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Report No.: BL-S22450037-AC G roup

Callbration Laboratory of
Schmid & Partner

Engineering AG

Zaughausstrasse 43, 8004 Zurich, Switzerand

Accrodiiad by the Swiss Accredeation Service [SAS) Accraditation No.: SCS 0108

Glossary

TSL tissue simulating liquid

NORMx,y.z sensitvty In free space

CorvF sensifivity in TBL / NORMx,y.z

ocP dioda compression point

CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation depandent knearization parameters

Polarzation ¢ 4 rotaron around probe axis

Polarization & & rotation around an axis that is in the plane normal to probe axis (at measuremant center), e, §=0is
normal to probe axis

Connactor Angle  information used in DASY system 1o align proba sensor X 10 the robot coordinate system

Calibration is Performed According to the Following Standards:

8) IEC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specilic Absorption Rate Of Human Exposure
To Radio Frequency Flelds From Hand-Held And Body-Worn Wiraless Communication Devicas — Part 1528: Human
Modefs, Instrumeantation And Procadures (Frequency Range of 4 MMz (0 10 GHz)", Oclober 2020,

b) KDB BE5654, "SAR Measurement Requiroments for 100 MHz to 6§ GHz*

Methods Applied and Interpretation of Parameters:

+ NORMx.y.2: Assessed kor E-field palarization & « 0 (f < $00MHz in TEM-ce¥; f > 1800MHz: R22 waveguide). NOFMx,y.z
are only intermediate values, |.e., the uncartainties of NORMx.y,z does not atect the E2-field uncertainty mside TSL (see
below ConvF),

+ NORM(Tix.y.z = NORMX.y,2 * frequency._response (see Frequency Responsa Chart). This linsarization is implemented in
DAEY4 software versions later than 4.2. The uncartainty of the frequancy response is included in the stated uncertamty of
ConvF,

* DCPux,y.2: DCP are numerical nearization parameters assessed besed on the data of power sweep with CW signal, DCP
does not depend on fraquency nor media.

. PARPARBIMMMMQMM&MMMMMMMMWUMW

= Ax.yz, Bxy2; Cx.yz; Dx.yz; VRxy2: A 8, C, D are numerical linearization parameters assessed based on the data of
power sweep for specific modulation signal. The parameters do nat depend an frequency nor media. VR |s the maximum
calibration range exprassed in AMS voltage across the dods,

* ConvF and Boundary Effect Parameters: Assessed In flat phantom using E-field (or Teenperalure Transfer Standard for
f = B00MHZ) and ineide waveguide using analytical field distributions based on powar measurements for f > 800MHz. The
same setups are used for assassmont of the parameaters appied for boundary compensation (aipha, depth) of which typicad
uncertainty values are given. Thesa parameters are used in DASY4 software to improve probe accuracy close to the
toundary. The sensitivity in TSL corresponds 1o NORMY, .z * Conv whereby the uncartalnty comesponds to that given for
ConvF. A frequancy dependent ConvF is used in DASY vereion 4.4 and higher which alows exiending the validiy from
+50MHz 1o 100 MHz,

~ Sphevical isotropy (30 deviation from isolropy): in a fisld of low gradients reallzed using a flat phantom exposad by a paich
antenna.

+ Sensor Offset: The sansor offsat correspends 1o the ofiset of virlual measurement center from e probe tip {on probe axis).
No tolerance required,

* Connector Angle: The angle is assessad using the information gained by determining the NORMx (no uncartalnty required).
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Report No.: BL-SZ2450037-AC

LEGroup

EX30DV4 - SN:7506 June 28, 2023

Parameters of Probe: EX3DV4 - SN:7506

Basic Callbration Parameters

o "~ SensorX Sansor ¥ ‘SensorZ | Unc(k=2)
Norm (uVAVIm@E A , 0.5 ~ oa | 0.50 $101%

L oce (mv) ¥ | 09,2 985 _ 872 £4.7%

Calibration Results for Modulation Response

C | D | VR | Max Max

A 8

[ d8 | dBHv d8 ‘ mV | dev.  Unc
= ! N [ | k=2
600 000 | 100 000 1405 | 430% | <4 7%

X
Y] 000 [ 000 | 10| {1452
Z| 000 00 | 100 | 1387

Thenomodummlmmmmmhamdumm-duwwdmwmmuubyn-mmgo
factor k=2, which for a normal distribution corresponds to a coverage probability of approdmately 65%.

L —

A The uncertairties of Nomm X.Y.Z co net atect the [2-feld unceriainty ingide TSL (v Page 5.
% Lineartznson parametu uscertainty for masdmam specitiod sk srangth,
‘wummmm o e raep apphying Guiar SeYUSon s & wapressed for e square of 10 fiekd vale

Cortificate No: EX-7506_Jun23 Page3ol8

3/75



Report No.: BL-SZ2450037-AC G roup

EXI0V4 - SN:7506

June 29, 2023
Parameters of Probe: EX3DV4 - SN:7506
Other Probe Parameters
Sansor Arrangemant Triangutar |
Cannecior Angla T a1ee
‘Mechanical Surtace Detection Mods | enabled |
Optical Surtace Dotection Mode - dsabied
Probe Overall Length 337 mm
Probe Body Diarnoter B 10men
Tip Length = gmm
Tip Dimnmr* | 2.§r;|~nr
Probe Tip 1o Sensor X Calloration Foint _ imm
Probe Tip 1o Sensor ¥ Callbration Port 1 mm
 Probe Tp 1o Sensor Z Cajlbraton Poirt = ——— 1mm
Recommendod Messurement Distance from Surface 14mm

Nota: Messrement cistaros om surface can bu increassd % 3-4mm for an Ao Scan job

Certificate No: EX-7506_Jun23 Page 4019
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Report No.: BL-SZ2450037-AC G roup

EX30DV4 - SN:7506 June 28, 2023

Parameters of Probe: EX3DV4 - SN:7506
Callibration Parameter Determined in Head Tissue Simulating Media

T(MHz® | Rolative | Conductivity”™ ConvFX | ConvEY | ConvFZ  Alpha® | Depth®  Une
Permitivity' | (Sim) | (mm) | (k=2)
0 | 435 087 | 1125 | 1125 | 1125 016 | 130 | £133%
70 | 418 0.£9 | 1054 105¢ | 1054 031 192 | £120% |
88 | 415 0.90 1035 | 1035 | 1035 038 094 | +120% |
900 a5 097 | 1006 | 1006 | 10068 & 047 080 | :120%
1450 @5 120 804 | 904 | 904 | 030 080 | +120%
1750 | 40 137 899 | 898 | 898 | 084 | 085 | £120% |
1900 w0 | 140 BS6 | BS6 | 856 | 035 | 085 | +120%
2000 w | 140 831 831 831 | 038 086 | +12.0%
2300 295 167 818 818 | 818 | 032 | 080 | 4120%
2 32 180 | 798 788 | 788 | 03 | 080 | +120%
=) 200 196 764 | 764 | 784 | 042 | 090 | 2120%
a0 | 379 291 682 682 | 682 | 035 | 130 | 4140%
o | a2 312 | 681 | 68 | 681 | 030 | 135 | s140%
5250 359 AT\ | 548 | 548 | 548 | 040 | 180 | 1140%
5800 85 507 499 | 499 | 499 | 040 | 180 | 1140%
5600 383 | 527 | 495 | 495 | 435 | 040 | 180 | +140%

°mmmmmd:twwmmlumsvn.cmnw(mmnmnuwnwum.mmm’ch
ASS of e Conv?® y at requency nid e ity for the indcaled Iroguency band. Fracguency vabdty bukw 200 MM is 110, 25,
40, 50 and 70MHz for ConvF assessmants of 30, 64, 128, 150 and 220 MHz2 respectwrly. Viiclly of CoewF assessod al § Wz jo 4-9MHz, and CormF
asseased w1 3MHE is $-10MHz. Above 8 GHzZ froquency walidlly can be asteoded le 2110 Mie
Fmmnmmmmmmmuumsum-wwmmmmmm«mqwmaﬂ
And ane vakd for TSL with deviations of up 1o £10%. I TSL with dwwlions from the target of loss than =5% are used, T cRLATON enosraities am 11,1%
for Q.7 -3 GHz and 12.1% for 3 - 6 GH2.

S NphaDagh we d during SPEAG mat ra 0 Qun %5 e boundary efoct atier compensalion s Wy wes
thas 2 1% %or foquencios below 3 GHz and balow £2% ke requencies betwaen 3-6 GHz at any distance \rger 1han nall the probe 59 dlameter from the
boundary,

Certificate No: EX-7506_Jun23 Page 50f8
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Report No.: BL-SZ2450037-AC G roup

EX3DV4 - SN:7506 June 29, 2023
Frequency Response of E-Field
(TEM-Cell:ifi1 10 EXX, Waveguide:R22)
15— — ———————
14
13

12

1.1

Frequency response (normakzad)
-

03

08

07|

0.6

30 200 400 630 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200

I [MHz)
+ TEM + R22
Uncertainty of Frequency Response of E-field: +6.3% (k=2)
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Report No.: BL-SZ2450037-AC G roup

EX30V4 - SN7508 June 29, 2023
Receiving Pattern (¢), 8 =0°
1=600MHz, TEM, 0" 1=1800 MHz, R22, 0*
LU = 30° =
P R 1% —X i o X
‘35'/’/ ) . 45° - Y 135° . . 45° I Y
/' : N Z / \, Z
4 v Tot / y Y \ Tot
/ . . . \
| . o .~ ': -~ v l, ! s ore I'I
180° e A | I SR B
\ o _ 3 < 1 | | Mo gie” s ' ! .I
\} ‘ / \ h A 4
2257 - 7318 zes\\ : ' 318
NS - N m
0 270°
0.5
% [0 ] e e i R e e e e e . &
-05
0 0 120 180 240 300 380
Roll [*)
«— 100 MHz « 80D MHz 1800 MHz - 2500 MHz
Uncertanty of Axial Isotropy Assassment: +0.5% (k«2}
Certificate No: EX-7508_Jun23 Page7of9
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Report No.: BL-S22450037-AC G roup

EXSDV‘ - SN7503 June m. 2023
Dynamic Range f(SARpeaq)
(TEM cell, fyye = 1900MH2)
108 _— —
10°
g 10* <
H
§1M
102' ” ‘
l = |
1072 107 10° 10° 102
SAR [mW/cm?]
«- not compensated + - compensaled
2 .
— 1 |
8
g 0 s—3
-1 ‘
=2
1072 10°! 100 10 102
SAR [mW/en]
« not compensates «  compensated
Uncertainty of Linearity Assessment; +0.6% (k=2)
Centificate No: EX-7506_Jun23  PageBol9
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Report No.: BL-SZ22450037-AC

LEGroup

EX3DV4 - SN:7506 June 29, 2023

Conversion Factor Assessment

£=1900 MHz, WGLS R22 (H_comF)
30

SAR [(Wikg)W]
8

)
% 10 20 ) ._;o
z [mm|
- analytical measured
Deviation from Isotropy in Liquid

Error (¢, 5), t=900MHz

-1 -08 -06 -04 -02 O 02 04 08 08 1
Uncertainty of Spherical Isotropy Assassment: +2.6% (k=2)

Certificate No: EX-7506_Jun23 Page 9.0¢ 8 N
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Report No.: BL-S22450037-AC G roup

F.2 Data Acquisition Electronics (DAE4 - SN:1711)

’\. In Collaboraton wah U
&771.s p e a g A, e~ = CAICT

Add: No.52 Hua¥umniici Rood, Haidinn Disrie, Beijing, 100191, Chima 7~ gl chpaio
Tel: +86-10-62304613-2117 CHAS L

E-mull: emtiiesict.ae.cn NUp S www.caict ac, on
Client : baluntek Certificate No: 24J02Z000100
CALIBRATION CERTIFICATE
Object DAE4 - SN: 1711
Calibration Procedure for the Data Acquisition Electronics
(DAEX)
Calibration date: March 18, 2024

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(S1). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the certificate,

All calibeations have been conducted in the closed laboratory facility. environment temperature(22:3)'C and
humidity<70%

Calibration Equipment used (M&TE critical for calibration)

Prmary Standards D# Cal Date(Calibrated by, Cerlificate No,) Scheduted Calibration
Process Calibrator 753 | 1971018 12-Jun-23 (CTTL, No.J23X05436) Jun-24
Name Function Signature
Calibrated by: Yu Zongying SAR Test Engineer éﬂb
Reviewed by: Lin Jun SAR Test Engineer '141-7}—
Approved by Qi Dranyuan SAR Project Leader M—-——

Issued: March 20, 2024
This calibration certificate shall not be reproduced except in full wathout written approval of the laboratory.

Certificate No: 2410220001} Page | of 3
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Report No.: BL-SZ2450037-AC G roup

-‘é T]i ;wmg n;ma q CA|CT

Add: No.52 HuaYuanBet Ropd, Hasdlan District, Bedjing. 100191, Ching
Tel: +86-10-62304033.2117

E«mail: emfakaicLacen fup S ww, caict. be 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 Voitage 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.

Certificate No: 24J02Z000100 Page 2 of 3
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Report No.: BL-S22450037-AC G roup

APNNS" | Coliaboration with
— WA s p e a g CAICT
171 s e _a

Add: No.52 HuaYuanie: Road, Haidisn District, Beijing, 100191, China
Teli +86-10-6230M633-2117
Eemail: emflakaiclac.cn Dty e i G B0 S

DC Voltage Measurement
AJD - Converter Resolution nominal
High Range: 1ILSB = 8.V, full range = -100...+300 mV
Low Range: 1ns8= 6inV full range = A TR +3mV
DASY measurament parameters. Auto Zero Time: 3 sec. Measuring time: 3 sec

Calibration Factors X Y Z

High Range 404,486 + 0.15% (k=2) | 404,701 1 0,15% (k=2) | 404.373 + 0,15% (k=2)

Low Range 3.00686 + 0.7% (k=2) | 4.003587 £ 0.7% (k=2) | 3.98307 + 0.7% (k=2)
Connector Angle

Connector Angle to be used in DASY systam 44% 410
Centificate No: 24)02Z000100 Page 3 of 3
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F.3 750MHz Dipole

Calibration Laboratory of e whivakesibatiin Sk
Schmid & Partner % 2 Sorvico suisse d'éalannage
Engineering AG i Servizio avizzero di taratura
Zoughoussirasas 43, 8004 Zurich, Switzeriand ”»4,‘@”»- S Gwins Callbeation Service
Accmated by e Swiss Accredtation Servica (SAS) Accraditation No.: SCS 0108

The Swiss Accroditation Sarvice is one of the signatories 1o the EA
Multilateral Agrasmant for the recognition of calibration carlificates

cient  Balun (Auden) Cntfcate to: D750V3-1208_Jul21
CALIBRATION CERTIFICATE

Otjoct D750V3 - SN:1208

Canbyation procedum(z) QA CAL-05v11
Calibration Procedura for SAR Valldation Sources between 0.7-3 GHz

Calltramon dite July 05, 2021

Ths 1 contiticate s the ity 1o nationn! standands, which realize the prrysical untts of measLeements (51)
The maeas. and the with coric protabilty are given on the faliowng pages and ame part of the ceetitcats.
AL have baan ched i the closed y faciity: or P (22 » 5)°C ared humidity < 70%.

Calisration Equipment used IMATE critical for cafibration)

Primary Su D0 a Cal Dt (Cartificann No.} Schaduled Calbrton
Pownr metee NP SN0 00 Ape21 (No, 170329100202 Apr-22

Powar sensor NRP. 291 SN 1032¢4 O Ape21 (Na. 21703281) Apr22

Power sensar NRP-29 SN 103245 09-Ape-21 {Na. 217-03282) Apr-22

Relarence 20 d8 Attanuator SN BHIGM (20} 09-Apr-21 (No. 217-03343) Apra2

Typo-N mismatch combination SN 310882 / 05327 08-Ape21 (No. 217.03344) Apr-22

Aetorerce Prote EX3DVA BN 7540 28-Dec-20 (No. EX3-7348_Dec20) Dec-21

DAE4 8N: 601 02-Now-2) (No. DAES.601_Novao) Nov-21

Secondary Slardarnty D Chack Date (in house) & Check
Fower metar £44188 SN GBINGT2475 30-0ct14 (i house chock Oct20) In house choow: Oct-22
Power sansor HF B481A SN: US3raapren 07-0ct: 45 {0 house check Oct-20) in howse chack: Oct-22
Fowes sunsor HP B481A SN MYatosR3t? 07015 fin heuse check Oct-20) In house chatke Ot 22
AF generator RS SMT-00 SN 10e72 152015 (In house chack Out-20) I house chack: Ot 22
Notwark Ansiyzer Aglant ESISHA | SN: US4 1080477 I1-Mur-14 (in house check Oct-20) In house checic Oct-21

Nama Function

Caltirated by; Jofhoy Katoman Latorasory Technkian ; %
Aoproved by Natja Pokove Tachnicat Manages M,.

This calibration carificata shall not be reproduced oxcept i full wihoul weittan approval of th laborstory.

Cortificate No: 0750V3-1208_Ju21 Page 1ot 6

13/75



Report No.: BL-SZ2450037-AC GI'UUD

Calibration Laboratory of S, S Schweizerischer Kalibrierdienst
Schmid & Partner e c Service suisss d'étalonnage
Engineering AG T Servizio avizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzeriand TNt S Swiss Calibration Service
Accredited by the Swiss Accreditation Setvice (SAS) Accreditation No.: SCS 0108

The Swins Accroditation Sorvice is one of the signatories to the EA
Multilateral Agreemant 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) |EC/IEEE 62209-1528, “Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz2)", October 2020.

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

Additional Documentation:
¢) 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.

« 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: D750V3-1208_Jul21 Page 2 of 6
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Report No.: BL-SZ22450037-AC

LEGroup

Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS52 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Modular Fiat 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 220°C 1.9 0.89 mho/m
Measured Head TSL parameters (22.0+02)°C 427£6% 0.91 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 2.16 Wikg
SAR for nominal Head TSL parameters normalized to 1W 8,51 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 1.41 W/kg
SAR for nominal Head TSL parameters normalized to 1W 5.58 Wikg = 16.5 % (k=2)
Certificate No: D750V3-1208_Jui21 Page3 ol 6
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Report No.: BL-SZ2450037-AC GI'UUD

Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to leed point 518Q-241Q
Retumn Loss -30.7 dB

General Antenna Parameters and Design

| Esectrical Detay {one direction) | 1.033 ns |

Aftar 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
sacond arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in order to improve matching when loaded according to the pesition as explained in the
"Measuremant Conditions" paragraph, The SAR data are not affected by this change. The overall dipoie length is still
according to the Standard.

No excassive force must be applied to the dipole arms, because thay might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

[ Manutactured by | SPEAG

Certificate No: D750V3-1208_Jut21 Page 4 of 6
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Report No.: BL-S22450037-AC G roup

DASYS Validation Report for Head TSL

Date: 05.07.2021
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN:1208

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

Medium parameters used: f= 750 MHz; 6 = 0.91 S/m; & = 42.7; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS2 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(10.11, 10.11, 10.11) @ 750 MHz; Calibrated: 28.12,2020
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 02.11.2020
« Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

« DASY5252.10.4(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=Smm

Reference Value = 60.20 V/im: Power Drift =-0.03 dB

Peak SAR (extrapolated) = 3.31 W/kg

SAR(1 g) = 2.16 W/kg: SAR(10 g) = 1.41 W/kg

Smallest distance from peaks to all points 3 dB below = |7 mm

Ratio of SAR at M2 to SAR at M1 = 65.3%

Maximum value of SAR (measured) = 2.89 W/kg

-2.00
-4.00
-6.00

~10.00

0dB =289 Wikg =4.61 dBW/kg

Certificate No: D750V3-1208_Jul21 Pages5ol6
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Report No.: BL-SZ2450037-AC GI'UUD

Impedance Measurement Plot for Head TSL

Blo  View Channel Swaep Calbration Irace Scale Marker System Window  Help
= -T 1 'S0 000000 MiHz

g8 769 pF

Va0 000000 Mz

ChiNgs 2 ¢
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D750V3 Dipole impedance and return loss Validation

Meas. Results

Current Meas.

Previous Meas.

Max. Deviation

Meas. Data 2023.07.05 2022.07.05 /
Return Loss(dB) -31.829 -30.143 5.59%
50.362 Q +1.112 | 50.569 Q - 3.713 4.8240Q)
Impedance ) , .
iQ iQ (Imaginary part)

Return Loss for Head TSL

1 Stat 350 M4

FEW 0

Stop 080 e B3

Impedance for Head TSL
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F.4 835 MHz Dipole

Calibration Laboratory of S, S Schweizorischer Kalibriordienst
Schmid & Partner —— G Servico suisse détalonnage
Engineering AG =N Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland N S Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accroditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
cient  Balun (Auden) Certificate No: D835V2-4d277_Sep21
CALIBRATION CERTIFICATE |
I e S ——S S

Obyect DB35V2 - SN:4d277

Calibration procedura(s) QA CAL-05.v11

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibration date; September 09, 2021

This calibration certilicate documents the traceabilty to national standards, which raalize the physical units of measurements (Si),
The measuromants 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 tacility: environment temnperature (22 + 3)°C and hurmidity < 70%.

Calibration Equipment used (MATE critical for calibration)

Primary Standards 1D ¥ Cal Date (Cerfificate No.) Scheduled Caiibration
Power meter NRP SN: 104778 08-Ape-21 (No. 217-03291/03292) Apr-22

Power sensor NAP-291 SN: 103244 02-Apr-21 (No, 217-03291) Apr-22

Power sensor NAP-Z91 SN: 103245 08-Ape-21 (No., 217-03252) Ape-22

Referenco 20 dB Atlenustor SN: BH9394 (20k) 09-Apr-21 (No. 217-03343) Apr-22

Type-N mismatch combination SN: 310882 /06327  08-Apr-21 (No. 217-03344) Apr-22

Ralerence Probe EXADV4 SN: 7348 28-Dec-20 (No. EX3-7349_Dec20) Dec-21

DAEA4 SN: 601 02-Nov-20 (No. DAE4-601_Nov20) Nov-21

Secondary Standards 1D ¥ Check Date (in house) Schackuled Check
Power meter E44198 SN: GB39512475 30-Oct-14 (in house check Oct-20) In house check: Ocl-22
Power sensor HP B481A 8N: US37202783 07-Oct-15 {in house check Oct-20) In house check: Oct-22
Power sanaor HP 8481A SN; MY&1002317 07-0ct-15 (in house check Oct-20) In house check: Oct-22
RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house chock Oct-20) In house check: Oct-22
Network Analyzer Agllent EB3SBA | SN; US41080477 31-Mar-14 (in house check Oct-20) In houss check: Oct-21

Name Functlion Signature
Casibrated by: Jettrey Katzman Laboratory Technician 67;1% E
Approved by: Katja Pokovic Technical Manager M

Issued: Septomber 14, 2021

This calibration cerfificate shall not be reproduced axcept in full without written approval of the Iaboratory.

Certificate No: DB35V2-4d277 _Sep21 Page 1ol 7
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Calibration Laboratory of G Schwoizerischer Kalibrierdienst
Schmid & Partner ¢ Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
S swiss Calibration Servico

Zeughausstrasse 43, 8004 Zurich, Switzerland

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-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 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.

» 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: DB35V2-4d277_Sep21 Page20f 7
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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 835 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.90 mho/m
Measured Head TSL parameters (22.0+0.2)"C 416+£6% 0.92 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 measurad 250 mW input power 2.47 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 9,72 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 1.60 W/kg
SAR for nominal Head TSL parameters normalized to 1W 6.32 W/kg = 16,5 % (k=2)

Certificate No: DB35V2-4d277_Sep21

Page 3ol 7
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 4790Q-23iQ
Retum Loss -209dB
General Antenna Parameters and Design
| Electrical Delay (one direction) ] 1.389 ns I

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 af the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according 1o 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

| Manutactured by

SPEAG

Certificate No: DB35V2-4d277_Sep21

Page 4 of 7
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DASYS5 Validation Report for Head TSL
Date: 09.09.2021

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d277

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

Medium parameters used: { = 835 MHz: 6 = 0.92 S$/m; & = 41.6; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS52 Configuration:
» Probe: EX3DV4 - SN7349: ConvF(9.69, 9.69, 9.69) @ 835 MHz; Calibrated: 28.12.2020
» Sensor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated; 02.11.2020
» Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
* DASYS52 52.10.4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 63.82 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.71 W/kg

SAR(1 g) = 2.47 W/kg; SAR(10 g) = 1.60 W/kg

Smallest distance from peaks to all points 3 dB below = 16 mm

Ratio of SAR at M2 10 SAR at M1 = 66,2%

Maximum value of SAR (measured) = 3.29 Wikg

-9
°m

-2.00

-4.00

-6.00

-8.00

-10.00

0dB =3.29 W/kg = 5.17 dBW/kg

Certificate No: DB35V2-4d277_Sep21 Page5of 7
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Impedance Measurement Plot for Head TSL
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Appendix: Transfer Calibration at Four Validation Locations on SAM Head'

Evaluation Condition

| Phantom | SAM Head Phantom For usage with cSARADV2-RIL |
SAR result with SAM Head (Top = C0)
SAR averaged over 1 cm? (1 g) of Head TSL Condition

SAR for nominal Head TSL parameters normalized to 1W 9.24 W/kg £ 17.5 % (k=2)

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

SAR for nominal Head TSL parameters normalized to 1W 6.11 W/kg + 16.9 % (k=2)
SAR result with SAM Head (Mouth = F90)

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

SAR for nominal Head TSL parameters normalized to 1W 9.70 W/kg = 17.5 % (k=2)

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

SAR for nominal Head TSL parameters

normalized to 1W

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

SAR result with SAM Head (Neck = H0)

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

SAR for nominal Head TSL parameters normalized to 1W 9.22 Wikg = 17.5 % (k=2)

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

SAR for nominal Head TSL parameters normalized to 1W 6.22 Wikg = 16.9 % (k=2)
SAR result with SAM Head (Ear = D90)

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

SAR for nominal Head TSL parameters normalized to 1W 7.93 W/kg % 17.5 % (k=2)

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

SAR for nominal Head TSL parameters normalized to 1W 5.33 W/kg = 16.9 % (k=2)
! Additional assessments outside the current scope of SCS 0108
Certificate No: D835V2-4d277_Sep21 Page 7 of 7
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D835V2 Dipole impedance and return loss Validation

Meas. Results

Current Meas.

Previous Meas.

Max. Deviation

Meas. Data 2023.09.08 2022.09.08 /
Return Loss(dB) -33.711 -31.256 7.85%
50.518 Q + 0.842 | 48.958 Q) - 1.232 2.074Q
Impedance ) , .
iQ iQ (Imaginary part)

Return Loss for Head TSL

1 St 635 M

FRAW 108 Wr

Stop 1,038 G B

Impedance for Head TSL

1 Start 635 M

FEW 100 He

Step 1605 0ve 7
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F.5 1750 MHz Dipole

Calibration Laboratory of S, S Schweizerischor Kalibrierdienst
Schmid & Partner % c Service suisse d'étalonnage
Engineering AG T Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand YT S Swiss Calibration Service
Accreditad by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accroditation Servica i one of the signatorias to the EA
Multilateral Agreement for the recognition of calibration certificates
cient  Balun (Auden) Certficate No: D1750V2-1183_Jul21
RCALIBRATION CERTIFICATE
Object D1750V2 - SN:1183
Cadbration procoduse(s) QA GAL%V"

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calboration date: July 08, 2021

This calibration cortificato documants the Iraceabillty to nafional standards, which roakze the physical unis of ts {51}
The measurements and the uncerainties with confidence probability are given on the following pages and are parf of the centificate.

Al calibrations have been conducted In the closed laboeatary facility; orvironment tempessture {22 + 3)°C and humidty < 70%.

Calibration Equipment used {METE critical for calibration)

Primary Standards D Cal Date (Cartificats No.) Scheduled Calibration

Power metor NRP SN: 104778 09-Ape-21 (No, 217.03291/03252) Apr-22

Power sansor NRP-291 SN: 103244 08-Ape-21 (No. 217-03291) Apr22

Power sensor NRP-Z0t SN: 103245 09-Apr-21 (No. 217-03292) Apr-22

Rederence 20 08 Attenuator SN: BHO3M {20k) 08-Apr-21 (No. 217-03343) Apr2

Type-N mismalch combination SN. 310882 / 06327 08-Apr-21 (No. 217.03344) Apr-22

Reterance Probe EX30V4 SN: 7349 268-Doc-20 (No. EX3-7349_Dec20) Dec-21

DAES SN: 601 02-Nov-20 (No. DAEA-601_Nov20) Nov-21

Secondary Standards Dy Check Date (n housa) Scheduled Check.

Power mater E44198 SN: GBI 12475 30-0Oc2-14 (in house check Oct-20) In house check: Oct-22

Power sansor HP BAB1A SN: US37202783 07-0ct-15 {in house check Oct-20) In house check: Oct-22

Power sansor HP B4BIA SN MY41082317 07-0ct-15 (In house check Oct-20) In house check: Det-22

RF genarator HAS SMT-06 SN: 100972 15-Jun-15 {in house check Ocl-20) In house check: Oct-22

Network Analyzer Aglent EBISBA | SN US41080477 31-Mar-14 ({in housa chack Oct-20) n house check: Oct-21
Nama Function Signature

Calieated by: Jaton Kasratl Laboratory Technician E &(__
Approved by Katja Pokowic Tochrical Manager ﬂ@_

Issued: July 6. 2021
This caitiration certificata shall not be reproduced excopt in full without written approval of the taborstary.

Cerfificate No: D1750V2-1183_Jui21 Page 1of 6
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Calibration Laboratory of \\i\\l_éﬁ’, g Schweizerischor Kalibrierdienst
Schmid & Partner i 2 c Service suisse d'étalonnage
Engineering AG T Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland -:,,,,7'\\\‘\,« S Sswiss 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:

« 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.

« 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: D1750V2-1183_Jul21 Page 2 of 6
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASYS52 V52.10.4

Extrapolation Advanced Extrapolation

Phantom Modutar 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 401 1.37 mho/m

Measured Head TSL parameters (22.020.2) “C 407+6% 1.37 mho/m+£6 %

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

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

SAR measured 250 mW input power 9.09 Wikg

SAR for nominal Head TSL parameters normalized to 1W 36.5 Wikg = 17.0 % (k=2)

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

SAR measured 250 mW input power 4.78 Wikg

SAR for nominal Head TSL parameters normalized to 1W 19.2 Wikg = 16.5 % (k=2)
Certificate No: D1750V2-1183_Jul21 Page 3 0f 6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 508Q-1.1jQ
Return Loss -37.7dB

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1210 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 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 excassive 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: D1750V2-1183_Jul21 Page 4 ol 6
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DASYS5 Validation Report for Head TSL

Date: 06.07.2021
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1183

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

Medium parameters used: f = 1750 MHz; ¢ = 1.37 S/m; & = 40.7; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
s Probe: EX3DV4 - SN7349; ConvF(8.67, 8.67, 8.67) @ 1750 MHz; Calibrated: 28,12.2020
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 02.11.2020
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA: Serial: 1001
o DASYS5252.10.4(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 = 105.1 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 16.9 W/kg

SAR(I g) = 9.09 W/kg; SAR(10 g) = 4.78 W/kg

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

Ratio of SAR at M2 to SAR at M1 =54.3%

Maximum value of SAR (measured) = 14.0 W/kg

-3.00
-6.00
-9.00

-12.00

-15.00

0dB = 14.0 W/kg = 11.46 dBW/kg

Certificate No: D1750V2-1183_Jul21 Page 50l 6
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Impedance Measurement Plot for Head TSL
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D1750V2 Dipole impedance and return loss Validation

Meas. Results

Current Meas.

Previous Meas.

Max. Deviation

Meas. Data 2023.07.04 2022.07.04 /
Return Loss(dB) -32.790 -34.552 -5.10%
51.490Q - 2.336 | 49.882Q0 - 2.152 -2.184Q
Impedance ) , .
iQ iQ (Imaginary part)

Return Loss for Head TSL

1 et 185 e

oW 100 Me

Stop 125 e (801

Impedance for Head TSL

1 St 1.55 G

FEW 100 e

St20 L .95 S
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F.6 1950 MHz Dipole

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zoughnusatrasse 43, 8004 Zurich, Switzerland

Acoredted by the Swisk Accreditation Service (SAS)
The Swiss Accreditation Sarvice is one of the signataries to the EA
Multilatorsl Agreoment for the recognition of calibration cectilicates

Ly
—

..\‘:3

Servizio svizzero di tarstura
Swiss Calibration Service

wownm

Acereditation Ne.: SCS 0108

Oject D1950V3 - SN:1240
Caftration procedure(s) QA CAL-05.v11

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz
Caityration datn: September 13, 2021
This calbeation cortficate o the b Wity 10 ol which realize the péysica units of maas {81)
The and the wath confi probabity ane given on the foklowing pages snd arm part of he camificate
At callbratons have been conducted in the cloand y facity. = (22 = 3P0 and humkilty < TO%
Calbration Equipment used (METE criscal for calbration)
Primary St 10 # Cat Datw {Cortiticats No. ) S =
Powes meter NRF SN 104778 08 Apr21 (No, 217.0320000209) Apr-22
Power sermor NRP-Z91 SN 100248 08-Apr-2% (No. 217-03291) Apr22
Power sensor NFRP-201 SN: 100245 0-Apr-21 (No. 217-03292) Apr-22
Reference 20 0B Attenuator SN BHE304 (20K) 00 Apr-21 (No. 217-0303) Ape22
Type-N masmaich combsnation SN 08a2 7 06327 09-Apr-21 (No. 21703344) Aped2
Releronce Probe EX3DVA SN: 7340 28-Dec-20 (No. EX3-7348_Doc20) Dec-21
DAE4A SN: 60 02-Now-20 (No. DAE4.601_Nowv20) Now-21
Secondary Stancarads 102 Chock Date {in howse) Scheculed Check
Power moter E441080 SN: GRS\ A75 30014 {In house checs Oct-20) In houses check: Oct-22
Power sensor HP B481A SN: USO7292763 07-0¢2-15 (In housa chack Oot-20) In house check: Oct-22
Power sansor HP BI31A SN MYa 082317 O7-0ct-15 (In house chack Oct-20) In houne check: Cet-22
RAF geneaaior FAS SMT-06 SN 100872 15 Jun-15 (In house check Oct-20) In house check: Oct-22
Network Aralyzor Aglent EBISEA | SN US41080477 31-Mae-14 (in house chnck Oct-20) In house check: Oct-21

MName Function Sigrature
Caltirazad by: Joton Kastray Lisboratory Techaician qﬁ w_

\

Approved by: ‘Kt Pokovic Tochneal Manuger

Thia callration certificatn shall not be reprocuced axcept i1 full wehout weitten agproval of the laborioey.

P

f30ed: Septomber 14, 2021

Certificate No: D1950V3-1240_Sep21
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Schmid & Partner % ¢ Service sulsse d'étalonnage
Engineering AG T Servizio svizzoro di taratura

Zeughausstrasse 43, B004 Zurich, Switzerland N S Swiss Calibration Service

Accradited by the Swiss Accreditation Servica (SAS) Accreditation No.: SCS 0108

The Swiss Accroditation Service |s one of the signatories to the EA
Multilsteral 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-Wormn 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.

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

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

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

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

Certificate No: D1950V3-1240_Sep21 Page 2 of 7
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASYS52 V52.10.4

Extrapolation Advanced Extrapolation

Phantom Maodular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1950 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied,
Temperature Peormittivity Conductivity

Nominal Head TSL parameters 22.0°C 40.0 1.40 mho/m

Measured Head TSL parameters (220202)"C 399+68% 1.44 mho/m + 6 %

Head TSL temperature change during test <05"C - eee
SAR result with Head TSL

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

SAR measured 250 mW input power 10.5 Wikg

SAR for nominal Head TSL parameters normalized to TW 41.4 Wikg = 17.0 % (k=2)

SAR averaged over 10 ey’ (10 g) of Head TSL condition

SAR measured 250 mW input power 540 Whkg

SAR for nominal Head TSL parameters normalized to 1W 21.4 Wikg = 16.5 % (k=2)
Certificate No: D1950V3-1240_Sep21 Page3of 7
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to leed point 4720+386Q
Retum Loss -265dB

General Antenna Parameters and Design

| Esectrical Delay (one direction) | 1.194 ns |

After long term use with 100W radiated power, only a sfight warming of the dipole near the teedpoint 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 pasition as explained in the
“Measurement Conditions" paragraph. The SAR data are not affacted by this change. The overall dipole length is still
according 1o the Standard.

No excessive force must be appiied 1o the dipole arms, because they might bend or the soldered connections near the

feedpoint may be damaged.

Additional EUT Data

| Manutactured by | SPEAG |

Certificate No: D1950V3-1240_Sep21 Page 4ol 7

38/75



Report No.: BL-SZ2450037-AC G roup

DASYS5 Validation Report for Head TSL

Date: 13.09.2021
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1950 MHz; Type: D1950V3; Serial: D1950V3 - SN:1240

Communication System: UID 0 - CW; Frequency: 1950 MHz

Medium parameters used: f= 1950 MHz; o = 1.44 S/m; & = 39.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(8.41, 8.41, 8.41) @ 1950 MHz; Calibrated: 28.12.2020
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 02,11.2020
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial; 1001
« DASY5252.10.4(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 = 111.5 V/m; Power Drift = 0,03 dB

Peak SAR (extrapolated) = 19.4 W/kg

SAR(1 g) = 10.5 W/kg; SAR(10 g) = 5.40 W/kg

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

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

Maximum value of SAR (measured) = 16.3 W/kg

-4.00
-8.00
-12.00

-16.00

-20.00

0dB =163 W/kg=12.11 dBW/kg

Certificate No: D1950V3-1240_Sep21 Page S5of 7
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Impedance Measurement Plot for Head TSL
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Report No.: BL-SZ22450037-AC

Appendix: Transfer Calibration at Four Validation Locations on SAM Head'

Evaluation Condition

| Phantom [ SAM Head Phantom | For usage with cSAR3DV2-RL |

SAR result with SAM Head (Top = C0)

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

SAR for nominal Head TSL parameters normalized to 1W 43.3 W/kg = 17.5 % (k=2)

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

SAR for nominal Head TSL parameters nommalized to 1W 22.4 W/kg = 16.9 % (k=2)
SAR result with SAM Head (Mouth = F90)

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

SAR for nominal Head TSL parameters normalized to 1W 44,1 Wikg = 17.5 % (k=2)

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

SAR for nominal Head TSL parameters normalized 1o 1W 23.5 Wikg + 16.9 % (k=2)
SAR result with SAM Head (Neck = H0)

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

SAHR for nomina! Head TSL parameters normalized to 1W 42.6 Wikg = 17.5 % (k=2)

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

SAR for nominal Head TSL parameters normalized to 1W 22.2 W/kg = 16,9 % (k=2)
SAR result with SAM Head (Ear = D90)

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

SAR lor nominal Head TSL parameters normalized to 1W 31.1 Wikg = 17.5 % (k=2)

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

SAR for nominal Head TSL parameters normalized to 1W 17.2 Wikg = 16.9 % (k=2)
! Additional assessmants outside the current scope of SCS 0108
Cartificate No: D1950V3-1240_Sep21 Page 7of 7
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D1950V3 Dipole impedance and return loss Validation

Meas. Results

Current Meas.

Previous Meas.

Max. Deviation

Meas. Data 2023.09.11 2022.09.12 /
Return Loss(dB) -27.437 -24.483 16.84%
50.742 Q +2.023 | 49.381 Q + 3.781 -1.758Q
Impedance ) , .
iQ iQ (Imaginary part)

1 Gtat 1.75 GHz

Return Loss for Head TSL

[FEW 100 H2

Stop 2.15 G R

Impedance for Head TSL

1 8150

FEW 100 H

Stop 2,15 G4 A- |
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F.7 2450 MHz Dipole

Calibration Laboratory of S, Schweizerischer Kalibrierdienst
Schmid & Partner % c Service sulsse d'étalonnage
Engineering AG = Servizio svizzero di taratura
Zoughsusstrasse 43, 8004 Zurich, Switzerland 7N S Swiss Calibration Service
Accradited by the Swiss Accreditation Servics (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
cient  Balun (Auden) Certificate No: D2450V2-1062_Jul21
CALIBRATION CERTIFICATE J
Object D2450V2 - SN:1062
Calbration procodure(s) QA CAL-05.v11

Callbration date: July 05, 2021

Calibration Equipment used (MATE criica! for calibration)

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

This calibration certilicate documents the traceability to national standards, which realize the physical units of measurements (S1).
The measurements and the uncertainties with confidenca probability are given on the following pages and are part of the cortilicate

Al calibrations have been conducted in the closed laboratory facility: enviranment temperature (22 = 3)°C and humidty < 70%

Name Function
Calibrated by: Joffroy Katzman Laboratory Techniclan
Approved by: Katja Pokovic Technical Manager

This calibration cerificate shall not ba reproduced except in full without wiitten approval of the laboralory.

Primary Standards 0¥ Cal Dato (Cenificate No.) Scheduled Callbration
Power moter NAP SN: 104778 08-Apr-21 (No, 217-03291/03292) Apr-22

Powar sonsor NAP-291 SN° 103244 09-Apr-21 (No. 217-03291) Apr-22

Power sonsor NRP-Z91 SN: 103245 09-Apr-21 (No. 217-03202) Apr-22

Referenca 20 dB Aftenuator SN: BHI394 {20k) 09-Apr-21 (No. 217-03343) Apr-22

Typa-N mismatch combination SN: 310982/ 06327  09-Apr-21 (No. 217-03344) Apr-22

Refaronce Probe EX3DV4 SN: 7349 28-Dec-20 (No. EX3-7348_Dec20) Dec-21

DAE4 SN: 601 02-New-20 (Na. DAEA-601_Nov20) Nov-21

Secondary Standards 1D Check Date (in house) Scheduled Check
Power meter E44108 SN: GBa8512475 30-Oct-14 (in house chack Oct-20) In house check: Oct-22
Power sensor HP BAS1A SN: USa7282783 07-0ct-15 (In house check Oct-20) In house check: Oct-22
Power senaor HP B4B1A SN; MY41092317 07-0ct-15 (in house chack Oct-20) In house check: Oct-22
AF generptor R&S SMT-06 SN: 100972 16-Jun-15 (In house check Oct-20) In house check: Oct-22
Notwork Analyzer Agllent ES358A | SN: US41080477 31-Mar-14 (in house check Oct-20) In house check: Oct-21

L
e

Issued: July §, 2021

Centificate No: D2450V2-1062_Jui21 Page 10l 6
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Calibration Laboratory of S g Schwizerischer Kalibriordionst
Schmid & Partner % c Service sulsse d'étalannage
Engineering AG e Servizio avizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % ,/"n\\\,,\: S Swiss Calibration Service
LU
Accradited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swise Accreditation Service is one of the signatories to the EA
Multilatoral Agreement for the recognition of callbration 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:
¢) 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 phantomn.

« 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.

« 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: D2450V2-1062_Jul21 Page 2 of 6
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version ﬁmﬂ 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 220'C 39.2 1.80 mha/m

Measured Head TSL parameters (220+202)°C IJ7.7+6% 1.87 mho/m £ 6 %

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

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

SAR measured 250 mW input power 13.8 Wikg

SAR for nominal Head TSL parameters normalized to 1W 54,2 Wikg = 17.0 % (k=2)

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

SAR measured 250 mW Input power 8.41 Wikg

SAR for nominal Head TSL parametars normalized to 1W 25.2 Wikg = 16.5 % (k=2)

Certificate No: D2450V2-1062_Jul21

Page 30of 6
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 51.50Q+46§Q
Retumn Loss <264 dB
General Antenna Parameters and Design
[ Electrical Delay (one direction) I 1.150 ns ]

After long term use with 100W radiated power, only a stight warming of the dipole near the {eedpoint can be measurad,

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line Is directly connected o the
second arm of the dipole. The antenna is therefore shart-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
| Manutactured by | SPEAG

Certificate No: D2450V2-1062_Jul21
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DASYS5 Validation Report for Head TSL

Date: 05.07.2021

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:1062

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

Medium parameters used: = 2450 MHz; a = 1.87 S/m; & =37.7, p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(7.96, 7.96, 7.96) @ 2450 MHz; Calibrated: 28.12.2020
Sensor-Surface: 1. 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 02.11.2020

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 = 119.4 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 27.8 W/kg

SAR(1 g) = 13.9 W/kg: SAR(10 g) = 6.41 Wikg

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

Ratio of SAR at M2 to SAR ut M1 =50.1%

Maximum value of SAR (measured) = 23.1 W/kg

-4.00

-8.00

-12.00

-16.00

-20.00

0dB =23.1 W/kg = 13.64 dBW/kg

Certificate No: D2450V2-1062_Jul21 Page 50l 6
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Impedance Measurement Plot for Head TSL

Certificate No: D2450V2-1062_Jul21 Page 6ol 6
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D2450V2 Dipole impedance and return loss Validation

Meas. Results

Current Meas.

Previous Meas.

Max. Deviation

Meas. Data 2023.07.04 2022.07.04 /
Return Loss(dB) -24.884 -25.242 -1.42%
51.917 Q +5.492 | 51.458 Q +4.235 1.257Q
Impedance ) , .
iQ iQ (Imaginary part)

Return Loss for Head TSL

1 Stxt 2.25 Gl

IFEW 1040 Hr

Seoe 285 Gz [T

Impedance for Head TSL

1 Sttt 225 GH2

THIW 100 W

Stop 2,05 Gk [0
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F.8 2600 MHz Dipole

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accradiled 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

Client

Balun (Auden)

o
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S Schweizerischor Kalibrierdienst
Service suisse d'étalonnage

c Servizio svizzero dl taratura

S Swiss Calibration Service

Accreditation No.: SCS 0108

Cartificate No: D2600V2-1184_Jul21

Object

Calibration procedura(s)

Caiibration date:

CALIBRATION CERTIFICATE

D2600V2 - SN:1184

QA CAL-05.vi1
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

July 05, 2021

Calibration Equipment used (M&TE orltical for calibration)

This calibration cartificate documents the traceability to national standards, which realize the physical units of menssuremants (S1).
The measurements and (he uncartainties with conlidence probability are givan on the following pages and are part of the certificate.

All calibrations have been conducted in the closad laboratory facility: environment temperaturs (22 + 3)'C and humidity < 70%.

Primary Standards Dn Cal Date (Cartificate No.) Scheduled Catwation

Power meter NRP SN: 104778 09-Apr-21 (No, 217-00291/03202) Apr22

Power sansor NRP-291 SN: 103244 08-Apr-21 (No, 217-03291) Apr-22

Power sensor NAP-291 SN: 103245 08-Apr-21 (N, 217-03292) Ape-22

Raference 20 dB Altenuator SN: BHSI94 (20k) 08-Ape-21 (No, 217-03343) Ape-22

Type-N mismatch combination SN 310082 /06327  09-Apr-21 (No, 217-03344) Ape-22

Reterence Probe EX30V4 SN: 7349 78-Dec-20 (No. EX3-7349_Dec20) Dec-21

DAE4 SN; 601 02-Now-20 (No. DAEA-601_Nov20) Nov-21

Secondary Standards o Check Date (in houss) Scheduled Check

Power meter £44198 SN: GB39512475 30-Oct-14 (in house chack Oct-20) I house check: Oct-22

FPower sonsor HP 8481A SN: US37292783 07-Oct-15 (In house check Oct-20) In house check: Oct-22

Power sensor HP 84814 SN: MY41092317 07-Oat-15 (in house chack Oct-20) In house check: Oct-22

RF generator RAS SMT-06 SN: 100872 15-Jun-15 (in house check Oct-20) In house check; Oct-22

Network Analyzer Agilant EB3S8A | SN: US41080477 31-Mar-14 (in house check Ocl-20) In house check: Oct-21
Namae Functicn Signature

Calibrated by: Jettray Katzman Laboratory Techician / é é

Approved by: Katja Pokovic Technical Manager

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

P am

Issued: July 6, 2021

Certificate No: D2600V2-1184_Jul21
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Calib@tion Laboratory of $<&73 S Schweizerischer Kalibrierdienst
Schmid & Partner M ¢ Service suisse d'étalonnage
Engineering AG e Servizio svizzero dj taratura
Zoughausstrasse 43, 8004 Zurich, Switzorland % @\\‘,\: 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:

* 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 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.

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: D2600V2-1184_Jul21 Page 2 of &
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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 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 2600 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.0 1.96 mho/m
Measured Head TSL parameters (22.0+0.2) °C 371+6% 2.03 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 14.7 W/ikg
SAR for nominal Head TSL parameters normalized to 1W 57.2 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.49 Wikg
SAR for nominal Head TSL parameters normalized to 1W 25.5 W/kg = 16.5 % (k=2)

Certificate No: D2600V2-1184_Jul21
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 475Q0+15jQ
Retum Loss -30.4dB
General Antenna Parameters and Design
| Electrical Delay (one direction) ] 1.144 ns ]

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

The dipole is made of standard semirigid coaxial cable, The center conductor of the feading line is directly connected to the

second arm of the dipole. The antenna is therefore short-gircuited for DC-si
are added 1o the dipole arms in order to improve matchi
"Measurement Conditions” paragraph. The SAR data a

according to the Standard.

gnals. On some of the dipoles, small end caps
ing when loaded according to the position as explained in the
re not affected by this change. The overall dipole length is still

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: D2600V2-1184_Jul21
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DASYS5 Validation Report for Head TSL

Date: 05.07.2021
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN:1184

Communication System: UID 0 - CW; Frequency: 2600 MHz
Medium parameters used: = 2600 MHz; 6 = 2.03 S/m: &, = 37.1: p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard; DASYS (IEEE/IEC/ANSI C63.19-201 1)
DASYS52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(7.84, 7,84, 7.84) @ 2600 MHz; Calibrated: 28.12.2020
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
* Electronics: DAE4 Sn601; Calibrated: 02.11.2020
» Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA: Serial: 1001

* DASYS5252.10.4(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 = 120.6 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 29.6 W/kg

SAR(I g) = 14.7 W/kg; SAR(10 g) = 6.49 W/kg

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

Ratio of SAR at M2 to SAR at M1 =49.3%

Maximum value of SAR (measured) = 24.8 Wikg

-4.00
-8.00
-12.00

-16.00

-20.00

0dB =24.8 W/kg = 13.94 dBW/kg
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Impedance Measurement Plot for Head TSL
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D2600V2 Dipole impedance and return loss Validation

Meas. Results

Current Meas.

Previous Meas.

Max. Deviation

Meas. Data 2023.07.04 2022.07.04 /
Return Loss(dB) -34.188 -32.253 6.00%
51.922 Q- 0.516 | 49.562 Q + 1.023 2.360Q
Impedance . .
iQ jQ (Real part)

Return Loss for Head TSL

| Skt 24 Gie

W 10 M

Stop 2.6 Gl [0

Impedance for Head TSL

1 Stat 2.4 iz

FEW 100 M

Seop 2.8 EH: [F
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F.9 5GHz Dipole

Calibration Laboratory of N,

Schweizerischor Kalibrierdienst

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland
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Accreditation No.: SCS 0108

cient  Balun (Auden) Certificate No: DSGHzV2-1333_Sep21
CALIBRATION CERTIFICATE
Objoct D5GHzV2 - SN:1333
Calibrtion procediurefs) QA CAL-22.v6 A ‘

Calibration Procedure for SAR Validation Sources between 3-10 GHz
Calibration date: September 14, 2021

Calibeation Equipment used (MSTE critical for calibration)

This calibration centificate documents the traceability to national standards, which reakize the physical units of measurements (SI),
The measurements and the uncartainties with confidence probability are given on the foliowing pagee and are part of the certificate,

All calibrations have bean conducted in the closed laboratory tacility: environment temperature (22 + 3)°C and humicity < 70%

Prmary Standards D # Cal Date (Cartilicate No.) Scheduled Calibration
Power meler NRP SN: 104778 09-Apt-21 (No, 217-03201/03282) Apr-22
Power sensor NAP-291 SN: 103244 08-Apr-21 (No. 217-03281) Apr-22
Power sensor NRP-291 SN; 103245 09-Apr-21 (No, 217-03292) Apr-22
Raforence 20 ¢8 Attenuator SN: BHE3%4 (20%) 09-Apr-21 (No. 217-03343) Apr-22
Type-N mismatch combination SN: 310882 /06327  09-Apr-21 (No. 217-03344) Apr-22
Referance Probe EX3DV4 SN: 3503 30-Dec-20 (No. EX3-3503_Dec20) Dec-21
DAE4 SN: 601 02-Nov-20 {(No. DAE4-801_NovZ20) Now-21
Secondary Standards D # Check Date {in house) Schaduled Check
Pawer mater E44188 SN: GB39512475 30-Oct-14 (in house check Oct-20) In house check: Oct-22
Pawer sensor HP BAB1A SN: US37292783 07-0ct-15 (in house check Oct-20) In house check: Oct-22
Power sensor HP B4S1A SN: MY41092317 07-Cct-15 (in house check Oct-20) In house check: Oct-22
RF generator RAS SMT-06 SN: 100872 15-Jun-15 (in house check Oct-20) In house check: Oct-22
Notwork Analyzer Agilent EB358A | SN: US41080477 31-Mar-14 (in house check Oct-20) In house check: Oct-21

Name Function ture
Calitrated by: Jofrey Katzman Laboratory Tachniclan é’%

.

Approved by; Katja Pokovic Technical Managor

s

Issued: September 14, 2021

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

Certificate No: D5GHzV2-1333_Sep21
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Calibration Laboratory of S  Schweizerischer Kalibriordienst
Schmid & Partner c Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerfand S  Swiss Calibration Service
Accroditod by the Swiss Accreditation Senvice (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,

* 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.

« 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%.

Ceriificate No: D5GHzV2-1333_Sep21 Page 2 of 9
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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 V5.0
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy = 4.0 mm, dz = 1.4 mm Graded Ralio = 1.4 (Z direction)
Frequency 5200 MHz = 1 MHz
5800 MHz + 1 MHz

Head TSL parameters at 5200 MHz

The following parameters and calculations were applied,

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220"C 36.0 4.66 mho/m
Measured Head TSL parameters (2204 0.2)°C 348+6% 447 mho/m £ 6%
Head TSL temperature change during test <05°C - aaee
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.08 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

80,1 W/kg + 19.9 % (k=2)

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

SAR measured 100 mW input power 2.29 Wikg

SAR for nominal Head TSL parameters normalized to 1W 22.7 Wikg = 19.5 % (k=2)
Head TSL parameters at 5800 MHz

The lollowing parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 353 5.27 mho/m

Measured Head TSL parameters (22.0£02)"C 34026 % 5.06 mho/m = 6 %

Head TSL temperature change during test <05"C e -
SAR result with Head TSL at 5800 MHz

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

SAR measured 100 mW input power 8.31 Wikg

SAR for nominal Head TSL parameters normalized to 1W 82.3 W/kg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.34 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

23.1 Wikg = 19.5 % (k=2)

Certificate No: D5SGHzV2-1333_Sep21
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed point 500Q-6.3Q
Return Loss -24.1dB
Antenna Parameters with Head TSL at 5800 MHz
Impedanca, transtormed to feed paint 5280Q+14iQ
Return Loss -30.4 dB
General Antenna Parameters and Design
| Etectrical Delay (one direction) [ 1195 ns

Alter 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-signats. 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: D5GHzV2-1333_Sep21
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DASYS5 Validation Report for Head TSL
Date: 14.09.2021

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1333

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5800 MHz
Medium parameters used: f = 5200 MHz; o = 4,47 S/m; & = 34.8; p = 1000 kg/m’ ,
Medium parameters used: = 5800 MHz; o = 5.06 S/m; & = 34.0; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.8, 5.8, 5.8) @ 5200 MHz, ConvF(5.01, 5.01, 5.01) @ 5800
MHz; Calibrated: 30.12.2020

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

» Electronics: DAE4 Sn601: Calibrated: 02.11.2020

» Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
» DASY5252.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 77.82 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 28.9 Wikg

SAR(1 g) = 8.08 W/kg; SAR(10 g) =2.29 W/kg

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

Ratio of SAR at M2 to SAR at M| = 69.2%

Maximum value of SAR (measured) = 18.8 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 77.05 V/m; Power Drift = 0,02 dB

Peak SAR (extrapolated) = 33.3 W/kg

SAR(1 g) = 8.31 W/kg; SAR(10 g) = 2.34 W/kg

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

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

Maximum value of SAR (measured) = 20.3 W/kg

Certificate No: D5GHzV2-1333_Sep21 Page 50f 9
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-5.00

-10.00

-15.00

-20,00

-25.00

0dB =20.3 W/kg = 13.07 dBW/kg
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Impedance Measurement Plot for Head TSL
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Appendix: Transfer Calibration at Four Validation Locations on SAM Head'

Evaluation Conditions (f=5200 MHz)

| Phantom | SAM Head Phantom For usage with cSAR3DV2-RIL |

SAR result with SAM Head (Top)

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

SAR for nominal Head TSL parameters normalized 10 1W 84.8 W/kg + 20.3 % (k=2)

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

SAR for nominal Head TSL parameters normalized to 1W 24.2 Wikg = 19,9 % (k=2)
SAR result with SAM Head (Mouth)

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

SAR for nominal Head TSL parameters normalized to 1W 88.7 W/kg = 20.3 % (k=2)

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

SAR for nominal Head TSL parameters normalized to 1W 25.4 W/kg = 19.9 % (k=2)
SAR result with SAM Head (Neck)

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

SAR for nominal Head TSL parameters normalized to 1W 84.7 Wikg = 20.3 % (k=2)

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

SAR for nominal Head TSL parameters normalized to 1W 23.9 Wikg = 19.9 % (k=2)
SAR result with SAM Head (Ear)

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

SAR for nominal Head TSL parameters normalized to 1W 54.0 W/kg = 20.3 % (k=2)

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

SAR for nominal Head TSL parameters normalized to 1W 18.2 Wikg = 19.9 % (k=2)

' Additional assessments outside the current scope of SCS 0108

Certificate No: D5GHzV2-1333_Sep21
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Appendix: Transfer Calibration at Four Validation Locations on SAM Head?

Evaluation Conditions (f=5800 MHz)

| Phantom | SAM Head Phantom For usage with cSARDV2-RL |

SAR result with SAM Head (Top)

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

SAR for nominal Head TSL parameters normalized to 1W 85.6 Wikg + 20.3 % (k=2)

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

SAR for nominal Head TSL parameters normalized to TW 24,0 Wikg = 19.9 % (k=2)
SAR result with SAM Head (Mouth)

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

SAR for nominal Head TSL parameters normalized 1o 1W 92.5 W/kg = 20.3 % (k=2)

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

SAR for nominal Head TSL parameters normalized to TW 26.1 W/kg = 19.9 % (k=2)

SAR result with SAM Head (Neck)
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR for nominal Head TSL parameters normalized to 1W 82.6 W/ikg = 20.3 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR for nominal Head TSL parameters normalized to 1W 23.0 W/kg = 19.9 % (k=2)
SAR result with SAM Head (Ear)
SAR averaged over 1 ecm? (1 g) of Head TSL Condition
SAR for nominal Head TSL parameters normalized to 1W 58.8 W/kg = 20.3 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR for nominal Head TSL parameters normalized to 1W 19.5 W/kg = 19.9 % (k=2)

2mmlmewmsmnﬁdoﬂnmmmmofscsmm
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Accrodited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
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Calibeation procedure(s)

mmmmummyumm-mmmnmwmum(m
Mmmmmmmmmmmmmmpnammmdmmuu

ummmmmnmwwmwmﬂmmmmy<m.

Calibeation Equipment used (MBTE critical for calibration)

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Callbration

Power meter NRP SN: 104778 08-Apr-21 (No. 217-03291/03292) Apr-22

Power sensor NRP-Z91 SN: 103244 08-Ape-21 (No, 217-03291) Apr-22

Power sensor NRP-291 SN; 103245 08-Age-21 (No, 217-03292) Apr-22

Referance 20 B Attenuator SN:BHO394 (20k)  D9-Apr-21 (No. 217-03343) Apr-22

Type-N mismatch combination SN: 310882/ 06327  09-Apr-21 (No. 217-03344) Apr-22

Reforence Probe EX3DVA SN: 3503 31-Dec-21 (No. EX3-3503_Dec21) Dec-22

DAE4 SN; 601 01-Nov-21 (No. DAE4-801_Nov21) Now-22

Secondary Standards D Check Date (in house) Scheduled Check

Power meter E44198 SN: GB39512475 30-Oct-14 (in house check Oct-20) In housa chock: Oct-22

Power sensor HP 84814 SN: US37292783 07-0¢t-15 (in house check Oct-20) In house check: Oct-22

Pawer sensor HP B4B1A SN: MY41093315 07-Oct-15 (in house check Oct-20) In house check: Oct-22

RF generator R&S SMT-06 SN: 100072 15-Jun-15 {in house check Oct-20) in house eheck: Oct-22

Network Analyzer Agilent EB3S8A | SN: US41080477 31-Mar-14 (in house check Oct-20) In house check: Oct-22
Name Function Signature

Calibrated by:

mmmumummhuwmwuuw.

Certificate No: D5GHzV2-1333_Mar22 Page 10l 8
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c
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LU M
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreament 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:

» 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 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.

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: DSGHzV2-1333_Mar22 Page 2 of 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASYS52 Vv52.10.4

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy =40 mm,dz = 1.4 mm Graded Ratio = 1.4 (Z direction)
5300 MHz £ 1 MHz

Frequency 5500 MHz £ 1 MHz
5600 MHz £+ 1 MHz

Head TSL parameters at 5300 MHz
The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 359 4.76 mho/m

Measured Head TSL parameters (220+02)°C 350+6% 4.60 mho/m + 6 %

Head TSL temperature change during test <05°C - —_
SAR result with Head TSL at 5300 MHz

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

SAR measured 100 mW Input power 8.23 Wikg

SAR for nominal Head TSL parameters normalized 10 1W 81.8 Wikg * 19.9 % (k=2)

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

SAR measured 100 mW input power 2.36 Wikg

SAR for nominal Head TSL parameters normalized to 1W 23.4 Wikg £ 19.5 % (k=2)
Head TSL parameters at 5500 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 356 4,96 mho/m

Measured Head TSL parameters (220+02)°C 347+6% 4.80 mho/m + 6 %

Head TSL temperature change during test <05°C — -—
SAR result with Head TSL at 5500 MHz

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

SAR measured 100 mW input power 8.71 Wikg

SAR for nominal Head TSL parameters normalized to 1W 86.5 Wikg + 19.9 % (k=2)

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

SAR measured 100 mW input power 2,48 Wikg

SAR for nominal Head TSL parameters normalized to 1W 244 Wikg £19.5 % (k=2)
Certificate No: D5GHzV2-1333_Mar22 Page 3 of 8
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Head TSL parameters at 5600 MHz
The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220'C 35.5 5.07 mha/m

Measured Head TSL parameters (22.0+0.2)°C 345+6% 4.90 mho/m + 6 %

Head TSL temperature change during test <05°C —_ —
SAR result with Head TSL at 5600 MHz

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

SAR measured 100 mW input power 8.43 Wikg

SAR for nominal Head TSL parameters normalized to 1W 83.6 Wikg £ 19.9 % (k=2)

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

SAR measured 100 mW input power 2.40 Wikg

SAR for nominal Head TSL parameters normalized to 1W 23.8 Wikg £ 19.5 % (k=2)
Certificate No: DSGH2V2-1333_Mar22 Page 4 of 8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5300 MHz

Impedance, transformed to feed point 4730-200
Return Loss -291d8
Antenna Parameters with Head TSL at 5500 MHz
Impedance, transformed to feed point 4800-27 )1
Return Loss -29.3d8
Antenna Parameters with Head TSL at 5600 MHz
Impedance, transformed 1o feed point 5340-11jQ
Return Loss -29.1dB
General Antenna Parameters and Design
| Eectrical Delay (one direction) [ 1.195 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 Condifions" paragraph. The SAR data are not affected by this change, The overall dipole length s 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

l Manufactured by

SPEAG

Certificate No: DSGHzV2-1333_Mar22
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DASYS5 Validation Report for Head TSL
Date: 07.03.2022

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole D5SGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1333

Communication System: UID 0 - CW; Frequency: 5300 MHz, Frequency: 5500 MHz, Frequency: S600
MHz

Medium parameters used: f = 5300 MHz: ¢ = 4.6 S/m; &r = 35; p = 1000 kg/m3 ,

Medium parameters used: = 5500 MHz; o = 4.8 S/m; er = 34.7; p = 1000 kg/m3 ,

Medium parameters used: {'= 5600 MHz: ¢ = 4.9 S/m: er = 34.5; p = 1000 kg/m3

Phantom section: Flat Section

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

DASYS52 Configuration:

+ Probe: EX3DV4 - SN3503; ConvF(5.49, 5.49, 5.49) @ 5300 MHz, ConvF(5.25, 5.25, 5.25) (@ 5500
MHz, ConvF(5.1, 5.1, 5.1) @ 5600 MHz; Calibrated: 31,12.2021

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

» Electronics: DAE4 Sn601; Calibrated: 01.11.2021

» Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
o DASYS52 52.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 78.45 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 28.3 W/kg

SAR(1 g) = 8.23 W/kg; SAR(10 g) = 2.36 Wikg

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

Ratio of SAR at M2 to SAR at M1 = 70.1%

Maximum value of SAR (measured) = 18.3 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 79.41 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 32,7 W/kg

SAR(1 g) = 8.71 W/kg; SAR(10 g) = 2.46 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 67.4%

Maximum value of SAR (measured) = 20,0 W/kg
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mecasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 79.18 V/m; Power Drift = 0,03 dB

Peak SAR (extrapolated) = 30.5 Wikg

SAR(1 g) = 8.43 W/kg: SAR(10 g) = 2,40 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 68.5%

Maximum value of SAR (measured) = 19.3 W/kg

-16.00

-24.00

-32.00

-40.00

0dB =20.0 Wkg = 13.0 dBW/kg
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Impedance Measurement Plot for Head TSL
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Report No.: BL-SZ2450037-AC

D5GHzV2 Dipole impedance and return loss Validation

Meas. Results Current Meas. Previous Meas. Max. Deviation
Meas. Data 2023.09.13 2029.09.13 /
5.2GHz Return
-22.139 -22.856 -3.14%
Loss(dB)
5.2GHz 50.271 Q-4.962 | 50.025 Q -5.023 0.245Q
Impedance jQ iQ (Real part)
5.3GHz Return
-29.217 -29.235 -0.06%
Loss(dB)
5.3GHz 46.307Q -1.791 45.658Q -0.596 -1.195Q
Impedance jQ iQ (Imaginary part)
5.5GHz Return
-24.326 -25.888 -6.03%
Loss(dB)
5.5GHz 43.960Q 45.3250 -1.365Q
Impedance +1.701jQ +0.358jQ (Real part)
5.6GHz Return
-25.966 -26.856 -3.31%
Loss(dB)
5.6GHz 53.427Q) 53.253Q 0.335Q
Impedance +0.459jQ +0.124jQ (Imaginary part)
5.8GHz Return
-32.770 -31.256 4.84%
Loss(dB)
5.8GHz 50.001Q -0.639 51.085Q -0.553 -1.084Q
Impedance jQ iQ (Real part)

Return Loss for Head TSL
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Impedance for Head TSL
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