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Calibration certificate

1. Dipole

D750V3 - SN 1188(2022/03/29)

D835V2 - SN 4d042(2022/06/08)

D1800V2 - SN 254(2022/06/16)

D1900V2 - SN 5d136(2022/06/07)

D2450V2 - SN 955(2022/06/06)

D2600V2 - SN 1158(2022/03/30)

D5GHzV2 - SN 1042(2022/06/01)

2. DAE

DAE4 - SN 760(2022/06/06)

3. Probe

EX3DV4 - SN 3836 (2022/06/27)
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Object D750V3 - SN: 1188

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

Calibration Procedures for dipole validation kits

Calibration date: March 29, 2022
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 24-Sep-21 (CTTL, No.J21X08326) Sep-22
Power sensor NRP8S 104291 24-Sep-21 (CTTL, No.J21X08326) Sep-22
Reference Probe EX3DV4 | SN 7307 26-May-21(SPEAG,No.EX3-7307_May21) May-22
DAE4 SN 1556 12-Jan-22(CTTL-SPEAG,N0.Z22-60007) Jan-23
Secondary Standards ID# Cal Date (Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 13-Jan-22 (CTTL, No.J22X00409) Jan-23
Network Analyzer E5071C | MY46110673 14-Jan-22 (CTTL, No.J22X004086) Jan-23

Name Function Signature

Calibrated by: 3 ) | 2

Y Zhao Jing ’ SAR Test EngmeFl‘i ﬁ/ 71

Reviewed by: Lin Hao ’ SAR Test E‘pgineienf \Tﬁ)t%o

i i i Qi Dianyuan ' SAR Project Lea%i L oo L
JEAR o bt =
|

‘ i Issued: April 3, 2022
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEC/IEEE 62209-1528, “Measurement Procedure for The Assessment of Specific Absorption
Rate of Human Exposure to Radio Frequency Fields from Hand-held and Body-mounted
Wireless Communication Devices- Part 1528: Human Models, Instrumentation and
Procedures (Frequency range of 4 MHz to 10 GHz)”, October 2020

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

Additional Documentation:
c) DASY4/5 System Handbook \

Methods Applied and Interpretation of Parameters:

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 dlpole 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.

o 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.

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

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

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

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

| |

T
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 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 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 42.0 0.90 mho/m
Measured Head TSL parameters (22.0+0.2)°C 414+6% 0.89 mho/m + 6 %
Head TSL temperature change during test| 206 LI -l

SAR result with Head TSL

SAR averaged over1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.07 Wikg
SAR for nominal Head TSL parameters normalized to 1W 8.27 Wikg * 18.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 1.37 Wikg
SAR for nominal Head TSL parameters [ normalized to 1W 5.48 W/kg * 18.7 % (k=2)
[
|
i i
|
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 53.6Q- 1.13j)Q

Return Loss -28.7dB

General Antenna Parameters and Design

Electrical Delay (one direction) 0.947 ns —‘

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

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

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

Additional EUT Data

Manufactured by SPEAG W
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DASYS Validation Report for Head TSL Date: 2022-03-29

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1188
Communication System: UID 0, CW; Frequency: 750 MHz; Duty Cycle: 1:1
Medium parameters used: f= 750 MHz; ¢ = 0.888 S/m; &; = 41.36; p = 1000 kg/m*
Phantom section: Right Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASY5 Configuration:

e Probe: EX3DV4 - SN7307; ConvF(10.31, 10.31, 10.31) @ 750 MHz; Calibrated:
2021-05-26

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

e Electronics: DAE4 Sn1556; Calibrated: 2022-01-12

e Phantom: MFP_VS5.1C (20deg probe tilt); Type: QD 000 P51 Cx; Serial: 1062

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

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

Reference Value = 55.06 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.07 W/kg

SAR(1 g) =2.07 W/kg; SAR(10 g) = 1.37 W/kg

Smallest distance from peaks to all points 3 dB below = 18.9 mm

Ratio of SAR at M2 to SAR at M1 =67.1%

Maximum value of SAR (measured) = 2.74 W/kg

dB
0

-2.04

-4.08

-6.12

-8.16

-10.20

0 dB = 2.74 W/kg = 4.38 dBW/kg
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Impedance Measurement Plot for Head TSL
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Client CCSs-sZ Certificate No:  Z222-60172

CALIBRATION CERTIFICATE

Object D835V2 - SN: 4d042

Calibration Proced
ure(s) FF-Z11-003-01

Calibration Procedures for dipole validation kits

Calibration date: June 8, 2022

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 (2243)°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 24-Sep-21 (CTTL, No.J21X08326) Sep-22
Power sensor NRP8S 104291 24-Sep-21 (CTTL, No.J21X08326) Sep-22
Reference Probe EX3DV4 | SN 7464 26-Jan-22(SPEAG No.EX3-7464_Jan22) Jan-23
DAE4 SN 1556 12-Jan-22(CTTL-SPEAG, N0.Z22-60007) Jan-23
Secondary Standards D # Cal Date (Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 13-Jan-22 (CTTL, N0.J22X00409) Jan-23
Network Analyzer ES071C | MY46110673  14-Jan-22 (CTTL, No.J22X00406) Jan-23

‘ Name Function Signature

Calibrated by: Zhao Jing SAR Test Engineer %’J X

Reviewed by: Lin Hao SAR Test Engineer \M :

Approved by: Qi Dianyuan SAR Project Leader VY.

S Issued: June 13, 2022
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMXx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEC/IEEE 62209-1528, “Measurement Procedure for The Assessment of Specific Absorption
Rate of Human Exposure to Radio Frequency Fields from Hand-held and Body-mounted
Wireless Communication Devices- Part 1528: Human Models, Instrumentation and
Procedures (Frequency range of 4 MHz to 10 GHz)", October 2020

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

Additional Documentation:
c) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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.

» 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.

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

e SARmeasured: 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.

« 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 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 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 0.80 mho/m
Measured Head TSL parameters (220%02)°C 41926% 0.88 mho/m £ 6 %
Head TSL temperature change during test <10°C — —
SAR result with Head TSL
SAR averaged over1 cm’ (1 g) of Head TSL Condition —;
SAR measured 250 mW input power 2.36 Wikg '
SAR for nominal Head TSL parameters normalized to 1W 9.60 W/kg £ 18.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 1.54 Wikg
SAR for nominal Head TSL parameters normalized to 1W 6.24 W/kg + 18.7 % (k=2)
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 48.90- 1.98jQ

Return Loss - 32.8dB

General Antenna Parameters and Design

[ Electrical Delay (one direction) 1.308 ns

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

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

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

Additional EUT Data
Manufactured by [ SPEAG
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DASYS Validation Report for Head TSL Date: 2022-06-08
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d042
Communication System: UID 0, CW; Frequency: 835 MIz; Duty Cycle: 1:1
Medium parameters used: { = 835 MHz; 6 = 0.882 S/m; & = 41.9; p = 1000 kg/m?
Phantom section: Right Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)
DASYS5 Configuration:

¢ Probe: EX3DV4 - SN7464; ConvF(9.96, 9.96, 9.96) @ 835 MHz; Calibrated:
2022-01-26

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

¢ Electronics: DAE4 Sn1556; Calibrated: 2022-01-12

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

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

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

Reference Value = 58.50 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.59 W/kg

SAR(1 g) = 2.36 W/kg; SAR(10 g) = 1.54 W/kg

Smallest distance from peaks to all points 3 dB below = 17 mm

Ratio of SAR at M2 to SAR at M1 = 65.5%

Maximum value of SAR (measured) = 3.16 W/kg

I T

dB
0

-2.15

-4.30

-6.46

-8.61

-10.76

0 dB =3.16 W/kg = 5.00 dBW/kg
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Impedance Measurement Plot for Head TSL
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CALIBRATION CERTIFICATE

Object

Calibration date:

D1800V2 - SN: 254

FF-Z11-003-01
Calibration Procedures for dipole validation kits I

June 186, 2022

/ Calibration Procedure(s)

Pages and are part of the certificate.

humidity<70%.

All calibrations have been conducted in
Calibration Equipment used (M&TE critical for calibration)

_Scheduled Calibration

P::::;y ::ndards 1D # Cal Date (Calibrated by, Certificate No. )
pm: san!:;r N':::ss : ggﬁ; 7 24-Sep-21 (CTTL, NOJ21X08326) Sep-22
1 24-Sep-21 (CTTL, No. J21X08326)
g:fg;onoe Probe EX3DV4 | SN 7464 26-Jan-22(SPEAG.No. EX3-7464 _Jan22) ﬁ:np:gi
SN 1556 12-Jan-22(CTTL-SPEAG, N0.Z22-60007) Jan-23
Secondary Standards 1D # ‘
Cal Date (Calibrated by, Certificate No.
:lgnal Generator E4438C MY48071430 13-Jan-22 (CTTL, No. J22X00409) : Sereded Cotbration
etwork Analyzer ES071C MY46110873 14-Jan-22 (CTTL, No.. J22X00406) .‘:an.ga
an-23
——— Name Function Signature
Zhao Jing SAR Test Engineer 44 |
J ” - ’
eviewed Lin Hao SAR Test Engineer &> M '
Approved by: Qi Dianyuan SAR Project Leader %

Issued: June 22, 2022

This calibrati
tion certificate shall not be reproduced except in full without written approval of the iaboratory. |
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEC/IEEE 62209-1528, “Measurement Procedure for The Assessment of Specific Absorption
Rate of Human Exposure to Radio Frequency Fields from Hand-held and Body-mounted
Wireless Communication Devices- Part 1528: Human Models, Instrumentation and
Procedures (Frequency range of 4 MHz to 10 GHz)", October 2020

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

Additional Documentation:
c) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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.

* 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,

e 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 system configuration, as far as not given on 1.
DASY Version DASY52 52.10.4
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm ith Spa
Wi cer
Zoom Scan Resolution dx, dy, dz = 5 mm
Fi
requency 1800 MHz + 1 MHz B
Hoad TSL parameters
ers and calculations were applied.
Temperature Permittivity Con
ductivity
Nominal Head
= TSL parameters 220'C 40.0 1.40 mho/m
asured Head
TSL parameters (220+0.2)°C 41.0+6% 1.37 mho/m £ 8 %
Head TSL temperature change during test <10°C —
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition —|
SAR meas powe
— ured 250 mW input r 9.54 Wikg
or nominal Head TSL parameters nomalized to TW 38.9 Wikg £ 18.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL Condition
SAR measured
— 250 mW input power 5.01 Wikg
r nominal Head TSL parameters normalized to 1W 20.3 Wikg + 18.7 % (k=2)
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 50.20- 7.26jQ
Retum Loss 22.8dB

General Antenna Parameters and Design

| Etectrical Detay (one direction) i 1.119 ns —‘

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly

Additional EUT Data

,ianufacﬁ:rod by SPEAG —]

Certificate No: Z22-60188 Page 4 of 6

Unless otherwise agreed in writing, this document is issued by the Company subject to its General Conditions of Service printed overleaf,
available on request or accessible at W -and- {l Attention is drawn to the limitation of liability,
indemnification and jurisdiction issues defined therein. Any holder of this document is advised that information contained hereon reflects
the Company’s findings at the time of its intervention only and within the limits of Client's i { if any. The C s sole
responsibility is to its Client and this document does not exonerate parties to a transaction from exercising all their rights and obligations
under the ion d This di cannot be reproduced except in full, without prior written approval of the Company. Any

horized ion, forgery or falsif ion of the content or appearance of this document is unlawful and offenders may be prosecuted
to the fullest extent of the law. Unless otherwise stated the results shown in this test report refer only to the sample(s) tested and such

sample(s) are retained for 30 days only.
Attention: To check the authenticity of testing /inspection report & certificate, please contact us at telephone: (86-755) 8307 1443,

or email: CN.Doccheck@sgs.com
(.| No.t Workshop,N-10,Midde Section, Scence & TechnologyPark, Nanshan istt, Sherczhen, Guangdong, Chire 518057 ¢ (86-755)26012053  f (86-755)26710504  www.sgsgroup.com.cn

B BT EURHEERRI-10B1S B #P5:518057  t (86-755)26012053 f (86-755)26710594 sgs.china@sgs.com
T
Member of the SGS Group (SGS SA)

e =
BRI 2
%’hlnspecn‘on & Testing Services
G

L
5




SGS-CSTC Standards Technical Services Co., Ltd. Shenzhen Branch

SZEMC-TRF-01 Rev. A/0 Aug01,2022 Page: 18 of 58

* Collaboration with

I~
L7l o e s g CAICT

Add: No.52 HuaYuanBei Road, Haidian District, Beiii i
Tok g6 102306332117 Dt Bejing, 100191, China
E-mail: ctti@chinattl com hetp:/fwww.caict.ac.cn

DASYS Validation Report for Head TSL
Test Laboratory: CTTL, Beijing, China M-
DUg‘: Dipol.e u_wo MHz; Type: D1800V2; Serial: D1800V2 - SN: 254
M:l;}numcahon System: UID 0, CW; Frequency: 1800 MHz; Duty Cycle: 1:1
um parameters used: f= 1800 MHz; ¢ = 1.369 S/m: g = s =' )
Phantom section: Right Section R
Measurement Standard: DASY5 (IEEE/IEC/AN
DASYS Configuration: S1053.15-200)

*  Probe: EX3DV4 - SN7464; ConvF(8.2, 8.2, 8.2 ; Cali
i X , 8.2, 8.2) @ 1800 MHz; Calibrated:

. Scnsor-S‘urﬂace: 1.4mm (Mechanical Surface Detection)
* Electronics: DAE4 Sn1 556; Calibrated: 2022-01-12

* Phantom: MFP_V5.1C (20deg probe tilt); Type: i
<3 ; Type: QD 000 P51 Cx; Serial: 1
« DASYS2 52.10.4(1535); SEMCAD X 14.6.14(7501) * e

Dipole C: uremen
dy:cs)mm‘a;i::sa:;n/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Meas t grid: dx=5mm,
Reference Value = 99.33 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 17.6 Wikg

SAR(1 g) =9.54 W/kg; SAR(10 g) = 5.01 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 54.6%

Maximum value of SAR (measured) = 14.8 Wikg

-6.84
-10.27
-13.69

- = %—__

0 dB = 14.8 W/kg = 11.70 dBW/kg
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Impedance Measurement Plot for Head TSL

Tri sii Log Mag 10.0008/ Raf 0.000dw [F1]
50,00

(3171, 6000000 Gz -32.820 db R = — - : .

=20, 00
|

-30.00 l
‘ 40,00 [
-s6.00 L =23 : i
4}. S11 saith (asfx) s(.na 1.0000 [F1 pel] - -
1 1.8000000 Ghz 50.137 O ~7.2580 @ 12,182-pF
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Ovjact D1500V2 - SN 50133
Calibration
PP FF-Z11-003.01
Cafibeation Procadures for dipole valdation kits
Calivration cale: June 7, 2022
This calibration Certificale documents the traceatbilfy 1o naticnal standards, which reaize the physical unis of
amants (S1). The and the uncanaintes with confidence probatility are given on the following
pages and are part of the certdcads
All calibralicns have been conducied In he closed laboratory facilty: temp (Z2e3)C &
humidity<70%.

Calibration Equipment usad (MATE criscal for calibration)

Primary Standards De Cal Dalo (Caibestod by Cemficale No.)  Schecuied Galbraton
Power Meter  NRP2 108277 24-Sep-21 [CTTL. NoJ21X08326) Sep22
Power sersor NRPES | 104281 24:50p-21 {CTTL. No.J21X06326) Sep-22
Reference Probe EXIDV4 | SN 7484 28-Jan-22(SPEAGNo EX3-7464_Janz2) Jan-23
DAE4 5N 1558 12-Jan-22{CTTL-SPEAG No 222-60007) Jan23
Secondary Stancards D#* Cal Date (Caibeated by, © No) S lad Caloraton
Signal Generstor E4438C | MY490T1430  13-Jan-22 (CTTL, Na J22X00403) Jan-23
Network Anatyzar ESO71C | MYAS110673  14-Jan22 (CTTL. No.J22X00406) Jan23

Name Furcbon Signature
| Caliteated by: Zhao Jing SAR Test Engineer z’z“
Reviewed by Lin Hao SAR Test Engineer N ﬂ&,—?% 3
Approved by Qi Disrypaan SAR Project Leader =L

Issued: June 43, 2022
This calibration cartificate shal not ba reproduced except in full without written approval of the lsboratory,
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Glossary:
TSL tissus simulating Tiquid
ConvF sensitivity in TSL / NORMx.y.2
NIA not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEC/IEEE 62208-1528, "Measurement Procedure for The Assessment of Specific Absorption
Ra.to of Human Exposure to Radio Frequency Fields from Hand-held and Body-mounted
Wireless Communicaticn Devices- Part 1528: Human Models, Instrumentation and
Procedures (Frequency range of 4 MHz 1o 10 GHz)", October 2020

b) KDB 865664, *SAR Measurement Reguirements for 100 MHz to 6 GHz"

Additional Documentation:
¢) DASY4/5 Systern Handbook

Methods Applied and Interpretation of Parameters:

»  Measwement Conditiorrs: Further detalls are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency ndicated.

* Anfenna Paramefers with TSL: The dipole ie mounted with the spacer 1o position its feed
point axactly 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 measurad with the dipole
positionad under the Squid filled phantom. The impedance stated is transformed from the
measurement at the SMA cannector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

» Eiscincal Delsy. One-way delay between the SMA connector and the antenna feed point,
No uncertainty required.

+  SAR measured SAR measured at the staled antenna input power.

. f:nR n;r;ndfzed SAR as measured, normalized to an input pawer of 1 W at the antenna

nector,

« SAR for nominal TSL par Ther d TSL parameters are used to calculate the
nominal SAR resull.

The reported uncertainly of measurement is stated as the standard uncertainty of
Measurement multiplied by the coverage factor k=2, which for a nomal distribution
Corresponds to a coverage probability of approximately 95%.
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Glossary:
TSL tissus simulating Tiquid
ConvF sensitivity in TSL / NORMx.y.2
NIA not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEC/IEEE 62208-1528, "Measurement Procedure for The Assessment of Specific Absorption
Ra.to of Human Exposure to Radio Frequency Fields from Hand-held and Body-mounted
Wireless Communicaticn Devices- Part 1528: Human Models, Instrumentation and
Procedures (Frequency range of 4 MHz 1o 10 GHz)", October 2020

b) KDB 865664, *SAR Measurement Reguirements for 100 MHz to 6 GHz"

Additional Documentation:
¢) DASY4/5 Systern Handbook

Methods Applied and Interpretation of Parameters:

»  Measwement Conditiorrs: Further detalls are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency ndicated.

* Anfenna Paramefers with TSL: The dipole ie mounted with the spacer 1o position its feed
point axactly 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 measurad with the dipole
positionad under the Squid filled phantom. The impedance stated is transformed from the
measurement at the SMA cannector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

» Eiscincal Delsy. One-way delay between the SMA connector and the antenna feed point,
No uncertainty required.

+  SAR measured SAR measured at the staled antenna input power.

. f:nR n;r;ndfzed SAR as measured, normalized to an input pawer of 1 W at the antenna

nector,

« SAR for nominal TSL par Ther d TSL parameters are used to calculate the
nominal SAR resull.

The reported uncertainly of measurement is stated as the standard uncertainty of
Measurement multiplied by the coverage factor k=2, which for a nomal distribution
Corresponds to a coverage probability of approximately 95%.
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Measurement Conditions
DASY system configuration, 85 r 88 not ghononpage 1. .

DASY Varsion DASYS2 52104
Extrapolation Advanced Exvapciaton

Phantom Ticke Fist Phartom 5.1C
Distance Dipole Center - TSL 1amm wih Bpacer
Zoom $can Resolution dx, dy, dz =S mm
Frequency 1800 MHz ¢ 1 Mz |

Head TSL parameters
The following paramatars and cReWstcns were appled
Tempersture Permistivity Conductivity

Head TSL p 20°C 40.0 1.40 mho/m
Ll Head TSL 20:02)"C 90:6% 139 mho/m £ 6 %
Head TSL temperature change during test «10°C —_— -

SAR result with Head TSL
SAR aversged over 1 ¢’ (1 g) of Head TSL Corifion |
SAR messured 250 mW Input power 9.95 Why

SAR for nominsl Head TSL paramaters normaiized fo 1W 40.0 Wikg £ 18.8 % (k=2)
S

SAR averagad over 10 o1’ {10 g) of Head TSL Condison ‘

SAR measuwred 250 miV inget power 5.16 'Wkg
| SAR for nominat Head TEL pardmelers nxmalized 0 1W 20.6 Wikg £ 18.7 % (k=2)
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Appendix (Additional assessments outside the scope of CNAS LO0570)

Antenna Parameters with Head TSL

Impedancs, transfarmed 1o feed point §1.20+ 7580 j
Ratun Logs -22.448

General Antenna Parameters and Design

| Etectrical Dalay (one divection) | 1.108 ns |

After lcng term use with 100W radiated power, only & slight warming of the o rear th i
be ly & slig rg paie & $aed-point can

The dpaie is Mace of 8tandard semirgid coamal cabia. The cernter conductor of tha feading ine is drectly
connected to the second amm of the dipole. The antenna & therefore shor-circuited for OCsignals. On some
of the dipcles, =mall and cape are sdded 1o the dipcle arms n crder o improve maiching when loaded
accordng to the poston as explanad in he *M W C " paragraph. Tha SAR dats are nat
affectad by this change. The overall dipcle length is stil sccording 1o the Standard

No excessive force must ba sppled Lo Me dpole 3rms, because thay might bend or the scidered
connections near the feed point may be damaged

Additional EUT Data

[ Mamtscrredty SPEAG
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DASYS Validation Report for Head TSL Diate: 20220807
Test Laboratory: CTTL, Beijing. China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: DI900V2 - SN: 54136
Communicstion System: UID 0, CW; Frequency: 1900 MHz Duty Cyele: 111
Medium paramesers used: £ = 1900 MHz: o = 1.385 S/m: & = 39.85; p = 1000 kg/'m’
Phentom section: Right Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS Configurstion:

»  Probe: EX3DV4 - SN7464; ConvE(8.18, 8.18, 8.18) @ 1900 MHz; Calibrated:
2022.01-26

«  Sensor-Surfice: | 4mm (Mechanical Surface Detection)

s  Ekctronics: DAEA Snl356; Calibrated: 2022-01-12

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

« DASYS252.10.4(1535). SEMCAD X 14.6.14(7501)

Dipole Callbration/Zoom Scan (7x7x7) (Tx7x 7V Cube {: Measurement grid: dx=$mm,
dy=Smm, dz=Smm

Reference Value = 99.99 Vim; Power Drift = 0.04 dB

Peak SAR (extrapolated) < 18.6 Wkg

SAR(1 2) = 9.95 Wikg: SAR(10 g) = 5,18 Wikg

Smallest distance from peaks to all poinis 3 dB below = 9.2 mm

Ratio of SAR at M2 10 SAR &t M| = 54.1%

Maximum value of SAR (measured) = 15.6 Wkg

2 | LAl

-13.93

=

-17.41 — -
0dB =156 Wikg = 11.93 dBW/kg
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Impedance Measarement Plot for Head TSL
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Object D2450V2 - SN: 856
Calibration Procedure(s) FF-211-003-01

Calibration Procedures for dipole validation kits
Calibration date: June 8, 2022

This calibration Certificate documents the traceability to national standards, which realize the physical units of

measurements (S1). The measurements and the uncertainties with confidence bility are
probal ven foliowi
' pages and are part of the certificate. Y g L

Il cal sed ’ito'y
All ibrations have been conducted in the clo: labol m‘l‘y environment temperature (2223 y°C and
{

Calibration Equipment used (M&TE critical for callbration)

Primary Standards D# Cal Date (Calibrated by, Certificate No.)  Scheduled Calibration
Power Meter NRP2 106277 24-Sep-21 (CTTL, No.J21X08326) Sep-22
Power sensor NRP8S | 104291 24-Sep-21 (CTTL, No.J21X08328) Sep-22
Reference Probe EX3DV4 | SN 7464 26-Jan-22(SPEAG No.EX3-7464_Jan22) Jan-23
DAE4 SN 1556 12-Jan-22(CTTL-SPEAG No.222-60007) Jan-28
Secondary Standards ID # Cal Date (Calibrated by, Certicate No)  Scheduled
Signal Generator E4438C | MY49071430 13-Jan-22 (CTTL. No. J22X00408) Jan-
Network Analyzer E5071C | MY46110673  14-Jan-22 (CTTL, No.J22X00406) Jan-23

Name Function Si
. gnature

Callbrated by: Zhao Jing SAR Test Engineer : %

Reviewed by: . ; n
eviewed by Lin Hao SAR Test Engineer it %

Approved by: Qi Dianyuan SAR Project Leader ;)z&‘ ;

Issued: June 13, 2022
|_This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEC/IEEE 62209-1528, “Measurement Procedure for The Assessment of Specific Absorption
Rgte of Human Exposure to Radio Frequency Fields from Hand-held and Body-mounted
Wireless Communication Devices- Part 1528: Human Models, Instrumentation and
Procedures (Frequency range of 4 MHz to 10 GHz)", October 2020

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

Additional Documentation:
¢) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

o Measumment 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.

e 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.

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

« SAR for nominal TSL par ters: The r ed TSL parameters are used to calculate the
nominal SAR result.

The reported uncertglnty 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 85%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS52 52104 : |
Extrapolation Advanced Extrapolation '
Phantom Triple Flat Phantom 5.1C
| Distance Dipole Center - TSL 10mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz £ 1 MHz _j
Head TSL parameters
The 1s and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220 392 1.80 mhoim
Measured Head TSL parameters (220£02)"C 400+6% 1.81 mho/m 6 %
Head TSL temp hange during test <1.0°C = =
SAR result with Head TSL
SAR averaged over1_cmr’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.3 Wikg
SAR for nominal Head TSL parameters normalized to 1W 53.4 Wikg £ 18.8 % (k=2)
SAR averaged over 10 ¢’ (10 g) of Head TSL Condition ‘
SAR measured 250 mW input power 6.21 Wikg
LSARfornomlnd Head TSL parameters normalized to 1W 24.9 Wikg £ 18.7 % (k=2)
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 52.80+ 2.96j0 |
Retumn Loss -28.1d8

General Antenna Parameters and Design

| Electrical Delay (one direction) ] 1.071 ns |

After long term use with 100W radiated power, a slight warming of the dipol -poil
2 o only a slig ng ipole near the feed-point can

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 applled to the dipole arms, because they might bend or the soidered
connections near the feed-point may be damaged.

Additional EUT Data

LMsruacruned by SPEAG
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DASYS Validation Report for Head TSL Date: 2022-06-06
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 955
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium parameters used: f = 2450 MHz; o = 1.806 $/m; &, = 40.03; p = 1000 kg/m?
Phantom section: Right Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

* Probe: EX3DV4 - SN7464: ConvF(7.77, 7.77, 7.77) @ 2450 MHz; Calibratcd:
2022-01-26

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

* Electronics: DAE4 Sn1556; Calibrated: 2022-01-12

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

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

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

Reference Value = 99.82 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 27.2 W/kg

SAR(1 g) = 13.3 W/kg; SAR(10 g) = 6.21 W/kg

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

Ratio of SAR at M2 to SAR at M1 =49.5%

Maximum value of SAR (measured) = 22.2 Wikg

0dB = 22.2 W/kg = 13.46 dBW/kg
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Impedance Measurement Plot for Head TSL
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Object D2600V2 - SN: 1158

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

Calibration Procedures for dipole validation kits

Calibration date: March 31, 2022
This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements (S). The measurements and the uncertainties with confidence probability are given on the following

pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID # Cal Date (Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 106277 24-Sep-21 (CTTL, No.J21X08326) Sep-22
Power sensor NRP8S 104291 24-Sep-21 (CTTL, No.J21X08326) Sep-22
Reference Probe EX3DV4 | SN 7307 || 26-May-21(SPEAG,No.EX3-7307_May21) May-22
DAE4 SN 1556 12-JT‘n-22(C‘I'I'L-SPEAG,No.Z22-60007) Jan-23

|
|
Secondary Standards ID # | cal Qate (Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 13-Jan-22 (CTTL, No.J22X00409) Jan-23
Network Analyzer E5071C | MY46110673  14-Jan-22 (CTTL, No.J22X00406) Jan-23
Name Function Signature
i = | ) 3 |
Calibrated by: Zhao Jing &“ ! ISAR Test Engineer ﬁ"
¢ I e
) " "
Reviewed by: Lin Hao {L | SAR Test Engineer
Approved by: Qi Dianyuan SAR Project Leabér
;| |

[ Issued: April 6, 2022
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
1
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