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IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit is a delicate, high precision instrument and requives careful treatment by the user. There are no
serviceable parls inside the DAE. Special attention ghall be given to the following points:

Baitery Exchange The batiery cover of the DAE4 unit s closed using & screw, over tightening the screw may
causa the threads inside the DAE to wear out.

Shipping of the DAE: Before shipping the DAE to SPEAG for calibration, remove the batieres and pack the
DAE in an aniistatic bag. This anlistatic bag shail then ba packed into a larger bax or conltainer which protects the
DAE from impacts during trangportation. The package shall be marked to ndicate that a fragile instrument is
inside,

E-Stop Failures Touch detection may be maifunctioning due 1o broken magnets in the E-stop. Rough handling
of the E-stop may lead to damage of these magnets. Touch and collision emors are often caused by dust and dint

accumulated in the Estop. To prevent Estop failure, the customer shall atways mouni the probe o the DAE
carafully snd keep the DAE unit in a non-dusty environment if not used for measuremants.

Repair. Minor repairs are performed at no extra cost during the annual calibration. However, SPEAG reserves
the right ko chamge far any repair especially if rough unprofessional handling caused the defect

DASY Configuration Files: Since the exact values of the DAE input resistances, as measured during the
calibration procedura of a DAE unil, are not used by the DASY software, a nominal value of 200 MOhm is given
i the cormesponding canfiguration file

Important Note:
Warranty and calibration Is void if the DAE unit is disassembled partly or fully by the

Customer.

Important Note:
Never attempt to grease or oil the E-stop assembly. Cleaning and readjusting of the E-
stop assembly is allowed by certified SPEAG personnel only and is part of the annual

calibration procedure,

Important Note:

To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch eriented in the
mating position. Avoid any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.

Schmid & Pariner Engineering

TH_BRO40213AD DAE4 doc 11.12.2009
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Calibration Laboratory of

Schmid & Partner Barvioe sulsse M
Enginaaring AG Sarvizio swizzero di tsrsturs

Zeughaussirasss 43, 8004 Turich, Bwitrerland Swina Calibration Service
Accredited by he Swiss Accredilalion Senvice [SAS) Accreditation No.: SCS 0108

The Swiss Accreditalion Service is one of the signstories 1o the LA

Multilatersl Agresment for the recognition ol callbration certllicates

cient  Anbotek (Auden) Certificate No: DAE4-387_Sep10
ICALIBHATIDN CERTIFICATE I

Object DAE4 - SD 000 D04 BEM - SN; 387

Callsration procadurals) QA CAL-06.v29

Calibration procedure for the data acquisition electronics (DAE)

Calibration date: September 06, 2021

This calibwation carlificate documents the iracaability to national standssss, which resies the physical uria of messuomants (S1)
The measwemeants and the uncartainties with confidence probability are given on the lollewing pages and are pan of e carificats.

Al calibrations have been conducied in tha closed Inboralony facliity: emvieonment sermperaiure (22 & 3)°C and hurnicity < 0%

Calivsation Equipman wsed (MA TE crifical fior calibraion)

Primary Stasdardy iDe Cal Date (Cotillcite Mo ) Scheduled Calibiration

Waithkery Mulmated Type 2001 SN 0810278 15 -Aug-20 (Noc2 1 08) Aug-21

Secondary Standands D& Check Date (in houss) Schaduled Chack

Auto DAE Calibeation Lini 5E UWS 053 AA 1001  OS-Jan-21 (in housa chack) In house chack: Jan-22

Calibruier Bex V2.1 BE UMS 008 AA 1002 05 Jan-21 [n houna choci) In houss chaok: Jan-22
Harna Funclion Sigrature

Calrated by Dominigue Stefien Laboratory Technician @\

Approved by Sven Kihn Deputy Mansger

&

Issusa Septamber (8, 2021

This calibraton cerificate shall rol be meproduced except i full withowt weitten approval of the laboriony
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Engineering AG E Lt Servizio svizzera di taratura
Zeughaussirasse 43, BI04 Zurich, Switzertand f#ﬁf S swiss Calibration Service
Al Ll
Accrpdited by the Swiss Accraditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Sarvice is one of the signatories to the EA
Multilateral 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
» DC Voitage 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.

* 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.

» AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltage

¢ 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.

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

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

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

Cartificate No: DAE4-387_Sep10 Page 2of 5
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DC Voltage Measurement
ASD - Converter Resolution nominal

High Range: 1ILSB = 8.1uV, tull range = -100...+300 mV
Low Range: 1ILSB = BinV | full range =  -1.......+3mV
DASY measurement parametars: Auto Zero Time: 3 sec: Measuring timea: 3 sec
Calibration Factors X Y F 4
High Range 404.489 £ 0.02% (k=2) | 404.852 + 0.02% (k=2) | 404.862 + 0.02% (k=2)
Low Range 3.97827 £ 1.50% (k=2) | 3.95875 + 1.50% (k=2) | 3.97082 + 1.50% (k=2) |
Connector Angle
i Connector Angle 1o be used in DASY system 530°%1" }
Cortificate No: DAE4-387_Sep10 Pagadal 5
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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 200032 .85 -3.31 -0.00
Channel X + Input 20007 64 1.88 0.01
Channel X - Input -20003.48 1.18 -0.01
Channel ¥ + Input 200:034.23 -1.43 -0.00
Channel ¥ + Input 2000660 0.9 0.00
Channel ¥ - Input 2000404 0.7z -0.00
Channel Z + Input 2000:35.38 -0.83 -0.00
Channel 2 + Input 20003.69 211 -0
Channel £ = Input -200086.38 -1.59 0.01
Low Range Reading (pV) Difference [pV) Error (%)
Channel X + Input 2001.63 0.08 0.00
Channel X + Input 202,29 0.70 0.35
Channel X - Input -197.90 0.60 -0.30
Channel ¥ + Input 2001.33 -0.07 0,00
Channel ¥ + Input 200,88 -0.60 -0.30
Channel Y - Input -198.87 -1.23 0.62
Channel Z + Input 200161 0.27 0.01
Channel Z + Input 200.60 =070 -0.35
Channel Z = Input -199.51 -0.85 0.43
2. Common mode sensitivity
DASY measuramant parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Valtage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 13.50 11.56
- 200 -B.64 -11.18
Channel ¥ 200 -0.81 -1.28
- 200 1.05 0.09
Channel Z 200 7T 6.91
- 200 -9.48 -9.01
3. Channel separation
DASY measurarment parameters: Aulo Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel ¥ {pV) Channel Z (uV) ]
Channel X 200 - -1.70 0.23
Channel ¥ 200 10.70 - -0.38
Channel Z 200 7.1 7.88
Certificate No: DAE4-387_Sep10 Page 4 of & o
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4. AD-Converter Values with inputs shorted
DASY measurament parameters: Auto Zero Time: 3 sec; Measuring time: 3 sac
High Range (LSB) Low Range (LSB)
Channel X 15860 17466
Channel ¥ 15661 18162
Channel Z 15940 16120
5. Input Offset Measurement
DASY measurement parameters: Auto Zero Tima: 3 sec; Measuring time: 3 sec
Irpaut 10MG
Average (uV) | min. Offset (uV) | max. OMset(uv) | ' '::;]“”"‘"
Channel X 0.73 -2.58 a.z2e 0.82
Channel ¥ 0.41 -0.49 1.23 0.40
Channel Z =080 -1.88 0.30 042
6. Input Offset Current
Mominal Input circuitry offset cument on all channaels: <2514
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel ¥ 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vee) +78
Supply (- Vee) T8
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) | Transmitting (ma)
Supply (+ Vec) +0.01 +8 +14
Supply (- Vee) =0.01 B -9
Cadificate MNo: DAE4-38T7_Sepi10 Page 5of &
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Client Anbotak {Audea) Certificate No:  Z18-97089
CALIBRATION CERTIFICATE

Obect DE35vE - Sh: ad154

Calibration Procedure(s) FD-211-2-003-04

Calbration Procedures for dipole validation kits
Calibration date: Jun 18, 2021
This calibration Cerificate documents the traceability to national standards, which realize the physical units of
measuremens( S, The measurements and the uncenainties with confidence probability are given on the following

pages and are part of the certificate.

All callbrations have been conducted in the closed laboratory facility: environment temperature22:+%7T and
hurnidity<70%.

Calibration Equipment used (M&TE cntical for cal bration)

Primary Standards O # Cal Date(Calibrated by, Cerfificate ho.}  Scheduled Calibration |
Power Meter NRP2 101818 1-Jul-20 (CTTL, No.J17X04256) Jun-21
Power sensor NRP-251 101547 1-Jul-20 (CTTL, No.J17X04256) Jun-24
Reference Probe EX30V4 | SN 7307 18-Feb-21{SPEAG No EX3-T307_Febig) Feb-22
DAEA SN 7T 02-Feb-21{CTTL-SPEAG No Z18-97011) Feb-22
Secondary Standards |0 # Cal Date(Calibrated by, Certificate No ) Scheduled Calibration
Signal Generator E4438C | MY49071430  01-Feb-21 (CTTL, No.J 18X00B53) Jan-22
Metwork Analyzer ESOTIC | MYAB1106873  26-Jan-21 (CTTL, No.J18X00854) Jan-22
Mame Fumction Signature
Calibrated by. Zhao Jing SAR Test Engineer é#j
Reviewed by: Qi Dianyuan SAR Project Leader _M%i/
Approved by Lu Bingsong Deputy Director of the laboratory - ;ﬁl mtﬁ
Issued: Jun 17. : 1

This calibration certficate shall not be reproducad except in full without written approval of the {abaratory
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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NORMx,y,z
MiA 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 Technigues”, Junea 2013

b) IEC 62209-1, “Procedure to measure the Specific Absorption Rate (SAR) For hand-held
devices used in close proximity to the ear (frequency range of 300MHz to 3GHz)", February
2005

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) KDBBBS56E4, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
&) DASY4/S System Handbook

Methods Applied and Interpretation of Parameters:

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

« Antenna Parameters with T5L: 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 impadance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. Mo uncertainty required.

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

» SAR measured” SAR measured at the stated antenna input power,

« SAR nomalized: 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 uncerainty of measurement s 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 Mo: Z18-9T05% Page 2 of 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1
DASY Version DASYSZ 52 8.8.1258
| Extrapolation Advanced Extrapotabon
Phamntom Tripke Fiat Phantom 5.1C
Distance Dipole Center - TSL 15 e with Spaced
! Zoom Scan Resolution du, dy, dz = 5 mm
I Frequency BA5 Mz & 1 MMz
Head TSL parametars
The foliowang paramaters and calculalions wens apphed
Temparature Permittivity Conductivity
Nominal Head TSL paramotors 20°C 416 0.90 mihaim |
Measured Head TSL parameters 22002 "C 41028 % 0.89 mhoim £ & %
Head TSL wmperature change duning test <1.0°C — -—
SAR result with Head TSL
SAR averaged over1 oo’ (1g) of Head TSL Candition
SAR measured 250 mW imput power 230 mW Ig
SAR for nominal Head TSL paramabers normalized 1o 1W 9.24 mW ig £ 208 % (k=2)
SAR averaged ovar 10 o’ (10 g) of Head TSL Candition
SAR measursd 250 mW input power 1.50mW /g
SAR for nominal Head TSL paramelers normalized o 1% 6.02 mW ig £ 204 % (k=2)
Body TSL parameters
The following parameters and caiculations wene sppled
Temperature Parmittivity Conductivity
Nominal Body TSL parameters 20°C §56.2 0.97 mhoim
Measured Body TSL parameters (Z20x02)°C 554 +6% 098 mhodfm + 6 %
Body TSL temperature change during test <10°C —— e
SAR result with Body TSL
SAR averaged over1 cmi' (1 g) of Body TSL Condition
SAR measured 250 mwW inpul power 243 miN ig
E4R for nominal Body TEL paramaters normalized io 1W 057 mW ig & 20.8 % (k=1)
SAR averaged ovar 10 ¢’ (10 g) of Body TSL Condition
SAR measured 250 mi input powar 181 mW /g
SAR for nominal Body TSL parameters norrmalized o 1V 6.36 mW ig & 20.4 % (k=2)
Centilicate No: Z18-9T08% Page 1ol 8
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Appendix
Antenna Parameters with Head TSL
Impedance, transiormed 1o feed paint 49.240- 3110
Retumn Loss - 25.8dB

Antenna Parameters with Body TSL

Iimpedance, fransformad to fead paint 48.601- 2.33j0
| Relurn Loss - 27.4d8

General Antenna Parameters and Design

Elacirical Delay (one direction) 1.508 ns ]

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

The dipole is made of standard semingid coaxial cable. The center conductor of the feeding fine is directly
connecied to the second arm of the dipole. The antenna is therefore shor-circuited for DC-signals. On some
of the dipoles, small end caps ara added o the dipole arms in order to improve matching when kaded
acconding to the position as explained in the “Measurement Conditions" paragraph. The SAR data are not
affected by this changa. Tha overall dipole length is still according to the Standard.

Mo sxcessive force must be applied io the dipole amrms. because they might bend or the soldened
connections near the feedpoint may be damaged

Additional EUT Data

| Manufactuned by SPEAG

Cenificate Mo: Z18-97089 Page 1 of 8
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CALIBRATION LABORATORY
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DASYS Validation Report for Head TSL Date: 06, 162021

Fest Laboratory: CTTL, Beyjing, China

DUT: Dipole 835 MHz; Type: DE35SVY; Serial: DRISVY - SN: 4d154
Communication System: UID 0, CW; Frequency: 833 MHz: Duty Cycle: 1:1
Medium parameters used: f= 835 MHz: o = 0.39] S/m; &-=40.97; p= 1000 kgim®
Phantom section: Right Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:

e Probe: EX3IDVA - SNT307: ConvF( 10,01, 10.01,10,01)% Calibrated: 2/19/2021;

& Sensor=Surface: 2mm (Mechanical Surface Detection)

« Electronics: DAE4 Sa771; Calibeated: 2021-02-00

« Phantom: Triple Flat Phantom 5.1C; Type: QD 00 P51 CA; Serial: 116171

o Measurement SW:DASYS2, Version 52.8 (8); SEMCAD X Version 14.6.10 (7372)

Dipole Calibration/Zoom Scan (Tx7x7) (7x7x7)0Cube 0: Measurement grid; dx=Smm,
dy=5mm, dz=5mm

Reference Value = 58 14Vim; Power Drift = (.02 dB

Peak SAR (extrapolated) = 341 Wikg

SAR(1 g)=2.3 Wikg; SAR{10g)= 1.5 W/kg

Maximum value of SAR (measured) = 2.91 Wike

-A.25

-6.38

-y :
1063 e
0 dB = 2.91 Wikg = 4.64 dBW /kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Diare: 06, 16,2021
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 835 MHz: Tvpe: DEISVI; Scrial: DE3SVI - SN: 4d154
Communication System: UID 0, CW; Frequency: 835 MHz; Duty Cycle: 1:1
Medivm parameters used: T= 835 MHz; o = 0991 S/m; & = 5541; p= 1000 kl_:,-'rn!
Phantom scction: Center Section
Mensurement Standard: DASY S (IEEENEC/ANS] C63, 1 9-2007)
DASYS Conlipuration

*  Probe: EX3DV4 - SN7307; ConvF(9.83,9.83, 9.83); Calibrated: 2/19/2021;

«  Sepsor-Surfzce: 2mm (Mechanical Surface Dietection)

+  Electronics: DAES4 Sn771: Calibrated: 2021-02-02

*  Phantom: Triple Flat Phantom 5.1C: Type: QD 000 P51 CA: Seral: 1161/1

&  Measurement SW: DASYS2, Version 52.8(B); SEMCAD X Version 14.6,10 (7372)

Dipole Calibration/Zoom Scan (Tx7x7) (TaTx7W Cube 0 Measurement grid; dx=5mm,
dy=3mm, d7=>mm

Reference Value = 54.001 YWim: Power Drifi = 0,01 dB

Peak SAR {extrapolated) = 3.53 Wikg

SAR( gi= 2.43 Wikg: SAR(1D g)= 1.61 Wikg

Muax imum value of SAR (measured) = 3.04 Wikg

db
1]

-1.4%

-7.95

-8.94

0 dB = 3.04 W/kg = 4.83 dBW/kg
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Impedance Measurement Plot for Body TSL
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CALIBRATION CERTIFICATE

Oibjact D17s0V2 - BN; 1021

Wy, S E U
‘ 7 m%’\mw

Callbration Procedura{s) FD-211-2-003-01

Calibration Procadures for dipoke validation kits

Calibration date: July 3, 2018

This calibration Cerificale documents the traceabilly to national standards, which realize the physical units of
maasuremenis{S1). The maasursments and the uncertsinties with confidencs probability ane given on the following
pages and are part of the cerfificale

All calibrations have been conducted in the cosed laboralory faclity. environment temperature{22+3)C and
humidity<70%.

Callbration Equipmant used (MATE eritical for ealibration)

Primary Standards ID# Cal Date(Callbrated by, Certificalo No) __ Scheduled Calibraion |
Pawer Meter NRPZ 101919 27-Jun-18 (CTTL, No.J18X04T77) Jun-20
Power sensor  NRP-ZO1 | 101547 27-Jun-19 (CTTL, No. J1GX04T77) Jun-20
Reference Probe EX30V4 | SN 7307 19-Feb-18(SPEAGNo EX3-7307_Feb19) Feb-20
DAE4 8N 771 02-Feb-1%{CTTL-SPEAG No.Z19-87011) Feb-20
Secondary Standards D # Cal Dale(Cakibated by, Certificate No)  Scheduled Calibration
Signal Generator E4438C | MY4B071430  01-Feb-18 (CTTL. No.J19X00883) Jan-20
Network Analyzer ESOT1C | MY48110673  28-Jan-19 (CTTL, No.J18X00894) Jan-20
Mame Funclion Slgnature
Calibrated by: Zhao Jing SAR Test Engineer 4 £
Revigwad by: Qi Dianyuan SAR Project Leader 2
Appraved by. Lu Bingsong Deputy Direcior of Ihe laboralony hmﬁ
lssued: July 4, 4019

This calibration carfificate shall not be reproduced except in full without writien approval of the |aboratory.
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CALIBRATION LARORATORY

Adddd; M 81 Xuoyuan Rosd, Holdim Distvist, Reijing, 188191, Chin
Tl Bilh- 1 =62 MEI6 1 -20TH Faog: « e | (-6 10863 3- 2504

F=pansll- caba el nagl com 1hp:irwww.chinml.cn
E-'Iulnr;r-:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx.y,z
WA not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE 5td 1528-2013, "IEEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measureamant Techniques®, June 2013

b) IEC 622081, "Procedure to measure the Specific Absorption Rate (SAR) For hand-held
devices used in close proximity fo the ear (frequency range of 300MHz to 3GHz)", February
2005

c) IEC 62208-2, "Procedure 1o measure the Specific Absorption Rate (SAR) For wireless
communication devices used in close proximity to the human body (frequency range of
30MHz 1o 6GHz)", March 2010

d) KDBB65664, SAR Measurement Requirements for 100 MHz to 8 GHz

Additional Documentation:
&) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

s Maasurement Condifions: Further details are available from the Validation Repori at the end
of the certificate. All figures stated in the certificate are valld at the frequency indicated.

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

» Feed Point impedance and Return Loss: Thesa paramelers are measured with the dipole
positioned under the liquid filled phantom. The Impedance staled is transformed from the
measurement at the SMA connectlor to the feed point. The Retum Loss ensures low
reflected power, No uncertainty required,

s Elscirical Dalay: One-way delay between the SMA connector and the antenna feed point,
Mo unceriainty required.

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

s SAR for nominal TSL parameters: The measured TSL paramelers are used o calculate the
nominal SAR result

The reporied uncerainty of measurement is slated as the standard uncertainty of
Measurement mulliped by the coverage faclor k=2, which for a nommal distribution
Corresponds to a coverage probability of approximately 95%.

Certificale No: Z19-57103 Page 2ol 8

Shenzhen Anbotek Compliance Laboratory Limited
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Adkd: Mo 51 Xoeyuss Rond, Flaidion Désivict, Beijing. 100191, Chinn
TebwbBhi- FO-AIMMELI-HITY Faac +Bi- | 0-62 30463 3-2 14

Fomail: cithgichinaisl com Hnpci i chinuiilen
Measurement Conditions
DABY m asfar as nol given on page 1,

DASY Verslon DASYS2 62881258

Extrapolation Advanged Extrapotation

Phaniom Triple: Fial Phanbom 5.1C

Distance Dipole Centor - TSL . 10 mm with Spacer

Zoom Sean Reaolution o, dy, dz = 5 mm

Frequancy - 1760 MHz 1 1 MHz =
Head TSL parameters

Tha following parmmaten and caloulslions were appiod,

Temperaturs Permitiivity Conductivity
Nominal Hoad TSL parameiers - 20°C 40.1 1.37 mhadm
Measurad Head TEL parametors (220£0.2)"C W05+6% 138 mhoim+ 8%
Head TSL temporature change during lest <1.0*C — -
SAR result with Hoad TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Conditan
HAR measured 250 mW inpul powar BATmN g
SAR for noménal Head TSL parameters normalized b 1W 36.0 mW g & 20.8 % (=2}
SAR averaged over 10 cwr® {10 g of Head TSL Condibar
SAR maasuned 250 mW impul powar A5 mW i g
SAR for nominal Head TSL parameders normalized 1o 1W 10.8 mW jg 4 20.4 % (i=2)
ot ki partey s coloaton wee aptes
Temperature Permittlvity Conductivity
Mominal Body TSL parsmeters no'c 534 1,48 mhaim
Moasured Body TEL paramelors (220:02)"C El1£06% 1,51 mha/m 48 %
Body TSL temperature change during test =1.0C P -
SAR result with Body TSL '
SAR averaged over 1 cm’ (1 ) of Body TSL Conditian
SAR maasured 260 mW input power SIS mW g
SAR for nominal Body TSL paramolers naemalized to W 36.7 mW Ig & 20.8 % (k=d)
SAR sveraged over 10 o’ (10 g) of Body TSL Conditian
BAR meanured 250 mW inpul powar 404 mW i g
SAR lor nominal Body TSL parmmeters nacmalizad to 1W 19.7 mW iig & 20.4 % (k=2)
Cenificute No: £19-07103 Page 3 of &
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Adk: Mo 5| Xueyumn Rond, Haidinn Disirict, eijing, 100191, China
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b mall; clliyichimanl gom lvp e, chinsit] en
Appendix
Antenna Parameters with Head TSL
Impedance, transformed 1o feed pon 48.60- 1.40403
Redum Loss ) - 33808

Antenna Parameters with Body TSL

Impesdancs, iransformad o feed polnt 48,00+ 0810
Refum Loss - 27548

General Antenna Paramelers and Design

| Elecuical Delay (one direction) | 1.318 ns |

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

The dipole ks made of standard semingid coaxial cabla. Tha center conductor of the feeding line is directly
connocied (o the second arm of the dipole. The antenna is therefore short-circulted for DC-signals. On some
of the dipoles, emall end caps are added to tha dipole arms (n order to improve malching whan loaded
according to the position as explained in the "Measurement Condtions” paragraph. The SAR data are not
affacled by this change. The overall dipole langth is still according o the Standard,

Mo excessive foree must be applied 1o the dipole arms, because they might bend or the soldered
connectons near the feedpoint may be damaged.

Additional EUT Data

Momadactured by SPEAG

Cenificate No: £19-97103 Paged ol
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DASYS Validation Report lor Head TSL Dwte; 07.01.2019
Test Laboratory: CTTL., Beijing, China
DUT;: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1021
Communication System: UID 0, CW; Frequency: 1750 MH; Duty Cyele: 1:1
Medium panmeters used: (= 1750 MHz; o = 1.362 5/m; er = 40,49, p = 1000 kg'm3
Phantom section; Center Section
Measurement Standard: DASYS (IEEEMEC/ANS) CH3.19-2007)
DASYS.Configuration:

o Probe: EXIDV4 - SNTA07; Conv(8.37, BAT. 8.37); Calibrated: 2/ 92019,

+  Sensor-Surface: 2mm (Mechanical Surface Detection)

« Electronics: DAEA Sn77 | ; Calibrated: 2/2/2019

e Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA,; Serial: 116171

+  Measurement SW: DASYS2, Version 52,8 (B); SEMCAD X Version 14.6.10 (7372)

System Performance Check/Zoom Senn (Tx7x7) (Ta7xTHCube O Measurement grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 47,11 Vim; Power Drift = 0,03 dB

Peak SAR {extrapolated) = 16.4W/kg

SAR(1 g) =917 Wkeg; SAR(10 g) = 4.94 Wikg

Maximum value of SAR (measured) = 13,0 Wikg

-3.26

6,61

A.T7

1302

“16.28

0 dB = 13.0 Wkg = 11.14 dBW/kg

Cerlificate Mo: Z19-97 (03 Pape 5 of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 07.00.2019
Tesi Laboratory: CTTL, Beijing, Chinn
DUT: Dipole 1750 MHe: Type: DITS0V2; Serinl: DITS0VD - SN: 1021
Communication System: UID 0, CW; Frequency: 1750 MHz; Duty Cycle: 1:1
Medium parameters used: £= 1750 MHz; o = 1.505 S/m; & = §3.06; p = 1000 kg/m’
Phantom section: Lell Section
Meadurement Standard: DASYS (IEEEAEC/ANSI C63.19-2007)
DASYS Conligurstion:

Probe: EX3DV4 - SN7307; ConvF(B.18, 8.18, 8.1E); Calibrated: 2/1972019;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronies: DAEA Sn771; Calibrated: 2/2/2019

Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial; 116171
Mensurcment SW: DASY 52, Version 52.8 (B); SEMCAD X Version 14.6.10 (7372)

- - - - -

System Performance Checl/Zoom Sean (Tx7x7) (Ta7xTW/Cube 0: Measurcment grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 94,11 Vim; Power Drifi = 0,04 dB

Peak SAR (extrapolated) = 16,4 Wikg

SAR(L gh= 925 Wikg: SAR(I0 g) = 4,94 Wikg

Maximum value of SAR (measured) = 13.1 Wikg

-6.59

1308

0 dB =131 Wikg = 11L17 dBWrkg

Certilicate Mo: Z19-97103 Page 7 ol 8
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Impedance Measurement Plot for Body TSL
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Client Anbotek (Auden) Certificate No: 21997080
CALIBRATION CERTIFICATE

Object D1B00VZ - SN; 54175

Calibration Procedune(s) FO-211-2-003-01

Calibration Procedures for dipole validation kits

Cplibration date: Jun 18, 2018

This calibration Cerificale documents the iracoabilty o national standards, which realize the physical units of
moasurements(S). The measuremanis and the uncartainties with confidance probability are given on the following
papes and ara parl of the cerlificate.

All calibrations have been conducied in the closed |aboralory facility. environment temperature22s3)C and
hurmidity<T0%.

Calibration Equepment used (MATE criical for calibration)

Primary Standards D # Cal Date(Caliorated by, Gertificate No) __ Scheduled Calibration
Power Meler NRP2 | 101918 01-Jul-18 (GTTL. No.J18X04256) Jun-18
Powersensor NRP-281 | 101547 01-Jul-18 (CTTL, No.J18X04256) Jun-19
Reference Probe EX3DVA | SN 7307 19-Feb-19{SPEAG No EX3-7307_Feb19) Feb-20
DAE4 SN 771 02-Feb-19(CTTL-SPEAG N6 219-67011) Feb-20
Secondary Standards | ID# Cal Date(Calbrated by, Certificate No)  Scheduled Calibration
Signal Generstor E4438C | MY48071430 01-Feb-18 (CTTL, No.J19X00893) Jan-20
Network Analyzer ESO71C | MY46110673  26-Jan-18 (CTTL. No.J19X00694) Jan-20

Hame Funciion Signature

Calibrated by Zhao ding SAR Test Engineer gj

Reviend by @i Dianyuan SAR Project Leader L ]

Approved by. Lu Bingsong Deputy Director of the laboratory ﬁt #5?2

Issued: Jun 17, 2019

This calibration cerificate shall not be reproduced excepl in full without written approval of the laboratory.
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E-mail: il chimanl.com Hug: s chinaml en
Glossary:
TSL tissue simulating hquid
ComF sansitivity in TSL / NORMx, v,z
MIA not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |IEEE Std 1528-2013, "IEEE Recommanded Practice for Datermining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques®, June 2013

b) IEC 62208-1, “Procedure to measure the Specific Absorption Rate (SAR) For hand-held
gwu used in close proximity to the ear (frequancy range of 300MHz 1o 3GHz)", February

c) |[EC 62209-2, "Procedure {o measure the Specific Absorption Rate (SAR) For wireless
communication devices used in close proximity to the human body (lrequency range of
30MHz to 8GHz)", March 2010

d) KDBBG5664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documantation:
&) DASY4/5 System Handbook

Mathods Applied and Interpretation of Parameters:

+ Measureman! Conditions: Further detalls are available from the Valldation Report at the end
of the cerificate. All figures slated in the cerlificale are valid at the frequency indicated.

«  Anfenna Parameters with TSL: The dipole |8 mounted with the spacer to position its feed
point exactly below the cantar marking of tha flal phantom section, with the ams onented
parallel o the body axis.

« Feed Paoinf Impedance and Relum Loss: These paramaters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measuremen! at the SMA connector (o the feed point. The Relum Loss ansures |ow
reflected power. No uncertainty required.

« Elactrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty requirad.

o« SAR measured: SAR measured al the stated antenna input power.

« SAR normalized: SAR as measured, normalized to an npul power of 1 W al the anlenna
connecior.

« SAR for nominal TSL paramealters: The measured TSL paramelers are used lo calculate the
naminal SAR resull.

The reported uncertainty of measurement is stated as the standard uncertainty of
Measuremen! multiplied by the coverage factor k=2, which for a normal distribution

Comesponds lo a coverage probability of approximately 95%.

Certificate No: Z19-97090 Page 2 0l'8
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Measurement Conditions
DASY systam configuration, as far a8 not ghven on page 1.
DASY Vershon DASYS2 52 88,1258
Extrapolation Advanced Extrapolation
Phantam Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm wilh Spaoer
Zoom Scan Resolution dx, dy, de = 5 men
Frogquency 1800 MHz 2 1 MHz
Head TSL parametors
The loliowng parametsrs and calculations were applied.
Tomgeraturs Pormittivity Conductivity
Mominal Head TSL parameters 20%C &0.0 1.40 mhodm
Meoasured Head TSL parameters @20£02)"C 403:0% 1.38 mhoim £ 8 %
Head TSL lemporature change durlng lest «10°C = —
SAR result with Head TSL
SAR averaged over 1 cm’ {1 g) of Hesd TSL Candition
' SAR measured 250 mW Input power 5.0 mW / g
| SAR for nominal Head TS paramaters normalized o 1W 404 mW fg £ 20.8 % [k=2)
SAR averaged over 10 cmr’' (10 g of Head TSL Candition
SAR moanured 250 miW input power 528 mW /g
{ SAR for nominal Head TSL parametens nommalized la 1W 212 mW /g £ 204 % [k=1)
{ Body TSL parameters
{ Tha following parsmeters and caloulations ware spplled
Temparature Parmittivity Conductivity
| Nominal Body TSL parameters 20°C 533 1.52 mhodm
' Monsurod Body TSL parameters (22020.2)"°C B33+6% 1.54 mho/m + 6 %
I Body TSL lemparature change durlng teat|  <10°C =
. SAR result with Body TSL
I SAR sveraged over 1 o’ (1 g of Body TSL Candition
SAR moaswied 250 b input power 10.1 mW i g
SAR for nominal Body TSL paramelens normalized to 1W 40.1 mW /g % 20.8 % [k=2)
SAR sveraged aver 10 cm' (10 g) of Body TSL Caonditioa
SAR moauunsl 260 mi inpul power 530 mW i g
SAR for nominal Body TSL parametars normalized to 1W 1.5 mW /g £ 20.4 % (k=2)
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Appendix
Antenna Parameters with Head TSL

Page123of 144

Impedance, tranatormed o feed paint 53.2n4f 544}
Reburn Loss - 24 308
Antenna Parameters with Body TSL
| \mpedanee, transformed to faed point 48,90+ 5,750
Retum Loss = 24 6B
General Antenna Parameters and Design
Elactrical Delay (ons direction) 1,304 ns

After long term use with 100W radiated power, only & slight warming of the dipale near the feedpoint can

be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of tha fnau’mg_lme is directly
connected to the second am of the dipole. The antenna is therefore short-circuited for DC-signals. On some
of the dipales, small end caps are added to the dipale arms in order to improve matching when loaded
according to the position as explained in the "Measurement Conditions™ paragraph. The SAR dala are nof
affectad by this change. Tha averall dipole length Is still according to tha_ Standard.
ha excassive force must be applied to he dipole arms, because they might bend or the soldered

connections near the feedpoint may be damaged,

Additional EUT Data

Manufactured by

SPEAG
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DASYS Validation Report for Head TSL Date: 06.15.2019

Test Laboratary: CTTL, Beijing. China

DUT: Dipole 1900 MHz; Type: DI%00VY; Sevial: D190V - SN: 54175
Communication System: UID 0, CW; Frequency: 1900 Mz Duty Cyele; 1:1
Medium pammeters used: = 1900 MHz; o = 1381 S/m; er = 40.33; p = 1000 kg'm3
Phantom sectbon: Right Section
Measurement Standard: DASYS (IEEENEC/ANS] C63,19-2007)

DASYS Confliguration:

s  Probe: EX3IDVA - SNT7307; ConvF(8.1, 8.1, B.1); Calibrated: 2/1972019;

« Sensor-Surface; Zmm (Mechanical Surface Detection)

» Electronics: DAE4 Sn771; Calibrated: 222019

« Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1

»  Measurement SW: DASYS2, Version 52.8 (8); SEMCAD X Version 146,10 (7372)

System Performance Check/Zoom Scan (Tx7xT) (Ta7x7)Cube 0: Measurement grid;
dx=5mm, dy=5mm, de=5%mm

Reference Value = 103.5V/m; Power Drift = 0,00 dB

Peak SAR (extrapolated) = 18.0W/kg

SAR(1 g) = 9.99 W/kg; SAR(10 g) =5.28 W/kg

Maximum value of SAR (measured) = 141 Wikg

“17.06

0dB = 14.1 Wikg = 11.49 dBW/kg
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Impedance Measurement Plot for Head T5L
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DASYS Validation Report for Body TSL Late: 06, 152019
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz: Type: DI1900V2; Serial: D190V2 - SN: 5d175
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cyele: 1:1
Medium parameters used: = 1900 MHz; o = 1.537 S/m; £, = 53.34; p= 1000 kg/m’
Phantom section: Center Section
Measurement Standard: DASY S (IEEENEC/ANSI C63.19-2007)
DASY S Configuration:

+ Probe: EX3DV4 - SNT307: ConvF(7.67, 7.67, 7.67); Calibrated: 2/19%2019;

& Semsor-Surface: 2mm (Mechanical Surface Detection)

¢ Electronics: DAE4 Sn771; Calibrated: 2/2/2019

» Phantom; Triple Flat Phantom 5.1C; Type: QD 000 P31 CA; Senal: 116171

« Measurement SW: DASYS2, Viersion 52,8 (B); SEMCAD X Version 14.6.10(7372)

System Performance Check/Zoom Scan (7Tx7x7) {7x7xTWCube 0: Measuremenl grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 96.11 Vim; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 17.8 Wikg

SAR(L g) = 10.1 W/kg; SAR{10 g) = 5.39 W/kg

Maximum value of SAR (measured) = 14.3 Wikg

-3.23

-8.70

-12.94

1617 . ' —_—

0 dB = 14.3 Wikg = 11.55 dBW/kg
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