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CALIBRATION CERTIFICATE

Object EX3DV4 - SN : 7382

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

Calibration Procedures for Dosimetric E-field Probes

Calibration date: September 27, 2023

This calibration Cerlificate documents the lraceability to national standards, which realize the physical unils 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 humidily<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Certificate No.)  Scheduled Calibration
Power Meter NRP2 101919 12-Jun-23(CTTL, No.J23X05435) Jun-24
Power sensor  NRP-Z91 101547 12-Jun-23(CTTL, No.J23X05435) Jun-24
Power sensor NRP-Z91 101548 12-Jun-23(CTTL, No.J23X05435) Jun-24
Reference 10dBAttenuator 18N50W-10dB 19-Jan-23(CTTL, No.J23X00212) Jan-25
Reference 20dBAttenuator 18N50W-20dB 18-Jan-23(CTTL, No.J23X00211) Jan-25
Reference Probe EX3DV4 SN 3846 31-May-23(SPEAG, No.EX-3846_May23) May-24
DAE4 SN 1555 24-Aug-23(SPEAG, No.DAE4-1555_Aug23) Aug-24
DAE4 SN 549 24-Jan-23(SPEAG, No.DAE4-549_Jan23) Jan-24
Secondary Standards 1D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
SignalGenerator MG3700A 6201052605 12-Jun-23(CTTL, No.J23X05434) Jun-24
Network Analyzer ES071C MY46110673 10-Jan-23(CTTL, No.J23X00104) Jan-24
Reference 10dBAttenuator BT0520 11-May-23(CTTL, No.J23X04061) May-25
Reference 20dBAttenuator BT0267 11-May-23(CTTL, No.J23X04062) May-25
ocP DAK-3.5 SN 1040 18-Jan-23(SPEAG, No.OCP-DAK3.5-1040_Jan23) Jan-24

Name Function Signature

Calibrated by: Yu Zongying SAR Test Engineer /)‘-_é,.ve{‘@

B

Reviewed by: Lin Hao SAR Test Engineer ﬂ' "]L\%

Approved by: Qi Dianyuan SAR Project Leader C%

Issued: October 05, 2023
This calibration cerlificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:
TSL tissue simulating liquid
NORMX,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
AB,C,D modulation dependent linearization parameters

Polarization ® & rotation around probe axis

Polarization © 0 rotation around an axis that is in the plane normal to probe axis (at measurement center), i

6=0 is normal to probe axis

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

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 the assessment of Specific Absorption Rate (SAR) from
hand-held and body-mounted devices used next to the ear (frequency range of 300 MHz to 6 GHz)",
July 2016

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

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

Methods Applied and Interpretation of Parameters:

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

NORMXx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not effect the

E? -field uncertainty inside TSL (see below ConvF).

o  NORM(Nx.y.z = NORMx,y,z* frequency_response (see Frequency Response Chart). This
linearization is implemented in DASY4 software versions later than 4.2. The uncertainty of the
frequency response is included in the stated uncertainty of ConvF.

e DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep
(no uncertainty required). DCP does not depend on frequency nor media.

e PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics.

o Axyz Bxyz Cxyz VRxyzAB,C are numerical linearization parameters assessed based on the
data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

e ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for f£800MHz) and inside waveguide using analytical field distributions based on
power measurements for f >800MHz. The same setups are used for assessment of the parameters
applied for boundary compensation (alpha, depth) of which typical uncertainty valued are given.
These parameters are used in DASY4 software to improve probe accuracy close to the boundary.
The sensitivity in TSL corresponds to NORMx,y,z* ConvF whereby the uncertainty corresponds to
that given for ConvF. A frequency dependent ConvF is used in DASY version 4.4 and higher which
allows extending the validity from+50MHz to+100MHz.

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

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

e Connector Angle: The angle is assessed using the information gained by determining the NORMx
(no uncertainty required).
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DASY/EASY - Parameters of Probe: EX3DV4 — SN:7382

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm(pV/(V/im)?)* 0.42 0.42 0.47 +10.0%
DCP(mV)? 100.8 101.0 103.5

Modulation Calibration Parameters

uiD Communication A B C D VR UncE
System Name dB dBVpV dB mV (k=2)
0 cw X 0.0 0.0 1.0 0.00 160.9 | +2.0%
Y 0.0 0.0 1.0 159.5
z 0.0 0.0 1.0 178.1

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

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

£ Uncertainly is determined using the max. deviation from linear response applying rectangular distribution
and is expressed for the square of the field value.
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DASY/EASY — Parameters of Probe: EX3DV4 — SN:7382

Calibration Parameter Determined in Head Tissue Simulating Media

H G
f [MHz]°® Pe?;'I?:;::yF c°"d(;fr:‘;iw ConvF X | ConvF Y | ConvF Z | Alpha® E;:ﬂ; ;i:‘:}
750 4.9 0.89 1065 | 1065 | 1065 | 047 | 124 | +12.7%
900 415 0.97 1019 | 1049 | 1019 | 020 | 145 | +12.7%
1750 40.1 1.37 8.60 8.60 860 | 026 | 097 | +12.7%
1900 40.0 1.40 8.30 8.30 830 | 025 | 1.01 | £12.7%
2300 39.5 1.67 8.16 8.16 816 | 0.60 | 0.68 | +12.7%
2450 39.2 1.80 7.89 7.89 789 | 045 | 0.86 | +12.7%
2600 39.0 1.96 7.65 7.65 765 | 053 | 077 | +12.7%
3300 38.2 2.71 7.39 7.39 739 | 049 | 0.86 | +13.9%
3500 37.9 2.91 7.24 7.24 724 | 041 | 1.03 | +13.9%
3700 37.7 342 7.10 7.10 740 | 043 | 1.03 | +13.9%
3900 375 3.32 6.98 6.98 6.98 | 040 | 1.25 | +13.9%
5250 35.9 471 5.62 5.62 562 | 050 | 125 | £13.9%
5500 35.6 4.96 5.10 5.10 510 | 040 | 1.50 | £13.9%
5750 35.4 5.22 5.08 5.08 508 | 040 | 152 | £13.9%

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

F At frequency up to 6 GHz, the validity of tissue parameters (€ and o) can be relaxed to £10% if liquid compensation
formula is applied to measured SAR values. The uncertainty is the RSS of the ConvF uncertainty for indicated target
tissue parameters.

G Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compensation is always less than * 1% for frequencies below 3 GHz and below * 2% for the frequencies
between 3-6 GHz at any distance larger than half the probe tip diameter from the boundary.
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £7.4% (k=2)
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Receiving Pattern (®), 6=0°

=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial Isotropy Assessment: £1.2% (4=2)
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Dynamic Range f(SARnead)
(TEM cell, f = 900 MHz)

Input Signal[pV]

w0 10 -m"”,m' - 0o W
SAR[mWicm’)
L —&— not compensated #— compensated
Uncertainty of Linearity Assessment: £0.9% (k=2)
Certificate No:J23Z60359 Page 7 of 9
TR-EM-SA005 Page 7 of 33 Version 3.0




Bay Area Compliance Laboratories Corp.(Shenzhen) Report No.: 2401 V58287E-SA

,___""\0 In Collaboration with
=777 s p e a_ g CAICT
Sl CALIBRATION LABORATORY _

Add: No.52 HuaYuanBei Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2117
E-mail: emfi@caict.ac.cn http:/fwww.caict.ac.cn

Conversion Factor Assessment
=750 MHz,WGLS R9(H_convF) f=1750 MHz,WGLS R22(H_convF)
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Deviation from Isotropy in Liquid
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Uncertainty of Spherical Isotropy Assessment: £3.2% (k=2)
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DASY/EASY — Parameters of Probe: EX3DV4 — SN:7382

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 65.4
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disable
Probe Overall Length 337mm
Probe Body Diameter 10mm
Tip Length 9mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surface 1.4mm
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CALIBRATION CERTIFICATE
Otjoci D750V3 - SN:1220

Calbention procetuse(s) QA CAL-05.v12

Calibration dale: March 24, 2023

Calibration Procedure for SAR Validation Sources between 0,7-3 GHz

Calibration Equipmeni used (METE critical for calibration)

Thia callration cerdilicate documents the mcoakdity 1o national siarcdards, which reakzs the pirysical units of moasuremaents (S1)
Tha maasunsmants ard 1he uncotainles with contidence probatklty aro given on the lalowing pages and o par ol e comficats

Al calibrasions have besn conducied in Bha closed labombory facility. emdronment ismperaiues (22 + 3)°C and humidity < T0%

Frimasry Slardards 5] Cal Date |Conficals No | Schoduled Calbration

Powass mater NAF SN 1047TH 04-Agr-22 [Plo. 217-035250524) Apr23

Powes senace MAF. 291 SN 103244 D22 (Mo, 21703524} Ap-23
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Natwoek Analyzor Agilend ERISAA | B8 LSS 1080477 3-hawr=14 {in houss check Ocl-22) in house check: Oct-24
Pamas Funcicn Sagrulusn

Calbralud by: Michasd Wabaer Laboratory Technician M—-
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:
a) IEC/IEEE 62209-1528, “Measurement Procedure For The Assessment Of Spacific

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} KDE 865664, "SAR Measurement Reguirements for 100 MHz to 6 GHz"

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

Ll

L]

Measurement Conditions: Further details are available from the Validation Report at the end
of the cerificate. 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.

Raturn 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 staled antenna input power.

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

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

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

DASY gystam conlbguralion, as lar &8 nol given on pacs 1,
DASY Version DASYS2 V52.10.4
Extrapolation Advanced Extrapolation
Phantem Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacers
Zoom Scan Resolution d, dy. dz =5 mm
Frequency 750 MHz = 1 MHz
Head TSL parameters
Tha following paramedars and calculations were applied.
Temperatura Parmittivity Conductivity
Nominal Head TS5L parameters x20°C 41.8 0.88 mho/m
Measured Head TSL parameters (220 +02)°C 41.0£6% 0.80 mho/m = & %
Head TSL temperature change during test =05°C
SAR result with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Candition
SAR measured 250 MWW inpast power 213 Wikg
SAR for mominal Head TSL paramiabers nomalized to 1W B.A1 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
5AR measured 250 mW inpul power 1.38 Wikg
SAR for nominal Head TSL paramaters namalized o 1W 5.46 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL
Impedance, ranslormed 1o fead point 5330-1.0K J
Retum Loss - 205 dB |
General Antenna Parameters and Design
| Eoctrical Delay {one direction) 1.033 ns |

ARer long lerm use with 1005 radiated power, only a slght warming of the dipole near the leedpoint can be measuned.

The dipole is made of standard semingd coaxial cable. The center conducior of the feeding lne is directly connected to the
second arm of the dipole, Tha antenna is therefore shor-circuited for DC-signals. On some of the dipoles, small and caps
are added to the dipole arms in order 1o improve matching when loaded according 10 the position as explained in the
“Measuremant Conditions™ paragraph. The SAR dala are nol attected by this changa. The owerall dipole kength is still

according to the Standard

Mo axcessive force must be apphed to the dipole arms, because they might band or the soldered conneclions near the

leadpoint may be damaged.

Additional EUT Data

[ Manutaciured by

SPEAG
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DASYS5 Validation Report for Head TSL
Date: 24.03.2023
Test Labormiory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V - SN:1229
Communication System: UID 0 - CW; Frequency: 750 MHz
Medium parameters used: = 750 MHz; 0 = 0.9 5/m; & = 41; p = 1000 kg/m”
Phantom section: Flat Section
Measurement Standard: DASYS (IEEEAEC/ANSI Ca3.19-2011)
DASYS2 Conliguration:
s Probe: EX3DV4 - SN7349; ConvF(10U0], 10000, 10001y @ 750 MHz: Calibrated: 10000.2023
«  Sensor-Surface: L4mm (Mechanical Surface Detection)
+ Electronics: DAES Sn601; Calibrated: 19.12.2022
=  Phanton: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

= DASYS2 52.10.4(1535), SEMCAD X 14.6.14(7501)

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

Reference Value = 59.57 ¥im; Power Drift = -0.0% dB

Peak SAR (extrapolated) = 3,20 Wikg

SAR(] ) = 2.13 W/kg; SAR(10 g) = 1.38 Wikg

Smallest distence from peaks 1o all points 3 dB below = 17 mm

Ratio of SAR at M2 to SAR at M| = 66.2%

Maximum valee of SAR (measured) = 2.83 Wikg

-2.40
4,80
-7.20
9,60

-12.00

0 dB =2 83 Wikg = 4.52 dBWikg
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Impedance Measurement Plot for Head TSL
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:
a) |[ECNEEE 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
centar 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 al the stated antenna input power.

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

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

The reported uncertainty of measurament 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%.

Carificate Mo: D1 750V2-1150_Mar23 Page 2 of B
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Measurement Conditions

DASY system configuration, as lar &s nol ghven on page 1.
DASY Version DASYS2 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Conter - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency 1750 MHz £ 1 MHz
Head TSL parameters
The loliowing parameters and caloulations were applied
Temparature Parmittivity Condustivity
Nominal Head TSL paramelers x2oc 401 1.37 mha'm
Maasured Head TSL parameters (220202)°C B8+6% 1.33 mhoim £ 6 %
:—Hlld 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 measunad 250 mW input power 880 Wikg

SAR for rominal Head TSL paramesars

normalized o 1W

36.0 Wikg £ 17.0 % (k=2

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

condition

SAR measuned

250 mW input power

4,659 Wikg

SAR for nominal Head TSL paramelers

normalized to 1W

16.2 Wikg £ 16.5 % (k=2}

Cerificate Mo D1 750V2.1190_Mar23d
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed 1o feed poinl 46.9 0+ 3.8 j2
Retum Loss - 26.0 dB

General Antenna Parameters and Design

Elecirical Delay {one direction} 1.211 ns __]

Afler long term use with 100W radiated power, only a slight warming of the dipole near the Teadpoint can ba measured.

The dipote is made of standard semirigid coaxial cable. The cenler conductor of the feeding line is directly connected to the
second arm of the dipole. Thix antenna is therefions short-circuiled for DC-signats. On gome of the dipoles, small end caps
are added 1o the dipole arms in order 1o improve matching when Isaded 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 appled o the dipole arms, bacausa they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

[ Manufactured by SPEAG

Cartiflcate No: D1T5002-1100_Mar23 Page 4 ol &
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DASYS Validation Report for Head TSL

Date: 27.03.2023
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: DIT50V2; Serial: DI7TS0VI - SN:1199

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

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

Measurement Standard: DASYS (IEEENEC/ANS] C63.19-2011)

DASYS2 Configuration:
+  Probe: EX3DV4A - SNT349; ConvF(8.67, 8.67, 8.67) @ 1750 MHz: Calibrated: 10.01.2023
«  Sensor-Surface: L4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 19.12.2022
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial; 1001
»  DASYS2 52.104(1535); SEMCAD X 14.6,14(7501)

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

Reference Value = 104.8 ¥/m; Power Drift = 0,05 dB

Peak SAR (extrapolated) = 163 Wikg

SAR(I g) = B.89 Wikg; SAR(10 g) = 4.69 Wik

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

Ratio of SAR at M2 to SAR at M1 = 54.5%

Maximum value of SAR (measured) = 13.3 Wikg

0dB = 13,8 Wikg = 1139 dBW/kg

Canifcate Ma: D1 750V2-1199_Mar23 Page 5ol B
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Impedance Measurement Plot for Head TSL
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Client BACL Certificate No: Z23-60084

CALIBRATION CERTIFICATE

Object D1800V2 - SM: 5d231

Calibration Procadure{s) FF-Z11-003-01

Calibraticn Procadures for dipole valldation kits

Calibration date: February 17, 2023

This calibration Cerlificale documents the raceability to national standards, which realize the physical unils ol
measuramants (S1). The measurements and the uncartainties with confidence probability are given on the following
pages and are parl of the cerfificate.

All calibrations have been conducted in the closed laboratory facility. environment temperature (2243)°C and
humidity<70%.

Calibration Equipment used (MA&TE crilical lor calibration)

Primary Standards ID# Cal Date (Calibrated by, Certificate No.)  Scheduled Calibration
Power Meter NRP2 106276 10-May-22 (CTTL, No.J22X03103) May-23
Power sensor  NRPGA 101368 10-May-22 (CTTL, Mo.J22X03103) May-23
Reference Probe EX30V4 | SN 7464 18-Jan-23 (CTTL-SPEAG No.Z22-60565) Jan-24
DAE4 SM 1556 "—dwﬂ{ﬂm—sm,ﬂu.m&ﬂﬂﬁ#} Jan-24
Secondary Standards ID# Cal Date (Calibrated by, Cerfificale No.)  Scheduled Calibration
Signal Generator E4438C | MY45070393  17-May-23 (CTTL, No.J22X03157) May-24
MetworkAnalyzer ESOT1C | MY46110673  10-Jan-23 (CTTL, No. J23X00104) Jan-24

Namea Function Signature

A oy Zhao Jing SAR Test Engineer 'g ﬁ

Reviewed by: Lin Hao SAR Test Enginear M

Approved by: Ci Dianyuan SAR Project Laadar #&_ ]

Issund: Fobruary 24, 2023
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: £23-60084 Page 1 of &
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CALIBRATION LARORATORY
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Add: Mo52 HuaYuanBel Road, Haidian District, Betjing, 100091, China
Tel: +86-10-6204633-2117

E-mail; ctilifhchinanlcom Bttp e calict.nccn
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMxy.z
MNIA not applicable or not measured

Callbration 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 Flelds from Hand-held and Body-mounted
Wireless Communication Devices- Part 1528: Hurmman Models, Instrumentation and
Procedures (Frequency range of 4 MHz to 10 GHz)", October 2020

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

Additional Decumantation:
c) DASY4/5 System Handbook

Methods Applied and Interpretation of Parametors:

s Measurernent Conditions: Further delails are available from the Validation Report at the end
of the certificata. All figures stated in the certificate are valid at the frequency indicated.

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

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

s Elsctrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

s SAR measured: SAR measured at the staled antanna Input power,

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

s SAR for nominal TSL parameders: The measured TSL parameters are used lo calculate the
nominal SAR result.

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

Certificate No: Z23-60024 Page 2 of &
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CAICT

Measurement Conditions
DASY syslern configuralion, as far as not ghven on page 1, =
DASY Version DASYEZ 52104
Extrapolation Advanced Extrapolalion
Phantom Tripla Fial Phantom 5.1C
um.un“ Dipole l::amr TSL 40 rramn with Spacor
zmm Sean Ihi-nhlﬂnn dx, dy, dz = 5 mm
Froquency 1900 MHz £1 MHz
Head TSL parameters
The following paramabers and calculations wern applied,
Temporature Parmittivity Conductivity
Nominal Head TSL paramalars 20T 40,0 1.40 mhadm
Measured Head TSL paramaters (220102) T 9.0 £6% 1.38 mhodm £ 8 %
Head TSL tomperature change during teat <10 T e - N
SAR result with Head TSL »
SAR avaraged over 1_cm’ (1 g) of Head TSL ~ Condition
SAR messunsd 250 mW input pm.rw 10.0 Wikg

SAR for nominal Head TSL paramatess

normialized o 1W

36.0 Wikg +18.8 % (k=2)

SAR averaged over 10 em'

SAR measuned

Certifiente Mo £23-60084

(10 g) of Head TSL | Condition
250 mW Inpul power 5.21 Wikg
SAR far numlml Hoad TSL paramaters normalized o 1W 20,8 Wikg £18.7 % (k=2}
Page 3 of &
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Appendix (Additional assessments outside the scope of CNAS LO570)

Antenna Parameters with Head TSL

Impedanca, ranslormad to fead point ! 5030+ 4,890

Ralurn Loss 1 - 26.1dB

General Antenna Parameters and Design

[ Elacirical Dalay (one direction) I 1.105 ns.

Aftor long term use with 100W radiated power, enly a slighl waming of the dipole near the feed-point can
be measured.

The dipole is made of standard semirigld coaxial cable. The center conductor of the feeding line |s directly
connecied o the second amm of the dipole. The antenna is therefore short-circuited for DC-signals. On soma
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 “Measurermant Conditions™ paragraph. The SAR data are nol
affaciad by this change. The overall dipole length is still according to the Standard.

Mo excessive force must be applied io the dipole arms, because they might bend or the soldered
conmechions near he feed-point may be damaged.

Additional EUT Data

Manufacturod by SPEAG i

Certifieate No: Z23-60084 Page 4 of &
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DASYS Validation Report for Head TSL Date: 2023-02-17
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d231
Communication System: UTD 0, CW; Frequency: 1900 MHz
Medium parameters used: = 1900 MHz; a = 1.393 S/im; &= 18.96; p = 1000 kg/m’
Fhantom section: Right Section
Measurement Standard: DASY S (IEEENEC/ANSI C63.19-2007)
DASYS Configuration:

« Probe; EXIDV4 - SNT7464; ConvF(R.13, 8,13, 8.13) @ 1900 MHz; Calibrated:
2023-01-19

s Sensor-Surface; 1.4mm (Mechanical Surface Detection)

« Electronics: DAE4 Snl556; Calibrated: 2023-01-11

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

«  DASYS2 52.10.4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 100.8 Vim; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 18.9 Wikg

SAR(1 g) = 10 Wikg; SAR(10 g) = 5.21 Wikg

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

Ratio of SAR at M2 to SAR at M1 = 53.6%

Maximum value of SAR (measured) = 15.7 Wikg

dB
n
349
B4
-10.45
-13.9%
L [
“17.44 .
0dB = 157 Wikg = 11.96 dBW/kg
Cerificate Mo: F23-60084 Page 5 of 6
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Impedance Measurement Plot for Head TSL
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APPENDIX D RETURN LOSS&IMPEDANCE MEASUREMENT

Equipment Details:

Description: Dipole
Manufacturer: Speag
Model Number: D750V3
Serial Number: 1229
Calibration Date: 2024/03/26
Calibrated By: Bob Lu
Signature: Bob Lu

All Calibration have been conducted in the closed laboratory facility: Lab Temperature 18°C-25°C and humidity < 70%
The calibration methods and procedures used were as detailed in:

KDB Publication Number: “KDB865664 D01 SAR Measurement 100 MHz to 6 GHz”

1. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.

2. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.

Calibrated Equipment:

. Calibration | Calibration
Equipment Model S/N Date Due Date
Simulated Tissue Liquid Head HBBL600-10000V6 2200808-2 Each Time
SAM Twin Phantom SAM-Twin V8.0 1962 NCR NCR
Network Analyzer E5071C SER MY46519680 2023/06/08 2024/06/07
Network Analyzer Calibration Kit 50Q 51026 NCR NCR
Test Data:
Frequenc Simulated Measured
b Yy Parameter Target Deviation G BEICE Results
(MHz) Liquid Value Value Range
Return Loss | 27.796 dB | 29.503 dB -5.786% +20%; >20dB Pass
Real
750 Head 49.557Q | 53.314Q 3.757 Q <5Q Pass
Impedance
Imaginary 1 5430 | 09920 | 4440 <50 Pass
Impedance
Note: Return Loss Deviation = (Measured-Target)/Targetx 100%
TR-EM-SA005 Page 28 of 33 Version 3.0
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Dipole, 750MHz, 1229
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Equipment Details:

Description:
Manufacturer:
Model Number:
Serial Number:
Calibration Date:
Calibrated By:
Signature:

Dipole

Speag
D1750V2
1199
2024/03/26
Bob Lu

En'{} L

All Calibration have been conducted in the closed laboratory facility: Lab Temperature 18°C-25°C and humidity < 70%

The calibration methods and procedures used were as detailed in:

KDB Publication Number: “KDB865664 D01 SAR Measurement 100 MHz to 6 GHz”
1. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
2. The measurement of real or imaginary parts of impedance does not deviate more than 5 from
the previous measurement.

Calibrated Equipment:

. Calibration | Calibration
Equipment Model S/N Date Due Date
Simulated Tissue Liquid Head HBBL600-10000V6 2200808-2 Each Time
SAM Twin Phantom SAM-Twin V8.0 1962 NCR NCR
Network Analyzer E5071C SER MY46519680 | 2023/06/08 2024/06/07
Network Analyzer Calibration Kit 50Q 51026 NCR NCR
Test Data:
Frequency | Simulated Measured
4 y Parameter Target Deviation LGOI Results
(MHz) Liquid Value Value Range
Return Loss | 26.929 dB | 26.017 dB 3.505% +20%; >20dB Pass
Real
1750 Head 45.532Q | 46.939Q 1.407 Q <5Q Pass
Impedance
Imaginary |-y 4500 | 37650 | 49190 <50 Pass
Impedance
Note: Return Loss Deviation = (Measured-Target)/Targetx 100%
TR-EM-SA005 Page 30 of 33 Version 3.0
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Equipment

Description:

Details:

Manufacturer:
Model Number:
Serial Number:
Calibration Date:
Calibrated By:

Signature:

Dipole
Speag
D1900V2
5d231
2024/02/01
Bob Lu

En'{} L

All Calibration have been conducted in the closed laboratory facility: Lab Temperature 18°C-25°C and humidity < 70%

The calibration methods and procedures used were as detailed in:

KDB Publication Number: “KDB865664 D01 SAR Measurement 100 MHz to 6 GHz”
1. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
2. The measurement of real or imaginary parts of impedance does not deviate more than 5 from
the previous measurement.

Calibrated Equipment:

. Calibration | Calibration
Equipment Model S/N Date Due Date
Simulated Tissue Liquid Head HBBL600-10000V6 2200808-2 Each Time
SAM Twin Phantom SAM-Twin V8.0 1962 NCR NCR
Network Analyzer E5071C SER MY46519680 | 2023/06/08 2024/06/07
Network Analyzer Calibration Kit 50Q 51026 NCR NCR
Test Data:
Frequency | Simulated Measured
4 y i Parameter " Target Deviation LGOI Results
(MHz) Liquid Value Value Range
Return Loss | 27.268 dB | 26.067 dB 4.607 % +20%; >20dB Pass
Real
1900 Head 52.799 Q | 50.307 Q 2492 Q <5Q Pass
Impedance
Imaginary |- 3 530 | 40850 | -1.5320 <50 Pass
Impedance
Note: Return Loss Deviation = (Measured-Target)/Targetx 100%
TR-EM-SA005 Page 32 of 33 Version 3.0




Bay Area Compliance Laboratories Corp.(Shenzhen) Report No.: 2401 V58287E-SA

Dipole, 1900MHz, Sd231
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