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CALIBRATION CERTIFICATE
Object EX3DV4 - SN : 3953
Calibration Procadure(s) FF-2114004:01

Calibeation Procedures for Dosimetric E-field Probes

Calibration date: July 29, 2020

This calibration Cerificate documents the traceability to national standards, which realize the physical units of
measurements(Si). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the cedificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature(22+43yC and
hurmidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Cerfificate No,) _ Scheduled Calibration |
Power Meter  NRP2 101919 16-Jun-20(CTTL, No.J20X04344) Jun-21
Power sensor NRP-Z81 101547 16-Jun-20(CTTL, Na.J20X04344) Jun-21
Power sensor NRP-291 101548 16-Jun-20(CTTL, No.J20X04344) Jun-21
Reference 10dBAttenuator | 18NSOW-10dB  10-Feb-20(CTTL, No.J20X00525) Feb-22
Reference 20dBAttenuator | 18NSOW-20dB  10-Feb-20(CTTL, No.J20X00526) Feb-22
Reference Probe EX3DV4 | SN 7307 29-May-20(SPEAG, No EX3-7307_May20)  May-21
DAE4 SN 1556 4-Feb-20(SPEAG, No.DAE4-1556_Feb20)  Feb-21

_Secondary Standards D# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
SignalGenerator MG3700A | 6201052605  23-Jun-20(CTTL, No.J20X04343) Jun-21
Network Analyzer ESO7AC | MY46110673  10-Feb-20(CTTL, No.J20X00515) Fob-21

Name Function Signature

Calibrated by. Yu Zongying SAR Test Engineer ‘/;g,.;‘.‘@

Reviewed by: Lin Hao SAR Test Engineer Tfffj‘o

Approved by: Qi Dianyuan SAR Project Leader e~

Issued: July 31, 2020
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:

TSL lissue simulating liquid

NORMx,y,z sensitivity In free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode compression point

CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parameters

Polarization ® @ rotation around probe axis

Polarization 8 6 rofation around an axis that is in the plane normal to probe axis (at measurement center), i

8=0 is normal to probe axis

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-1, "Measurement procedure for the assessment of Specific Absorption Rate (SAR) from
hand-held and body-mounted devices used next to the ear (frequency range of 300 MHz to 6 GHz)",
July 2018

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

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

Methods Applied and Interpretation of Parameters:

o NORMy,y.z: Assessed for E-field polarization 8=0 (fs900MHz in TEM-cell; f=>1800MHz: waveguide).
NORMY,y,z are only intermediate values, |.e., the uncertainties of NORMx,y.z does not effect the

£* -field uncertainty inside TSL {see below ConvF),

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

* DCPx,yz; DCP are numerical linearization parameters assessed based on the data of power sweep
(no uncertainty required). DCP does not depend on frequency nor media.

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

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

»  ConvF and Boundaty Effect Parameters: Assessed In flat phantom using E-field (or Temperature
Transfer Standard for fsB00MHz) and inside waveguide using analytical field distributions based on
power measurements for f >800MHz. The same setups are used for assessment of the parameters
applied for boundary compensation (alpha, depth) of which typical uncertainty valued are given.
These parameters are used in DASY4 software to Improve probe accuracy close to the boundary.
The sensitivity in TSL corresponds to NORMx,y,z* ConvF whereby the uncertainty corresponds to
that given for ConvF. A frequency dependent ConvF is used in DASY version 4.4 and higher which
allows extending the validity from+50MHz to+100MHz.

o Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a fiat
phantom exposed by a patch antenna,

o Sansor Offset: The sensor offset corresponds to the offset of virtual measurement center from the
probe tlip (on probe axis). No tolerance required.

»  Connector Angle: The angle is assessed using the information gained by determining the NORMx
(no uncertainty required).
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DASY/EASY — Parameters of Probe: EX3DV4 —~ SN:3953

Basic Calibration Parameters

_ Sensor X Sensor Y Sensor Z Unc (k=2)
Norm(uVAVIim)y)* 0.52 0.54 0.48 +10.0%
DCP(mV)® 101.0 102.5 | 1013

Modulation Calibration Parameters

uip Communication A B c D VR Unc®
System Name dB8 CERTN dB mV (k=2)
0 cw X |00 0.0 1.0 0.00 1798 |+21%
Y 0.0 0.0 1 1.0 195.7
zZ |00 0.0 1.0 172.4

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

A The uncertainties of Norm X, Y, Z do not affect the E2-field uncertainty inside TSL (see Page 4).

¥ Numerical linearization parameter; uncertainty not required.

£ Uncertainly is determined using the max. deviation from linear response applying rectangular distribution
and is expressed for the square of the fiekd value.

Cenrtificate No:Z220-60257 Page 3 of 9




r\' In Collaboration with
e CAUBRATION LABORATORY
Add: No.51 Xueyuan Rowd, Haidian District, Beijing. 10019, Chins

Tel: +86-10.62304613-2512 Fax: +86.10.62304633-2504
Emall: ebidehinanl.cam HupYwww.chinatl.en

DASY/EASY — Parameters of Probe: EX3DV4 — SN:3953

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth® Unct.
f [MHz)© Permittivity * (Stm)" ConvF X | ConvF Y | ConvF Z | Alpha® (mm) (k=2)
750 419 0.89 10.53 10.63 10& 0.40 0.7_8~ Jt 12.1%
B35 41.6 0.90 10.13 10.13 10.13 0.24 106 | +121%
200 41.6 0.87 10.10 10.10 10.10 0.28 1.03 | £121%
1450 40.5 1.20 8.88 8.88 8.88 0.23 092 | +£121%
1640 40.3 1.29 8.75 8.76 0.7§ 0.23 1.02 | £121%
1750 40.1 1.37 861 | 861 861 | 022 | 1.09 | +121%
| 1810 40.0 1.40 B36 | 836 | 836 | 024 | 101 | £121%
1900 40.0 1.40 8.32 8.32 832 | 024 | 109 | +121%
2100. 398 1.49 8.25 8.256 8.25 0.22 1.1 +£121%
2300 396 1.67 7.86 7.85 7.85 0.54 0.72 | £121%
2450 39.2 1.80 766 | 766 | 766 | 054 | 073 | £121%
2600 39.0 1.98 7.45 7.46 7.45 0.66 0.68 y_ 2.1%
3500 37.9 2.91 670 | 670 670 | 044 | 096 | +13.3%
3700 | 37.7 3.12 6.50 6.50 6.50 0.48 099 | +£13.3%
3900 37.6 3.32 6.60 6.60 6.80 | 040 1.20 | £13.3%
4600 367 4.04 6.15 6.16 615 | 040 | 135 | +13.3%
4960 363 4.40 586 | 586 686 | 040 | 145 | +133%
5260 _3_5_.9 4.7 5.63 5.53 6.63 0.40 140 | £13.3%
6600 365 5.07 4.89 4.89 489 | 050 | 1.38 | £13.3%
5760 354 5.22 4.99 4.99 4,99 | 060 120 | £13.3%

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

" At frequency below 3 GHz, the validity of tissue parameters (¢ and o) can be relaxed to +10% If liquid compensation
formula is applied to measured SAR values. Al frequencies above 3 GHz, the validity of tissue parameters (€ and o) is
restricted to £5%. The uncenainty is the RSS of the ConvF uncertainty for indicated target tissue parameters,

9 Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compensation is always less than £ 1% for frequencies below 3 GHz and below 4 2% for the frequencies
between MGHzatanyMneehmermmhaUMepmbeupdmwmmehounduy
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £7.4% (k=2)
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Uncertainty of Axial Isotropy Assessment; £1.2% (k+2)
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Dynamic Range f(SARnead)
(TEM cell, f = 900 MHz)

Input Signal[uV]

Uncertainty of Linearity Assessment: +0.9% (k=2)
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Conversion Factor Assessment
f=750 MHz,WGLS RO(H_convF)  f=1750 MHz,WGLS R22(H_convF)
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Uncertainty of Spherical Isotropy Assessment: £3.2% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 — SN:3953

Other Probe Parameters
Sensor Arrangement Triangular
Connector Angle (°) - 35.7
Mochan;l Surface Dom:c-tion Mode etTabled
Optical Surface Detection Mode disable
Probe Ovouli Length o o 337mm
;robe Body Diameter o o 10mm‘
PTlp Length 10mm
;;;lamotor o o o 2.5mm
Probe Tip to Sensor X c;bntion Point N 1mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point o 1mm——
R-ocommondod D;aounmont Distance from Surface 1.4mm-
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Calibration Laboratory of T e Schweizerischer Kalib
Schmid & Partner %z fO ‘s: Service suinse détalonnage
Engineering AG : & Servizio swizzero dl taratura
mngam--k:?a. 004 Zurich, Switzertand @’ WY/ S Swias Calibration Service
Accreditod by the Swiss Accrediation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditntion Service Is one of the signatories to the EA
Mullilateral Agreement for the recognition of calibration cerfificates

cient  AGC (Auden) Cortificate No: DAE4-1398_Apr20
CALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BM - SN: 1398

Calibeafion procedure(s) QA CAL-06.v30

Calibration procedure for the data acquisition electronics (DAE)

Calbestion dae: April 23, 2020

This calibesation cerificate he ity 1o national which realze the physical units of s (S1).
The measurements and s uncataintins with confidance probabiity ae given cn the flolowing pages and are part of the certficale.

Al calibrations have been conducied in the cloasd y taciity: eowi alure {22 « 3)°C and humidity < TO%,

P

Calibeation Equipmant used (MATE catical for caliealion)

Primary Standasds lios Cal Date (Cartficate No.) Schechied Calbrali
Keilhiy Mullimator Typo 2001 | SK: 0810278 03-50p-10 (No:25849) Sep-20
Seccodary Slandsids lioy Check Dals (n houss) Schoduled Check
Auto DAE Calbration Ui SE UWS 053 AA 1007 0B-Jan20 (in howse check) In howse chack: Jan-21
Gubentor Box V2.1 SE UMS 006 AA 1002 08-Jan-20 (In house chack) 1n howse eheck: Jan-21
Name Funcion Signature

: =z e

emenn g e e s
——
Appraved by: Sven Kin Deputy Managee \\V(QW(
tssucd: Apil 23, 2020

Tris caleation cetficato shall not b reproduced axcept in il withcut wiittsn appeoval of the ry.
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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
comresponds 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 sensilivity: 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 inpuls 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 voitage 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,

» 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.

Cenilicate No: DAE4-1398_Apr20 Page 20l s




DC Voltage Measurement
A/D - Converter Besolution nominal

High Range: 1L8B = B.ipV, full range = -100...+300 mV
Low Range: 1LSB = 81nV , ful range = -1....... +3my
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y z
High Range 404.182 £ 0.02% (k=2) | 404.183 £ 0.02% (k=2)} | 403.625 1. 0.02% (k=2)
Low Range 3.97491 + 1.50% (k=2) | 3.99141 £ 1.50% (k=2) | 3.97045 * 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system

485°+1°

Cetificate No: DAE4-1398_Apr20
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Appendix (Additional assessments outside the scope of SC50108)

1. DC Voltage Linearity

High Range Reading {uV) Difference (V) Error (%)
Channel X + Input 199993.97 -0.69 -0.00
Channel X + Input 20002.68 0.80 0.00
Channel X - Input -19988.43 2.09 -0.01
Channel Y + Input 199995.37 0.2 0.00
Channel Y + Input 20001.51 0.19 0.00
Channel Y - Input -20002.51 -1.02 0.01
Channel Z + Input 199986 81 1.22 0.00
Channel Z + Input 19999.63 215 -0.01
Channel Z - Input -20003.31 -1.71 0.01
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2001.04 -0.06 -0.00
Channel X + Input 201.40 -0.04 -0.02
Channel X = Input -198.36 0.09 -0.05
Channel Y + Input 2000.82 -0.33 -0.02
Channel Y + Input 200.78 -0.64 -0.32
Channel ¥ -Input -198.93 -0.50 0.25
Channel Z + Input 2000.88 -0.29 -0.01
Channel Z + input 200.17 -1.16 -0.58
Channel Z - Input -199.73 -1.11 0.56
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec;, Measuring time: 3 sec
Common mode High Range Low Range
input Voitage (mV) Average Reading (uV) Average Reading {uv}
Channel X 200 -13.38 -14.99
- 200 16.43 14.19
Channel ¥ 200 9.12 8.64
- 200 -10.42 -10.63
Channel Z 200 7.29 7.30
-200 -10.50 -10.14

3. Channel separation

DASY measurement parameters: Aulo Zero Time: 3 sec; Measuring time: 3 se¢

Input Valtage (mV)

Channel X (V)

Channel Y (uV)

Channel Z {pV}

Channel X 200 - -2.81 -1.24

Channel ¥ 200 325 - -2.30

Channel Z 200 9.51 1.74 -
Cartificale No: DAE4-1398_Apr20 Page 4 of 5




4. AD-Converter Values with inputs shorted

DASY measurement paramelers: Auto Zero Time: 3 sac; Measuring time: 3 sec

High Range {LSB)

Low Range (LSB)

Channel X 15956 15899
Channel Y 15863 17836
Channel 2 15841 13905

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

Input 10MQ

Average (uV) min. Offset (uV) | max, Offset (V) Std. IZ():\\II;ation
Channel X 0.28 -0.86 2.25 0.44
Channel Y -0.69 -1.65 0.47 0.36
Channel Z -0.76 -1.67 0.59 0.37

6. Input Offset Current
Nominal Input circuitry offset current on ali channals; <25fA

7. Input Resistance (Typical values for information)

Zeroing (kOhm)

Measuring {MOhm}

Channel X 200 200
Channel Y 200 200
Channel 2 200 200

8. Low Battery Alarm Voltage (Typical values for information)

Typical values

Alarm Level (VDC)

Supply (+ Vee)

+7.9

Supply (- Vec)

7.6

9. Power Consumption (Typical valugs for information)

Typical values

Switched off (mA) | Stand by {mA)

Transmitting (mA)
Supply (+ Vcc) +0.01 +6 +14
Supply {- Veo) ~0.0% -8 -g

Certificate No: DAE4-1398_Apr20
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Client age-cert

e e D2450V2 - SN: 968
Calibration Procedure(s) Frz1 1 ;
Calibration Procedures for dipole validation kits i

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(S1). The measurements and the uncertainties with confidence probabliity 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) _ Scheduied Calibration
Power Meter NRVD | 102083 01-Nov-17 (CTTL. No.J17X08756) Oct-18
Power sensor NRV-Z5 | 100542 01-Nov-17 (CTTL, No.J17X08756) Oct-18
Reference Probe EX3DV4 | SN7464  12-Sep-17(SPEAGNo.EX3-7464_Sep17) Sep-18
DAE4 SN 1524 12-Sep-17(SPEAG No.DAE4-1524_Sep17) Sep-18
Secondary Standards D& Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 23-Jan-18 (CTTL, No.J18X00560) Jan-19
NetworkAnalyzer ES071C | MY46110673 24-Jan-18 (CTTL, No.J18X00561) Jan-19

Name Function

Colormimd toy Zhao Jing SAR Test Engineer

T ——y Lin Heo. 'SAR Test Engineer

APpromed by Qi Dianyuan 'SAR Project Leader

Issued: August 3, 2018
This calibration certificate shall not be reproduced except in full without written approval of the faboratory.
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |[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 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 8GHz)", 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:

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

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

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

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

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

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

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

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

Certificate No: Z18-60252 Page 2 of &
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Measurement Conditions
DASY system configuration, as far as not on
DASY Version DASY52 52101 1476
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, gy, dz =5 mm
Frequency 2450 MHx £ 1 MHz
Head TSL parameters
The and calculations were appéed.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°'C 302 1.80 mhoim
Measured Head TSL parameters (220+02)°C 391:26% 1.65mhaim +6 %
Head TSL temperature change during test <10°'C — —
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 1386mWig
SAR for nominal Head TSL parameters normalized to 1W 53.6 mW /g £ 18.8 % (k=2)
SAR averaged over 10 ¢71’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 631mWig
SAR for nominal Head TSL parameters normalized to 1W 25.0 mW /g £ 18.7 % (k=2)
Body TSL parameters
The following parameters and calculatons were applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 2.0°C 527 1.95 mho/m
Measured Body TSL parameters (220202)'C 53746% 201 mhaim £ 6 %
Body TSL tomperature change during test <1.0°C — —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 128mW/g
SAR for nominal Bedy TSL parameters normalized to 1W 50.7 mW /g  18.8 % (k=2)
SAR averaged over 10 ¢m1’ (10 g) of Body TSL Condition
SAR measured 250 mW input power 607TmWig
SAR for nominal Body TSL parameters normalized to 1W 24.2 mW ig £ 18.7 % (k=2)
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Add: No.51 Xeeyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-6230M633-2079 Fax: +86-10-62304633-2504
E-mail: ctti@chinatel.com hittptwww chinatti cn

Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impadance, transformed to feed paint 53.90+ 3.68)0
Return Loss -257dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50.50+ 5.30/0
Retumn Loss - 25 548

General Antenna Parameters and Design

Electricai Delay (one direction) | 1.020 ne |

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 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 10 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

| Manutactured by | SPEAG |
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Add: No.S1 Xoeyoan Rosd, Hasdian District, Beijimg, 100191, Ching

Tel: <86 1062346332079 Fax: +86-10-6230M633-2504
E-enmal: ctthddchinmtl com htp/ www.chinatil cn
DASYS Validation Report for Head TSL Date: 07.31.2018

T'est Laboratory: CTTL, Beijing, China

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 968
Communication System: UID 0, CW: Frequency: 2450 MHz; Duty Cycle: 1:1
Medium parameters used: { = 2450 MHz; o = 1.852 S/m: ¢r = 39,12; p = 1000 kg/m3
Phantom section: Right Section

DASYS Configuration:

o Probe: EX3DV4 - SN7464; ConvF(7.89, 7.89, 7.89) (@ 2450 MHz; Calibrated:
91272017

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

» Electronics: DAE4 Sn1524; Calibrated: 9/13/2017

« Phantom: MFP_V5.1C ; Type: QD 000 PSICA,; Serial: 1062

o  Measurement SW: DASYS2, Version 52.10 (1); SEMCAD X Version 14.6.11
(7439)

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

Reference Value = 98.17 Vim; Power Drift = 0,06 dB

Peak SAR (extrapolated) = 28.7 W/kg

SAR(1 g) = 13.6 W/kg; SAR(10 g) = 6.31 W/kg

Maximum value of SAR (measured) = 23.0 Wikg

-13.08

-17.46

-21.82

0 dB = 23.0 W/kg = 13.62 dBW/kg

Certificate No: Z18-60252 Page sof &



2 In Collsboration with
CAUBRATION LABORATORY
Add: No.5| Xueyuan Road, Haidian Déstrict, Beijing, 100191, China

Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2 504
E-enail: cttl@chinattl com hatp//www.chinatil cn

Impedance Measurement Plot for Head TSL

Tri S11 Log Wag 10,000/ WeF O.00eas [P1]

30,90 4 " SiF 35,

0.0
30,00
20,00
10,00
o.coop «
-10,00
26,00
36,00
~40.00

~30.00 A
I =11 Seteh (ee)x) Scale 1.0000 [#1 celj

3L 2.4300000 GMz 93,531 @ 302 0 I30.33.08 S ]
C7
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Add: No 51 Xueyuan Road, Haddian District, Beljing, 100191, Ching

Tel: +86-10-62304633-2079 Fax: +86-10-623(M633-2504
E-omil: cutl@chinat] com hatp www chinatt cn
DASYS Validation Report for Body TSL Date: 07.31.2018

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 968
Communication System: UID 0, CW, Frequency: 2450 MHz: Duty Cycle: 1:1
Medium parameters used: £~ 2450 MHz; ¢ = 2,005 S/m; &r = 53.69; p = 1000 kg/m3
Phantom section: Center Section

DASYS Configuration;

o Probe: EX3DV4 - SN7464; ConvF(8.09, 8,09, 8.09) @ 2450 MHz; Calibrated:
9122017

« Sensor-Surface: 1. 4mm (Mechanical Surface Detection)

¢ Electronics: DAE4 Sn13524; Calibrated: 9/13/2017

o Phantom: MFP_V5.1C ; Type: QD 000 PS1CA, Serial: 1062

¢ Measurement SW: DASYS2, Version 52.10 (1); SEMCAD X Version 14.6.11
(7439)

Dipole Calibration/Zoom Scan (7x7x7) (7x7x7VCube 0: Measurement grid: dx=5mm,
dy=5Smm, dz=5mm

Reference Value = 98.00 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 25.5 Wikg

SAR(1 g) = 12.8 W/kg; SAR(10 g) = 6,07 W/kg

Maximum value of SAR (measured) = 20.8 Wikg

da
0

-4.16
-8.33
-12.49
-16.66

20.82 s

0dB=20.8 W/kg = 13.18 dBW/kg
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Impedance Measurement Plot for Body TSL

Trl s13 L0g Mag 10, 0. 001 i)

Y% Yy avo0000 GF L. TN @
LI
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0.000)
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SAR Reference Waveguide Calibration Report

Ref: ACR.116.13.19.SATU.A

ATTESTATION OF GLOBAL COMPLIANCE CO.
LTD.

1-2/F, BUILDING 19, JUNFENG INDUSTRIAL PARK,
CHONGQING ROAD, HEPING COMMUNITY, FUHAI
STREETBAO 'AN DISTRICT, SHENZHEN,
GUANGDONG, CHINAMVG COMOSAR REFERENCE
WAVEGUIDE
FREQUENCY: 5000-6000 MHZ
SERIAL NO.: SN 15/15 WGAJ36

Calibrated at MVG US
2105 Barrett Park Dr, - Kennesaw, GA 3014

o ¥ —— o
7~ [AccrEBiTED)

i

Calibration Date: 04/26/2019

Summary,

Thas document presents the method und results from an socredited SAR reference wavegude
calibration performed in MVG USA using the COMOSAR test bench. All calibeation results are

traceable to national metrology institutions.
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mvg SAR REFERENCE WAVEGUIDE CALIBRATION REFORT ReC ACRIIGE319SATUA

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528 and CEVIEC
62209 standards for reference waveguides used for SAR measurement system validations and the
measurements that were performed to verily that the product complies with the fore mentioned

standards.

2 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR 5000-6000 MHz REFERENCE WAVEGUIDE
Manufacturer MVG

Model SWGS500

Serial Number SN 15/15 WGA36

Product Condition (new /used) | Used

A yearly calibration interval 15 recommended.

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

MVG's COMOSAR Validation Waveguides are built in accordance to the IEEE 1528 and CEVIEC
62209 standards.

4  MEASUREMENT METHOD
The IEEE 1528 and CEIIEC 62209 standards provide requirements for reference waveguides used
for system validation measurements,  The following measurements were performed to verify that the
product comphies with the fore mentioned standards.

4.1
The waveguide used for SAR system validation measurements and checks must have a retum loss of
-8 dB or better, The retum loss measurement ghall be performed with matching layer placed in the
open end of the waveguide, with the waveguide and matching layer in direct contact with the
phantom shell as outlined in the fore mentioned standards,

42 MECHANICAL REQUIREMENTS
The IEEE 1528 and CEVIEC 62209 standards specify the mechanical dimensions of the validation
wavegnide, the specified dimensions are as shown in Section 6,2, Figure | shows how the
dimensions relate to the physical construction of the waveguide.
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SAR REFERENCE WAVEGUIDE CALIBRATION REFORT Rel ACRI16 E319SATU.A

5 MEASUREMENT UNCERTAINTY
All uncertainties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traccable to the Intemationally Accepted Guides to

Mcasurement Uncertainty.

5.1 RETURN LOSS

‘The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MH2 0.1dB

5.2 DIMENSION MEASUREMENT

e following uncertamties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length

3 - 300 0.05 mm

Ihe gutdelines outlined in the IEEE 1328 and CEVIEC 62209 standards were followed to generate
the measurement uncertainty for validation measurements.

Scan Volume Expanded Uncertainty
1 g 20.3 %
0g 20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS IN HEAD LIOLUID

12
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SAR REFERENCE WAVEGUIDE CALIBRATION REPORT ReC ACRI6 1319 SATU.A
Frequency (MIlz) | Return Loss (dB) | Requirement (dB) Impedance
3200 9,15 -8 25.40 Q + 993102
5400 _-1137 -8 86710+ 471402
5600 -13.63 -8 34.58 Q2 - 8.71 jQ
S800 -13.02 -3 52.55 Q + 23.38 Q2
6.2 RETURN LOSS IN BODY LIQUID
Fegmecy MH:
Frequency (MHz) | Return Loss (dB) | Requirement (dB) Impedance
5200 -8.29 -8 2431 Q < 13.64 Q2
5400 -10.18 -8 94,11 Q2 -6.25 Q2
3600 -11.97 -8 30.72 02 - 6.45 362
3800 -11.40 -8 57.51 Q2 - 29.02 342
6.3 MECHANICAL DIMENSIONS
Proquens 1, (1) W i |« (1) We i) 1 (mm}
,--;Il;l ,: Regure Measare Require Measure Requre Mesure Require Measuee Raquire Messure
AT d d d d d d d d d
sao | G337 | pass | BH| pass | BN | pass | OV [ pass | sae | eass
S800 ";':1”‘: PASS 3"5' : S5 pass A.:;r‘;)l: PASS "E_,':T PASS 13 PASS

* The tolerance for the matching layer is meluded m the return loss measurement

S T
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SAR REFERENCE WAVEGUIDE CALIBRATION REPORT Rel ACRIIGE312.SATUA

Marching layer

Figure 1: Validation Waveguide Dimensions

7 VALIDATION MEASUREMENT

The IEEE Std. 1528 and CEIIEC 62209 standards state that the system validation measurements
must be performed using a reference waveguide meeting the fore mentioned return loss and
mechanical dimension requirements.  The validation measurement must be performed with the
matching laver placed in the open end of the waveguide. with the waveguide and matching layer in
direct contact with the phantom shell.

71
F"::;"" Relative permittivity (&) |  Conductivity (o) S/m

<000 36.2$10% 2,45110%
5100 36,1 £10% 456 +10%
5200 36,0 +10% pASS 26610% | PASS
5300 359 +10% 276 410%
5200 35.8 £10'% PASS 286410% | PASS
5500 35.6110% 297110%
5600 35,5 $10% PASS 5.07:10% |  PASS
5700 354 210% 517 +10%
<800 35,3 410% PASS 527410% |  PASS
<900 35.2410% 5.3810%
000 351410% S5.484310%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIOUID

At those frequencies, the target SAR value can not be generic. Hereunder is the target SAR value
defined by MVG, within the uncertainty for the system validation,  All SAR values are normalized
to 1 W net power. In bracket, the measured SAR is given with the used input power.
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Rel ACRIIAE3I9SATU A

Software OPENSAR V4
Phantom SNV 2000 SAMTI
Probe SN 1811 ERGI22
Liquid Head Liguid Valoes 3200 MHz eps’ 36,68 sigma @ 4.45
Head Liguid Values 3400 MHz eps' 36.08 sigma : 4.69
Head Liguid Values 5600 MHz eps' 35 34 sigma © 4 95
Head Liguid Values S800 MH2. eps’ 34 81 sigma : 5.08
Distance between dipole waveguide and liguid U mm
Area scan resolution dx~Smm/dy=8mm
Zoon Scan Resolution dx=dmm/dy=<m/dz=2mm
Frequency 5200 MHz
S400 MHz
3600 MHz
S800 MH 2
Input power 20 dBm
Liguid Temperature 21°C
Lab Temperature 2l C
Lab Humidity 45%
Frequency (MHz) 1 ¢ SAR (Wkg) 10 g SAR (Wkg)
required measured required measured
5200 159.00 161.18(16.12) 56.90 55.04 (5.50)
5400 166.40 168.58 (16.86) 58.43 56.83 (5.68)
5600 173.80 175,94 (17.59) 59.97 59.03 (5.90)
5800 181.20 181.69 (18.17) 61.50 60.11 (6.01)

| ey ey

P,

SAR MEASUREMENT PLOTS @ 5200 MHz
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SAR REFERENCE WAVEGUIDE CALIBRATION REFORT Rel ACRI16 E319SATU.A

SAR MEASUREMENT PLOTS @ 5400 MHz

TS ‘a S800 MHz
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Rel ACRIIGEIIFSATU A

mvag SAR REFERENCE WAVEGUIDE CALIBRATION REFORT
73 BORY LIOUID MEASUREMENT
"‘;‘;"“ Ralative permittivity (e} Conducthity (a) $/m
5200 29,0210% PASS 530$10% PASS
5300 439$10% 542 £10%
5400 43,7 £10% PASS 553 +10% PASS
5500 AB6410% 565430%
5610 43.5$10% PASS 577410% PASS
S800 48.2410 % PAsSS 600 £10% PASS
74
Software OPENSAR V4
Phantom SN 2019 SAM7I
Probe SN I8N 1 ERGI22
Liguid Body Liquid Values 5200 MHz: eps’ 49,02 sigms : 546

Hody Liguid Values 5400 MHz: eps' (49,55 sigma 353
Body Liquid Values S600 MHz: epg 47 60 sggma . 3.77
Body Liguid Values 5800 MHz: eps’ 47 81 sipms : 6.12

Distance between dipole waveguide and liquid

0 mm

Area scan resolution

dx=Bmm/dy=8mm

Zoon Scan Resolution

dxdmm/dy=4m/dz-2mm

Frequency 5200 MHz
S400 Miiz
5600 MH2
SRO0MH 2
Inpul power 20 &8m
Ligquid Temperuture 21°C
Lab Temperature 21°C
Lab Humidity 43 %
Frequency (MHz) 1 o SAR (Wikg) 10 ¢ SAR (W kg)
measured measured
5200 151.71(15.17) 33.57(5.36)
5400 158.06 (15.81) 55.25(5.33)
5600 168.19 (16.82) 58.19 (5.82)
SR00 17113 (17.11) 58.47 (5.85)
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SAR REFERENCE WAVEGUIDE CALIBRATION REFORT Rel ACRI16 E319SATU.A

_BODY SAR MEASUREMENT PLOTS @ 5200 MHz

™

mrem e =
¥ R

_BODY SAR MEASUREMENT PLOTS a 5400 MHz

T

YIS a 5600 MHz

I
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SAR REFERENCE WAVEGUIDE CALIBRATION REFORT Rel ACRIIA 3 19SATUA

_BODY SAR MEASUREMENT PLOTS ‘@ 5800 MHz

HENERERNE
220 S -HHHHHEH
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SAR REFERENCE WAVEGUIDE CALIBRATION REPORT

Rel ACRIIGEINPSATU A

LIST OF EQUIPMENT

Fat Phantom MVG SN-20/09-SAMT r‘;’::“"f’ezd Noesd :g'fe‘zd No: ool

[COMOSAR Test Bench Version 3 NA V;;:,?;d bl ond ﬁ;‘;;fjd e, cmij
Network Analyzer | Rode 2 SRz | 100132 0212018 0272022
Calipers Carrera CALIPER-01 0112017 012020
Reference Probe MVG EPG122 SN 1811 10,2018 102019
Mustimeter Keithley 2000 1188656 0112017 01/2020
Signal Generator | Agilert E4438C MY49070681 0112017 0112020

Ampiflier Agthercomm SN 046 tc;gm&emgﬁ;o ‘C;r;ra&egle:ﬂegjic:;g:
Fower Meter HP E4418A US38261496 0112017 0112020
Power Sersor HP ECP-E26A US37181480 012017 0172020

Directional Coupler |  Narca 4216-20 01386 g’;:'a;f;':ffegj,’;;‘_’ fﬁ;”ﬁ?ﬂ;’&ﬁlﬁﬁ?
L"’w":i’;’t?"s':r:gf Control Compary | 150798832 1172017 1102020
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