15.17 SAR Calibration Certificate - Probe EX3DV4 SN3917
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Client UL Japan (PTT) Cortificate No: EX3-3917_May13
|CALIB RATION CERTIFICATE |
e e e — — Y
Objest EX3DV4 - SN:3817 |
Calibration procedure(s) QA CAL-D1 w8, Q1A CAL-12.v7, QA CAL-14.v3, QA CAL-23.v4,

QA CAL-25v4

Calibration procedure for dasimetric E-field probes
Calibration date: May 14, 2013

This callbration certificate documents Ihe taceatilily b national standards, which realize the physical uits of measurements (SI)
The: measurements and the uncedaintias with confidence probabiity are given on the folowing peges and are part of the cestiicals,

All celibrations have baen conducted in the ciesed boratory facilty. environment lemperature (22 +3)°C and humidity < 70%,

Calibration Equipment used (MBTE cilical for calibirabion)

Prirmary Slandards 0 Cal Male (Carfificabe No,) Scheduled Calbration
Powar metar E44188 GB41293874 Dd-Apr-13 (Mo, 217-01733) Apr-1d
Power sensor 44128 M¥41438087 Od-Apr-13 (Mo, 217-01733) Apr-14

| Referance 5 dB Atterusator 5M: 5054 (3c) O4-Apr-13 (Mo, 217-01737) Apr-14

| Reference 20 dB Attenuator | SM: S5277 (20 D4-Apr-13 (Mo, 217-01735) Apr-14 |
Anferance 30 db Atlemsater SM: 55129 (30k) 04-Apir-13 (Mo, 217-01734) Apr-14
Referance Probe ES300W2 G 3013 2B-Dec-12 (Mo, ES3-3013_Dec1Z) Dec-13
DAk SH: GED 31=Jan-13 (ho. DAE4-660_Jan13) Jan-14
Secandary Standards [v] Chiack Date (in haouse) Scheduled Check

| AF genarator HP 8648C LIS3G4 201 700 4-Aug-89 {in house check Apr-13) In housa check: Apr-15
Mabwark Analyzer HP ETEIE LIS3T 300585 1E-0nt-01 {in house check Oct-12} In house check: Oct-13

Marme Function

Calibrated by: Claudio Leublar Labarabary Technician

Approved by Kalja Pokevic Tachnical Manegar M%

Esgsued: May 15, 2013

Thiss calibralion certificate shall not be reproduced except in full without writtan approvel of the laboratary.
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Calibration Laboratory of FAYs

R N Schwelzerischer Kalibriardienst

Schmid & Partner Q“\-i'_\‘?/ﬂ" ] g Service suisae déialonnage
Engineering AG L g Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Furich, Switzerlan: ﬂﬁg Swiss Calibration Service

Aceredied by the Swiss Accreditation Service (SA5) Accreditation Ne.: SCS 108

The Swiss Accreditation Servies is one of the signateries to the EA

Multilateral Agreement for the recognition of calibration certificales

Glossary:

T5L lissua simulating liquid

MORM:,yz sensitivity in free space

CorvF sensitivity in TSL / NORMzx,y,z

DCP dinde com pression paint

CF crest factor (1iduty_cycle) of the RF signal

ABCD rmodulation dependent linearization parametars

Polarization g «p rofation around probe axis

Polarization & & rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e,, # = 0 is normal to probe axis

Calibration is Performed Accarding to the Following Standards:
a) |EEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-Awveraged Specific

b

Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement

Techniques™, December 2003
IEC 62209-1, "Procedure to measure the Specific Absorplion Rate (SAR) for hand-held devices used in close
proximity to the ear {frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

L]

NORMzx,y,z- Assessed for E-field polarization & = 0 if < 900 MHz in TEM-ce |, f = 1800 MHz: R22 waveguide).

MORM:x,y.z are only intermediate values, i.e., the uncertaintios of NORMyx,y 2 does not affect the E*field
uncertainty inside TSL (see below CanvF),

NORM(flx,y.z = NORMx,y,z " requency_response (see Frequency Response Chart), This linearization is
implemented in DASY4 software versions later than 4.2. The unceriainty of the frequency respanse is included
in the stated uncertainty of ConvF.

DCPxy.z: DCP are numerical linearization parameters assessad based on the data of power sweep with CW
signal (no uncartainty required). DCP does not depend on frequency nor media.

FPAR: PAR is the Peak to Average Ratio that s not calibrated but determined based on the signal
characteristics

Ax Y2 Bx,yz; Cxy.z Dxy.z; VRx. .2 A, B, G, D are numerical linearizatior parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nar
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

CanvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > B0D MHz. The same setups are used for assessmeant of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL carresponds
o NORMzx,y,z * ConviF whereby the uncertainly corresponds to that given for ConvF, A frequency dependant
ConvF is used in DASY version 4.4 and higher which allows extending the walidity from £ 50 MHz to £ 100
MHz.

Spherical isotropy (30 deviation from isotropy): in a field of low gradients realized using a flat phantom
axposed by a patch antanna.

Sensor Offsel: The sansor offset cormesponds to the offset of virtual measurement centar from the probe tip
[on probe axis). Mo tolerance required,
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EX30V4 — 5M:391T7 May 14, 2013

Probe EX3DV4

SN:3917

Manufactured: December 18, 2012
Calibrated: May 14, 2013

Calibrated for DASY/EASY Systems

(Mote: non-com patible with DASYZ2 system!l)
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EX3DV4- SM:3917

May 14, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3917

Basic Calibration Parameters

Sensor X Sensor ¥ Sensor Z Unc (k=2)
Morm (uViim)T 0.53 043 0.45 +10.1 %
DCP {mV)" 09,4 103.6 100.5
Modulation Calibration Parameters
uio Communication System Nama A B c D VR Unc"
dB dBy v dB mv (k=2)
o Cw x| oo 0.0 1.0 000 | 1740 | 35%
L 0.0 0.0 1.0 1471
z 0.0 0o 1.0 1535

The reported uncertainty of measurement is stated as the standard uncertainty of measurement

multiplied by the coverage factor k=2, which for a normal

probability of approximately 95%.

distribution corresponds to a coverage

* Tha uncertainties of MermX, ¥, Z do not affect the E-liekd uncertainty inside TSL (ses Pages 5 and &).

" mMumarical linearization parametar; uncerainty not reguired.

£ Uneertainly is detarmined using the max. devistion from linear response applying rectangular distribuion and i exprassed Tor the squan of the

fiedd walue,

Carlificate No: EX3-3917_May13
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EX30V4- SN:3817 May 14, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3917

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unct.
| f(MH)® | Permittivity " {Shm) " ConvFX | ConwFY | ConwFZ | Alpha | (mm) (k=2
300 45.3 0.87 11.89 11.89 1188 | 0.21 072 | £134%
450 435 0.87 10.41 10.41 10.41 0.14 100 | £#134%
BS0 425 0.89 10.42 10,42 1042 | 010 | 100 | +134%
750 41.9 0.89 10.07 10.07 1007 | 073 | 063 | +120%
B35 41.5 0.90 0,66 9.66 9,66 D76 | 058 | £120%
800 41.5 0.97 0.69 9.69 8,69 0.41 084 | £120%
1450 40.5 1.20 BAT 8.47 B.47 026 | 122 | £120%
1640 40,3 1.29 BIT B.7T B.TT 059 | 068 | £120%
1750 40.1 1.37 B.41 .41 8.41 051 | 073 | +120%
1810 40.0 1.40 B.09 8.09 B.09 037 | 085 | +120% |
1900 40.0 1.40 7.98 7.98 7.98 D65 | 065 | £120%
1950 400 1.40 777 7.77 7.77 D48 | 075 | £120%
2000 40.0 1.40 7.80 7.90 7.90 058 | 067 | £120%
2450 39.2 1.80 7.20 7.20 7.20 0.41 082 | £120%
2600 39.0 196 7.00 7.00 7.00 0342 | D96 | +120%
5200 36.0 4 66 5.28 5.28 5.28 0.40 180 | +13.1%
5300 359 476 5.05 5.05 5.05 0.40 180 | #£131%
5500 355 4 96 4.74 4.74 4.74 0.40 180 | +131%
5600 35.5 5.07 4.54 4.54 4.54 0.40 1.80 | +131%
5800 35.3 527 4.61 481 4.61 0.45 180 | +134%

© Frequency validity of £ 100 MHz cnly applies for DASY v4.4 and highar (sae Page 2), elze it is restricted to + 50 MHz. The uncartainty is the RSS
Dl the: CanvF wncertainty al calibration frequency and the uncarainty for the mdicaled frequency band.

" &t frequencies below 3 GHz, the validity of liss Je parameters (& and «) can be relaxed lo + 10% i liquid compersation farmula & applisd 1o
measured SAR valses. At requencies above 3 GHz, the validity ol lisswe paramelers (c and o is restriched te + 5%, The uncerainly i the RSS of
the ConvF uncarainty for indicated target tissue parematars.
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EX3DVd4— SMN:3917 May 14, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3917

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.
fIMHZ)® | Permitsivity" {5im)" ComF X | ConvFY | ConvFZ | Alpha | (mm) (=2}
300 58,2 092 11.80 11.80 11.80 0.18 1.12 £134 %
| 450 56.7 004 11.00 11.00 11.00 0.05 1.20 134 %
650 55.9 096 10.01 10,1 10.01 0.05 1.50 +13.4 %
750 55.5 096 9.99 5.04 9,99 0.37 0.91 +12.0 %
| 835 55.2 0e7 9.76 0.76 976 0.32 0.98 +12.0%
900 55.0 1.05 9.75 9.75 9.75 0,80 0.57 £120%
1450 54.0 1.30 8.59 B.59 858 0.76 0.59 +120%
1640 538 1.40 8.76 B.7E B.76 0.54 0.75 +12.0 %
1750 534 1.49 7.91 7.91 7.91 0.74 0.55 +12.0 %
1810 53.3 1,52 773 7.73 7.73 0.46 0.84 +12.0 %
1900 53.3 1.52 762 7.62 7.62 0.75 0.55 +12.0% |
1950 53.3 1.52 7.84 7.84 7.84 0.48 0.78 +12.0 %
2000 53.3 1.52 7.74 7.74 T.74 0.49 0.77 +12.0 %
2450 52,7 1.95 7.27 7.27 727 0.80 0.55 +12.0 %
2600 52.5 216 7.04 7.04 7.04 0.80 0,50 +12.0 %
5200 49.0 530 4.72 4.72 4.72 0.45 1.90 +13.1%
5300 48.9 .42 4.56 4,56 4,56 0.45 1.90 +13.1 %
5500 48 6 5.65 415 4.15 4,15 0.50 1,90 +13.1 %
5600 48.5 577 4.00 4,00 4.00 0.50 1.90 +13.1 %
| 5800 48,2 6.00 4.33 4,33 4,33 0.50 1.90 +13.1 %

 Frequency validity of £ 100 MHz anly applies for DASY wi.4 and higher (see Page 2}, else it is restricted to £ 50 MHz. The uncerainty is the RSS
of the Conv uncertainty at calibralion frequency and fhe mcertainty for the indicated frequaney band,

" At frequencies below 3 GHz, the validity of tssue parsmeters (e and o} can be relaved to + 10% if liquid compensation formula is applied to
maasurad SAR values. Al frequencies above 3 GHz, the validily of issue parameters (s and o) is resticisd 1o = 5%. The uncartainty |s the RSS of
the CarvF uncertainly for indicated target fissue parametars.
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EX3DVd- SN.3317 May 14, 2013

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)

Certificate Mo: EX3-3917_May13 Page 7 of 11



EX30Vd- SN:3817 May 14, 2013

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz, R22

L ]

. v
. d
[} LI .' 3
aar! e 4 n ! = - o 'n
s s 02 04 oo op 1“'1| . e _* 02, 0s o8 on |
- 5 I - 1 - !
i "
& - L - *
b e S 5 225 - - 111

2] . i o

L ]
= .
2 ]
-
L]
L]

Tot X Tot X ¥ Z

o= -.-.a.-.;...._._.... H‘:IH-!—U-‘-’.’—PP g- t_,.'--’-;.n’t_t 3 mﬂ. L T e _r,_‘__,...,_.n _—

Emor [dB]
=

1EG'H-Q Eth'_-ﬁ!-lz 13!5!1'51—!1 2503%'!41

Uncertainty of Axial Isotropy Assessment: * 0.5% [k=2)
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EX3DW4- SN:3I7 May 14, 2013

Dynamic Range f(SARpead)
(TEM cell , f = 900 MHz)
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Uncartainty of Linearity Assessment: £ 0.6% (k=2)
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EX30Wd- SN3IT

May 14, 2013
Conversion Factor Assessment
=800 MHz, WGLS RS (H_comF) 1= 1750 MHz WGLS R22 (H_canvF)
w u
i
Wiy ]
I "I
a0
I \." ]
i T E A
1 5"
154 -
&
0%
- . " N TR T 12 LREN
[ w0 k1] L 40 S [ [ 5 W -] F- 1 0 k- ap
.  jram] - |m=m]
= v it e

Deviation from Isotropy in Liquid
Error (i, 8), f= 900 MHz
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Uncertainly of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX300M4= SH:331T

May 14, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3917

Other Probe Parameters

Sensor Arrangement

Triangular
Connector Angle (") 634
Mechanical Surface Detection Made enabled
Optical Surface Detection Mode disabled
Probe Cwverall Langth 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor ¥ Calibration Paint 1 mm |
Probe Tip to Sensor £ Calibration Point 1 mm
Recommended Measurement Distance from Surface 2 mm
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