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Callbration Procedura(s) ER-Z11-004-01

Callbration Procedures for Dosimetnc E-fisld Probes

Calibration date Movember 02, 20147
Thiz calibration Cerificate documants the Iraceabifity 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 par of the cerificate.

[ All calibrations have been conducted In the closed laboratory facility; environment temperaturai22:5c and

frumidify<7 0%,
Cahnrahun Eqmpmenl used (METE critical for calibration) |
F‘ﬂm.'-lr'_.- Standards I0# Cal Date{Calibrated by, Qertiﬁcate Mo Scheduled Calibration |
Fower Meter  NRPZ [ 101919 27-Jun-17 {CTTL, Mo TXO5857) Jun-18 |
Power sensor NRP-Z81 | 101547 27-Jun-AT {CTTL, No.J17X0585T) Jun-18
Power sensor NRP-Z91 | 101548 27=Jun=17 (CTTL, Mo J17X058857) Jun-18 I
Reference1OdBAftenuator | 1BME0W-10d8  13-Mar18(CTTL Ne.J16X01547) Mar=18
Reference20dBAttenuator | 18NS0W-20dB  13-Mar16(CTTL, Mo J15X01548) Mar-18
Reference Proba EX3I0V4 | SN 3617 23-Jan-17ISPEAG No. EX3-3617 _Jan1T) Jan-18
DAEA4 SN 549 13-Dec-16{SPEAG, Mo, DAE4-549 Dacld) Deg-17
Secondary Standards |0 % Cal DateiCalibrated by, Cartificate Ma.) Scheduled Gallbration
SignaiGeneratorM GAT004 | G201052605 2F-Jun-17 (CTTL, Mo 17X05858) Jun-18
[ Ne1'.-'t:Jr‘h_Hr1aI3,rze: EBDTIC _!:W-i_ﬂﬁﬂﬁi’:} 13-Jan-17 {[_JTT_L, Mo.J17400285) : Jan -18
Wame Function ?namre ‘
Calibrated by: Yu Zongying SAR Test Engineer jyﬂ"@,
Reviewad by Ll Haa SAR Test Enginesr 'ﬂﬁi%

Approved by: @i Dianyuan SAR Project Leader -::51%3:5&\.

lssued; Novembsar 03, 2017 |
| This calibration cefificate shall not be reproduced except in full without writtan approval of the lsboratory |
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Glossary:
TSL fissie simulating liguid
MORM:x, w2 sensifivity in free space
ConyF sensitivity in TSL / NORMzx v,z
DoP diode compression paint
cF crest factor (1/duty_cyele) of the RF signal
ABLCD medulation dependent linearization parameters

Polanzation © @ rotation around probe axis

FPolarization & & rotation around an axis that is in the plane nomal ta probe axs (at measurement canter), |

8=0 1= narmal to probe axs

Lonnector Angle  informatian used in DASY system to alian probe sensor X ta the robot coardinate system

Calibration is Performed According to the Following Standards:

a) IEEE 5td 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-Aversged
Specific Absorplion Rate (SAR) in the Human Head from \Wireless Communications Devices:
Measurameant Technigues®, Juns 2013

b IEC 62209-1, "Messurement procedure for the assessment of Specific Absorption Rate [SAR) from
hand-held and body-mounted devices used next lo the =ar (frequency ranga of 300 MHz ta 6 GHz)"
duly 2016

o) IEC 62208-2. "Procedure lo determine the Specific Absorplion Rate {SAR) for wireless communication
devicas used In close proximity o the human body (frequency range of 30 MHz to 6 GHz)", March
2010

d) KDB BESEG4, “SAR Measuremeant Requirements for 100 MHz ta § GHz

Methods Applied and Interpretation of Parameters:

«  NORMy,y.z: Assessed for E-field polarization 8=0 (f=800MHz in TEM-cell; > 1800MHz: waveguide)

NORMx y.z are only mtermediate values, |.e., the uncerainties of NORMy Y.z doss not effect the

E*-field uneartainty inside TSL (see below ConvF).

= NORMTx Yz = NORMx 2" frequency_responsa (see Frequency Response Char), This
linearization iz implemented in DASY4 softwara versions |ater than 4.2. The uncerainty of the
frequency response is incfuded in the stated uncerainty of ConvE

s« DCPxyz DCP are numerical linearization parameters assessed based on the data of power sweep
ino uncerainty required). DCF does not depend on frequency rior meadia

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

= ALK Bxyz Cx iz VR y 2.A BC are numerical linearization parameters assessed based an the
data of powar sweep for specific modulation signal. The parameters do not depend on frequency nor
media, VR is the maximum calibration range exprezsed in RMS voltage across the dinde.

»  ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field (or Temperature
Transfer Standard for f2B00MHz) and inside waveguide using analytical field distributions bazed on
power measdrements for f >B00MHzZ. The same satups are used for assessment of the parameters
applied for boundary compensation (alpha, depth) of which typical uncenainty valued are given.
These paramelters are used in DASYS software to improve probe accuracy cloze to the boundary,
The senaitivity in TSL coresponds to MORMy,y.z* ConvF whareby the uncertainty corresponds to
that given for ConvE, A frequency dependani ConvF s used in DASY version 4 4 and highsr which
allows extanding the validity from£50MHz to2100MHz.

= Sphencal isolropy (30 deviation from isoirepy): in a field of low gradients realized using 2 Nat
phantom exposed by a patch antenna

= Sensor Offsel The sensor offset comespends (o the offset of virtual measuremeant center from the
probe lip (on probe axis). Mo tolerancse required.

= Conpector Angle’ The angle is assessed using the information gained by detarmining the NORMx
{no uncertainty required)

Cerificate No: £17-97203 Page 20l 1
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Probe EX3DV4

SN: 7441

Calibrated: November 02, 2017
Calibrated for DASY/EASY Systems

{Mote: non-compatible with DASYZ systeml)
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DASY/EASY - Parameters of Probe: EX3DV4 — SN: 7441

Basic Calibration Parameters

| 3 [ Sensor X | Sensor Y SensorZ | Unc (k=2) __‘
Norm({uVi(Vim)')* | 0.40 (045 0.38 £10.0%
DCP(mV)" | 101.2 {1014 104.1

Modulation Calibration Parameters

U Communication A B c D VR Une®
. System Name | dB BV dB my (k=2) ‘
0 cw x (o0 |08 1.0 (000 [1600 [+23%

¥ (00 |00 1.0 1881
- z |00 [0.0 1.0 155.3

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 probahility of approximately 95%.

" The uncentainties of Morm X, ¥, Z do not affect the E>-field uncerainty inside TSL {see Page 5 and Page &).
* Mumerical inearization parameter uncertainty not requined,

* Uncertainly is detenmined using the max. deviation from linear response applying rectangular distribution
and |= expressed for the square of the field valua.

Certificate No; 21 7-97203 Page 4 of 11
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DASY/EASY — Parameters of Probe: EX3DV4 - SN: 7441

Calibration Parameter Determined in Head Tissue Simulating Media

(r]

f MHz]¢ P:r:'i:t::ﬁy,, c“"'::;;:::i” ConvF X | ConvF Y .! ConvF Z | Alpha® E}m - :';Z:t}
750 418 | o8e 998 | go8 998 | 040 | 075 | +121%
| a00 415 0.47 974 | 974 | 974 | 017 | 129 | +121%

1750 | 401 1,37 822 | 822 | 822 | 026 | 108 |+121%
1900 40.0 1.40 790 | 780 | 780 | 021 | 113 | +124%
2450 | 392 1.80 7.34 7.34 734 | 059 | 071 [+121%
2600 390 196 7.01 701 | 701 | 053 | 078 | =121%
| 370D 3T 312 | &n 671 671 | 057 | o8z |=133%
5200 380 | 486 504 | 584 594 | 040 | 130 |£133%
5300 35.9 4,76 565 | 565 | 585 | 040 | 125 | +133%
5600 355 __ROY 532 | Bi2 512 | 040 | 135 | +13.3%
| 5800 35.3 5.27 515 | 515 | 516 | 040 | 140 | +133%

E Frequancy validity above 300 MHz of £100MHz only applies far DASY w24 and higher [Page 2}, else It & resincted o
£50MHz The unceriainty is lne RSS of ConwF uncertainty at calibration frequency and ihe uncerainty for the indloatad
fraquency band Frequency validity below 300 MHz is + 10, 25, 40, 50 and 70 MHz for CanvF sssessments gt 30, B4, 128,
150 and 220 MHz respactively, Above 5 GHz frequency validity can be extended to + 110 MHz.
F frequancy betow 3 GHz. the valldity of tissue paramieters (¢ and o} can be ralaxed to £10% i liguid compansation
formils is applied to measured SAR values, At frequencles above 3 GHz, the validity of tissus parameters (e and o) s
restricted 1o 5% The uncertzinty is the RSS of the CanvF uncertainty for indicated target fissue parametars

& pipha/Depth are detenmined during calibration. SPEAG warrants that the remaining daviztion due ta tha bouncary
effect after compensation is always less than + 1% for frequencies below 3 GHz and balow £ 2% for the frequencias
betwean 3-6 GHz at any distance lzrger than half the probe fip diameter fram the oy neary,

Cerfificate Mo: £17-07203
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DASY/EASY — Parameters of Probe: EX3DV4 - SN: 7441

Calibration Parameter Determined in Body Tissue Simulating Media

4 | o |
§ MHz]® Pn:‘“ﬂl‘::;yF c“"':;f:;f" ConvF X ! ConvF Y ‘ GonvF Z | Alpha® | m |;:Z?
750 | 865 D96 | 995 | 985 | 885 | 040 | 085 | +121%
8500 560 1.05 880 [ 980 980 | 027 [ 107 [+121%
1750 534 149 804 | 804 | B804 | 025 | 101 | +121%
1900 | 533 162 | 779 | 778 | 779 | 021 | 140 | +121%
2450 52.7 195 | 740 740 740 | 051 | 082 |*121%
2600 EEE - i o 7.10 7.10 710 | 051 | 084 [£121%
3700 51.0 355 627 | 627 627 | 045 | 129 |=133%
| 5200 48.0 530 522 | 522 | 522 | 050 | 145 | =13.3% |
| sm0 | 489 5.42 473 473 | 473 | 050 | 142 | +133%
5600 485 577 | 433 | 433 | 433 | 050 | 155 | £133%
5E0D 482 6.00 435 4,35 435 | 051 | 177 [+13a%

® Frequency validity above 300 MHz of £100MHz only applies for DASY va.4 and higher (Page 2), elsz it = restricled Lo
+60MHz. The uncertainty is the RSS of ConvF uncertainty at calibration frequency and (he uncertainty far the (ndicated
Irequency bard Frequancy validity below 200 MHz (s + 10, 25, 40, 50 and 70 MHz for ConvE essessmants at 30, B4, 128,
150 and 220 WMHz respectvaly. Above 5 GHz freguency validdy can be extendod 1o = 110 MHz

Fa freguency pelow 3 GHz, the validity of tisaue parameters (£ and o) can be relaxed o £10% if liguid eampansanon
farmuia is appliad te measured SAR valuss. Al frequencies ahove 3 GHz. the validity of lssue parameters (¢ and o) 15
resiricted to +5%. The uncertainty is the RSS of the ConvF uncertalnty for indicated terget tesue paramsters.
SHIDHSJ'DﬂplI'I are determined duning calibraticn, SPEAG warranis thal the remaining deviation due ta the bou nelary
affect sfter compensation is always less than + 1% for frequencies below 3 GHz and belaw & 2% for the fraguencies
befwesn 3-6 GHz at any distancs larger than half the probe tip diameter fram the bounacary.

Ceriifioate Mo 21797200 Page 6 of 11
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)
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Frequency response {normalized)

06
0.5 T T ' r ' | T T : T - T
i 500 - 1000 1500 2000 2500 3000
e
|Tm f [MHz] -

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

Certificate Mo Z17-97200 Page ? of |1
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Receiving Pattern (®), 8=0°

f=600 MHz, TEM f=1800 MHz, R22

[ == - e [ = = -
1.0+
254 !
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B o0 _Ft"ql_;q,____l__:__ : sy pr b AT R e R —
ok i i i
I |
18- T T T i 1 T T 7 T T — f
180 100 -50 ] L] 100 158

o]

Rofl®] _ e i B
|=-—1100MHz —-—G00MHz - — 1800MHz = — 2800MHZ|
Uncertainty of Axial Isotropy Assessment: £1.2% (k=2)
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Dynamic Range f(SAR}caq)
(TEM cell, f = 900 MHz)

Input Signal[uV]

LR iin LI B R R T T B RLELI| o g |

10" 10’ 10" 1y

SAR[mWicm )

—®-nol compensaled  —8— compensated

ErrarfdB]

i ot

10 10’

. SAR[mW/em] _

|___[-={not compensated  compensated |
Uncertainty of Linearity Assessment: #0.9% (k=2)
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Conversion Factor Assessment
f=800 MHz, WGLS R9(H_convF) f=1750 MHz, WGLS R22(H convF)

40— ' -— 1T e
L e e VS
'|I | 2500 J_._!.-__'-_
§/ ) 4 SO - - |
: el 1] H |—
g_g.&! | 1,‘ % 1 i
3200 Y : Sim {
[ £ .h %
ﬁ 150 — ' %
[ "..l | 1008 == Tm— e
140 = |
N 518 o=
LE 1 —
o 1\5_. & 5 "*-q..!__‘_
1] b} in L % iigs & W =W m
: soni el
| —=—maasurad —anﬂ-‘ﬂ-:-'al_i [ #measied —anahtical | L

Deviation from Isotropy in Liquid

7 Buis

-0 980 050 -04) 03 0 00 D40 DED ODAD 1D
Uncertainty of Spherical Isotropy Assessment: £3.2% (K=2)
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DASY/EASY - Parameters of Probe: EX3DV4 — SN: 7441

Other Probe Parameters

[
Sensor Arrangement Triangular

.;n nacter Angle (7} _ _ 9?.2_
Mechanical Euﬁac-ﬂ Detection Made y enabled -
:thiual Surface Datec;r.iﬂn Maode i disable
Probe Overall LEngtI-1- o | _337mm |
_F’robe-Bndy Diameter : - -‘F ﬂmm_
-'ﬁp Length g = - 8mm
Tip Diameter ] 2.5mm
! Probe Tip to Sensor X Calibration Point imm
_._Prohe Tip to Sensor Y Calibration Pc-rint | 1-|;|.rn i
| Probe 'ﬁ;; tu Sensor Z Eaiihmti;m Point - imm |
‘ Rennmmand;d Measurement Distar:c:e from Surface i 1.4mm

Certilicate Mo: £17-37203 Page 11 of 11




DIPOLE CALIBRATION CERTIFICATES

Calibration Laboratory of ‘:.Q“‘:i\;/"j""/,, S Schweizerischer Kalibrierdienst
. o -~
Schmid & Partner ;BE;%&% c Service suisse d'étalonnage
Enginee ring AG ;‘,/--/_—___-_-\-\\‘ ki Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ,/’F‘\‘\‘.v‘ S swiss calibration Service
QIMARG

Accradited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

BACL

Accreditation No.: SCS 0108

Client Gertificate No: D2450V2-971_Jul15

|CALIBRATION CERTIFICATE
:

Object D2450V2 - SN:971

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

Calibration procedure(s)

Calibration date:

July 08, 2015

This calibration certificate documents the traceability to national standards, which realize the physical unils of measurements (Sl).
The measurements and the uncerainties with conlidence probability are given on the following pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Metwork Analyzer HP 8753E

Calibrated by:

Approved by.

US37390585 S4206

Name
Jeton Kastrati

Katja Pokovic

18-0ct-01 (in house check Ocl-14)

Function

Laboratory Technician
—

Technical Manager

—f= =

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration
Power meter EPM-442A GB37480704 07-Oct-14 (Mo. 217-02020) Oct-15

Power sensor HP B4B1A US37202783 07-Oct-14 (Mo. 217-02020) Oct-15

Power sensor HP B481A MY41092317 07-Oct-14 (No. 217-02021) Oet-15

Relarence 20 dB Allenuator SN: 5058 (20k) 01-Apr-15 (No. 217-02131) Mar-16

Type-N mismatch combination SN: 5047.2 /06327 01-Apr-15 (No. 217-02134) Mar-16

Relerence Probe ES3DV3 SN: 3205 30-Dec-14 (No. ES3-32056_Dec14) Dec-15

DAE4 SN: 601 18-Aug-14 (Mo. DAE4-6801_Aug14) Aug-15

Secondary Standards ID # Check Date (in house) Scheduled Check

RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-13) In house check: Oct-16

In house check: Oct-15

Signature

J

Issued: July 9, 2015

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: D2450V2-971_Jul15
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Calibration Laboratory of o, Schweizerischer Kalibricrdienst

: ST S
Schmid & Partner ihk\ﬁ—_&m c Service suisse d'étalonnage
Engineering AG ot Servizio svizzero di taratura
: A AN S :
Zeughausstrasse 43, 8004 Zurich, Switzerland Gy !(-\\ N Swiss Calibration Service
gt
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signalories to the EA
Multilateral Agreement for the recognition of calibration certificates

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) |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, "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

¢) 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:

e Measurement Condijtions: 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.

s 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.

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 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.

* SAH 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
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No: D2450V2-971_Jul15 Page 2 0f 8




Measurement Conditions

DASY system configuration, as far as not

iven on page 1.

DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
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 22.0°C 39.2 1.80 mho/m
Measured Head TSL parameters (22.0£0.2)°C 37.9x6% 1.88 mho/m £ 6 %
Head TSL temperature change during test <0.5°C eee -
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.7 Wikg
SAR for nominal Head TSL parameters normalized to 1W 53.3 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.40 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

25.2 Wikg + 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.7 1.95 mho/m
Measured Body TSL parameters (22.0x0.2)°C 524x6% 2,03 mhofm £6 %
Body TSL temperature change during test <0.5°C wee ne—
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 12.9 W/kg
SAR for nominal Body TSL parameters normalized to 1W 50.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 6.05 Wikg
SAR for nominal Body TSL parameters normalized to 1W 23.9 Wikg = 16.5 % (k=2)

Certificate No: D2450v2-971_Jul15
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedancs, transformed to feed point 535Q+19|Q
Return Loss -28.3dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50.5Q +3.6Q
Return Loss -28.8dB

General Antenna Parameters and Design

I Electrical Delay {(one direction) 1.155 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feadpoint 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 shon-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in order to improve matching when loaded according to the position as explained in the
“Measurement Conditions® paragraph. The SAR dala 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 December 30, 2014
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DASYS5 Validation Report for Head TSL

Date: 08.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:971

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

Medium parameters used: = 2450 MHz; o = 1.88 S/m: g, =37.9; p= 1000 kg.fmj
Phantom section: Flat Section

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

DASYS52 Configuration:

e Probe: ES3DV3 - SN3205; ConvF(4.54, 4.54, 4.54); Calibrated: 30.12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601; Calibrated: 18.08.2014

e Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

« DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 101.3 V/m: Power Drift = 0.03 dB

Peak SAR (extrapolated) = 28.1 W/kg

SAR(1 g) = 13.7 W/kg: SAR(10 g) = 6.4 W/kg

Maximum value of SAR (measured) = 18.0 W/kg

dB

-4.00
-8.00
-12.00
-16.00

-20.00

0 dB = 18.0 Wrkg = 12.55 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 08.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:971

Communication System: UID 0 - CW; Frequency: 2450 MHz
Medium parameters vsed: = 2450 MHz; 6 =2.03 S/m; g, =52.4; p= 1000 kgz‘m"
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)
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: QDOO0OPS0AA; Serial; 1002

»  DASYS5252.8.8(1222); SEMCAD X 14.6.1(0(7331)

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

Reference Value =94.67 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 26.4 W/kg

SAR(1 g) = 12.9 W/kg; SAR(10 g) = 6.05 W/kg

Maximum value of SAR (measured) = 17.0 W/kg

dB

-4.00

-8.00
-12.00
-16.00

-20.00

0dB =17.0 W/kg = 12.30 dBW/kg
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Impedance Measurement Plot for Body TSL
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Client BACL Certificate Ho: D5GHZV2-1246_MNov16

|CALIBRATION CERTIFICATE

Objact D5GHzV2 - SN:1246

Calibration procedurais) s CAL-22 v2
Calibration procedure for dipole validation kits between 3-8 GHz

Callbration date: Movember 07, 2016

Thiz calibration certificals documents the fraceability 1o nalicnal standards, which raalize tha physical unlts of measwements (S)
The measurements and the uncerainies with canfidence probability are grvan on the lollewing pages and ae pan of the certifieals,
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| Primary Starwdards o ] Cal Dale (Cedificals Mo, Sehedulad Calibialon

| Power meter NRP SN: 104778 06-tpe-16 (Mo. 217-02288/02285) AprAT

| Power sensor NRP-Z31 BN 105244 O-Ape- 16 (Mo, 217-02288) Apr-17
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| Referance 20 4B Atenuator BM: 5058 (20k) 05-Apr-16 (Mo, 217-02282) Apr7
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|
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughaussirasse 43, 8004 Zurich, Switzorland

= Sehwelzerischer Kalibrierdienst
Service suisse d'élalonnage

c Servizlo suizzero di \aratura

5 Swias Calibration Service

Accradited by the Swiss Accreditalion Service (SAS) Accreditation Mo.: SCS 0108
The Swiss Accreditation Service is one of the signaterizs 1o the EA
Multiiateral Agreement for ihe recognition of ealibration eertificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NORM x.y .z
MNA not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE 5td 1528-2013, "IEEE Recommended Practice for Delermining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues”, June 2013

b) 1EC 52209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wirsless
communication devices used in close proximity to the human body {freguency range of 30
MHz to 6 GHz)", March 2010

c) KDB 865664, “SAR Measurement Reguirements for 100 MHz to 6 GHz"

Additional Documentation:
d) DASY4/5 Systemn Handbook

Methods Applied and Interpretation of Parameters:

e Measuremeni Conditions: Further details are available from the Validation Report at ihe end
of the cerificate. All figures stated in the cerificate 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.

s [Feed Point Impedance and Reiurn 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 anienna feed point.
Mo uncertainty required.

=  SAR measured: SAR measuraed at the stated antenna input power.

s  SAA nermalized: 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 carrespands to a coverage
probability of approximately 85%.

Cerlificate Ma: DSGHz2V2-1248_0cl1f Page 2ol 13




Measurement Conditions

DASY syslem configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy = 4.0 mm, dz = 1.4 mm

Graded Ratio = 1.4 (Z diraclion)

Frequency

5250 MHz = 1 MHz
5600 MHz £ 1 MHz
5800 MHz + 1 MHz

Head TSL parameters at 5250 MHz

The fgllowing parametars and calculations were applied.

Temperature Permittivity Conductivity

Mominal Head TSL parameters 22.0°C 358 4.71 mho/m

Measured Head TSL parameters {(22.0£0.2) °C 3M4926% 4.57 mho/m £ 6 %

Head TSL temperature change during test <0.5°C -
SAR result with Head TSL at 5250 MHz

SAR averaged over 1 em® {1 g) of Head TSL Candilion

SAR measurad 100 mW input power 8.00 Wikg

SAR for nominal Head TSL parameters normalized to TW 79.5 Wikg + 19,9 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition

SAR measurad 100 mW input power 2.31 Wikg

SAR for nominal Head TSL paramaters normalized to 1W 22.9 Wikg £ 19.5 % (k=2)

Certificate No: DSGHzV2-1246_0ct16
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Head TSL parameters at 5600 MHz

The following parameters and calculations wara applied.

Temperature Parmittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.5 5.07 mho/m
Measured Head TSL parameters (22.0=0.2)°C 345=6% 486 mho/m + 6 %
Head TSL temperature change during test =0.5°C —- aas
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW inpul power 5.28 Wikg

SAR for nominal Head TSL parameters

normalized lo 1W

82.1 W/ kg £ 19.9 % (k=2)

SAR averaged over 10 cm® {10 g) of Head TSL condition

SAR measured 100 mW inpul power 2.37 Wikg

SAR for nominal Head TSL paramsters normalized lo 1W 23.5 Wikg £ 19.5 % (k=2)
Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

MNominal Head TSL parameters 220°C asa 5.27 mho/m

Measured Head TSL parameters (220=02)°C H16% 512 mho'm £6 %

Head TSL temperature change during test <0.5°C -
SAR result with Head TSL at 5800 MHz

SAR averaged aver 1 cm’® (1 g) of Head TSL Condition

SAR measured 100 mW input power 8.02 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

79.5 Wikg = 19.9 % (k=2)

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

condition

S5AR measured

100 mW input power

2.28 Wikg

5AR for nominal Head TSL parameters

normalized lo 1W

22.6 Wikg x 19.5 % (k=2)

Cenificale No: DSGHzV2-1246_0ct16
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Body TSL parameters at 5250 MHz

The following parameaters and calculations were applied.

Temperature Permittivity Conductivity
Mominal Bady TSL parameters 22.0°C 48.9 5,36 mho/m
Measured Body TSL parameters (220+02)°C 469+ 6% 5.51 mho/m = 6 %
Body TSL temperature change during test =05*C = e
SAR result with Body TSL at 5250 MHz
SAR averaged over 1 ¢m’ (1 g) of Body TSL Condition
SAR measurad 100 mW inpul power 7.82 Wikg
SAR for nominal Body TSL paramatars nomalized to 1W 776 Wkyg £ 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measurad 100 mW input powar 2.19 Wikg

SAR for nominal Body TSL parametars

normalized to 1W

21.7 Wikg +19.5 % (k=2)

Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 48,5 5,77 mho/fm
Measured Body T5L parameters (22.0+0.2)°C 468.3£6% 5.98 mho/m £ 6 %
Body TSL temperature change during test <0.5°C - —

SAR result with Body TSL at 5600 MHz

SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW inpul power 7.84 Wikg
SAR for nominal Body TSL parameters nomalized to 1W T7.8 Wikg £ 19.9 % (k=2)
SAR averaged over 10 em® {10 g) of Body TSL condilion
SAR measured 100 mW input power 2,19 Wikg

SAR for nominal Body TSL parameters

nomalized to 1W

21.7 Wikg + 19.5 % (k=2)

Cartificate No: DSGHzV2-1246_Cct16
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Body TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.2 6,00 mhofm
Measured Body TSL parameters {220 +0.2) °C 45.9+6 % 6.26 mhoim + 6 %
Body TSL temperature change during test =05°C snen nenn

SAR result with Body TSL at 5800 MHz

SAR averaged over 1 cm” {1 g) of Body TSL Candition
SAR measurad 100 mW input power 760 Wikg
SAR for nominal Body TSL paramatars nomalized to 1W 75.4 Wikg +£19.9 % (k=2)
SAR averaged over 10 em® (10 g) of Body TSL condition
SAR measurad 100 mW input power 211 Wikg
SAR for nominal Body TSL parameters normalized to 1W 20.9 Wikg =19.5 % (k=2)

Cerificate Mo: D5GHzV2-1246_0ct16
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Appendix {(Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5250 MHz

Impedancea, transformed 1o feed point 50.00 - 5.4 )02
Retum Loss -25.4 dB

Antenna Parameters with Head TSL at 5600 MHz

Impadance, transformed to feed point 5180+27Q
Retum Loss -29.8dB

Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to feed point 5610 +2.1jQ
Return Loss -24.4 dB

Antenna Parameters with Body TSL at 5250 MHz

Impedance, lransformed to feed point 4850 -24j0
Retlum Loss -30.94dB

Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 53.00+3.2jQ
Retumn Loss -27.4dB

Antenna Parameters with Body TSL at 5300 MHz

Impadance, transformad to feed point 564 Q+25]0
Return Loss -238dB

General Antenna Parameters and Design

| Etectrical Delay {one direction) | 1.195 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 amm of the dipole. The anlenna 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 lo the position as explained in the
*Measuremant Conditions® paragraph. Tha SAR data are not alfected by this change. The overall dipole length is still
aceording to the Slandard.

Mo 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 January 22, 2016
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DASYS5 Validation Report for Head TSL
Date: 07.11.2016
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: DSGHzVZ; Serial: DSGHzV?2 - SN:1246

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5800 MHz
Medium parameters used: f = 5250 MHz; o = 4.57 §/m; & = 34,9; p = 1000 kg/m’

Medium parameters used: f = 5600 MHz; ¢ = 4.86 S/m; &, = 34.5; p = 1000 kg/m’

Medium parameters used: f= 5800 MHz; 5 = 5.12 8/m; £, = 34.1; p = 1000 kg)‘m"

Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.42, 5.42, 5.42); Calibrated: 30.06.2016, ConvF(4.89, 4.89,
4.89); Calibrated: 30.06.2016, ConvF(4.85, 4.85, 4.85); Calibrated: 30.06.2016;

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

+ Electronics: DAE4 Sn601; Calibrated: 30.12.2015

+ Phantom: Flat Phantom 5.0 (front); Type: QDOO0OPS0AA; Serial: 1001
+ DASY52 52.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 69.23 Vim; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 29.1 Wikg

SAR(1 g) = 8 Wikg; SAR(10 g) = 2.31 Wikg

Maximum value of SAR (measured) = 18.2 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 71.06 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 32.5 Wikg

SAR(1 g) = 8.28 W/kg; SAR(10 g) = 2.37 Wikg

Maximum value of SAR (measured) = 19.4 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 68.45 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 33.2 Wikg

SAR(1 g) = 8.02 Wikg; SAR(10 g) = 2.28 Wikg

Maximum value of SAR (measured) = 18.6 Wikg

Cerificate No: DSGHZV2-1246_MNov1g Fage 8 of 13




dB

-5.00

-10.00

-15.00

-20.00

-25.00

0dB = 18.2 W/kg = 12.60 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 07.11.2016
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: D3GHzV2; Serial: DSGHzV2 - SN:1246

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5800 MHz
Medium parameters used: f = 5250 MHz; 6 = 5.51 §/m; &, = 46.9; p = 1000 Icg.|"m3

Medium parameters used: = 5600 MHz; o = 5.98 8/m; g, = 46.3; p = 1000 Ix:g-‘m3

Medium purameters used: f = 5800 MHz: o = 6.26 S/m; & = 45.9; p = 1000 kg/m®

Phantom section: Flal Section

Measurement Standard: DASY 5 (IEEE/IEC/ANSI C63.19-2011)

DASY 52 Configuration:

+ Probe: EX3DV4 - SN3503; ConvF(4.85, 4.85, 4.85); Calibrated: 31.12.2015, ConvF{4.33, 4.35,
4.35); Calibrated: 31.12.2015, ConvF(4.27, 4.27, 4.27); Calibrated: 31.12.20135;

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

+ Electronics: DAE4 Sn601; Calibrated: 30.12.2015

+ Phantom: Flat Phantom 5.0 (back); Type: QDO00PS0AA; Serial: 1002
« DASYS52 52.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, {=5250 MHz/Zoom Scan,
dist=1.4dmm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 67.77 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 29.3 Wikg

SAR(1 g) = 7.82 W/kg; SAR(10 g) = 2.19 Wikg

Maximum value of SAR (measured) = 17.6 Wkg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 66.44 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 32.0 W/kg

SAR(1 g) = 7.84 W/keg; SAR(10 g) = 2,19 W/kg

Maximum value of SAR (measured) = 18.4 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4dmm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.42 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 32.7 Wikg

SAR(1 g} = 7.6 Wike; SAR(10 g) = 2.11 W/kg

Maximum value of SAR (measured) = 18.2 W/kg
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0 dB = 18.2 Wikg = 12.60 dBW/kg
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Impedance Measurement Plot for Body TSL
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