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CALIBRATION REPORT

F.1 Data Acquisition Electronics (DAE4 - SN:1710)
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CALIBRATION CERTIFICATE
Object DAE4 - SN: 1710
CaRbreion Vroceduse(s) FF-Z11-002-01
Callbration Procedure for the Data Acquisition Electronics
(DAEX)
Calibration date: January 30, 2023

This catibration 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 faciity: environment temperature(22:3)"C and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

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

Process Calibrator 753 | 1971018 14-Jun-22 (CTTL, No.J22X04180) Jun-23
Name Function ?m

Calibrated by: Yu Zongying SAR Test Engineer / ,cfb

Reviewed by: Lin Hao SAR Test Engineer Yﬂ#]%y

Approved by: Qi Dianyuan SAR Project Leader ST

Issued: January 31, 2023
This calibration certificale shall not be reproduced except in full without written approval of the laboratory.
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&777 s p.e.a g CAICT

Addl: No.52 Hua YusnBes Road, Haidian Dustrict, Beijmg, 100191, China
Tel: +86-10-62504633-2117

E-mail emfidcaict.sccn htngul WWW.ERIELAC A
Glossary:
DAE data acquisition electronics
Connector angle  information used in DASY system to align probe sensor X
to the robot coordinate system.

Methods Applied and Interpretation of Parameters:

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

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

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

Certificute No: Z23-60062 Page 2 of 3
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Add: No.52 Hua YuanBe: Road, Holdsan Districs, Begjing, 100191, China
Tel: +86-10-62304633-2117

E-email: emfi@caict.ac.cn bt v Gt accn
DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1ILSB = 6.1V, full range = <100...+300 mV
Low Range: 1LSB = 61V, full range = Aamrons +3ImV
DASY measurement paramelers: Aulo Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y r4
High Range 404.284 £ 0.15% (k=2) | 404.533 £ 0.15% (k=2) | 404,207 + 0.15% (k=2)
Low Range 3.96582 £ 0.7% (k=2) | 3.99682 £ 0.7% (k=2) | 3.995 +0.7% (k=2)
Connector Angle
Connector Angle to ba usad in DASY system 245°41°¢
Cenificate No: Z23-60062 Page 3 of 3
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F.2 Data Acquisition Electronics (DAE4 - SN:1454)

Calibration Laboratory of w,,

. SN2, S Schweizerischer Kalibrierdienst
Schmid & Partner % c Service suisse d'étalonnage
Engineering AG T Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland ""'/‘ﬂ\"‘: S  swiss Colibration Service
Accrodited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration certificates
clent  Balun-SZ
Certificate No: DAE4-1454_Mar23

|CALIBRATION CERTIFICATE

Ovject DAE4 - SD 000 D04 BM - SN: 1454

Calibration procedure(s) QA CAL-06.v30

Calibration date: March 20, 2023

Calibration Equipment used (MATE critical for callbration)

Calibration procedure for the data acquisition electronics (DAE)

This caiveation carificate documents the traceability 1o national standards, which realze the physical units of measuremants (S1),
The measurements and the uncartainties with confidance probablity are given on the following pages and are part of the cedificate.

All calibrations have been conducted in the closed laboratory facillty: environment temperature (22 + 3)°C and humidity < 700%.

This calibvation cortificate shall not bo teproduced except in full without written appeoval of the laboratary.

Primary Standards 1D # Cal Date {Certificate No.) Scheduled Casbration

Kaithioy Muiimeter Type 2001 SN: 0810278 20-Aug-22 (No:34389) Aug-23

Secondary Standards 1D # Check Date (in house) Scheduled Check

Auto DAE Calibration Unit SE UWS 053 AA 1001 27-Jan-23 (in house check) In house checlc Jan-24

Calibrator Box V2.1 SE UMS 006 AA 1002  27-Jan-23 (in house check) In house check: Jan-24
Name Function Signature

Casvrated by: Dominique Steffen Laboratory Technician /@ ﬁz

Approved by: Sven Kihn Technical Manager

V& s

issued: March 20, 2023

Certificate No: DAE4-1454_Mar23 Page 1ot 5
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Calibration Laboratory of S  Schweizerischer Kalibrierdienst
Schmid & Partner C  Service suisse détaionnage
Engineering AG Servizio svizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service

Accradited by the Swiss Accreditation Servica (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration certificates

Glossary

DAE data acquisition electronics

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

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

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

« The following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

e DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurement.

« Common mode sensitivity: Influence of a positive or negative common mode voltage on
the differential measurement.

« Channel separation: Influence of a voltage on the neighbor channels not subject to an
input voltage.

e AD Converter Values with inputs shorted: Values on the intemal AD converter
corresponding to zero input voltage

e Input Offset Measurement. Output voltage and statistical results over a large number of
zero voltage measurements.

« Input Offset Current: Typical value for information; Maximum channel input offset
current, not considering the input resistance.

e Input resistance: Typical value for information: DAE input resistance at the connector,
during internal auto-zeroing and during measurement.

e Low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

« Power consumption: Typical value for information. Supply currents in various operating
modes.

Certificate No: DAE4-1454_Mar23 Page2of5
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Report No.: BL-SZ2390637-AC

LElGroup

DC Voltage Measurement
A/D - Converter Resolution nominal

High Range:
Low Range:

1LSB =
1LSB =

6.1uV,
61nV,

full range =

-100...+300 mV
full range= -1......
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Calibration Factors

X

Y

z

High Range 404.187 + 0.02% (k=2) | 403.680 + 0.02% (k=2) | 403.750 + 0.02% (k=2)
Low Range 4.01310 + 1.50% (k=2) | 3.99119 + 1.50% (k=2) | 4.00106 + 1.50% (k=2)
Connector Angle

I Connector Angle to be used in DASY system

230°+1°

Certificate No: DAE4-1454_Mar23

Page 3 of 5
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Report No.: BL-SZ2390637-AC
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Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 199993.53 -0.16 -0.00
Channel X + Input 20000.37 -1.52 -0.01
Channel X - Input -19999.85 2.00 -0.01
Channel Y + Input 199992 .61 -1.01 -0.00
Channel Y + Input 19996.38 -5.29 -0.03
Channel Y - Input -20002.70 -0.67 0.00
Channel Z + Input 199993.15 -0.43 -0.00
Channel Z +Input 1999847 -3.23 0.02
Channel Z - Input -20002.38 -0.20 0.00
Low Range Reading (uV) Difference (V) Error (%)
Channel X + Input 2001.24 0.12 0.01
Channel X + Input 201,71 0.37 0.18
Channel X - Input -197.46 1.13 0.57
Channel Y + Input 2000.95 -0.02 -0.00
Channel Y + Input 200.51 -0.63 -0.31
Channel Y - Input -199.24 -0.64 0.32
Channel Z + Input 2001.05 027 0.01
Channel Z + Input 200.02 -1.14 -0.56
Channel Z - Input -199.76 -1.03 0.52
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 -14.84 -16.14
- 200 17.57 16.14
Channel Y 200 2227 -23.07
- 200 2228 21.89
Channel Z 200 -12.61 -12.43
- 200 10.08 1047
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel Y (uV) Channel Z (uV)
Channel X 200 - 254 -1.12
Channel Y 200 348 - -1.60
Channel Z 200 10.43 2.06 -
Cenificate No: DAE4-1454_Mar23 Page 4 0of 5
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Report No.: BL-SZ2390637-AC

4. AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 16118 16673
Channel Y 16296 16437
Channel Z 168044 14637

5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Input 10M£2
Average (uV) min. Offset (uV) | max. Offset (uV) oW c(“'v)' on
Channel X 0.42 -0.45 1.19 0.37
Channel Y -0.56 -1.57 0.44 0.44
Channel Z -0.66 -1.58 0.32 0.35
6. Input Offset Current
Nominal Input circuitry offset current on all channels: <25(A
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vec) +7.9
Supply (- Vee) -7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) | Transmitting (mA)
Supply (+ Vee) +0.01 +6 +14
Supply (- Vec) -0.01 -8 -9
Certificate No: DAE4-1454_Mar23 Page5o0f5
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F.3 2450 MHz Dipole

PR
WFEW

Add: No.52 HusVuanBei Road, Haidinn District, Deijing. 100191, Chi "”ﬁ\“ v CALIBRATION
Tel: +86-10-02304633-2079  Fax; +86-1(.62304633-204 AR CNAS LDST0

Ftmanil: cttdidciumatt] com oty wwwchinattlen
Client baluntek Certificate No: Z21-60171
CALIBRATION CERTIFICATE
Object D2450V2 - SN: 852
Coioniion Emcedureis) FF-211-003-01

Calibration Procedures for dipole validation kits

Calibration date. May 19, 2021

This calibration Cerlificale documents the traceability 1o national standards, which realize the physical units of
measurements (S1). The measurements and the uncertaintias with confidence probability are given on the following
pages and are part of the certificate

All calibrations hawe been conducted in the closed laboratory facility: environment temperature (2243y¢ and
humidity<70%,.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date(Catibrated by, Certificate No ) Scheduled Calibeation
Power Meter  NRP2 108277 23-Sep-20 (CTTL, No,J20X08335) Sep-21
Power sensor NRPBS 104261 23-Sep-20 (CTTL, No.J20X08335) Sep-21
ReferenceProbe EX3DV4 | SN 3846 26-Apr-21(CTTL-SPEAG N0, 221-60084) Apr-22
DAE4 SN 777 08-Jan-21(CTTL-SPEAG No.221-80003) Jan-22
Secondary Standards 1D # Cal Date{Calibrated by, Certificate No.} Scheduled Calibration
Signal Generator E4438C | MY49071430 25-Feb-20 (CTTL. No.J20X00516) Feb-21
NetworkAnalyzes ES071C | MY4B110673  10-Feb-20 (CTTL. No.J20X00515) Fab-21

Name Functon Signature

Coayy: Zhao Jing SAR Test Engineer 'g

Reviewed by. Lin Hao SAR Test Engineer 1%‘ .y%

Anproved by: Qi Dianyusn SAR Project Leader :%_ N

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

Certificate No: 221-60171 Page | of &
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r\' n Cotaboration with
‘TTL s p e ag

Adil: No 52 HuaYusaBed Rosd, Hiddim District, Beijing, 100191, China
Tel: »86-10-62304633-2079 Froc +BA-10-62304033-2504

E-masl: catl@chinatticom hitp s chinmilen
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
N/A not applicable or not measured

Calibration s 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 Technigues”, 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
6GH2)", July 2016

c) IEC 62209-2, "Procedure to measure the Speclfic Absorption Rate (SAR) For wireless
communication devices used in close proximity to the human body (frequency range of
30MHz to 8GHz)", March 2010

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

Additional Documentation:
g) DASY4/S System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

» SAR normalized: SAR as measured, normalized 1o 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 measurement is stated as the standard uncertainty of
Measurement multipied by the coverage factor k=2, which for a nomal distribution
Corresponds to a coverage probability of approximately 95%.

Certificate No: Z21-60171 Page 2 of §
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In Collaboration with

Add: Ne, 32 HusYiunBel Rowl, Haldlan District, 8etjing, 100198, China

Tel: +86-10-62204633-2079

Fiox: +86-10-62304633-2504

E-muil: ettiaichinart] con g wvwewchimutilen
Measurement Conditions
DASY system configuration, as far as nol given on 1
DASY Version DASYS52 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm wilh Spacer
Zoom Scan Resolution dx, gy, dz = 5 mm
Frequency 2450 MHz £ 1 Wiz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 392 1.80 mhoim
Measured Head TSL parameters (220+02)"C 304:26% 1.79 mha/m £ 6 %
Head TSL temperature change during test <10°'C - —
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Canditica
SAR measured 250 mW Input power 13.2 Wikg
SAR for nominal Head TSL parameters normahized to W 53.0 Wikg £ 18.8 % (k=2)
SAR avoraged over 10 ¢t (10 g) of Head TSL Canddicn
SAR measured 250 mW input power 6.00 Wkg
SAR for nominal Head TSL paramuters narmalized to 1W 24.1 Wikg £ 18.7 % (k=2)
Body TSL parameters
The following paramaeters and calculations were applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 827 1.85 mhoim
Measured Body TSL parameters (220202)"°C 522:6% 1.56 mho/m + 6 %
Body TSL temperature change during test <1.0°C — —
SAR resuit with Body TSL
SAR averaged over 1_cmr'_ (1 g) of Body TSL Condition
SAR measured 250 mW Input power 13.2 Wikg
SAR for nominal Body TSL parameters narmalized to W 52.5 Wikg £ 18.8 % (k=2)
SAR avaraged over 10 ¢’ (10 g) of Bady TSL Condition
SAR measured 280 mW input power 6.06 Wikg
SAR for nominal Body TSL parameters normalized to 1W 242 Wikg £ 18.7 % (k=2)

Certificate No: Z21-60171

PageJofs
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TTL In Collsbaraton with

Add: No.32 HuaYunnBei Road, Haidiun District, Besgjing, 100191, Ching
Tehi +80-10-62304633-2079 Fio: +86-1 0-62304613-2504
Femall: enfipchissant! com hetp S, chimatt L en

Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL
Impedance, transformed 10 feed polnt 5410+ 2200
Return Loss - 27.0dB

Antenna Parameters with Body TSL

Impedance, transformead %o feed paint 4900+ 3930
Return Loss -27.8d48

General Antenna Parameters and Design

Electrical Delay (one direction) [ 1.088 ns 1

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 semingid coaxial cable. The center conductor of the feading line is directly
connected to the second arm of the dipole. The antenna is therefore short-circuited for DC-signata. On some
of tha dipoles, small end caps are added to the dipole arms in order to improve matching when loaded
according to the pasition as axplained 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 soidered
connections near the feedpoint may be damaged.

Additional EUT Data

Manufactured by l SPEAG ]

Certificate No: Z21-60171 Pagedof ¥
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@; ; Colaboration with

Add: New. 52 HusYiumBel Rosd, Holdian District, Beiging, 100191, China
Ted: +86-10-62304633-2079 Fux: +86-10-62304633-2504
E-muil: otthimchinattl com It/ veww chissani en

DASYS Validation Report for Head TSL Date: 05.19.2021
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 952
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium parameters used: [ = 2450 MHz; = 1,788 S/m; & = 39.43; p = 1000 kg/m’
Phantom section: Center Section
DASYS Configuration:

« Probe: EX3DV4 - SN3846; ConvF(7.45, 7.45, 7.45) (@ 2450 MHz; Calibrated:
2021-04-26

« Sensoe-Surface: 1. 4mm (Mcchanical Surface Detection)

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

« Phantom; MFP V5.1C (20deg probe tilt); Type: QD 000 PS1 Cx: Serial: 1062

«  Measurement SW: DASYS52, Version 52,10 (4); SEMCAD X Version 14.6.14
(7483)

Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0; Measurement grid: dx=5Smm,
dy=5mm, dz=3mm

Reference Value = 107.4 V/m; Power Drift = -0.04 dB

Peak SAR (cxtrapolated) = 28.2 Wikg

SAR(1 g) = 13.2 W/kg; SAR(10 g) =6 W/kg

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

Ratio of SAR at M2 to SAR st M| = 46.4%

Maximum value of SAR (measured) = 22.5 Wikg

dB [
0

-4.65
-9.29
-13.94

-18.58

2323

0 dB = 22.5 W/kg = 13.52 dBW/kg

Certificate No: Z221-60171 Page Sof'x

13/33



Report No.: BL-S22390637-AC GI'DUFI

TTL In Collaboraton with A

Add; No. 52 HeaYeanBel Road, Haldsan Distriay, Beijing, 100191, Chisa
Tel: +86-10-62304633-207% Fax: «86-10-62304633-2504
E-mmil: cull@chinat], com Niipul/www chinatl e

Impedance Measurement Plot for Head TSL

B3 S QST VN T T T W
a 3.4500008 onz <24.58 =

2,000 4

PN =ii teith (Re)x) zaade 2.000u (vl Del)
4100000 Gur M4,208 @ 2.2008 Q@ 43.87-p0

\
-
It st 2o W 100 HE e 244 e B
Certificate No: Z21-60171 Page hof &
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h' in Colaboration with
S CALIBRATION LABORATORY
Add: No.52 HuaYumnBer Road, Haidimn District, Begiing, 100191, China

Tt +86-1 0623046332079 Froc +86-10-62304633-2504
Eamall enlichinattlcom It www chimattLee

DASYS Validation Report for Body TSL Date: 05.192021
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 952
Communication System: UID 0, CW; Frequency: 2450 \4Hl Duty Cycie: 1:1
Medium parameters used: = 2450 MHz; o = 1.96 S/m; &= 52.15; p = 1000 kg/m’
Phantom seetion: Right Section
DASYS5 Configuration:

« Probe: EX3DV4 - SN3846; ConvF(7.37, 7.37, 7.37) (@ 2450 MHz; Calibrated;
2021-04-26

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

« Electronics: DAE4 Sn777; Calibewted: 2021-01-08

« Phantom;: MFP_V3.1C (20deg probe tilt); Type: QD 000 P31 Cx; Serial; 1062

«  Measurement SW: DASYS2, Version 52.10 (4); SEMCAD X Version 146,14
(7483)

Dipole Calibration/Zoom Scan (7xX7x7) (Tx7x7VCube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 101.3 V/m; Power Drift = 0.04 dB

Peak SAR (extrupolated) = 26.9 Wikg

SAR(1 g) = 13.2 Wikg; SAR(10 g) = 6.06 W/kg

Smallest distnce from peaks o all points 3 dB below = 8.5 mm

Ratio of SAR at M2 to SAR at M =49.7%

Maximum value of SAR (measured) =22.1 Wikg

B
0

-4.41
-8.82 |
-13.23

17.54
L.

-22.05

0 dB =221 W/kg = 13.44 dBW/kg

Certificate No: Z21-60171 Page 7 of &
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Add: No.52 HunYuanBei Road, Haidian Districe, Begjing, 100191, Ching
Tel: +36-10-62304633-2079 Fax; +36-1 0423046332504
E-mail: cudi@chimattl com hespAwww clsinar] on

Impedance Measurement Plot for Body TSL

fri 11 Cog mag L0.00dn/ aef 6. 000 (1]
W 14300000 o 37, 7IT o
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.
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Certificate No: 221-60171 PageRof s
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D2450V2 Dipole impedance and return loss Validation

Meas. Results

Current Meas.

Previous Meas.

Max. Deviation

Meas. Data 2023.05.17 2022.05.18 /
Return Loss(dB) -26.656 -26.401 0.97%
, 54.102 Q +2.830 -3.979Q
Impedance 54.73 Q-1.149 jQ , )
jQ (Imaginary part)

Return Loss for Head TSL

1 Active ChiTrace 2 Response 3 Skimulus 4 MerfAnalysis 5 Inskr State

-

Stamt 2.25 GHz

IFEW 100 Hz

Stop 2,65 GHz [=d

Impedance for Head TSL

3 511 1th (]

=1 2

1 ZSrart 2,25 GHz

1 Active ChyTrace Z R

ponse 3 Stimulus 4 Merfanalysis S Inskr Stake

S [F1]

IFEW 100 Hz

Stop 2,65 GHz [
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F.4 5GHz Dipole

" In Collaboration with T, o A 8]
S 7%
TTLs b e 8 g 5. M i,
CALIBRATION LABORATORY ‘ CN As ma .
dd: No,52 HusYumnBe: Rond, Haidian Districs, Begjing, 100191, Chi —1': F CALIBRA'
?et 86-10.62304633.2512 ruﬂwuumi:sm 4'(,,“\.\“\ CNAS LOST0
Femudl: ctthichinant com htgpefivwww.chinattlon
Client baluntek Certificate No:  221-60173
CALIBRATION CERTIFICATE
Object D5GH2V2 - SN; 1200
Calibration Procedure(s) EF-211-003-01

Callbration Procedures for dipele validation kits

Calibration date: May 18, 2021

This calibaation Certificate documents the traceability to nationaé standards, which realize the physical units of
measuremants (S1). The measuremeants and the uncertainties with confidence probablity are given on the following
pages and are part of the cerlificate.

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

Cabbration Equipment used (MATE critical for caltbration)

Primary Standards D& Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 106277 23-Sep-20 (CTTL, No.J20X0B335) Sep-21
Power sensor  NRP8S | 104201 23-Sep-20 (CTTL, No.J20X08338) Sep-21
ReferenceProbe EX3DV4 | SN 3846 26-Apr-21(CTTL-SPEAG No.Z21-50084) Apr-22
DAE4 SN 777 08-Jan-21(CTTL-SPEAG No Z21-60003) Jan-22
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430  25-Feb-20 (CTTL, No.J20X00518) Feb-21
NetworkAnalyzerESOT1C | MY4B110673  10-Feb-20 (CTTL, No.J20X00515) Feb-21

Name Function Signature

Calibrated by: Znsoding | SARTestEngineer { £

Reviewed by. LinHso | SAR Test Engineer ﬁf 75

Approved by Qi Dianyuan | SAR Project Leader W

|ssued: May 24, 2021
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Ewmail: ctd@chinasl, comn htp: P www.chinetl.cn
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) [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 62208-1, “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 200MHz 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 Requirernents for 100 MHz to 6 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

« Measurement Conditions: Further detalls are available from the Validation Repart 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 bedy axis.

« Feed Point Impedance and Refurn 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,

« Electncal 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 inpul 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%.

Certificate No: Z21-60173 Page 2 of 14
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E-madl: ottkmchimaitl com horpwwwchisatt | .en
Measurement Conditions
mr__-znm_m_es__sv Lration, as far 2s Kol given on page 1.

DASY Version DASYS2 V52,10 4

Extrapolation Advanced Extrapokation

Phantom Triple Flat Phantom 5.1C

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)
5250 MMz = 1 MH2

Frequency 5600 MHz = 1 MH2
5750 MHz £ 1 MHz

Head TSL parameters at 5250 MHz
The following parameters and calculations were applied.
Temperature Parmittivity Conductivity

Nominal Head TSL parameters 20°C 350 4.71 mholm
Measured Head TSL parameters (220202)"C 355+6% 467 mho/m £ 6 %
Heoad TSL temperature change during test <10°C -~ —

SAR result with Head TSL at 5250 MHz

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

SAR measured 100 mW input power 7.60 Wikg

SAR for nomenal Head TSL pamameters normalkezed to 1W T7.8 Wikg £ 24.4 % (k»2)

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

SAR measured 100 mW input power 2.22 Wikg

SAR for nominal Head TSL parameters normalkzed fo 1W 22.1 Wikg £ 24.2 % (k=2)
Certificate No: Z21-60173 Page 3 of 14
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Head TSL parameters at 5600 MHz

The folowing parameters and cakiusations were apphad.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 20°C 355 5.07 mho'm
Measured Head TSL paramoters 220£02)°C 4028% 5.05 mhaim + 6 %
Head TSL temperature change during test <10°C — -
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 ¢m’ (1 g) of Heed TSL Condition
SAR measured 100 mW input power 8.15 Wikg
SAR for nominal Head TSL parameters normalized 1o W 81.2 Wikg £ 24.4 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL Conditian
SAR measured 100 miW input power 232 Wikg
SAR for nominal Head TSL parameters normalized to 1W 23.1 Wikg £ 24.2 % (k=2)
Head TSL parameters at 5750 MHz
The following psramaters and calculation smM,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 354 .22 mhoim
Measurod Head TSL parameters (22002 °C 3M7+6% 521 mho/m £ 6 %
Head TSL temperature change during test <1.0°C - -
SAR result with Head TSL at 5750 MHz
SAR averaged over 1 cm° (1 g) of Head TSL Candition
SAR measured 100 mW input power 775 Wikg
SAR for nominal Head TSL parameters normafized to 1W 77.2 Wikg £ 24.4 % (k=2)
SAR averaged over 10 ¢mt’ (10 g) of Head TSL Candition
SAR measured 100 mW Input power 218 Wikg
SAR for nominal Head TSL parameters normaized to 1W 21.7 Wikg £ 24.2 % (k=2)
Certificate No: 221-60173 Puge 4 of 14
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Body TSL parameters at 5250 MHz

Fax: +86-1 0462304633254
hatpuiiwww.chinattl oo

The fallowing par ters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL paramaters 220°C 48.9 5,38 mholm
Measurad Body TSL parameters (220202 ‘C Q18% 5.34 mho/m £ 6 %
Body TSL temperature change during test <1.0°C e -
SAR result with Body TSL at 5250 MHz
SAR averaged ovor 1 ¢’ {1 g) of Body TSL Candition
SAR measured 100 mW input power 733 Wikg
SAR for nominal Body TSL parmmeters normalized to TW 734 Wikg £ 24.4 % (k=2)
SAR averaged oves 10 cmt’ (10 g) of Body TSL Canditicn
SAR measured 100 mW input power 2.05 Whg
SAR for nominal Body TSL parameters normafized to 1W 20.5 Wikg + 24.2 % (k=2)
Body TSL parameters at 5600 MHz
The following parameters and calculations were ed.
Tomperature Parmittivity Conductivity
Nominal Body TSL parameters 220°C 485 5.77 mho!m
Measured Body TSL parameters (220102)°C 434:6% 582 mho/m + 6 %
Body TSL temperature change during test <10°'C — =
SAR resuit with Body TSL at 5600 MHz
SAR averaged over 1 ¢m’ (1 g) of Body TSL Condition
SAR measured 100 mW input powar 7.72 Wikg
SAR for nominal Body TSL parameters normaized to 1W 77.2 Wikg £ 24.4 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL Condition
SAR measured 100 MW input power 218 Wikg
SAR for nominal Body TSL paramelers normalized to 1W 21,8 Wikg £ 24.2 % (k=2)
Certificate No: Z21-60173 Page 5 of 14
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Body TSL parameters at 5750 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 48.3 5.94 mho/m
Measured Body TSL parameters (220202 'C 481+6% B.05 mho/m 26 %
Body TSL temperature change during test <1.0"C - -
SAR result with Body TSL at 5750 MHz
SAR averaged over 1 ¢’ {1 g) of Body TSL Condition
SAR measured 100 mW Input power 7.34 Wiy

SAR for nominal Body TSL parameters normalized to 1W

73.4 Wikg £ 24.4 % (k=2)

SAR averaged over 10 ¢nr’ (10 g) of Body TSL Candition
SAR measured 100 mW input power 203 Whg
SAR for nominal Body TSL parameters normalized to 1W 20,3 Wikg £ 24.2 % (k=2)

Certificate No: Z21-60173 Page 6 of 14
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Appendix (Additional assessments outside the scope of CNAS L0570)
Antenna Parameters with Head TSL at 5250 MHz

Impedance, ransformed to feed point 4510 + 125)0

Retum Loss - 25.548

Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed 1o feed point 49.70 + 7.81j0

Relum Loss - 22148

Antenna Parameters with Head TSL at 5750 MHz

Impedance, transformed 1o feed point 45,90 + 4850

Ratumn Loss - 23.548

Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed 1o feed point 43,90 + 2.08i0

Retum Loss -23.3¢8

Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed 1o feed point 50.3Q + 8,850

Raturn Loss -21.1d8

Antenna Parameters with Body TSL at 5750 MHz

Impedance, transformed 1o feed point 43.60 + 5830
Return Loss - 23348
Certificate No: Z21-60173 Page Tof 14
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General Antenna Parameters and Design

Electrical Detay (one direction) l 1.086 ns

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

The dipole 15 made of standard semirigid coaxsal cable. The center conductor of the feeding line =5 directly
connacted to the second arm of the dipole. The antenna is therefore short-circulted for DC-signals. On some
of the dipoles, small erxd caps are added to the dipole arms in order to Improve matching when loaded
according fo the position as explained in the "Measurement Conditions” paragraph. The SAR data are not
affected by this change. The overall dipole length Is still according to the Standard.

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

Additional EUT Data

Manutactured by SPEAG

Certificate No: Z21-60173 Page 8 of 14
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DASYS5 Validation Report for Head TSL Date: 05.18.2021
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN: 1200
Communication System: CW, Frequency: 5250 MHz, Frequency: 5600 MMz,
Frequency: 5750 MHz,
Medium parameters used: { = 5250 MHz, o = 4,668 S/m; & = 3548, p = 1000
kg/m?®, Medium parameters used: f = 5600 MHz, a = 5.045 Sim; & = 34.88; p =
1000 kg/m?, Medium parameters used: f = 5750 MHz; o = 5.208 S/m; £ = 34.67; p
= 1000 kg/m?,
Phantom section: Center Section
DASYS Configuration:
* Probe: EX3DV4 - SN3846; ConvF{5.43, 5.43, 5.43) @ 5250 MHz; ConvF(4.69,
469, 4.69) @ 5600 MHz; ConvF(4.9,4.9,4.9) @ 5750 MHz; Calibrated;
2021-04-26
Sensor-Surface: 1.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn777, Calibrated: 2021-01-08
Phantom: MFP_V5.1C (20deg probe tilt), Type: QD 000 P51 Cx; Serial: 1062
Measurement SW: DASY52, Version 52.10 (4); SEMCAD X Version 14.6.14
(7483)

Dipole Calibration /Pin=100mW, d=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 69.22 Vim; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 32.9 Wika

SAR(1 g) = 7.8 W/kg; SAR(10 g) = 2.22 W/kg

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

Ratio of SAR at M2 to SAR at M1 =63.3%

Maximum value of SAR (measured) = 18.9 Wikg

Dipole Calibration /Pin=100mW, d=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 70.18 V/m; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 35.5 Wikg

SAR(1 g) = 8.15 W/kg; SAR(10 g) = 2.32 W/kg

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

Ratio of SAR at M2 to SAR at M1 =62.9%

Maximum value of SAR (measured) = 15.8 Wikg

Certificate No: Z21-60173 Page 90f 14
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Dipole Calibration /Pin=100mW, d=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 68.06 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 34.6 W/ikg

SAR(1 g) = 7.75 Wikg; SAR(10 g) = 2.18 W/kg

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

Ratio of SAR at M2 1o SAR at M1 =62.1%

Maximum value of SAR (measured) = 19.0 Wikg

dB
0

-10.00

-20.00

-30.00

-40.00

50.00 e

0dB =19.0 Wikg = 12.78 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL Date: 05.18 2021
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: D5GHzV2 - SN: 1200
Communication System: CW, Frequency: 5250 MHz, Frequency: 5600 MHz
Frequency: 5750 MHz,
Medium parameters used: f = 5250 MHz; o = 5.34 Sim; & = 49.12; p = 1000 kg/m?,
Medium parameters used: f = 5600 MHz; o = 5.815 S/m; £ = 48.44; p = 1000
ka/m?, Medium parameters used: f = 5750 MHz, 0 = 6.045 S/m; e = 48.11, p =
1000 kg/m?,
Phantom section: Right Section
DASYS Configuration:
* Probe: EX3DV4 - SN3846; ConvF(4.95, 4.95, 4.95) @ 5250 MHz, ConvF(4.32,
432, 4.32) @ 5600 MHz; ConvF(4.38, 4.38, 4.38) @ 5750 MHz; Calibrated:
2021-04-26,
* Sensor-Surface: 1.4mm (Mechanical Surface Detection)
* Electronics: DAE4 Sn777; Calibrated: 2021-01-08
= Phantom: MFP_V5.1C (20deg probe filt); Type: QD 000 P51 Cx; Serial: 1062
* Measurement SW: DASYS52, Version 52.10 (4); SEMCAD X Version 14.6.14
(7483)

Dipole Calibration /Pin=100mW, d=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 6586 V/m, Power Drift = 0.00 dB

Peak SAR (extrapolated) = 20.6 Wikg

SAR(1 g) = 7.33 W/kg; SAR(10 g) = 2.05 Wikg

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

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

Maximum value of SAR (measured) = 17.2 Wikg

Dipole Calibration /Pin=100mW, d=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 66.06 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 33.1 W/kg

SAR(1 g) =7.72 W/kg; SAR(10 g) = 2.16 W/kg

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

Ratio of SAR at M2 to SAR at M1 =63.1%

Maximum value of SAR (measured) = 18.8 Wikg
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Dipole Calibration /Pin=100mW, d=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 64 .58 V/m, Power Drift = -0.04 dB

Peak SAR (extrapolated) = 32,8 W/kg

SAR(1 g) = 7.34 Wikg; SAR(10 g) = 2.03 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 62%

Maximum value of SAR (measured) = 18.1 Wikg

dB
0

-10.00

-20.00

-30.00

L

-50.00
0dB = 18.1 Wikg = 12.58 dBW/kg

Centificate No: Z21-60173 Page 3 of 14

30/33



Report No.: BL-SZ2390637-AC

" In Collsboration with
CALIBRATION LABORATORY
Add: No 52 ThuaYumnBel Road, Hiidian Districe, Begjing, 100191, China

Tel: +86-10-6230M633-2512 Fro: +86-10-62304633-2504
Femail: ontlimchinattl com hizpuiwww.clinatrl.cn

Impedance Measurement Plot for Body TSL
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D5GHzV2 Dipole impedance and return loss Validation

Meas. Results

Current Meas.

Previous Meas.

Max. Deviation

Meas. Data 2023.05.16 2022.05.17 /
5.25GHz
-27.820 -29.961 -7.15%
Return Loss(dB)
5.25GHz 48.925 Q +1.802 -2.124Q
49.06 Q -0.322 jQ , .
Impedance jQ (Imaginary part)
5.6GHz
-21.574 -25.244 -14.54%
Return Loss(dB)
5.6GHz 52.121Q +3.482 | 47.163Q +3.417 4.9580)
Impedance jQ jQ (Real part)
5.75GHz
-27.547 -27.284 0.96%
Return Loss(dB)
5.75GHz 46.9440 +4.023 | 50.693Q +8.724 -4.701Q
Impedance jQ iQ (Imaginary part)

Return Loss for Head TSL
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Impedance for Head TSL

£5071C Network Analyzer
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