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ANNEX D: H-Probe Calibration Certificate

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zaughatisatiassa 43, B004 Zisich, Switeariand

Schweizerinshar Kalihrierdienad
Servica suksse datalonnags
Servizio svizzero di taratura
Swise Calibration Service

Becraditad by the Swias Acorsdiation Serdce {S0.5) Accreditation No.: SCS 108
Thae Swiss Accroditation Service is one of the signatories to the EA
Multslateral Agresmant for the recognilion of cabration cartificates

cihent | TMC Certificats No: H3-6260_0ctDd
CALIBRATION CERTIFICATE
Dl H3DWE - SN.6260
Calitrahen procadurals) a4 CﬂL—Ul\I‘Bﬂm CAL-25v2
Calibration procedure for H-field probes optimized for close near field
evaluations in air
Catibeation date October 20, 2009 |

This cabbvation cedificate dogumeants e Iraceabily W nalional slandands, which rmaize she physical unis of measurements (51}
Thie massurements and e uncertainties with confidence probabiity ame given on {he following pages and are pait of the cartficats

Al cabtvatons hive been conducted in the closad laboratory faciliy: sovronmant samperature (22 = 3)°C and humidiy = T0%.

| Cafibraton Equipment used (METE «rilical for calbration)

| Ppmary Standards _I_I & _C_al D?'I_e_q_ll‘_»e_nij'Ele- HD 3 3!:_1\61;11.93911 Calinralicn
Pewer meler E44198 GBe1293574 1-Apr-08-(ha, 2‘174}11]31]!: Apr-1D
Poveer garsar E44124 MY 14558TT 1-Apr-08 (Mo 217-01030) ﬂpl'-'ll:l
Poswor sensar E44124 MTv a1 4ER00T 1 =8pr08 (Mo, 217-61030 Apr-10
Reference 3 dB ABeruabor 2N 55054 (3c) 31-Mar-09 Mo, 217-0102E) Mar-10
| Referance 20 4B Aflenuatyr M- B50EE (20h) F5-Mar-08 (Mo, 217-05028) har.10
| Reternnos 30 0B Aflenuatar EN- SRI12G 20k A9-Mar08 (Mo, 21701027 ha-10
' Reference Probe HIDWE SN B1E2 3-D-08 (Mo, HI-B182_Dei0m) Qct-10
| DAEd 4 7B {-Dac-08 (Mo, DAEL-FES_Decld) Diec 14
Secondary Standards iD W _Chack Dabe fin houea) s Scheduied Cheok
RF generaior HP BE4BC L3042 01 700 A-Aug-8R (i hause check Ook-0a) Irheaiss chack; COct-11
Mahwark Analyzer HP BT53E LIS3T 90585 1B8-0ck01 jin house check Ocl-08) In howuse chack: Octid
Marma Functian Slgml.l.re
Calbrated by fargal Fahr Labaratery Techmician:

Aparavad by Hatja Paknc. Technical Mansger M g E -

Issued: Cecfobaer 232, 2004

This cal@mration cendcain shall nof be repraduced tm:\upi n Fud wnhn:rul wman app?m'ul uHI‘u.- Esboratary.
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Calibration Laboratory of Schwatzarischer Kalibrierdionst
Schmid & Partner Service suisse détalonnage
Engineering AG Sarvizio svizzers di iaratues

Zeughausstrasae 43, 8004 Zurich, Switesrland Swiss Callbration Service

Arorediied by tha Swiss Accrediation Sence [SA5) Accreditation o2 SCS 108
The Swiss Accreditation Sarvice is one of the signatories to the EA
Multilafersl Agresment for the recognition of calibration cenificabes

Glossary:

NORMwy,.z sengitivity in free spaca

ocP diode compression point

CF crest factor {1/duty_cycle) of the RF signal

A B G modulation dependent Bnéarzation parameters

Potarization g m rotation aroand probe axis

Potarization o 4 rotateon arcund an axis that 15 in the plans normal e probe axis (at measurement center),
l.e.. 3= g nomal to probe axis

Conmector Angle infarmation used in DASY system to align probe sensor X 1o the robot coordinate sysiem

Calibration is Performed According to the Following Standards:
a) |EEE Std 1308-2005. ° |[EEE Standard for calibration of electiromagnetic field senscrs and probes, excluding
artennas, fram 3 kHz 1o 40 GHZ", Dacember 2005,

Methnds Applied and Interpretation of Parameters:

NORMz, 2. Assessed for E-field polarization & = 0 for XY sensors and & = 90 for Z sensor (f = 900 MHz in
TEM-call; f = 1800 MHz: R22 waveguidea).

s X YZM alatal=XY.Z alata2* frequency response (see Frequency Response Char),

= OCEx vz DCP are numerical linearization parameters assessed based on the data of power sweep with CW
sigmal (no uncertainty required). DCP does mot depend on frequancy nor media,

= Axy.z Buy.z Cxyzare numerical inearization parameters assessed basad on the dala of power sweep far
specific modulation signal, The parameters do not depend on frequency nor media.

= Sphercal izotropy (30 deviation from isclapyl: in a locally homogeneous eld realized using an open
wavegude setup.

+«  Sangor Offsat Tha sansor offsel corresporsds to the offsel of vinual measuremeant center from the probe fip
[on probe axis). No talerance required.

= Conmector Angle: The angle is assessed using the information gained by determining the X_slafa2 {no
unmcertainty reguirad).

Carificate No: H3-5280_ OctDd Page 2 of 10
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H3DVE SN:6260 October 20, 2009

Probe H3DV6

SN:6260

Manufactured: September 7, 2007
Last calibrated: December 13, 2007
Recalibrated: October 20, 2009

Calibrated for DASY Systems

iMote non-compatible with DASY 2 systerml)

Cerificate Mo HI-6260 Octla Page 3 of 10
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H3DVE SN:6260 October 20, 2009

DASY - Parameters of Probe: H3DV6 SN:6260

Basic Calibration Parameters

Sensor X | SensorY | Sensor Z |Unc (k=2)
Norm (Adm /{pv)) a0l 2.47E-3 | 240E-3 | 2.95E-3 | £ 10.1%
Narm (Al V) al|-287E-5| 56266 | 447E-5|110.1%
Norm (Afm [ V) a2| 4.84E-5 | 4.36E-5 | 6.01E-5 [ £ 10.1%
DCP (mv) B4.5 90.3 83.9
Modulation Calibration Parameters
uiD Communication System Name PAR A B c VR Unc
dB dBuV my k=2
10000 W o.0o| X 0.00 0.00 100 300 | :215%
¥ £.00 0.00 .00 300
Z 0.00 0.00 1.00] 200

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 85%.

' numesrical linearizalion paramales uncesianly nol g

Cartficate No: H3-G260_0ctlg Paga4af 10
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H3DVE SN:6260 October 20, 2009

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

[

Frequency responss (normalizad)

.

a
W

D
=

07
o0& t + + 1
a BOD 1000 1500 2000 2500 3000
F [MHz]
Ay, —a—TEM i RZ2
— ——TEM —.— R

Uncertainty of Freguency Response of H-field: £ 6.3% (k=2)

Cpriificete Mo; H3-6260_Ccils Page Saf 10
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H3IDVE SM:6260 Cctober 20, 2009

Receiving Pattern (¢), 3 = 90°

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

Receiving Pattern (¢), 3 =0°

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

==y ==Y —8—=7 —O—tlol ——x —8—Y I O

Coridicabe Mo H3-8280 Ocie Page g of 10
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H3DVE SH:6260 October 20, 2009

Receiving Pattern (¢), 3 = 90°

1.0
na
BB —0— 300 MH2
= |l:: : | —m— 00 M-z
- B —— 750 WHz
E it FEEESIM0ID0E ST SRR A 0000 B 0mI 0000 —— 1500 MHz
o —i— 2500 MHz
06
0
1.0
d 12 19 25 k3
+11
Uncartainty of Axial Isotropy Assessment: ® 0.5% (k=2)
Receiving Pattern (¢), 3 =0°
1 ;'
—o— 300 MHz
g —— 500 Wz
P —e— 750 Wiz
E- —— 1300 MHz
- —i— 2500 MHz

a &0 20 a0 240 300

407

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

Cestfipata Mo: H3-G20 QOci0s Page 7 of 10
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HIDWVE SN:6260 October 20, 2009

Dynamic Range f(H-field)

{(Waveguide R22, f = 1800 MHz)

1.E+08

1.E+05

1 E+04

1.E+03

Sensar Voltage [pv]

1.E+02

1.E+011

1.E+00
G.a0 0.01 04 1
H [Afm] at 1800 MHz

—— XY - XY corr iz == Coar

Error [dEj]

[nfael] oo o
H [Admi] at 1800 MHz ~

Uncertalnty of Linearity Assessment: + 0.8% (k=2)

Canificats Mo HI-E260_Tchan Fage & of 10
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H3DVG SM:6260

Deviation from Isotropy in Air
Error (¢, 3), f=900 MHz

Error [d8]

H-100-080  EOB0-060  E-0EG-4D  E-DA0-020 0200, 0
B0 00020 WG P00 AT B0 40-0.E0 B0 50-080 WO.e1.00

Uneertainty of Spherical Isotropy Assesament: £ 2.6% (k=2]

Cartificate Mo HEG260 Coils Page 8ol 10
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H3DVE SN:6260 October 20, 2009

Other Probe Parameters

ectangular
Sansor Arangement Rectangu
-154.1
Connactar Angle {"}
enabled
Mechanical Surface Detection Moda e
= =55
Cplical Surface Delection Mode
Proba Cverall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 20 mm
Tip Diameter 6.0 mm
Probe Tip to Sensor X Calibration Point 3 mm
Probe Tip to Sensor Y Calibration Painl 3 mm
Probe Tip io Sensor Z Calibration Point 3 mm

Cerlificais Mo, H3-6260_Cotos Paga 10of 10
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ANNEX E: CD835V3 Dipole Calibration Certificate (SN: 1149)

Calibration Laboratory of {“f&?fhﬁ"a Echwalzerisches Kallarerdionst
Schrrid & Partnar e Service suisse d'éalannaga
Et":ngEﬁﬂg AG i Servizio svizzaro di laratura
Zaughausstrasse 43, BI04 Zurich, Switzerland ""-Jrﬁx}‘h Swiss Calibtalion Service
ol e

Accradited by the Swiss Accreditalion Service [SAS)

Aesregitation Mo SCS 108

The Swiss Actreditalion Service is one of the signatories to the EA
Multitateral Agreement far the recognition of calibration certificates

Cliant Auden

Certificate No: CDB35V3-1149_Jan10

|ICALIBRATION CERTIFICATE

1 Oject
|

| Caibwation procecure(s)

Calibralicn date

CDB35V3 - SN: 1149

QA CAL-20.v5

Calibration procedure for dipoles in air

January 12, 2010

Calibralion Equipmant usad (MATE crtizal for caliaration)

This calibration certificate documents tha traceablily to rebonal standards, which realize the physieal units of measuremants (52)
All calibrations hawa bean conduchaa in tha dosed [acomtary facililg amdmonmand femperiune (22 + 3°0 and hairedity < 70%.

Frower migler ﬁgl?,-m 4471858
Powar sansor HP BaE2H
Fower gansor HF B4B34

SN: GRA24H1 81
Sh: 23318409450
SM LIS3TRISSET

Primiary Standads D ¥ Caal Crane (Cartilicate Mo Schatulsd Gatbraticn
Fower males EFMA-4424 GEATARODTIM L6-0ct-08 [No, 217-01 086} Oul-10

Foweer sansss HF BE1A Ussragavad 06-0ct-08 {No, 217-01086) Qb1

Prioba ERI0ONVG SN 2333 30-Dac-04 (Mo, ERS-2336_Dacdb) D10

Probe H2DVE SM: GOES I0-Drec-0d (M HE-E085_Decla) g0

[aEd SM: T A0-Mav-08 (Me. DAEA-7E1_Nawld) Mo-10

Sacondary Standaids [ Check Date (0 housa) Seheduled Check

28-0el-03 lin howss check Oc-08)
09-Out-08 (in hawse check Oct-05)
D8:0ct=C8 jin howsa check Oct-057]

In house check: Cct-10
I hzge check: o310
I P check: Oct-10

Metwork Analyzer HF ETS3E U557 360585 18-0gt-01 fin howsa check Oct-0f) In hpuse shicl: O 10
RF garerator E44336 MY 41000675 TF3-Nov-04 (A house chack CQot-08E) I house checi: Oot-11
Mame Funclion S-g}'-'lhlm
Calibeated by Cleudiz Laubler Laboratcey Tachmician ki }_ L
LAY
i
Appeoved by Hala Pomovic Tachnical Maragar

-E"_--"" 4
/ﬁ"-'{r_‘-' .f-'/f"//__"é_'

Igaued: January 19, 200

Cordificale Mo COAIEYI-1142_JaniD

Pege 1ol B

This calibration cartificate shall not ba reproduced except in ul wifou witlen approval af She lsbaalon.
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Calibration Laboratory of R, g  Schweizerischer Kaliorierdionst
Sehmid & Partner iﬁé c Service suisse d'étalonnage

Engineering AG e Servizlo svirzers di taratura
ZTrughausstrasse 43, BOB4 Zurlch, Switerland f-;,f.ﬁﬁ? S suiss Calibration Service
Wik e
Agcredited by the Swiss Accreditation Service (SA3) Accraditation No.: SCS 108

The Swiss Accreditation Service is one of the signalerkes to the EA
Kultilateral Agresmant for the recopnition of calibration certificates

References

[

2]

AMNSI-CE3.19-2006
Americen National Standard for Methods of Measuremeant of Compalibility batwean Wirslass
Communications Devices and Hearlng Aids,

ANEI-CE319-2007
American National Standard for Methods of Measurement of Compatitility between Wireless
Communications Devices and Hearing Akds.

Methods Applied and Interpretation of Parameters:

Coordinate System: y-axls is in the direction of the dipole arms. reaxis is from the basis of the antenna
{rounted on the table) towards its feed point betwaen the two dipols arms. x-axis is nommat ta he other
axes. In coincidence with the standards [1, 2], the measurement planes {probe sensol cenlar) are
salacted 1o be at & distance of 10 mm above the tap edge of the dipole armes.

Measurement Conditions: Further details are available from the hardoopies at ihe end of the cerificate,
Al figures stated in fha cerificate ara valid at ths frequency indicated. The forward pawer 1o the dipale
connector s sat with & calibrated powear metar connectad and monitored with an auxiliary power matar
sonnected to a directional coupler, Whils the dipole under test is connected, the forward pawer i3
adjustad 1o the same lavel.

Amtanna Pesitioning: The dipele is mournted on & HAC Test Arch phantom using the matching dipols
positioner with the arms horizontal and the leeding cable coming from the floor. The measurements
are periormed in 8 shielded room with absarbers around the setup o reduce the reflections.

It = verified before the mounting of the dipole under the Test Areh phantom, that its arms are peracily
in a lina, It is instalied on the HAGC dipela positionar with fis arms parallel bejow the dielactris reference
wire and ahle to move elastically in vertical direction without changing its relative position to the top
certer of the Test Arch phantom. The verical distance to the probe is adjusted afier dipote mounting
with & DASYS Surdface Chack job, Before the measurament, the distance betwaan phartam suface and
probe tip is vedfied. The propar measurams nt distance |s selectad by choosing the matching sectien af
the HAC Test Arch phantom with the proper device reference point (upper surface of the dipolel and tha
matching grid reference peint (tip of the prabe) eansidering the probe sensor offset. The vertical
distance to the probe is essantlal for the accuracy-

Feed Point impedance and Return Loss: Thess parameters ana measured using 8 HP 8753E Veclor
Matwork &nalyzer. The impedance is specified at he SMA conpesior of the dipole. The influence of
rellactions was eliminating by applying the averaging function while maving the dipole in the ar, at lzast
Focm away from any obstacles,

E- fiald distribufion: E field is measured in the x-y-plane with an isotropic ER3D-field probe with 100 mw
forward power to the antanna feed point. In accordance wiltn (1, 2], the scan area is 20mm wide, ils
lengh exceads the dipole arm length {1 B0} or G0mm}. The sensor centar is 10 mm (fn 2) abova the top
of the dipsle arms. Two 30 maxima arg avaitable near the end of the dipole arms, Assuming the dipake
armg are parfectly in one ling, the average of these Wwo maxirma {in subgrid 2 and subgrid B) is
detarmined io compensate tor any non-parallelity fo the measurameant plane as wall as the sensor
dispiacemant. The E-field value stated as calbration value reatesents the maximum of the interpolated
aD-E-fiskt, 10mm above the dipole suface.

H-fiald distribution; H-field Is measured wilh an isctropiz H-field probe with 100mW forward power Lo the
antenna feed paint, in the x-y-plane, The scan area and sensor dislance is equivalent to the E-figld
sean. The maximum of the fiald s available at the center (subgrid 5) abave the feed point. The H-fiald
value stated as calloration value represants the maximum of ihe inlerpolated H-fizld, 10mm above the
dipole surface at tha faed poink.

Cerlilicate No; COB35V3-1148_Jan1l Fage 2 of &
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1 Measurement Conditions

DASY syslem configuration, &s 1ar as not given on page 1.

DASY Version DASYS V5.2 Bi57 ]
DASY PP Version SEMCAD X V14.0 BT

Phantom HAC Test Arch a0 HAC PO BA, #1070
Dlstance Dipale Top - Probe

Center 18 mm

Scan reselution dx, ey =5 mm areg = 20 & 180 mm

Fregquency B35 MHz = 1 MHz
Forward power at dipole _
connector 2000 dBm = 100mW
Input power drift < (.05 di
2 Maximum Field values
H-field 10 mm abave dipole surface gandition interpolated maximum

Kaximum measured

100 i forward power

0.465 A'm

Ungertainty for H-field measurement: 8.2% (k=2)

E-field 10 mm above dipole surface candition Interpolated maximuim
hanimum measured abave high end- 100 mW farward power 170.7 VWim
Maximum measured above low end 100 mWW forward power 1626 \Vim
| Averaged maximum above am F00 MW forward powear 166.7 Vim
Unceranty for E-figld measurament; 12.8% (k=2)
3 Appendix
4.1 Antenna Parameters
Frequency ~ |Return Loss Impedance
8O0 MHz 164 dE [43.4 —j12.6 | Dhm
| B35 MHz 255 dB {49.5 + 5.3 ) Ohm
| 900 MHz 16.6 dB = 5 { B5.7 —[14.B ) Cham
50 MH2 F3.6dB (454 +j4.4 ) 0hm
950 hHz i ~116.8dB | 486+ j14.4 ) Onm ]

3.2 Antenna Design and Handling

Tha calinration dipole has a symmetric gearmetny with a Built-in two stut matehing natwork, which leads to the
enhancead bandwidih,

The dipols is built of standard semirigid coaxial caple. The internal matshing ling is open ended. The antanna is
tharefore open for DO signals.

Do not apply force to dipole ams, as they are limhie ta bend. The soldered connections near the feadpaint may
be damaged. Aftar excessive mechanical sirass ar ovaiheating, shack the impedance charactarislics to ensura
that the interral matching natwork is not affectad.

Attar long term use with 40W radiated power, only a shight warming of the dipole near the feedpoint can oe
measured,

Certilicate No: COSIEVE-1148_Jantd Page 3 of &
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1.4 Measurement Sheets
3.3.1 Return Loss and Smith Chart
12 Jan 2880 16930321

CH1 S5l LOB S o/ REF -1% B wonSmis gF  S35.008 00 NHZ

' o CHE Markers
e 3
= i 1p-1E, 404 4B
i L & i 00, 000 HHz
- 1 f 3-1F.SES dE
i - ' S, BED HE
= ETT
L &S %:\f' 41-7 3,081 8
% :il I,-.:' LEE,000 HHE
v
fEe 3 = Sioi.778 dE
& AL D, 038 MMz
T
: iy LEELE red G3%.000 B0 MHz
CHZ set 10 F8 7495290 525200 L9l

- N CHZ Markers
el /// ‘\\ 1

1 43,3959 %
14 AP B0
ker ! ' R GRS

iy i ”"“'\x\_‘. -
| MERETE
LITRLE g
I30.2 08 iz
145,395 4
i *i%32
e 950,080 MHz
* 135830
e 26,890 MH=

9 'H-"\."._H_'--\__\_,_,..__-—“_/’l
—

87 LABEE BAR MHz
STHRT 2350080 200 HHz ATOF 1335
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332 DASY4 H-field Result

Date Time

Test Laboratory: SPEAG Lab2

HAC RF_CDB35_1149_100112_H_CL

DUT: HAC-Dipole 835 MHz; Type: DRISV3; Serial: 1149
Communication System: CW; Frequency: 835 MHy

Medium parameters used: ¢ =0 mho/m. &= lip=1 kafm’
Phantom section: RE Section

Measurement Standard: DASYS (IEEE/MEC/ANS] C63.19-2007)
DASY3S Configuration:

-
-
L]
-

Brohe: HADVE - SNAMGS: © Calibrted: 3001220004

Senstr-Surface: (Fiy Suface)

Eleciennics: TRAEL S 781 Colibrated: 305, 1 1 20k

Phantom: HAT Test Arch with AMOC; Tvpe: S HAC P01 BA: Senal: 1070
weasurement S%W: DASYS, V5.2 Build 157: SEMCAD X Wersion 1.0 Build 57

SP200.2004 12:23:55

Dipole H-Field measurement @ 835MH2/H Scan - measurement distance from the probe sensor
center to CD833 Dipole = 10mm/Hearing Aid Compatibility Test (41x361x1):

Measorement grid: dx=3mm, dy=5mm

Maximum value of peak Total field = 0.463 A/m

Probe Modulation Factor = |

Device Reference Point: 4, 0, -6.3 nmum

Reference Value = 0.495 A/m; Power Drift = -0.012 dB
Hearing Aid Near-Field Category: M4 (AWF 0 dB)

Peak H-Tield in Afim

Grid | Grid 2 Grid 3
0.395 0411 1.381
M4 M4 M4
Crid 4 Grd 5 Cirill
0.446  |0465  |0.433
M4 M4 M4
Lirig 7 G B Gl &
0.394 0.414 0.388
M4 Md M4

1B = 0405 Adm

Cedifizale Mo CO835W3-1149_Jan1d Page 5of §
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1.3.3 DASY4 E-field Result
Date/Time: 12012010 14:55:38

Test Laboratory: SPEAG Lab2

HAC RF_CDB835 1149_100112_E CL
DUT: HAC-Dipole 835 MEz: Type: DEISV I Serial: 1149
Communication System: CW; Frequency: 833 MHz
Medium parameters used: o = 0 mho/m. ¢, = l:p=1000 }.g-fmi
Phantom section: BE Section
Megsurement Standard: DASY S (IEEE/IEC/ANSE CA3.19-2007)
DASY S Configuration:

a  Probe: ERIDYE - SN2E36 ConvFiL 1) Calibraed: S04 2,201
Sensor-Surlace: (Fiv Sourleed
Flaciromics: ARG SnT# 1 Calibruied: 30,00 2009
Prsansom: HAC Test Arch with AMOC; Type: SD HAC M1 BA; Senal. 1070
Mesumenient SW: DASYS, VA2 Build 157, SEMCAD X Mersion 140 Ruild 57

L

Dipole E-Field measurement @ 835MH#/E Scan - measurement distance from the probe sensor
center to CD8335 Dipole = 10mm 2/Hearing Aid Compatibility Test (41x361x1}:

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

Maximum value of peak Total field = 170.7 ¥/m

Probe Modulation Factor = |

Device Beference Point: 00, -6.3 mm

Relerance Value = 108.8 Vim; Power Drift = 0.013 dB

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

Peak E-field in %/m

Cirid | Ol 2 Ciriel 3
158.8 162.6 1574
M4 M4 M4
Grid 4 Grid 5 Grd 6
86.2 88.2 85.4
M4 M4 M4
gl 7 Grid & rrid 9
158.6 170.7 169.5
M4 M4 M4

- 'I'IF '_ B - e e = " -

I b

i Faa |

I ;

I s I|

B = [TLTY/m
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