(E;- ) East China Institute of Telecommunications

ANNEX G Probe and DAE Calibration Certificate

§ p € a8 §q —
CALIBRATION LABDRATORY m

s
A : Mo 52 Humyuasbei Bosd, Haadian Disinet, Beijing, 100191, Chisa 's"_ P g
Tel: +R6- 104621463 3-2079 Fas +86- 1611086332504 gy [ CHAS L0442

E-mail; lnliiencie.con it werw miiity gom

Client ;  CAT Cerfificate No:JZ13-2-2040

Dbject

Calbration Procedureds)

Calibration date:

N This calibration Cartificate docwnents the traceability to national standards, which realize the physical units of
|| measuremneris(51). The measurements and the uncerainies with confidence probability are given on the following
papas and are part of tha cartificate.

All CEMBFBNENE NEVe DESn congucied in Me closed mboratory Tacliny ervironment emperamese2e 1 and |
humidity=T0%.

Calibranan Equipmant used (MATE critical for calibration)

Primary Standards IDw Cal Dale{Calbrated by, Cerificate No.) Seheduled Calibration
Diecumanting
Process Calibralor 753 | 1871018 O=July=13 (TMC., Na: A 13-048) July-14
Mama Functian Sagnature
| Calbrated by: : h T —
Reviewed by
| | Approved by

. Isgued: July 24, 2013
| |_This calibration cenificate shall not ba raproduced excapt in full without witten spproval of the laboratoty.
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DAE data acquisition electronics
Connector angle information used in DASY system to alion probe sensor X
to the robot coordinate system.

Methods Applied and Interpretation of Paramaters:

« [OC Voltage Measurement. Calibration Factor assessed for use in DASY
system by comparison with a calibrated instrument traceable to national
standards. The figure given comasponds 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 toal inserted, Uncerainty is not required,

» The report pravide only calibration results for DAE, it does not contain other
performance test results
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DC Voltage Measurement
AD - Cormeerter Rasalution nominal

No. 2014SAR0039-1

High Range 1LSE = =R TR full range = 100, +300 mv

Lisw Fanngm ILEB = aln¥ tuli range = o, ol
DASY measurament parsmaters: Auto Deno Time: 3 aec; Measuring lime: 3 sec

Calibration Factors x Y

11igh Rang e 409,007 £ 8 15% [h=2) [ JON 898+ 8. 18% (k=2)

Low Range IPBE00 £ 07% (k=21 | 399671+ 0.7% (k=2)
Connector Angle

! £.01324 1 0.7% (k=2)

404 844 + 0 18% (k=2)

Connector Angle i be usad in DASY system

AREE ] E
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Client CATR-SH
Object
Calibration Procedurels)
Calibration date:
This caliteation Cerificate d ts the biity to nat | standards. which realze the physical units of

measurements(Sl). The measurements and the uncertanties with confidence probabiity are given on the folloamng
pages and are part of the certificate

All calibratons have been conducted in the closed laborstory faciity. emvronment temperature(22:3)°C and
humidity« 70%.

| Caltoration Equipment used (MATE critical for calibration)

Prmary Standarcs IDN  Cai Dale(Caibrated by, Certificate No.) Scheduled Calibration
Power Mater  NRP2 101919 01-Ju-13 {TMC, No JW13-0a4) Jun-14
Power sensor  NRP-291 | 101547 01-Jut-13 (TMC, No JW13-044) Jun-14
Power sensor  NRP-291 | 101548 01-Jul-13 {TMC, No. JW13-044) Jun-14
Referanca10dBAttenuator | BT0520 12-Dec-12(TMC, Na.IZ12-867) Dec-14
Referancaz0dBAttenuator | BT0267 12-Dec-12{TMC No.JZ12-868) Dec-14
Referance Probe EX3DVA | SN 3848 20-Dec-12{SPEAG No EX3-3846_Dec12) Dec-13
DAE4 SN 777 22.Feb-13 (SPEAG DAE4-777_Fed13)  Feb-14
Secondary Standards ng Cal Date(Calibrated by, Centfficate No.)  Scheduied Caibration
SignalGeneratceGITO0A | 6201052805  01-Jul-13 (TMC, No.JW13-045) Jun-14
Netwark Analyzer ES071C | MY46110673  15-Feb-13 (TMC, No.JZ13-781) Feb-14
Name Function Signature
Caliteated by - o et I
Reviewed by
Approved by

lssued: August 7, 2013
This cafibration certificate shall not be reproduced except in full without written approval of the Isboratory
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Glossary:
TSL tissue simulating liquid
NORM .z sensitivity in free spaca
ComvF senaiivity m TEL { NORMy vz
]l dinde compressan point
CF cresd faetor (1iduty_evele) of the RF sigral
ABLCD madulation dependent linaarization paramelers

Polanzaton © <@ rotation around probe s
Palarizatan & & rotation argund an axis that is in the plane nomal to probe axis (8t measurameant center), |
B=0 i v mal o pnolss axis

Calibration is Performed According to the Following Standards:

8) |IEEE Std 1528-2003, “IEEE Recommended Practice for Delermining the Peak SpatialAversged
Spacific Absorplion Rate (SAR) in the Human Head from Wireless Communications Devices
Measuement Techniques”, Dacamber 2003

bl EC 82208-1, *Procadure fo measumm the Spacific Absnrphion Rate (RAR) fir hand-hekl desinss uissr
in case proxirmity to the ear (requency range of 300MHz to AGHz)", February 2005

Mathods Applied and Interpretation of Parameters:

«  NORMy y 7 Assessed for E-field polarization 8=0 (F£500MHz in TEM-call; f= 1800MHz: waveguide).

WORMy.z are only intermeadiste valwes, e the uncertainties of NORMy,z does not effect the

£ -field uncertairty inside TSL (zee below ConvF,

«  NORM{fIx pz = NORMy ¥ 7" frequancy_responss (8ee Freguency Respanse Chan). Ths
Inearization is implemented in DMEY 4 software versions later than 4.2 The uncertainty of the
Irequency respanse is ncluded in the stated wneartainty of ConvF,

- DCF‘I.].:.Z. DCF are numesical inearizalion parameters assessed based on the data of powar sweep
{no uncartainty reguired). DCF does ot depend on frequency nor miedia,

« PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
charactenstics

o Ax gz Bapr CopzWRx gz BC are numarical inesrizaton paramaters assessed based on the
dala of power sweeap for specific modulation signal. The parameders do not dapand on fraguancy nor
meedia. VR is the maximum calbration range expressed in BMS voltage across the diode

= ConvE and Boundary Effect Parsmeters. Assessed in Nal phantom wsing E-feld (or Temperature
Transder Standard for f£800MHz) and inside waveguide using analytical field dislributions based an
power measuremants for f =800MHz. The same setups are used for assessment of the parameters.
applied for boundary compensation {alpha, dapth) of which typical uncertainty valued are ghwen.
These paramebens ane used in DASY4 soffware fo improve probe accuracy close te the boundary.
Thia sensitivity in TSL comesponds o NORMx,yv.2* ConF whereby the utnoertainly cormesponds to
that given for ConvF. A freguency dependent ConvF s used in DASY version 4.4 and higher which
allows extending the validity from£50MHz tot1 00MHz.

»  Sphercal isstropy (30 devialion from sofopy): in e feld of low gradents realized wsing & flat
phantom exposad by a patch anbenna

= Sensor Offsel The sensor offsel corresponds to the offset of virtual measuremant center from the
prabe tip (on probe ams). No tolerance regquired

« Comecfor Angle: The angle is assessed using the information gained by determining the NORMx
{rer uncestainty requirad).

Cerinficabe Mo; 113-2-2042 Page 2 0f 11
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SN: 3252

Calibrated: August 5, 2013
Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)
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DASY — Parameters of Probe: ES3DV3 - SN: 3252

Basic Calibration Parameters

| Sensor X | Sensor ¥ [ SansorZ | Une (k=2) |
| Norm{pViTvim)*)* | 1.29 [1.34 | 132 |+108%
DCPimV)E 1034 [ 1048 | 102.4

Modulation Calibration Parameters

[we [ communication A B I [o VR Unc®
| Symiwen Harw | L) By | dn mv {k=2) ‘
) ow x (oo |oo |10 000 2078 | £3.3% |
Yy |00 |00 |10 (2087 -
z 0.0 0.0 1.0 208.5

The reported uncerainty of measurement i stated as the standard uncerainty of
Measurernent multiplied by the cowerage factor k=2, which for @8 normal distribution
Comesponds 1o & coverage probability af approximately 95%.

Tl"|E'I uRcamainties of Morm X, Y, Z da not afect the E-fieid uncertainty inside TSL (see Page & and Page 6)
M.lm:ﬂ\::l ineanzation parameter unceraindy not requined
" Umlmﬁ' 15 datarmingd wEng the man devialion from linear reaponse -&ﬂ[‘.‘h‘il’lg rwxrrgular distribulian
and e axpreagad for the square of the feld value

Cemifieate Mo 113-2-2042 Page 4 0f 11
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DASY — Parameters of Probe: ES3DV3 - SN: 3252

Calibration Parameter D!tnrrnlned in Head Tl“ue Simulating Illedlu

1 k] m:'m::fw c""“:';‘r::"" ConvE X | ConvEY | ConvEZ | Alpha ';'“f:]‘ t::‘z;
ES0 41.5 0.2 6.10 6.10 B.10 0.27 1.98 * 1_2'?!;
500 41.5 0.67 B8 | 619 615|031 179 | +12%

1750 | 401 | 137 5.56 554 558 |0a7r | 187 | £12%

10 | ano | 140 | 524 524 | 624|043 182 | +17%

& Freguency valdity of +100MHz only applies for DASY w4.4 and higher (Page 2, else it is resiricbed to $50MHz. The
wrcertmrky is the RSS of ConvF uncertainty af cabbrabon frequenoy and the uncertainty far the indicabed frequency band.
¥ g frequiency balow 3 GiHz, the validity of tissue parameters ( and o) can be relaved 1o £10% # iquid compensation
foerraila B appled o messired SAR values. &t fgquencies ahoue 3 SHr, the walirhy of fssm pararmetars (¢ and o) i
raglncled 1 £5%. The uncerginty is the RSS5 of the ConeF uncartsnty for indicated Rrged s paramesarns.

Certificate Mao: 11522042 Page saf 11
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DASY - Parameters of Probe: ES3DV3 - SN: 3252

Calibration Parameter Determined in Body Tissue Simulating lﬂedia

. R
I MHz}" F$|$;,r . M“T::;?T CanwF X | ConvF Y : CanwF 2 Alpha ::F':.:I :Jh::
B50 552 | o4 614 | B.14 614|040 |168 | £12%
B0g 55.0 1,08 811 E11 | 611|039 180 | £12% |
1750 524 | 148 520 520 | 520 043 (184 | +12% |
1900 | 533 | 182 5.00 50 | 503 |048 | 185 | +12%

“ Fregquancy walidty of +100MHZ cnly appies for DASY w4 and higher (Page Z), ele § i reslricied to +S0MHz. The
uncarainty ia the RSE of ComF uncartainty &l calibration frequency and the uncartanty for the indicated frequency band
i Iraguancy bekre 3 GHE. the waldity of lissue parametans (¢ and a) can be relaced ta £10% if liquid compensation
fermriila & applised i meamues] SAR walues &l frequenres ahoue 5 GHr. the walidity nf tissoe pammeters i and o) s
resincied i #5%. The uncerainty is the RSS of the Gom uncartainty for indicabed terged lissue paramesans

Cemifieme Mo J13-2-2042 Page & of 11
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Frequency response (normallized)
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £7.5% (k=2)

J3-2-2042 Fage 7of 11
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Receiving Pattern (®), 8=0°

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

s
08 4
g 00 dotme bt e e et d IR b v .
-
e
e T S— T T T r T
0 g B ° % 0 w2
S _Roi'l i
= 1%0MHy = 1800MME G+ 2500MHz]
Uncertainty of Axial Isotropy Assessment: £0.9% (k=2)
Certificate Noc J13-2-2042 Pages of 11
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Dynamic Range f(SARaq)
(TEM cell, f = 900 MH2)

Input Signal{uV]

u'1 Eiaiich g
Hige
(8%,
¥ 34U
=
3 -
r rorr rrr— T
107 10’ 10° 10 1w’
SARjmWiem']
- ent compeniale s & covgeciaed

& 04 -
B 1
w .
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-
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__SAwWre) . :
~@-{not compensaled -8 compensated ]

Uncertainty of Linearity Assessment: 20.9% (k=2)

Certificate Noc J13.2.2042 Page ool 11
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Conversion Factor Assessment

=900 MHz, WGLS R9(H_convF) f=1750 MHz, WGLS R22(H_convF)

- ——— -

1 O O 48 4 ¢ 0N 0@ W AW

Unce«almy of Spherical Isotropy Assessment: 22 8% (K=2)

Cernificate Noc J13.2.2042 Page 100 11
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DASY - Parameters of Probe: ES3DV3 - SN: 3252

Other Probe Parameters

Sensor Arrangement Triangular

Connactor Al'lﬂll-i:"b 128.3

Mechanical Surface Detection Mode enabled
. Optical Surface Detection Mode disabla

Probe Overall Length . I - 33Tmm
"Probe Body Diameter 10mm
! Tip Length | 10mm
. Tip Dlameter [ N 4mm
. Probe Tip to Sensor X Calibration Point Imm

F'ru;:; Tip to Sensor Y Calibration Point a | mm
. Fm;ﬂp to Sensor Z Calibration Point I mm
I Recommended Measurement Distance from Surface I 3Imm

Certificate No: 113-2-2042 Page 11 of 11
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Oibjest EX30%4 - SM.3T54

Caliration Procedure(s) TGO A i |
LAIIDFEman FTOCaaUNes far LOosimenc E-ieia Frooes

Caliration cate: August &, 2013

This calioration Cedtificale documents the raceability b national slandards, which realize the plysical umts of

measurerments{Sl). The measurements and the unceraintes with confidence probabilty are given on the fallowing
paged and & part of the cerfcabe,
All caliprations have besn conducted in the cosed laborabory facility: envirenment femperaturei22e31C and
humicity=Ti%
Calibration Equipment used (MA&TE criical for calibrabon)
Prmary Standards D# Cal DatedCalibrated by, Carificate Mo.) Schaduled Calibration
Power Maler  NRPZ 101E1E Of=Jud=13 [TME, No 1 3024 Jun-14
Power sermar MRP-Z81 | 101847 Of-dul=13 (ThC, Mo i1 3-024) Jun-14
Power sersar NRP-Z81 | 101548 O1-Jul-13 (TMG,. Mo JW1 3-044) Jun-14
Reference | bdBARenuator | BTOS20 12-Dac-12(TMG Mo J212-867) Dec-14
ReferanceddBARenuator | BTO25T 12-Dac-12(TMC No.JZ12-365) Deac-14
Raferance Probe EX30V4 | SN 3348 20-Dec-12[SPEAG No.EX3-3846_Dec12) Dec-13
OAE4 SNTTT 22-Feb-13 (SPEAG, DAE4-TTT_Febid) Feb -14
Secondary Standands 1D Cal DateiCalibrated by, Cerficabe Mo ) Schaduled Calibration
SagralGeneraloMdGITO0A | B201052805  O1-Jul-13 [TMG, Ko, JW13-045) Jun-14
Metework Analyzer EBITIC | MY48110673  15-Fab-13 (TMC, No JZ13-TB1) Fab-14
Mame Fumstian Sigrature
Calibratad by: Zhan Jing ; wmw T E
Fufenwed by @ Danpuan SAR Froject Leader
Approsed by X0 L - Deputy Diractor of e ISboralory

lssued: August 8, 201
This calibration cartificate shall not be reproduced excapt in full withau writien approval of the laboratony.

Certificate Me: 11522040 Page 1ol 11
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Glossary:
TSL tissua simulating liguid
MNORMxy.z sansiivity in free space
GanvF sensiivity in TSEL F NORMx vz
DCP dade campression paint
CF crest tactar (1iduly_cycde) of the RF signal
ABCD moduletion dependant linearization parametens

Podarization @ @ rotation around probe axis
Polarization 8 & rotation around an axis that is in the plane normal to probe axs (21 measurerment center), i
Bl & vl 1o prdlee R

Calibration is Performed According to the Following Standards:

a) IEEE Sid 1528-2003. "IEEE Recommended Practica for Determining the Peak Spatal-Aweraged
Specific Absorption Rata {5AR) in tha Human Head from Wireless Communications Devices:
Measuremant Technigues”, December 2003

b IEC 62208-1, “Procedure i measure the Specilic Absarplion Rade (SAR) far hand-held devices wsed
In close proximity 1o the ear (requency ramge of 300MHz to 35Hz)". February 2005

Methods Applied and Interpretation of Parameters:

& NOREM p 2 Assessad for E-field polarization B=0 (f=3000MHz in TEM-cell; f=-1B00MHz: waveguide).
HORM:,y.z are only intarmediate vehues, L., the tncarainties of MORM v,z does not effect the
£ -fiekd uncartainty insige TSL (sae bekow CanvFl.

= NORM(fx iz = NORMY y z* frequency_response (see Frequency Response Chart). This
inesrzation is implemented in DASY4 software versions later than 4.2, The unceranty of the
fredjuency response i included in the stated uncerainty of ConvF.

= DCPxpz DCP are numerical linearization parameters assessed based on the dala of power swesp
{no uncarainty required). DEP doas not dapend on freguency nor madia

« PAR: PAR is the Peak to Avarage Ratie that is not calbrated but determined basad on the signal
characieristics

& Axprx Buypr COx 2 VRS y2A B C ane numeical linearization parameters assessed basad on the
data of power sweap Tar specilic madulalion signal. The paramebers da nol depend on frequency nar
madia. ViR is the maximum calibration range expressed in RMS vollege across the disds.

»  ConvF and Bowndary Effact Perameters: Assessed in flat phantom using E-field (or Temparatura
Transfer Standard for f2EI0KIHZ) and inside waveguide using analytical field distributions based on
power massurements for T >300kMHE. The Same selups aré used for assessment of the parametens
applied for baundary compensation (alpha, depth) of which typical uncertainty vilued ane given.
These parameters are used in DASY4 software to mprove probe accuracy close (o the boundary
The sensiivity n TSL comespands to NORMxy.z* ConvF whereby the uncartainty comasponds to
that given for ConvF, A frequancy dependant ConvF is usad in DASY version 4.4 and higher which
allows extending the validity fromS0MHz to 100MHz

= Sphevical isotropy (30 devisdion from Sotropy): in a field of low gradients realized using a flag
phamiom exposed by a palch antenna.

= Sensor Offsel The sensor offsel corresponds Lo the offsel of viflual measwemeant center from the
prabe tip (on probe axis). No tolaranca required.

»  Comneafor Anghe: The angle is assassed using the information gained by detarmining the NORM:x
[ rcr uncertainty required)

Certificate Mo: J13-2-2041 Pagzzaf 11
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Probe EX3DV4

SN: 3754

Calibrated: August 8, 2013
Calibrated for DASY/EASY Systems

{Male: nan-campatible with DAEY2 system)
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DASY — Parameters of Probe: EX3DV4 - SN: 3754

Basic Calibration Parameters

[ | sensorx Sensar ¥ | Sensor Z | Une (k=2)
! M| VI 0.40 | D45 045 +10.8%
| BCPimV} 104.0 104.0 103.1 ]

Modulation Calibration Parameters

) Communication A e [e o R Unc® |
[ Gystam Nams 40 dBapy 40 my (=2 |
0 ew x_ |00 |00 10 000 | 1080 |232%
¥ |00 |00 |10 115.1
z 0.0 0.0 1.0 | 115.7 |

: The reported uncerainty of measvrement is stated as the standard uncertainty of
Measurement multiplied by the coverage factor k=2, which

Comesponds o a coverage probability of approximately 955%.

for a normmal distribution |

* The uncertainties af Nom X, ¥, 7 do nol aflect the E*fiald uncersinly inskde TSL (see Page 5 and Page &)

B Numesical linearization parameter: uncertamty not reguined

EUncermnty = determined using the max. davistan from linesr response applying mectangular distribution

and is expressed Tor the sguare of the field value.

Certalicase Mo: J13-2-2041 Fageaof 11
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DASY — Parameters of Probe: EX3DV4 - SN: 3754

L‘.ullhmtlon Plrlmeter Determined in Head Tissue Simulating Media

£ MHz] F::::::y’ cw‘:";r::" CanvF X | ConvE ¥ | ConwF Z | Alpha ?:1"“"]' :'L'::
2000 400 1.40 T.57 T.57 T.57 | 313 364 £12% |
200 | s RN 733 | 733 | 733 |oa7 217 | £13% |
2450 o= 1.80 7.09 | 7.0 T.09 .14 262 +12%
600 | W0 | 196 | 872 672 | 872 |04 [288 [+12%

L Frequency walidity of £100MHz only applies for DASY wi.4 ard higher (Page Z), ake § i reatricied o £50MHE. The
uncertainty & the RSS of Cornd uncatanty at calibration frequency and the uncartainty for the indicated fequency band
F A freguancy below 3 GHz, the valdty of tissue paramebers (e and o) can be relaxed to £10% if liquid compensation
famula is appled to measured S48 values. A frequences above 3 GHz, the valdiy of issue parameters (& and of &
restriched to 25%. The uncetanty & the RSS of the Com® wuncarainty for indicatad targe! issue parameiers
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DASY — Parameters of Probe: EX3DV4 - SN: 3754

Calibration Parameter Determined in Body Tissue Simulating Media

! f [MHz]" N::JEIF c""‘:;::t“ ConvF X | ConvF ¥ | ConvF Z | Alpha ?:n:' :‘::;]'

[ 2000 53.3 1.52 TEL | 71 751 047|287 | +12%
[ 2300 52.8 1.8 T2 | 7.20 7. 0% 208 | +12%

| 2450 52.7 1.95 665 | GG .66 0AT (322 | 1%
| =600 | =25 2,16 63 | B29 #39 D4 (323 | £1E%

“ Frequency valkdity of £100MHz anly applies for DASY w4 and highar (Page 2), akee it is restricled fo £50MHz. The
uncanainty & the RS5 of Com® uncanainly al calibration frequancy and the uncerainty for the indicated frequency bard.
A Fracueancy balow 3 GHE, ke validity of basue parametars (g and &) can be relased 1o 210% i iqud compansation
tormula is pplied bo measured SAR values AL Trequencies above 3 GHz, the valdity of lissue paramesiers (& and o) is
realriched 1o #5%. The uncartainty i the RSS of the ComvF uncertainty far indicaned target fssus parameters
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)

No. 2014SAR0039-1

-
10 - SRS SIS SRS U W P S ¥
0 B Ay e e : T ; T
a 500 1000 1500 2000 2500 3000
. T [MHz
TEM MHz] =

Uncertaimty of Frequency Response of E-field: £7.5% (k=1)
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Receiving Pattern (®), 6=0°

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

104

o84
- i >
% | MM"" Mtwv“‘
E ;

20 4

. 193 100 P o 0 02 1

Roli*1 —
o — 100042 ~— BOOMMZ «— 1800MM2 » < 2500MM2 |

Uncertainty of Axial Isotropy Assessment: 0.9% (k=2)
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Dynamic Range f(SAR}caq)
(TEM cell, f = 900 MHz)
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Uncertainty of Linearity Assessment: 20.9% (k=2)
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Conversion Factor Assessment

f=2000 MHz, WGLS R22(H_convf f=2450 MHz, WGLS R26(H_convF)

|
.t | e |
A \
- .5 ! ™ bl
§
£aa
H

om 18

1 23 0% ¢4 0 0 O & w

Uncertainty of Spherical Isotropy Assessment: £2 8% (K#2)
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DASY - Parameters of Probe: EX3DV4 - SN: 3754

_ Other Probe Parameters

| Sensor Arrangement Triangular

; Gunn.ur.laurmgli ] - . 158

| Mechanical Surface Detection Mode enabled

i Optical Surface Detection Mode . disable

| Probe Owerall L.angth 33Tmm

I Probe Body Diametar . 'll:lrr.1m_
Tip Length I -
TipDlameter 2. 5mm

. Proba Tip to Sensor X Calibration Point Amm [

| Probe Tip to Sensor Y Calibration Point imm |

' Probe Tip to Sensor Z Calibration Point fom |

| Recommended Measurement Distance from Surface 2mm

Certificate Ma: 113-2-3041 Pagz 11 of 11
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Clent  CATRSH Cortificate No: J13-2-2032

e DRI sy S T e

Calibraton Procedure(s)

Carbraton date P e

This calibeation 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 calibrabons have been conducted in the closed laboratory facility. environment temperature(22+3) T
and humidity<70%

Calibration Equipment used (MATE critical for calibration)

Primary Standards ID#  Cal Date{Calibrated by, Certificate No. ) Scheauled Calibration
Power Meter  NRVD 102083 11-Sep-13 (TMC, No.JZ13-443) Sep-14
Power sensor  NRV-Z5 100595 11-Sep-13 (TMC, No. JZ13-443) Sep -14
Reference Probe EX3DV4 SN 3848 3- Sep-13 (SPEAG No.EX3-3845_Sep13) Sep-14
DAE4 SN 777 22-Feb-13 (SPEAG, DAE4-777_Feb13) Feb-14
Signal Generator E4438C | MY4S070383  13-Now-12 (TMC, No.JZ12-384) Nov-13
Network Analyzes E83628 MY43021135  19-Oct-12 (TMC, No.JZ13-278) Oct-13

Calibrated by
Reviawed by

Approved by

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

Certificate No: J13-2-2032 Page 1 of 3
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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORMx,y,z2
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) [EEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

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

¢) KDB885664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

e Antenna Parameters with TSL The dipole i 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 Retum Loss: These parameters are measured with the
dipole positioned under the liquid filled phantom. The impedance stated s 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.

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

e 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%.

Certficate No: J13-2-2032 Page2ofs
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Measurement Conditions
Dr__fr__AS* stem configuration, as far as not given on page 1.
DASY Version DASY52 £2.8.7.1137
| Extrapolation Advanced Extragolation
’_mmom Twin Phantom
Distance Dipole Center - TSL 16 mm with Spacer =
Zoom Scan Resolution dx. dy, dz = 5 mm ‘ |
[ Frequancy 835 MHz = 1 MHz }
Head TSL parameters
The folowing parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°'C 415 0.90 mholm
Me d Head TSL p tors (204£02)°C 41326% 0.91 mhoim £ 6 %
Head TSL temperature change during test <05°C —
SAR result with Head TSL ) )
SAR averaged over1 cm’ (1g)of Head TSL | Conditon
SAR measured | 250 mW input power 231mNIg
SAR for nominal Head TSL parameters nomaized 1o W | 9.12 mW /g £ 20.8 % (k=2)
iunmmmto cm’ (10 g) of Head TSL Conation
S'A\Rmsured 250 mW input power 151 mWig
| SAR for nominal Head TSL parameters normalized to TW 5.98 mW /g £ 20.4 % (k=2)
Body TSL parameters
The following parameters and calculations wars applied
Temperature Parmittivity Conductivity
[ Nominal Body TSL parameters 220°C 562 0.97 mho/m
Measured Body TSL p ters | (220:02)°C 561:6% 0.96 mho'm £ 6 %
‘ Body TSL hmp;lwn chlng. during test <05°C ; -
SAR result with Body TSL =
SAR averaged over 1 ¢m {1 g} of Body TSL Candition
SAR measured 250 mW input power 226mWN /g
 SAR for nomina! Body TSL parameters nomaized 1o 1W 9.15 mW /g + 20.8 % (k=2)
SAR averaged over 10 cmr (10 g) of Body TSL Condition
SAR measured N 250 mW input power t5mWig
SAR fof nominal Body TSL parameters , normalkzed to TW .06 mW /g + 20.4 % (k=2)
Centificate No: J13-2-2032 Page 3of &
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Appendix

Antenna Parameters with Head TSL

Impedance. transformed to fead paint 4500 - 4 61)0

Raeturn Loss -24 1dB

Antenna Parameters with Body TSL

Impedanca. transformed to feed point 4260 -5070

Retumn Loss - 20 4dB

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 arm of the dipole. The antenna s therefore short-circuited for
DC-signals. On some of the dipoles, small end caps are added to the dipole arms in order 1o imgrove
maiching when loaded according to the position as explained in the "Measurement Condibons”
paragraph The SAR data are not affected by this change. The overall dipoie length is still according o
the Standard.

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

Additional EUT Data

Manufactured by SPEAG ]

Certficate No: J13-2-2032 Page 4 of 8
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DASYS5 Validation Report for Head TSL Date: 09.10.2013
Test Laboratory: TMC, Beijing, China
DUT: Dipole 835 MHz; Type: D835V2; Serial: DB35V2 - SN: 4d112
Communication System. CW, Frequency. 835 MHz
Medu;m parameters used: f = 835 MHz. o = 0.914 mho/m; er = 41.328; p = 1000
kg/m
Phantom section: Flat Section
Measurement Standard: DASYS (IEEENEC/ANSI C83,19-2007)
DASYS5 Configuration:
* Probe: EX3DV4 - SN3846; ConvF(9.32,8.32 9.32); Calibrated: 2013/8/3
* Sensor-Surface: 2mm (Mechanical Surface Detection); 1.0, 31.0
* Electronics: DAE4 Sn777; Calibrated: 22/2/2013
* Phantom: SAM 1593, Type: QDO00P40CC
*« Measurement SW: DASY52 52.8.7(1137); SEMCAD X Version 14610
(7164)

Dipole Calibration for Head Tissue/Pin=250mW, d=15mm/Zoom Scan
(7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 53.960 Vim, Power Drift = 0.04 dB

Peak SAR (extrapolated) = 3.46 Wikg

SAR(1 g) = 2.31 Wikg; SAR(10 g) = 1.51 Wikg

Maximum value of SAR (measured) = 2.93 Wkg

Ll
n

422
6.34
8.45
1056
0 dB = 2.93 Wikg = 4.67 dBW/kg
Certificate No: J13-2-2032 Pagesofg
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Impedance Measurement Plot for Head TSL
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DASY5 V

alidation Report for Body TSL Date 0810 2013

Test Laboratory: TMC, Beijing, China
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d112
Communication System: CW, Frequency: 835 MHz,
Medium parameters used: f = 835 MHz; o = 0.959 mho/m; &r = 56.13; p = 1000 kg/m’

Ph

antom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASYS C

onfiguration
Probe: EX3DV4 - SN3846; ConvF(8.96,8.96,8 96) ; Calibrated: 2013/9/3
Sensor-Surface: 2mm (Mechanical Surface Detection); 1.0, 31.0
Electronics: DAE4 Sn777; Calibrated: 22/2/2013
Phantom: SAM 1186, Type: QDO00OP40CC
Measurement SW: DASY52 52.8.7(1137); SEMCAD X Version 146.10
(7164)

Dipole Calibration for Body Tissue/Pin=250mW, d=15mm/Zoom Scan
(7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 53.919 V/m, Power Drift = -0.05 dB

Pe

ak SAR (extrapolated) = 3.37 W/kg

SAR(1 g) = 2.26 W/kg; SAR(10 g) = 1.5 Wikg
Maximum value of SAR (measured) = 2.85 W/ka

L
0
2.00
400
&0
&0
1n.m e
0dB = 2.85 W/kg = 4,55 dBW/kg
Certificate No: J13-2-2032 Page 7 of &
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Impedance Measurement Plot for Body TSL
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Acceptuble 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 the Dual-Logo Calibration Certificate progrum and quality assurance (QA)
protocols established between SPEAG (Schmid & Partner Engineering AG, Switzerland)
and TMC, to support FCC (LS. Federal Communications Commizsion) 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 Ching Region, including Taiwan
and Hong Kong. This agreement is subject to renewn| at the end of each calendar
year between SPEAG and TMC. TMC shall inform the FCC of any changes or carly
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 dosimetnic (SAR) probes EX3DVx, ET3DVx and ES3DVx.

i) Free-space E-field and H-fiekl 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 bused 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 calibrution for testing specific wireless modes and technologies is
determined on a case-by-case basis through KDR inquiries, including SAR
system verification requirements."”

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

¢) Calibration of data acquisition electronics DAEIVx, DAE4AVx and DAFEasyVx.

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

TMC.

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

-~
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3} The SPEAG-TMC ngreement includes specific protocols identified in the following
to ensure the quality of calibration services provided by TMC under this SPEAG-
TMC Dunl-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.

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

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

calibrations peeformed 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 cach calibration service according to the specific reference SAR
probes, dipoles, and DAE calibrated by SPEAG. The results shall be reprducible
and within the defined acceptance criterin 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 veri fy the
laboratory, equipment, applied procedures and plausibility of ndomly sefected
certificates,

b

4) A copy of this document, to be updated annually, shall be provided to TMC clients
that accept calibration services sccording 1o the SPEAG-TMC Dual-1 oo calibration
program, which should be presented to a TCR (Telecommunication ‘ertification
Body), 1o facilitate FCC equipment npproval.

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

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

Change Note: Revised on June 26 tw clarify the spplicability of PMR sed Bundled prube calibrations
acconding 10 the requirements of KDB 865664,

[
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Cibjest D1900VE - SM: Sd134

Calibration Procedure(s) NG5 E.00-104 :

Cadibestion daba: July 12, 2013

This calioration Cemfficate documants the traceabilily to nabonal standards, which realize tha physical
units of measwremants{S). The messurements and the uncertmnties with confidence probebilny are
given on the folawing pages and are par of the cenificale.

All caliteations have been candusted in the closed abaratary faclity. envirenmant temperalure]2243)T
and umity<TO%,

Calibration Equipmant usad (METE critizal for calibration)

Primary Standards 0%  Cal DatsiCalibeatad by, Certificate No.) Seheduled Calibration
Power Metar  NRVD 102083 11-8ep-12 (TMC, Mo JZ12-443) Sep-13
Power sensce  NRW-ZS 100555 11-Sep-12 (TMC, Mo, J212-443} Sep-13
Raference Prabe EXI0VA | 5N 38465 20- Dee-12 (SPEAG, No EX3-3048_DeciZ) Dec-13
DAE4 SMTTT #2-Feb-13 [SPEAG, DAEA-TTT_Feb13) Feb -14
Sigral Generslor  E4435C | MY4B070393  13-Now-12 (TMC, Mo JZ12-304) Mon-13
Metwirk Analyzer EA352E | MY430Z1135  15-0c5-12 (TMC, Mo .J213-278) Oct-13

| MNama Function Signature

Calibrated by: Zhao Jing SAR Test Enginger T

Rieviewed by s Dianyuan SAR Project Laader

bgpraved fry: Xiaa Ll Traputy Directar of the Ebaratary %

Issuad July 26, 2013

This calibration cer#izate shall not be raprodiscad excapt in full without weitten approval of the laboratory.

Cenificate No: J13-2-2035 Page 1 of B
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Glossary:
TSL tessue simulating liquid
ConvF sensitivity in TSL [ NORMyz
M niod applicahle or not measimed

Calibration is Performed According to the Following Standards:

a) IEEE Sid 1528-2003, "IEEE Recommended Practice for Determining the Peak
Snatial-awpraged Specifin Ahsnaplinon Rate (3AR) in the Human Head fram YWireless
Communications Devices: Measurerment Techaigues®, December 2003

b) IEC 62209-1, “Procedure 1o measure the Specific Absorption Rate (SAR) For hand-heid
devices used in close proximity to the ear (frequency range of J00MHz to 3GHz)",
February 2005

r) KNAARSARS, SAR Measurament Requirsments for 100 MHz 1o & GHz

Additional Documantation:
d) DASY4S Systerm Handbook

Methods Applied and Interpratation of Paramaters:

o Measuremen! Condiions: Further details are available from the Validation Repor at the
end of the cerificate. All figures stated in the certificate are valid at the fregquensy
indicated.

s Anfanna Paramefers with TSL The dipole s mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms
aniented parallel to the body axis.

s Feed Poinf mpedance and Retum Loss: These paramelers are measured with the
dipole positioned under the liguid filed phantom, The impedance stated is transformed
from the measurement at the SMA connector to the feed point. The Return Loss
ensures low reflecied power. Mo uncer@inty required.

= Elpcirical Delay: One-way delay betweean the SMA connector and the antenna feed
poinl. Mo uncerainty requined.

»  SAR measured: 5AR measured at the stated antenna inpul power

s BAR normalized; SAR as measured, normalized bo an input power of 1W al the antenna
canneclor,

» 5AR for nominal T5L parameters: The measured TSL parameters are used io calculate
the nominal 5AR result

The repored uncerainty of measurement is siated as the standard uncertainty of
Measurement multiplied by the cowerage factor k=2, which for a normmal distribution
Corrasponds fo a coverage probability of appraamately 85%.

Carlificate Mo J13-2-2035 Fagezof 8
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Measurement Conditions
DuEY sysiem configuration, as far as not given on page 1.
DASY Wersion DASYSE B2RT AT
Extrapalation Advanoed Extrapalation
Phamtom Twan Phanbom
Distance Dipole Center - TSL 10 mm '!i'l"'l.s[lmr
Fnam Scan Resalatien il |1.r |1E =5 mm
Fr-ﬂu-nq- 1800 MHE + 1 MHE
Head TSL parametars
The Taliwing parametens and calculalions were apolied.
Temperabure Permittivity Canduclivity
Hominal Head TSL parameders 2.0 AlD . 1.40 mh;:n'rn
| Msasisred Head TSL parametirs 220:02)°C BELEH | 137 mhom £B%
Head TEL inmparatune changs during et <05 "C — —
SAR result with Head TSL
SAR averaged over 1 oo (1 g) of Head TSL Candien
EAR measued 250 mW inpul power 08 s 1 g

Z&R for omminal Head TSL parameiars normabzed 1o 1V 42T mW ig £ 20,8 % [k=2}
SAR avoraged over 10 oor’ 110 g of Hoad T5L Candifion
SAR measunad 50 MW g e 552 MW i g

SAR Tor romingl Head TEL paramasan

normakzed fo W

2T mW ig 2 20.4 % (k=2)

Body TSL parameters
Tra Woilwing parameters and calculalons werg gppled. R
Temperxhare Permittivity Caomnductivity
.;H:I:IIHBGII;T.!I-HI'IMFI 220°C 533 1.52 mho/m
Mwasured Body TSL paramabers. F20:03) G S08 6% 1.50 mihaim + 6 %
Body TSL temperature change during test <05 "G
SAR result with Body TSL
BAR avaraged aver 1 oo’ (1 g) ol Body TSL Corudtion
SAR measwed 280 i inpud power WEmW g
SAR for nominal Bady TSL paramedsns normaized fo 10 414 mW I £ DE % (k=)
SAR averaged over 10 cm” (10 g} of Body TEL Condlion

SAR mapsLrad

250 RN input powar

ETmW g

SAR for nominal Bady TSL paramaters

nomralized B W

22.7 miW i & 20.4 % (ie=2)

Cerlilicate Mo J13-2-2035
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Appandix

Antenna Paramaters with Head TSL

Imgedarcs, ranstonred o ieed point &1 800,780
Ratum Loss - 36 5dB

Antanna Parameters with Body 150

Impedance, ransiommed o feed point A6 A0 34050
Relum Loss - 34 X6

Afler |I‘.l"'rg ey use wilh 1004 radiabed powar, IZI|1|5l B shight \’lﬂ'l'l"ll"lﬂﬂ'r tha dipale near m@‘fﬂmm can
b measured

The dipale is made of standard semingid coasdal cable. The cenbar conducior of the faeding line t5
directly conneciaed o the second arm of the dipole, The antenna is therefore shar-circuiled for
DC-signals. On some of the dipokes, small énd caps ane acded b the dipale arms in oroar o imarewve
maiching when loaded according to the position as sxplaned in the “Measuramean Condiions”
paragrash. The SAR fats ans nat affactsd By this shange. Tha svarall dipsls length i2 still assarding b
the Standand.

Mo gxcessive forop musst be applied fo the dipole arms, becausa they might bend or the soldenad
conreclions near the feadpont may b damaged

Additional EUT Data
Maritachurnd by SPEAG
Manufachred on Agiril 14, 2000
Certificate Mo J13-2-2038 Page 4 of 8
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DASYS Validation Report for Head TSL Date: 12.07.2013
Test Laboratory: TMC, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d134
Communicatinn System' W, Frequency: 1900 MHz
Medig:m parameters used: f = 1900 MHz; o = 1.385 mho/m; &r = 38.576; p = 1000
kg/m
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IECIANSI C83,19-2007)
DAEYS Configuration:
*  Probe: EX3DV4 - SN3846; ConvF(8.01,8.01,8.01); Calibrated:20,12,2012
+ Sensor-Surface: 4mm (Mechanical Surface Detection)
+ Electronics: DAE4 Sn777, Calibrated: 22/2/2013
+ Phantom: Flat Phantom. Type: QDOOOP40CC,
* Measurement SW- DASY52 52.8.7(1137). SEMCAD X Version 14610
(7164)

Dipole Calibration for Head Tissue/Pin=250mW, d=10mm/Zoom Scan
{Tx7x7)/Cube 0: Moasurement grd: dx—&mm, dy=&mm, dz-6mm
Reference Value = 92,229 Vim; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 19.8 Wikg

SAR(1 g) = 10,6 Wikg; SAR(10 g) = 5.52 Wikg

Maximum value of SAR (measured) = 12.0 Wikg

-6.82

11453

-20.45

27.26

-34.00

0dB = 12.3 Wikg = 10.91 dBWikg

Certificate No. J13-2-2035 Pagesofs
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 12.07 2013
Test Laboratory: TMC, Beijing. China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V? » SN' 54134
Communication System: CW, Frequency: 1900 MHz;
Medium paramele;s used: f = 1900 MHz; o = 1.502 mho/m; er = 50 787, p = 1000
kg/m
Phantom section: Flat Phantom
Measurement Standard: DASYS (IEEE/IEC/ANS| C63.18.2007)
DASYS Configuration
+ Probe: EX3DV4 - SN3846; ConvF(7.37,7.37.7.37) , Calibrated:20,12.2012
+  Sensor-Surface; 4mm (Mechanical Surface Detection)
* Electronics: DAE4 Sn777. Calibrated: 22/2/2013
* Phantom: Flat Phantom; Type: QDOOOP40CC
*  Measurement SW: DASYS2 52.8.7(1137). SEMCAD X Version 14.6.10
(71684)

Nipnle Calihration for Rady Tissus/Pin=250mW, d=10mm/Zaam Scan
(7x7x7)/Cube 0: Measurement grid: dx=5mm. dy=5mm. dz=5mm
Reference Value = 74.485 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 19.8 Wikg

SAR(1 g) = 10.9 Wikg; SAR{10 g) = 5.7 Wikg

Maximum value of SAR (measured) = 12.3 Wikg

B
o
172
15.45
2317
2085
e
0dB = 12.4 Wikg = 10.95 dBW/kg
Certificate No® J13-2-2035 Page 7 of8
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Impedance Measur t Plot for Body TSL
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Client CATR-SH

Otyect D2450V2 - SN: 858 Fautag

Callbeation Procadure(s) TMC-0S. Aok

Caltvaion procedure or dipcle vaidabon ks

Caliteation date: July 13,2013 4

This calibration Certficate docurnents the traceabilty to national standards, which realize the physical
units of measwements(S). The measurements and the uncenainties with confidence probability are
gven on the folowing pages and are part of the cartificate

All calbrations have been conducted in the closed labaratory faciity: environment temperaturec2243)C
and humidy<704%

Casbration Equipment usaed (M&TE critical for calibration)

Primary Standacds Dw Cal Date{Calbrated by, Certificate No ) Schedued Calibration
Power Meter NRVD 102083 11-Sep-12 (TMC. No.JZ12-443) Sep-13
Power sansor NRV-ZS 1005495 11-Sep-12 (TMC. No. JZ12-443) Sep-13
Reference Probe EX3DV4 SN 3848 20 Dec-12 (SPEAG No EX3-2846_Dec12) Dec-13
DAE4 SN 777 22-Fab-13 (SPEAG. DAE4-T77_Feb13) Feb-14
Sgnal Generator  E4438C | MY48070393  13-Nov-12 (TMC, No.JZ12-384) Nov-13
Network Analyzer EBIG2B MY43021136 150112 (TMC, No.JZ13-278) Oct-13

Name Function

Calibratad by: 2140 M S v'l‘ﬂli' I.i-"-'

Reviewd by QiDlanwan AR Project Loader.

Approved by; s Deputy Director of the laboratory

Issued: July 26, 2013

This calibration certificate shall not be reproduced except in full without written approvad of the laboratory.
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Glossary:
TsL tissue simulating liquid
ConvF senaitivity in TSL/ NORMx vz
MiA, net applicable or not measuned

Calibration is Performed According to the Following Standards:

a) |IEEE Std 1528-2003, "IEEE Recommended Practice for Determining the Paak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Lommunicabons Devices: Measuremeant Technigues®, December 2003

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)",
Fabruary 2005

c) KDBEESES4, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Decumentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

+  Measurement Conditions: Further details are available from the Validation Report at the
and of the certificate. All figures siated in the cerfificate are valid at the frequency
indicated.

+  Amlenna Farameters with TSL The dipale is moumed with the spacer to position its feed
point exactly below the center marking of the flat phantom saction, with the arms
oriented paralkel to the body axis.

+  Feed Poinl impedance and Redurn Loss: These paramaters are measured with the
dipole postoned under the liquid filled phantom, The mpedance stated is transformed
from the measurement at the SMA connector 1o the feed point. The Return Loss
ensures low reflected power. Mo uncertalnty required.

= Elechical Delay: One-way delay between the SMA connector and the antenna feed
point. Mo uncestainty requirad.

+  SAR measured: SAR measured at the siated antenna inpul power

«  5AR novmalized: SAR as measured, nomalized to an input pewer of 1W at the antanna
connecior.

= SAR for nominal TSL parameders: The measured TSL parameters are used to calculate
thie nominal SAR result.

The reported uncerainty of measurement is stated as the standard uncerainty of
Measurement multiplied by the coverage factor k=2, which for 8 nommal distribution |
Corresponds to a coverage probability of approximately 95%

Cerificate No: J13-2-2038 Page 2 af 8
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Measurement Conditions
DASY sysiem configuration, as far & nol given on pags 1.

DAY Versian DASYS2 SZAT T
Extragefatian Advancad Extramalatian
Fhantom Twir Phanbam
Distance Dipole Center - TEL 10 mm with Spacer
Zoom Scan Resalution dx, dy, dz = 5 mm
Frequency 2450 MHZ + 1 MHz
Head TSL parameters
The following parameters and calculations wane applied
Temperature Parmittivity Conductivity
Hominal Head T3L parameters. 220°C 2 1.80 mhaim
.“uﬂLl'ldHlId'SLplrlm (220 £02)°C ATEXE% 1,78 mh'm £6 %
Head T3L temperature change during Lest =05 C —_— —
BAR resull with Head TSL
SaR averaged aver 1 cm (1 g} of Head TSL Cordition
é;'jﬂnua:umd 250 mW nput power 124 mAig
SAR tfor nominal Head TSL parametarns normalized o 1W 40,5 ¥ g £ 20.8 % (k=1)
BAR avaraged avar 10 o (10 g) of Head TSL | Condiion
SAR maasurad 250 mW inpul pawes STEmW g
_S;'l;"‘-.c;'mmhll Hnm:l-TSL parameters normalized to 1W 23,0 mW /g 2 20.4 % (k=2)
Body TSL parameters
The folicwing parameters and calculabions were appied
Tempoarature Parmiitivity Conductivity
20 527 1.5 mhom

Naminal Bedy TSL paramaters

| Measured Body TSL paramesters (220202 "C S19L6% 1samhaimz 6% |
1

Body TEL temparature changs during lest =0.5"C —— —

SAR averaged over 1 ¢#” (1 g) of Body TSL Canditian
EAR measured

SAR for nominal Body TSL paramalers

119w ig
A7.7 W iy + 008 % [ke2)

250 AT inpis poswar
mamakized to 19

SAR avarages cvar 10 om’ (10 g} af Bady TEL Conditian

SAR maasirad 250 mhW input posear .86 mWig

SAR for nominal Body TSL parameters normalized to 1W 22,2 mW Mg & 20,4 % (k=2
Cerlifizabe Na: J13-2-2038 Paga 3of&
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Appendix

Antenna Parameters with Head TSL

Impedanca, fransformed 1o faad point 54,004 5000
| Fostuen Loss - 24048

antenna Parameters with Body TSL

| impedance, fransformed o fesd pord 50,80+ 5 BED

| A Loss . 24 B

After long tarm use with 1004 radiated power, only a slight wamming of the dipole near tha feadpoint can
be measured.

The dipole is made of standard semirgid coaxial cable. The cemer conductar of the feeding line is
direcy conneched fo the second arm of the dipole. The antenna s therefone shar-circuited far
DC-signais. On some of the dipoles, smal end caps are added o the dipole arms in orser o mprove
matching when loaded secording 1o he pesition as explained in the "Messwamant Candtions”
paragraph. The SAR data are nod affected by this change. The averall dipoke length is still according to
fhe Standard

Mo excessive foroe must be applied to the dipole arms, because they might bend of the saldered
conneclions near the fsedpoint may be damaged

Additional EUT Data
MBrfacturesd by | SPEAG
Marufactured an Agil 2% 2010
Certificabe No: J13-2-20348 Fage 4 af 8
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DASYS5 Validation Report for Head TSL Date: 13.07.2013
Test Laboratory: TMC. Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial; D2450V2 - SN: 858
Communication System: CW, Frequency: 2450 Mz
M&d);m'l parameles used. [ - 2450 MHz, o - 1.777 mhoba, & - 37.01, p - 1000
kgim’
Phantomn section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.18-2007)
DASYS Configuration;

Probe: EX3DV4 - SN3846; ConvF(7.13,7.13,7.13). Calibrated:20,12,2012
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn777. Calibrated. 22/2/2013

Phantom: Flat Phantom; Type: QDOOOP40CC,;

Measurement SW. UASYHZ 528 /(113/). SEMCAL X Version 14.6.10
(7164)

Dipole Calibration for Head Tissue/Pin=250mW, d=10mm/Zoom Scan
(7x7x7)/Cube 0: Maagurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 82.927 V/im; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 26.0 Wikg

SAR(1 g) = 12.4 Wikg; SAR(10 g) = 5.76 Wikg

Maximum value of SAR (measured) = 14.2 Wikg

-13.62

21.23

3404

0dB = 14 4 Wikg = 11 57 dBWikg

Cartficate No: J13-2-2038 Pagesofg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL Date 11.07.2013

Test Laboratory: TMC, Beljing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 858
Communicaton Systemn: GV, Fraquency: 245U MHZ,
Medium parametﬁrs used: f = 2450 MHz, o = 1.927 mho/m; £r = 51.858; p = 1000
ka/m
Phantom section: Flat Phantom
Measurement Standard: DASYS (IEEENEC/ANSI C83,19-2007)
DASYS Configuration
* Probe: EX3DV4 - SN3846; ConvF(7,7,7) ; Calibrated:20.12 2012
* Sensor-Surface: 4mm (Mechanical Surface Detection)
* Electronics; DAE4 Sn777; Calibrated; 22/2/2013
* Phantom: Flat Phantom; Type: QDO00OP4OCC
*  Measurement SW: DASY52 52.8.7(1137), SEMCAD X Version 14.6.10
(7164)

Dipole Calibration for Body Tissue/Pin=250mW, d=10mm/Zoom Scan
(7x7x7)/Cube 0: Measurement gnd: dx=5mm, dy=5mm, dz=5mm
Reference Value = 83,465 Vim. Power Drift = -0.01 dB

Peak SAR (extrapolated) = 24 1 W/kg

SAR(1 g) = 11.9 Wikg; SAR(10 g) = 5.55 W/kg

Maximum value of SAR (measured) = 13.7 Wikg

*I.

12,83

19.25

25.67

-32.00

0dB = 13.6 Wikg = 11.32 dBWikg

Certificate No. J13-2-2038 Page 7of 8
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Impedance Measurement Plot for Body TSL
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Acceptable Conditions for SAR Measurements Using Probes and Dipoles
Calibrated wnder the SPEAG-TMC Dual-Logo Calibration Program to
Support FCC Equipment Certification

I'he ncceptable conditions for SAR measurements using probes, dipoles and DAEs
calibrated by TMC (Telecommunication Metrology Center of MITT in Beijing, China),
ander the Dual-Logo Calibration Certificate program and guality assurance {QA)
protocols established between SPEAG (Schwid & Partwer Engineering AG, Switzeriamd)
wnd TME, o suppond FOO{ULS Faclerad Ovmmmarmnianiaons Commiasi) eguignacnl
certification are defined and described in the folkowing.

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

Only a subset of the calibration services specified in the SPEAG-TMC agreement,
while it remains valid, are applicahle to SAR measarements performed using sich
equipment for suppoeting FCC equipment certification. These are wleatified in the
following,

n) Calibration of dosimetric (SAR) probes EX3DVx, ET3DVx and ESIDVx.

i) Free-space E-field and H-field probes, including those used for HAC (hearing
aid compatibility) evaluation, temperature probes, other probes o equipment
not identified in this document, when calibrated by TMC, are excluded and
cannot be used for measurements 1o support FCC equipment certification
Signal specific and bundled probe calibrations based on PMR (probe
modulation response) charncteristics 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 cafibration for testing specific wircless modes and technologics 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.

o) Calibration of data acquisition electronics DAE3Vy, DAE4Vx and DAEasyVx

d} For FCC cquipment certification purposes, the frequency range of SAR probe and

dipole calibrations is limsted to 700 MHz - 6 GHz and provided it is supported by

the equipment identified in the TMC QA protocol (a separate attachment 1o this

document )

The identical system and equipment setup, measurement configurations,

hardware, evaluation algorithms, calibration and QA protocols, including the

format of calibrution certificates and reports used by SPEAG shall be applied by

™C

) The calibeated items are only applicable to SPEAG DASY & and DASY 3 or
higher version systems,

[
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3) The SPEAG-TMC agreement includes specific protocols identified in the following
0 ensure the guality 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 copses of documentalion Lo
the FCC to substantiate program smplementation
gl The Inter-laboratory Calibeation Evaluation (ILCE) stated m the TMC QA

prodocol 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
satislied Tor che TMO, SPEAG and IFCC agreements o remaln valld
b) 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 repons for all calibrations performed by TMC
under the program nre nhs assed by SPEAG

The calibrution 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
hefare rach actunl calibration can commence. TMC shall maintain records of the
measurement and calibration system verification results for all calibeations.

Quality Chack of Calibratson (QCC) certificates shall be performed by SPEAG at

least once every |12 months, SPEAG shall visit TMC facilities to venify the

laborasory, squipment, applied procedures and plawsibility of randomly selected
certificates

A copy of this document, 10 be updated annually, shall be provided o TMC clients

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

program, which should be presemted to a TCB (Telecommunication Certificarion

Boddy), 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.

.

d

)

Change Nose: Revised on June 26 w daniy the applicability of PMR aad Bundied peobe calibrations
acconding 10 the requirements of KDB §65664

The end of report
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