DASYS5 Validation Report for Head TSL

Date: 02,09.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:924

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

Medium parametets used: f= 2450 MHz; o= 1.84 S/m: .= 38.9: p = 1000 kg/m’
Pliantom section: Flal Section

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

DASYS2 Conliguration:
«  Probe: EXADV4 - SN7349; ConvF(7.74, 7.74, 7.74) @ 2450 MHz: Calibrated: 29.06.20120
o Sebsor-Swrloee: Tdoun (Mechanical SuiTace Disleclion
o Blectronics: DAE4 Sn601, Calibrafed: 27.12.2019
«  Phantom: Flat Phantom 5.0 (front); Type: QD 000 PSO AA: Serial: 1001

o« DASYS252.104(1527): SEMCAD X 14.6,14(7483)

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

Reference Value = 115.2 V/m; Power Drift = -0.05 dB

Peak SAR (exttapolated) = 254 W/kg

SAR(1 g) = 13.0 W/kg: SAR(I0 g) = 6.04 Wkg

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

Ratio of SAR at M2 to SAR at M| =51%

Maximum value of SAR (measured) = 21.2 Wikg

-4.00
-6.00
-12.00

-16.00

-20.00

0.dB=21.2 Wikg = 13.26 dBW/kg
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Impedance Measurement Plot for Head TSL
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SFORTON LAB.

D2450V2, Serial No. 924 Extended Dipole Calibrations

Referring to KDB 865664 D01, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration),

and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and the

calibration interval can be extended.

D2450V2 - serial no. 924

2450 Head
Real Imaginary
Date of Return-Loss | Delta Delta Delta
Impedance Impedance
Measurement (dB) (%) (ohm) (ohm)
(ohm) (ohm)
2020.9.2 -22.1 53.9 7.2
2021.9.1 -22.1 0.0 51.2 2.7 7.4 -0.2

<Justification of the extended calibration>

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.




SFORTON LAB.

Dipole Verification Data> D2450V2, serial no. 924
2450MHz - Head----2021.9.1

_st L o
1 Start 2.25 GHz Stop 2.65 GHz I 1 Start 2.25 GHa Stop 2,65 Gz I
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Add: No.52 HuaYuanBei Road, Haidian District, Beijing, 100191, Chi {,/,/A\\? v CALIBRATION

Tel: +86-10-62304633-2079  Fax: +86-10-62304633-2504 '/,,/,/,a\‘\\‘ CNAS L0570
E-mail: cttl@chinattl.com http://www.chinattl.cn
Client Sporton Certificate No:  Z21-60554

CALIBRATION CERTIFICATE

Object D2600V2 - SN: 1070

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

Calibration Procedures for dipole validation kits

Calibration date: December 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 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 15-Jan-21(SPEAG,No.DAE4-1556_Jan21) 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
Network Analyzer E5071C | MY46110673 14-Jan-21 (CTTL, No.J21X00232) Jan-22

Name Function Signature
. _ | )
Calibrated by: Zhao Jing 'SAR Test Engineer é %{J

Reviewed by: Lin Hao ' SAR Test Engineer M

. “ [
Approved by: Qi Dianyuan f SAR Project Leader e

\ | Issued: December 27, 2021
This calibration certificate shall not be reproduced éxcept in full without written approval of the laboratory.

1
|
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E-mail: cttl@chinattl.com http://www.chinattl.cn
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 ipole 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 phahtom. 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.

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%.

I

Certificate No: Z21-60554 \ 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=5mm
Frequency 2600 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
| Temperature Permittivity Conductivity
Nominal Head TSL parameters J 22.0°C 39.0 1.96 mho/m
Measured Head TSL parameters (22.0+0.2) °C 401+6 % 1.97 mho/m +6 %
Head TSL temperature change during test <1.0°C N
SAR result with Head TSL
SAR averaged over 1 ¢’ (1 g) of Head TSL Condition

SAR measured 250 mW input power

14.0 Wikg

SAR for nominal Head TSL parameters normalized to 1W

56.2 Wikg * 18.8 % (k=2)

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

SAR measured 250 mW input power

6.14 Wikg

SAR for nominal Head TSL parameters normalized to 1W

24.6 Wikg £ 18.7 % (k=2)

Certificate No: Z21-60554 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 50.50- 6.60jQ

Return Loss - 23.6dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1 | 1.058 ns

|

After long term use with 100W radiated powér, 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: Z21-60554 Page 4 of 6
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DASYS5 Validation Report for Head TSL Date: 2021-12-20
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V? - SN: 1070
Communication System: UID 0, CW; Frequency: 2600 MHz; Duty Cycle: 1:1
Medium parameters used: f = 2600 MHz; 6 =1.97 S/m; &, = 40.05; p=1000 kg/m?
Phantom section: Right Section
Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2007)
DASYS5 Configuration:

e Probe: EX3DV4 - SN7307; ConvF(7.5, 7.5, 7.5) @ 2600 MHz; Calibrated:
2021-05-26 ‘

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

e Electronics: DAE4 Sn1556; Calibrated: 2021-01-15

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

e 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 = 106.3 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 30.8 W/kg

SAR(1 g) = 14 W/kg; SAR(10 g) = 6.14 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 44.7%

Maximum value of SAR (measured) = 24.5 Wikg

dB
0

-4.98
-9.96

-14.95

-19.93

-24.91

0 dB =24.5 W/kg = 13.89 dBW/kg

Certificate No: Z21-60554 Page 5 of 6 | }
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Impedance Measurement Plot for Head TSL

Trl S11 Log Mag 10.00d8/ Ref 0.000d8 [Fi]

=0.10 >l 2.6000000 GHz -23.641 dB —’

40.00

30.00
20.00
10. 00
0.000 p|
-10. 00
-20.00
-20.00

-40.00

-50.00 A ‘J

DI s11 smith (R+jX) scale 1.000U [F1 pDel]
|
>l 2.6000000 GHz 50.512 Q -6.6036 0 9,269Z-pF

1 Start 2.4 GHz IFBW 100 Hz Stop 2.8 GHz [T

Certificate No: Z21-60554 Page 6 of 6
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Client Sporton Certificate No:  Z22-60145
CALIBRATION CERTIFIC L
Object D3500\ 2 - SN: 1076
Calibration Procedure(s) FE-711 173-01

Cali n Procedures for dipole validation kits

Calibration date: May 9, 7022

This calibration Certificate documents the
measurements (Sl). The measuraments and
pages and are part of the certificate.

All calibrations have been conducted in |
humidity<70%.

Calibration Equipment used (M&TE critical ©

"e uncertainties with confidence probability are given on the following

ceability to national standards, which realize the physical units of

closed laboratory facility: environment temperature (22+3)°C and

~alibration)

Primary Standards ID # o Cal Date (Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 106277 4-5ep-21 (CTTL, No.J21X08326) Sep-22
Power sensor NRP8S 104291 24-Sep-21 (CTTL, No.J21X08326) Sep-22
Reference Probe EX3DV4 | S 7307 '5-May-21(SPEAG,No.EX3-7307_May21) May-22
DAE4 SN 1556 2 Jan-22(CTTL-SPEAG No0.222-60007) Jan-23
Secondary Standards ID # = Date (Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | V49071430 i Jan-22 (CTTL, No.J22X00409) Jan-23
Network Analyzer E5071C | M V4611067 lan-22 (CTTL, No.J22X00406) Jan-23

Name Function Signature

Clibrated by. Zhao Jing SAR Test Engineer é é ‘

Reviewed by: Lin Hao SAR Test Eingineer \ fﬁf]}é

Approved by: Qi Dianyuan SAR Projedt Leaher

This calibration certificate shall 1 ot be e

Certificate No: Z22-60145

%

Issued: May 13, 2022
2xcept in full without written approval of the laboratory.

Page 1 of 6
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Glossary:

TSL tisst
ConvF sen:
N/A not ¢

Calibration is Perform

a) IEC/IEEE 62209-152.

Rate of Human Expo:
Wireless Communica
Procedures (Frequen

b) KDB 865664, “SAR Vi

Additional Documenta
c) DASY4/5 System Ha,

Methods Applied and | ite

e Measurement Conc
of the certificate. All

e Antenna Parameter:

point exactly below
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reflected power. No ur
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No uncertainty requ e
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Certificate No: Z22-60145
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itrict. Beijing, 100191, China
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it ¢ fiquid

/ NORMXx,y,z
not measured

g to the Following Standards:

"t Procedure for The Assessment of Specific Absorption
requency Fields from Hand-held and Body-mounted
Fart 1528: Human Models, Instrumentation and
ViHz to 10 GHz)”, October 2020
Hequirements for 100 MHz to 6 GHz”

" ol Parameters:
‘etails are available from the Validation Report at the end

| the certific

ate are valid at the frequency indicated.

he dipole is mounted with the spacer to position its feed
iriing of the flat phantom section, with the arms oriented

i1 Loss: These parameters are measured with the dipole
yhantom. The impedance stated is transformed from the
slor to the feed point. The Return Loss ensures low

~quired.
between the S

- the stated a
r=dl, normalize

MA connector and the antenna feed point.

1ten$a input power.
d to cm input power of 1 W at the antenna

. he measured T;SL parameters are used to calculate the

lrement is

/erage factfr k=2, which for a normal distribution

v of approx

stated as the standard uncertainty of

imately 95%.
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Measurement Conditic ns

DASY system configuratior,, as far s o jiven on page 1.
DASY Version DASY52 52.10.4
Extrapolation 7 1 ‘4, ‘anced Extrapolation
Phantom 1 T‘ple Flat Phantom 5.1C
Distance Dipole Center - T L N 7 10 mm with Spacer
Zoom Scan Resoluiio&; - dy=4mm,dz=14 mm Graded Ratio = 1.4 (Z direction)
Frequency - 3500 MHz + 1 MHz

Head TSL parameters

The following parameters ¢ 1d calculaic - werz applied.
B Temperature Permittivity Conductivity
Nominal Head TSL par: m:; - 22.0°C 37.9 2.91 mho/m
Measured Head TSL pa: zmnhr Y (22.0+0.2) °C 38.1+6 % 2.92 mho/m £ 6 %
Head TSL temperature “hange ! 7 ; <1.0°C e

SAR result with Head = 5L

SAR averaged over 1 ¢ ."i__(’i;," ; ;- SL Condition

SAR measured 100 mW input power 6.62 W/kg

SAR for nominal Head T L_pdll - nqrmalized to TW 66.2 W/kg * 24.4 % (k=2)
SAR averaged over 10 « m’ (10 g) ieard TSL Condition

SAR measured 7 - 100 mW input power 2.55 W/kg

SAR for nominal Head 7 "_ * N normalized to 1\W 25.5 WIkg % 24.2 % (k=2)

\
I
f

\
Certificate No: Z22-60145 Page 3 of 6 | ‘ ‘
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Appendix (Additional asc: ¢ i outside the scope of CNAS L0570)

Antenna Parameters vith

Impedance, transformed o feed po 55.10-6.03jQ

Return Loss -22.5dB
General Antenna Parometer: Jesign

Electrical Delay (one direction) 1.046 ns
After long term use with 100V 1 «er, only a slight warming of the dipole near the feed-point can
be measured.
The dipole is made of staridard semiric - coaxial cable. The center conductor of the feeding line is directly
connected to the second ='m of the ¢ The antenna is therefore short-circuited for DC-signals. On some
of the dipoles, small end caps are adcc o the dipole arms in order to improve matching when loaded
according to the position =5 explain=c  ihe "Measurement Conditions" paragraph. The SAR data are not
affected by this change. 7' 2 over=l! . =ngth is still according to the Standard.
No excessive force must b= appliec ipole arms, because they might bend or the soldered
connections near the feed Hoint i lsmaged.
Additional EUT Data

Manufactured by SPEAG

Certificate No: 722-60145 Page 4 of 6
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DASYS5 Validation Report for Hew o TSL Date: 2022-05-09
Test Laboratory: CTTL, Beijing :
DUT: Dipole 3500 MHz Type: 05 )0V2; Serial: D3500V2 - SN: 1076
Communication Syste m: UIL 0\, Frequency: 3500 MHz; Duty Cycle: 1:1

Medium parameters used: [ = 5£00 ViHz; 0 = 2.924 S/m; & = 38.1; p = 1000 kg/m3
Phantom section: Rignt Section
Measurement Standzrd: DASYS (EFE/IEC/ANSI C63.19-2007)

DASY5 Configuration:

e Probe: EX2DV4 "307;, ConvF(6.87, 6.87, 6.87) @ 3500 MHz;
Calibrated: 2021-05

o Sensor-Su-face: | 41 1 (Mechanical Surface Detection)

o Electronice: DAEZ 1 556 Calibrated: 2022-01-12

o Phantom: /IFP Vo o (20deg probe tilt); Type: QD 000 P51 Cx; Serial:

1062

o DASY525210.4(155 . ; SEMCAD X 14.6.14(7501)
Dipole Calibratic.n /Pin: w4, d=10mm, f=3500 MHz/Zoom Scan,
dist=1.4mm (8x{'x7)/"v:" V2asurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 62.00 \// ; ~ower Drift =/-0.02 dB
Peak SAR (extra olated 9 Wikg
SAR(1 g) =6.62 /i S 10 g)=2.55Wlikg |
Smallest distance from peal - e all points 3 dB below = 8 mm
Ratio of SAR at \'2 o = W1 =76.4%
Maximum value «f SA = csorad) =121 Wikg

dB

0

-6.46

-12.92

-19.39

-25.85

L.
-32.31

[
1.83 dBW/kg

|

Certificate No: 722-60145 Page 5 of 6
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Impedance Meast venici -l [0 Head TSL

CAICT

Trl s11 Log Mag 10.00dB/ Ref 0.000dB [F1]

20-00 = —375500000 GHz —22.518 dB
40.00

30.00
20. 00
10.00
0. 000 |

-10.00

-20.00 \

<=

-30.00

-40.00

-50.00

P s11 smith (R+jx) Scale 1.000U [F1 Del]

-

S/
y
/

/

/

S

>1° 3.5000000 GHz 55.063 0 -6.0324 0 7.5382-pF
P

|1 Start 3.3 GHz

Certificate No: Z22-60145
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IFBW 100 Hz
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CALIBRATION CER TIFIC

Object D3700\
Calibration Procedure(s) o

~
Calibration date: May ¢

This calibration Certificate documents (he
measurements (Sl). The measur=ments =nd
pages and are part of the certific ate

All calibrations have been conducted i
humidity<70%.

Calibration Equipment used (M& TE

Primary Standards ID #
Power Meter NRP2 105277 B
Power sensor NRP8S 104291
Reference Probe EX3DV4 | SI' 7307
DAE4 Sh 155¢

ijing, 100191

Yy,
&7, m arsn CAICT

o\

\‘\

>§'

N
’l/"ll ih |\\‘\\\

l//",

c.cn

Certificate No:

v CALIBRATION
CNAS L0570

Z22-60146

- SN: 1037

)3-01

“rocedures for dipole validation kits

ceability to national standards, which realize the physical units of
e uncertainties with confidence probability are given on the following

closed laboratory facility: environment temperature (22+3)°Cc and

=![bration)

il Date (Calibrated by, Certificate No.)

Scheduled Calibration

I-Sep-21 (CTTL, No.J21X08326)

4-Sep-21 (CTTL, No.J21X08326)
5 May-21(SPEAG,No.EX3-7307_May21)

L Jan-22(CTTL-SPEAG,No.222-60007)

Sep-22
Sep-22
May-22
Jan-23

Secondary Standards D # ~ alDate (Calibfated by, Certificate No.) Scheduled Calibration

Signal Generator E4438C | VI 4907 14" lan-22 (CTTL, No.J22X00409) Jan-23

Network Analyzer E5071C | IV /46110 lan-22 (CTTL, No.J22X00406) Jan-23

Name Function Sugnatum
Calibrated by: Zh=0 Jing SAR Test Engineer -g 7|
Reviewed by: Lin Hao SAR Test Engineer ﬁﬁ?ﬁ;
i ‘ ;

Approved by: Qi Diany! SAR Projed_t Leal‘de%r

This calibration certificate shall 11t be re

1 except in full without

Issued: May 13, 2022
written approval of the laboratory.
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Sl  CALIBRATION LABORATORY

Add: No.52 HuaYuanBei 2oad. Haii rict, Beijing, 100191, China
Tel: +86-10-62304633-2 117
E-mail: cttl@chinattl.con htip: v.caict.ac.cn

Glossary:

TSL tissue simul touid

ConvF sensitivity in T/ NORMXx,y,z

N/A not applicable ¢ 1 not measured

Calibration is Performd Acc 0 ‘o the Following Standards:

a) IEC/IEEE 62209-152  “WMea=ur nent Procedure for The Assessment of Specific Absorption
Rate of Human Expo: ire (o - requency Fields from Hand-held and Body-mounted
Wireless Communica on Levies  Fart 1528: Human Models, Instrumentation and
Procedures (Frequen:y range ol -z to 10 GHz)”, October 2020

b) KDB 865664, “SAR easureirie equirements for 100 MHz to 6 GHz”

Additional Documenta. (o

c) DASY4/5 System Ha: dbook

Methods Applied and | ter0o -~ 1 o1 Parameters:

e Measurement Conu ons. - i etails are available from the Validation Report at the end
of the certificate. All igurcs =i ¢ in the certificate are valid at the frequency indicated.

e Antenna Parameter: with 751 he dipole is mounted with the spacer to position its feed
point exactly below | i senic ing of the flat phaniom section, with the arms oriented
parallel to the body . xis.

e Feed Point Impedar e and = o Loss: These parameters are measured with the dipole
positioned under the ligu. nuntom. The impedance stated is transformed from the
measurement at the Sivis coo clor o the feed point., The Return Loss ensures low
reflected power. No urceiic 1, ocuired. |

e Electrical Delay: On=-way cdela - beotween the SMA o;otmector and the antenna feed point.
No uncertainty requ. <t |
SAR measured: S/ e ot the stated antenaLa input power.

SAR normalized: S/ R 5 -/, normalized to an input power of 1 W at the antenna
connector. !

e SARfornominal TS  paran e measured TSL parameters are used to calculate the
nominal SAR resuit.

The reported uncer ainiy « irement is stat&&j as the standard uncertainty of
Measurement muliip =c | ierage factor k+2, which for a normal distribution
Corresponds to a cov =rage : v of approximately 95%.

| |

Certificate No: Z22-60146
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Add: No.52 HuaYuanBe! 2oad. [1a

Tel: +86-10-62304633-2 117
E-mail: cttl@chinattl.co:

Measurement Condiii
DASY system configuratior, as far e

DASY Version

Extrapolation

Phantom

Distance Dipole Cenfer - To L

Zoom Scan Resolutior

Frequency

Head TSL parameters

The following parameters :

Nominal Head TSL pai- metars

Measured Head TSL parameier

Head TSL temperature

SAR result with Head 5|

SAR averaged cver 1 ¢ SR ) €

SAR measured

SAR measured

SAR for nominal Head 1 i/ par e

Certificate No: 722-60146

CALIBRATION LABORATORY

.. Beijing, 100191, China

aict.ac.cn

/on on page 1.

CAICT

DASY52

52.10.4

anced Extrapolation

s ole Flat Phantom 5.1C

10 mm

with Spacer

dy =4 mm,dz=1.4 mm

Graded Ratio = 1.4 (Z direction)

3700 MHz + 1 MHz

were applied.
Temperature Permittivity Conductivity
! 22.0°C 37.7 3.12 mho/m
| (22.0+0.2) °C 37116 % 3.11 mho/m + 6 %
<1.0°C
Condition

100 mW input power

6.69 Wikg

SAR for nominal Head T L. paran:

SAR averaged over 10 1717 (10 ¢!

normalized to 1W

66.7 Wikg * 24.4 % (k=2)

TSL Condition

100 mW input power

2.47 Wikg

normalized to 1W

24.6 Wikg * 24.2 % (k=2)

Page 3 of 6
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Add: No.52 HuaYuanBei Road.
Tel: +86-10-62304633-21 17
E-mail: cttl@chinattl.con

Appendix (Additional as=¢

Antenna Parameters ' /ith

Impedance, transformed o fead

Return Loss

General Antenna Par et

Electrical Delay (one dire fion)

After long term use with 10OV 1adia s

be measured.

The dipole is made of star lar

connected to the second = m of if
of the dipoles, small end ¢ ips ar=
according to the position 2 explai
affected by this change. T/ = cvera
No excessive force must [ appiie

connections near the feed Hoint man

Additional EUT Data

Manufactured by

Certificate No: Z22-60146

Haid

htto:

-
38

w777 s p e a g CAICT
S~ CALIBRATION LABORATORY _—

“rict. Beijing, 100191, China

v.caict.ac.cn

outside the scope of CNAS L0570)

L at 3700MHz
46.20+ 0.31jQ
7: -28.1dB
" esign
) 1.048 ns

\er, only a slight warming of the dipole near the feed-point can

~axial cable. The center conductor of the feeding line is directly
'he antenna is therefore short-circuited for DC-signals. On some

¢ the dipole arms in order to improve matching when loaded

"Measurement Conditions" paragraph. The SAR data are not
ength is still according to the Standard.
lipole arms, because they might bend or the soldered
"niﬂged.

SPEAG
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CALIBRATION LABORATORY
Add: No.52 HuaYuanBe: “oad, Haid . irict Beijing, 100191, China
Tel: +86-10-62304633-2 117
E-mail: cttl@chinattl.con htie: \.caictac.en
DASYS5 Validation Report for 1 TSL Date: 2022-05-09

Test Laboratory: CTTL, eijing,
DUT: Dipole 3700 NMHz, Type: 15 )
Communication Syst- m: LI/D

'V/2; Serial: D3700V2 - SN: 1037
" Frequency: 3700 MHz; Duty Cycle: 1:1

Medium parameters vsed: [ = 0 MHz; 0 =3.106 S/m; & = 37.12; p = 1000 kg/m?
Phantom section: Rignt Section
Measurement Stand= d: DASY" [E=ZE/IEC/ANSI C63.19-2007)
DASYS Configuration:
o Probe: EX''DV4 - EN 207; ConvF(6.73, 6.73, 6.73) @ 3700 MHz;
Calibrated 2021-0
e Sensor-Su face: 1 ' (IMlechanical Surface Detection)
e Electronics: DAF4 ~~6: Calibrated: 2022-01-12
e Phantom: iFP VE (~Udeg probe tilt); Type: QD 000 P51 Cx; Serial:
1062
o« DASYS52 52.10.4(1%¢ =MCAD X 14.6.14(7501)
Dipole Calibratic i1 /Pn= 1, d=10mm, f=3700 MHz/Zoom Scan,
dist=1.4mm (8xx7)/C uk "1=asurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value - 6252 ower Drift = -0.05 dB
Peak SAR (extraj olated) 1 Wikg |
SAR(1g)=6.62 Vg €. U a)=2.47 Wikg |
Smallest distance from pe o all points 3 dB below = 8 mm
Ratio of SAR at ' ) 5A =75%
Maximum value F SA2 (i wad) =12.6 Wikg
dB r ]
0
-6.98
-13.96
-20.95
-27.93
-34.91

Certificate No: Z22-60146 Page 50f6 |
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CALIBRATION LABORATDRY
Add: No.52 HuaYuanBei oad. tHaidj sirict. Beijing, 100191, China
Tel: +86-10-62304633-21 7
E-mail: cttl@chinattl.co: htt v.caict.ac.cn
Impedance Measi renicat | 1o [0 Head TSL

Trl s1i Log Mag 10.00dB/ Ref 0.000dB [Fi]
90-00 9377600000 GHz ~38.067 dB

40.00
30.00
20.00

10.00

0.000 4
-10.00
~20.00
-30.00

-40.00

-50.00
P S11 smith (R+jX) Scale 1.000U [F1 pel]

>1. 3.7000000'GHz 46.210 0 314.68 mQ 13.536[H

A

~

- ~,

/’ AN

/

//
i b

—

1 Start35GHz IFEW 100 Hz Stop 3.9 GHz R

Certificate No: Z22-60146 Page 6 of 6




Calibration Laboratory of ‘:_Q‘\lw"pz 5 sehwelzsrischer Kalibrierdlenst

Schmid & Partner ;Ia\:‘"-—é"—{"m% c Service suisse d'étalonnage
Engineering AG St Servizio svizzero di taratura

Zeughaussirasse 43, 8004 Zurich, Switzerland TN S swiss Calibration Service

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

The Swiss Accreditation Service ia one of the signateries to the EA
Multilateral Agreement for the recognition of calibration certificates

Client Sporton
CALIBRATION CERTIFICATE

Ohbject D3900V2 - SN:1022

Certificats No: D3900V2-1022_Jul19

QA CAL-22.v4 _ _
Calibration Procedure for SAR \falidation Sources between 3-6 GHz

Calibration proceduna(s)

Callbration date: July 11, 2019

This calibration certificale documents tha traceabillly to national standérds, which realize the physical units of measuraments (s,
The measuraments and fhe uncatainties wilh carifidence probability ara given on the following pages and are pan ol lhe cartificate.

All calibrations have been conducted in the closed taboratory facility: environmenl temperature {22 & 3)"C and humidity < T0%,

Caliration Equipment used (M&TE crifical 1o callbration)

Primary Standands inl} Cal Data (Caerificate Mo Scheduled Calibration

Powes meler NRP Sh: 104778 08-Apr-19 (Mo, 21 7-02892/026083) Apr-20

Power sansor NRP-Z91 Sh; 103244 03-Apr-18 (Mo, 217-02892) Apr-20

Power sensor NAP-221 SN: 108245 03-Apr-19 (Mo, 217-02863) Apr-20

Rafetance 20 dB Atlanuatar SN: GOS8 (20k) 04-Apr-18 (No. 217-02834) Apr-20

Type-N mismatch combination SN: 5047.2 f 06327 04-Apr-18 {No, 217-02855) Apr-20

Feferance Frobe EX3DVY S 3603 25-Mar-19 (No. EX3-3803. Mart8) Mar-20

DAE4 Si: 601 J0-Apr-19 (Mo, DAE4-601_Apr1g) Apr-20

Secondary Standards I # Check Data {in housal Scheduled Chagk

Power meler E44198 SN: GH3Y512475 A0-0¢t-14 {In house chagk Feb-18) In house check: Coi-20

Power sansor HP B4B1A SN! Usarzozyas O7-001-15 (in house check Oel-18) In house check: Oot-20

Power sansor HF B481A SN MY41082317 07-0iet-15 {in house chiack Oct-18) In house check: Oct-20

AF generator F&S SMT-06 SN: iD0ay2 15-Jun-15 {In house check Ccl-18) In house checl: Cct-20

Metwork Apalyzer Agilant EB358A | SN: LIS410804 77 31-Mar-14 {in hoise check Oat-18) in housa chack: Cet-18
Mame Functlon Signaiurs

Calibrated by: Jeton Kastral Laboratory Teehnician t}’/

Approved by: Kalla Pokavic Technioal Mansgar

A

lssued: July 11,2018

Thie callbration cartilicate shall not be reproduced excapt in fil without wrilten approval of the laboralory.

Certificate No; D3900V2-1022_Jul19 Page 1ol 6



Calibration Laboratory of S

; DAL § Schweizerischer Kalibrierdlenst
Schmid & Partner M o Service suisso d'étalonnage
Engineering AG GG Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzerland 'f?zwﬁ,_ﬁ S swiss Calibration Service
el i
Aocradited by the Swiss Avoreditation Sarvics (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is ane.of the signotories to the EA
Multilateral Agreement for the racognition of calibration cartificatas

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) |EEE 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 68 GHz)", July 2016

c) |EC 62208-2, "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"

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.

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.

e Electrical Defay: 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.

« 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%.

Cerfificate No: D3900VE-1022_Jul18 Page 2 ol 8



Measurement Conditions

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

DASY Version DASY5 V52.10.2
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx,dy =4 mm, dz = 1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency

3900 MHz = 1 MHz
4100 MHz + 1 MHz

Head TSL parameters at 3900 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 375 3.32 mho/m
Measured Head TSL parameters (22.01£0.2)°C 372+6 % 3.23mho/m+6 %
Head TSL temperature change during test <0.5°C mnm -
SAR result with Head TSL at 3900 MHz
SAR averaged over 1 cm?® (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.03 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

70.5 Wikg * 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.46 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

24.6 Wikg % 19.5 % (k=2)

Head TSL parameters at 4100 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 37.2 3.53 mho/m
Measured Head TSL parameters (22.0x0.2)°C 37016 % 3.41 mho/m 6 %
Head TSL temperature change during test <0.5°C - -
SAR result with Head TSL at 4100 MHz
SAR averaged over 1 cm?® (1 g) of Head TSL Condition
SAR measured 100 mW input power 6.64 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

66.6 W/kg * 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.32 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

23.2 Wikg * 19.5 % (k=2)

Certificate No: D3900V2-1022_Jul19
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 3900 MHz

Impedance, transformed to feed point 472Q-41jQ

Return Loss -259dB

Antenna Parameters with Head TSL at 4100 NViHz

Impedance, transformed to feed point 57.0Q+0.7jQ

Return Loss -23.6dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.101 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: D3900V2-1022_Jul19 Page 4 of 6



DASYS5 Validation Report for Head TSL

Date: 11.07.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 3900 MHz; Type: D3900V2; Serial: D3%900V2 - SN:1022

Communication System: UID 0 - CW; Frequency: 3900 MHz, Frequency: 4100 MH;:
Medium parameters used: = 3900 MHz; o= 3.23 S/m; ;=372 p= 1000 Icga’m
Medium parameters used: { = 4100 MHz; o =341 S/im; =37, p= 1000 kg/m'
Phantam section: Flat Section

Mensurement Standard: DASYS (IEEEAEC/ANS] C63.19-2011)

DASY52 Configuration:

e Probe: EX3DV4 - $N3503; ConvF(7.25, 7.25, 7.25) @ 3900 MHz,
ConvE(7.05, 7.05, 7.05) @ 4100 MHz; Calibrated: 25,03.2019

s Sensor-Surface: 14mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 30.04.2019
o Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Senal: 1001

s  DASYS252.10.2(1504); SEMCAD X 14.6.12(7470)

Dipole Calibration for Head Tissue/Pin=100 mW, d=10mm, f=3900MHz/Zoom Scan,

dist=1.4mm (8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 73.25 Vim; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 20.0 W/kg

SAR(1 g) = 7.03 W/kg; SAR(10 g) = 2.46 W/kg

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

Dipole Calibration for Head Tissue/Pin=100 mW, d=10mm, {=4100MHz/Zoom Scan,

dist=1.4mm (8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Vilue = 69.96 Vim; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 19.0 W/kg

SAR(1 g) = 6.64 W/kg; SAR(10 g) = 2.32 W/kg

Maximum value of SAR (measured) = 13.2 Wikg

dB
0

-7.00

-14.00
-21.00
-28.00
-35.00

0dB = 13.7 W/kg = 11.37 dBW/kg

Cartificate No: D3%00V2-1022_Jul19 Page 5 ai 6




Impedance Measurement Plot for Head TSL

File Ylew Channel Swpep Callation Irace Scale Marker System Window Help
3 8900000 GHz 47.243 0
99006 pi 4.1127 Q2
4 100000 GHz Er038C
; 5349 pH  B63.02 mid
bl.873 mil
121.42

Ch | A= 20
Chi: Stat 370000 GHy = Stop 400000 GHz

o0 > 2400000 C oF 974 (B

500 e L
- 00000 2,605 gE

= .00
10

15.00
2000

2500
L3000
- 5.00

R Ch 1 Avg= |20
Cht: Seadt 370000 GHz Stop 4TG0 GHe
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