15.9 Calibration Certificate for D2450V2 - SN 713
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Client

Ohbject

Calibration procedure{s}

Calibration date:
This calbration cerfificate dosurnents the tracoability to nationaf standards, which realize the physical units of measurements (S,
The measurements and the uncertainties with contidence probability are given on the followlng pages and are part of the certifivate.
Al ealibrations have been conducted in the closad faboratory faciiity: snvironment teraparalure (22 £ 3)°C and humidity < 70%.

Catibration Equiprment used (MATE critical for calibration}

Primary Standards D¢ Cal Date (Certificale No.} Scheduled Calfibration
Powar mater NRP Sh: 104778 06-Apr-16 (No. 217-02288/02260) Apr-17

Power sensor NRP-Z91 Shi: 103244 OB-Apr16 (No. 217-02288% Apr-17

Power sensor NRP-281 SN: 108245 08-Apr-16 (No. 217-02289) AprdT

Reference 20 dB Altenuiator SN 5058 {20k} 05-Ape-18 {No. 217-02202) Aprt7

Type-N mismatch comblnaton BN 5047.2 7 06327 05-Apr-18 (No. 217-02295} Apr17

Refarence Probe EX3DV4 BN: 7348 15-Jun-18 (No. EX3-7348_Junts) Jun-17

DAEA 8h: 601 30-Dec-16 {No. DAE4-6(1_Douis) Dot

Secondary Standards 12 # Check Date {in house) Schedulad Chesk
Power meter EPM-442A S BB37480704 O7-0et15 (No. 217-02222) In house chack: Oci-16
Power gensor HP 8481A SN: 1837292783 07-Det-15 {No, 217-02222) in houss check: Oct-16
Power sersor HP 84814 S MY41002317 07-Cot-15 (No. 217-02228} in house check: Oct-16
BF genetator R&S SMT-G8 SN 160872 15-Jun-15 {in house check Jun-15) tn house chack: Coi-16
Natwork Analyzer HP 8753E SN: US37390585 18-0a-01 (in house check Oot-18) In house check: Qct-16

Signature

Calibrated by

Approvad by

issued: September 13, 2018

This calibration certificate shalf not be reproduced axcept in full without written approval of the faboratory.
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughaussirasse 43, 8004 Zurich, Switzerland

8¢ izerischer Kalib
Service sulsse détalonnage
Senvizio svizzero di taratura
Swiss Calibration Service

Acoredited by the Swiss Accreditation Service (SAS) Avcreditation No.: TS 0108
The Swiss Accreditation Service is one of the signatories fo the EA
Muitiiateral Agreement for the recognition of calibration certificates

Glossary:

TSL Hssue 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} 1EEE 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} 1EC 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 1o 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:
a) DABY4/5 System Handbook

Methods Applied and Interpretation of Parameters:
*  Measurament Conditions: Further detalls are avallable from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid a the frequency indicated.

s Anlenna Paramelers 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.

e 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 10 the feed point. The Return Loss ensures low
reflected powsar, No uncertainty required.

+ [Efectrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainfy required.

e  SAR measured: SAR measured at the stated anfenna 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 io calculate the
nominat SAH 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 systermn configuration, as far as not given on page 1.

DASY Version DASYS VE2.8.8

Extrapolation Advanced Extrapolation

Phantom Moduiar Flat Phantors

Distance Dipole Center - TSL 1Gmm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 2450 Mz + 1 MHz
Head TSL parameters

The following parameters and caleutations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 3|2 1.80 mho/m

Measured Head TSL parameters (220£0.2)°C 37.9+6% 1.88 mho/m 8 %

Head TSL temperature change during test <0.5°C e o
SAR result with Head TSL

SAR averaged over 1 em® (1 g) of Head TSL Condition

SAR measwed 250 iV input power 13.4 Whkg

SAR for nominal Head TS paramaters

normalized to 1W

52,0 Wikg £ 17.0 % {k=2)

SAR averaged over 10 cm® (10 g} of Head TSL

condition

SAR measured

250 mW input power

6.23 Wikg

SAR for norninal Head TSL parameters

normatized to 1W

24,5 Wikg = 16.5 % (k=2)

Body TSL parameters
The foliowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Bedy TSL parameters 220°C 527 1.85 mho/m
Measured Body TSL parameters (220x0.2}°C 516x6% 2.04 mho/m £ 8 %
Body TSL temperature change during test <0.5°C - o
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 W input power 13.0 Wikg

SAR for nominal Body TSL parameters

normatized o 1W

50.7 Wikg = 17.0 % {k=2)

SAR averaged over 10 em® (10 g) of Body TSL condition

BAR measured

250 mW input powet

.11 Wikg

SAR for nominal Body TSL parameters

normalized to TW

24,1 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108}

Antenna Parameters with Head TSL

Impedancs, fransformed 1o feed point 83.00+23[0
Return Loss - 28,8 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4980+ 37iQ
Retumn Loss - 28.5dB3

General Antenna Parameters and Design

1 Electrical Delay (one diraction) t 1.158 ns

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

The dipole is made of standard samirigid cosxial cable. The center sonductor of the feeding line is directly connected to the
secend arm of the dipole. The antenna is therefore short-circuiied for DC-signais. On some of the dipolss, small end caps
are added to the dipole arms in order to improve matching when feaded according to the posiion as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overali dipole length Is stili
according to the Standard.

No excessive force must be applied 1o the dipole anms, because they might bend or the soidered connections near the
feedpoint may be damaged,

Additional EUT Data
Mantfaciured by SPEAG
Manufactured on July 05, 2002
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DASYS Validation Report for Head TSL

Date: 13.09.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: bipole 2450 MHz; Type: D2450V2; Serial: D2450V1 - SN:713

Communication Systenu UID 0 - CW,; Frequency: 2450 MHz

Medium parameters used: f= 2450 MHz; ¢ = 1.88 8/m; g, = 37.9; p = 1000 1«:g/m3
Phantom section: Flat Section

Measurement Standard: DASYS JEEEABEC/ANSTC63.19-2011)

DASYS52 Configuration:
s Probe: EX3DV4 - SN7349; ConvF(7.72, 7.72, 7.72); Calibrated: 15.06.2016;
s Sensor-Surface: L.4mm (Mechanical Surface Detection)
+ Electronics: DAE4 Sn601; Calibrated: 30.12.2013
s Phantom: Flat Phantom 5.0 (front); Type: QDOGOPS0AA: Serial: 1001
+  DASYS2 52.8,8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Head Tissue/Pin=2350 mW, d=18mm/Zoom Scan (7x7x7)/Cube §:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 113.5 Vim; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 26.7 Wikg

SAR( gy = 134 Wikg; SAR(10 ) = 6.23 W/kg

Maximum value of SAR (measured) = 21.9 Wrkg

L1200

| 1600

# 2000

0dB =219 Wikg = 13.40 dBW/kg
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Impedance Measurement Plot for Head TSL

12 Sep 2006 L1138
THI si1 i 3 Fs 2URMI . L2891 14878 pH 2 470,000 083 Hiz

g
ig

Hid

CHY &4 0%, .5 9B REF -2@ dB e BRIV B ZATR.000 808 MRy

Ta

b2
iy @

#id

TUThET 2 250,008 G466 iz

Certificate No: B2450V2-713_Sepi6 Page 6 of8



DASYS Validation Report for Body TSL

Date; 13.08.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2: Serial: D2456V2 - SN:713

Communication System: UID 0 - CW: Frequency: 2450 MHz

Medium parameters used: { = 2450 MHz; o = 2.04 $/m; 8, = 51.6; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASYS {(IEEEAEC/ANST C63.19-2011)

DASYS2 Configuration:
»  Probe: EX3DV4 - SN7349; ConvF(7.79, 7.79, 7.79); Calibrated: 15.06.2016;
«  Sensor-Surface: T.4mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 30,12.2015
= Phantom: Flat Phantom 3.0 (back); Type: QDOOUPS0AA; Serial: 1002
= DASYS2 52.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mny/Zoom Scan (Tx7x7)/Cube 0;
Measurement grid: dx=5mm, dy=Smm, dz=5mm

Reference Value = 106.4 V/m; Power Drift = -0,03 dB

Peak SAR (extrapolated) = 25.5 W/kg

SAR(L g} = 13 W/ikeg; SAR(16 ¢) = 6.11 Wikyp

Maximum value of SAR (measared) = 21.2 W/kg

B o000 0 -
0dB =212 Wihkg = 13.26 dBW/kg
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Impedance Measurement Plot for Body TSL
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D2450V2 Calibration for Impedance and Return-loss

Equipment Dipole Antenna Model D2450V2
Schmid&Partner .
Manufacture . . Serial 713
Engineering AG
Tested by Tomohisa Nakagawa
1. Test environment
Date August 12, 2017
Ambient Temperature 23.0 deg.C Relative humidity 64%RH
2. Equipment used
Control No. Instrument Manufacturer Model No Serial No Test Item | Calibration Date *
Interval(month)
MOS-37 Digital thermometer LKM electronic IDTM3000 - SAR 2017/07/26 * 12
MPF-03 2mm Oval Flat Phantom | Schmid&Partner QDOVAO001BB 1203 SAR 2017/05/29 * 12
Engineering AG
MMSL2450 | Tissue simulation liquid | Schmid&Partner IMSL2450V2 SL AA 245 BA |SAR*Daily |Pre Check
(Body) Engineering AG Check Target
Value 5%
MHSL2450 | Tissue simulation liquid | Schmid&Partner HSL.2450V2 SL AAH 245 SAR*Daily [Pre Check
(Head) Engineering AG BA Check Target
Value 5%
EST-63 Network Analyzer KEYSIGHT [E5071C MY46523746 | SAR 2017/02/03 * 12
EST-64 Calibration Kit KEYSIGHT 85032F MY53200995 |[SAR 2017/02/02 * 12
MDA-07 Dipole Antenna Schmid&Partner D2450V2 713 SAR 2016/09/13 * 12
Engineering AG
3. Test Result
Head Head Deviation Deviation
Impeadance, Transformed to feed point |cal day  |(real part) [Q] |(img part) [Q] |(real part) [Q] |(img part) [jQ] |Tolerance Result
Calibration (SPEAG) 2016/9/13 53.00 2.30]- - - -
Calibration(ULJ) 2017/9/12 52.38 3.79 -0.62 1.49 |+/-5Q+/-5jQ Complied
Head Deviation Tolerance
Return loss cal day |[dB] [dB] [+/-dB] Result
Calibration (SPEAG) 2016/9/13 -28.80]- - -
Calibration(ULJ) 2017/9/12 -25.08 3.72 5.76|Complied
Body Body Deviation Deviation
Impeadance, Transformed to feed point |cal day  |(real part) [Q] |(img part) [jQ] |(real part) [Q] |(img part) [jQ] |Tolerance Result
Calibration (SPEAG) 2016/9/13 49.60 3.70]- - - -
Calibration(ULJ) 2017/9/12 46.483 7.6901 -3.12 3.99 [+/-5Q+/-5)Q Complied
Body Deviation Tolerance
Return loss calday |[dB] [dB] [+/-dB] Result
Calibration (SPEAG) 2016/9/13 -28.50]- - -
Calibration(ULJ) 2017/9/12 -23.306 5.19 5.7|Complied

*Tolerance : According to the KDB865664D01




Measurement Plots
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