Appendix A: Calibration Certificate

1.1. DAE4 Calibration Certificate
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% N CALIBRATION
Add: No.51 Xucyuan Read, Haidian District, Bedjing, 100191, China m CNAS L0570
Tel: +86-10-62304633-2218  Fax: +86-10-62304633-2209 il
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Clent .  ClQ(Shenzhen) Certificate No: Z17-97109
CALIBRATION CERTIFICATE
Object DAE4 - SN: 1315
Calibeation Procedure(s) FF.Z11-002-01
Calibration Procedure for the Data Acquisition Electronics
(DAEX)
Calibration date: August 15, 2017

This calibration Certificate documents the traceability to national standards, which realize the physical units of
- measurements(S1). The measurements and the uncertainties with confidence probability are given on the following
| pages and are part of the certificate.

liiﬁm calibrations have been conducted in the closed |aboratory facility: environment temperature(22:3)C and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

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

Process Calibrator 753 = 1871018 27-Jun-17 (CTTL, No.J17X05859) June-18

Name Function Signature
Calibrated by: Yu Zongying SAR Test Engineer %

Reviewed by: Lin Hao SAR Test Engineer ﬁg,%;

| Approved by: QiDianyuan  SAR Project Leader AU IR

Issued: August 16, 2017
This calibration certificate shall not be reproduced except in full without written approval of the laboratory,

Certificate No: ZI7-97109 Page | of 3
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Appendix A: Calibration Certificate

Add: No.$1 Xueyuian Road, Hasdion District, Beijing. 100191, China
Tel: +86-10-62304633-2218 Fax: +86-10-6234633-209

E-mail: cttli@chinattl.com Hup:www chimatil.cn
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.

Certificate No: Z17-97109 Page2 of 3
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Appendix A: Calibration Certificate

TTL s_ig_q_

Add: No.51 Xoeyuan Rood, Huidian District. Beijing, 100191, Ching

Tel: +85-10-623(M633-2218
E~muil: cotbéchinast] com

Hatp/www.chinmti.co

Fac +86-10-62304633-2209

DC Voltage Measurement
A/D - Converter Resolution nominal
HighRange:  1LSB= 614V, fulrenge=  -100..+300 mV
Low Range: LS = 6inV, full range = 1 A3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measwing time: 3 sec
Calibration Factors X { Y z
High Range 405175+ 0.15% (k=2) | 405.013 + 0.15% (k=2) | 404,871 + 0.15% (k=2)
| 1
Low Range | 3.99087 + 0.7% (k=2) | 3.98644 + 0.7% (k=2) | 3.98913 +0.7% (k=2)
Connector Angle

Connector Angle to be used in DASY system

205°+1°

Certificate No: Z17-97109
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3 of 59




Appendix A: Calibration Certificate

1.2. Prohe Calihratinn Certificate

FEE
BEFE
BE
CALIBRATION
Add: No.5§ Xueyusm Read, Haidian District, Beijing. 100191, China CNAS L0570
Ted: 86-10-62304633-2218  Fax: 486-10.62304633-2209
E-mail: cttl@chinatt) com A iwww. Lo
Client CIQ(Shenzhen) Certificate
Object EX3DV4 - SN:3842
Calibration Procedure(s) FF.211-004-01

Calibration Procedures for Dosimetric E-field Probes

Calibration date: August 15, 2017
This calibration Certificate documents the traceability to national standards, which realize the physical units of |
measurements(S1). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the certificate.

| All calibeations have been conducted in the closed laboratory facility: environment temperature(22:3)C and
humidity<70%.

Catibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Daie{Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 101919 27-Jun-17 (CTTL, No.J17X05857) Jun-18
Power sensor NRP-Z91 | 101547 27-Jun-17 (CTTL, No.J17X05857) Jun-18
Power sensor NRP-Z91 | 101548 27-Jun-17 (CTTL, No.J17X05857) Jun-18
Reference10dBAttenuator | 18BNSOW-10dB  13-Mar-16{CTTL No.J16X01547) Mar-18
Referance20dBAttenuator | 18NSOW-20dB  13-Mar-16(CTTL, No.J16X01548) Mar-18
Reference Probe EX3DV4 | SN 7433 26-Sep-16(SPEAG N0 EX3-7433_Sep16)  Sep-17
DAE4 SN 549 13-Dec-16(SPEAG No.DAE4-549_Dec16) Dec-17
Secondary Standards D# Cal Date{Calibrated by, Ceificate No.) Scheduled Calibration
SignalGeneratorMG3700A | 62010526058  27-Jun-17 (CTTL, No.J17X05858) Jun-18
Network Analyzer ES071C | MY46110673  13-Jan-17 (CTTL, No.J17X00285) Jan-18
Name Function Signature
s el Yu Zongying SAR Test Engineer :
Reviewed by Lin Hao SAR Test Enginger 1{?\ ;.»H,
Approved by: Qi Dianyuan SAR Project Leader 1R

Issued: August 18, 2017
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Cenificate No: Z17-97118% Page 1of 11
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Appendix A: Calibration Certificate
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Add: No.S1 Xeeyuan Rowd, Huidian District, Beijing, 100191, China
Tel: +86-10-62304613.2218 Fax; +86-10-6230M633-2209
E-mall: cuk@chinatt] com Http:www chinattl cn

Glossary:

TSL tissue simulating liquid

NORMx.y,z sensitivity in free space

ConvF sensitivity In TSL / NORMx,y,z

peeP 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 8 rotation around an axis that is in the plane normal to probe axis (at measurement center), |

6=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) |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 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 2016

¢) 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 8 GHz)", March
2010

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

Methods Applied and Interpretation of Parameters:

o NORM,y z: Assessed for E-field polarization 8=0 (f<800MHz in TEM-cell; > 1800MHz: waveguide).
NORMx.y.z are only intermediate values, i.e., the uncertainties of NORMzx,y,z does not effect the
E* 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.

o DCPxyz: DCP are numerical finearization 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
charactenstics.

o Axyz Bxyz Cx.yzVRxyzAB.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 voitage across the diode.

s ConvF and Boundary Effect Paramelers: Assessed in fiat phantom using E-field (or Temperature
Transfer Standard for f<800MHz) 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,2* 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.

« Spherical isotropy (3D deviation from isofropy): in a field of low gradients realized using a flat
phantom exposed by a patch antenna.

o Sensor Offsel The sensor offset corresponds to the offset of virtual measurement center from the
probe tip (on probe axis). No tolerance required.

o Connector Angle: The angle is assessed using the information gained by determining the NORMx
(no uncertainty required)

Centificate No: Z17-97110 Page2of Nl
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Add: No.31 Xueyuan Road, Haidion Districs, Begjing. 100191, Chima
Tel: +86-10-62304633-2218 Fax: +86-10.62304633-2200
E-mail; cttl@chinatt) com Hitp:/www.chinagtl.co

Probe EX3DV4

SN: 3842

Calibrated: August 15, 2017
Calibrated for DASY/EASY Systems

(Ncie: non-compatible with DASY2 system!)

Certificate No: Z17-97110 Page 3 of 11
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Appendix A: Calibration Certificate
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Add: No.31 Xucyusn Road, Haidian Districe, Begging. 10019}, China
Tel: «86-10-62304633-2218 Fax: +86-10-62304633-2209
E-madl; cttl@chinattl.com Htpfwww.chinatil.co

DASY/EASY - Parameters of Probe: EX3DV4 - SN: 3842

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm(pV/(Vim)})* 0.34 0.53 0.42 +10.0%
DCP(mV)° 1023 1026 101.2

Modulation Calibration Parameters

uiD Communication A B c D VR Unc®
System Name dB dBvuV dB mv (k=2)
0 cw X 0.0 0.0 1.0 0.00 1374 | £21%
Y |00 0.0 1.0 176.2
2 0.0 0.0 1.0 153.3

The reported uncerainty 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 E*field uncertainty inside TSL (see Page 5 and Page 6).
¥ 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 field value.

Certificate No: Z17-97110 Page4of Il
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Add: No 51 Xueyumn Road, Haidion District, Beijimg, 100191, China
Tel: ~86~10-62304633-2218 Fax: +86-10-6230M633-220%
E-mail; cttl@chinattl com Hutpo/www.chinatti <o

DASY/EASY - Parameters of Probe: EX3DV4 - SN: 3842

Calibration Parameter Determined in Head Tissue Simulating Media

G

 MHzC Pom‘ c““::m':" ConvF X | ConvF'Y | ConvF Z | Alpha® D(:”:; :::;

750 419 0.89 041 | 941 | 941 | 030 | 090 | £12.1% |
900 415 0.97 915 | 915 | 915 | 016 | 137 | +121% |
1750 401 137 780 | 789 | 789 | 023 | 109 | =121%
1800 400 140 758 | 758 | 758 | 020 | 118 | =121%
2450 32 | 180 | 682 | 682 | 692 | 032 | 116 |+121%
2600 90 | 19 678 | 678 | 678 | 040 | 093 | +121%

© 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 uncedainty 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
formuia is applied to measured SAR values. At frequencies abeve 3 GHz, the validity of tissue parameters (¢ and o) is
restricted to £5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target issue parameters,

% Aipha/Depth are determined during cafibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compensation is atways less than + 1% for frequencies below 3 GHz and below £ 2% for the frequencies
between 3-6 GHz at any distance larger than half the probe tip diameter from the boundary.

Certificate No: Z17-97110 Page sof 11
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Add: No51 Xueyuan Rood, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633.2218 Fax: +86-10-62304633-2209
E-mail: ctth@chinattl.com Hupwww chinal cn

DASY/EASY - Parameters of Probe: EX3DV4 - SN: 3842

Calibration Parameter Determined in Body Tissue Simulating Media

. (]

f [MHz]® P:mm, “"1::;? ConvF X | ConvF Y | ConvF Z | Alpha® m (l::;
750 55.5 0.96 9.31 931 | 931 | 030 | 080 | +121%
900 550 | 105 | 902 9.02 902 | 024 | 115 | +12.1%
1750 534 149 | 757 7.57 757 | 023 | 112 |+121%
1900 | 533 152 7.32 7.32 732 | 022 | 121 | £121%
2450 527 195 7.01 7.01 701 | 042 | 104 | £121%
2600 525 216 6.97 697 697 | 042 | 101 | +121%

© Frequency vakidity 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 uncartainty 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 vaidity can be extended to + 110 MHz,

¥ At frequency below 3 GHz, the validity of tissue parameters (¢ and o) can be refaxed to £10% if liquid compensation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and 0) is
restricted to £5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.

& 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 1 2% for the frequencles
between 3-6 GHz at any distance targer than haif the probe tip diameter from the boundary.

Certificate No: Z17-97110 Page 6of 11
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Add: No.51 Xucyuan Road, Haidian District, Begjing, 100191, China

Tek: €86-10-62304633-2218 Fax: +86-10-62304633-2209
E-mail: cttl@chinatl com Hup:/www.chimattl.co

Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)

B

Frequency response (normalized)

06- e
05 — T
0 §00 1000 1500 2000 2500 3000
— 0 —
= f[MHz] S
TEM =1

Uncertainty of Frequency Response of E-field: £7.4% (k=2)

Centificate No: 217-97110 Page 7of 1l
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Add: No.51 Xucyunn Road, Haidian District, Beijing, 100191, China
Tel: +86-10-6230M633-2218 Fax +86-10-62304633-2209
E-mail: cttl @chinattl.com Hnpfwww chinatti on

Receiving Pattern (®), 8=0°

=600 MHz, TEM f=1800 MHz, R22

T e & 3 .
Raif']
TVT100MHz -+ 600MHz _—+— 1800MHz —+— 2500MHz
Uncertainty of Axial Isotropy Assessment: +1.2% (k=2)

Certificate No: Z17-97110 Pagesof 11
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Add: No.51 Xoeyuan Road, Haidian District, Beijing, 100191, Chise
Tel: +86-10-62304633-2218  Fa: +86-10-62304633-2209
E-mail: ctbi@chimtil. com Hitpe'www.chinanil.cn

Dynamic Range f(SAReaq)

(TEM cell, f = 900 MHz)
. Nededobd Mo
H
)
5
-9
-
Al ""ll' ll'lllll
10° 10°
SAR[mMW/cm’]
F®not compensated  ~8— compensated
21

FOTT] SN SINSRN

10’ 10’
SAR[mW/cm’)
[ e not compensated —+— campensated |
Uncertainty of Linearity Assessment: 0.9% (k=2)
Certificate No: Z17-97110 Pagedof 11

12 of 59



Appendix A: Calibration Certificate

p

- 77T ;_n_eie_q__

Add: No.51 Xueyuan Road, Haidian District, Beipmg, 100191, China
Tel: +86-10-62304633-22138 Fax; +86-10-62304633-2209
E-mail: ctth@ chinattl.com Hitp:/'www,chinatt].cn

Conversion Factor Assessment
f=750 MHz, WGLS R9(H_convF)  f=1750 MHz, WGLS R22(H_convF)

|

| = 20,40 1
110 wm
1\ \
pd | \
a0 13
H S 15m i e H i
1% 3
H 3 |
1008 — b
10 ‘ ‘
o - .00 .
p. 0 C 0
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[ -meanred  ——anahpicd [ —-meanred —anaigtieal |

1.0
08
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oo
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-04
-08

Z Axis

A0 080 GR0 40 120 0 020 040 060 08O 10
Uncertainty of Spherical Isotropy Assessment: $3.2% (K=2)

Certificate No: Z17-97110 Page 10 of 11
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Add: Now5 1 Xueyuan Road, Haidian District, Regjing, 100191, Claina
Tel: +86-10-62304633-2218 Fax: +86-10-62304633.2209
E-pnad]; cil@chinattl. com Hup:‘www.chinattl cn

DASY/EASY - Parameters of Probe: EX3DV4 — SN: 3842

Other Probe Parameters
Sensor Arrangement Triangular
Connector Angle (°) 67.2
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disable
Probe Overall Length 337Tmm
Probe Body Diameter 10mm
Tip Length 9mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point imm
Probe Tip to Sensor Z Calibration Point 1mm
' Recommended Measurement Distance from Surface 1.4mm
Certificate No: Z17-97110 Page nof 1l
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1.3. D750V3 Dipole Calibration Certificate
Calibration Laboratory of L, ——
Scéwmid & :am:z A= fo\ St s e
nginee 3 s Servizio svizzer
Mmzmmm ‘;//—ﬁ\,\? N s ko Gl Sordos.

Accredited by the Swiss Accredintion Sarvice (SAS)
The Swiss Accreditation Service s one of the signatories to the EA
Multilateral Agresment for the recagnition of caliiration certificates

cliet  CIQ (Auden) Centificats No: D750V3-1156_Feb16

CALIBRATION CERTIFICATE

Object D750V3 - SN: 1156

sat Braky  (2bM)
Todby

Calitrasion procedura(s) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz
Calioration data February 02, 2016
Thes calbration cenficate o s he iy %o , which reslize the physicst units of measuremsnts {51)
Tha measuraments and (he Bes with probabilty are given on the Sollowing pages and are part of the canficale
Al calibraions have boan conchacted in th closed & y laciity. P (22 £ 3)°C and humidity < 70%.
Caldration Equipment used (MSTE crtical for caltvabion)
Primary Standurds DA Cal Date (CertiScate No.) Schaduled Oalbrstion
Powsr medi EPM-442A GE37480704 070ct-15 (No, 217-00222) Oct-16
Power sensor HP BaB1A usarzeeraa D7-0t-15 (No. 217-08222) Oct-16
Power sensor HP 8481A MY41082317 07-0ct-15 (No. 217-02223) Oct18
Reterence 20 dif Attonuator BN: 5063 (20k) 01-Apr-16 (No. 217-02131) Mar-18
Type-N mismatch combination SN: 5047 .2 £ 06327 O1-Apr-14 (No. 217.02134) Mar-18
Refamnce Probe EX3DV4 8N: T 31-Dec-15 (No. EX3-7349_Dec1s) Dec-16
DAEY SN0 30-Dec-15 (No, DAE4A-601_Dac15) Dec-18
S y St 3 ID# Chack Date (In house) S Check
RF gencrator HAS SMT-06 100672 15-Jun-15 (in house chaeck Jun-15) In howss chack: Jun-18
Netwark Analyzer HP 87536 US3T300585 S4200 18-0ct-01 (in house chack Oct-15) In house check: Oct-16
Name Function : re
Caltwated by Michael Webar Laboratory Techrician %_
Approved ty: Katja Pakovic Technica! Manager
Issued: Fobraary 4, 2018
This cartficale Shafl not De reprocuead axcept i ful without wiithen spprovil of the

Certificate No: D750V3-1156_Feb16

Page 1 of 8
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Appendix A: Calibration Certificate

Callbfation Laboratory of Q.@“"‘i")","",,; ‘,*“‘% S  Schweizerischer Kalibrierdienst
Schmid & Partner % A2 o Service suisse détalonnage
Engineering AG B Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland TN \m %Y/ S swiss Calibration Service
Wty
Accrodited by the Swiss Accroditation Servica (SAS) Accroditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration cortificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

c) 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"

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.

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

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

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

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

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

» 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: D750V3-1156_Feb16 Page 2 of 8
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Appendix A: Calibration Certificate

Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 750 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 419 0.89 mho/m
Measured Head TSL parameters (22.0+02)°C 422+6% 0.91 mha/m + 6 %
Head TSL temperature change during test <05°C - e
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.03 W/kg
SAR for nominal Head TSL parameters normalized to 1W 7.99 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 1.33 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 5.25 W/ikg = 16,5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.5 0.96 mho/m
Measured Body TSL parameters (22.0+0.2)°C 554+6% 0.98 mho/m 2 6 %
Body TSL temperature change during test <05°C -— —
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measurad 250 mW input power 2.21 Whkg
SAR for nominal Body TSL parameters normalized to TW 8.70 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 1.45 Wikg
SAR for nominal Body TSL parameters normalized to 1W 5.73 Wikg = 16.5 % (k=2)

Certificate No; D750V3-1156_Feb16

Page 3 of B
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Appendix A: Calibration Certificate

Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, ransformed to teed point 5360-09jQ
Return Loss -289d8

Antenna Parameters with Body TSL

Impedance, transformed to feed point 5020Q-22iQ
Return Loss -332dB

General Antenna Parameters and Design

LElectrk:al Delay (one direction) I 1.031 ns

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

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

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

Additional EUT Data
Manufactured by SPEAG
Manufactured on August 12, 2015
Cerntificato No: D750V3-1156_Feb16 Page 4 of 8
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Appendix A: Calibration Certificate

DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1156

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: f =750 MHz; o = 0.91 S/m; & = 42.2; p = 1000 kg/m*
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(10.28, 10.28, 10.28); Calibrated: 31.12.2015;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.12.2015

Phantom: Flat Phantom 4.9L; Type: QDO0OP49AA; Serial: 1001

DASY52 52.8.8(1258);: SEMCAD X 14.6.10(7372)

Date: 02,02.2016

Dipole Calibration for Head Tissue EX-Probe/Pin=250 mW, d=15mm/Zoom Scan
(7x7x7)/Cube 0: Mcasurement grid: dx=Smm, dy=Smm, dz=5mm
Reference Value = 57.29 V/m; Power Drift = 0,03 dB

Peak SAR (extrapolated) = 3.06 W/kg

SAR(1 g) = 2.03 W/kg; SAR(10 g) = 1.33 W/kg

Maximum value of SAR (measured) = 2.72 Wikg

-2.40

-4.80

-7.20

-9.60

-12.00

0 dB =2.72 W/kg = 4.35 dBW/kg

Certificate No: D750V3-1156_Feb16 Page 50f 8
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Appendix A: Calibration Certificate

Impedance Measurement Plot for Head TSL
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Certificate No: D750V3-1156_Feb16 Page 6 of 8
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Appendix A: Calibration Certificate

DASYS Validation Report for Body TSL

Date: 02.02.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1156

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: f = 750 MHz; o = (.98 S/m; & = 55.4; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
¢ Probe: EX3DV4 - SN7349; ConvF(9.99, 9.99, 9.99); Calibrated: 31.12.2015;
o Sensor-Surface: |.4mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 30.12.2015
» Phantom: Flat Phantom 4.9L; Type: QDOO0OP49AA; Serial: 1001
» DASYS52 52.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Body Tissue EX-Probe/Pin=250 mW, d=15mm/Zoom Scan
(7x7x7)/Cube 0: Measurement grid: dx=5Smm, dy=5mm, dz=5mm

Reference Value = 57.34 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.35 Wikg

SAR(1 g) = 2.21 W/kg; SAR(10 g) = 1.45 W/kg

Maximum value of SAR (measured) = 2.97 W/kg

-2.40
-4.80
-1.20

-12.00

0 dB =2.97 Wikg = 4.73 dBW/kg

Centificate No: D750V3-1156_Feb16 Page 7 of 8

21 of 59



Appendix A: Calibration Certificate

Impedance Measurement Plot for Body TSL
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Appendix A: Calibration Certificate

Extended Dipole Calibrations

Referring to KDB865664 D01, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration),
and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and the
calibration interval can be extended.

Head
Date of Real Impedance Delta Imaginary Delta
Return-loss (dB) | Delta (%) )
measurement (ohm) (ohm) impedance (ohm) (ohm)
2016-02-02 -28.9 53.6 -0.9
2017-01-30 -29.2 -3.39 54.8 1.2 -0.7 0.2
Body
Date of Real Impedance Delta Imaginary Delta
Return-loss (dB) | Delta (%) ]
measurement (ohm) (ohm) impedance (ohm) (ohm)
2016-02-02 -33.2 50.2 -2.2
2017-01-30 -34.0 -8.8 515 13 2.1 0.1

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5o0hm of prior calibration.
Therefore the verification result should support extended calibration.
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Appendix A: Calibration Certificate

1.4. D835V2 Dipole Calibration Certificate

\\'J/ G TET
TTL LP._L!_L CN Asnﬁzu

Add: No,51 X Haidtian Distrit, Beifing, 100191, China % e? CALIBRATION
Tet n:-mmm';fm% rmmm%n-zm " ’/,@\ CNAS LOSTO
E-mail: codd@chinattlcom hitpcfiwww.chinattlen
Client CiQ(Shenzhen) Certificate No:  Z17-97206
CALIBRATION CERTIFICATE
Object D835V2 - SN: 4d134
Calibration Procedure(s) HESS 5

Calibration Procedures for dipole validation kits

Catibration date: October 27, 2017

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(Sl). The measurements and the uncertainties with confidence probabiiity are given on the following
pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature(2z2:3)C and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D& Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRVD 102186 02-Mar-17 (CTTL, No.J17X01254) Mar-18
Power sensor NRV-Z5 100586 02-Mar-17 (CTTL, No.J17X01254) Mar-18
Referance Probe EX3DV4 | SN 7307 17-Mar-17(CTTL-SPEAG No.217-87028) Mar-18
DAE3 SN 536 08-Oct-17(CTTL-SPEAG No.Z17-87188) Oct-18
Secondary Standards D# Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430  13-Jan-17 (CTTL, No.J17X00288) Jan-18
Network Analyzer ES071C | MY48110673  13-Jan-17 (CTTL, No.J17X00285) Jan-18

Name Function
Calibrated by: Zhao Jing SAR Test Engineer {1_/
Reviewed by: Lin Hao SAR Test Engineer ’{ﬁF;*"p

Approved by. Qi Dianyuan SAR Project Leader (:a;ﬂ/

Issued; October 30, 2017
This calibration certificate shall not be reproduced axcept n full without written approval of the laboratory,

Centificate No: 217-97206 Page 1 of 8
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Appendix A: Calibration Certificate

!\. In Collsboration with

Add: No.5S1 Xueyuan Road, Haidian District, Bedjing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504

E-mail; cttb@chinattl.com Ittp//www.chinattl.en
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) |IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, "Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 2016

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

o 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 muitiplied by the coverage factor k=2, which for a normal distribution
Corresponds to a coverage probability of approximately 85%.

Certificate No: Z17-97206 Page 2 of 8
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Appendix A: Calibration Certificate

TTI Bt 2 g

Add: No.51 Xveyunn Road, Haidian District, Beijing, 100191, China

Tel: +86-10-62304633-2079
E-muil: ctti@chinattl com

Fax: +86-10-62304633-250M
htp:tivweww.chinattl.can

Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASY52 52.10.0.1446
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 835 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were appled,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°*C 415 0.90 mho/m
Measured Head TSL parameters (220+02)°C 420+6% 0.80 mho/m £ 6 %
Head TSL temperature change during test <1.0*C - —
SAR result with Head TSL
SAR averaged over 1 ¢’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 238mW/g
SAR for nominal Head TSL parameters nermalized to 1W 9.58 mW /g £ 18.8 % (k=2)
SAR averaged over 10 ¢m1° (10 g) of Head TSL Condition
SAR measured 250 mW input power 154mWi/g
SAR for nominal Head TSL parameters normalized to 1W 6.19 mW /g £ 18.7 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 552 0.97 mha/m
Measured Body TSL parameters (220+02)°C 543:6% 0.95 mho/m £ 6 %
Body TSL temperature change during test <1.0*C - -
SAR result with Body TSL
SAR averaged over 1 ¢m’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 239mW/g
SAR for nominal Body TSL parameters normalized to 1W 9.66 mW /g £ 18.8 % (k=2)
SAR averaged over 10 ¢m° (10 g) of Body TSL Condition
SAR measured 250 mW input power 1.57mW/g
SAR for nominal Body TSL parameters normalized to 1W 6.34 mW /g £ 18.7 % (k=2)

Certificate No: Z17-97206

Page 3of &
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Appendix A: Calibration Certificate

. In Collaboration with

1777

Add: No.51 Xueyuan Road, Haldian District, Bejjing, 100191, China

CALIBRATION LABORATORY

Tel: +86-10-62304633-2079 Fax: +86~10-62304633-2504
E-mail: ctil@chinatt).com hupe/fwww.ehinattlen

Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, fransformed fo feed point 48.30- 2,990

Retum Loss -29.1dB
Antenna Parameters with Body TSL

Impedance, transformed to feed point 45.90- 4.34)Q

Retum Loss -24.1d8
General Antenna Parameters and Design

Electrical Delay (one direction) l 1,506 ns

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

be measured,

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

affected by this change. The overall dipole length is still according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered

connections near the feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Certificate No: Z17-97206

Page 4 of 8
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Appendix A: Calibration Certificate

r\. lnCoﬂ.bomﬁonewid\a

Add: No.$1 Xueyuan Road, Haidion District, Betjing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504
E-mail: etti@chinuttl.com hitp:/fwww.chinattl.cn

DASYS Validation Report for Head TSL Date: 10.27.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d134
Communication System: UID 0, CW; Frequency: 835 MHz; Duty Cycle: 1:1
Medium parameters used: f= 835 MHz; a = 0.895 S/m; g, = 41.99; p = 1000 kg/m’
Phantom section: Left Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

« Probe: EX3DV4 - SN7307; ConvF(10.12, 10.12, 10.12); Calibrated: 3/17/2017;

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

« Electronics: DAE3 Sn536; Calibrated: 10/9/2017

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

« Measurement SW: DASYS2, Version 52.10 (0); SEMCAD X Version 14.6.10
(7417)

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

Reference Value = 56.82V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 3.76 W/kg

SAR(1 g) = 2.38 W/kg: SAR(10 g) = 1.54 W/kg

Maximum value of SAR (measured) = 3.27 W/kg

-2.19

-4.38

-6.56

-8.75

=

-10.94

0 dB =3.27 W/kg = 5.15 dBW/kg

Certificate No: Z17-97206 Pagesof 8
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. In Colleboration with

TTL tats—

Add: No.51 Xueyuan Road, Husdian District, Beijing, 100191, Ching
Tel: +86-10-62304633-2079 Fox: +86-10-62304633-2504
E-mail: cttli@chinatl.com hutpe/fwww.chinattl.en

Impedance Measurement Plot for Head TSL
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CALIBRATION LABORATORY

ﬁ; n ation with

Add: No.51 Xueyuun Road, Haidian District, Beljing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504
E-mall: cttl@chinattl.com http:/fwww,chinattl.cn

DASYS Validation Report for Body TSL
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d134

Date: 10.27.2017

Communication System: UID 0, CW; Frequency: 835 MHz; Duty Cycle: 1:1
Medium parameters used: f= 835 MHz; ¢ = 0,952 S/m; g, = 54.34; p = 1000 kg/m’

Phantom section: Right Section

Measurement Standard: DASY S (IEEE/IEC/ANSI C63.19-2007)
DASYS5 Configuration:

« Probe: EX3DV4 - SN7307; ConvF(10.05, 10.05, 10.05); Calibrated: 3/17/2017;

» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE3 Sn536; Calibrated: 10/9/2017

« Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1
o Measurement SW: DASY52, Version 52.10 (0); SEMCAD X Version 14.6.10

(7417)

Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=35mm,

dy=5mm, dz=5mm

Reference Value = 56.65 V/m; Power Drift = 0.01 dB
Peak SAR (extrapolated) = 3.71 W/kg

SAR(1 g) = 2.39 W/kg; SAR(10 g) = 1.57 W/kg
Maximum value of SAR (mcasured) = 3.24 W/kg

— -
dB
0 ‘

214 ]
427
6.41

-8.54

0 dB =324 W/kg =5.11 dBW/kg

Certificate No: Z17-97206 Page 7of 8
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TTI. LB e R n

Add: No.51 Xueyunn Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-623(0M633-2504
E-mail: cttbZ@chinattl.com hitp/Awww.chinattLen

Impedance Measurement Plot for Body TSL
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Appendix A: Calibration Certificate

Extended Dipole Calibrations

Referring to KDB865664 D01, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration),

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

calibration interval can be extended.

Head
Date of Real Impedance Delta Imaginary Delta
Return-loss (dB) | Delta (%) )
measurement (ohm) (ohm) impedance (ohm) (ohm)
2017-10-27 -29.1 48.3 2.99
Body
Date of Real Impedance Delta Imaginary Delta
Return-loss (dB) | Delta (%) ]
measurement (ohm) (ohm) impedance (ohm) (ohm)
2017-10-27 -24.1 45.9 4.34

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 50hm of prior calibration.

Therefore the verification result should support extended calibration.
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1.5. D1750V2 Dipole Calibration Certificate

*  In Collsboration with \\\‘\“'“). AN
s p € a g .
T7717. N C‘N As\ BRI

Add: No51 Xueyuan Rosd, Haidiss Districe, Beijing, 100191, China ‘g/—ﬁ\ v CALIBRATION

Tel: +84-10-62308633-2070 i +86-10-62304633-2504 AR CNAS LOSTO
Bl crtl@chinmm).com Tt v, climatt] cn
Client CiQ(Shenzhen) Certificate No:  Z17-97208
CALIBRATION CERTIFICATE
Object D1750V2 - SN: 1062

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

Callbration Procedures for dipole validation kits

Calibration date: October 26, 2017

This calibration Cerlificate documents the traceabiiity to national standards, which realize the physical units of
measurements(SI). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the certificate.

All calibrations have been conducted In the closed laboratory facility: environment temperature(22:3)T and
humidity<70%.

Calibration Equipmeant usad (M&TE critical for callbration)

Primary Standards iD# Cal Date(Calibrated by, Certificate No.) _ Scheduled Callbration
Power Meter NRVD | 102196 02-Mar-17 (CTTL, No.J17X01254) Mar-18
Power sensor NRV-Z5 | 100598 02-Mar-17 (CTTL, No.J17X01254) Mar-18
Reference Probe EX3DVA4 | SN7307  17-Mar-17(CTTL-SPEAGNo.217-87028) Mar-18
DAE3 SN 538 08-Oct-17(CTTL-SPEAG No.217-67198) Oct-18
Secondary Standards | ID# Cat Date(Calibrated by, Certficate No) __ Scheduled Caiibration
Signal Generator E4438C | MY4B071430 13-Jan-17 (CTTL. No.J17X00286) Jan-18
Network Analyzer ESO71C | MY46110673  13-Jan-17 (CTTL. No.J17X00285) Jan-18
Name Function chnaaure
Colbrand by: Zhao Jing SAR Test Enginser
Reviewsd by: Lin Hao SAR Test Engineer -ﬂf —7%

Approved by. Qi Dianyuan SAR Project Leader 7 Wi

Issued: October 29, 2017
This calibration certificate shall not be reproduced except in full without written approval of the laboratory,

Certificate No: Z17-97208 Page 1 of &
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*  In Collsboranon with
CALIBRATION LABORATORY
Add: No.51 Xueyuan Road, Haidian District, Begjing, 100191, China
Tel: +86-10-62304633-207% Fax: +86-10-62304633-2504

Email: ctd@chinattl.com bt/ wwwchinattl 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) |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 assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 2016

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

e Electrical 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.

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

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

Certificate No: Z17-97208 Page 2 of 8
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*  In Collaboration with
CALIBRATION LABORATORY
Add: No.51 Xueyuan Road, Haidian District, Bedjing, 100191, China

Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504
E-mail: cttl@ehinutt] com http:/fwww.chinattl.cn

Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS52 52.10.0.1446
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1750 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 401 1.37 mho/m
Measured Head TSL parameters (220+0.2)°C 30.7£6% 1.37 mho/m + 6 %
Head TSL temperature change during test <1.0°C - e
SAR result with Head TSL
SAR averaged over 1 ¢’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 914mWi/ig
SAR for nominal Head TSL parameters normalized to W 36.6 mW /g £ 18.8 % (k=2)
SAR averaged over 10 ¢m” (10 g) of Head TSL Condition
SAR measured 250 mW input power 486mW/g
SAR for nominal Head TSL parameters normalized to W 19.4 mW /g £ 18.7 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Pormittivity Conductivity
Nominal Body TSL parameters 220°C 534 1.4 mho/m
Measured Body TSL parameters (220202)*C 538+8% 146 mho/m 26 %
Body TSL temperature change during test <10°C - -
SAR result with Body TSL
SAR averaged over 1 cn1’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 927 mW/g
SAR for nominal Body TSL parameters normalized to 1W 37.6 mW /g £ 18.8 % (k=2)
SAR averaged over 10 ¢’ (10 g) of Body TSL Condition
SAR measured 250 mW input power 4894mWig
SAR for nominal Body TSL parameters normalized to 1W 19.9 mW /g £ 18.7 % (k=2)

Certificate No; Z17-97208 Page3ofg
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 48.50-143j0

Return Loss -334dB
Antenna Parameters with Body TSL

Impedance, tfransformed to feed point 4510-022j0

Return Loss -258dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1.324 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpaint can

be measured.

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

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

Additional EUT Data

[ Manufactured by

SPEAG

Certificate No: Z17-97208
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DASYS Validation Report for Head TSL Date; 10,26.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1062
Communication System; UID 0, CW; Frequency: 1750 MHz; Duty Cycle: 1:1
Medium parameters used: f= 1750 MHz; o = 1.365 S/m; er = 39.72; p = 1000 kg/m3
Phantom section: Left Section
Measurement Standard: DASYS (IEEE/IEC/ANSI €C63,19-2007)
DASYS5 Configuration:

« Probe: EX3DV4 - SN7307; ConvF(8.63,8.63,8.63); Calibrated: 3/17/2017;

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

» Electronics: DAE3 Sn536; Calibrated: 10/9/2017

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

«  Measurement SW: DASYS52, Version 52,10 (0); SEMCAD X Version 14.6.10
(7417)

System Performance Check/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid:
dx=3mm, dy=Smm, dz=5Smm

Reference Value = 96.07 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 16.8 W/kg

SAR(I g) = 9.14 W/kg: SAR(10 g) = 4.86 W/kg

Maximum value of SAR (measured) = 14.1 W/kg

-6.79
-10.18
-13.58
-16.97 4
0dB=14.1 W/kg = 11.49 dBW/kg
Certificate No: Z17-97208 Pagesofs
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 10.26.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1062
Communication System: UID 0, CW; Frequency: 1750 MHz; Duty Cycle: 1:1
Medium parameters used: f= 1750 MHz; 6 = 1,462 S/m; g, = 53.78; p = 1000 kg/m’
Phantom section: Right Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

s Probe: EX3DV4 - SN7307; ConvF(8.35, 8.35, 8.35); Calibrated: 3/17/2017;

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

« Electronics: DAE3 Sn336; Calibrated: 10/9/2017

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

« Measurement SW: DASY352, Version 52.10 (0); SEMCAD X Version 14.6.10
(7417)

System Performance Checl/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 93.81 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 16.9 W/kg

SAR(1 g) = 9.27 W/kg; SAR(10 g) = 4.94 W/kg

Maximum value of SAR (measured) = 14.1 W/kg

dB
0

-3

-9.92
-13.22
-16.53 -
0dB = 14.1 W/kg =11.49 dBW/kg
Certificate No: Z17-97208 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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Extended Dipole Calibrations

Referring to KDB865664 D01, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration),
and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and the
calibration interval can be extended.

Head
Date of Real Impedance Delta Imaginary Delta
Return-loss (dB) | Delta (%) )
measurement (ohm) (ohm) impedance (ohm) (ohm)
2017-10-26 -33.4 48.5 1.43
Body
Date of Real Impedance Delta Imaginary Delta
Return-loss (dB) | Delta (%) )
measurement (ohm) (ohm) impedance (ohm) (ohm)
2017-10-26 -25.8 45.1 0.22

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 50hm of prior calibration.

Therefore the verification result should support extended calibration.
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1.6. D1900V2 Dipole Calibration Certificate
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Add: No.S1 Xueywan Road, Haidian District, Beljing, 100191, China 2 ¥ CALIBRATION
Tk 2B 1063020 Fex: 185.10.6904435.2504 m CNAS LOSTO
F-musl: cttlgdehimastl.com hetpiwwwechinastl.on
Client ClQ(Shenzhen) Certificate No:  Z17-97209
CALIBRATION CERTIFICATE
Object D1800V2 - SN: 5d150
Callbration Procedura(s) FF-Z110

Calibration Procedures for dipole validation kits

Calibration date: October 28, 2017

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

All calibrations have been conducted In the closed laboratory facility: environment temperature(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
Power Meter  NRVD 102196 02-Mar-17 (CTTL, No.J17X01254) Mar-18
Power sensor  NRV-Z5 100596 02-Mar-17 (CTTL, No,J17X01254) Mar-18
Reference Probe EX3DV4 | SN 7307 17-Mar-17(CTTL-SPEAG No.Z17-87028) Mar-18
DAES SN 536 09-Oct-17(CTTL-SPEAGN0.Z17-87108) Oct-18
Secondary Standards 1D # Cal Date(Calibrated by, Certificate No.} Scheduled Calibration
Signal Generator E4438C | MY48071430  13-Jan-17 (CTTL, No.J17X00266) Jan-18
Notwork Analyzer ES071C | MY46110673  13-Jan-17 (CTTL No.J17X00285) Jan-18

Name Function Signature

Callicitait Zhao Jing SAR Tost Engineer 44

Reviewed by- Lin Hao SAR Test Engineer wﬁ-ﬁ{g

Approved by: Qi Dianyuan SAR Project Leader %

Issued: October 28, 2017
This calibration cerificate shall not be reproduced except in full without written approval of the laboratory.

Centificate No: Z17-97209 Page 1 of &
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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 62209-1, “Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 2016

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

o 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.

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

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

Certificate No: Z17-97209 Page 2 of 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS2 52.10.0.1446
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Freguency 1900 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220*C 400 1.40 mho/m
Measured Head TSL parameters (220+02)°C 40326% 1.38 mho/m £ 6 %
Head TSL temperature change during test <1.0°C e -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW Input power 101 mW/g
SAR for nominal Head TSL parameters normalized to 1W 40.8 mW /g £ 18.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 523mW/g
SAR for nominal Head TSL parameters normalized to 1W 211 mW Ig £ 18.7 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mho/m
Measured Body TSL parameters (220£02)°C 529+6% 152 mha/m £ 6 %
Body TSL temperature change during test <1.0°C s 25
SAR result with Body TSL
SAR averaged over1 ¢m’ (1 g) of Body TSL Condition
SAR measured 250 mW Input power 102mWig
SAR for nominal Body TSL parameters normalized to 1W 40.8 mW /g £ 18.8 % (k=2)
SAR averaged over 10 ¢n7” (10 g) of Body TSL Condition
SAR measured 250 mW input power 520mWi/g
SAR for nominal Body TSL parameters normalzed to 1W 21.2 mW ig £ 18.7 % (k=2)
Certificate No: Z17-97209 Page3of 8
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 53.30+ 561jQ
Retumn Loss - 24.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 48.00+ 7.08)Q
Retumn Loss -22.5dB

General Antenna Parameters and Design

rElomﬂcal Detay (one direction) 1298 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly
connected to the second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some
of the dipoles, small end caps are added to the dipole arms in order to iImprove 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 soidered
connections near the feedpoint may be damaged.

Additional EUT Data

[ Manufactured by [ SPEAG

Certificate No: Z17-97209 Page 4 of 8
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DASYS Validation Report for Head TSL Date: 10.26.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54150
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: f= 1900 MHz; o = 1.381 S/m; &r = 40.33; p = 1000 kg/m3
Phantom section: Left Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

« Probe; EX3DV4 - SN7307; ConvF(8.34,8.34,8.34); Calibrated: 3/17/2017;

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

« Electronics: DAE3 Sn536; Calibrated: 10/9/2017

e Phantom: Triple Flat Phantom 5.1C; Type: QD 000 PS1 CA; Serial: 1161/1

e Measurement SW: DASYS52, Version 52.10 (0); SEMCAD X Version 14.6.10
(7417)

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

Reference Value = 102.6 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 18.8 W/kg

SAR(1 g) = 10.1 W/kg; SAR(10 g) = 5.23 W/kg

Maximum value of SAR (measured) = 15.6 W/kg

-3.62
-1.23
10.85 ‘ .‘1 ‘

dlﬂl |nl 2
-14.46

-18.08

0 dB =156 Wkg=11.93 dBW/kg

Certificate No: Z17-97209 Page 5 of §
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 10.26.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d150
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: f= 1900 MHz; o= 1.518 S/m; g, = 52.94; p = 1000 kg/m’
Phantom section: Right Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

» Probe: EX3DV4 - SN7307; ConvF(7.96,7.96,7.96); Calibrated: 3/17/2017;
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)

e Electronics: DAE3 Sn536; Calibrated: 10/9/2017

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

« Measurement SW: DASYS2, Version 52.10 (0); SEMCAD X Version 14.6.10
(7417)

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

Reference Value = 94,17 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 19.0 W/kg

SAR(1 g) = 10.2 W/kg; SAR(10 g) = 5.29 W/kg

Maximum value of SAR (measured) = 15.8 Wikg

dB .
0

s o Rk

-17.51

0 dB =158 W/kg = 11.99 dBW/kg

Certificate No: Z17-97209 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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Extended Dipole Calibrations

Referring to KDB865664 D01, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration),

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

calibration interval can be extended.

Head
Date of Real Impedance Delta Imaginary Delta
Return-loss (dB) | Delta (%) )
measurement (ohm) (ohm) impedance (ohm) (ohm)
2017-10-26 -24.0 53.3 5.61
Body
Date of Real Impedance Delta Imaginary Delta
Return-loss (dB) | Delta (%) ]
measurement (ohm) (ohm) impedance (ohm) (ohm)
2017-10-26 -22.5 48.0 7.08

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 50hm of prior calibration.

Therefore the verification result should support extended calibration.
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1.7. D2450V2 Dipole Calibration Certificate
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E-mall: cotl@chinum, com I iiwww.chinatii en
Client ClQ(Shenzhen) Certificate No:  Z217-97210
CALIBRATION CERTIFICATE
Object D2450V2 - SN: 884

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

Calibration Procedures for dipole validation kits
Calibration date: October 28, 2017
This calibration Certificate documents the traceability to national standards, which realize the physical units of

measurements(S1). The measurements and the uncertainties with confidence probabiity are given on the following
pages and are part of the certificate,

Al calibrations have been conducted In the closed faboratory facility. environment temperature(22:3)t and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRVD 102198 02-Mar-17 (CTTL, No.J17X01254) Mar-18
Power sensor NRV-Z5 | 100596 02-Mar-17 (CTTL, No.J17X01254) Mar-18
Reference Probe EX3DV4 | SN 7307 17-Mar-17(CTTL-SPEAG No Z17-97028) Mar-18
DAE3 SN 538 08-Oct-17(CTTL-SPEAG N0 Z17-97198) Oct-18
Secondary Standards ID# Cal Date(Calbrated by, Certificate No.) Scheduled Cafibration
Signal Generator E4438C | MY48071430 13-Jan-17 (CTTL, No.J17X00288) Jan-18
Network Analyzer ES071C | MY4B110873 13-Jan-17 (CTTL, No.J1 7X00285) Jan-18
Name Function Signature
Calibrated by Zhao Jing SAR Test Engineer £2
Reviewed by: Lin Hao SAR Test Engineer ﬁ;ﬁp

Appoved by; Qi Dianyuan SAR Project Leader B A

Issued: October 29, 2017
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Centificate No: Z17-97210 Page 1 of &
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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) IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, "Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 20186

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

* Feed Point Impedance and 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.

o 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 to an input power of 1 W at the antenna
connector.

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

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

Add: No.51 Xueywan Road, Haidian District, Beijing, 100191, China
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E-mail: ctti@chinattl com http:/Awww.chinuttl.co
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASY52 52.10.0.1446
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 382 1.80 mho/m
Measured Head TSL parameters (220£0.2)°C BILE6% 1.78 mho/m £ 6 %
Head TSL temperature change during test <10°C - —es
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 129mWig
SAR for nominal Head TSL parameters normalized fo 1W 51.8 mW /g £ 18.8 % (k=2)
SAR averaged over 10 ¢’ (10 g) of Head TSL Condition
SAR measured 250 mW input power B.07TmW /g
SAR for nominal Head TSL parameters normalized to 1W 24.3 mW /g £ 18.7 % (k=2)
Body TSL parameters
The following parametlers and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.7 1.95 mho/m
Measured Body TSL parameters (220£02)°C 523+6% 1.92 mho/m £ 8 %
Body TSL temperature change during test <1.0°C — e
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 126mWi/g
SAR for nominal Body TSL parameters normalized to 1W 50.7 mW /g £ 18.8 % (k=2)
SAR averaged over 10 ¢m (10 g) of Body TSL Condition
SAR measured 250 mW input power 588mW/g
SAR for nominal Body TSL parameters normalized to 1W 23.6 mW /g £ 18.7 % (k=2)
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Tel: +86-10-62301633-2079 Fox: +86-10-62304633-2504
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 55.10+ 4.55jQ
Return Loss -23.8dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 5010+ 6.21j)Q
Return Loss - 242dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.266 ns |

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

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

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

Additional EUT Data
Manufactured by ] SPEAG
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CALIBRATION LABORATORY
Add: No.51 Xucyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504
E«mail: cttd@chinattl.com http:/www.chinatth.cn
DASYS Validation Report for Head TSL Date: 10.26.2017

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 884
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium parameters used: f= 2450 MHz; o = 1.783 S/m; er = 38.92; p = 1000 kg/m3
Phantom section: Left Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:

» Probe: EX3DV4 - SN7307; ConvF(7.74,7,74,7.74); Calibrated: 3/17/2017;

» Sensor-Surface: |.4mm (Mechanical Surface Detection)

o Electronics: DAE3 Sn536; Calibrated: 10/9/2017

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

*  Measurement SW: DASYS52, Version 52.10 (0); SEMCAD X Version 14.6.10
(7417)

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

Reference Value = 104.5 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 26.0 W/kg

SAR(1 g) = 12.9 W/kg: SAR(10 g) = 6.07 W/kg

Maximum value of SAR (measured) = 21.1 W/kg

-13.19

-17.59

-21.99

0 dB=21.1 W/kg = 13.24 dBW/kg
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Impedance Measurement Plot for Head TSL
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Add: No.51 Xueyusn Road, Haidian District, Beijing, 100191, China
Tol: +86-10-62304633-2079 Faox: +86-10-62304633-2504

E~mail: ctti@chinattl.com hatp:/fwwiv.chinattl.cn
DASYS Validation Report for Body TSL Date: 10.26.2017

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 884
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium parameters used: { = 2450 MHz; o = 1.923 S/m; &, = 52.34; p = 1000 kg/m’
Phantom section: Right Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:

o Probe: EX3DV4 - SN7307; ConvF(7.55,7.55,7.55); Calibrated: 3/17/2017;

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

« Electronics: DAE3 Sn536; Calibrated: 10/9/2017

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

¢  Measurement SW: DASYS52, Version 52.10 (0); SEMCAD X Version 14.6.10
(7417)

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

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

Peak SAR (extrapolated) = 25,1 W/kg

SAR(1 g) = 12.6 W/kg: SAR(10 g) = 5.88 W/kg

Maximum value of SAR (measured) = 20.6 W/kg

-4.29

-8.58

-12.86

-17.15

i.

-21.44

0 dB=20.6 W/kg = 13.14 dBW/kg
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Impedance Measurement Plot for Body TSL
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Extended Dipole Calibrations

Referring to KDB865664 D01, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration),

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

calibration interval can be extended.

Head
Date of Real Impedance Delta Imaginary Delta
Return-loss (dB) | Delta (%) )
measurement (ohm) (ohm) impedance (ohm) (ohm)
2017-10-26 -23.8 55.1 4.55
Body
Date of Real Impedance Delta Imaginary Delta
Return-loss (dB) | Delta (%) ]
measurement (ohm) (ohm) impedance (ohm) (ohm)
2017-10-26 -24.2 50.1 6.21

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 50hm of prior calibration.

Therefore the verification result should support extended calibration.
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