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|CALIBRATION CERTIFICATE

Dl CDB35Y3 - SN 1024

Calibration procaduna|s) Q.ﬁ, CA.L-EU..\M-
Cafibration procedure for dipoles in air

Calibration date; March 11, 2008

Condiion of the caliestedilam | In Toderance

Thig caloratien cortilicate dociaments e Wateabiiny 1o natonal slandases, which realize (he physical uks of measurements (S,
Al calbrations harvea boen conducied in the closed [abomiony @cility: environment lempersiura (2 = 37 and humidty < T0%:.

Calibration Equipment used (MATE aritical for calibration)

Primary Standards e GCal Dete {Calibrated by, Cerilicats Mo.) Schedulod Calbration
Powear meler EPM-4428 GRITAEIT0 04-Dct-07 METAS, Mo. 217-0073E) Oct-08
Fower sarsor HP B4814 UEITEETES 04-Dol-07 METAS, Me. 217-00738) Ct-0d
Froba ERIOVE 5N: 2336 31-Dec-07 {SPEAG, Mo, ERI-2E36_DeslT) Dec-08
Froba H30E Sl BDES F-Dac-07 (SPEAG. Mo HI-G0ES_-DacT)| Dac-08
DAaE4 S 781 200107 (SPEAG, Mo, DAE4-TE1_0ciT) Cct-08
Sacordary Standards o ¢ Check Data (in housa) Schsd:l_lu.fl Chack i
Powar mater EPM-d31 88 GH42aE1E 11-Mary-05 (SPEAG, in hausa chack Ot «07) In hiouse check: Nov-08
Fomer sansor HF B4824 USET2as507 11-May-05 (SPEAG, in housa chack Oet -07) In ouse chsck: MNow-0E
Frowar sarsar HP B437H 3 NFA0RASD 08-Jan-02 (SFPEAG, In housa chack Ocf -07) I house gheck: Moy-08
Mhatwork Analyzer HP S7E3E USATE0E0E 18-0at07 [SPEAG, in hausa check Oct-07) In Fause chagk: MNow-00
RF genersbar Ed4338 MY £131 0384 22-Hov-0d {SPEAG, in house check Dsi-07 I house cheak: Now-08
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Refarencasz

[1] AMNSI-063,19-2006
American Mational Standard for Metheds of Measuremant of Compatibildly between Wiraleas
Communications Devices and Hearing Alds,

Methods Applied and Interpretation of Parameters:

* Coordinate System; y-axis is in the diraction of the dipobs arms. z-axis Is from the basks of the antenna
imcunted on the table) towards its feed point between the two dipole arms. k-axis is normal to the other
axas. Incoincidenca with standard [1], the measurameant planss {probe sensor centar] are selectad 1o be at
a distanca of 10 mm above the 1op edge of the dipole ams,

+  Measurement Canditions: Further detalls are avallable from the hardcoples at the end of the certificate. &1l
figures stated in the cartificate are valid al the frequency indicated. Tha forward power o tha dipole
connactor is set with a calibrated power meter connected and monitored with an suxiliany power meter
connacted o a directional coupler. While the dipole under tast is connactad, the forward power i3 adjusted to
the same lavel.

*  Antenna Fositioming: The dipole is mourted on 8 HAC Test Arch phantom using the matching dipale
positioner with the arms horlizomal and the feeding cable coming from the floor, The measurameants are
parfarmad in a shielded room with absorbers around the selup to reducs the refiections.

It iz verified bafore the mounting of the dipole under the Test Arch phantam, that its ama are pedectly in a
line, It is installed on the HAC dipole positioner with its ams parallel below the diglaciric reference wire and
able 1o move elastically in vertical dirgction without changing i1 refathee position to the bop canter of the Test
Arch phantom. Tha verlical distance to the probe is adjusted aftar dipole mourding with 8 DASY4 Surface
Check job. Before the measuremant, the distance betwean pharmtom surface and probe tip Is verified. The
proper measurement distance is selected by choosing the matching sectlon of the HAC Test Arch phantom
with the proper device reference paint {upper surface of the dipole) and the matehing grid reference palnt (tip
of the probe) considering the probe sensor offset. The varical distance to the praba is essential for the
BECUrECY.

=« Faed Paind Impedance and Return Loss: These parameters are measured using 8 HF 8753E Vector
Metwark Analyzer, The iImpedance (s specified at the SMA connector of tha dipole. The Influence of
reflections was eliminating by applying the averaging function while moving the dipoa in the air, at least
Flcm away from any abstaclkas.

o E- fisid oisfribulion: E liald 15 maasuned in the $-v-plans wilh an isotropc ER3ID-Neld probes with 100 mw
ferward power to the antenna feed point. In accordanca with [1], the scan area is 20mm wide, its length
exceeds the dipele arm length (180 or 30mm), The sensor center is 10 mm (In z) above the top of the dipole
arms. Tweo 30 maxima are available near he erd of the dipole arms. Assuming the dipole amms are perlectly
in arva line, the average of these two maxima (in subgid 2 and subgrid B} 15 determined to compensale for
any non-parallelity to the measurement plane as well as the sensor displacement. The E-field value staled
&5 calibration wvalue reprasents the maximum of the interpolated A0-E-field, 10mm abova the dipole surlaca.

«  H-fisld aisfribution: H-fiald is measured with an isotropic H-lield probe with 100mW lorward power ta the
antenna lead point, in the x-y-plane. The scan area and sensor distance is equivalant to the E-field scan.
The maximum of the figld i3 avallable at the center (subgrid 8} above the foed point. The H ficld valuo stoted
as calibration value reprasents the maximum of the interpolated H-keld, 10mm above the dipele suriace at
the fead point,
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1 Measurement Conditions
DASY aystem configuration, as far as not given an page 1
DASY Version DASY4 V.7 B
DASY PP Version SEMCAD V1.8 B176
Phantom HAC Test Arch SO HAC FO1 Ba, #1070
Distance Dipale Top - Proba
Cenler 1 mo =
Scan resolution dx, dy =5 mim area = 20 x 180 mm
Frequency 835 MHz + 1 MHz
Forward power at dipole
tor 20.0 dBm = 100myY
Input power drift = 0.05 dB
2 Maximum Field values
H-field 10 mm above dipole surface condition interpolated maximum
Maximum measured 100 mW fonward power 0.445 Alm
Uncertainty for H-field measurement; 8.2% (k=2)
E-fizld 10 mm above dipoke surface condition Interpolated maxmum
Maximum maasurad above high end- 100 mWW lonsard powes 1804 Wim
Maximum measured above low end 100 e forward power 157.6 Wm
Averaged maximum above arm 100 mW farward power 158.0 Vim
Uncartainty for E-fisld maasuramant: 12.8% (k=2}
3 Appendix
3.1 Antenna Parameters
'FE utngg Return Loss Impedance
| BOO0 MHz 18.0 48 [ 44.2 =104 ) Ohm
835 MHz 24.7 dB { 48.T + j5.6 ) Ohm
900 MHz 17.3 dB (58.2 —[11.8 ) Ohm
950 MHz 19.7 dB [ 47.54 9.8 ) Chm
980 MHz 14.3 dB { 57.2 + [18.7 ) Ohm

3.2 Antenna Design and Handling

Thi calibration dipole has 8 symmetric geamsatny with 2 buit-in bwo stub matching netwark, which laads o tha
enhanced bandwidth,

The dipole & bullt of standard semirkgid coaial cabia. The mtaoed esaiciing o s opsn eoded, The e is
tharefara apan fof DG signals.

Do niel apply force 1o dipole arms, as they are liable o berwd. The soldered conneclions near the feadpoint may be
damaged. After excessive mechanical stress or overheating, check the impedance charactaristics to ansura that 1he
internal matching netwark is not affected,

After long term usa with 40W radiated pawer, only & slight warming of the dipale near the feedpaint can be
mesasurad.
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3.3 Measurement Sheets

3.3.1 Retwrn Loss and Smith Chart
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3.3.2 DASYd H-field result

Test Labderatiory: SPEAD Lab 2

DUT: HAC-Ddpobe 835 MHz; Type: DEISVY; Serial: 1024
Communicatson System: CW: Freguency: 835 MHe; Duty Cycle: 1:1
Medium parimeters used: a =0 mhoim, £ = 13 p = 1 kg’
Phontom sectson: H Dipele Section
Measurement Standarc: DASY 4 {High Precision Assessment)
DASY A Configueration:
Probe: HIDVA - SMNG0G3; Calibrated: 31,12 2007

-

Sensor-Surface: (Fix Surface)

Eleciromics; DAES Sn781; Calshrptesd; 0F, 1000607

Phamtom: HAC Test Arch with Coil; Type: ST HAC POl BA; Serial: 1070

Date Time: 11.03.2008 [(:51:20

Mlemsuremen 5W; DAY, VAT Build 61; Posiprocessing SW: SEMCALD, ¥ 1LE Build 176

H Scan - Sensor Center 1mm abave CDE35 Dipole/Hearing Ald Compatibility Test (d1x361x1)2
Measarement grid: dx=5mm, dy=5mm
Mazximum value of peak Total field = 0,445 Adm

Probe Modulation Factor = 100

Drevice Reference Point: 000, (0O, 3547 mm
Refarence Value = 0,473 Adm: Power Deifi = 0,003 dB
Hearing Aid Near-Field Category: M4 (AWF 0 dB)

dE
0,340

-kt

404

ke

1T

-2

Peak H-fledd in Adm

el 1 Girid 1 Girid 3
nATH .39 0362
M4 M4 M4
Cirnd 4 Gnd 5 Orid &
mA24 0845 0419
M4 M4 M4
Ciend 7 Cind # Cind %
[T .302 0,509
M4 M4 N4
|
|
[ 44 f

0 db = 0.2345A'm
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3.3.3 DASY4 E-Field result
DrinteTime: 11032008 17:04:34

Test Laborutory: SFEAG Lah 2

DUT: HAC-Dipole §35 MHz; Type: DEISY3; Sertal: 1024
O Lrcainmn :"LTH[L'!I'I: LW I5r|_:-,|l.||_':||:.:|-': B35 MHz: |',!|,|_'|:,I (':,-{'I-c_' 1:1
Medium parameters used: a =0 mhotm, g, = |; p = 1000 k_]__l."m'
Phantom section: E Dipole Section
Measurement Standard; DASY 3 (High Precision Assessment)
D54 Comfiguradion:
- Probe: ERJDVE - SMN2356; ConvFi L, 1, 1y Colibreted: 31, 123 30807

s SengorSurface: (Fix Surface )

+  Bleotronics: DAE4 SnT81; Calibirated: 02, 10CHNIT

= Phantom: HAC Test &rch with Coil; Type: S0 HAC PO BA; Sarial: 1070

= PMessurement W DASYS, V4.7 Build 61; Pestprocessing SW: SEMCAT, V1.8 Builkl 176

E Scan - Sensor Center 10mm above CD835 Dipole/Hearing Abd Compatibility Test (41x361x1):
Measurement grid: dx=%mm, dy=3tmm

Muximum value of peak Total field = 1604 ¥im

Probe Modulation Factor = .00

Deevice Hetersnce Point: U000, DU0, 2547 mm

Refercnce Walee = 1031 YWim: Power Drifi = 0022 (R

Hearing Aid Mewr-Field Category: M4 (AWE O ditp

Peak E-fiek in ¥i/m

Coricl 1 Garid 2 Girid 3
1577 104 157

M4 M4 M4
Giricd 4 Garid 5 Garid &
Ba,2 BTA 8317
M4 w4 vi4

Giric 7 Grid H Carid 9
L52.1 15T7.6 I5A7
M4 N4 M4

dB
n.ann

-3.00

120

-16n

B = 160.4V'm
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Client HCT Carificate ko COTBB0V3-1019_Mar0s

[CALIBRATION CERTIFICATE |

Otgect CD1880Va - SN 1018

Calibration procéduna|s) (8] CAL-200w4 |
Calibration procedurs for dipolas in air

Calibration date; March 11, 2008

Cordition of the calibrated ikem In Tolerance

This calbration cerlilicabe documents Se traceabiily 1o nasional stardards, whech raalize the phvsical units of maasuemants (59)
All callbrations: hava baan conduciad in tha closad Iabceaion laciity: environmen mmparsiura (22 + 3170 and humidty < T0%

Calibration Equipmen! used (MATE aritical for calibratian))

Prifrary Sl::ml_}t‘lrds_ 0 ¢ Cal Dﬁu -:I:“-_;?I.k:_r.:ln_d hr. l_:m_'!rlicaln Nu.__l Echeduled Calbration

Powar maier EPM-4424 GRATABTMOY 0a-0ot-07 (METAS, Mo, 217-00738) Oct.0d

Powar sersar HP 84014 USaT2azTaa 0d-0at-07 (METAS, Mo. 217-00736) Qi

Probe ERACVE S 2336 31-Dac-07 {SPEAG, No. ER3-2336_ Dec(T) Dec-08

Probe H3DVE Sht: BOEE 31-Dac-07 {SPEAG. Mo, H3-BI66_-DaolT) Dioc-08

DAE4 SH:TE1 2-0ct-07 (SPEAG. Na. DAEA-TE1_CcalT) Cct-08

Sacorary Starsdarde ik Cheack Dats (in houss| Eoheduled Check

Porwar maaler EPR-441 96 ERAZ4H0 91 11 =hisry-08 (SPEAG, m house check Oct-07) In housa chack: MowvD8

Powear sarsar HP BEE2A US3IT29E58T 11-May-05 (SFEAG, i houes chask Oct-07) In hauss check: Now-D&

Powar sansar HP B4R A1 1AADA50 OR-Jar-02 {SPEAG, in housa chack Ock-07) Bn housa chack: Now-DE

Mabtwork Analyzer HP 8753E UE3Taa0s5es 18-0ct-01  (SPEAG, in house cheds Oct-07) in housa chaok: Mow-08

RF generstar E4430 Y 4713105 22-Nov-0d (SPEAG, in house check Os1-07) in hause chack: Mow-09
Ngma Funation Signatura

Calibratad by: Mg Melll Labormeory Tachnician hTIEAL

Appreaed by Fin Beenhiall Technizal Diraeioe W ﬁﬂ/ o

|sswead: March 12, 2008

This calibration cestificate shall nol be reproduced sxcept in full wiihout witien appeoval of fhe laboratony,
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References

11 AMSI-CES. 18-2006
American Mational Standard for Methods of Measuremant of Compatibility between Wirsless
Communications Dewvicas and Haaring Aids.

Methods Applied and Interpretation of Parameters:
+  Copordingle System: y-axis is in tha direction of the dipole arms. z-axis is from the basis of the antenna
{mounted an tha table) towards its fead point betwaen the two dipale arms. x-axis is normal to the olher
axes. In coincidence with standard [1], the messurement planes {probe sensor center) ane selected o
be at a dstance of 10 mm above the top edge of the dipole arms.

»  Moasurament Conditions: Furthar detalls are availabls from the bardeopies al the end of the carificate.
All figures stated in the cerificate are valid at the frequancy indicated, The forward power to the dipola
connector 15 sef with a calibrated power meter connected and menitorad with an auxiliary power meier
connectad 1o a directional coupler, Whils the dipole undar best is connected, the farward power is
adjusted to the same level.

*  Anferna Positioning: The dipole is mourted on a HAG Test Arch phantom using the matching dipale
positioner with the arms horizontal and the feeding cable coming from the floor, The measuramants ama
performead in & shielded room with absorbers around the setup to reducs the reflactions,

It k= verified before the mounting of the dipole under the Test Arch phantorn, that its arms are pedectly
naline, It is installed on the HAG dipole pasitioner with ts arms paraliel below the dislactric reference
wire and able to move skastically in verical direction without changing its relative position to the top
cenier of the Test Arch phantom, The vertical distance o the probe i adjusted after dipale mourting
with a DASY4 Surface Check job. Bafore the measurement, the distance belween phantom surface and
probe tip is verilied. The propar measurement distance i selecied by choosing the matching section of
the HAC Test Arch phantomn with the proper devica reference point (upper surface of the dipole) and the
maiching grid reference point (tip of the probe) considenng the probe sensor offset, The vertical
distance to the probe is assential for the accuracy.

»  Fead Poinl impadance and Rafurn Loss: Thase paramatars are measured using a HP 8753E Vactor
Matwork Analyzer. The impedanca 15 specified at the SMA connactor ol 1ha dipole, The influencs o
reflections was eliminating by applying the averaging function while moving the dipola in the air, at least
T0cm away from any obstacies.

»  E-fleld distibution: E field is measured in the x-y-plane with an isciropic ER3D-field probe with 100 mW
forward power 1o the anlenna laed point. In accordancs with [1], the scan area is 20mm wide, its langth
excesds the dipole arm length (180 ar $0mm). The sensor canter is 10 mm [in z) above tha fop of the
dipale arms. Twe 30 maxima are avallable near the end of the dipole arms. Assuming the dipole anms
are perfactly in ona ling, the avarage of these two maxima (in subgrd 2 and subgrid 8) | determined 1o
compensate for any non-parallelity to the measurement plane as well as the sensar displacement. The
E-field value stated as calibration value rapresents tha maxirmum of the interpolated 30-E-Hiald, 10mm
abave the dipole surface.

& H-field distribution: H-lield is measurad with an isotropic H-field probe with 100mW forward power to the
antenna feed point, i the x-y-plane. The scan area and sensor distance is eguivalant to the E-field
scan. Tha maximum of the fiekd is available af the center (subgrid 5) above the feed point. The H-field
valua stated 28 calibration value reprasants the maximum of the interpolated H-figld, 10mm above the
dipole surface at the feed point.
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1. Measurement Conditions
DASY syslem conliguration, as far as not given on page 1.

DASY Version DASYE Vd.7 Ba1
DASY PP Verslon SEMCAD V1.8 B176
Phantom HAC Test Arch S0 HAC P BA, 11070
Distance Dipole Top - Probe Center 10 mm
Scan resolution dx, dy = 5mm area = 20 x 90 mm
Freguency 1880 MHz + 1 MHz
Forward power at dipole connector 20.0 dBm = 100mW
Input power drift =005 dB

2. Maximum Fleld values
H-figld 10 mm above dipole surl';nE condition Interpolated maximum

Maximum measured

100 mW forward power

0.469 Afm

Uncerainty for H-field measuremeant: B.2% (k=2)

caondition

E-fiald 10 mm above dipole surface h.'itarpelamd maximum
Maximum measured above high end 100 mW forward power 141.5 \Wim
Maximum meaasured abave low end 100 mvW forward power 138.0 Vim
Avaraged maximum above arm 100 mW forward power 140.3 Vim
Uncertainty for E-lield measurement: 12.8% [k=2}
3. Appendix
3.1 Antenna Parameters
Frequency Return Loss Impedance
1710 MHz 22,7 d8 {507 + [7.4 ) Ohm
1880 MHz 20.8 dB (48.4 + 8.7 ) Ohm
1800 MHz 21.048 [ 50.7 + j9.0 ) Ohm
| 1950 MHz 25.8dB [ 63.7 + [3.8) Ohm
2000 MHz 25.6 dB [ 46.3 + j3.4) Ohm

3.2 Antenna Design and Handling

The calibration dipole has a8 symmetric geomeatry with a buili-in twao stub matching netwark, which kads o tha
enhanced bandwidth.

Tha dipole |s built of standard seminigid coaxial cable. The imternal matching line is opan endead. The anfenna i
therelore open for DO signals.

Do not apply force to dipole arms, as they are liable o bend. The seklered connections near the feadpoint may
be damaged. After excassive machanical siress of ovarbeating, check the Impedance characternstics o ensure
that the internal matching network is not affectsd.

After long term use with 40W radiated power, only & slight warming of the dipale near the feedpoint can be
maasurad.
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2.2 Measuramenl Shaets

3.2.1 Return Loss and Smith Chart
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3.3.2 DASY4 H-Field Result

Test Laboratory: SPEAG Lab 2

DUT: HAC Dipole 1880 MHz; Type: CDISS0Y3; Serial: 1019

Communicistion .*Zptwm: W I'rl.'|.|l:||.'1||::(: I HE0 M Hz; Duty Cycle: 1:1
Pediem parameters used: & = 0 mhodm, g, = 12 p = | kgim’
Fhamom section: H Dipole Section
Mensurement Siandand: DASY S (High Precizion Assessmeant)
DASYY Conliguration:
Probe: H3DWVG - BMG60G6S; Calibroted: 31.12.2007

Sensor-Surface: (Fix Surface)
Electronics: DAE4 SnTE L Calibraved: 02,1020

Phinntom: HAC Test Arch with Coal: 'I"_..'pe' B0 HAC PO BA: Serial: 1070

07

Dt Time: 11032008 14:25:06

Mensurement SW: DASYH, V4.7 Build 61; Postprocessing 8W: SEMCAD, V1.8 Build 176

E Scan - Sensor Center 10mm above CDISR0Y 2 Dipole/Hearing Aid Compatibility Test (41x181x1):
Megsurement grid; dxy=5mm, dy=5mm

Baximum value of peak Todal field = 0469 Afm
Frobe Moedulation Factor = 103

Device Reference Foint: 0,000, 0K, 3547 mim
Reference Yalue = 0496 Admg Power Deift = 0010 dB
Hearing Alid Near-Field Category: M2 (AWF 0 dB)

Peak H-field in Afm
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3.3.2 DASY4 E-Field Result

Test Laboratory: SPFEAG Lab 2

DUT: HAC Dipole 1880 MHz; Type: CDURRIY3; Serial: 1009

Communication System: OW; Frequency: [H80 MHz; Duty Cycle: 1:1
Medium panumelers useed: o= mhotm, &=l p= [ CHER lcj_l,"m'
Phimtom section; E Dipole Section
Mensurement Standard: DASY4 (High Precision Assessment)
DASYS Conhguration:
Probe: ERADYES - SM2330; ConvF( 1, 1, 1k Calshrsted: 30,12 H607

-

Sensor-Surface: (Fix Surface)

Electronics: DAES SnTRI1: Calibrated: 02, [0C2007
Phantom: HAC Test Arch with Coil; Type: 50 HAC PO1 BA: Secal: 1070
Measurement 5W: DASY4Y, V4.7 Build 61; Posiprocessing 8W: SEMCAD, V1.8 Buld 176

DralesTime: 11032008 17:37:34

E Scan = Sessor Cenler Timm above CIES0Y 3 DipaleMearing Aid Compatibility Test (41x1801x1):
Measurement grid: dx=5mm. dy=5mm
Maximum value of peak Totul fiekd = 141.5 Vim
Frobe Maodulution Factor = 1.00

Device Reference Point: (LO0D, 0000, 354.7 mm

Eelerence Value = 15494 Vimg Power Drifi = 0L007 dB
Hearing Aid Near-Field Cotegory: M2 (AWF 0 dB)

Peak E-ficld in ¥im
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