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Calibration procedure(s) QA CAL-06.v25

Calibration procedure for the data acquisition electronics (DAE)

Calibration date: September 11, 2012

This calibration cerificate documents the traceability to national standards, which realize the physical units of measuremenis (S1).
The measurements and the uncerainties with confidence probability are given on the fallowing pages and are part of the certificale,

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 £ 3)°C and humidity < 70%,

Calibration Equipment used (MATE critical for calibration)

Primary Standards ID# Cal Date (Certificate Mo.) Scheduled Calibration
Keithley Mullimeter Type 2001 SM: 0B10278 28-5ep-11 (Mp:11450) Sep-12
| Secondary Standards 1= __ Check Date (in house) _Scheduled Check
Calibrator Box W21 SE UWS 053 AA 1001 05-Jan-12 (in house check) In house check: Jan-13
Mame Funclion Signalure

Calibrated by: Dominique Sleffen Technician m

Approved by: Fin Bomholt R&D Director \ U
Y.V

Issued: September 11, 2012

| This calibration certificate shall not be reproduced except in full without writlen approval of the laboralory.

Cerlificate Mo: DAE4-358_Sep12 Page 10of 5



Schweizerischar Kalibrierdignst
Service suisse délatonnage
Sorvizlo svizrare di taratura
Swiss Calibration Service

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughaussirasse 43, 004 Zurich, Switzerland

Accredited by the Swiss Accreditaton Service (SAS) Accredilation No.. SCS 108
The Swiss Accreditalion Sorvice {8 ana of the slgnatories to the EA
Multitateral Agreement for Lhe recognilion of calibration certificates

Glossary

CAE data acquisition electronics

Connector angle  information used in DASY system to align probe sensor X to the robot
coordinate system.

Methods Applied and Interpretation of Parameters
» D Volfage Measurement. Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds to the full scale range of the volimeter in the respective range.

+ Conneclor angle: The angle of the connector is assessed measuring the angle
mechanically by a too! inserted. Uncertainty is not required.

+ The following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

« DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurement.

»  Common mode sensitivity: Influence of a positive or negative common mode voltage on
the differential measurement.

»  Channel separation. Infiuence of a voltage on the neighbor channels not subject to an
input voitage.

s AD Converter Values with inpuls shorled: Values on the internal AD converter
comresponding 1o zero input voltage

o Input Offsst Measurement. Output voltage and statistical results over a large number of
ZerQ voltage measurements.

« Input Offset Current; Typical value for information; Maximum channe! input offset
current, not considering the input resistance.

o Input resistance; Typical value for information: DAE input resistance at the connector,
during internal auto-zercing and during measurement.

s Low Batlery Alarm Voltags. Typical value for information. Below this voltage, a battery
alarm signal is generated.

» Power consumpiion: Typical value for information. Supply currents in various operating
modes,

Cedificale Mo: DAE4-358_Sepi12 Page 2 of 5



DC Voltage Measurement
AD - Converter Resolution nominal

High Range:
Low Range:

PLSE =
tLSB =

B.1uY,
Biny

full range =
full rangem =

100 .+300 mYy
-1+ 2mY
OASY measurement parameters: Auto Zero Time: 3 sec; Measuring lime: 3 sec

Calibration Factors

X

Y

Z

High Rang#

404.152 = 0.1% (k=2)

402.803 £ 0.1% {(k=2)

403.662 + 0.1% (k=2)

Low Range

384011 + 0.7% (k=2)

396985 £ 0.7% (k=2)

304913 1 0.7% {k=2)

Connector Angle

Connector Angle to be used in DASY syslem

SV T

Cenificata No; DAE4-358 Sep12
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Appendix

1. DC Voltage Linearity

High Range Reading (pV) Difference (pV) Error %)
Channel ¥ + Input 199933.45 -3.10 100
Channel X+ Input "~ 20004.27 462 002 |
Channel X = lrput -19995 52 587 003
Channeal ¥ + Input 150998 64 1.65 0.00
Chanmnel Y + Input 2000130 1.68 Q.01 ]
Channel¥ - Input 20004 55 0.23 000
Channal Z + Inpiiy 198996 91 0.31 0.00
ChannelZ  +Input 9000152 1.95 001
Channel £ - Input -21)00]:1_!3 0.31 -0.00
Low Range Reading {pV) Differance {pV) Error (%)
Channal X + [nput 1999.92 0186 0.01
ChannetX  +tnput 201,49 1.19 0.59
Channe! X - Input -108.68 1.00 .50
ChannelY  +Input 1999.36 T 0.4 002
Channel ¥ +input 199.54 0.81 om
Channel Y - Input 201.27 .62 T 081
Channgl Z + Input 1‘999.51 003 -0.00
Channel 2 + Input 200,05 011 .05
Channel 2 - Input -199.80 014 oy
2. Common mode sensitivity
DASY measuremant parameders: Auto Zero Time: 3 sec; Measurning time: 3 sec
Common mode High Ranga Low Range
Input Voltage (mV) Average Reading {pV) Avarage Reading {pV)
Channel X 200 433 715
- 200 ) -5.37 —6._&_-?:_ ]
Channal ¥ 200 -5.70 554
- 200 2.55 2.71
Channel Z 200 11.88 11.79
h - 200 12,64 12.89

3. Channel separation
DASY measurement pacameders: Auto Zero Time: 3 sec; Measuring time: 3 sec

Input Voltage {m¥)

Channel X (1Y)

Channel ¥ [pV)

Channe! Z (pV)

Channel X

200 -3.39 203
Channel ¥ 200 7.88 - -1.01 N
Channel Z 200 6.63 474

Cerdificate do: DAEA-358_Sepi?
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4, AD-Converter Values with inputs shorted

DASY measurement parameters: Auto Zero Time: 3 se¢; Measuring lime: 3 sec

High Range (LSB) Low Ranga [LS8)
Channel X - oz | 15634
E{a nne! Y 16126 15607
Channel Z 15853 13766

5. Input Offset Measurement
CASY measurement parameters: Aulo Zerd Time: 2 sec; Moasuring lime; 3 sed

Input 10,0
Average (pV) min. CHset (pV) | max. Offset {p¥} Std. I;:l::;ahun
Channel X 1.57 0.26 2.4 0.41
Channel ¥ -1.28 =212 014 037
Channel 2 0.57 025 220 044
6. Input Offset Current
Hominal fnput circuitry offset current on all channels: =25fA
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring {(MChm)
Channel X 200 200
Channel ¥ 200 200
Channal Z 2010 200
8. Low Battery Alarm Voltage (Typical values for information} .
Typical values Alarm Level {VDC}
Jupply (+ Vee) +7.9
Supply (- Vee) -7.B
2. Power Consumption {Tyoical values lor information} .
Typical values Switched off (mA) | Stand by {mA] Transmitting (mA)
Supply {+ Vee) +0.01 +6 +14
Supply (- Vcc) 0.0 5 -0

Cadificate No: DAE4-3583_Sep12
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of R
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Accrediled by the Swiss Accreditation Service {SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration certificates

Client Intertek

Schwaelzarischer Kalibrierdienst
Sarvice suisse d'é#lalonnage
Sarvizio svizzero di laratura
Swiss Calibration Service

Accreditation No.: SCS 108

Certificate No: ER3-2216_Sep12

Object

Calibration procedure(s)

CALIBRATION CERTIFICATE

ER3DV4R - SN:2216

QA CAL-02.v6, QA CAL-25.v4

Catibration date:

Calibration procedure for E-field probes optimized for close near field

evaluations in air

September 21, 2012

Calibralion Equipment used (M&TE crifical for calibration)

This caltwation cerificate documents the traceability fo national standards, which realize the physical units of measurements (S1)
The measuremanis and the uncerainties with confidence probability are given on the following pages and are part of the cerificate.

All calibrations have been conducted in the closed laboratory facility: envirenment temperatura (22 £ 3)°C and humidity < 70%.

Quality Manager /

This calibralion certificale shall not be reproduced except in full withoul written appraval of the laboratory,

Issued: September 21, 2012

Primary Standards D Cal Date (Cerdificate MNa ) Schedufed Calibration
Power meter E44198 GB41293874 28-Mar-12 (Mo, 217-01508) Ape-13
Power sensor E44124 MYA4 1498087 | 28-Mar-12 (No. 217-01508) Apr-13 1
Reference 3 dB Allenualor Sh: 55054 (3o) 27-Mar-12 (Mo, 217-01531) Apr-13
Relerence 20 dB Attenuator S 35086 (208) - 27-Mar-12 (Mo, 217-01529) | Apr-13
Reference 30 dB Atlenuator | SN: $5129 (30h) 27-Mar12 (No. 21701532) | Apr13
Reference Probe ERIDVE SM: 2328 11-Cct-11 (Mo, ER3-2328_0ct11) Oct-12
DAEA SN 789 18-Sep-12 (No. DAE4-789_Sep12) Sep-13
Secondary Standards 10 Check Date [in housa) Scheduled Check T
RF generator HP BE48C LI53642U01700 4-Aug-32 [in house check Apr-11} _In house check: Apr-13
Metwork Analyzer HP BT53E US37390585 18-0kct-01 (in house check Ocl-11) In housa check: Oct-12
Mame Function Signalure
Calitbeated by Kalja Pokovic Technical Manager z a; ;
e
)/

Approved by Nigls Kuster @_“

| )
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Glossary:

NORMx vz sensitivity in free space

ocp dicde compression paoinl

CF crest factor {1fduty_cycle) of the RF signal

ABC modulation dependent lingarizalion parameters

Polarization p w rotalion around probe axis

Palarization 3 S rotalion argund an axis thal is in the plane normal lo probe axis {at measuremenlt cantar),
re, 3 = 0is normal to probe axis

Connector Angle informalion used in DASY syslem to align probe sensor X to the robat coordinate system

Calibration is Performed According to the Following Standards:

aj

b}

|EEE Sid 1309-2005, * IEEE Standard for calibration of electromagnelic Tield sensors and probes, excluding
antennas, lrom 8 kHz o 40 GHz", December 2005
CTIA Test Plan for Hearing Aid Campatibalily, April 2010,

Methads Applied and Interpretation of Parameters:

*

NORM:x .2 Assessed for E-ligld polartzation 3 = 0 for XY sensors and 3 = 90 far Z sensor (F < 900 MHz in
TEM-cell, f = 1800 MHz: R22 waveguide).

NORMAxy.z = NORMxy.z * frequency_response [see Frequency Response Chart),

LDCPx v, z: DUP are numerical linearizalion paramelers assessed based on the data of power sweap with CW
signal (no uncertainty required). DEP daes not depend on frequancy nor mediz.

FAR: PAR is the Peak to Average Ralia that is nol cafibraled but determined based on the signal
characteristics

Axy.z Biyz Cx vz VRxypz: 4, B, Care numerical ingsrization paramelers assessed based on the data of
power sweep for specilic modutalion signal. The parameters do not depend on frequency nor media. VR is the
maximurn calibration range expressed in RMS voltage across the dinde.

Sphenical isolropy {30 daviation from isotropy): in a locally homogeneous field realized using an open
waveguide setup.

Sensar Offset: The sensor offsel cormesponds o the offset of virual measuremanl center from Lhe probe tip
{on probe axis). Mo lolerance required,

Connactor Angle: The angle is assessed using the irformatian gained by detarmining the NORMk (no
uncedainly requirad).

Caonificate Mo: ER3-2216_5Sep12 Page 2 of 10



ERIOVAR — SM:221E September 21, 2012

Probe ER3DV4R

SN:2216

Manufactured: December 1, 1997
Calibrated: September 21, 2012

Calibrated for DASY/EASY Systems

{Mote: non-compatible wilh DASYZ system!}

Cerificate No: ER3-2216 Sepi12 Fage 3of 10



ER3IDW4R- SM:2218 September 21, 2012

DASY/EASY - Parameters of Probe: ER3DV4R - SN:2216

Basic Calibration Parameters

_ Sonsor X Sansor ¥  SenserZ Unc {k=2) |
MNorm {pvivim)®y 2.50 2.90 478 +10.1 %
DCP {mv)° 101.1 §7.8 97.7

Modulation Calibration Parameters

E

UiD Communication System Name PAR A B | ¢ VR Unc

o 48 4B dB my (k=2)

0 oW ) oo [ x| ooo 0.00 100 | 2064 | A4
Y| 040 .00 100 | 22541

2 0.00 0.00 1.00 199.0 K

10011 | UMTS-FOD (WCDMA} 1291 [ x [ 31 666 | 187 | 1230 | 17 %
Y | 336 67.5 194 | 140.2
N o 2| 3z 66.3 18.6 i18.5

10021 | GSM-FDD (TDMA, GASK) 240 | x | 2268 993 | 294 1025 | +35%
| ¥ | 2391 908 31.0 93.1
| o 2 | 2574 95.9 06 1161

10039 | COMAZOOD {xRTT, RG1) ) 457 | x| 454 6.7 194 | 1223 | +30%
Y 489 67.7 | 2041 1431
z 4.72 BE&.7 19.5 1186

[ tous1 CDMAZ000 {1xRTT, RC3} 388 [ x [ ave 660 | 189 | 1212 | *19%
Ty | 395 £6.4 193 | 1388
] 2 | 3m 66.1 12.1 114.0

10276 | CDMAZODD (1RTT, RCT, /8 Rale} 1297 | x [ 673 62.3 246 | E11 | #5.2%
] ' ¥ | 725 | 87 | 217 | €37

i . 2 9.27 74.9 2B.0 535 ]

The reported uncertainty of measurement is stated as the standard un:::ertain-t;of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 85%.

f Mumerical inesrizalicn paraneter: unceilainty not required.
Ungeriainly is determned us:ng fne max davialkon from lingar response applyng rectanguiar distibution and is oxpressed for Iha squara of the
ficld vatua.

Cendificate Mot ER3-2216 Sepil Fage 4 of 10




ER30DV4R- SM:2216 Seplember 21, 2012

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

T e m— L P— T—. | IRTER. e —

o 1 (RO PR ....................... SO . ........ oo bt croce e ......

Frequency response (normalized)
I

ﬁ_?_f_ .............. .h ...................... .................... T ....................... ......
74 PGSR SOV - S - S0 SN . WU . W

D_ﬂ__:lllillllilll;Illlilllgll;lgl

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

Cerlificate Mo: ER3-2216_Sep12 Page 5 of 10



ER3IDV4AR- SM:2216 Seplember 21, 2012

Receiving Pattern (¢), 9 = 0°

f=600 MHz, TEM,0° =2500 MHz,R22,0°
i rl g ?r D‘J. 04 oe D8 P k| . . $ T:I: _ba & oA e
. # : & .' o g :
Tol X ¥ 2 Tk X ¥ F

Receiving Pattern (¢), 9 = 90°

=600 MHz, TEM,90° f=2500 MHz,R22,90°
[ 1 ;. i
L 0 a 0a & o4 ] q O b2 o4 498 08 ':.j
1 ¢
\ ' ‘
L] = L] L ] 0 = L] L]
Tot b ¥ z Tot X ¥ z

Cerlificate No: ER3-2216_Sep12 Page 6 of 10



ERIDVAR- SN-2216 Seplember 21, 2012

Receiving Pattern (¢), 9 = 0°

W N IR T

Error [dE]
|. ’
i)
chln
L
i

I: v | : : i
-150 - i]CI{I -'SII'J LIF ""-Ifl 100 l%[l
Fall [*]

1|f|iﬁ‘-%?-|z Elf!fl%fl—lz tBMEF.!Hz 250 : | g

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

Receiving Pattern (¢), 9 = 90°

figalia .. pE b A e g R Ly {

.........................................

o ﬂ-:é...ﬂ... ® .._._ —— ?.4—;—?-\&;117:;:_4:#;.._:'.,.‘...‘....‘. — i "!-H“l‘"ﬂ“'ﬂ'“*'-m'- -——

Error [dE)]

IS USRS RSN SRRSO
_I L | E S 1 =9 i I L1 |- L1 1 L4 1 1
|
1%0 =100 A0 el ‘-'_I_ 100 160

1O Mz BCORHz 1800 MHz 2500 W=z

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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ERIDV4R- SN:2216

Input Signal [uv]

Cerlificate Mo: ER3-2216_Sepi2

Dynamic Range f(E-field)
(TEM cell , f = 900 MHz)

Seplember 21, 2012

1D‘|_

105_

1[]5-_ ............._.......E.....E....:.

10

10° 10' 10°
E total [Vim]
_¢ | o]
not compensated compensated

2

1-
L N o i S L
= i s s s g

4=

100 1o 102

E total [W/fim]
_* | Le|

net compensated compensated

Uncertainty of Linearity Assessment:  0.6% (k=2)
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ER3DV4R- SN:2216 September 21, 2012

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

ation

-0 -08 -08 -04 -02 00 02 04 06 08 10

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

Certificate Mo: ER3-2216_Sepi2 FPage 2 of 10



ERIDVAR.-- SM:2216 Seplember 21, 2012

DASY/EASY - Parameters of Probe: ER3DV4R - SN:2216

Other Prabe Parameters

[ Sensar Arrangement Rectang ular
Conneglor Angle (°) o o R TN
| Mechanical Surace Deteclion Mode ) - enabled
Oplical Surface Detection Mode B a disabled
Probe Overall Length ) o ’ . 337 mm
Probie Body Diameter ) S T {0 mm |
Tip Length ) ) 15 mm
Tip Ciameter ) ST B mm
Prabe Tip to Sensor X Calibration Point ) C 25mm |
Probe Tip to Sensar ¥ Galibration Paint o 25mm
Ijrobe Tip to Sensor Z Calibration Point ; T TrnmlI

Cerificale Mo: ER3-2216_Sep12? Fage 10 af 10



Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

i
S,

i
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C Service suisse d'étalonnage
Servizio svizzero di taratura

o Swiss Calibralion Service
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)

Accrediled by the Swiss Accreditation Service [SAS) Accreditation No.: SCS 108
The Swiss Accredilation Service is one of the signataries to the EA

Multilateral Agreement for Lhe recognition of calibration certificates

Intertek Certificate No: H3-6220_Sep12

Client

5 Schweizerischer Kalibrierdienst

Object H3DV6 - SN:6220

QA CAL-03.v6, QA CAL-25.v4
Calibration procedure for H-field probes optimized for close near field
evaluations in air

Calibration procedure(s)

Cafibralion dale:

‘September 21, 2012

This calibration cedificate documents the traceabifty to national standards, which realize the physical units of measurements {51,
The measurements and the uncerainties with confidence probability are given on the following pages and are part of the cedificale.

All calibrations have been conducted in the closad laboratary facility: environment temperature (22 + 3)°C and humidity < 707

Calibration Equipment used (M&TE critical for calibration)

CALIBRATION CERTIFICATE |'

This calibration certificate shall not be reproduced except in full without written approval of the laboratony

lssued: Seplember 21, 2012

Primary Standards 1o Cal Date (Certificate Mo ) Scheduled Calibration
Power meter E44 198 GBA1283874 20-Mar-12 (Mo, 217-01508) Ape-13
Power sensor E44124 MY 1498087 28:-Mar-12 (No. 217-01508) Apr-13 j
Reference 3 dB Altanuator SN: 55054 (3g) 27-Mar-12 (Mo, 217-01531) Apr-13 - ]
Reference 20 dB Atlenuator SM: 55086 (20b) 27-Mar12 (No. 217-01528) Apr-13 =
Reference 30 dB Allenuator SM: 55125 (30b) 27-War-12 (No. 217-01532) Apr-13
Reference Probe HIDVE SM: G182 11-Cct-11 (No. H3-61682_0Ocli1) Octl-12
DAE4 SN TAD 18-Sep-12 (No, DAEA-TB9_Sep12) Sep-13
Secondary Standards D Check Date {in house) Scheduled Check
_RF generator HP BE48C US3B420M 700 4-Aug-99 {in house check Apr-11) In housa check: Apr-13
Metwork Analyzer HP 8753E US37300535 18-0ct-01 (in house check Oct-11) In house check; Oct-12 |
Mame . Function Sia'la'lure |
Calibrated by Kalja Pokavic Technical Manager ”é? é{; i
f &
Appraved by Niels Kuster Quality Manager /{@) ik
] e

Certificate Mo: H3-6220_Sepi12
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Schwoizerischer Kalibrierdienst

Calibration Lahoratory of 5
C Soervice suisse d'élalennage
S

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 3004 Zurich, Switzerfand

Servizio svirzero dilarglura
Swiss Calibration Servige

Accradied by the Swess Accredilahen Senice [S5A5) Accreditation No.: SCS 108
The Swiss Accradltallon Service [s ona of the signatories lo (he EA
Multitateral Agrecment for 1he recognitlon of callbratlon certilicates

Glossary:

MNORMx, v,z sensitivity in free space

oCP diode compression paint

CF crast lactar (1duty_cycle) of he RF signal

ABC modulalian dependent lingarization parametars

Falarizalion g « rotation around probe axis

Polarizatian 5 4 ratatian araund an axis that is in the plane normal o probe axis (al measurement canter),
e, % =0is normal to probe axis

Connectar Angle information used in DASY system to align probe sensor X to lhe rabot coordinate system

Calibration s Performed According to the Following Standards:
a) |EEE Sid 1302-2005, * IEEE Slandard for calibration of eleciromagnetic field sensors and prabes, excluding
antennas, from 9 kHz to 40 GHz™, Decembier 2005.
bY CTIA Test Plan far Hearing Ald Compalibilily, April 2010.

Methods Applied and Interpretation of Parametars:
s NORMx vz Assessed for E-fisld palarization % = O for XY sansors and § = 80 for £ sensor (f < 900 MHz in
TEM-cell; f = 1800 MHz: R22 waveguide).

« X Y.ZM_alala?= XY Z_abala?* requency_response {see Freguency Respanse Chart).

s DCPxy.z OCP are numerical linearization parameters assessed based on the data of power sweep wilh CW
signal {no uncertainly reguired}). OGP does not depend on reguency nor media.

»  PAR:PAR s lhe Peak to Average Ratio that is not calibrated but delermined based an the signal
charadlerislics

s Ax 2z Bxyzr Cxyp2 VRxp2 A B Care numerical linggrizalion paramelers assessed based on the data of
power sweap for specilic medulalion signal. The parameters do not depend an frequency nor media. VYR is Ihe
maximum calibration range expressed in RMS voltage across the diode.

«  Sphercal isolrapy {30 deviation from isalropy): in 8 locally homogeneous field realized using an open
wavenuids selup.

«  Sensor Offsel: The sensor affsel corresponds o the offzel of virtual measurement center from the probe tip
[an probe a=is). Mo tolerance reguired,

¢« Cornector Angfe: The angle is assessed using he information gained by delermining the X_afataZ {no
uncertainty required).

Cerbficate Mo: H3-8220 Sepl12 Page 2 of 10



HIOWE — SMN.G220 Seplember 21, 2012

Probe H3DVG

SN:6220

Manufactured:  September 28, 2006
Calibrated: September 21, 2012

Calibrated for DASY/EASY Systems

{Mate: non-compalible with DASY2 system!)

Cerlficate Mo H3-6220_Sep12 Page 3 of 14



H3DVE— SHIG220 Teplember 21, 2012

DASY/EASY - Parameters of Probe: H3DVG6 - SN:6220

Basic Calibration Parameters

_ - Sensor ¥ Sensar¥ Senser Uneg (k=2
Narm (A/m / vVimvY) a0 | 255£-003 2 57E-GD3 2 91E-003 51 % |
Narm {A/m / VimV)) T al | -1.40E-004 -1.43E-004 -1.77E-004 +51% |
Norm (Afm / VImV)) N a2 | 165E-005 9. 2GE-006 -5.63E-005 £51%
|.DCP (mvy . 90.2 915 31.4
Modulation Calibration Parameters
uiD Communication System Name PAR A B c VR ' Unct
. |« dB dB mV {k=2)
0 Cw 000 | x| 060 | 000 | 100 | 1452 | £38%
Y | 000 0.00 1.00 145.8
o Z 0.00 0.00 1.00 148.9
10011 UMTS-FDD {WCDMA) 281 | x | 312z | 643 111 | 17E | 7%
. ¥ | 313 646 17.4 1172
. . Z 3.10 643 170 1152
10021 ‘GSM-FOD {TDMA, GMSK) 540 | X | 1207 | 744 | 248 | 1119 pidw G
N ¥ {1 12.28 75.0 26,4 104.5
. 4 14 23 78.0 266 1240
10039 CDMAZOD0 {1xRTT. RC1) 457 | x| 548 564 16 7 1236 | #14%
] v | 551 667 | 188 | 1269 |
_ _ 2 | 550 66.5 187 | 1284 .
10081 CDMA2000 {1xRTT, RC3} 396 | % 4.23 65.0 17.9 1166 | $0.9%
Y | 424 | 851 | 179 1185
i Z | 42 64.9 7.7 1204
10276 | COMAZO00 (1xRTT, RC1, 1/6 Rate) 1297 | x | a7r 6.4 23.4 684 | +35%
Y | 943 67.8 23.0 67.0
2 | 1081 £9.9 240 75.3

The reported uncertainly of measurement is stated as the standard uncertainty of meaasurement
multiplied by the coverage factor k=2, which for a narmal distribution corresponds to a coverage
probability of approximately 95%.

R Mymerical inearization paramete:s, upceftainly nol required.
Lncens' nly is delermined using the max. devialion from hnear respense appiying reclangular detnbuton and «» expressed for Lhe square of the
fiald valua.
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H3DWVE- SN:6220 September 21, 2012

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

E T TR L s s .............................
1.0 By : o sl — __‘__L_,,.a’ ................ h ______ e i e
D_g_? ..................... ....................... , .............................................. ....................... .............................

Frequency response (normalized)
T

[ 7 A [t et _ .............................................. . ..............................

0.6

0.5 0 11 1 l T 1 . | 1 i -
o 500 1000 1500 2000 2500 3000
f [MHz]

TEﬁT%l‘ ) RQ{TA"} TE@F’T} RZ%‘U’}

Uncertainty of Frequency Response of H-field: * 6.3% (k=2
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HIDWE- SN:E220 Seplember 21, 2012

Receiving Pattern (¢), 9 =0°

=600 MHz, TEM,0° f=2500 MHz,R22,0°
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Receiving Pattern (¢), 3 = 90°

=600 MHz, TEM,90° f=2500 MHz,R22,90°
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H3DVE- SN:6220

Receiving Pattern (¢), 3 = 0°

0.5-

Error [dE]
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September 21, 2012
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2}
Receiving Pattern (¢), 8 = 90°
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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HIDVE- SN:6220 Seplember 21, 2012

Dynamic Range f(H-field)

(TEM cell, f = 900 MHz)

10.'-\-_ TN WY RS AR P A I el oty it o e, Pty ooy ey o e gy et . e e

10%

10*

Input Signal [uV]

103+

107

P R 1

10° : 10/

0

H total [Alm] —
_e| (8]

net compensated compansaled

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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H30VE- SN:6220 September 21, 2012

Deviation from Isotropy in Air
Error (¢, 8), f =900 MHz

-0 -0& 08 04 02 00 D02 04 06 08 10

Uncertainty of Spherical Isotropy Assessment: 1 2.6% (k=2)
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H3IDVE- SN.6220

September 21, 2012

DASY/EASY - Parameters of Probe: H3DV6 - SN:6220

Other Probe Parameters
Sensor Arrangement o

" Rectangular

Connector Angle (%) B 1258
Mechanical Surface Detection Mode enabled
| Oplical Surface Deteclion Mode disahled
| Prabe Overall Leaglh - 337 mm
FProbe Body Diameter T 10 mm
Tip Length “20'mm
| Tip Diameter . ) T & mm
Prebe Tip to Sensor X Calibration Point 3mm
" Probe Tip to Sensar ¥ Calibration Point 3 mm
" Probe Tip to Seasor Z Calibration Paint T o 3 mm

Gerificala No: H3-6220_Sepi2
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Swiss Calibration Service

Accreditation No.: SCS 108
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Certificate No: AM1D-1047_Sep12

QA CAL-24.v3

Calibration procedure(s)

audio range

Calibration date:

Calibration Equipment used (MATE critical for calibration)

September 20, 2012

Cal Date (Cedificate No.)

CALIBRATION CERTIFICATE |

Object AMIDV2 - SN: 1047

Calibration procedure for AM1D magnetic field probes and TMFS in the

This calibration cedilicale documaents the traceability to national standards, which realize the physical units of measurements (S1).
The measurements and the uncedainties with conlidence probabifity are given on the lallowing pages and are part of the certificate.

All ealibrations have been conducted in the closed laboratory facility: envirenment temperature (22 £ 3)°C and humidity < 70%.

Scheduled Calibration

| Primary Standards 10 #

Kaithley Multimater Type 2001 SH: 0810278
Referance Probe AMIDV2 SM: 1008
DAE4 SN Fa1
Secondary Standards ID#

AMCC 1050

Mame

Calibrated by: Claudio Leubler
Approved by Katja Pokovic

28-Sap-11 (No!11450)
12-Jan-12 (No. AM1D-1008_Jani2)
29-May-12 (No, DAEA-7B1_May12)

| Check Date {in house)

Sep-12
Jan-13
May-13

Scheduled Check

12-0ct-11 {in house check Oct-11)

Funchicn
Laboratory Technician

Technical Managar

Oct-13

‘ig]n {ura

=

Issued: Seplember 20, 212

This calibration cerificale shall not be reproduced excepl in full withoul written approval of the laboratory.
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References

[1]

[2]

ANSI C63.19-2007

American National Standard for Methods of Measuremenl of Compatibility belween Wireless
Communications Devices and Hearing Aids.

DASYS5 manual, Chapter: Hearing Ald Compatibility (HAC)Y T-Coil Extension

Description of the AM1D probe

The AMID Audio Magnetic Figld Probe is a fully shielded magnetic fiald probe for the frequency
range from 100 Hz to 20 kHz. The pickup coit is compliant with the dimensional requirements of
(1]. The probe includes a symmetric low noise amplifier for the signal available at the shiglded 3
oin connector at the side. Power is supplied via the same connectar {phantom power supply) and
manitared via the LED near the connectar. The 7 pin connector at the end of the probe does not
carry any signals, but determines the angle of the sensor when mountad on the DAE. The probe
supperts mechanical deteclion of the surface.

The single sensor in the probe is arranged in a 1ilt angle allowing measurement of 3 orlhogonal
field components when rotating the probe by 120° around its axis. It is aligned with 1he
perpendicuiar component of the field, if the probe axis is 1ilted nominally 35.3° above the
measurement plane, using the connactor rotation and sensor angle stated below,

Ths probe is fully RF shielded when operated with the matching signal cable {shietded) and
afllows measwremenl of audio magnetic fields in the close vicinily of RF emitting wireless devices
according to [1] without additiona! shielding.

Handling of the item

The probe is manufactured from stainless steel. In order to maintain the performance and
calibration of the probe, it must not be opened. The probe is designed for operation in air and
shall not be exposed to humidity or liquids. For proper operalion of the surface delection and
emargency stop functions in a DASY system, the probe must be operated with the special probe
cup provided (larger diameter}.

Methods Applied and Interpretation of Parameters

Coordinata System: The AM1D probe is mounted in the DASY systemn for operation with a HAC
Test Arch phantom with AMCC Helmiboltz calibralion coil according to [2], with the lip pointing to
“southwest” orientation.

Functional Test: The funciional test preceding calitration includes test of

Noise level

RF immunity {1kHz AM modulated signal}. The shield of the probe cable must be well connected.
Frequency response varification from 100 Hz te 10 kHz.

Conneclor Rotation: The connactor at the end of the probie does not carry any signals and is used
for fixation to the DAE only. The probe is opsrated in the center of the AMCC Helmhaoltz coil using a
1 kHz magnetic field signal. lts angle is determined from the two minirmna at nominally +120° and —
120° rotation, so the sensor in the lip of the prabe is aligned to the verical plang in z-diraclion,
corresponding to the field maximum in the AMCC Helmholtz calibration cail.

Sensor Angfe: The sensor tilting in the vertical plane from the ideal vertical direction is determinad
from the two minima at nominally +120% and —120°. DASY systam uses this angle 1o align the
sensor for radial measurements 1o Lhe x and y axis in the horizontal plane.

Sensitivity: With the probe sensor aligned to the z-field in the AMCC, the output of the probe is
compared to the magnetic field in the AMCC at 1 kHz. The field in the AMCC Helmholiz coil is given
by the geometry and the current through he coil, which is monitored on the precision shuni resistor
of the coil.

Cartilicale No: AM10-1047_Sep12 Page 2 of 3



AM1D probe identification and configuration data

Itern AM1DV2 Audio Magnetic 1D Field Probe
Type No SP AM1 001 AF '
Serial No | 1047 -
_Overall lengih 296 mm
Tip diameter 6.0 mm (at thelip)
Sensor offset | 3.0 mm (centre of sensar from tip)
| Intarnal Amplifier 40 dB
Manufacturer / Qrigin Schmid & Partner Enginearing AG, Zurich, Switzertand
Manufacturing dale | September 15, 2006
Last calibration date September 15, 2011

Calibration data

Connector rotation angle  {in DASY system) 18257 +- 3.6 " {k=2)
Sensor angle {in DASY system) -0.76 ° +-0.5° (k=2)
Sensilivity at 1 kHz {in DASY system) 0.0652 V / (A/m) +H- 2.2 % (k=2)

The reported uncertainty of measurement is stated as the standard uncentainly of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Certificate No: CD1880V3-1042_Sepi2

CALIBRATION CERTIFICATE

Ohbyject

Calibration procedura(s)

Callbralion date:

CD1880V3 - SN: 1042

QA CAL-20.v6

Calibration procedure for dipoles in air

September 19, 2012

Calibraticn Equipment used (METE eritical for calibration)

This calibration cerificate documents the fraceability to national standards, which realize the physical unils of measurements (S1).
The measuremants and the uncertalnties with confidence probability are given on the following pages and are pan of tha cedificate.

All calibrations have been conducled in the closed laboratary facility: environment temperatura (22 + 3)°C and humidity < 70r.

Primary Standards 1D & Cal Date (Cartificata MNo.) Scheduled Calibration

Paowear meter EPR-4424 GBRITAB0T04 05-0ct-11 (Mo, 217-01451) Oel12

Power sensor HP B4814 LIS37282783 05-0ct-11 { No. 217-01451) Ocl-12

Probe ER3DVE SN: 2336 20.Dec-11 (Mo. ER3-2336_Dec11) Dec-12

Probe HIDVE SM: GOG5 20-Dec-11 (Mo, H3-6065_Decif) Dec-12

DAES SH: 781 20-May-12 (No. DAE4-781_May1Z) May-13

Secondary Standards 1D # Check Dale (in houza) Scheduled Chack

Fowar meter Agilenl 44198 SH; GB42420194 9-0ct-03 {in house check Ocl-11) In house check: Oct-12

Power sensor HP 8482H Sh: 3318A09450 09-0ct-08 (in house check Oct-11) In housa check: Oct-12

Power sensor HP 84B2A SN U537295597 09-0¢1-09 {in house check Ocl-11) In house check: Ocl-12

Metwaork Analyzer HP 8753E US37320585 18-0ct-01 {in house check Octl-11) In housa check: Oct-12

RF generator E44338 MY 41000675 03-Mov-04 (in house check Oct-11) In housa check: Oct-13
Mame Funclion nakire

Calibrated by: Claudio Leubler Laboratory Technician

Approved by: Katja Pokovic Technical Manager

Issued: September 20, 2012

This calibration cerificate shall nol be reproduced excepl in full without written appru'{al of the laboratorny.
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References

(1] AMSI-C63.19-2007
American National Slandard for Methods of Measurement of Compalibilily belwaen Wireless Communicalions
Devicas and Hearing Aids,

(2] ANSI-CE3.19-2011
American National Standard, Methods of Measurement of Compalibility betwesn Wireless Communications
Davices and Hearing Aids.

Methods Applied and Interpretation of Parameters:

=  Coordinale System: y-axis is in the direclion of the dipols arms. z-axis is from Ihe basis of the antenna
{mounted oh tha table) towards its feed point between the two dipale arms. X-axis is normal to the other axes.
In coincidance with the standards [1), the measurement glanes {prabe sensar center) are selected to be ata
distance of 10 mm (15 mm for [2]} above the top metal edge of the dipola arms.

«  Measwrement Conditions: Further details are available from the hardeopias at the end of 1he certificate. All
figures stated in \he cortificate are valid at the frequency indicated. The forward power lo the dipole connector
is set with a calibrated powar meter connected and monitored wilh an auxiliary power meler connected 1o a
direclional coupler. While the dipole under test is connected, the forward power is adjusted to Ihe same leva).

»  Antenng Posilioning: The dipale is mounted on a HAC Test Arch phantom using the matching dipole
positioner with the arms horizontal and the feeding cable coming from the floor. The measurements are
petfanmed in a shistded room wilh absorbers arcund the setup ta reduce the rellections.

It is verified before the mounting of the dipole under the Test Arch phantom, thatl its arms are perfeclly ina
line. It is installed on lhe HAC dipole positioner wilth its arms parallel below the dislectric reference wire and
able to move elaslically in vertical direclion wilhout changing its relative posilion to the 1op center of he Test
Arch phantom. The vertical distanca to the prabe is adjusted alter dipole mounting with & DASYS5 Surface
Check job. Before the measuremenl, the dislance belween phantom surface and probe lip is verified. The
proper measurement distance is sefacted by choosing the matching section of the HAC Test Arch phanlam
with the proper davice reference paint (upper surface of the dipole) and Ihe matching grid reference point (tip
of the probe} considering the probe sensor offset. The verticat distance to Lhe probe is essential for the
ACCUracy.

s Feed Point impedance and Relurn Loss: These parameters are measured using a HP 8753E Vector Nelwork
Analyzer. The impedance is specilied at the SMA connector of the dipole. Tha infivence of reflections was
efiminaling by applying the averaging function while moving the dipale in the air, atlgast 70cm away from any
cbslacles.

v E-fipid distribution: E field is measured in the x-y-plane wilh an isoiropic ER3D-field probe wilh 100 mW
torward powsr to the antenna feed point. In accardance with [1] and [2], the scan area is 20mm wide, its
length exceads the dipole arm length (180 or 90mm). The sensor center is 10 mm (15 mm for [2]) {in z) above
the melal top of Ihe dipole arms. Two 30 maxima are available near the end of the dipale arms. Assuming lhe
dipole arms are perfeclly in gne line, the average of these two maxima (in subgrid 2 and subgrid 8) is
delermined 1o compensate for any non-parallelity 1o the measurement plane as well as the sensor
displacement. The E-lield value slated as calibration value represents the maximum of the interpotated 30-E-
field, in the plans above he dipole surface,

s H-figld distribulion: H-lisld is measurad with an isolropic H-field probe with 100mW lorward power to the
antenna feed poinl, in the x-y-plane. The scan area and sensor distance is equivalent to the E-field scan. The
maximum of the fisld is available at the cenler {subgrid ) above the feed point, The H-field value stated as
calibration value represents the maximom of \he interpolated H-field, 10mm above the dipole sudaca at the
feed poinl.

The reported urcertainty of measurement is stated as the standard uncertainty of measurement multiplied by the
covarage factor k=2, which for a narmal distribution corresponds 1o a coverage probability of approximately 95%.
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Measurement Conditions

DASY syslem configuralion, as far as nol given an page 1.

CASY Version

DASYS

vE2.8.2

Extrapotation

Advanced Extrapolation

Phantam HAC Test Arch
Distance Dipole Top - Probe 10mm
Center 15mm
Scan resolution dx, dy = 5 mm

Frequency 1880 MHz + 1 MHz
Input power drift < (.05 dB
Maximum Field values at 1880 MHz
H-field 10 mm akove dipele surface congiion interpolated maximum

Maximum measured

HH) MW inpol power

0.464 At m £ 8.2 % (k=2})

Maximum measured above low end

E-field 10 mm above dipole surface condilion Interpolated maximum
Maximum measured above high end 100 m¥¥ inpul power 132.6 V/m
100 MW inpul power 1383 /m

Averaged maximum above arm

1) VY inpul power

138.9V/im£12.8 % (k=2)

Maximum measured above low end

E-field 15 mm above dipole surface condilion Interpalated maximum
Maximurn measured above high end 100 mW inpul power N.3Vim
100 mW input power BENIm

Averagad maximum above anm

100 m¥Y inpul power

90.0 V/m = 12,8 % (k=2}

Cadificale No: CD1880W3-1042_Sep12
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Appendix

Antenna Parameters

Frequency Return Loss Impedance

1730 MHz 233 dB 504 0 + 6.8 |02
1880 MMz 21.1dB 52.1 {1+ 848 )
18900 MHz 21.3 dB 54804770
1850 MHz 273 dB R420-16j2
2000 MHz 209 dB 41841 +0.3 il

3.2 Antenna Design and Handling

The calibration dipole has a symmetric geomelry with a buill-in lwve stub matching network, which leads te the

enhanced bandwidth.

The dipols is built of standard semirigid coaxial cable. The inlarnal matching ling is open ended. The antenna is

therefors open for DC signals.

Do not apply force to dipole arms, as they are liable 1o band. The soldered connections near the feedpeinl may be

damaged. Aller excessive mechanical stress or ovarheating, check \he impedance characterisiics to snsure that the

internal matching network is not affected.

After long term use wilh 40V radiated power, only a sfight warming of the dipote near the feedpoint can be measured.

Cerilcate Mo CO880V3-1042 Sep1?
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Impedance Measurement Plot

13 Sep 2012 16:159:03

11 LOG 5 dB/REF -18 dB 21-21,073 dB 1 380,800 600 HHz
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DASY4 H-field Result

Diate: 19.09.2012

Test Laboratory; SPEAG Lah2
DUT: HAC Dipole 1880 MHz; Type: CD1880V 3; Serial: CD1880YV 3 - SN: 1042

Communication System: CW; Fregquency: 1850 MHz

Medium parameters used: o = O mhofm, g, = Lip=1 kghn"
Phantom section: RF Section

Megsurement Standard: DASY S (IEEEAEC/ANS] C63.19-2007)

DASY Configuration:

¢« Probe: H3DVG - SNG6065; ; Calibrated: 29.12.2011

o Sensor-Surface: (Fix Surface), 2 = 4.7

¢ Electronics: DAE4 Sn781; Calibrated; 29.05.2012

*  Phantom: HAC Test Arch with AMCC; Type: SD HAC PO1 BA; Serial: 1070
»  DASY5252.8.2(969); SEMCAD X 14.6,6(6824)

Dipole H-Field measurement @ 1880MHz/H-Sean - 1880MHz d=10mm/Hearing Aid Compatibility Test (41x181x1):
Interpolated grid: dx=0.500 mm, dy=0.5000 mm

Device Reference Point: (O, 0, -6.3 mun

Reference Value = 00,4910 Afm; Power Drift = 0.00 dB

PMR not calibrated. PME = 1000 is applied,

H-lield emissions = 04644 Afm

Near-field catepory: M2 (AWF 0 dB)

PMF scaled H-field

Grid 1 M2 |Grid 2 M2 |Grid 3 M2
0.403 Afm|0.418 Afm|0.396 Afm

Grid 4 M2 |Grid 5 M2 |Grid 6 M2
0.442 A/m |0.464 Afm|0.444 Afm

Grid 7 M2 |Grid 8 M2 |Grid 9 M2
0.408 Afm|0.435 Afm|0.417 A/m

-2.98

5.97

-8.95

-11.94

-14.92

0 dB = 0.464 Afm = -6.66 dB Afm
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DASY4 E-field Result

Dt 18.09.2012

Test Laboratory: SPEAG Lab2
DUT: HAC Dipole 1880 MHz; Type: CDIBROV3; Serial: CD18S0Y - SN: 1042

Communication System: CW; Frequency; 1880 MHz

Medivm parameters used: o = 0 mho/m, £, = |5 p= 1000 kghn"
Phantom section: RF Section

Measurement Standord: DASY S (IEEEAECIANST C63.19-20417)

DASY Conliguration:

*  Probe; ER3DVE - SN2336; ConvF(1, 1, 1); Calibrated: 29.12.2011;

& Sepsor-Surface: (Fix Surface), z = 4.7

e Electronics: DAE4 Sn781; Calibrated: 29.05,2012

+«  Phantom: HAC Test Arch with AMCC; Type: SD HAC PO1 BA; Serial: 1070
«  [DASYS2 52.8.2(969); SEMCAD X 14.6.6(6824)

Dipole E-Field measurement @ 1880MH#/E-Scan - 1880MHz d=10mm/Hearing Aid Compatibility Test (41x181x1):
Interpolated grid: dx=0.3000 mm, dy=0.5004 mimn

Device Reference Point: 0, 0, 6.3 mm

Reference Value = 158.4 Vim; Power Drilt = 0001 dB

PME not calibrated. PMF = 00K is applied.

E-field emissions = 139.6 Vim

Near-field category: M2 (AWF (1 dB)

PMF scaled E-field

Grid 1 M2 |Grid 2 M2 |Grid 3 M2
132.2V/m|138.1V/m|134.5V/m
Grid 4 M3 |Grid 5 M3 |Grid & M3
91.50 V/m |93.79 V/m [90.05 V/m

Grid ¥ M2 |Grid 8 M2 |Grid 9 M2
131.7 V/m|139,6 V/m |137.2 ¥/m

Certificale No; CO1880V3-1042_Sepi2 Page 7 of 8



Dipole E-Field measurement @ 1880MH2/E-Scan - 1880MHz d=15mm/Hearing Aid Compatibility Test (41x181x1)

Interpolated grid: dx=0.5000 mm, dy =050 mm
Device Reference Point: 0, (0, -6.3 mm

Reference Value = 158.3 Vi Power Drift = 0.02 dB
PMR not calibrated. PMF = 1.000 is applied.

E-ficld emissions = 88.55 Vim

Near-field category: M3 (AWF (1 dB)

PMF scaled E-field

Grid 1 M2
89,11 V/m

Grid 2 M2
91.27 V/m

Grid 3 M2
£9.86 V/m

Grid 4 M3
7LE0VIm

dB

-1.52

-3.04

-4,56

-6.08

-1.60

Grid 5 M3
72,49 V/m

Grid 6 M3
7132 V/m

:

0dB=139.6V/m=4290dB V/m

"
*
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This calibration cedilicate documents the raceability to national standards, which realize the physical unils of measurements {S1).
The measuraments and the uncerlainlies with confidence probability are given on the following pages and are par of the cedificate,

All calibrations have been conducted in the closed laboratory facility: environment tlemperature (22 + 3)°C and humidity < 70%.

Approved by

Kafja Pokovic

Technical Manager

Primary Standards I # Cal Date (Certificate MNo.) Scheduled Calibralion

Fowear meter EPM-442A, GB37480704 05-0c1-11 (Mo, 217-01451) Oct-12

FPowar sensor HP 8481A LS37292783 05-0ct-11 { No. 217-01451) Oct-12

Probe ER3DVE SM: 2336 29-Dec-11 (Mo, ER3-2336_Deci1) Dec-12

Probe HIDVE SN 6065 29-Dec-11 (No. H3-6065_Deci1) Dec-12

DAE4 SM: 781 29-May-12 (No. DAE4-781_May12) May-13

Secondary Standards 10w Check Data (in housa) Scheduled Check

Power meter Agilent 44198 SN: GB424201H 08-0ct-08 {in house check Oct-11) In house check: Oct-12

Fowar sensor HP B482H SN: 3318A02450 08-Oct-08 {in house check Ocl-11) In house check: Ocl-12

Power sensor HF B4824 Sh: US372a5597 093-0ct-03 (in house check Oct-11) In house check: Oct-12

Metwork Analyzer HP 8753E LIS37300585 18:0ct-01 (in house check Oct-11) In house check: Oct-12

RAF genarator E44338 MY 41000675 03-Mov-04 (in house check Ocl-11) In house check: Oct-13
MName Function Sifinatyra

Calibrated by: Claudio Leublar Laboratory Technician

lssued: September 20, 2012

This calibration cerlificate shall nol be reproduced excepl in full without wiitten approval of the laboratary.
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References

(1] ANSI-CE3.19-2007
American Mational Standard lor Melhods of Measurement of Compatibility betwean Wireless Communications
Devices and Hearing Aids.

2] AMSI-CEI 19-2011
American National Standard, Melhods of Measurement of Compatibilily belween Wireless Communications
Devices and Hearing Aids.

Melhods Applied and Interpretation of Parameters:

v Coordinale System: y-axis is in the direclion of the dipole arms. z-axis is from the basis of the anlenna
{mounted on the 1able) towards ils feed point betwesn the two dipole arms. X-axis is normal o the other axes.
In coincidence with 1he standards [1], the measurement planes (probe sensar center) are selacted to be at a
distance of 10 mm {15 mm for {2]) ahove the top matal adge of the dipole arms.

o Measurement Conditions. Further details are available from the hardcopies at the snd of the certificate. All
ligures slated in the cerilicate are valid at the frequency indicated. The forward powar to the dipole conneclor
is st wilh a calibrated power meter connected and monilored with an auxiliary power meter connecled to &
direclional coupler. While The dipale under test is connected, the forward power is adjusled to the same level,

+ Antenna Posilioning: The dipole is mounled an a HAG Test Arch phantom using the matching dipofe
pasiticner wilk the arms harizontal and Lhe feeding cable coming [rom the fioor. The measurements are
performed in a shiglded room with absorbers around the selup to reduce the retlections.

N is verified bafore (he mounling of the dipale under the Test Arch phantom, that its arms are perfectly in a
line. It is installad on the HAC dipole positioner with its arms parallel below the disleclric reference wire and
able to move elastically in vertical direction withoul changing ils relative posilion (o the top center of the Test
Arch phantom. The vertical distance to the probe is adjusted aller dipole mounling wilh a DASYS Suiface
Check job. Before the measuremen, Lhe distance belween phantorn surface and probe tip is verified. The
proper measurement distance is sefected by choosing the matching section af the HAC Tesl Arch phantom
with he proper device referencs point (upper surface of the dipole} and Lhe mateching grid reference point {tip
of the probe} considering 1he probe sensor offsel. The vertical distance to Ihe probe is essantial for the
ACCUracy.

s Feed Foint fmpedance and Return Loss: These paramelers are measured using a HP 8753E Vector MNetwork
Analyzer. The impedance is specified al the SMA connector of the dipole. The influence of rellactions was
eliminating by applying 1he averaging funclion while moving the dipole in the air, at least 70em away from any
obslaclas.

«  E-field distribution: E lisld is measured in the x-y-plane with an isctropic ER3D-ield prabe with 100 i
forward power to the antenna feed point. In accordance with [1] and [2}, 1he scan area is 20mm wide, its
lenglh exceeds the dipole arm length (180 ar 90mm). The sensar center is 10 mm {15 mm for {2]) {in 2} above
Ihe metal top of the dipole arms. Two 3D maxima are available near the end of the dipole arms, Assuming the
dipole arms are perlectly in one ling, the average of thesa lwo maxima (in subgrid 2 and subgrid 8) is
determined to compensate for any non-parallelily to lhe measurement plane as well as the sensor
displacemeant. The E-field value slated as calibration value represents the maximum af the intarpatated 30-E-
fizld, in Ihe plane above Ihe dipole surface,

s H-fisld distribulion: H-lisld is measured with an isoiropic H-lield probe with 100mW forward power 1o the
antenna feed point, in the x-y-pfane. The scan area and senser distance is equivalent to the E-field scan. The
maximum af the field is available at the center {subgrid 5} above the feed point. The H-field value slated as
cafibration value represents the maximum of the interpolated H-tield, 10mm above the dipole suface at the
feed point.

The repored uncertainty ol measurement is stated as the standard uncertainly of rneasurement muitiplied by the
coverage factor k=2, which for a normal distribution carresponds to a coverage probability of approximately 95%.
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Measurement Conditions

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

DASY Version

CASYS

Vo282

Exirapalation

Advanced Extrapolation

Phantom HAC Test Arch
Distance Dipole Top - Probe 10mm
Center 15mm
Secan resolution dx, dy = 5 mm

Freguency 835 MHz £ 1 MHz
Input power drifl = 0.05 dB
Maximum Field values at 835 MHz
H-field 10 mm above dipele surface candilion interpolated maximum

Maximum maasured

100 MW input power

0,450 A m £ 8.2 % (k=2)

Maximum measured above low end

E-field 10 mm above dipole surface condition Interpolated maximum
Maximum measurad above high end 100 MW input power 167.9¥/m
100 mW input power 1653V /m

Averaged maximum above arm

100 mW inpul power

166.6 V/m £12.8 % (x=2)

E-field 15 mm above dipofe surface

condition

Interpolated maximum

Maximum measured above high end

100 MW input powar

107 8Wim

Maximum measured above low end

103 mW input power

1ME3YIm

Averaged maximum above arm

100 mW inpul power

107.3 V7 m « 12.8 % (k=2)

Cartilicate Ma: COB35Y3-1042 _Sepi2
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Appendix

Antenna Parameters

Frequency Heturn Loss Impedance

800 MHz 159 dB 434 0 - 1360
835 MHz 24.2 dB 50202+ 620
8300 MHz 17.5dB 574 0-12.4102
850 MHz 206 dB 4605 + 8.1
960 MHz 14.7 48 5290 4191 j0)

3.2 Antenna Design and Handling

The calibralion dipole has a symmetric geomealry wilh a built-in 1we stub malkching nelwaork, which leads 1o the

enhanced handwidlh,
The dipole is built ol standard semirigid coaxial cable. The internal matching fine is opan ended. Tha antenna is

therefore opan lor DC signals.
Do not apply force to dipole arms, as they are liable to bend. The soldered connections near the feedpoint may be
damagad. After excessive mechanical stress or overhealing, check the impedance characterisiics to ensure that the

internal matching nelwark is not alfected.

Aller long term use wilh 40W radiated power, anly a slight warming of lhe dipole near the feedpoint can be measured.
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Impedance Measurement Plot
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DASY4 H-field Result

Date: 19092012
Test Laboratory: SPEAG Lab2
DUT: HAC-Dipole 835 MHz; Type: CD835V3; Serial: CDBASVI - SN: 1049

Communication System: CW: Frequency: 835 MHz

Medium parameters used: @ = 0 mhofm, £ = 1: p = | kg/m’
Phantom section: REF Section

Measurement Standard: DASY 5 (IEEEAEC/ANSI C63.19-2007)

DASY Conbiguration:

*  Probe: HIOVG - SNBOES; ; Calibrated: 29.12.2011

e«  Sensor-Surface: (Fix Surface), z = 4.7

®  Electronics: DAE4 5n781; Calibrated: 29.05.2012

*  Phantam: HAC Test Arch with AMCC; Type: SD HAC PO1 BA; Serial: 1070
»  DASY52 52.8.2(969); SEMCAD X 14.6.6(6824)

Dipole H-Field measurement @ 835MHz/H-5can - 835MHz d=10mm/Hearing Aid Compatibility Test (41x361x1):
Interpolated grid: dx=0.50{ mm, dy=0.5000' mm

Device Reference Point: 0, 0, -6.3 mm

Reference Value = 04780 Afm; Power Drill = -0.01 dB

PMR not calibrated. PMF = 1,000 is applicd.

H-field emissions = (1.4500 Afm

Near-field category: M4 (AWF 0 dB)

PMF scaled H-field

Grid 1 M4 |Grid 2 M4 |Grid 3 M4
0.379 A/m[0.395 A/m|0.369 A/m
Grid 4 M4 |Grid 5 M4 |Grid 6 M4
0.426 Af/m|[0.450 Afm|0.427 Afm

Grid 7 M4 |Grid 8 M4 |Grid 9 M4
0.384 A/m|0.406 A/m|0.384 Afm

-4.45

-B.490

-13.34

-17.79

-22.24

0 dB =0.450A/m =-6.94 dB A/m
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DASY4 E-field Result

Date: 18.09.2012
Test Labaratory: SPEAG Lab2
DUT: HAC-Dipole 835 MHz; Type: CDBASY3; Serial: CDE35V3 - SN: 1049

Communication Sysiem: CW; Frequency: 835 MHe

Medium parameters used: o = 0 mho/m, g = 1; p = 1000 kg/m’
Phantom section: RF Seetion

Measurement Standard: DASYS (IEEEAEC/ANST Co3.19-2007)

DASY Configuration:

s Probe: ER3DVE - SN2336; ConvF(1, 1, 1); Calibrated: 29.12.2011;

e Sensor-Surface: (Fix Surface), z = 4.7, 9.7

¢« Electronics: DAEA Sn781; Calibrated: 29.05.2012

*  Phantom:; HAC Test Arch with AMCC; Type: 50 HAC PO1 BA; Serial: 1070
e [ASYS2 52.8.2(969); SEMCAD X 14.6.6(6824)

Dipole E-Field measurement @ 8355 He/E-Scan - 835MHz d=10mm/Hearing Aid Compatibility Test (41x361x1):
Interpolated grid: dx=0.5000 mm, dy=0 50 mm

Device Reference Point: 0. 0, -6.3 mm

Reference Value = 106.2 ¥Vim; Power Drifi = -0.02 dB

PMR not calibrated. PME = 100U is applied.

L-field emissions = 167.9 V/im

Near-field category: M4 (AWFE 0 dB)

PMF scaled E-field

Grid 1 M4 |Grid 2 M4 |Grid 3 M4
162.3¥/m|165.3 V/m|155.7 V/m

Grid 4 M4 |Grid 5 M4 |Grid &6 M4
88.12 V/m |89.78 V/m |86.08 V/m

Grid 7 M4 |Grid 8 M4 |Grid 9 M4
158.6 V/m |167.9 V/m |165.5 V/m
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Dipole E-Field measurement @ 835MH2/E-Scan - 835MHz d=15mm/Hearing Aid Compatibility Test (d1x361x1):
Interpolated grid: dx=0.5000 mm, dy=0.500K) mm

Device Reference Point: 0, 0, -6.3 mm

Reference Value = 105.9 Vime Power Drift = 0,01 JdB

PMR not calibrated. PMF = 1000 is applicd.

E-ficld emissions = 107.8 Vi

Near-ficld category: M4 (AWF 0 dB)

PIF scaled E-field

Grid 1 M4 |Grid 2 M4 |Grid 3 M4
105.6 V/m |106.8 V/m |103.5 V/m

Grid 4 M4 |Grid 5 M4 |Grid 6 M4
63.56 V/m |64.24 Vfm |62.85 V/m

Grid 7 M4 |Grid 8 M4 |Grid 9 M4
104.9 V/m |107.8 V/m |106.6 V/m

-2.42

-4.85

-1.27

-9.70

1212

0dB=167.9V/m = 44.50 dB V/m
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