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Calibration procedure for dipoles in air
Calibration date: March 11, 2008
Cordilien of the celiessed iiem | |0 Tolerance

Thie caifraticn cortilicate documents Ta racaabiiny 1o nakonal slandards, windh reakze the physical ks of measuremonts (S,
All calbrations hawg boan corducied in the closed Ebomiony acility; anvingnment tempessmre (22 = 370 and humidty < 7086

Calibration Equipment used (MATE critical for calibration))

Frimary Standards e Cal Deta {Calibrated by, Cenilicats Mo.) Sehedulad Cabbration

Powear mealer EPM-4425 GEITARITOM 04-0t-07 METAS, Me. 21700735 Cet-08

Power sarsar HP B4814 US372a2ras 04-0¢l-07 (METAS, No. 217-00735) Ct-0

Frobe ERIDVE SN: 2336 31-Dac-07 {SPEAG, Mo, ERI-2336_DeclT) Dec-08

Froba HEWG She G065 31-Dap07 (SPEAG, No. HI-G065_-DeciT| Dec-08

[AE4 Sht: T8l 2-0ct-07 (SPEAG, Mo, DAEA-TE1_OoiiT) Cs-08

ESopondary Siandards ik e Chook Data (in houso) Scheduled Chack

Powar maier EPM-421 588 GERAZAE18 11-hay-05 (SPEAG, iIn hausa chaok Ot <07) In hause cheok: MNoy-08

Power Sardof HP B4824 UZareasaay 11-May-05 (SFEAG, in housa check Oct -07) Ir1 Pause chsck: Mow-0E

Fowar sarsar HF 84874 3313A09450 DB-Jan-02 (SFEAG, In housa chack Ot -07) N hougs chasi: Now-08

Mabwork Analyzer HP B7B3IE US37F0GEE 1800t [SPEAG, in housa cheok Oct-0F) In hause chaok: Mowda

RF genersbar E44338 MY 41310381 23-Kov-04 [SPEAG, in house chieck Dal-07) In hause chegk: Mow-08
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Refarencasz

11

AMNSI-CE3,19-2006
American Mational Standard for Metheds of Measuremant of Compatibildly between Wiraleas
Communications Devices and Hearing Alds,

Methods Applied and Interpretation of Parameters:

Coordinafe Systemn; y-axis is in the diraction of the dipole arms. z-axls Is from the basks of the anenna
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 fop edge of the dipole arms,

Measurement Conditions: Further detalls are avallable frem the hardeeples al the end of the cerificate. All
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.

Antanna FPositioming: The dipols is mourted on &8 HAC Test Arch phantom using the matching dipole
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 iz ingtalled on the HAC dipole positioner with ita arma parsllel below the dielectric 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.

E- figld cistribulian: E lield 15 meaasuered in the X-¢-plang with an isoiropc ERID-Neld prooe 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-figld aistribetion: 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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HET CoLLTD,

Report No.: HCT-SAR08-0701 FCCID: PP4ECHO Date of Issue: July 3, 2008
1 Measurement Conditions
DASY aystem configuration, as far as not given an page 1
DASY Version DASY4 V.7 B
DASY PP Varsion 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 { 48.7 + 5.6 ) 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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1.3 Measurement Sheets

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

Test Laboralony: SPEAG Lab 2
DUT: HAC-Ddpole 835 MHz; Type: D835V3; Serial: 1024

Commumcation Sysiem: CW: ["n."l.]ucm.' v B35 MHe; D',II;:.' f,::.u;h;!; 1:1

Medium parametees used: a = 0 mbodm, &= 10 p=1 ko'
Phontom secteon: H Dipole Sectien
Measurement Standarch: DASY {High Precision Assessment)
DASY 4 Configuration:

+  Probe: HIDW6 - SNGES; Calibrated: 30123007

= Sensor-Surface: (Fix Surfoce)
s  Blecironics: DAED Sn781; Calthrgesd; 02, 1002007

Dade Time: 11.03.2008 k3120

#  Phantom: HAC Test Arch with Coil; Type: ST HAC PO BA; Senal: 1070
= Messorement 5W; DASYS, VAT Build 61; Postprocessing 5W: SEMCAL, V1.8 Build 1746

H Scan - Sensor Center Hhmm above CDS35 DipoleHearing Ald Compatibility Test (41x361x1)2

Measurement grid: dx=Smm, dy=S%mm

Maximum value of peak Total field = 0445 Adm
Profe Modulation Factor = 100

Drevice Reference Point: Chodd, (o000, 3547 mm
Refarence Value = 0,473 Adm: Power Drift = 0003 dB
Hearing Aid Mear-Field Category: M4 (AWF 0 dB)

Feak H-fiedd in Adm

Gl Girid 2 Girid 3
BAThH X% 0362
Ml M4 Mid
Crnd A Gnid 3 Grid &
424 0845 Dale
M4 M4 M4
Girkd 7 Gind # Grid &
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M4 M M
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3433 DASY4 E-Field result

Test Laboratory: SFEAG Lab 2

DUT: HAC-Dipole 835 MHz; Type: DEISY3: Serial: 1024

Communicaiion System: CW Frequency: 835 MHz; Dty Cycle: 110

Medium parameters used: a = 0 mbhodm, g, = |; po= L0 hg,"m'

Phantom section; E Dipele Section

Mensurement Standord; DASY 4 {High Precizion Asscssment)

D454 Configuraiion:

®=  Probe: ERADIDVE - SM2336; ConvF( 1, 1, 1% Colibrated: 30, 12,2007

®  Sapspr-Swrface: (Fix Burface )

«  Blecronics: DAE4 SnT81; Calibraned: 02, 10 3007
= Fhamtom: HAC Test Arch with Coil; Type: 30 HAC PO1 BA: Samal: 1050
= Memsurement 5W; DASY Y, V4.7 Build 61; Pestprocessing SW ! SEMCAD, V.8 Build 176

DratexTime: 11032008 17:04:34

E Scan - Sensor Center 1mm above CD835 Dipole/Hearing Abd Compatibility Test (41x361x0):

Measurement grid: ds=%mm, dy=Stnm

Mz value of peak Totul field = 1604 ¥/m

Probe Modulation Factor = 100

Drevice Beberence Point: U000, 00000, 2547 mm
Reference YWalee = 103.1 Wim: Power Drift = 00022 dB
Hearing Aid Near-Field Category: M4 (AWF 0 dii}

Peak E-field in ¥ifm
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[CALIBRATION CERTIFICATE

Otgect CD1830V3 - SN: 1019

QA CAL-20.v4
Calibration procedurs for dipolas in air

Calibration procedura(s)

Calibration date:; March 11, 2008

Cardition of the calibested itam | In Tolerance

This cabbration cerilicata dacurmens e traceanility 1o national standards, whach raalize the physacal units of maasaements: (5]
Al caibrationes hava baan conduciad in tha closed Ieceatany 1acility; snvironmis ampershina (22 + 370 and humisng < 70%

Calibration Equipment used (MATE aritical for calibration))

Prifmary Standands D# Cal Date {Calinrated by, Corlilicaba Ma. | Scheduled Cabbration

Powar mator EPMEd2EA GRATARGTOL 04=-0at-07 METAS, No. 217-00736) Oot-08

Powar sarear HP 4814 USATZa2Tia 0d-0ct-07 METAS, No. 217-00738) Crot 08

Probs ERADVE Sh: ZA36 1-Dec-0T (SPEAG, Mo, ERI-2350_Dec(T) Dec-D

Probe H30DWE Sh: BOBE 21-Dec-07 (SPEAG. Mo, H3-B08E_-DaolT) Doc-D8

DAE4 SH: Tat 2-DcA-07 {SPEAG. Na. DAEA-TE1_DealT) Cct-08

Sacorclary Stardards i e Cheack Date (in houwss| Scheduled Check

Porwar maater EPbd41 98 GEAZ401 91 11 =hbay-08 (SPEAG, I house choeck Oct-07) In housa chack: Mow)E

Powear sarsar HP B4E2A, USATZas5ET 11-hay-05 (SFEAG, in houes check Oet-07) I houes check: Mow-DE

Prrwsar farcaar HP BEE2H A 1HAIAS]D Of-Jan-02 (SPEAG, in housa chack Oct.O7) In housa chack; Now-08

Matenrk Analyzer HP 8753E UESarsnseg 148-0ct-01 (SPEAG, in house chedk Oct-07) I housa chaok: Mow-05

AF genessser E44230 Y 41310 22-Nav-04 (SPEAG, inhouse check OctH07) In house chack: Mow-09
Mama Furgtion Signatura

Calibratad by: Iia Malll Labometary Technizian 3

Bpproved by Fim Beeball

Technizal Diraptor 7" y{gﬂﬂr 4/ f,.ﬁ

|sswad: March 12, 2008

This calibration cestificate shall ol be reproduced axcepl in full withow wediten appecval of fha laboratony.
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References

11 AMSI-CES. 18-2006
American Mational Standard for Methods of Measurement of Compalibility between Wiraless
Communications Devicas and Hearing Aids.

Methods Applied and Interpretation of Parameters.
*  Cpordingle System: y-axks 15 n tha direction of the dipole arms. 2-axis is from the basis of the antenna
(mounted an tha tabla) towards its fead point batwaen the two dipale arms, ¥-axis is normal o the other
axes. In coincidence with standard [1], the messurement planes {probe sensor center) ane selectad 1o
be al & distance of 10 mm above the top edge of the dipole arms.

+»  Measurament Conditions: Further detalls are available fram the kardcoples al the end of the cardificate.
All figures stated in the cerfificate are valid at the frequancy indicated, The forward power 1o the dipole
connector Is set with a calibrated power meter connected and meonitored with an auxiliary power meler
conmactad 1o a directional couplar, While the dipals undar tast is connactad, the farward power is
adjusted o the same level,

«  Anterna Positioning: The dipole is mountad on 8 HAG Test Arch phantom wsing the matching dipole
positioner with the arms horizontal and the feeding cable coming from the floor, The measuramanis ara
performed In & shiglded reom with abscrbers around the setup to reduce the reflactions,

It ks werified before the mounting of the dipole under the Test Arch phantorn, that ts arms are perfeclly
in alime, It s installed on the HAC dipale positionor with iis arms parallel below the dislactric relarance
wire and able o move efastically in vertical direction without changing its relative position to the top
canter of the Test Arch phantom, The vertical distance to the probe i adjusted after dipole mounting
wilth a DASY4 Surface Check job. Before the measurament, the distanca belween phantom surace and
probe tip is veritied. Tha propar maasuremenl distance = selacled by choosing tha matching section of
the HAGC Test Arch phantorm with the proper devica reference paint (uppar surface of the dipole} and the
maichéng grid reference point (tip of the probe) considering the probe senser offset. The vertical
distance to the probe is essential for the accuracy.

«  Fead Pomd impadance ahd Raturm Loss: Thase paramaters arg measunsd using a HP 8753E Vactor
Matwork Analyzer. The impedancs is specifiad at the SMA connactar of 1ha dipale. The influancs of
reflections was eliminating by applying the averaging function while moving the dipoda in the air, at least
Flcm away fram any obatacies.

v E-fiefd distibution: E field is measured in the x-y-plane with an isoiropic ERAD-field probe with 100 my
forward power 1o the anlenna laed poinl. In accordanca with [1], the scan area is 20mm wide, its langth
exceads the dipole arm length (180 or 80mmy). The sensor cemter is 10 mm [in z) above 1ha top of the
dipale arms. Two 30 maxima are avallable near the end of the dipole arms. Assuming the dipola ams
are perfactly in ona line, the avarage of these iwe maxima (In subgrid 2 and subgrid B) Is determined o
compensate for any non-parallelity to the measurement plane as wall as the sensor displacement. Tha
E-field value stated as calibration value raprasents tha maximum of the interpalated 30-E-Kald, 10mm
above the dipele surface.

s H-fieid distibution: H-lield is measurad with an isolropic H-field prooe with 100mwW forward power 1o the
amtenns feed point, in the =-y-plane. The scan area and sensor distance is equivalant ta the E-field
scan. The maximum of the fiekd is available af the center (subgrid 5) above the feed point. The H-fiekd
value stated ae calibration valua reprasents the maximum of the interpolated H-fleld, 10mm above the
dipole surface at the feed point.
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1. Measurement Conditions
DASY syatem conliguration, &s 1ar as nat givan on pags 1.

DASY Version DASYY V4.7 Ba1

DASY PP Version SEMCAD V1.8 B178
Phantom HAC Test Arch 30 HAC P BA, 1070 |
Distance Dipole Top - Probe Center 10 mm

Sean reselution cx, dy = 5 mm area =20 x 20 mm
Freguency 1880 MHz + 1 MHz

Forward power al dipole connector 2000 dBm = 100mW

Input power drift =< 0.05 dB

2. Maximum Fleld values

H-field 10 mm above dipole surface condition Interpolated maximum
Maximum measured 100 mW forward power 0,469 Afm
Uncertainty for H-field measuremant: B.2% (k=2)

E-field 10 mm above dipole surface candition -h-';tarpnlal:ed ImMaxinmLm
Mairnisim measured above high end 100 mW forward power 141.5 Wim
Maximum meaasured above low end 100 mWY forward powear 138.0 Wi
Avaraged maximum above arm 100 mW forward power 140.3 Wim
Uneertainty for E-fighd measurameant: 12.8% (k=2}
3. Appendix
3.1 Antenna Parameters
Froquency Aeturn Loss Impedance
1710 MHz 22,7 8 {50.7 + [7.4 ) Ohm
1880 MHz 209 dB (48.4 + ]8.7 ) Ohm
1800 MHz 21.0d48 [ 50.7 + j9.0 ) Ohm
| 1950 MHz 25.8 dB {§3.7 + j3.8 ) Ohm
2000 MHz 256 d8 [ 6.3 + j2.4) Ohm

9.2 Antenna Design and Handling

The callbration dipole has a symmetric geomeatny with a built-in twao stub maltching network, which kbads o tha
enhanced bandwidth.

The dipobe |z Duilt of standard seminigid coaxial cabla. The imtemal matching line is opan endad. The antenna i
therefore open for DO signals.

Do net apply farca to dipole arms, as they ara liable to bend. The scidered connections near the feedpoint may
be damaged. After excessive mechanical sirass or ovarheating, check the Impedance characieristics o ensure
that the internzl matching network is not affecied.

After long term uae with 40W radiated power, only & slight warming of the dipole near the feedpoint can be
measured.
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3.3 Measuramenl Sheets
3.3.1 Return Loss and Smith Chart
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3.3.2 DASY4 H-Field Result
DatesTime: 11032008 14:25:06
Test Laborstory: SPEAG Lab 2
DUT: HAC Dipobe EEE0 MHz; Type: CDOISSY; Serial: 1019
Communicistion S}b:-,w:ln: W I':r|.'|.|l:||.'1||::.r: IRBO M Hz; Duty Cycle: 130
ediem parameters used: @ = 0 mho'm, £, = I; p= 1 kaim’
Fhamom section: H Dipole Section
Mensurement Sandand: DASY A (High Precizion Assessmsnt)

DASY A Conliguration:
& Prohe: H3IDVG - EN6D63; Calibroted: 31.12.2007

®  Sensor-Surface: (Fix Surface)

& Electronics: DAES SnTEL; Calibeated: 02.10.2007

. Phangom: HaC Test Arch with Coal: 'I';.'rn:' S0 HAC POR BA: Seraal: 1070

= Measurement SW: DASYS, V4.7 Build 61; Postprocessing SW: SEMCAD, V1.8 Build 176

E Scan - Sensor Center 10mm above CINES0Y 3 DipoleiHearing Ald Compatibility Test (4Ixi81x1)
Messuremenl grid: de=5mm, dy=5mm

Belnximuen value of peak Total ficld = 0469 Afm

Probe Modulation Factor = 1K

Device Referance Foint: 0,000, 0000, 3547 nim

Reference Valwe = 0486 Al Power Deift = 0.010 B

Hearing Ald Mear-Field Category: M2 (AWF 0 dB)

Peak H-fald in Afm

Cirick 1 Cird 2 Cirnd 3
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3.3.2 DASY4 E-Field Result

Test Laboratory: SPEAG Lab 2

DUT: HAC Dipole 1880 MHz: Type: CINBRIY3; Serial: 1019
Communication Systen: CW; Froquency: |80 MHz; Duty Cycle: 1:1
Medivm parsmeters used: o =1} mhodm, & = | p= 100} lcg."m'
Phuntom section; E Dipele Section

Measuremeni Standasd: DASY 4 (High Precision Assessment)
DASY S Conhigurmiion:

Probe: ERIOVE - SM2336: CoanvEi 1L 1, 1 Calibrsted: 31, 123817
Sensor-Surface: (Fix Surface)

Electronics: DAE4 SnTh1: Calibrabed: 02, 102007

Phantam: HAC Test Arch with Coil; Type: 502 HAC POI BA: Sedals 1070

PrateTime: 11032008 17:37:34

Measurement 3W: DASYS, V4.7 Build 61 Postprocessing SW: SEMCAD, V1 8 Buikl 176

E Scan - Sersor Center T0om above CIIS30Y 3 DipaleHearing Aid Compatibility Test (41x1850x1):
Measurement grid! du=5mm. dy=5mm

Maximum vakue of peak Toetal fickd = 141.5 Vim
Frobe Modulation Factor = 1.00

Device Reference Poimt: Q000 000, 354.7 mam
Eelerence Value = 1394 Vimg Power Deifi = 0,007 dB
Hearing Ajd Mear-Field Category: M2 (AWEF 0 dB)

Peak E-ficld in ¥im
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