Neutron Engineering Inc.

Date/Teme: 11/21/2013 10:29:38
Test Laboratory: Wetron Enginecring Inc.
WEF190 802.11AC mode HT80 ant A+B 5775MHz Smm
DUT: WE2190-5mm; Type: Sample; Serial: 1307C1404

Communication System: UID 0, TEEE 802 11AC HT80 WiFi SGIOFDM, 6 Mbps.} ; Frequency: 5775 MHz
Medium parameters used (nterpolated): f= 3773 MHz, o = 6.185 S/m; 2, = 48,35, p= 996 kg-‘m3

Phantom section Flat Section

Measurement Standard: DASY S (ITEEETEC/ANSI C&3.19-2007)

DASY Confisuration:

s Prober EX3DVY - EN3932; ConvE(4.19, 419, 4 19); Calibrared- 00/16/2013;
Sensor-Surface: | 4mm (Mechanical Swrface Dictection), z = 1.0, 31.0
Electronics: DAE4 8al 390; Calibrated: 09/10/2013

Phantorr SAM 1; Type: SAM. Sexial 1754

DASY32 32 87(1137); SEMCAD X 14.6.10(7164)

802.11AC HTS0 SmmWF2190 802.11AC HTS0 antA+B 5775MHz Smm/Area Scan (81x81x1): Interpolated mid: dx=1.500 mm. dy=1.500

.

Reference Valoe = (L1086 Vim; Power Dt = 0.014 dB

Fast SAR: SAR(] 2) = 000288 Wike; SAR(0 2) = 0.000472 W/ke
Maximom vahoe of SAR (terpolated) = 00182 Wikg

802,11AC HTE0 Smm/WF2190 802.11AC HTS0 antA+B ST75MHz Smm/Zoom Sean (Tx7x7)/'Cube 0: Measwement grid dv=5mm,
=S, dr=Smm

Reference Vahie = 0106 Vim; Power Dt = 0.014 dB

Pegk SAR (extrapelated) = 0.0390 Wikg

SAR(] g) = 0.00594 Wikg; SAR(LD g) = 0.00164 Wikg

Mazirnum vahoe of SAR {measuwred) = 00171 Wikg

-10.00
-20.00
-30.00

-40.00

-50.00

DB =0.0171 Wihg=-17.67 dBWikg
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Neutron Engineering Inc.

Date'Tme: 11/21/2013 11:26:39
Test Laboratory: Neutron Engineering Inc.
WF2190 802.11AC mode HT80 ant A+B 5775MHz 10mm
DUT: WF2190-10mim; Type: Sample; Serial: 1307C 1404

Commumication System: UID 0, IEEE 802 11AC HTS0 WiFi SGOFDM, ¢ Mbps,} ; Frequency: 3773 MHz
Medinm parameters used (interpolated): f= 5775 MHz; o = 6.185 S/m; =, =48.35; p=099§ li:g\"m3

Phantom section: Flat Section

Measuretnent Standard: DASY S (IEEETEC/ANSI C&3.19-2007)

DASY Confisuration:

» Probe: EX3DVA - 5N3932; ComvF(4.19, 4.19, 4.19); Calibrated: 08/16/2013;
» Sensor-Surface: 1 4mm (Mechanical Surface Detection), z= 1.0, 310

# Electronics: DAE4 501390, Calbrated: 09/10/2013

+ Phantor SAM 1; Type: SANM; Serial 1784

« DASYSI 528701137y SEMCAD X 14.6.10(7164)

802.11AC HTE0 10mmMWF2190 802.11AC HT80 antA+B 5775MHz 10mm/Area Scan (91x131x1): Interpolated grid: de=1.500 mm,
dy=1.500 mm

Reference Vale = (0.351 Vim; Power Drift = 0.08 AB

Fast SAR: SAR(1 g) = 0.046 Wkg; SAR{10 g) = 0.017 Wike

Maximm valne of SAR farerpalated) = 0,113 Wike

802.11AC HTR0 10mm/ WF2190 802.11AC HTR0 antA+B 5775MHz 10mm/Zoom Sean (7x7x7)/Cube 0k Measoremens grid: dz=5mm_
dyv=5tmm, dz=3mm

Reference Waloe = 0.351 Vim; Power Drift = 0.08 AB

Peak SAR {extrapolated) = 0.235 Wikg

SAR(] g) = 0,037 Wikg: SAR(10 g) = 0.013 Wikg

Maximum vale of SAR (measwred) = 0.114 Wikg

-10.00
-20.00
-30.00
-40.00

-50.00

DdB=0114 Whkg=-943 dBWkg
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4. Probe Calibration Certificate

EX3DV4
Calibration Laboratory of Schwelzerischer Wallixerdienst
Schmid & Partner Sorvice sulsse d'étalonnage
Engineering AG Servizio svizzoro di taratura
Zoughausstrasse 43, 8004 Zurich, Switrerland Swiss Colibration Sarvice
Agcradiled by the Swiss Accradiation Serwee (SAS) Accreditation o2 SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreamant for the resognition of calibration cartificates

Ohject

A R S AR

Calibration procedurais)

Calibration dats:

This calbration cenificale dscumants the tracesbibty o nasonal slandards, which realize the physical unts of measurements (5],
The measurements and the uncertainties with confidence probability are given cn tha following pages and are pont of tha cenificets.

A1 calibrations have besn conducted in the closed iabaratory Tacility: enviranment lempereture (22 2 3)"C and humidity < 708%.

Calibration Equipment used (M&TE crtical for calibration)

Primary Standards o Cal Date (Certficate Mo | Schaduled Calibration
Power mater E44155 5841203874 Dd-Apr-13 (Mo 217-01733) Apr-14
Power sonsar E44124 MY 41498087 04-Apr-13 (Mo 217-01733) Agr-14
Refatanca 3 4B AOMIIon SN SE054 (1) d-Agr13 (No. 217-01737) Ape-14
Raference 20 dB Altenuator S SE2TT (20} Cd-Apr-13 (No. 217-01735) Apr-14
Raterence 50 dB Attenuator SN 55128 (306} D4-Apr-13 (Mo, 247-01738) Apr-14
Refarence Probe ES30V2 SMH13 | 28-Dec-12 (Mo. ES2-3013 Dect2) Doc-13
DAEA SN, 660 #5ep-13 (No DAE4-G60_Sep13) Apr-1a
Secondary Standarss o Chack Date {in houss) “Schedulad Check
RF gonerator HP 83480 US36420U01700 A-Au5-89 [ house check Apr-13) In house chesk: Apr15
Mabwork, Analyzst HP B7S3E LIS37 00545 | 18-0ct-01 [in house check Oct-12] In house check: Oct-13
Signatune
Calibrated by -
Approved by:

IssuRd: Sepbember 17, 2013

This callbration certificate shall not be reproduced oucept in full without weilen appraval af the borstary

Cartificate Mo: EX3-3932 Sen13 Page 1ol 11
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Calibration Laboratory of q,af*@f'}., § Schweizerischer Kalibrierdienst
Schmid & Partner e ¢ Service suisse détalonnage
Engineering AG T3 5 Servizie svirzero di taratura
Zeughausstrasse 43, B004 Zurich, Switzarland £y ﬁw‘ Swiss Calibration Service
i law®
Bicoredited by the Swiss Accradilation Service (SAS) Accreditation Ne.: SCS 108

The Swiss Accreditation Sorvice is one of the signatories to the EA
Mubtilataral Agreement for the recognition of calibration certificates

Glossary:

TSL fissue simulating liquid

MORMx, .2 sensitivity in free space

ConvF sensitivity in TSL f NORMx,y,2

DCP dinde compression point

CF crest factor (1/duty_cyche) of the RF signal

A.BCD maodulation dependent linearization parameters

Folarization ¢ o rotation around probe axis

Polarization & 5 rotation around an axis that is in the ptane normal 1o probe axis (at measurement center),

i.e., 8 =0is normal 10 probe axis

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, "IEEE Recommended Prachce for Datermining the Peak Spatial-Averaged Spacific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques”, December 2003

b} IEC 522081, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity 1o the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:
«  NORM»,y.z: Assessed for E-field polarization & = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
MORMz,y,z are only intermediate values, i, the uncerainties of NORMxy.z does not affect the E*-field
uncerainty inaide TSL (see balow ConwF).

s NORM(fxy.z = NORMx, .z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions laler than 4.2. The uncertainty of the frequency response is included
in the stated uncerainty of ConvF,

+  DCPxy.z: DCP are numerical linearization parameters assessed basad on the data of power sweaep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

«  PAR:PAR is the Peak to Average Ratio that is not calibraled but determined based on the signal
characteristics
s Axyz Bxyz: Goy.z Oxyz; VRxy.z A B, C, D are numerical inearization parameters assessed based on

the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

= ComvF and Boundary Effect Parameters: Assessed in flat phaniom using E-field (or Temperature Transfer
Standard for f = 800 MHz) and inside waveguide using analytical fisld distributions based on power
measurements for f > 800 MHz The same setups are used for assessment 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 acouracy close to the boundary. The sensitivity in TSL comesponds
0 NORMx y,z * ConvF whereby the uncertainty corresponds lo that given for ConvF. A frequency dependent

ConvF is used in DASY version 4.4 and higher which allows extending the vahdily from + 50 MHz to £ 100
MHz.

= Sphencal isotropy (30 deviation from isotropy): in a field of low gradients realized using a fat phantom
exposed by a patch antenna.

e Sensor Offset The sensor offset corresponds to the offset of virual measurement center from the probe tip
{on probe axis). Mo tolerance required.

Certificate No: EX3-3932_Sep13 Page 2 of 11
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Neutron Engineering Inc.

EX30V4 - 5N;3832 Septamber 16, 2013

Probe EX3DV4

SN:3932

Manufactured:  July 24, 2013
Calibrated: September 16, 2013

Calibrated for DASY/EASY Systems

(Mote: non-compatible with DASYZ2 systernl)

Cerfificate Mo: EX3-3932_Sep13 Page 3 of 11
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EX30Wd- SN:3932

Neutron Engineering Inc.

Basic Calibration Parameters

Septemnber 16, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3932

Sensor X Sensor ¥ Sensor L Unc (k=2)
Norm (Vi(/m) i 052 0.58 l 0.46 +10.1%
[ DCP {(mV) 102.3 102.8 1 1018
Modulation Calibration Parameters
uID [ Communication System Name A e | ¢ D VR Une"
;] dByv v dB v (k=2}
o |ow =) x| o0 0.0 1.0 000 | 1678 | #50% |
1 _ v | o0 | 00 1.0 179.8 |
|IF 0.0 KR [ 571 |

[. The reported uncertainly ©
\\multiplied by the coverage

f measurement is stated as the standard uncertainty of measurement
factor k=2, which for a normal distribution corresponds to a coverage

probability of approximately 95%.

figld wakse

Cartificate Mo EX3-3832_Sep13

* The uncertainties of Mo, Y Z do not aflect the E*-field uncerainty inside TSL (sea Pages 5 and &)
" Wymerical linoanzation paramater: URGRAMNCY not raguind
" Uneartainty is detarminad using tha max, deviation from insar response app

tying rectangular disiribution and is expressed for the square of the

Page 4 of 11
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EX3DV4- SN:3832

Calibration Parameter Determined in Head Tissue Simulating M

edia

September 16, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3932

= Relative | Conductivity [ Depth Unct.
f{MHz)® | Pormittivity© (stm) " ConvF X | ConwFY | ComvFZ | Alpha | (mm] k=2) |
| 750 41.9 0.89 10.38 10.36 10.36 0.20 1.35 +12.0%
835 41.5 0.80 .89 8,89 9.89 0.29 1.02 £12.0%
900 | 41.5 0.97 967 967 | 967 0.21 133 | +120%
1750 | 40.1 1,37 8.47 B.AT7 847 0.33 0.89 +12.0 %
1000 40.0 1.40 B.21 8.21 821 0.12 1.47 +120 %
| 2100 398 | 1.48 8.31 B.31 B.31 0B0 | 050 | £120% |
| 2300 39.5 1.67 775 7.75 7.75 0.43 0.70 £12.0%
| 2450 39.2 1.80 740 740 7.40 0.36 0.81 $120% |
2600 | 39.0 | 186 | 7.6 7.16 7.16 D44 | 078 +12.0% |

Certificate No: EX3-3832_Sep13

Page 5 of 11

£ Fraguency validity of + 100 MHz only applies for DASY v4.4 and higher {see Paga 2}, etse itis restricted (o + 50 MHz. Thas uncartainly is the RES5
of the ComvF uncertanty af calibration (requency and the uncartainty for the indicaled frequancy band,
" it fraquancies below 3 GHz, e validily of tissue parameters {- and o) can be relaxed fo £ 10% f Equid compensation fomula is applied to

measured SAR values, Al fregsencies abova 3 GHz, this validily of ssue paramaters (¢ and o) is restcled 10 2 5%, The uncartainty is the RSS of
Ihe ConvF uncerainty for indicaed targel bssue paramatens,
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EX3IDV4- 5N 3832 September 16, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3932

Calibration Parameter Determined in Body Tissue Simulating Media

| p Relative _ ' Conductivity | Depth Unct. i
|_F{MHz) Parmittivity (S/my) ConvFX | ConwFY | ConvFZ | Alpha | (mm) (k=2) |
750 56.5 0.96 9.92 992 9.92 0.21 1.47 £120%
B35 552 0.97 9,92 9.92 982 0.30 1.12 +12.0 %
800 55.0 1.06 867 867 9,67 0.51 0.79 +£120%
1750 53.4 1.49 8.14 8.14 B.14 0.56 0.73 t120% |
1000 53.3 1.52 7.80 7RO | 7.80 0.42 0.80 +120% |
| 2100 53.2 1.62 8.12 8.12 B12 020 | 1.01 £120 %
2300 529 1.81 7.57 7.57 7.57 0.59 0,68 +120%
| 2450 527 1.85 7.34 734 | 7.34 080 | 050 £120% |
2600 §2.5 | 216 | T.O8 7.08 7.08 080 0.50 $12.0% |
| 5200 49.0 530 469 469 4.69 0.45 1.80 +13.1%
| 5300 | 489 | 542 448 4.48 448 | D45 | 190 | £131%
5500 48.6 5.65 415 416 | 4.5 0.50 1.80 +13.1 %
| 560D 485 | s77 4.07 4.07 4.07 045 | 1980 | £131%
5800 48.2 | .00 419 419 | 419 | 055 190 | £13.1%

© Fraguenay validity of £ 100 MHz only apphes for DASY wd 4 and higher (see Page 2), eise il is restriched to + 50 MHz. The uncerainty is the RSS
of the ConuF uncertainty 2 caliorabon frequency and the uncertainty for the indicated frequency band.

F atrequencies ek 3 GHz. Lhe validiy of tizsus paramelers (& @nd o) ¢an bo relased to & 10% if Iiguid compensalion formua is apphed 1o
measurad SAR values A1 frequencles above 3 GHz, the validity of lissue paramelers (¢ and o) i resticted fo + 5%. The uncerlanty = the RSS of
the CorvE uncanainty for indicaled large tissuve paramaters

Certificate Mo: EX3-3932_Sep13 Page 6 of 11
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EN3DV4- SN3932

Frequency response (normalized)
TT

Neutron Engineering Inc.

Seplember 16, 2013

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

oo A A |
1500
f [MHz]

2000

Uncertainty of Frequency Response of E-field:  6.3% (k=2)

Certificabe Moo EX3-3932_Sepi3

Page Tof 11
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EX3Dva- SN:3932

Neutron Engineering Inc.

=600 MHz, TEM f=1800 MHz R22
- ‘-' o ow 7 e ‘ : 1‘ : .:':' nd '.," .I:H
T Y O ¥ EF OV Ow 8

September 16, 2013

Receiving Pattern (¢), 9 = 0°

L |

Errer [dE]

Cortificate Na: EX3-3032_5ep13
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1 &0 i1 5 100 Il.-'l
Foll [7]
:-.'E-'IFH]—-; -3-.7‘.'T-JH: zsﬁf-.ﬂi-.-

Uncertainty of Axial |sotropy Assessment: £ 0.5% (k=2)
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