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Test report no.: 1-2403-01-16/10 CWMW

2  Calibration report “Probe ER3DV6”

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughaussirasse 43, 8004 Zurich, Switzerland

g Schweizerischer Kalibrierdienst

C Service suisse d'etalonnaga
Servizio svizzero di teratura

3 Bwiss Calibration Service

Accrediled by the Swizs Accreditat on Service {345 Accreditation Ho: SCS 108
The Swigs Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognitien of calibration cartificates

Cliant Cetecom Cartificate No: ER3-2262 Jan10

|CALIBRATION CERTIFICATE

|0hje<‘.1 ER3DVE - SN:2262

Calibration prosedure(s} QA CAL-02.v5 and QA CAL-25.v2
Calibration procedure for E-fisld probes optimized for cloge near field
evaluations in air

Calibration date; January 8, 2010

This ca ibration cebhizate documents the traceabil ty to national stadards, which realize e physioa) unils of messurements (51,
The mzasurements and the urceralnties with conliderica prosakility are given on the following pages and ars part of the corlificats.

All calibratiens have besn conducted in fhe clozed laboratory facility: environment iempearature (22 + 3%5 and hemid Ly < 70%.

| celbration Squipreat ysesd (MATE eritival for calibration}

Pr mary Standards I Za Dabe (Certiicate Mo ) _ Schedulac Galibration

Power reter E4416E LaH41 203574 1-Apr-C8 (Mo, 217-01020) AorAn

Powsar zenzor E44124 hrai45277 1-Apr-G% (Mo, 27 7-01020) Bor-10

Powiar sansor E44 28 M4 1458087 T-Aprdlt (Mo, 20 2= 100 Aor-110

Reference 3 dB Allenuator SN SECE4 (Za) -Mer-09 (Mo, 217-01 028) Mar-10

Refzrence 2 d3 Atenane EM.EECEE 200 31-Mar-09 (Mo, 217-01028) Mar-19

Refarenca 30 d= Attenuaar SN B9125 (500 F1-Mar-0% (Mo, 217-01027) War-10

Refsrence Prooa ERIDWS SN 23256 3-Coet(1% (Mo, ER3-2328_0ciCy) Cci-10

OaE4 Sh: TES 23-Dec-0d (Mo A4 (8Y Docie) Dec--0

Szcondary Standands L Check Dale {in kaise] Scredaled Check -

RF gene-atos HP BE450 LIE3642001700 A-2ug-0% {in bouse check Oet-09) Ir house check: Oot-11

Metwnrk Analprar HP 8755E L83738C535 18-Cgt-0° {in house chack Do0) I howsa check: Cot™0
Mame Funztien Signature

Calibrated by Katja Pokcwic Technical Manager i

poroed by Hiwe Kuster ' Quslity Manager

Izsued: January 8, 2010

Thig slibration coificate shall not be reproduced exceptin full withol L writen spproval of the lsboratary.

Cerlificale Mo ER3-2262_Jan10 Fage 1.of 10
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Test report no.: 1-2403-01-16/10 CWMW

: : e,
Calihrgtmn Laboratory of AL, & Schweizerischer Kallbirlerdisnst
Schmid & Parlner i]ﬁéﬁé# c Sarvice suisse d'étalonnage

Engineering AG et Servizio svizzero di taratura
Zeughausstrasse 43, B004 Zurich, Switzerland ’z.,/‘:::\'\c“b 5 Bwias Caliiralion Sarvice
I
Actiediled by the Swize Accreditation Sanize (SAS) Accreditation No.. SCS 108

The Swiss Accreditation Servics is one of tha signatories to the EA
Multilateral Agrearrent for the recognition of calibration certificates

Glossary:

NORM:x, v,z sensitvily in lee space

DCP diode compression point

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

ABC medulation dependent inearizalion pararmeters

Palarizat on q g rotation around probe axis

Polarization # # rotation around an axis that is in the plane normal to prokbe ax s (at measuremant center),
.2, 3 =0isnormal to probe axis

Canncotor Angle information used in DASY system to align probe sensor X (o the robot coo~dinate systemn

Calibration is Performed According to the Following Standards:

a)

IEEE Std 1 308-2004. * |EEE Standard for calibration of eleciromannetic fisl? sensors and probes, excluding
anlennas, rom 9 Hz o 40 GHzZ", Dacember 2005.

Methods Applied and Interpretation of Parameters:

L]

MORx, ¥.2; Assessed for E-Tield polarization # = O for XY sensors and 3 = 80 for Z sensor (f < 900 MHz in
TEM-cell; f = 1800 MHz: R22 waveguide).

MORM{Ax .z = NORMx, 1.7 * frequenicy_response (see Frequency Response Chart).
OGPy, v.z. DCP are numerical linearization parameters assessed based on the data of power swesp with CW
signal {no uncertainty required). DCP does net depend on frequency nor media.

Ax Yz Bry.z; Crkz, VRx Y.z A O, C are numerical lingarization parameters assessad based on the data of
power sweep for specific madulation signal. The parameters do not depend an frequency nor madia, VR is the
maximum calibration range expressed in RMS voltage across the dode.

Sphercal isotropy (30 doviation from fsatfogy): in a locally homegenaous field realized using an ooen
wAveguide setup.

Sensor Offsel: The sensor offset corrasponds to the offsel ol virlual messuremant center from the probe tip
on probe axis). Mo tolerance required,

Connector Angle: The angle is assessed using the information gained by determining the MCRRMX (no
uncarainty required;.

Cerificate No: ER3-2252 Janil Fage 2 af 10

2010-06-30
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Test report no.: 1-2403-01-16/10 CWMW

ER3IDVG SM:2262 January 8, 2010

Probe ER3DVG6

SN:2262

Manufactured: May 18, 2001
Last calibrated: January 9, 2008
Recalibrated: January 8, 2010

Calibrated for DASY Systems

{Mate: non-compatible with DASY2 syatam!)

Corbficate Na: ER3-2262 Janil Fage 3af 13

2010-06-30 Page 5 of 41




Test report no.: 1-2403-01-16/10

CETECOM

ER3DVG SN:2262

DASY - Parameters of Probe: ER3DV6 SN:2262

Basic Calibration Parameters

January 8, 2010

Sensor X| Sensor Y | Sensor Z [Unc (k=2)
Morm (Vi) 1.54 1.35 164 | +101%
DCP (mv)” ay.7 7.0 100.1
Modulation Calibration Parameters
uin Communication System Name PAR A B c VR Unc®
4B dBuY my {h=2)
10000 oW 000 0.00 0.00 1.00 300 +1.5%
0.0 &.00 1.00 300
0.00 0.00 1.00 300

The reportad uncertainty of measurement is stated as the standard uncertainty of measursment multiplied
by the coverage laclur k=2, which for a normal distribution corresponds te a coverage probability of

approximataly 95%.

* iz linsar zaton patamater: uncartainty nat req . ned

~ Jnoatsiny ie dewermred Laing the mazimuen covelion Fon lincar responze applying recats rgular distribiudion and s sxpresses for the square of tha el valus

Cartif calg Mo: ERE-2252 Jani0

Hage £ of 1U

2010-06-30
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Test report no.: 1-2403-01-16/10 CWMN

ER3DVE SN:2262 January 8, 20110

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

4
&
2

(B8]

0&

Frequency response {normalized)
g .
&

ur
ag
ad 500 1000 1500 2000 250 3000
F [MHz]
—_— —8—TEM —— 312

—Z =——TEM —— 327

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

Cerifoale MNo: ERZ 2262 Jan1d Mage Sof 1C

2010-06-30 Page 7 of 41




Test report no.: 1-2403-01-16/10 CWMN

ER3IDVE GN:2262 January 3, 2010

Receiving Pattern (¢), 3 = 0°

f =600 MHz, TEM ifi110EXX f=2500 MHz, WG R22

i—a—x ——y 87 —C—iot!

Receiving Pattern (), 3 = 90°

f= 600 MHz, TEM ifi110EXX f = 2500 MHz, WG R22

Cetificate Mo ER3-2252 lani0 Page 5ol 10
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Test report no.: 1-2403-01-16/10

CETECOM

ER3DVG SN:2262

Receiving Pattern {¢), 3 = 0°

1.1
.8
s ——30M =
14 . —E—100 MHz
o o1z —e—GOC MHz
x 108 B | —E— " HU0 MHz
E -2 —— 2500 MHz
0.4 -
08
-0A
-1.0 =
] &7 1zn 180 240 300
o[7]
Uncertainty of Axial Izotropy Assessmant: + 0.5% (k=2)
Receiving Pattern (¢), 3 = 90°
| —o— 10 MH:
T L —E— 100 Wbz
= . —@— 500 MHz
g . T = A0 MHz
L —&— 2500 MHz
a (2] 120 180 240 300
#[*]
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
Certit cate No: ER2-2222 Janil Paga 7 cf 10

January 8, 2010

2010-06-30
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Test report no.: 1-2403-01-16/10 CWMN

ER3DVG SN:2262 January 8, 2010

Dynamic Range f(E-field)
{Waveguide R22, f = 1800 MHz)

1.E+08 A |
1EH0S
1.E+04

1.0+05

Sensor Voltage [uv]

1EH02 1

CE+M

1 FHNO + 3
1 10 “0 ‘210
E [¥im] N

—a—XY B XY coir ——2 ——Z carr

1 ‘0 E [Wim] 100 1CHD

Uncertainty of Linearity Assessment: + 0.6% (k=2)

Cadificate Mo FR3-2262_Jzn10 Fage & cf 10
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Test report no.: 1-2403-01-16/10 cm‘ﬁﬁ"q“”m

ER3DVE S5N:2262 January 8, 2010

Deviation from Isotropy in Air
Error (¢, 9), f=900 MHz

Error [dB]

R n =
-1 Do--05 B-0 90080 B -2.60--0.40 W -0 200070 = BB ]
g0.00-0.25 | [l BN OCA40 0ED B 50.0.80 EC.ac-1.00

Uncertainty of Spherical Isotropy Assessment: & 2.6% (k=2)

Cohibeate Ma: =H3-2262 Jenil Page 9of 10
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Test report no.: 1-2403-01-16/10

CETECOM

ER3DVS EN:2262

Other Probe Parameters

January & 2010

Sensor Arrangament - Rectangular
Connector Angle (°) 338
Mechanical Surface Detection Mode enabled
Optical Surtace Detection Mode disablad
Probe Owveral Length 337 mm
Probe Body Dizmater 10 mm
Tip Length 10 mm
Tip Diameter 8.0 mm
Prabe Tip to Scnsor X Calibration Point 2.5 mm
Frabe Tip to Sensor Y Calibration Paint 2.5 mm
Prake Tip to Sensor 2 Calibration Point 2.8 mm

Certificate ko ER3-2262 lan1l Pzge 10 af 10

2010-06-30
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Test report no.: 1-2403-01-16/10

CETECOM

3

Calibration Laboratory of

Schmid & Partnar
Engineering AG

Zeughauszirassse 43, 5004 Zurich, Switzedand

Accredited by the Swiss Acoreditation Service [5A5)
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agecsmant for the recognition of calibration cerlificates

Client Cetecon

Calibration report “Probe H3DV6”

Schwaizerischer Kalibrigrdienst
Service suisse détalonnage
Servizio sviceene di taratura
5 gwiss Calibration Servico

Accreditation No.: SC5 108

tedlficats No: H3-6086_Jan10

|CALIBRATION CERTIFICATE

Cbject

Calibration procedure(s)

Criliaralive dale

| Prrimary Stardards

Powver meter a4 190
Powear sensor F44128
Pawear eenear E441324
Reference 3 dB Akenuatar
Reteranoe 20 48 Allerualor
Referancs 30 dB Attenuater
Reference Probe HIDWE
DaE4

Secondary Stanca-ds
FF generator HE BE485

Mtk Analyear HP BT5IE

Caliaralze by,

Supariwad by

H3DVE - SN:B086

QA CAL-03.v5 and QA CAL-25v32
' Calibration procedure for H-field prabes optimized for close near field

gvaluations in air

January 8. 3010

Cralibeaticon Equipmuenl wsad (W &TE critical for salibration)

ID#
CE41203674
41495277
MY 1455057
SH: 506 (3c)
SM: S5066 (20b)
SM: 55129 (30b)
SM 52

SN 729

10 &

Cal Cate {Cerizate Mo.)

1-ALr-08 (Mo 217-01050)
1-Apr-08 (Mo, 21 701030
1-AE-00 (o, 217-01050)
F1-Wla-08 {No. 21701028

F1 Mar 04 (Mo, 217-01028)
B1-Mar-08 (Mo #H7.01027)
3-0at-08 (Mo, H2-B122 ety
20-Oe=-09 {No. DAE4-788_Decld

Cheet Cate (in house)

LS3EE2L 0 700
U537 300585

Mame
Katjs Pokowic

Nigla Kusier

This salibration certificat documents the tracazbility tn national slandards, which realize the physizal units of maasurements |51).
I he mesasure nents anc ths unceraintios with corfidence prabability are given on the following pages and a-e par of the ceniicale.

Al calibrations lave boen cunducled indhe clased labaratory fanilite: & wiranmant tarperature (22 + 3)°C and humidity < 0%,

Schedulad Calibraticn
Apr-111
Apr-10
Apr-10
dar-10
EAmr-10
far-10
Oet-10
Lice-10

Scheduled Theck

d-Auy-98 (0 house chack Do-08)
148 Qet-01 (n house chack O0ol-00)

Functian
Tachnlcal Manager

Qualily Manager

This calibration zaificate sha | et be e predoced escapdin full withcat witten approval of the laberatory.

Signaiura
e =

In house check: Ge-11
In house check: 0ol

—

Izsued: Januany 5, 2010

Certificate Mo: H3 886 Jan10

Page 1 of 10

2010-06-30
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Test report no.: 1-2403-01-16/10 CWMW

Calibration Laboratary of
Schmid & Partner
Engineering AG

Zsughausstrassa 43, 8004 Furich, Switzerland

Schweizerischur Kalibrierdienat
Service suizze d'dlalonnags
Servizio avizzers di taratura
Swiss Calibration Service

Aucrediced by the Swiss Ancred tatinn Senice 563} Accreditation Na.: SCS 108
The Ewiss Accreditation Service iz ane of the slynatoriss to the EA
Multilateral Agreament for the recognition of callbration corlificatos

Glossary:

NORM: .2 sensitivity in fres space

DCP dinds comprassion point

CF crest factar (Viduty cycle) of the RF =signal

ABC madulation cependent linearization parameters

Polarization o o rofation around probe axis

Polarization 2 & rolalion around an axis that is in the plana normal to proba axis (at measurement center),
e, 3~ 0snomal to probe axis

Connector Angle information used in ASY system o align proba sensor X to the robol coordinale systam

Calibration is Performed According to the Following Standards:
a} IEEE St 1308-2005, " |[EEE Standard fur calibration of slectramagnstic field sensars and probes. excluding
antennas, from 9 kHz to 40 GHz", Dacembar 2005,

Methods Applied and Interpretation of Parameters:
+  WORMx y.2: Assessed for E-field polarization & = 0 for XY sensars and # = 80 for Z sensor ([ < 900 MHz in
TEM-cell; f = 1800 MHz: R22 wavequide).

= XY.Z[M)_abData2=X,V.Z alala2* freyuency rosponse (see Frequency Response Chart),
= DCPx .z DCP are numerical linearization parameters sszessed bascd on the datz of power swesp with Gy
signal (no unzertainty required). DCP does not depend an frequency nar meaia.

o Axyz Bez Oy z VR pz: A B, C are numerical lingarization paramelers assessed based on the data of
power sweep for speciic modulation signal, The parameters do nol deperd on frequency nar mediz. VR s the
maximurm calioration rangs axpressed in RM3S voltage across the diode.

e Sphotical isotropy (30 deviation from isafrony): in a lozally hamogeneous field realized using an open
wavequide setup.

»  Sensor Offset: The sensar offsel conesponds to the offset of virtual measuremeant center from the probe tig
(on prabe axis]. No tolerance raquired.

*  Conneclor Angle: The angle is assessed using the information gained by determining the X_alata2 (no
unceriainty required).

Ceartificate No: H-5085_Jan10 FPage 2 of “0

2010-06-30 Page 14 of 41



Test report no.: 1-2403-01-16/10 CWMW

H3DVE SN:G086 January 8, 2010

Probe H3DV6

SN:6086

Manufactured: June 1, 2001
Last calibrated: January 9, 2009
Recalibrated: January 8, 2010

Calibrated for DASY Systems

{Mole: nen-compatible with DASY2 syetem!)

Certifizate Mo: HZ-G0BG Janil Page 3 ot 10

2010-06-30 Page 15 of 41




Test report no.: 1-2403-01-16/10

CETECOM

H3DV6 5M.6086

DASY - Parameters of Probe: H3DVG SN:6086

Basic Calibration Parameters

January 8, 2010

Sensor X| Sensor Y | SensorZ [Une (k=2)
Mo (A § ) ul| 2.00E-3 | 2.76E-3 | 3.00E-3 | + 51%
Mo [Afm / +(0) al|-T.83E-5| -8.00E-5 | -2.82E-4| +51%
Narm (Afm £ i) az| -4.B7E-5| -2 46E-5 | 1.13E5] £51%
DCP {mv)" 81.6 1.0 80.4
Modulation Calibration Parameters
13} Communlcation System Mame FAR A B c VR Unct
dB dBuV my (k=2)
10000 W Q.00 B 0.00 .00 1.00 00 £1.5%
¥ 0.20 .00 1.00) 300
Z 0.20 .00 1.00] 00

“ " :
nunreciezl lineaczation paramessr urceraing ot requirad

The reporied uncertainty of measurement is stated as the standard uncertainty of measurement multiplied
by the coverage factor k=2. which for a normal distribution correzponds to a coverage probability of
approximately 95%.

= Uncertainty is detarmings using e Masd TIUM 2Emanian Fom INer (smonss 33 virg recatangular distrisuticn @ o expressed far the square of e fizld wae

Cenlificals Mo H3I-Z086 Jan10

Page 4 of 10

2010-06-30
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Test report no.: 1-2403-01-16/10

CETECOM

H3DV6 SN:6086

Cerdificate Mo H3-6025_Jzn1d

Frequency response {normalized}

Frequency Response of H-Field
{TEM-Cell:ifi110 EXX, Waveguide R22)

0.7
06 | =
0 1M 1300 1500
f [MHz]
| — %y —o—TCM
z —a—TEM

2000 2500 3000

—E—R22
—am—H22

Uncertainty of Fraguency Response of H-field: + 6.3% (k=2)

Pags Sof 11

January 8, 2010

2010-06-30
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Test report no.: 1-2403-01-16/10 CWMN

H3DV6 SN.6086 January 8, 2010

Receiving Pattern (¢), 3 = 90°

f =600 MHz, TEM ifl110EXX f=2500 MHz, WG R22

==y —a—Y ——7 —O—tm |

Receiving Pattern (¢), 9 = 0°

f =600 MHz, TEM ifi110EXX f= 2500 MHz, WG R22

Cerlificats Mo H3-3088 Jar1l Page § of 10

2010-06-30 Page 18 of 41




Test report no.: 1-2403-01-16/10

CETECOM

H3DV6 SN:6086

Cerificale Mu. H3-8358_Jani

Error [dB]

Error [dB]

oo
onomoO

~hbboooo
[ le xR S e R T 5 N 9

L
[=]

Receiving Pattern (4), 9 = 90°

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

Receiving Pattern (¢), 3 = 0°

+I1

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

Fage 7 of 10

January 8, 2010

—G— 300 MHz

. —E— 600 & Hz

—@— 750 MiHz
=i 1200 MI-z
—— 2500 Mbz

—0— 300 MHz
—\— 500 MHz
—— 750 MHz
—B— 1R800 MHz
== 2500 MHz

2010-06-30
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Test report no.: 1-2403-01-16/10 CWMN

H3DV6 SN:6086 January 8, 2010

Dynamic Range f{H-field)
(Waveguide R22, f = 1800 MHz)

I E-06 | - N ,

1.24035
P s i R X
2
@
=1}
% 1.C+03
=
£~
o
£
&
@ 1 E+02

TE+01

© E+00 ‘

.00 0. aJ1 1
H [&fm] at 1500 MHz
—a—xY B XY oar —— —Zoor |

2

1 ‘
)
=
= 0
£
i}

+1

-2

Q.00 .01 ]

H [Afm] at 1500 MHz oA !
Uncertainty of Lincarity Assessment: £ 0.8% (k=2)
Carilizale Mo, H3-8088_ Janil Fage & af 10
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Test report no.: 1-2403-01-16/10 cm‘“ﬁ.’qu

H3IDVE SN:6086 January 8, 2010

Deviation from Isotropy in Air
Error (¢, 9), =900 MHz

Error [dB]

e rpiet 4]
o 1000 H-U.30--u.50 W -0 EC-0.40 W-0.AC-D20 Boiooan |
Oo.uo-u20 E0.E0-0.40 O &.40-0.60 = helndts E0A0-1.00

Uncertainty of Spharical lsotropy Assessment: + 2.6% (k=2}

Cerifizate Mo HZ-E086_Jandd Page 9 of 10

2010-06-30 Page 21 of 41




Test report no.: 1-2403-01-16/10

CETECOM

H3aDVE SN:6086

Other Probe Parameters

January 8, 2010

Sensar Arrangement Rectangular
Cannector Angle {°] -149.5
Mechanical Swlzve Delzction Mode enahled
Optical Surface Dataction Mode - disabled
Probe Crverall Length 337 mm
Probe Body Diametear 10 mm
Tip Length 20 nﬁ
Tip Diameter 8.0 mm
Probe Tip lo Sensor X Calibration Point 2 mm
Proba Tip o Sensor+ Calibration Paint 2 mm
Probe Tio to Sensor Z Calibratian Peint 3 mm

Cetilicale Mo, H2-B086_Jan1] Zage 10 0f 10

2010-06-30

Page 22 of 41



Test report no.: 1-2403-01-16/10

o

CETECOM"

4

. |||I ',
G e,
R
D

Calibration Laboratory of
Schmid & Partner

s,
o

i
W

Engineering AG %
Zeughausstrasse 43, 8004 Zurich, Switzerland "’-z,r‘f}:\?\ ol
ke

Acecredited by the Swiss Accreditation Service {SA45)
The Swiszs Accreditation Service I one of the signataries to the EA
Multilaberal Agrasment for the racagnition of calibration certificates

Cllent Cetacom

Calibration report “1880 MHz HAC System validation dipole”

Sehweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizlo svizzera di taratura
Swign Calibration Service

Accreditation Mo: SCS 108

Certificate No: CD1880V3-1021_May10

|CALIBRATION CERTIFICATE

Object CD1880Y3 - SN: 1021

Calibration procedursd{s)

Calibration date:

Primary Standards
Power mater EPR-4424
2owier senzel HP 84814
“rabe ERIOVE

“rabe HICVS

OAak4

Seouncary Slandards

QA CAL-20.v5

Calibration procedure for dipoles in air

May 17, 2010

Calibration Squipment vsed [METE critical for caliaration)

D
GBETEITOY
237292782
| &5t 2330
Sh G085
Sre 781

1G #

This calibration cedifinete donuments the traceahility to national standands . which realize the physical units of measurenents (1),
Ali calibrations have been conductad In the cleged laberatzry Tacll y: anviredment emparatune (22 = 31°C and Aumidity < 7090

Cal Data (Centlilcate Mo.)
D6-Cos-02 (Mo, 217-01088)

OO 08 (Mo, 217401 048]
M-Dan-19 (Ma. ER3-2336_N=c0a)
¥-Dec-09 (Mo, H3G0E5_Dect®)
22 Jan-13 (Mo, DAEL-TE1 Janil)

Check Dake (in houss)

Scheduled Galibraticn
Qct-10
Q=10
Dec-160
Dec-10
Jar-11

Scheduled Check

Puwver maier Agilaril 42185
Power senaor HP 3482H
Power senzar HP B4424
Metwork Analyzer HF B753E
FF generacor E44335

Calibrated by

Approved by

SM: GB42420131
SN BR1EANS4S0
SM: U527295587
LIS37TR0565
R 41 RJOBTS

MNarme
Claudio Laublar

Fin Bamholt

Geartificate Mo: CO1880V5-1021_May10

C09-Ct-02 (in hause chack Oot-02)
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(11 AMNEI-CE3 19-2007
American Mational Standard for Methods of Measuramenl of Compalibility batwsen Wirsless
Communicaticns Devices and Hearing Aids.

Msthods Applied and Interpretation of Parametsrs:

s Coordinate System: y-axis is in the direction of the dipole arms. z-axis is from the basis of the antenna
(mounted on the table) towards its feed point between the two dipole arms. x-axis is normal to the other
axes. In coincidence with the standards [1], the measurement planas (probe sensor center} are
selected to be al a distance of 10 mm abowve Lha top edge of the dipols arms.,

¢ Measurament Canditions: Further details are available from the hardcopies at the end of the certificate.
All figures stated in the cerificate are valid at the frequancy indicated. The farward power to the dipale
connector is set with a calibrated powsr meter connacted and monitered with an auxiliary power meter
cannected to a directional cauplar. While the dipale under test is connected, the forward power is
adjusted to the same level.

*  Antenna Posifioning: The dipele is mounted on a HAC Tast Arch phantom using the matching dipola
pesitioner with the arms herizontal and the feeding cable coming from the floor. The measurements
are performed in a shiglded roam with absorbers around the setup to reduce the reflections.

It is verified betore the mounting of the dipole under the Test Arch phantom, that Its arms are perfocthy
in a line, ltis installed on the HAC dipole positioner with its arms parallel below the dielectric referance
wite and able ta move elastically in vertical direction without changing its relative position to the top
center cf the Tast Arch phantorn. The vertical distance to the probe is adjusted after dipole mounting
with a DASYS Surface Check job. Before the measurement, the distance between phantom surface and
probe tip is verified. The proper measurament distance is selected by choosing the matching section of
the HAG Test Arch phantom with the proper device reference point (upper surface of the dipole) and the
matehing grid referance point (tip of the probe) considaring the proba sansor offset, The vertical
distance to the probe is essential for the accuracy.

= Feed Paint impedance and Belfumn Loss: These parameters are measurad using a HP B753E Vector
Metwork Analyzer. The impedance is specified at the SMA connactor of the dipole. The influence of
raflections was aliminating by applying the averaging function while moving the dipole in the air, at least
70cm away from any obstacles.

e E-fieid distribution: E lield is measured in the x-y-plana with an isotropic ER3D-fisld probe with 100 mW
forward power to the antenna feed point. In accardance with [1], the scan area is 20mm wide, its length
exceeds the dipole am length (180 or 90mm). The sensor eanteris 10 mm (in z} abowe the top of the
dipole arms, Twa 30 maxima are available near the end of the dipole arms. Assuming the dipole arms
are perfectly in one line, the average of these twe maxims (in subgrid 2 and subgrid &) is determinad to
compensate for any non-parallelity to the measurement plane as well as the sansor displacement. Tha
E-fiald value stated as calibration value represents the maximum of the interpolated 3D-E-field, 10mm
above the dipole surface.

= H-field distribufion: H-fisld is measurad with an isotropic H-field probe with 100mW forward power to the
antenna fesd point, in tha x-y-plane. Tha scan area and sensor distance is equivalent ta the E-field
scan. The maximum of tha field is available at the center {subgrid 5) above the feed point. The H-field
value stated as calibraticn value represents the maximum of the interpolated H-field, 10mm abave the
dipole surface at the feed point.
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Test report no.: 1-2403-01-16/10

CETECOM™

1. Measurement Conditlons

DASY system corfiguration, as far ag not given on page 1.

DASY Version DASYS Wh2 Big2

DASY PP Version SEMCADX | V14.0 B59
Phantom HAC Tast Arch S0 HAC PO1 BA, #1070
Distance Dipole Top - Probe Center 10 mm

Sean resolution dx, dy = 5 mm araa = 20 x 80 mm

Frequency 1880 MHz = 1 MHz
Forward power at dipele connector 20.0 dBm = 100m\Y
Input power drift = 0.06 dB
2. MaxImum Field values
H-field 10 mm above dipole surface conditian Interpolated maximum
Maximum measured 100 mvV¥ forward power 0.472 Aim
Uneertainty for H-field measuremeant: 8.2% (k=2) e
E-fleld 10 mm above dipole surface corditian Interpalated maximuim
Maxirmum measured above high end 100 mWW forward power 141 .9 %/m
Maximum maasured above low end 100 mWY forward power 1346 ¥im
Averaged maximum above arm 100 mvy forward power 138.3 Vim
Uneertainty for E-field measurament: 12.8%: (k=2}
3. Appendix
3.1 Antenna Parameters
Frequen_cy ' - Return Loss Impedance
(1710 MHz 235 dB { 54.3 + 5.5 ] Ohm
1880 MHz 18.6 dB {48.3 4 J11.5 ) Ohm
1900 MHz 19.1 dB 151.4+j11.2 ) 0hm
1950 MHz 23.5dB i 53.4 + 8.0 ) Ohm
2000 MHz 19.1 dB {440+ 8.4 ) Ohm

3.2 Antenna Deslgn and Handling

The calibration dipale has a symmetric geametry with a built-in twa stub matching network, which laads to the

enhanced bandwidth,

The dipale is built of standard semirigid coaxial cable. The internal matehing line is apen ended. The artenna is

tharsfare apan for DC signals.

Do not apply force to dipole arms, as they are liable to bend. The scldersd connections near the feedpoint may
be damaged. After excessive mechanical stross or overheating, check the impedance characteristics to ensure
that the intemal matching network is net affectad.

After long term use with 40/ radiated power, only a slight warming of the dipola near the feedpoint can ba

measlred.

Cerificate No: CO1880V3-1021_May10
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Test report no.: 1-2403-01-16/10

CETECOM™
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3.3 Measurement Sheeta

3.3.1 Retum Loss and Smith Chart
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Test report no.: 1-2403-01-16/10 CMJQMN‘

3.3.2 DASY4 H-Field Result
DateTime: 17.05.2000 10:23:08

Test Laborulory: SPEAG Lub?

HAC RF CD1880 H 1021 100812 CL

DUT: HAC Dipule 1880 MHz; Type: CDI380V3; Scrial; 1021

Communicaticn Systern: CW; Communication System Band: CD1 RS0 (188300 MH=z); Preguancy: 1880 b1z
Conmnupication System PAR: 0 dB

Medium parameters used: ¢ = 0 mhofm, 5.= 1, p=1 kpii®

Phantam seetion: BE Section

Measuremeant Standard: DASYS (IEEEARC/ANST C63.149-2007)

I2ASYS Configuration:

Probe: HIDWG - SN60GS; ; Calibrated: 30.12.2009

Sensnr-surface: (Fix Surtace)

Elcelronics: DAE4 Sn78 L Culibraded: 22.01.2010

Prantom: HAC Test Arch with AMOC, Uype: 817 11AC POT BA; Serial: 1070
Measurement 5% DASYS, W32 [uild 162; SEMCAD X Version 14.0 Build 59

Dipole 1-Iield measvrement @ LSSONMIIZH Scan - measurement distance from the probe sensov center to CTHMIES0
Dipole = Limm/Hearing Aid Compatibility Tes (41x181x1):

Measurament arid: dy=3mm, dv=3mm

Maximuwn value of peak Toul lehl = 0472 Afm

Probe Maodulation Pacter = 1

Drevice Relerence Poing 0, O, -6.2 mm

Reference Yalue = 00501 Adm; Power Drill = -0.026 dB

Hearing Aid Near-Field Category: M2 (AYWFE ¢ dB)

Peak H-field in Afm

Grd 1 Girid 2 Girid 3
0.406 0.42% 0.402
M2 M2T M2
Grid 4 Girid 5 Gieid 6
0451  [0472  |0.445
M2 M2 v12
Grid 7 Grid & Cirid &
0415 0436  [0.406
M2T [MZT M2

GdBE = 0.472A/Mm

Certificate Mo: CD1580V3-1021 Mayi0 Pagc 6 of 9
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Test report no.: 1-2403-01-16/10 CMJQMN‘

3.3.3 DASY4 E-Field Result

Date/Time: 12052000 151814

Test Dahoratory: BPCAG Lab2

HAC_RF_CD1830 _E_1021_100512_CL

ULy ILTAC Dipole 1880 MEz; Type: CDIS50V3; Serinl: 1021

Communication Systern; CW; Communication System Buand: CDLS30 (1380.0 MHz); Frequency: 1880 MHz;
Comrwnicaion System PAR: 0 JdBE

Medium paramelers usid: o = 0 mhwim, g = 15 p= 1000 kg

FPhsnlum scetion: RE Seciion

Measurcment Standard: DASY S (TEEETEC/ANST C63.19-2007)

DASYS Configuration:

Probe: BRADWVE - SN2336; ConvF(1. 1, 1); Calibrated: 30122009

Senvor Surface: (Fix Surfsee)

Electronics: 12AH4 SnT&1; Calibrated: 22,00, 20100

Ptianlom: HAC Tesl Arch with AMCC; Type: 8D HAC PO1 BA; Serial: 1070
Measurement SW: DASYS, V3.2 Build 162; SEMCALL X Version 14,0 Build 59

Dipole E-Field measuorement & 18503 Hz/1E Sean - measurcment distance from the probe sensor center to CID1RRG
Dipole = 1tmm/Hearing Aid Compatibility Test (41x181x1):

Measurement grid: dx=5mm, dy=Fmm

Maximum value of peak ol field = 141.9 vim

Probe Modolation Factor =1

Device Reference Paine: (), (), -6.3 mm

Reference Value = 16005 Vim: Power Deift = 0028 R

Hearing Afd Near-Dicld Category: M2 (AW 0 d13)

Peai B-field in V/in

Girid |1 Gl 2 Gnd 3
128.2 134.6 133.3
M2 M2 M2
Grid 4 Guds Grid 6
89.5 92.9 9.4
M3 M3 M3
Grid 7 Grid 8 Cirid 9
134.5 141.9 138.2
M2 M2 M2

(el = 141 37 m

Canificana No: CO1830V3-1021_May10 Page 6 of 8
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Test report no.: 1-2403-01-16/10

CETECOM™

4. Additional Measurements

4.1 Meazurement Conditiens

DASY system configuration, as far as not given on page 1.

DASY Version DASYS W¥B.2 Bla62

DASY PP Verslon SEMCAD X V14,0 B5S
_P-haniam o HAC Test Arch S0 HAC P BA, #1070

Distance Dipole Top - Probe Center 10 mm

Scan resolution dx, dy = 5 mm area = 20 x 90 mm

Frequency

1730 MHz =1 MHz

Forward power at dipele connectar

20.0 dBm = 100myW

Input power drift = 0.05 dB
4.1.1 Maximum Fleld values
H-fleld 10 mm above dipole surface condition interpolated maximum

Maximum measured

100 mW forward powear

0,493 Afm

Uncertainty for H-field measurement; 8.2% (k=2)

E-field 10 mm above dipoale surfaca

condiion

Interpolated maximum

Maximum measured above high end 100 mW forward power 154.7 ¥/m
Maximum measured above low end 100 mW forward power 148.0 Vim
Avaraged maximum above arm 100 mW forward power 151.4 V¥im

Unoertairty for E-field measurement: 12 8% (k=2)

Centlificale No: CD1880V3-1021 May10
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Test report no.: 1-2403-01-16/10

CETECOM

4.1.2 DASY4 H-field result

Test Lahnrattns: SPRAG | ah2

HAC _RF_CD1830 H_1021_100512_CL
DUT: HAC Dipole LS80 MHz; Typer CDIS80V3; Serial: 1021

Comminization System: CW; Commmnicarinn System Band: TR0 (17300 M1 Ureguency: 1730 Mbe;

Communization Svatem PAR: 0 dB

Medivm parameters used; ¢ =0 mho/m, g =1 p=1 lgg,-’nf

Phunlom sectivw: BT Seclion

Measurcment Standurd: DASYS (IECEIEC/ANST C63.19-2007)

DASYS Configuration:
¢ Probe; HI31V6 - SNG0AS: ; Calibrated: 300122000
¢ Sepscer-Surlace: (Fis Surlaoe)
= Electronics: DAE4 Sn781; Calibraved: 22.01_ 2010
o Plantoon HAC Test Arch with AMOC: Type: SD HAC POL BA; Serial: 1070

Dipole H-Field measurement @ 18805 Hz/H Scan - measurement distance from the probe sensor ecnter to CD1880

Measurcment SW: DASYS, V3.2 Build 162; SEMCAD X Version 14.0 Build 59

Dipole = 10mm @ 1730 MHz/Hearing Aid Compatibility Test (41x181x1):

Measurcinent grid: dx=>5mm. dy=5mm

Maximum valoe of poak Total ficld = 0.493 Afm

Probe Modulation Factor =1
Device Reference Point: 00, (b, -6.3 mm

Reference Value = 0,525 Afmy, Poveer Dinft = -0.014 dB
Hearing Aid Mear-1ield Category: M2 (AW 1 dH)

A6

Peak H field in Am

DatefTima; TLO8.20100 17:56:51

Giridl | Grid 2 Cirid 3
0.350 0.417 0404
M2 M2 M2
Grid ¢ Grid § Gridl 6
0.459 0.493 0.474
M2 M2 M2
Grid 7 Giril & Grid ¢
0418 0446 0.424
M2 M2 M2

(tdB = [1.4493A/m

Cerificate Mo: CD1880W3-1021_May1o
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Test report no.: 1-2403-01-16/10 cm"ﬁng

4.1.3 DASY4 E-field result
DanedTime: 12052000 [7:20:13
Test Laboralory: SPEAG |ab?2

HAGC_RF_CD1880_E_1021_100512_CL

DUT: HAC Dipole 1880 MLz Type: CDLES0V I Serial: 1021

Crommunicalion System (W Commureication Systam Band; CRES0 (173000 MH: ) Freguency: 1730 MHe;
Commumicalion System PAR: Odl

Medium pardanelers used: o =0 mhofm, & = 1 p= 1000 k_.c_:Fm:

Phuntom section: BEF Scelion

Measurement Stundand: DASYS (IEEEAEC/ANSIC63.19-2007)

DASYS Configuration:

Probe: BRIDWE - SNZ3056; ConvEf 1, 1, 1) Calibeated: 300122006
Sensor-Surfuce: (Fix Surlace)

Electronics: 13AHES SnTR1; Calibrated: 22012010

Phaotom: HAC Test Arch with AMCC, Type: SD HAC POL BA: Scrial 1070
Meagurement 3W: DASYS, V5.2 Build 163; SEMCAD X Version 14.0 Build 59

Dripole F=eld measarement @& 1R8DM Hz/1 Scan - measarement. distanee fram the prahe sensor center to CINLES0
Dipole = Limm & 1730 MHz/Heaving Aid Compatbility Test (41x181x1):

Measurement grid: da=3mm, dy=5mm

Maxinun value of peak Total ficld = 1547 ¥im

Probe Modulation Factor = |

IDewvice Reference Point: 0 (1, 6.3 mm

Refzrence Value = 173.7 Vim; Power Drift=0.017 dB

Hearing Afd Near-Ficld Category: M2 (AWEF 0 dB)

I’eak E-tield in %/m

Cirid 1 i 1 Grid 3
139.3 148.0 146.9
M2 M2 M2
Girid 4 Gl 5 Ol &
100 104.8 102.5
M3 M3 M3
Grid 7 Gricl & Giridl &
146.6 154.7 150.6
M2 M2 M2

af

£
0 dB = 154.7%hn
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2010-06-30 Page 31 of 41




e

Test report no.: 1-2403-01-16/10 CETECOMW

5 Calibration report “835 MHz HAC System validation dipole”

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrassa 43, 8004 Zurich, Switzerland

] Zchwelzerlscher Kalllrlerdienst

c Service suisse d'élalonnage
Seryizio gvizzera di taratura

S Swiss Callbratlan Sarvica

Accredited by the Swiss Accraditation Sarvice (SAS) Accraditation No.: SCS 108
The Swiss Accreditalion Service is one of 1he signatories to the EA
Multilateral Agreement for the recognitian of calibration cerfificates

cient  Cetecom Certificate No: CDB35V3-1027_May10

|[CALIBRATION CERTIFICATE |

Chject CD835V3 - SK: 1027

I Cafibration pracadura’s) QA CAL-20.v5a
Calibration precedure for dipoles in air

Calibeation date; May 07, 2010

I'his calibration cernificatz dosuments the traceability to national standards, which rerliza the physical uniss of measuremaonts (31,
Al calibrations have beoen corductad (n the closed laboratary facility: environmeant rEempsrailre (28 = 3)°C ang hurmidity < 70%.

Calibration Equipment usad (MATE writival for calibratian)

Primary Slandards | 0 # . Cal Dats [Certificals Mo.) ) Zcheduled Calibration
Power melar EPR-0424, | GR3T4B0TE4 Q6-0ct=03 (Mo, 217-01086) Qo0
FPower sensor HP 84818 | L'Sarz2ea7es 0B-Oci-09 (Mo, 217-01088) Oct-10
Frobe ERICYS 5N 2330 Al-Nec-0d (Mo, ER%2336 Decod,; Diaz-10

| Proba H3MWE | M. 6085 30-Doc-C8 (Mo, HE-G066_Denng) Dnz-10
DAE4 | i 7B 22-Jan-10 (Mo, DAE4-731 _lan1d) Jzn-11
Sucandary Standards 5 ID & Check Jata (in house) Sehaduled Check
Puwear migter Agilent 44198 SM: GB42£20181 02-Cat-02 (in houss check Oot-09) In housa check: Oct-10
Pavear sensar HP 8482H BM: 3213A00450 09-Cet-09 (in house check Oet-09) In house check: Oot-" 0
Pavsar sansor HP B4R2A SN US3Teass97 09 Crsl-0% [in howse check Qot-09) In housa chack: Oot-0
Metwork Analyzer HP 87330 US37340585 18-Cet-01 (in houge check Oet-08) Ir hose chack: Oat-10
BF conerator E44338 MY 41000675 00-Mov-04 (I Padse chesk Oot08) I hause chack: Cola11

ez Funztlon Signamne

Calibratbed by: Claudic Leubier Laboratery Technickan

Aparaved by: Fin Bomholt Technical Director 7“' W’ -
- T ?'—i%

lasued: May 20, 2010

This callbratlon cartificats shall nal be reproduced except in full without witicn approva’ of the fabarstory,
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. i
Calibration Laboratory of S, Schwelzerischer Kallbrlerdlenst
Schmid & Partner iﬁﬁ Service suisee d'dtalonnage
Engineering AG s o Servizio svizzero di taraturs
Zeughaussirasse 43, 8004 Zurich, Switzerland ':’f;'fﬁ,“\\‘} Swlss Callbration Service
Al b
Acorediled by the Swiss. Accreditation Service (SAS) Accredilation No.: SCS 108

The Swiss Accredltation Service Is one of the signatorles ta tha EA
Multilateral Agreement for the recagnition of calibration certificates

References

[1] AMNSI-CE3.19-2008
Amarican National Standard for Methods of Measurement of Compatibliity between Wirsless
Communications Devices and Hearing Aids.

(2] ANEI-CE3.19-2007
Ametican National Stardard for Methods of Measurement of Compatibility between Wireless
Gommunications Deviees and Hearing Aids.

Methods Applied and Interpretation of Parameters:

+  Coondfinate System: y-axis is in the direction of the dipole arms, z-axis is from the basis of the antenna
{mounted on the table) towards its feed point betwean the twe dipale arms. x-axis is normal to the other
axes. In coincidance with the standards [1. 2], the measurement planes (probe sensor center) are
selected to be at a distance of 10 mm above the top edge of the dipale arms.

¢ Measuament Conditions: Further details are available from the hardcopies at the end of the certificate.
All figures stated in the certificate are valid at the frequency indicated. Tha forward power to the dipcle
cannector is set with a calibrated power meter connected and monitored wilh an auxiliary power metar
cannected to a dirsctional coupler. Whils the dipole under test is connected, the torward powear is
adjusted to the same level.

= Anfenna Positioning: The dipole is mounted on a HAC Test Arch phantom using the matching dipole
positioner with the arms horizontal and the feeding cable eoming fram the floor, The measurements
are performed in & shielded ragm with absorbers arcund the setup to reduce the reflections.
It is verified before the mounting of the dipole under the Tesi Arch phantom. that its arms are perfectly
in a line. |tis installed on the HAC dipcle positioner with its arms parallel below the dislectric reference
wire and able to move elastically In vertical direction without changing its relative position to the top
center of the Test Arch phantom. The vertical distance to the probe is adjusted aftar dipole mounting
with a DASYS Surface Chack job, Befors the measurement, the distance between phantom surface and
probe tip is verified. The proper measurement distancs is selocted by cheosing the matehing section of
the HAG Test Arch phantom with the proper device reference point (Upper surface of the dipole) and the
matching qrid reference point (tip of the probs} considering the probe sensor offset. The vertical
distance to the probe is essential for the accuracy.

= Feed Poini Impedance and Relurn Loss: These parametars are measurad using & HP 8753E Vector
Network Analyzer. The impedance is specified at the SMA cannecter of the dipale, The influence of
roflactions was sliminating by applying the averaging function while moving the dipale in the air, at least
70cm away from any obstacles,

«  E-figld distribulion. E field is measured in the x-y-plane with an isotropic ER3D-fiald prabe with 100 m\W
forward power to the antenna feed point. In accordance with [1, 2], the scan area is 20mm wide, its
length exceeds the dipcle arm length (180 or 30mim). The sensor center is 10 mm (in 2) above the top
of the dipole arms. Two 3D maxima are available near the end of the dipole amms. Assuming the dipcle
arms are perfectly in one ling, the average of these two maxima (in subgrid 2 and subgrid §) Is
determinad to compensate for any non-parallelity ta the measurement plane as well as the sensor
displacement. The E-field value stated as calibration value represents the maximum of the interpolated
3D-E-field, 10mm abowe the dipole surface.

= H-field distribution: H-field ia measured with an isatrapic H-fisld probe with 100m\W forward power to the
antenna feed point, in the x-y-plane. The scan area and sensor distance is aquivalent to the E-field
scan. The maximum of the field is available at the center (subgrid 5) above the feed paint. The H-fiald
value stated as calibration value represents the maximum of the interpolated H-field, 10mm above the
dipole surface at the feed point.

Certiticate Na: GCA2RV3-1027_May10 Fage 2 of &
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Test report no.: 1-2403-01-16/10 CWMW

1 Messurement Conditions

DASY systerm conliguration, as far as not given on page 1.

DASY Version DASYS V5.2 B162

DASY PP Version SEMCAD X V14.0 Bs9
Phantom HAC Tast Arch SO HAC PO1 BA, #1070
Distance Dipele Top - Probe

Center 10 mm

Scan reselutlon dx, dy =5 mm area = 20 x 180 mm
Frequency 835 MHz £ 1 MHz

Fonvard poverat dipole 20,0 dBm = 100mW

connector :

Input power drift < 0.05 dB

2 Maximum Field values

H-field 10 mm above dipole surface caondition interpolated maximum

Maximum measurad 100 mVY forward power 0.463 Afm
Uncertainty for H-field measurement: 8.2% {k=2}

E-field 10 mm above dipole surface condition Interpolated maximum
Maximum maasured above high end- 100 m\W forward power 174.7 Vim
Maximum measured above low end 100 miw fonrward-pm-;er 162.4 Vim
Averaged maximum above am 100 mW forward power 168.6 Wm

Uncertainty for E-field measurement; 12.8% (k=2)

3 Appendix

3.1 Antenna Paramseters

Frequency | Return Loss Impedance

BOOMHz il 16.5 dB (43.2-]12.3) Ohm
835 MHz s 24.5 dB (48.1+ 5.6 ) Ohm
800 MHz = 18.2 dB ~|(86.7=j10.2) Ohm
850 MHz i 18.1 dB ~ |t488¥ 126 ) Ohm
960 MHz 15.7 dB ~ |(88.3+j21.0) Ohm

3.2 Antenna Design and Handling

The callbration dipole has a symmatric geomeatry with a built-in twa stub matching natwork, which leads to the
enhanced bandwidth.

The dipole is built of standard semirigid coaxial cable. The internal matching line is open endad. The antenna is
therefore open far DT signals.

Do not apply farce (e dipcle arms, as they are liable to bend. The soldered connections near the feedpoint may
be damaged. After excesaive mechanical stress or overheating, check the impedance characteristics 1o ensure
that the intarnal matching network is not affected.

After long term use with 400 radiated power, only a slight warming of the dipole naar the feedpaint can be
measured.

Certificate Moz CO835V3-1027_May10 Fage 3of g
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3.2 Messurement Sheets

3.3.1 Return Loss and Smith Chart

CH4

Dei

Cor

Ay
1.59

514 LG

5 4B~ KEF -1% dB

12 May 2018

iG:@@: 32

514 iu

5TARTY

FS

SET.E00 600 MHe

B25.000 008 HHz

STOP 1 335830 @86 MHz

CHL Markers

15-16,483 dB
SER.088 MHz

F-l8.211 48
936.008 rMHz

$-18.652 dB
950.8600 FHz

F-15.785 dB
FEA.BEA HHz

CHE Marcers
12 43.16E o
=12.370 o
ZA8. 608 MHT
R i
—1lu, &
980,658 MHz
#4ATEE 0
12586
350.008 MHEz
98 5%2B3 0

2LEEE &
960,808 MHz
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CETECOM

3.3.2 DA3Y4 H-field Result

Test Laboratory: SPEAG Lab2
HAC RF CD835 H 1027 100507 CL

DUT: HAC-Dipole 835 MHzx; Type: CD83SV3: Serial: 1027

Communivation Systen: CW; Commnunication Syscen: Band: CDE3S (8350 MHz); Frequency: 835 M,

Communication System PAR: (HdB

Medium parameters used: @ = ! mho/m, 6, = 1 p=1 kz/m*

Phantom section: HE Section

Measwrement Standard: DASYS (IFEEECSANS OO, | 9-2007)

IXASY S Clanfiguration:

Probe: HADWG - SNG0GS; ; Calibrated: 30.12.2009

Sensor-Surface: (Rix Surfacs)

Phantom: HAC Test Arch with AMCC: Type: 81 HAC PO BA; Serial: 1070

-
»
& [lectronics: DAEA Sn78 1 Calibrawed: 22012010
L]

Measurgiment W DASY S, ¥W5.2 Build 162; SEMCAD X Version 14.0 Build 539

Date Ve 07052010 15:08:22

Dipele H-Ficld measurcment @ S35MHH Scan - measurement distance from the prohe sensor center to OR35S
IMpaole = oI learing Ald Compatibility Test (41x361x1):

Measurement grid: dx=Smm, dv=3inm
Maximnm walne of peak Taral field = (L4653 Afm
Prohe Modulation Factor = [

IDevice Refarence Point O, O, -6.3 mun

Relerence Yalue = 00492 Al Power Dili = -0.00443 JB

Hearing Aid Near-Field Category: M4 (AWF 0 dB)

Poak H-licld in A/m

Grid | Crid 2 Girid 3
0.372 0,397 0381
M4 M4 M4
Grid 4 Grd s Cirid 6
0.435 0.463 0.439
M4 M4 M4
Gid 7 Grid & Grid 9
0.392 0.412 0.385
M4 Md M4

i

|

:

0 dB = d463Aim

Cenilicale Mu; COB35V3-1027 May10
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3.3.3 DASY4 E-field Resuit
DaraeiTime: 0705200 12:15:40

Test Laboratory: SPEAG Lab2

HAC RF CD835 E 1027 100507 CL

DUT: HAC-Dipole 835 MHz: Type: CDRISV3; Serial: 1027

Comnmumication System: CW; Communication Systera Band: CDS35 (333.0 MHz); Frequency: 835 MHz;
Communication System PAR: [ dB

Medium parameters usad: o= (mhofin, o= 1; p= 1000 ka/m’

FPhantom section: RE Section

Measuremant Standard: DASY S ([EEEABCYANSTCH3,10-2007)

IXASNYS Confipuaration:

Probe: ER3DNVG - EN2336; ConvF (L. [, 1); Calibrated: 30122009
Senanr-Surface: {Fix Surface)

Clecironies: DALY So781; Calibested: 22.01.2010

Phantom: HAC Test Arch with AMCCT; Type: 3D HAC P01 BaA; Serial; 1070
Measurament SW: 12A8YS, V3.2 Build 162, SEMUAD X Version 140 Build 39

Dipele E-Ficld measorement & 835MHaE Sean - measurement distance from the probe sensor center to CDR3S
IMpole = Hhmnwllearing Ald Compatibility Test (412361x1):

Measurement grid: dx=5mm, dy=5mm

Maxinun value of peak Todal field = 174.7 Wim

Probe Modulation Factor = |

12evice Reference Poine ) (L -6.3 mm

Reference ¥alue = 114.2 ¥ Power Drifl = -(,023 4B

Nearing Aid Mear-Field Category: Md (AWF 0 dB)

Puak E-licklin ¥im

Grd 1 Gridl 2 Grd 3
1565 (1629  |161.0
M4 M4 M4
Grid 4 Grid 5 Grid 6
85.1 87.8 85.8
M4 M4 M4
Grid 7 Grid 8 Grid 4
170.2 174.7 164d.6
M4 M4 M4

dB = 174.7%m

Cerlificate Mu; CC835V3-1027 May10 Fage 6 of 6
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6  Calibration certificate of Data Acquisition Unit (DAE)

N - oy ]inny

Calibration Laboratory of \:\‘LL'_,_;, & Schweizerischer Kalibrierdienst

Schmid & Partner P c Service sulese d'étalonnage
Er‘lgineering AG e Servizio svizeero di taratura

Zeughausstrasaa 43, 2004 Zurich, Switzerland ';7,/;;:\\;\:" 5 Swiss Calibration Service

Actradiled by Lhe Svess Acuradilziion Service (SAS) Accreditaton No.: SCS 108
The Swiss Accraditation Service i3 one of the slgnatorles (o the EA
Multllateral Agresment for the recognition of calibration certificates

cient CETECOM Certiticate No: DAE3-477 May10
CALIBRATION CERTIFICATE

Obyuct DAES - 8D 000 D03 AA - SN: 477

Galigretion procadursis) QA CAL-08 .21
Calibration procedure for the data acquisition electronics (DAE)

Calibration dats; May 7, 2010

Tniz calibretion certificate documents the traceabil ty to national standards, which realize the physical units of measuements (31).
e maasuremants ard e uncertairtios with conficence probakility are givan on the foliowing pages and are part of the certilizata.

Al calibrations have bean conducted in the clogad laboale-y [aciily: anvircomend bermperatue (22 £ 3050 ard humicgity < 70%.,

Callbratior Equipmcnt wsocl (MATE erilical ler calibration)

Prirviary Slandands o # Cal Date (Cortificate Moy ___ Beasauiad Calibration
Kailllay Mullimeler Type 20071 Sh: 1810278 1-0e-09 (Mo BLES) Oet-10
Sacordary Standards C# _ Check Nate (in house) Schedulod Check
Calibrator Dox W11 FE UMS 006 AR 1004 05-Jun-05 (i1 house chech] n house chack: Jun-10
MNartrie Furation Signaturs
Callbratad by Dominique Staffen Tachnician (h
| Appicrvad by: Fif Bambolt R&D Director VM vl':g? Wd
[P B s
lzsued: May 7, 2270
This cal brabion serlilicais sl nol be reprodused exeept in full without writen approval of the laboratory.

Cartilicatz No: DAE3-477_MayiC Paye 1 of 5
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7 SPEAG application note : determination of PMF

28.8 Definition/Determination of the Probe Modulation Fac-
tor

Purpose

The HAC Standard requires measurement of the peak envelope E- and H-fields of the wireless
device (WD}). Para. 4.1.2.1 and C.3.1 of the standard describes the Probe Modulation Response
Factor that shall be applied to convert the probe reading to Peak Envelope Field.

The E-field free space probes (ER3DVx) as well as the H-field probe (H3DVx) are calibrated for
unmodulated (CW) fields. The HAC standard requires calibration for the Field Envelope Peak, a
calibration that SPEAG is currently setting up and that will become available at the beginning of
2006. For the time being, software version V4.6 or later provides the means for DASY4 users to
determine and apply the Probe Modulation Factor (PMF). A step-by-step procedure is provided
in the following. An equivalent but less complete procedure is described in the standard (Para.
4.1.2.1). However, it is advised to use the one described here for accurate results.

Definitions
The Crest Factor (CF) utilized in DASY4 is the inverse of the duty cycle and must be applied for
all TDMA systems.

The Probe Modulation Factor (PMF) is defined as the ratic of the field readings for a CW and
a modulated signal with the equivalent Field Envelope Peak as defined in the Standard (Chapter
C.3.1).

Applicability

According to the Standard the results measured in the scan must be multiplied with the PMF to
obtain the peak values. As long as the probes are not calibrated for specific modulations, the PMF
must be obtained for the following cases:

e bor any H-field scan of any modulation scheme

e Ior any E-field scan other than analog systems, TDMA systems and fully coded CDMA

signals

e For Brfield scans of TDMA systems and fully coded CDMA signals, PMF is equal to the
square root of the CF, i.e., the PMF must not be manually determined.

Schmid & Partner Engineering AG, DASY4 Manual, September 2005 28-16
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Note: The CF shall be applied for any TDMA signal; otherwise the CF is set to 1.

Evaluation Procedure for Unknown PMF

The proposed measurement setup corresponds to the procedure as required in the Standard, Chap-
ter C.3.1.

1. Install a validation dipole for the appropriate frequency band under the Test Arch Phantom
and select the proper phantom section according to the probe type installed (E- or I-field).
Move the probe to the field reference point. (Do not move the probe between the subsequent
CW and modulated measurements.)

2. Install the field probe in the setup.

3. The signal to the dipole must be monitored to record peak amplitude. Set a CW signal to
the same level (e.g., with a directional coupler and a spectrum analyzer in zero span mode
et to the operating frequency). (Resolution bandwidth > signal bandwidth; keep the same
bandwidth and attenuation for CW and modulated signals.)

4. Define a DASY4 document and set the procedure properties (frequency, modulation frequency
and crest factor) according to the measured signal. Define a multimeter job for the field
reading.

[y }

Define a second procedure for the evaluation of the CW signal (frequency set as above,
modulation frequency = 0, crest factor = 1) and a multimeter job.

@ DASY

CcwW MM

Tunable
Amplifier

WD Signal

The HAC measurement procedure is as follows:
1. Modulated signal measurement: Connect the modulated signal using the appropriate fre-
quency via the cable to the dipole.

2. Run the multimeter in the procedure with the corresponding modulation setting in continuous
mode.

2010-06-30 Page 40 of 41
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3. Adjust the signal amplitude to achieve the same field level display in the multimeter as during
the WD) field scan. Read the multimeter display and note it together with the probe 1D,
modulation type and frequency.

4. Read the envelope peak on the monitor in order to adjust the CW signal later to the same
level.

5. Switch the signal source off and verify that the ambient and instrumentation noise level is at

least 10dB lower (a factor of 3 in field).

6. CW measurement: Change the signal to CW at the same center frequency, without touching
or moving the dipole or probe in the setup.

7. Adjust the CW signal amplitude to the same peak level on the specirum analyzer.
8. Run the multimeter in the CW procedure in continucus mode.

9. Read the multimeter total field display and note it together with the probe I}, modulation
type and frequency.

10. Calculate the Probe Modulation Factor as the ratio between the CW multimeter field reading

Eow

and the reading for the applicable modulation. Le.,, PMF = FoR and similar for H.

Perform the above setup and procedure for hoth E-field and H-field probes. (For the H-field probe,

it is important that the frequency setting is correct.)

The resulting Probe Modulation Factor is valid for the specific settings of modulation, amplitude,
frequency and probe.

Application of the Probe Modulation Factor in the DASY 4 Postprocessor

The application of the PMFEF within the DASY4 Postprocessor is outlined in Section 28.5 Data
Extraction and Postprocessing.

Additional Uncertainty for PMF

The uncertainty of determining the PMF as described above is less than 15% provided the evalu-
ation is conducted carefully. This uncertainty is composed of:

e 0.3 dB (3.5% field): monitoring amplitude ratio

s (.2 dB (2.3% field): setup repeatability

e 1dB (12% field): sensor amplitude
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