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Appendix D. DAE Calibration Data:
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Client : Sunway Certificate No: Z16-97100

CALIBRATION CERTIFICATE

/‘r

Object DAE4 - SN: 760

Calibration Procedure(s) FD-Z11-2-002-01

Calibration Procedure for the Data Acquisition Electronics
(DAEX)

Calibration date: June 24, 2016
This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(Sl). The measurements and the uncertainties with confidence probability are given on the following

pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

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

Process Calibrator 753 | 1971018 06-July-15 (CTTL, No:J15X04257) July-18
Name Function Signature

Calibrated by: Yu Zongying SAR Test Engineer /i),vﬂé?

Reviewed by: Qi Dianyuan SAR Project Leader

Approved by: Lu Bingsong Deputy Director of the laboratory

Issued: June 25, 2016
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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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 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.
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DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: 1LSB = 6.1uV, full range = -100...+300 mV
Low Range: 1LSB = 61nV , full range = S I +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Calibration Factors X i Z

High Range 403.785 £ 0.15% (k=2) | 405.082 + 0.15% (k=2) | 405.373 + 0.15% (k=2)

Low Range 3.97148 £ 0.7% (k=2) | 3.98467 + 0.7% (k=2) | 3.96141 £ 0.7% (k=2)

Connector Angle
Connector Angle to be used in DASY system 2485°+1°
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Appendix E. Dipole Calibration Data:

!\‘- in Collsborston with \ﬂlﬂlnp?' I:P-Lkﬁ_[
‘,_\ e, T
N— %f,ﬂt CNAS i
Add: No.51 Xueyuan Road, Haidign District, Beijing, 100191, China =~ %, //;‘-.._\‘\-\ & v CALIBRATION
Tk +86-10-62304633-2079 Fax: +86-10-62304633-2504 “eafy CNAS L0570
Eamail: cttl@chinatil.com Hhtpswww.chinailcn
Client - Sunway Certificate No:  Z16-97102
| CALIBRATION CERTIFICATE
Object D900V2 - SN: 1d086

Calibration Procedure(s) FD-Z41-2-003.01

Calibration Procedures for dipole validation kits
Calibration date: July 1, 2018
This calibration Certificate documents the traceability to national smndards, which realize the physical units of

measurements(Sl). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D # Cal Date(Calibrated by, Cartificate No.) Scheduled Calibration
Power Meter NRP2 101819 27-Jun-16 (CTTL, No.J18XQ4777) Jun-17
Power sensor NRP-Z91 101547 27-Jun-16 (CTTL, No.J18X04777) Jun-17
Reference Probe EX3DV4 | SN 7307 19-Feb-18(SPEAG No.EX3-7307_Feb16) Feb-17
DAE4 8N 771 02-Feb-18(CTTL-SPEAG,N0.Z16-97011) Feb-17
Secondary Standards 1D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 01-Feb-16 (CTTL, No.J16X00883) Jan-47
Network Analyzer ES071C | MY46110673  26-Jan-16 (CTTL, No.J16X00894) Jan-17

Name Function Signature

Calibrated by: Zheo Jing SAR Test Engineer 34

Reviewed by: @i Dianyuan SAR Project Leader % ;

Approved by: Lu Bingsong Deputy Director of the laboratory %@/‘M@@

Issued: July 4, “016
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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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, “Procedure to measure the Specific Absorption Rate (SAR) For hand-held
devices used in close proximity to the ear (frequency range of 300MHz to 3GHz)", February
2005

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

d) 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 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.
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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Measurement Conditions
DASY system configuration, as-far a not given on page 1.

DASY Version DASYS2

52.8.8.1258

Extrapolation hdvanced Extrapolation

Phantom Triple Flat Phantom 5.1C

Distance Dipole Center - TSL. - 15 mm with Spacer

Zoom Scan Resolution dx, dy, dz=5 mm

900 MHz £ 1 MHz

Frequency

Head TSL parameters
The following parameters and calculations were applied.

Temperature

Permittivity | Conductivity

Nominal Head TSL parameters 220°C 41,5 0.87 mho/m

0.99 mho/m £ 6 %—1

Measured Head TSL parameters (22.0+£0.2)°C

<1.0°C

412+6%

Head T5L temperature change during test
SAR result with Head TSL

SAR averaged over 1 cm’ (1 g} of Head TSL
SAR measured

Condition

Certificate No: Z16-97102

250 mW input power

272mW /g

SAR for nominal Head TSL parameters

rormalized to 1W

10.7 mW /g £ 20.8 % (k=2)

SAR avaraged over 10 em’ (10 g) of Head TSL

Candition

SAR measured

250 mW imput power

1.74mWig

SAR for nomiral Head TSL parameters

normalized o 1W

6.88B mW /g £ 20.4 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Condustivity
Nominal Body TSL parameters 22,0°C 55.0 1.05 mho/m
Measured Body TSL parameters (220+0.2)°C 551+6% 1.07 mho/m £ 6 %

Lﬂndy TSL temperature change during test

<1.6°C

SAR result with Body TSL

SAR averaged over 1 cm’ (1 g) of Bedy TSL

Condition

SAR measured

250 mW input power

274 mW /g

SAR for nominal Body TSL parameters

normalized to 1W

10,9 mW /g + 20.8 % (k=2)

SAR averaged over 10 ¢m° (10 g) of Body TSL

Condition

SAR measured

250 mW input power

1.80mW /g

SAR for neminal Body TSL parameters

normalized to 1W

7.14 mW /g + 20.4 % (k=2)
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Append l';(

Antenna Parameters with Head TSL

Impedance, transformed ‘o feed point 4990 7.86j02
Return Loss -221dB
Antenna Parameters with Body TSL
llmpedance. transformed to feed paint 45.90- 8.14i00
Iﬂatum Loss | - 20.5dB
General Antenna Parameters and Design
Electrical Delay (one direction) [ 1.514 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpcint 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
accaording to the position as explained in the "Measurement Conditions" paragraph. The SAR data are nct
affected by this change. The overall dipole length is still according to the Standard.
Mo excessive force must be applied to the dipole arms, because they mignt bend or the sg'dered
connections near the feedpaint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Certificate No: Z16-97102
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DASYS Validation Report for Head TSL Date: 07.01.2016
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 900 MHz; Type: D300V2; Serial: D900V2 - SN: 14086
Communication System: UID 0, CW; Frequency: 900 MHz; Duty Cycle: 111
Medium parameters used: = 900 MHz: o= 0.988 /m; g, =41.16: p= 1000 kgr’l‘n3
Phantom section: Center Section
Measurement Standard: DASY S (IEEEAEC/ANSI C63.19-2007)
DASYS Configuration: -

» Probe: EX3DV4 - SN7307; ConvF(9.82, 9.82, 9.82); Calibrated: 2/19/2018;

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

« Electronics: DAE4 Sn771; Calibrated: 2016-02-02

* Phantom: Triple Flat Phantom 3.1C; Type: QD 000 P51 CA; Serial: 1161/1

+  Measurement SW: DASY52, Version 32.8 (8); SEMCAD X Version 14.6.10 (7372}

Dipeole Calibration/Zoom Sean (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=Emm

Reference Value= 48.86 V/m: Power Drift = 0.01 dB

Peak SAR (extrapolated) = 4.13 Wikg

SAR(1 g) = 2.72 Wikg; SAR(10 g) = 1.74 W/kg

Maximum value of SAR (measured) =3.49 W/kg

-B.71

-8.94

-11.18

0 dB=3.49 W/kg =543 dBW/kg

Certificate No, Z16-97102 Page 5 of 8
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Impedance Measurement Plot for Head TSL

Trl 511 Log Mag 10.00de/ mef 0.000ds [F1]
30.00 5

>1 w00, 00000 MAT =22.107 dB

~50,00 L—— - ~ i Y= = I
Pl 511 smizh (R+3x) scale 1.9o00u [F1 Del]

>1  800.00000 MHz 45.861 0 -7.857% 0 22.505-p¢

T start 700MH: et  FEWI0H Stop 1.1 Gz RN
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DASYS Validation Report for Body TSL Date: 07.01.2016
Test Laboratory: CTTL, Beijing, China

DUT: Dipole 900 MHz; Type: D900V2; Serial: D900V?2 - SN: 1d086
Communication System: UID 0, CW: Frequency: 900 MHz; Duty Cycle: 1:1
Medium parameters used: =900 MHz; o = 1.065 8/m; & = 55.08; p = 1000 I-iga'm5
Phantom section: Center Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

« Probe: EX3DV4 - SN7307: ConvF(9.9.9.9, 9.9); Calibrated: 2/19/2016;

s Sensor-Surface: 2Zmm (Mechanical Surface Detection)

« Electronics: DAE4 Sn771; Calibrated: 2016-02-02

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

» Measurement SW: DASY 52, Version 52.8 (8): SEMCAD X Version 14.6.10(7372)

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

Reference Value = 55.76 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 4.05 Wikg

SAR(I g) =2.74 W/kg; SAR(10 g) = 1.8 W/ke

Maximum value of SAR (measured) = 3.45 W/kg

0 dB =3.45 W/kg = 5.38 dBW/kg
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Imaedance Measurement Plot for Body TSL

| TFl 511 Log Mag 1C.00dB/ Raf 0.0000E [F1]
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Acgredied by the Swiss Accrediation Service (SAS)
The Swiss Accreditation Servics is ene of the signatories ie the EA
Multilateral g tor tha resagnition of calibration cartilicates

chient  SMQ (Auden) Cartificate No: D1900V2-5d184_Jan15
|ICALIBRATION CERTIFICATE ]

hcereditation Mo SCS 0108

Object D1900V2 - SN: 5d194 |

Calibration procadunesh

QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz

Caibramon date: January 07, 2015

This cabbeation cartilicate dosuments the raceability b national stancerds, which realize the physical units of messuramaents (31).
The measuremants and the uncerlainlies with confidence prasatilily ame given on the followng pages and are part of the cerilicats

All calibealions hava bean conducted in the closed latorainny lacilty: emdronment lempanmiuee (22 + 3)°C and humigdity < 7%

Calioration Equipment ussd {MATE cribical for calibeation)

| Primary Standards G

Gl Date (Cortificats No.)

Schwadubsd Calbealion

Powwr malar EPM-428 GEI7S80704 OF-Cict-14 (Mo, 21702020} 118
Powai sardor HP B4E14 LSS TRETRI O7-Olct-14 (Mo, 21702020} Det-15
Porwer sersor HP B4814 MYA1092317 OF-Oict-14 [Ma. 217-02021] Oct-18
Relerancs 20 dB Ateruaiar SN SOEE |20k O3-Apr-14 (Mo, 217-01918) Agpr-15
Type-M mismalch combination BH; 54T .2 76327 (E-Apr-14 [Mo. 217-095%21) Agr-15
Ralerancs Probe ES30VI 8N; 3305 30-Dec-14 (No. ES3-3205_Dwcid) Dec-15
DAE4 SN: B0 18-Aug-14 (Mo, DAEL-EM _Augid) Aug-15
Secondany Slandands & Chesck Date {in house) Schedudad Chinck
AF generator AAS SMT-06 100005 4= A< B% (in honss check Oct-13) In house chack: Ocl-16
Motwork Aralyzor HF BTS3E USITIG066E 84206  1B-Oct-01 (in house chags Ogl-14) In housa chack: Oci-15
\
Hams Functian Signalu
LT
Cafibraied by Claudio Leubier Labomtory Technician \
VLA
Approved by Kafja Pokovic Technical Manager ﬁfg ¥
|ssusd: danuary 7, 2015
Thas calbealion cedilicate shall not be reproduced ascapl in full withou wilen approval of e labamtory:

Cartificabe Mo: D1900V2-50184_Jan15
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Accradiled by the Swiss Accradiation Service (SA3) Accraditstion Mo.: SCS 0108

Thi Swiss Accreditation Service i one of ihe signatories to tha EA
Mulilateral Agresment for the recognition of calibration certidl cates

Glossary:

TSL tissue simulating liguid

ConvF . sensitivity in TSL ./ NORM x.y,z
MFA 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 62203-1, "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] KDB BBSE664, “SAR Measurement Requirements for 100 MHz to § GHz”

Additional Documentation:
d) DASY4/S System Handbook

Methods Applied and Interpretation of Parameters:

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

= Antenna Parameters with 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 ariented
parallel to the body axis,

= Feed Point Impedance and Returm Loss: These parameters are measured with the dipole
positionad 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. Mo uncertainty required.

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

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

» S5AR normalized: SAR as measured, narmalized to an input power of 1 W at the antenna
connactor.

+ SAA for nominal TSL parameters: The measured TSL parameters are used to calculate the
raminal SAR result.

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

Cartificate Ma: D 900V2-54154_Jan15 Page 2 of &
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Measurement Conditions
DASY system configuration. as far as not given on pags 1.
DASY Verslon DASYS V52.8.8
Extrapelation Advancad Extrapaolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHz + 1 MHz
Head TSL parnimtnrs
The lallowing parameters and caloulations were applied,
g ; Temperature Permittivity Conductivity
Mominal Head TSL parameters 22.0°C 40.0 1.40 mho'm
Measured Head TSL parameters (220 +0.2)°C 401 8% 1.38 mha'm + 8 %
Head TSL temperature change during test < 05C
SAR result with Head TSL
| zam averaged over 1 em” {1 g) of Head TSL Condition
5AR messured 250 MWW inpud powar 10.1 Wikg
SAR for neminal Head TSL parameters | nomaizedio 1w | 40.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) af Head TSL condition
SAR measwad 250 mW ingut power 5.32 Wikg
SAR for nominal Head TSL parametars normalized fo AW 1.3 Wikg £ 16.5 % (k=2)
Body TSL parameters
The Igligwing parameters and calculations ware applad.
Temparature Permittivity Conductivity
Hominal Body TSL parameters 220°C 53.2 1.52 mhaim
Measured Body TSL parameters (22.0 +0.2)"C 53316 % 1.50 mhe'm 6 %
Body TSL temperature change during test =0.5°C —
SAR result with Body TSL
SAR averaged over 1 em” (1 g) of Body TSL Condition |
SAR maasurad 250 mW input power 9.95 Wikg
SAR for nominal Body TSL parameters narrnalized to TW 40.1 Wikg = 17.0 % (k=2)
BAR averaged over 10 em® (10 g) of Body TSL eandition
SAR measurad 260 mW inpul power 5,31 Wiy
5AR lor nominal Bady TSL parameters normalized to 1W 21.3 Wikg = 16,5 % (k=2)

Cartificabe Na: D1900v2-54154_Jan15
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Appendix (Additional assessments outside the scope of SCS1 08)

Antenna Parameters with Head TSL

Impedance, translarmed b fead paint | E3TO+480
Ratum Loss - 24.5 dB
Antenna Parameters with Body TSL
Imgadance, transformed 1o feed point 48902 + 5.1 |02
Reum Loss - 25,6 dB |
General Antenna Parameters and Design
| Electrical Delay (one direction) | 1.201 ns

After long lerm use with 100W radisted power, only & slight warming of tha dipole near the lesdpaint can ba measured.

The dipole is mads of standard semirigid coaxial cable. The center conductor of the feeding line i$ direatiy connected 1o the
second arm of the dipole. The antenna is tharefore short-cirewited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in arder to improve matching when loaded according 1o the position as sxplained in the
“Measurement Conditions” paragraph. The SAR data are not affected by this change. The everall dipola langth & stll

according 10 the Standard.

Mo excessive force must be appied fo the dipola arms, because they might bend or the sckdered connections naar the

feadpaint may be damaged.

Additional EUT Data
Manufacturad by SPEAG
Manufacturad an May DE, 2014

Caartificate Mo: D1900V2-641584_Jan15
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DASYS Validation Report for Head TSL

Date: 07.12.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: DI9NV2; Serial; DI900V2 - SN: Sd194

Communication System: UID 0 - CW: Frequency: 1900 MHz

Medium parameters used: £= 1900 MHz; o = 1.39 5/m; &, = 40.1; p = 1000 kgdm’
Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/IEC/ANSI CA3.19-2011)

DASY 32 Conliguration:
+  Probe: ES3DV3 - SN3205; ConvF(5, 5, 5; Calibrated: 30.12.2014;
+  Sensor-Surface: 3mm (Mechanical Surfuce Detection)
= Electronics: DAEA Sn6il|; Calibrated: 15.08.2014
= Phantom: Flat Phantom 5.0 (front); Type: QDO0OPS0AA: Serial: 100]

+ DASYS2Z 52.8.8(1222); SEMCAD X 14.6.10({7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0;
Measurement grid: dx=3mm, dy=5mm, dz=5mm

Reference Value = 98.35 Vim: Power Drift = 0.04 dB

Peak SAR (extrapolated) = 18,5 Wika

SAR(L g) = 10,1 W/ikg; SAR(10 ) = 5.32 Wikg

Maximum value of SAR (measured) = 12.7 Wikg

0dB =127 Wkeg = 1104 dBW/kg

Cartificate Mo: D19D0V2-54194 Jan15 Paga & of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 07.01.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: DI900V2; Serfal: D190OV2 - $N; 5d194

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium paremeters used: £= 1900 MHz; o = 1.5 8/m; £, = 53.3; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASY'S (IEEE/IEC/ANSI 063.19-2011)

DASYS2 Configuration:
+  Probe: ES3DV3 - .‘i\'ﬁ:fﬁ: ConvF(4.65, 4.65, 4.65); Calibrated: 30.12.2014;
+  Sensor-Surface: 3mm (Mechanical Surface Detection)
# Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom; Flat Phantom 5.0 (hack); Type: QDOOOPS0AA; Serial: 1002

« DASYS2 52.8.8(1222), SEMCAD X 14.6.1(7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0
Measurement grid: dx=3mm, dy=3mm, dz=3mm

Reference Value = 95,88 Vim; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 16,8 Wikg

SAR(] g) =9.95 Wikg: SAR(10 g) = 5.31 W/kg

Maximum value of SAR (measured) = 12.6 Wikg
i
—i

]

.8

-1REy

1EF

0 dB = 12.6 Wikg = 11.00 dBW/kg

Cardicate Moo D1800W2-5d194_Jan1g Page 7 of 8
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Impedance Measurement Plot for Body TSL
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D1900V2, serial no. 5d194 Extended Dipole Calibrations

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

impedance (within 5 ochm of prior calibration), the annual calibration is not necessary and the calibration interval

can be extended.

D1900V2, serial no. 5d194

1900 Head 1900 Body
Real Real
Date of Return-Loss Delta Delta Return-Loss Delta Delta
Impedance Impedance
Measurement (dB) (%) (ohm) (dB) (%) (ohm)
(ohm) (ohm)
2015-1-7 -24.5 53.7 -25.6 48.9
2016-1-2 -24.5 0 53.8 0.1 -26.0 1.6 48.8 0.1

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

Therefore the verification result should support extended calibration.

<Dipole Verification Data>- D1900V2, serial no. 5d194

1900MHz Head 1900MHz Body

1 Start 1.7 GHz TFEW 30 kHe Stop 2.1 GHe [ [1 Star 1.7 GHe IFBW 30 kHz Stop 2.4 GH: BRI
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Calibration Laberatery of

J Aot M i Sohwelzorischar Kallbriardisnat
Schmid & Partner % (H g Sarvict Suisss S iRlonnsge
Enginearing AG Tt | € sarvizio svizzero di taratura
Teughaussirasse £3, B004 Zurich, Switzsrland “‘L,."d-:\-\ W \_—/ S Swiss Calibration Service

bl

Accredited by tha Swiss Accredilation Serdos (SAS)
The Swiss Accreditation Service is one of the signatcries 1o the EA&
Multilaberal Agr far the griticn of calibratian serificses

SMO {Auden)

Accreditation Mo.: SCS 0108

Client Cartificate Ho: D2450W2-855_Jan15

[CALIBRATION CERTIFICATE ]

Oibjesct

Calitration procsdunss)

Calipralion date

D2450V2 - SN; 955

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Jamuary 08, 2014

This Gabbration carificate documants thi racaabiily to nalional stardards, which realize the physical unils of maasuremens (S
The measurernanis and tha uncarainties with confidence prababiity ane ghven an the following pages and are part of tha carificale.

Al calirations hava bean conductad in the clossd ebarnaiony facilty: environment Semperature (22 + 35°C and hamidity < 707

Calibration Equipmaent usad [MATE critical for calimblicn)

Primary Ssandards D# Cal Date (Certficaln No.) Schodulod Callbrasion
Parwar mater EPM-4424 GRAT4EOTOS 07014 (N 217-02020 D15
Power sensor HP 84814 [ e e 07-Chzl-14 (N, 217-020200 Ost-16
Paower senmor HIP 84814 Y4021 T O7-0azt-14. (N, 21 7-00021) Oed-18
Reference 20 08 Amenualor SN 5058 (20%) 03-Apr-14 (N, Z17-01818) Apr-15
| Type-N mismalch combination SN: 5047.2 / OB32T 03-Ape-14 (No. Z17-0M821) Apr-15
| Raterancs Prots ES30V3 SN 2208 30-Dac-14 (Ma. ES3-33505_Decid) D15
| AEA SN 601 18-Aug14 (Mo, DAE4-501_Aug14) Aig15
| Secandary Stardands D & Chiack Data (in Fouss) Schadulad Chack
| AF ganerator RES SMT-08 10005 (H-Aug-89 (in house check Oct-13) In housa chack: Ocl-16
| Habsark Anatyzar HP BY53E LISITI005A5 54306 TB-0-00 {in houbs chack Od-14) Ir Fouss chisck: O6l-18

Mama Funetion Signalurs |
Calitmates by Clucio Leubier Labamtory Technician [ 4 h
e T
Approreed by Katja Pokovic Technical Manager
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Calibration Laboratery of
Schmid & Partner

Engineering AG
Zeughausstrasss 43, 8004 Turich, Switterdand

Ischar Kalibriardi
Bervics suises o dalonnage
Servizio avizzero di taratura
Swiss Calibralion Servios

Actredied by e Swiss Accrediation Servica [SAS) Accraditation Mo.: SCS 0108
The Gwiss Accrediiation Service is one of the sigrataries to the EA
Multilateral Agraaenant kar the recognifian af ealibration certificalas

Glossary:

TEL tissue simulating liquid

ConvF . sensitivity in TSL/ NORM x,y,z
MIA 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 Hurman Head from Wireless
Communications Devices: Measurement Technigues”, June 2013

b} IEC 62209-1, "Procedure to measure tha 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

¢} KDE 865664, "SAR Measurement Requirements for 100 MHz to & GHz"

Additional Documentation:
d) 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 Farameters with TSL: The dipole is mountad 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 Aefum Loss: These parameters are measured with the dipole
positiened under the liguid filled phantom. The impedance stated is transfarmed from the
measuremeant at the SMA connector to the feed point. The Return Loss ensuras law
reflected power. No uncenainty required,

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

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

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

= SAR for nominal TSL parameters: The measured TSL paramelers are used to caloulate the
nominal SAR result.

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

Certificate Moo D245002-955_Daci4 Page 2 of B
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Measurement Conditions
DASY system configuration, as far as nat given on page 1.
DASY Vaersion DASYS V5288
Extrapalation Advanced Extrapolation
Phantaem Modular Flat Pharom
Digtance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = §mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters )
The fallowing parameters and calculations were applied.
i D Temparature Permittivity Conductivity
Hominal Head TSL parameters 220°C 352 1.80 mhadm
Measured Head TSL parametsrs (22.0 0.2} °C T 28% 1.84 mho/m = 6 %
Head TSL temperature change during test <05°C —_ —eee
SAR result with Head TSL
SAR averaged over 1 cm® (1 g of Head TSL Cendition
SAR measured 250 mW input power 13.0 Wikg

SAR for nominal Head TSL parameters

normalized o 1W

51.6 Wikg = 17.0 % (k=2)

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

conditian

SAR measured

250 riW input poeer

8.00 Wikg

SAR for nominal Head TSL parameters

narmalized to TW

23.9 Wikg = 165 % (k=2)

Body TSL parameters
The following paremeters and calculations were apoliad,
Temperature Permittivity Conductivity
MNominal Body TSL paramaters 20°C 527 1.95 mho/m
Measured Body TSL parameaters (220202 °C 51.0+6% 208 mhoim = 6 %
Baody TSL temperature change during test =05 "C -
SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR maasurad 250 mW Input power 13.3 Wikg
SAR for nominal Body TSL parametars nosrmalized 1o 1W 51.8 Wikg = 17.0 % (k=2)
SAR averaged aver 10 em® (10 g) of Body TSL condition
SAR measured 250 miW input power

.14 Wikg

||

SAR lor norminal Body TSL parameters

narmalized to TW

24.2 Wikg = 16,5 %% [ks2) _[

Cerificate Mo D24500 2955 Dacid

Pape 3 of 8
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Appendix (Additional assessments outside the scope of SCS108)
Antenna Parameters with Head TSL

Impedance, translormed o feed paint 5480+ 350

Return Loss -24.9dB

Antenna Parameters with Body TSL

Impedance, transformed 1o leed point B120+ 480
Return Loss - 26,0 dB

General Antenna Parameters and Design

[ﬂurical Dieday (ome direction) J 1.165 ng

Attar long term uss with 100W radiated power, enly a slight warming of the dipale near the feedpaint can be measured

The dipoda is made of standard semirigid coaxial cable. The certer cenductor of the feeding line is directly connecied ta the
second arm of the dpale, The antenne Is therelore short-circuited for DC-gignals. On some of the dipoles, small end caps
are added to the dipole arms in order 1o Improve matching when |loaded according 1o the position as explained in the
“Mgaswamant Condifions” paragraph. The SAFR dala are not affected bry this change. The overall dipole langth is still
mcoonding to the Standard.

Mo excassiva force must be applied 1o the dipole arms, bacauss they might bend of the soldared connections near the
feadpoint may be damaged,

Additional EUT Data

Manufactured by SPEAG

Manufactured on | Awgust 05, 2014

Carlificale Mo: D24580V2-855_Dacid Paga 4 of 8
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DASYS Validation Report for Head TSL

Drate: 08.01.2015

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dpole 2450 MHz; Type: D2450V2: Serial: D2450V2 - SN: 955

Communication System: UID () - CW; Fregquency: 2450 MHz

Medium parameters used: f = 2450 MHz: o = 1.84 5/m; ¢, = 39.7; p = 1000 kg/m’
Phantom section: Flal Section

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

DASY 52 Configuration:

-

-

Probe: ES3D V3 - 5532[.'!5:. ConvF(d.54, 454, 4.54); Calibrated: 30.12.2014:
Sensor-Surface; 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 15.08.2014

Phantem: Flat Phantom 5.0 {front); Type: QDOOOPS0AA: Serial: 1001
DASYS2 52 8.8(1222), SEMCAD X 14.6.107331)

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

Reference Value = 100.1 ¥/m; Power Drift = 0,03 dB

Peak SAR (extrapolated) = 27.0 Wikg

SAR( g) = 13 Wikg: SAR(L0 gh =6 W/ikg

Maximum value of SAR (messured) = 17.2 Wikg

-5.00

-15.00

-20.00

-25.00

0dB = 17.2 Wikg = 12.36 dBWikg

Certficate Moo D2450V2-065_Decid Page § of B
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Drate: ORB.01.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2: Serial: D2450V2 - §N: 955

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

Medium parameters used: f= 2450 MHz; o = 2.03 S/m: g=31; p= 1000 k_u:.-'m1
Phantom section: Flat Section

Measurement Standard: DASYS ([EEE/IECYANSI CA3.19-2011)

DASYS52 Configuration:
+  Probe: ES3DV3 - SN3205; ConvF(4.32, 4.32, 4.32); Calibrated: 30,12.2014;
+  Sensor-Surface: 3mm (Mechanical Surface Detection)
«  Electronics: DAE4 Sn601; Calibrated: 18.08.2014
»  Phantom: Flat Phantom 5.0 (back); Type: QDODIPSOAA: Serial: 1002
« DASYS2 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube )
Measurement grid: dx=5mm, dy=Smm, dz=5mm

Reference Value = 96.24 Vim; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 27 8 Wikg

SAR(Y g = 13.3 Wikg; SAR(10 g) = 6.14 Wikg

Maximum value of SAR (measured) = 17.7 Wikg

=8

-4,60

-4.60

-14.40

-19.20

-24.00

0dB =177 Wikg= 1248 dBW/kg

Cartificate Mo D246002-955 Daci4 Page 7 of B
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Impedance Measurement Plot for Body TSL
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D2450V2, serial no. 955 Extended Dipole Calibrations

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

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

can be extended.

D2450V2, serial no. 955

2450 Head 2450 Body
Real Real
Date of Return-Loss Delta Delta Return-Loss Delta Delta
Impedance Impedance
Measurement (dB) (%) (ohm) (dB) (%) (ohm)
(ohm) (ohm)
2015-1-8 -24.9 54.8 -26.0 51.2
2016-1-2 -25.6 -2.8 55.0 0.2 -27.8 -6.9 52.6 1.4

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

Therefore the verification result should support extended calibration.

<Dipole Verification Data>- D2450V2, serial no. 955

[1 Stant 225 GHz

2450MHz Head

IFBW 30 kHz

Stop 2.65 GHz [od

1 Start 2.5 GHz

2450MHz Body

TFB 30 kHz

Stop 2,65 GHz [EEM[1
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June 26, 2013

Acceptable Conditions for SAR Measurements Using Probes and Dipoles
Calibrated under the SPEAG-TMC Dual-Logo Calibration Program to
Support FCC Equipment Certification

The acceptable conditions for SAR measurements using probes, dipoles and DAEs
calibrated by TMC (Telecommunication Metrology Center of MITT in Beijing, China),
under thé Dual-Logo Calibration Certificate program and quality assurance (QA)
protocols established between SPEAG (Schmid & Partner Engineering AG, Switzerland)
and TMC, to support FCC (U.S. Federal Communications Commission) equipment
certification are defined and described in the following.

1) The agreement established between SPEAG and TMC is only applicable to
calibration services performed by TMC where its clients (companies and divisions of
such companies) are headquartered in the Greater China Region, including Taiwan
and Hong Kong. This agreement is subject to renewal at the end of each calendar
year between SPEAG and TMC. TMC shall inform the FCC of any changes or early
termination to the agreement.

Only a subset of the calibration services specified in the SPEAG-TMC agreement,
while it remains valid, are applicable to SAR measurements performed using such
equipment for supporting FCC equipment certification. These are identified in the
following.

a) Calibration of dosimetric (SAR) probes EX3DVx, ET3DVx and ES3DVx.

i) Free-space E-field and H-field probes, including those used for HAC (hearing
aid compatibility) evaluation, temperature probes, other probes or equipment
not identified in this document, when calibrated by TMC, are excluded and
cannot be used for measurements to support FCC equipment certification.
Signal specific and bundled probe calibrations based on PMR ( probe
modulation response) characteristics are handled according to the
requirements of KDB 865664; that is, “Until standardized procedures are
available to make such determination, the applicability of a signal specific
probe calibration for testing specific wireless modes and technologies is
determined on a case-by-case basis through KDB inquiries, including SAR
system verification requirements.”

b) Calibration of SAR system validation dipoles, excluding HAC dipoles.

¢) Calibration of data acquisition electronics DAE3Vx, DAE4Vx and DAEasyVx.

d) For FCC equipment certification purposes, the frequency range of SAR probe and
dipole calibrations is limited to 700 MHz - 6 GHz and provided it is supported by
the equipment identified in the TMC QA protocol (a separate attachment to this
document).

¢) The identical system and equipment setup, measurement configurations,
hardware, evaluation algorithms, calibration and QA protocols, including the
format of calibration certificates and reports used by SPEAG shall be applied by

T™C.

f) The calibrated items are only applicable to SPEAG DASY 4 and DASY 5 or
higher version systems.

J
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3) The SPEAG-TMC agreement includes specific protocols identified in the following
to ensure the quality of calibration services provided by TMC under this SPEAG-
TMC Dual-Logo calibration agreement are equivalent to the calibration services
provided by SPEAG. TMC shall, upon request, provide copies of documentation to
the FCC to substantiate program implementation.

a) The Inter-laboratory Calibration Evaluation (ILCE) stated in the TMC QA
protocol shall be performed between SPEAG and TMC at least once every 12
months. The ILCE acceptance criteria defined in the TMC QA protocol shall be
satisfied for the TMC, SPEAG and FCC agreements to remain valid.

Check of Calibration Certificate (CCC) shall be performed by SPEAG for all

calibrations performed by TMC. Written confirmation from SPEAG is required

for TMC to issue calibration certificates under the SPEAG-TMC Dual-Logo
calibration program. Quarterly reports for all calibrations performed by TMC
under the program are also issued by SPEAG.

¢) The calibration equipment and measurement system used by TMC shall be
verified before each calibration service according to the specific reference SAR
probes. dipoles, and DAE calibrated by SPEAG. The results shall be reproducible
and within the defined acceptance criteria specified in the TMC QA protocol
before each actual calibration can commence. TMC shall maintain records of the
measurement and calibration system verification results for all calibrations.

d) Quality Check of Calibration (QCC) certificates shall be performed by SPEAG at
least once every 12 months. SPEAG shall visit TMC facilities to verify the
laboratory, equipment, applied procedures and plausibility of randomly selected
certificates.

4) A copy of this document. to be updated annually, shall be provided to TMC clients

that accept calibration services according to the SPEAG-TMC Dual-Logo calibration

program, which should be presented to a TCB (Telecommunication Certification

Body), to facilitate FCC equipment approval.

TMC shall address any questions raised by its clients or TCBs relating to the SPEAG-

TMC Dual-Logo calibration program and inform the FCC and SPEAG of any critical

issues.

b

=

5

—

Change Note: Revised on June 26 to clarify the applicability of PMR and Bundled probe calibrations
according to the requirements of KDB 865664,

(=]
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