | Anterma - Diipale Tempemhme: pEL
Model | DM450W2 Hmidity: b
Mamsfachmer | SPEAG Pressur 1010kTa
Certificats Mo | D450V2-1102_Mar23 Tostar Earl Gang | parl i-j
TEST SPECTFICATIONS
Specification: | WP 438 SAP. Dipole Verification Vemsion: 020 - Bev ()
Specification’ Vesion:
TEST PARAMETERS
Device Recerved In Tolemane= | Vs | Calfhrated Frequancy Range: NA Memt Cal Trae Dae: 4326
Equpment Used to perform Measre
Teemr Nerwork Aratyzer Identifier: | MAM | Modal §753E LastCal: | 20031017 | CalDue: | 2024410116
Teemw | CalibrasionVerification - Eit Tdentifior: | NAM | Modsl F5030F TLast Cak: WCR Cal Dhe: NCE
Teeme Ternuinator Identifior: | NAMA | Model | B5032-10003 | LastCal: | 2023420 | CalDue: | 2004478
Teem: Identifiar: Miodel: Last Cal: Cal Dhe:
Teem Tdentifier: Modal Last Cal: Cal Dhe:
COMMENTS, OFTNICRNS and DVTERPRETATIONS
Measurement Uncartainty
Probahilzty Inpedance (dH Insertion Loss (dB) | Value(dB) | Wahe(+-%)
Distribution
R Noma(k=2) 0.03
confidehee=05%)
EESULTS
Pass
This measmement was 3 calibraton verification. (Insmument parametsrs are within tolemnces
Measurements are traczable to the intermational System of Unsts (31) via WIST
CALIERATION DATA ATTACHED




China Certification ICT Co., Ltd (Dongguan)

Report No.:2403V31893E-20

Per FOC EDB 865664 D01, calibrahion mterval: of up to 3 vears may be considered for reference
dipoles when it 15 demonstrated that the SAR target, impedance and retum loss of a dipole have
remamed stable accordmg to the followmg requirencents.

I. The measured SAR does not deviate more than 10% from the target on the calibrztion

catificate.

[

required 20 dB miminmmm retim-loss requirensant,
3. The measurement of real or imaginary parts of mpedance does not deviate more than 50 from

the previous measwement.

The return-loss does not deviate more than 20% fom the previous measwement and meets the

The following dipole was checked to pass the above 3 requremsents to have 3-yvear cahbration penod

from calibraton date.
Retun Loss el gmy
Impedence | Impedence
Measured Vahue (dB) | 27581 Measured Value () | 54335 0.453
Target Value (dB) | 24 556 Target Vahue (@) | 53856 4795
D450 Devation (%) 12319 Dievation (%) 0.479 4.342
- SN:1102 Limit (%5) +70 Lirmit {£2) 5 5
Limit (= dB) 20 Results Pass Pass
Rasults Pass

5] ) BCAUE LS00 L)
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Calibration Laboratory of \k&f
Schmid & Partner e
Engineering AG

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura

T :
Zeughausstrasse 43, 8004 Zurich, Switzerland z,_f/f\\\.y Swiss Calibration Service
T
Accrediled by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Client BACL Certificate No. D2600V2-1206_Mar23
Sunnyvale, USA

CALIBRATION CERTIFICATE

Object D2600V2 - SN:1206

Calibration procedure(s) QA CAL-05.v12
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibration date: March 27,2023

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (S).
The meast ts and the uncertainties with confidence probability are given on the following pages and are part of the cerlificate.

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 1D # Cal Date (Certificate No.) Scheduled Calibration

Power meter NRP SN: 104778 04-Apr-22 (No. 217-03525/03524) Apr-23

Power sensor NAP-Z91 SN: 103244 04-Apr-22 (No. 217-03524) Apr-23

Power sensor NRP-Z91 SN: 103245 04-Apr-22 (No. 217-03525) Apr-23

Reference 20 dB Attenuator SN: BH9394 (20k) 04-Apr-22 (No. 217-03527) Apr-23

Type-N mismalch combination SN: 310982 / 06327 04-Apr-22 (No. 217-03528) Apr-23

Reference Probe EX3DV4 SN: 7349 10-Jan-23 (No. EX3-7349_Jan23) Jan-24

DAE4 SN: 601 19-Dec-22 (No. DAE4-601_Dec22) Dec-23

Secondary Slandards 1D # Check Date (in house) Scheduled Check

Power meter E4419B SN: GB39512475 30-Oct-14 (in house check Ocl-22) In house check: Oct-24

Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-22) In house check: Oct-24

Power sensor HP 8481A SN: MY41093315 07-Oct-15 (in house check Oct-22) In house check: Oct-24

RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-22) In house check: Oct-24

Network Analyzer Agilent EB358A | SN: US41080477 31-Mar-14 (in house check Oct-22) In house check: Oct-24
Name Function Signature

Calibrated by: Jeton Kastrati Laboratory Techniclan C::i_‘

Approved by: Sven Kiihn Technical Manager i -

ol 5 _,73—

Issued: March 27, 2023

This calibration certificate shall not be reproduced except in full without wrillen approval of the laboratory.
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst

C Service suisse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agr for the gnition 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) IEC/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. Al 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.

* Return 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.

e 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%.
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Measurement Conditions

Report No.:2403V31893E-20

DASY system configuration, as far as not given on page 1.
DASY Version DASY52 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 2600 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 39.0 1.96 mho/m
Measured Head TSL parameters (22.0+£0.2) °C 374+6% 1.97 mho/m +6 %
Head TSL temperature change during test <0.5°C meen
SAR result with Head TSL
SAR averaged over 1 cm?® (1 g) of Head TSL Condition
SAR measured 250 mW input power 14.2 Wikg
SAR for nominal Head TSL parameters normalized to 1W 56.0 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.36 Wikg
SAR for nominal Head TSL parameters normalized to 1W 25.3 W/kg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 48.1Q+1.3jQ
Return Loss -32.7dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.143 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the 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

LManufactured by SPEAG

Certificate No: D2600V2-1206_Mar23 Page 4 of 6




China Certification ICT Co., Ltd (Dongguan) Report No.:2403V31893E-20

DASYS5 Validation Report for Head TSL

Date: 27.03.2023
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN:1206

Communication System: UID 0 - CW; Frequency: 2600 MHz
Medium parameters used: f = 2600 MHz; o = 1.97 S/m; & = 37.4; p = 1000 kg/m*

Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(7.68, 7.68, 7.68) @ 2600 MHz; Calibrated: 10.01,2023
e Sensor-Surface: |.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 19.12.2022
e Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
o DASY52 52.10.4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 118.2 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 27.7 W/kg

SAR(1 g) = 14.2 W/kg; SAR(10 g) = 6.36 W/kg

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

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

Maximum value of SAR (measured) = 23.5 W/kg

-4.20
-8.40
-12.60
-16.80

-21.00

0dB =23.5 W/kg = 13.70 dBW/kg
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Impedance Measurement Plot for Head TSL
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D2600V2 - SN:1206 Extended Dipole Calibrations

Report No.:2403V31893E-20

DT Code: | ATIE Cal Date- WPATIG
Description | Antenma - Dipols Tempenture: B[aT
Modsl | D600V Himridity: 51%
Manufachoer | SPEAG Pressure 1018 kP
Cemificate Mo | DOGOTVI-1306 Mar?3 Toster: Foarl Gonz | parl 6-5
TEST SPECIFICATIONS
Specification: | WP 438 SAR. Dipale Verification Varsion: 20~ Rav 0
TEST PARAMETERS
Device Recaved In Talenmes: | s | Calftrated Frequency Bange: N Mt Cal Due Dane: 24326
Equpment Used to perform Measure
Tt Metwark Analyzer Identifier; | NAM | Modal: 87538 LastCai: | 200310717 | CalDuer | 200410018
Temr | Calitrasion Verification - Kt ldentifier: | NAM | Model |  85032F Last Cal: NCE | CalDue: | NCE
Tremr Temminator Identifier: | NWAMA | Model: | 8503210003 | LasCal: | 2003420 | CalDue | 20040478
Tremr Tdentifier: Modsl: Last Calt Cal Due:
Treme Tdentifier: Modsl: Last Cal Cal Due:
COMMENTS, OPINICES and INTERPRETATIONS
lone
Measurement Tncermingy
Probahility Inpedonce () | InserionLoss (dB) | Vahe(dB) | Vahe(+-%)
Distribation
S S | UVsRt Momul(k=3) 083
confidebca=05%)
RESULTS
Pas

This meanmement was a calibrafon venfication (Insmmment parameters are within tolemnces
Measurenents are traczabla to the international System of Units (30 wia WIST

CALIERATION DATA ATTACHED
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Per FCC EDB 865664 D01, calibration mtervals of up to 3 vears may be considered for reference
dipoles when it 15 demonstrated that the SAR target, impedance and retwm loss of a dipole have
remamed stable accordng to the followmg requremeants.

1. The measwad SAR does net deviate more than 10% from the tarpet on the calibration
catificate.

The return-loss does not deviate more than 20% from the previous measwement and meets the
requvad 20 4B muminmmm retwn-loss requirement.

The measwrement of real or mmaginary parts of mpedance does not deviate more than 50 from
the previous measurement.

=]

The following dipole was checked to pass the above 3 requrements to have 3-year calibration period

from calibrabion date.
Feturn Loss - ey
Impedance | Impedence
Measured Value (dB) | _25.186 Measured Valoe (£2) | 52646 1431
Target Value (dB) | 32698 Target Value () | 48148 1322
D2600V2 Devation (%) | -10.741 Devation () 4498 1.102
- SN:1026 Lt (%) +20 Limit (€2) L 5
Limit (= dB) 20 Results Pass Fass
Results Pass

LR

=
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Client BACL Certificate No: J23Z60368
CALIBRATION CERTIFICATE

Object D5GHZV2 - SN: 1245

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

Calibration Procedures for dipole validation kits

Calibration date: August 23, 2023

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
Power Meter NRP2 106277 22-Sep-22 (CTTL, No.J22X09561) Sep-23
Power sensor NRP8S 104291 22-Sep-22 (CTTL, No.J22X09561) Sep-23
Reference Probe EX3DV4 | SN 3617 31-Mar-23(CTTL-SPEAG,N0.223-60161) Mar-24
DAE4 SN 1556 11-Jan-23(CTTL-SPEAG,N0.223-60034) Jan-24
Secondary Standards ID # Cal Date (Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 05-Jan-23 (CTTL, No. J23X00107) Jan-24
NetworkAnalyzer E5071C | MY46110673 10-Jan-23 (CTTL, No. J23X00104) Jan-24

Name Function Si n;ture

Calibrated by: Zhao Jing SAR Test Engineer Z

Pepvhenwed by Lin Hao SAR Test Engineer Thﬂ@%

Approved by: Qi Dianyuan SAR Project Leader % e

Issued: August 30, 2023
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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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 62209-1528, “Measurement Procedure for The Assessment of Specific Absorption

Rate of Human Exposure to Radio Frequency Fields from Hand-held and Body-mounted
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) 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.

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. :

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.

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: J23Z60368 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 Flat Phantom 5.1C

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy =4 mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)
5250 MHz + 1 MHz

Frequency 5600 MHz = 1 MHz
5750 MHz + 1 MHz

Head TSL parameters at 5250MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 359 4,71 mho/m
Measured Head TSL parameters (22.0+0.2)°C 35216 % 4.63 mho/m £ 6 %
Head TSL temperature change during test <1.0°C e e

SAR result with Head TSL at 5250MHz

SAR averaged over1 cm’ (1 g) of Head TSL Condition

SAR measured 100 mW input power 7.84 Wikg

SAR for nominal Head TSL parameters normalized to 1W 78.0 Wikg * 24.4 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL Condition

SAR measured 100 mW input power 2.22 Wikg

SAR for nominal Head TSL parameters normalized to 1W 22.1 Wikg £ 24.2 % (k=2)

Certificate No: J123Z60368 Page 3 of 8
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Head TSL parameters at 5600MHz

The following parameters and calculations were applied.

SA

http:/fwww.caic.ac.cn

Report No.:2403V31893E-20
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Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 355 5.07 mho/m
Measured Head TSL parameters (22.0+0.2) °C 346+6% 5.00 mho/m £ 6 %
Head TSL temperature change during test <1.0°C - -
R result with Head TSL at 5600MHz
SAR averaged over 1 cnt’ (1 g) of Head TSL Condition

SAR measured

100 mW input power

8.15 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

81.0 Wikg * 24.4 % (k=2)

SAR averaged over 10 ¢’ (10 g) of Head TSL

Condition

SAR measured

100 mW input power

2.30 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

22.8 Wikg  24.2 % (k=2)

Head TSL parameters at 5750MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 35.4 5.22 mho/m
Measured Head TSL parameters (22.0+0.2)°C 34.4+6% 5.16 mho/m £ 6 %
Head TSL temperature change during test <1.0°C ———- -
SAR result with Head TSL at 5750MHz
SAR averaged over 1 cnt’° (1 g) of Head TSL Condition

SAR measured

100 mW input power

7.83 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

77.8 Wikg * 24.4 % (k=2)

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

Condition

SAR measured

100 mW input power

2.19 Wikg

SAR for nominal Head TSL parameters

normalized to TW

21.7 Wikg £ 24.2 % (k=2)

Certificate No: J23Z60368
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL at 5250MHz

.Aac.cn
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Impedance, transformed to feed point 47.00- 2.60jQ

Return Loss - 27.8dB
Antenna Parameters with Head TSL at 5600MHz

Impedance, transformed to feed point 49.8Q+ 3.05)Q

Return Loss -30.3dB

Antenna Parameters with Head TSL at 5750MHz

Impedance, fransformed to feed point

51.90+ 0.96)Q

Return Loss

- 33.5dB

General Antenna Parameters and Design

’Eactrical Delay (one direction)

1.101 ns

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

be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly
connected to the second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some
of the dipoles, small end caps are added to the dipole arms in order to improve matching when loaded
according to the 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 feed-point may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Certificate No: J23Z60368
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DASYS5 Validation Report for Head TSL Date: 2023-08-23

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN: 1245
Communication System: CW; Frequency: 5250 MHz, Frequency: 5600 MHz,
Frequency: 5750 MHz
Medium parameters used: f = 5250 MHz; o = 4.627 S/m; & = 35.17; p = 1000 kg/m?3
Medium parameters used: f = 5600 MHz; o = 5 S/m; & = 34.58; p = 1000 kg/m?
Medium parameters used: f = 5750 MHz; o = 5.162 S/m; &r = 34.36; p = 1000 kg/m?
Phantom section: Right Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASY5 Configuration:

« Probe: EX3DV4 - SN3617; ConvF(5.5, 5.5, 5.5) @ 5250 MHz; ConvF(5.01,
5.01, 5.01) @ 5600 MHz; ConvF(5.15, 5.15, 5.15) @ 5750 MHz; Calibrated:
2023-03-31

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

 Electronics: DAE4 Sn1556; Calibrated: 2023-01-11

« 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 = 61.63 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 31.2 W/kg

SAR(1 g) = 7.84 W/kg; SAR(10 g) = 2.22 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 65.4%

Maximum value of SAR (measured) = 18.5 W/kg

Dipole Calibration /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 = 61.43 V/m; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 35.6 W/kg

SAR(1 g) = 8.15 Wi/kg; SAR(10 g) = 2.3 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 62.4%

Maximum value of SAR (measured) = 19.7 W/kg
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Dipole Calibration /Pin=100mW, d=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 61.00 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 36.0 W/kg

SAR(1 g) = 7.83 Wikg; SAR(10 g) = 2.19 W/kg

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

Ratio of SAR at M2 to SAR at M1 =61%

Maximum value of SAR (measured) = 19.8 W/kg

831
-18.61
-27.92

-37.22

-46.53 | S
0dB = 19.8 W/kg = 12.97 dBW/kg
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Impedance Measurement Plot for Head TSL
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