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Clent | TUV CortificatoNo. | EX-7506_Jun23
Shenzhen
[ CALIBRATION CERTIFICATE
Obyjact EX3DV4 - SN:7506
Cadibration procecuna(s) QA CAL-01.v10, QA CAL-12.v10, QA CAL-14.v7, QA CAL-23.v6,
QA CAL-25.v8
Calibration procedure for dosimetric E-field probes
| Caibration date June 29, 2023
This calibration corté s the ity %0 nath which realze the prysical units of (sh.
Tha measuraments and e uncerainies mmmmmgmonubm pages and are part of the cerlificate.
| Al calbrations have been conducted in the dosed & y faciity: enve 3 sre (22 + 3)*C and humidity < 70%.

Calibraton Equipmant used (MA&TE critical for calbration)

[ Primary Standard ] | Cal Date (Cerificate No ) | Scheduled Cai
| Power meter NRPZ SN: 104778 30-Mar-23 (No. 217-03804/03805) Mar-24
| Power sansor NRP-Z91 SN: 105244 30-Mar-23 (No. 217-03804) Mar-24
[OCF DAK3S (waighned] | GN: 1243 200122 (OCP-DAKS 5-1248_0ct22) Oct-23
| OCP DAK-12 T8N 1018 20-0c1-22 (OCP-DAKIZ1016_Oct22) | Oct23
Referance 20 dB Atterustor | SN: CC2682 (20x) " 30-Mar-23 (N 21703008) | Mar-24
DAEA TSNeesd | i6-Mear2d No DAE&-E6D_ Mar2l) | Mar-24
Ralerence Probe ESIOVZ | SN 3013 06-Jan-23 (No. ES3-3013_Jer23) T den2a
Secondary Standards L Icmhm(nm; N Schedulad Chack
Power muler £44168 | SN:GB41233074 | 06-Ape-16 (in house chock Jun22) |In house chack: Jun-24
Power seraor E4412A | SN MY414868087 06-Apr-16 (in house check Jun-22) in house chock: Jun-24
Powar sensor E4412A | SN 000110210 08-Apr-16 (in house chedk Jun-22) | In house check: Jur-24
_AF genarmior HP 8548C | SN: US3642001700 | 04-Aug-99 (i houss check Jur-22) In houss chedk: Jun-24
| Network Anayzer EB358A | GN: US1060477 | 31-Mar-14 (in house check Oct-22) In Pouss chadk: Oct-24
Name Furctian snfmurc
Calbeated by Jeton Kastras Laboratary Technician b+
V.o
Approved by Sven Kihn Techeical Manager ('/ N

Issued: July 05, 2023
This caldeation certificate shall not be reproduced except in full without writen approval of the laboratory.
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Calibration Laboratory of S,

Schmid & Partner ]

Engineering AG oy

Zeughausstrasse 43, 8004 Zurich, Switzeriand gl

Accradited by the Swiss Accrediation Service {SAS) Accraditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA
Muttiiateral Agreement for the recognition of calibration certificates

Glossary

TSL tissue simulating liquid

NORMx,y,z sensithity In free space

CorvF sensitivity in TSL / NORMx,y.2

oce diode compression point

CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent inearization parameters

Polarzation ¢ 4 rotation around probe axis

Polarization & 4 rotation around an axis that is in the plane normal to probe axis (at measurement center), ie., §=0is
normal to probe axis

Connactor Angle  Information used in DASY system 1o align probe sensor X 1o the robot coordinate system

Calibration is Performed According to the Following Standards:

a) IEC/IEEE 622091528, "Measwement Procedure For The Assessment Of Specific Absorption Rate Of Human Exposure
To Radio Frequency Flelds From Hand-Held And Body-Worn Wireless Communication Devices ~ Part 1528: Human
Madels, Instrumentation And Procadures (Frequency Range of 4 MMz to 10 GHz)", October 2020,

b) KDB 865654, "SAR Measurement Requirements for 100 MHz to 6 GHz*

Methods Applied and Interpretation of Parameters:

« NORMx,y.z: Assessed for E-field polarizaticn & = 0 (f = S00MHz in TEM-cel; f > 1800MHz: R22 waveguide). NORMx,y.z
are only ntermediate values, |.e., the uncartainties of NORMx.y,z does not atiect the E2-field uncertainty nside TSL (see

below ConvF).

+ NORM(fix.y.z = NORMx,y,2 * [requency_response (see Frequency Response Chart). This linearization is implemented in
DASY4 software versions later than 4.2. The uncartainty of the frequency response is included in the stated uncertanty of
ConvF.

* DCPx.y.z: DCP are numerical Enearization parameters assessed based on the daia of power sweep with CW signal, DCP
does not depend on frequency nor media.

+ PAR: PAR Is tha Peak to Average Ratio that is not caliorated but determined basad on the signal characteristics

= Axyz; Bxyz2 Cxyz; Dxyz; VRxyz: A B C, D are numerical linearization parameters assessed based on the data of
power sweep far specific modulation signai. The parameters do not depend on frequency nor media. VR is the maximum
calibration range expressed in AMS voltage across the diode.

* CorwF and Boundary Effect Parameters: Assessed In flat phantom using E-lield (or Ternperature Transfer Standard for
f s 800MHZ) and inside waveguide using analytical field districutions based on power measurements for f > 800MHz. The
same setups are used for assassment of the parameters appled for boundary compensation (alpha, depth) of which typical
uncertainty values are given. Thesa paramatars are used in DASY4 software to improve probe accuracy close 1o the
boundary. The sensitivity in TSL corresponds 1o NORMY,y.z * ConvF whersby the uncertalnty comresponds to that given for
ConvF. A frequancy dependent ConvF is used in DASY version 4.4 and higher which allows exiending the validity from
+50MHz 10 £100 MHz,

« Spherical isofropy (30 deviation from isolrapy): in a fisld of low gradents reallzed using a flat phantom exposed by a patch
antenna,

+ Senisor Offsel: The sensor offsat corresponds 1o the ofset of virtual measurement canter from the probe tip (on probe axis).
No tolarance required,

+ Connector Angle: The angle is assessed using the information gained by determining the NORMYx (no uncertalnty required).

Certificate No: EX-7506_Jun23 Page 2 of 9
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EX30W4 - BN:T506 June 28, 2023

Parameters of Probe: EX3DV4 - SN:7506
Basic Calibration Parameters

[ - Sensor X 1 Sansor ¥ Sensor 7 Unc: (k =2)

| Norm (Vi) - 0.55 041 | 080 [ %

| bee (mv) B | Ba.2 995 | s , 4%

Calibration Results for Modulation Response

[UID | Communication System Name [ A B € [ b [ WA |||u Max
| dB dB /v . dB | mv dewv. UneE

k=2

a oW o X| 000 000 | 100 | 000 | 1405 | +30% | z4.7%
¥ | 000 000 | 100 [145.2 I l

L B - Z | oao 000 | 1.00 1387 |

The reporied uncertainty of measwament is steted &s the standard unoertainty of measwwement mulilisd by the coverage
factar k=2, which for a noemal distribution cerrespends to & coverage prabesility of appecsmalsly G55

A Thoe uncertainties of Nonm XY.Z do nat atel the B2 fiald unceriainty insids TBL (368 Page 5).
& Lineartzation parameter urcertai ry for musmem speciliad el strangth.
£ Uncarainly bs dalermined using the maw. diriatien e imssr feporse appiying recinngular disyrbuiion sedl i sepressed for the square of ®a Tkl vake.

Ceificate No: EX-7506_Jurd3 Page3of 9
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EXI0OV4 - 5N 7505 Jurie 23, 2023

Parameters of Probe: EX3DV4 - SN:7506

Other Probe Parameters
Sansor Arrangemar B Thangular |
Connecior Angla - | e |
Machanical Surtace Detection Madg ) | enabled
Optical Surtace Detection Mode dizablad
Probia Cvarall Length N 337 men |
Frobe Body Diameter ) ) | _1omm
Tip Lenglh B | emm
Tip Dlameter - ) N | 25mm |
Frabe Tip 1o Sensor ¥ Calloration Point 1 mm
Prabe Tig to Sensor ¥ Calibrafion Point ) 1 mm

' Prabe Tip to Sensor Z Calibration Point ) ' 1 mm |
Recommandod Measurement Distance fram Surface B . 14mm

Haola: Massorement distaros from surfaca can Ba inereassd % 3—4mm foran Ams Scan oo,

Cerfificate Mo: EX-7508_Junza Page 401§
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EX3DV4 - SN:7506 June 28, 2023

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

f(MHz® | Rolative | Conductivity" ConFX ConmFY | ConvFZ  Alpha®  Depth®  Unc
Permittivity® (S/m) (mm)  (k=2)

40 | 435 0.87 125 | 125 | 1125 016 130 | +133% |
750 | 419 069 | 1054 | 105¢ | 1054 | 031 112 1120%
85 | 415 0.90 1035 | 1035 | 1035 038 094 | +120%
900 415 0.97 1006 | 10068 | 1006 047 080 | +120%
1450 s 120 9.04 904 804 | 030 080 | £120%
1750 401 197 B9 | 899 | 899 | 034 | 086 | +120%
1900 00 | 140 856 856 | 856 | 035 086 | +12.0%
2000 wo | 1.40 831 8.31 831 038 086 | +12.0%
2300 25 167 818 | 818 | a1 | 03 | 080 | +120%
2480 22 | 180 | 798 7.8 788 | 030 | 090 | +120%
| 2600 30 1.96 764 T84 764 | 042 | 090 | +120%
30 | 379 291 682 6.82 682 | 035 130 | 4140% |
a0 | a7 a2 681 6.81 681 | 030 135 | 2140% |
250 | 389 a7 548 | 548 | 548 | 040 | 180 | 1140%
5600 355 - 507 | 499 499 | 4.56‘; 0.40 180 | 1140%
5800 383 527 | 495 495 485 | 040 180 4140%

°mmmmuuzdzmmmmumsvwawnvm(mmnmnuwu.soum The uncortainty & the
ASS of fe Conv® uncertaimy at y e B vty for the indicatod requency band. Fresuency valdty bolow 300 MMz Is £10, 25,
40, 50 and TONHzZ for ConvF assesaments ot 30, “ 128, mumxw Viwicity of Comn™ assessoad at 6 W4z s 3-3MHz, and CorvF
wulauuh’-wum Abowe 8 GHz frequency validity can be extencied 1o 4110 Mie

F Tha protas we cabs ) bssuo quids (TSL) ®at devisie %6« o & by wes than £5% from the target values {typically bemer than +3%)
wmvﬂthammdwnﬂ“ 11 TSL with cwvialions rom the target of less than = 5% are used, the cAlbmlon enosrtainties we 11.1%
for 0.7 - 3 GHz and 12.1% for 3 - 6 GHz.

G AphaDagh we durng SPEAG at Pe 0 dun 1 Pe boundary ofoct atier COMPENSALon |s Weays wes
thae 21% %r requencies below 3 GHz and belce mbmmua&nnmmunmmmwmmn
boundary.

Certificate No: EX-7506_Jun23 Page 5 of 9 '
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EX3DV4 - SN 7306 June 39, 2023

Frequency Response of E-Field
(TEM-Cell:Hi110 EXX, Waveguide:R22)

15— = — —_—

Frequency response (marmakzed)
-

0.9
0.a
0.7
08
05 —
0 200 400 €00 B00 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200
T [MHz]
»TEM v AE2

Uncartainty of Frequency Response of E-field: £8.5% (ke2)

Ceriificate Ma: EX-7506_Jung3 Page 6 ofg
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EX3DV4 - SN:7508 June 29, 2023
Receiving Pattern (¢), 1 =0°
{=600 MHz, TEM, 0" 1=1800 MHz, R22, 0°
90° 20" .
e, 8% — X T A ST =X
135° 7 N 45° Y 135° 45" |+ Y
b ¢ - N - / - \, -
/ \ /
y \ [ / ’ ‘ \ [ o
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Uncertainty of Axial Isotropy Assassment: 40.5% (k=2)

Cartificate No: EX-7508_Jun23
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EX3DV4 - SN:7506 June 29, 2023
Dynamic Range f(SARpeaq)
(TEM cell, fyvu = 1900 MHZ)
108 —— e ——
10°
'

g 10* 7
K]
3 |
w
§ 10°

102|

1072 10~ 10° 10° T
SAR [mW/em?]
+—not compensated - compensated

2, S -

1
8
E 0 s 1

-1

-2 — - .

1072 10! 100 10! 10°
SAR [mWiem®]
« not compensated « compengated
Uncertainty of Linearity Assessment; +0.8% (k=2)
Centficate No: EX-7506_Jun23 ' Page 8ol 9
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EX3DV4 - SN:7506 Sive 555003

Conversion Factor Assessment

11900 MHz, WGLS R22 (H_comvF)
o0

25 '-..

15

SAR [(Wikg)Wi]
3

10,

5
°6’ 10 20 30 io
z [mm]
~ analytical measured
Deviation from Isotropy in Liquid
Error (¢, ), t=900MHz

-1 -08 -06 -04 -02 o 0.2 04 08 0.8
Uncertainty of Spherical Isotropy Assessment: +2.6% (k«2)

1

Certificate No: EX-7506_Jun23 Page90i9
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F.2 Data Acquisition Electronics (DAE4 - SN:1710)

In Collsboration with U
o s,

ho
- 777, A, g wuvs CAICT
S T BemACNASH

Add: No.52 HuaYusnBel Road, Haidian District, Beijing, 100191, China ’,V//—,;\\\\ Sl E:’:g%g’;’u“
Ted: +86-10-62304632-2117 Al -

Wy

E-mail: emf@)caictac.cn hitpiwww.calcs ae.sn
Client : baluntek Certificate No: 23J02Z80223

CALIBRATION CERTIFICATE

Object DAE4 - SN: 1710

Calibration Procedure(s) FF-211-002-01
Calibration Procedure for the Data Acquisition Electronics
(DAEX)

Calibration date: January 03, 2024

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

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D# Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Process Calibrator 753 | 1971018 12-Jun-23 (CTTL, No.J23X05436) Jun-24

Name Function Signature
Calibrated by: Yu Zongying SAR Test Engineer Q, @4@
Reviewed by: Lin Jun SAR Test Engineer "P@-

Approved by Qi Dianyuan SAR Project Leader %

Issued: January 04, 2024
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: 23J02Z80223 Page 1 0f3
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Report No.: BL-SZ2420300-AC Gl'OUp

&77TI s beag CAICT
S CALIBRATION LABORATORY i

Add: No.52 HuaYuanBel Road, Haidian District. Beijimg, 100191, China
Ted: +86-10-62304633-2117
E-mail: emfGicaictac.on httpwww.cnictac.cn
Glossary:
DAE data acquisition electronics
Connector angle information used in DASY system to align probe sensor X
to the robot coordinate system.

Methods Applied and Interpretation of Parameters:

« DC Voltage Measurement: Calibration Factor assessed for use in DASY
system by comparison with a calibrated instrument traceable to national
standards. The figure given corresponds to the full scale range of the
voltmeter in the respective range.

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

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

Certificate No: 23J02Z80223 Page 2 of 3
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ET7I s b e a g CAICT

Add: No,52 HeaYuanBei Road, Haidian District, Beijing, 100191, China
Tel: +86-10-6230M633-2117

E-mail: emf@eaict.nc.cn hetp iy wsnictoccn
DC Voltage Measurement
AD - Converter Resclution nominal
High Range: se= 6.1V, full range = -100...+300 mV
Low Range: ise = 61nV, full range » o DR +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Callbration Factors X Y z
High Range 404.299 + 0.15% (k=2) | 404,534 + 0.15% (k=2) | 404.215 £ 0.16% (k=2)
Low Range 3.96628 + 0.7% (k=2) | 3.99659 + 0.7% (k=2) | 3.99514 1 0.7% (k=2)
Connector Angle
Connector Angle to be used in DASY system 245°+1°
Certificate No: 23J02Z80223 Page 3 of 3
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F.3 750MHz Dipole

Calibration Laboratory of

R ., S Schweizerischer Kalibrierdienst
H . “
Schmid & Partner ;B\E—/ﬁ c Service suisse d'étalonnage
Engineering AG BN Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ‘«/,, /ﬁ‘\‘,\? 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

client  Balun (Auden) Certificate No: D750V3-1208_Jul21
CALIBRATION CERTIFICATE

Object D750V3 - SN:1208

Calibration procedure(s) QA CAL-05.v11
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibration date: July 05, 2021

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

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

Calibration Equipment used (M&TE critical for calibration)

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

Power meter NRP SN: 104778 09-Apr-21 (No. 217-03291/03292) Apr-22

Power sensor NRP-Z91 SN: 103244 09-Apr-21 (No. 217-03291) Apr-22

Power sensor NRP-Z91 SN: 103245 09-Apr-21 (No. 217-03292) Apr-22

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

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

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

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

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

Power meter E4419B SN: GB39512475 30-Oct-14 (in house check Oct-20) In house check: Oct-22

Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-20) In house check: Oct-22

Power sensor HP 8481A SN: MY41092317 07-Oct-15 (in house check Oct-20) In house check: Oct-22

RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-20) In house check: Oct-22

Network Analyzer Agilent EB358A | SN: US41080477 31-Mar-14 (in house check Oct-20) In house check: Oct-21
Name Function Sigpature

Calibrated by: Jeffrey Katzman Laboratory Technician

Approved by: Katja Pokovic Technical Manager M

Issued: July 5, 2021

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

Certificate No: D750V3-1208_Jul21 Page 1 of 6
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Report No.: BL-SZ2420300-AC

¥ & RO
Calibration Laboratory of i\‘“{\_/}/ ”/,; S Schweizerischer Kalibrierdienst
Schmid & Partner ;lﬁ//u&% c Service suisse d'étalonnage

Engineering AG sl Servizio svizzero di taratura

; " AN S . .
Zeughausstrasse 43, 8004 Zurich, Switzerland AN Swiss Calibration Service
W

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

Certificate No: D750V3-1208_Jul21 Page 2 of 6
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Group

Measurement Conditions
DASY system configuration, as far as not

iven on page 1.

DASY Version DASY52 V52.10.4

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 750 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

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

Measured Head TSL parameters (22.0+0.2) °C 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 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

8.51 W/kg = 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 W/kg = 16.5 % (k=2)

Certificate No: D750V3-1208_Jul21

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

Antenna Parameters with Head TSL

Impedance, transformed to feed point 51.8Q-24jQ
Return Loss -30.7 dB
General Antenna Parameters and Design
Eectrical Delay (one direction) 1.033 ns J

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

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

according to the Standard.

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

feedpoint may be damaged.

Additional EUT Data

[ Manufactured by

SPEAG

Certificate No: D750V3-1208_Jul21

Page 4 of 6
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DASY5 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: DASYS5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(10.11, 10.11, 10.11) @ 750 MHz; Calibrated: 28.12.2020
e Sensor-Surface: 1.4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 02.11.2020

e Phantom: Flat Phantom 4.9 (front); Type: QD O0L P49 AA; Serial: 1001

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

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

Reference Value = 60.20 V/m; 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 = 17 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

s
- ‘als,..',lx‘&g. .
$

-10.00
0dB =2.89 W/kg =4.61 dBW/kg
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Impedance Measurement Plot for Head TSL

File View Channel Sweep Calibration Trace Scale

Marker System Window Help
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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 4.8240
Impedance ) . .
jQ jQ (Imaginary part)

Return Loss for Head TSL

F1]

IFEW 100 Hz

Shop 950 vz [Red

Impedance for Head TSL

IFEW 100 Hz

Stop 950 vz [
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Client baluntek Certificate No: Z21-60168

CALIBRATION CERTIFICATE

Object D835V2 - SN: 4d187

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

Calibration Procedures for dipole validation kits

Calibration date: May 17, 2021
This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements (Sl). The measurements and the uncertainties with confidence probability are given on the following

pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 106277 23-Sep-20 (CTTL, No.J20X08336) Sep-21
Power sensor NRP8S 104291 23-Sep-20 (CTTL, No.J20X08336) Sep-21
ReferenceProbe EX3DV4 | SN 3617 27-Jan-21(SPEAG No.EX3-3617_Jan21) Jan-22
DAE4 SN 777 08-Jan-21(CTTL-SPEAG,N0.Z221-60003) Jan-22
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 01-Feb-21 (CTTL, No.J21X00593) Jan-22
NetworkAnalyzer E5071C | MY46110673 14-Jan-21 (CTTL, No.J21X00232) Jan-22

Name Function Signature

CAIsEAT Zhao Jing SAR Test Engineer Z

Reviewed by: Lin Hao SAR Test Engineer ﬁfr%

Approved by Qi Dianyuan SAR Project Leader e

Issued: May 24, 2021
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z21-60168 Page 1 of 6
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMXx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, “Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 2016

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

e Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

e Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

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

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

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

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

Certificate No: Z21-60168 Page 2 of 6
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASY52 Vv52.10.4

Extrapolation Advanced Extrapolation

Phantom Triple Flat Phantom 5.1C

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 22.0°C 415 0.90 mho/m

Measured Head TSL parameters (22.0+0.2) °C 418+6 % 0.89 mho/m +6 %

Head TSL temperature change during test «1.0°%G —
SAR result with Head TSL

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

SAR measured 250 mW input power 2.41 Wiy

SAR for nominal Head TSL parameters normalized to 1W

9.76 Wikg * 18.8 % (k=2)

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

SAR measured 250 mW input power

1.57 Wikg

SAR for nominal Head TSL parameters normalized to 1W

6.34 Wikg * 18.7 % (k=2)

Certificate No: Z21-60168 Page 3 of 6
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 52.60- 1.30jQ

Return Loss -30.9dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.305 ns

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

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

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

Additional EUT Data

Manufactured by SPEAG

Certificate No: Z21-60168 Page 4 of 6
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DASYS5 Validation Report for Head TSL Date: 05.17.2021

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d187
Communication System: UID 0, CW; Frequency: 835 MHz; Duty Cycle: 1:1
Medium parameters used: f= 835 MHz; 6 = 0.887 S/m; & = 41.77; p = 1000 kg/m’
Phantom section: Right Section

DASYS5 Configuration:

e Probe: EX3DV4 - SN3617; ConvF(9.73, 9.73, 9.73) @ 835 MHz; Calibrated:
2021-01-27

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

e Electronics: DAE4 Sn777; Calibrated: 2021-01-08

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

e Measurement SW: DASY52, Version 52.10 (4); SEMCAD X Version 14.6.14
(7483)

Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 58.96 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 3.72 W/kg

SAR(1 g) = 2.41 W/kg; SAR(10 g) = 1.57 W/kg

Smallest distance from peaks to all points 3 dB below = 19.8 mm

Ratio of SAR at M2 to SAR at M1 = 64.9%

Maximum value of SAR (measured) = 3.27 W/kg

-2.14

-4.28

-6.43

-8.57

-10.71

0 dB = 3.27 W/kg = 5.15 dBW/kg

Certificate No: Z21-60168 Page 5 of 6
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Impedance Measurement Plot for Head TSL

Trl S11 Log Mag 10.00dB/ Ref 0.000d8 (F1]

' [>1 835.00000 MHz -30.852 dB

|
|

| -s¢.00
[P s11 smith (R+§x) Scale 1.000U [F1 Del]

>1  835.00000 MHz 52.638 0 -1.3048 0 146.08-pF

|

|

l \\_,_/

|

|

| =

1 Start 635 MHz IFBW 100 Hz Stop 1,035 GHz N1
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D835V2 Dipole impedance and return loss Validation

Meas. Results

Current Meas.

Previous Meas.

Max. Deviation

Meas. Data 2023.05.15 2022.05.16 /
Return Loss(dB) -29.596 -32.412 -8.69%
50.906 Q - 50.497 Q - 2.356 -0.86340Q
Impedance . . .
3.2194 jQ iQ (Imaginary part)

Return Loss for Head TSL

-

Start 635 MHz

IFBW 100 Hz

Stop 1,035 GHz [

Impedance for Head TSL

1 Active ChiTrace 2 Response

3 Skimulus 4 MkrjAnalvsis 5 Inskr State

1 Start 635 MHz

IFBW 100 Hz

Stop 1.035 GHz [0
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Client
CALIBRATION CERTIFICATE

baluntek Certificate No:  Z21-60169

Object D1750V2 - SN: 1130

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

Calibration Procedures for dipole validation kits

Calibration date: May 17, 2021

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

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 106277 23-Sep-20 (CTTL, No.J20X08336) Sep-21
Power sensor NRP8S 104291 23-Sep-20 (CTTL, No.J20X08336) Sep-21
ReferenceProbe EX3DV4 | SN 3846 26-Apr-21(CTTL-SPEAG,No0.Z21-60084) Apr-22
DAE4 SN 777 08-Jan-21(CTTL-SPEAG,N0.Z21-60003) Jan-22
Secondary Standards ID # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 01-Feb-21 (CTTL, No.J21X00593) Jan-22
NetworkAnalyzer E5071C | MY46110673 14-Jan-21 (CTTL, No.J21X00232) Jan-22

Name Function Signature

Calibrated by Zhao Jing SAR Test Engineer

Reviewed by: Lin Hao SAR Test Engineer Tﬂf%

Approved by: Qi Dianyuan SAR Project Leader =T _

Issued: May 24, 2021
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z21-60169 Page 1 of 6
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:
a) IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak

Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, “Measurement procedure for assessment of specific absorption rate of human

exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)”, July 2016

c) IEC 62209-2, “Procedure to measure the Specific Absorption Rate (SAR) For wireless

communication devices used in close proximity to the human body (frequency range of
30MHz to 6GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis. |

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

Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

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

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

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

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

Certificate No: Z21-60169 Page 2 of 6
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASY52 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
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 220°C 40.1 1.37 mho/m
Measured Head TSL parameters (22.0+0.2) °C 399+6 % 1.38 mho/m +6 %
Head TSL temperature change during test <1.0°C - —-e-
SAR result with Head TSL
SAR averaged over 1 ¢mi’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.20 Wikg
SAR for nominal Head TSL parameters normalized to 1W 36.7 Wikg *+ 18.8 % (k=2)
SAR averaged over 10 ¢’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 4.79 Wikg
SAR for nominal Head TSL parameters normalized to 1W 19.1 W/kg + 18.7 % (k=2)
Certificate No: Z21-60169 Page 3 of 6
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 50.10Q- 1.68jQ

Return Loss -35.5dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.128 ns

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

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

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

Additional EUT Data

Manufactured by SPEAG

Certificate No: Z21-60169 Page 4 of 6
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DASYS5 Validation Report for Head TSL Date: 05.17.2021

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1130
Communication System: UID 0, CW; Frequency: 1750 MHz; Duty Cycle: 1:1
Medium parameters used: f= 1750 MHz; 6 = 1.376 S/m; & = 39.86; p = 1000 kg/m*
Phantom section: Right Section

DASYS Configuration:

o Probe: EX3DV4 - SN3846; ConvF(8.22, 8.22, 8.22) @ 1750 MHz; Calibrated:
2021-04-26

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

e Electronics: DAE4 Sn777; Calibrated: 2021-01-08

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

o Measurement SW: DASYS52, Version 52.10 (4); SEMCAD X Version 14.6.14
(7483)

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

Reference Value = 97.24 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 17.7 W/kg

SAR(1 g) = 9.2 W/kg; SAR(10 g) = 4.79 W/kg

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

Ratio of SAR at M2 to SAR at M1 =52.3%

Maximum value of SAR (measured) = 14.5 W/kg

dB
0

-3:55

-7.09

-10.64

-14.18

AE13

0 dB =14.5 W/kg = 11.61 dBW/kg

Certificate No: Z21-60169 Page 5 of 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 2023.05.15 2022.05.16 /
Return Loss(dB) -30.774 -30.021 2.51%
51.337Q - 2.6099 | 51.965Q - 2.004 -0.628Q
Impedance . .
jQ jQ (Real part)

Return Loss for Head TSL

1 Start 1,55 GHz

IFEW 100 Hz

Stop 1.95 GHz [

Impedance for Head TSL

1 Active ChfTrace 2 Response 3 Skimulus 4 Mkrfonalysis 5 Inskr State

P 511 Smith

1 Seart 1,55 GHz

ool [F1]

IFEW 100 Hz

Stop 1,95 GHz =Y
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Client baluntek Certificate No:  Z21-60170

CALIBRATION CERTIFICATE

Object D1900V2 - SN: 5d193

Calibration Procedure(s) FF-211-003-01

Calibration Procedures for dipole validation kits

Calibration date: May 20, 2021
This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements (Sl). The measurements and the uncertainties with confidence probability are given on the following

pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 106277 23-Sep-20 (CTTL, No.J20X08336) Sep-21
Power sensor NRP8S 104291 23-Sep-20 (CTTL, No.J20X08336) Sep-21
ReferenceProbe EX3DV4 | SN 3846 26-Apr-21(CTTL-SPEAG,No.Z21-60084) Apr-22
DAE4 SN 777 | | 08-Jan-21(CTTL-SPEAG,N0.Z21-60003) Jan-22
Secondary Standards ID # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 01-Feb-21 (CTTL, No.J21X00593) Jan-22
NetworkAnalyzer E5071C | MY46110673 | 14-Jan-21 (CTTL, No.J21X00232) Jan-22

Name Function Signature

Calibrated by: Zhao Jing SAR Test Engineer é

Reviewed by: Lin Hao | SAR Test Engineer rﬁf;’%

Approved by: Qi Dianyuan | SAR Project Leader W

Issued: May 24, 2021
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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