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Glossary:

NORMzx, ¥z sensitivity In free space

DCP diode compression point

Polarization o i rofation argund probe axis

Paolanization 5 & rotation around an axis that is in the plane normal to probe axis (at

measurement center), (&, 8 = 0 is normal to probe axis
Connector &ngle  information used in DASY system to align probe sansor X to the robiot
coordinate sysiem

Calibration is Performed Accarding to the Following Standards:
a) |EEE Std 1308-2005, * IEEE Standard for calibration of electromagnetic field sensors and
probes, excluding antennas, from 9 kHz lo 40 GHz", Decamber 2005

Methods Applied and Interpretation of Parameters:
« NORMzx y 2z Assessed for E-field polarization & = 0 for XY sensors and & = 80 for Z sensor
(f =900 MHz in TEM-call; f > 1800 MHz: R22 waveguide)
s NORM{fx.y.z=NORMxy.z * frequency_response (see Frequency Response Chart)

« DCPx,y.z DCP are numerical [inearization parameters assessed based on the data af
powWer Sweep (no uncenainly required). DCP does not depend on frequancy

= Spherical isoiropy (3D deviation from isotropy): in a locally homopeneous field realized
using an open waveguide setup

= Sensor Offsel, The sensor offsel corresponds 1o the offset of virtual measurement centar
from the probe tip (on probe axis). No tolerance required

« Connector Angle: The angle is assessad using the information gained by determining the
NORMzx (no uncertainty required)

Cemficate No: ER3-Z3T5_JuilT Paga 2 of §

SGSTesingKaoea Co., Lid | # 18—34, Sanbon—dong, Gunpo—s, Gyeonggi—do , 453—040 KOREA 82314285700 f+82 31427 2370 ww.electrolab.kr.sgs.com
I

Mermber of SGS Group(Société Générale de Suvelance)
TEST 001



SGS TEST REPORT

Report No.:  F690501/RF-SAR001792  Page(41)/(72)Pages

ER3DVE SN:2375 July 18, 2007

Probe ER3DV6

SN:2375

Manufactured: May 10, 2006
Last calibrated: July 10, 2006
Recalibrated: July 18, 2007

Calibrated for DASY Systems

ompaiible with DASYZ system|
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ER3DVE SN:2375 July 18, 2007

DASY - Parameters of Probe: ER3DV6 SN:2375

2 . - I
Sensitivity in Free Space [uV/{V/mY’] Diode Compression
MormX 1.60 = 10.1 % (k=2) DCP X 95 mV
Narm'y 1.71 £ 101 % (k=2) DCPY 95 mv
MormZ 1.98 £ 10.1 % (k=2) pCrZ a7 mV

Frequency Correction

X 0.0
0.0
0.0
Sensor Offset (Probe Tip 1o Senscr Canter)
X 2.5 mm
Y 2.5 mm
Z 2.5 mm
Connector Angle 271

[The reparted uncertainty of measurement s stated as the standard uncertainty of
measurement multiplied by the coverage factor k=2, which for a normal distribution
corresponds to a coverage probability of approximately 95%.
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ER3DVE SN:2375

Frequency Response of E-Field

(TEM-Cell:ifi110 EXX, Waveguide R22)
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Uncertainty of Frequancy Response of E-field: 2 6.3% (k=2)
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ER3DVE SN:2375 July 18, 2007

Receiving Pattern (¢), 3 = 0°

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

——3 Y -8=I =—0—iol

Receiving Pattern (¢), 5 = 90°

f =600 MHz, TEM fi110EXX f = 2500 MHz, WG R22

-5 —o—-Y -7 —o-m ~a— =Y == =0
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ER3IDVE SN:2375 July 18, 2007

Receiving Pattern (¢), 3 =0°

e 30 MHE

- ~=100 MHz
a == B0 MHz
1 == 1B00 MHz

Evror [dH]

—ir— 2500 MHz

Jl‘.]
Uneertainty of Axial lsotropy Asssssment: £ 0.5% (k=2)
Receiving Pattern (¢), 3 = 90°
D =30 M

: =100 hHe
e —o— 800 MHz
= 1800 MMz
—i— 2500 MMz

Error |dB)

Uncertainty of Axial Isotropy Assesament: 2 0.5% (k=2
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ER3IDVE SN:2375 July 18, 2007

Dynamic Range f(E-field)
(Waveguide R22, { = 1800 MHz)
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ER3DVE SN:2375 July 18, 2007

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

Error [dB]

N1 000680 -0 B-060-0 40 B-043030 030000
00 00-0.20 B0 30040 OO0 40-0 80 B 60080 W0E0-1.00

Uncartainty of Spherical Isotropy Assessmant: £ 2.6% (k=2)
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H-Field Probe
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Calibration Laboratory of
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Glossary:

NORMx,v.z sensitivity in free space

DCP dicde compression point

Polanzation o ip rotalion around probe axis

Polarization & & rotation around an axis that is in the plane normal to probe axis (at

measuramant centar), L.e., % = 0 is normal to probe axis
Conneclor Angle  information used in DASY system to align probe sensor X fo the robot
coordinate system

Calibration is Performed According to the Following Standards:
a) |EEE Sid 1309-2005, " |IEEE Standard for calibration of electromagnatic field sensors and
probes. excluding antennas, from 8 kHz to 40 GHz", December 2005

Methods Applied and Interpretation of Parametors:
« XYZ_ alalal: Assessed for E-field polarization 8 = 90 for XY sensors and 5 =01for 2
sensor (f = 800 MHz in TEM-cell: > 1800 MHz: R22 waveguide)

o XY Z(_atata2= X Y.Z_alala2" frequency_responss (see Frequency Response Chart)

« DCPxy.z: DCP are numerical lingarization parameters assessed based on the data of
power swesap (no uncerainty required), DCP does not depand on frequency.

= Spherical isotropy (30 daviation from isotropy): in a locally homogeneous field realized
using an open waveguide setup

«  Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center
from the prabe tip {on probe axis). No tolerance reguired

+ Connector Angle: The angle is assessed using the information gained by determining the
X_afalaZ (no uncertainty required).

Cerificale Mo, H3-5208_Sapd? Page 2of B
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H3DVE SN:6208 September 25, 2007

Probe H3DV6

SN:6206

Manufactured: June 12, 2006
Last calibrated: July 10, 2006
Recalibrated: September 25, 2007

Calibrated for DASY Systems

(MNota: non-compalibde with DASY 2 systaml)
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H3DV6 SN:6206 September 25, 2007

DASY - Parameters of Probe: H3DV6 SN:6206

Sensitivity in Free Space [A/m /[ V(uV)]

alb al az
X 2.492E-03 1.228E-5 1.5B4E-4 +5.17% (k=2)
¥ 2.383E-03 3.033E4 1. TEIE4 £ 51 % (k=2)
Z 2.699E-03 5316E-4 2.72TE4 +5.1 % (k=2)

Diode Compression’

DCP X 85 mv
DCPY B5S mV
DCP Z 85 m\v
Sensor Offset (Probe Tip to Sensor Centar)
X 3.0 mm
Y 3.0 mm
z 3.0 mm
Connector Angle -283 -

The reported uncertainty of measurement is stated as the standard uncertainty of
measurament multiplled by the coverage factor k=2, which for a nermal distribution
corresponds to a coverage probabllity of approximately 95%.

nirnarcal Eneaneate parnrasar URCEMREY Ao PeqLiied
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H3DVE SN:6206 September 25, 2007

Frequency Response of H-Field

(TEM-Cell:ifi110, Waveguide R22)

Froquency respoise (normalized)

0.8
o7
0.6
o 500 1000 1500 2000 2500 3000
f [MHz]
xy —a—TEM —-—R22
—_—r —a—TEM —8—RZ7
Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
Carehicala Ma H.j-ﬁ!l.:"ﬁ_ Sap0T .‘"I'ipﬂ SolBE
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H3DVE SN:6206 September 25, 2007

Receiving Pattern (¢), 3 = 90°

{ = 300 MHz, TEM IfiT10EXX f= 2500 MHz, WG R22

Receiving Pattern (¢), 3 = 0°

f= 300 MHz, TEM Hi110EXX f= 2500 MHz, WG R22

X %

O o
i
¢

——) =Y = =i —.—) —a—Y —8—2 —O—1ol
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H3DVE SN:6206 September 25, 2007

Receiving Pattern (¢), 3 = 90°

06 =0 300 MHz
— —8— 500 MHz
|
s —0— 750 MHz
E —8— 1500 MHz
= 2500 MHz
01
Uncertainty of Axial lsotropy Assessmaent;  0.5% (k=2)
o - no
Receiving Pattern (¢), 3 =0
1.0
os
0.8 = 300 MHZ
= o —8— 600 MHz
g 02
2 peddiitecespppaaaooBBEiiBsesagpppgRet o
g g3
& o4 —— 1800 MHz
0.6 —d— 2500 Mz
8
«t.0
0 i 120 180 240 300 360
401
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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H3IDVE SN:6206 Septemnber 25, 2007

Dynamic Range f(H-field)

(Waveguide R22, f = 1800 MHz)

1.E+06

1.E~D5

Soensor Voltage [V]
m

H [Adm] at 1800 MHz

==Xy - XY cor —a—r ——= 7 o

=)
B
i}
D.00 0.0 0.1
H [AJm] at 1800 Miz
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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835 MHz Dipole

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, B004 Zurich, Switsarland

Schweizerischar Kalibrlerdisnsl
Service suisss détalonnags
Sarvirio svirzenc di taratura
Swiss Calibration Servics

Accredited by the Swiss Federsl Ofice of Metrgicgy and Accrediaton Aceroditation No: SCS 108
The Swiss Accraditation Sarvice is one of the signatorias to the EA
Wub al g Tor the gnition of calibration certificates

[CALIBRATION CERTIFICATE _ |

Otyect CDaasVa - SN: 1081

Calibention procedure(s| QA CAL-20.vd4

Calibration procedure for dipoles in air
Calibewtion date: July 12, 2007
Conditon of ine calibrated tem |0 Tolaranca

This calibeation certhcate documands tha traceabifity to national standards, which realizs the physical uniss of moasuremants (1)
&) calmbans have been contucted n the closed laboratory tacility; emdronment iemperature (22 ¢ 3)°C and humidity = 70%,

Calibration Equpment used (MATE ontical for calibraton)

Primary Stangards |o# Cal Date (Calitented by, Certicats No.) Schedsed Calibrason
DAES SN 803 31-Aug-06 (SPEAG, Mo, DAES-B0I_Augla) Cadbration, Aug-07
Probe ERXDVE 3N, I35 I7-Dec-06 (SPEAG, Mo, ER3-2336_DweclE) Cadbration, Dec-d7
Probe HIDW BN EDES 2T-Dec-06 {SPEAG. No. H3-5065-DechE) Caibration, Dec-07

. Seconcary Standards iDs Chasci Dinte (in house) Sohadued Chech
Power meter EPM-24108 [ GBAII1OTER 12-Aug-03 {SPEAG, i house chack Oot-08) In housa check: Od-07
Power sansor HP B481A MY41083312 10-Aurg-03 {SPEAG, in house check Qci-06) In houso chec: Oc-08
Power sensor HP 84814 | MvarpacIs 10-Aug-03 (SPEAG, in house check 0106} In houise check: Ool-08
Metwork Analyzar HP BTS3E US3TAN0585 18-Dei-01 (EPEAG, in howsa chick Oel-06) in houso chec: Oo-07
RF generalor RS SMTO6 SN: 100005 26-Jul-04 [SPEAG, in house chsck Mov-05) in houss chegc Mow-0T

Name Flanction

Cuiibrated by Clatdio Laubler Labantary Technican [
Approvnd by Fin Bomihatt Technical Discior F‘ /j'-’ / ﬁ |
Issued July 1T, 2007

This calibeation certficate shall rat b reproduced excapt in full without witten sppeoval of the tbonatory.
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TEST 001

Calibration Laboratory of
Schmid & FPartner

Enginearing AG
Zeughaussirasse &3, 8004 Zurich, Switzariand

5 Schwaizerinchar Kalibrisrdienst

c Barvice suisse d'étalonnage
Sarvizio svizzend di aratura

S swiss Calibeation Service

Apcredand by the Swiss Fadesal Office of Matmlegy snd Accreditaion Accreditation Na.: SCS 108
The Swiss Accraditation Servica is one of the signatories to the EA
Multitatwral Agreament for the recognilion of calibration certificates

Referances

11 ANSI-CE3.19-2008
American National Standard for Methods of Measurement of Compatibiity batwean VWireless
Communications Devices and Hearing Alds

Methods Applied and Interpretation of Parameters:

s Coordinale System: y-axis i in the direction of the dipole arms. z-axis is from the basis of the antenna
(mounted on the table) towards its feed point betwean the two dipole arme. x-axis i normal to the other
axes, In caincidence wilh slandard {1], the measurement planes (probe sensor center) are selected to be at
a distance of 10 mm above the top edge of the dipole arms

« Measuramenrt Conditions: Furlner detads are available from the hardcopies 81 the end of the certificata, Al
figures stated In he certificate are valid at the frequency indicated. The forward power 1o the dipole
connector is set with a calibrated power meter connecled and monitored with an ausdiary power meter
connected 1o & directional coupler. While the dipole undar 1651 is connected, the forward power s adjusted (o
ihe same laval.

s Antenna Positioning: The dipoée is mounted on a HAC Test Arch phantom using the matching dipole
pasitioner with the arms horizonial and the feeding cable coming from the floor, The measuraments arg
performed in & shielded room with absorbers around the setup to reduce the reflections.

It Is verified before the mounting of the dipale under the Test Arch phanfom, that its arms are pedectly in 3
lirse, It k& instalied on the HAC dipole positioner with its arms paraliel below the dielectric reference wire and
able to move elastically in vertical direction without changing its relative position to the top center of the Test
Arch phantom. The vertical distance to the probe is adjusied afiar dipole mounting with 8 DASY4 Surface
Check job, Bafore the measuremant, the distance between phantom surface and probe tip is verified. The
proper measuremant distance is selected by choosing the malching section of the HAC Test Arch phantam
with the proper device reference point (upper surface of the dipole) and the matching grid reference point (tip
of the probe) considering the prabe sensor offsst. The verlical distance to the probe is essential for the
accuracy.

s Fead Point impedance and Relurn Loss: These parameters are measured using a HP 8753E Vector
Wetwork Analyzer. The impedance is specified al the SMA connecior of the dipole. The influence of
reflections was eliminating by applying the averaging function while moving the dipale in the air, al least
70cm away from any obstacles

s E-fisld distribution. E field is measured in the xy-plans with an isotropic ER3D-field probe with 100 mwW
forward power to the antenna feed paint. In accordance with [1], the scan area is 20mm wide, is length
exceeds the dipole arm length (180 or 80mm). The sensor center is 10 mm (in 2) above the lop of the dipole
arms. Two 30 maxima are available near the end of the dipole arms. Assuming the dipole arms are parfactly
in one ling, the average of these two maxima (in subgrid 2 and subgrid 8) is determined (o compensale for
any non-paralielity 1o the measurement plane as wedl as the sensor displacement. The E-field value stated as
calibration value represents the maximum of the Interpolated 2D-E-field, 10mm above the dipole surface,

= H-figld disfribution; H-field is messured with an isotropic H-field probe with 100mWY forward power to the
antenna feed polnt, in the x-y-plane. The scan area and sensor distance is equivalent to the E-field scan. The
maximum of the field is available at the center (subgrid 5) above the feed paint. The H-field value stated as
calibration vaius reépresents tho maximum of the interpolaled H-field, 10mm above the dipole surface at the
feed paint
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1 Measurement Conditions
DASY system configuration, as far as nol given on page 1
DASY Version DASYd4 V4.7 B53
DASY PP Version SEMCAD V1.8B172
Phantom HAC Test Arch 50 HAC P01 BA, #1002
Distance Dipole Top - Proba Contor 10 mm
Scan resalution dx, dy =5 mm area = 20 = 180 mm
Frequancy 835 MHz = 1 MHz
Forward power at dipole connector 20.0 dBm = 100mW
Input power drift <0.05dB
2 Maximum Field values
H-field 10 mm above dipole surface condition Iinterpolated maximum
Maximum measurad 100 mW farward power 0.447 Alm
Uncerainty for H-feld measurement: 8.2% (k=2)
E-field 10 mm above dipole surface condition Interpolated maximum
Maximum measured above high and 100 mW forward power 161.8 Vim
Maximum measured above low and 100 mwW foreard power 150.7 Vim
Averpged maximum above arm 100 mW forward powes 156.3 Vim
Uncertainty for E-fiedd measuremeant. 12 8% (k=2)
3 Appendix
3.1 Antenna Paramaters
|Froquency | Return Loss [Impedance
800 MHz 16808 { £3.8~]11.9) Ohm
| B35 MHz 25.1 dB { 50.9 + 5.5 ) Ohm |
| 900 MHz 16048 {58.0-13.4 ) Ohm
950 MHz 21,508 {484 +j8.2 ) Ohm
950 MHz 15,8 dB { 55.4 + |16.4 ) Ohm

1.2 Antenna Design and Handling

The calibration dipole has & symmetric geometry with a built-in two stub matching network, which leads 1o the
anhanted bandwidin

The dipole ks built of standard semirigid cosal cable. The internal matching line is open ended. The antenna is
therefore open for DC signals

Do not apply force o dipole arms, as they are lable (o bend. The soldered connections near the fesdpoint may be
damaged. After excessive mechanical siress or overheating, check the impedance characierstics Lo ansure that the
miernal malching natwork is not affected

After long term wse with 40W radiated power, only a slight warming of the dipole near the feedpaint can be
maasured
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3.3 Measurement Shoots

3.3.1 Return Loss and Smith Chart
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3.3.2 DASY4 H-field result
DateTime: 12.07.2007 20:53:12

Test Laboratory: SPEAG, Zurich, Switrerland
DUT: HAC-Dipaole 835 MHz; Type: CDEISVI; Serial: 1081

Communication System: CW; Frequency: 835 MHz; Duty Cyele: 1:1
Medium: Air

Medium parameters used: o = O mho/m, & = 1: p=1 kg/m’
Phantom section: H Dipole Section

DASY S Configuration:
o Probe HADVE - SMN6065; | Calibrated: 27.12.2006
®  Sensor-Surface: (Fix Surface)
o  Electronics: DAES Sa5903; Calibrated: 3108, 2004
*  Phantom: HAC Test Arch 4.6; Type: 5D HAC P01 BA; Seral; 1002
» Measurement SW: DASY S, V4.7 Build 53; Postprocessng SW: SEMOCAD, V1.8 Build 172

H Sean - Sensor Center 10mm above CD832 Dipole/Hearing Aid Compatibility Test (41x361x1):
Measurement gnd: dx=53mm, dy=5mm

Maximum value of peak Total field = 0.447 A/m

Probe Modulation Factor = 1.00

Reference Value = 0,473 A/m; Power Dnft =-0.013 4B

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

Peak H-fickd in A'm

Grid 1 |Gnd2 |Gnd3

0.376|0.385|0.355
Grdd |GrdS |Grida
0.435(0.447 (0,412

Grid7 |Grd8 |0rid9
0.387]|0.398 | 0.368

=t 3l |

1.7

0dB = 0447A'm
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3.3.3 DASY4 E-Field result
DateTime: 12.07.2007 20:06:23

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: HAC-Dipole 835 MHz; Type: DE3SV3; Serial: 1081

Communication Svstem: CW; Frequency: 835 MHz, Duty Cycle: 1:1
Medium: Air

Medium parasmeters used; o = 0 mho/m, g, = 1; p = 1000 kg/m®
Phantomn section: E Dipole Section

Measurement Standard: DASY4 (High Precision Assessment)

DASY S Configuration:;

Probe: ERADVG - SN2336; ConvFil. 1. 1)k Calibrated: 17.12.2006

Sensor-Surfoce: (Fix Surface)

Elecironics: DAES 5n903; Cnlibewied: 31,08 2006

Phantom: HAC Test Arch 4.6; Type: S HAC POL BA; ;

Messurement SW1 DASY4. V4.7 Build 53 Postprocessing SW: SEMCAD, V1.8 Build 171

E Sean - Sensor Center 10mm above CDE3S Dipole/Hearing Aid Compatibility Test (41x361x1):
Measurement grid: de=5mm, dy=5mm

Moximum value of peak Total field = 161.8 Vim

Probe Modulation Factar = 1.00

Reference Value = 109.9 Vim; Power Drift = -0.042 dB

Hearing Aid Near-Field Category: M2 (AWF 0 dB)

Peak E-field in Vim

Grdl |Gnd2 [Grnd3
149.11150.7] 141.3
Gnd4 |Gnd3 | Grids
80.8 |81.5 |75.2

CGnd 7 |Grid8 | Grd @

160.3|161.8|147.9

L]
— oo
=Rz

-4na

=11

0dB = 161.8V/m
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1880 MHz Dipole

Calibration Laboratory of ot e,

L Schwatzerischer Kalibrisedians!
Schmid & Partner | Sarvice suisse d'dlalonnags
Engineering AG T = Servizio svizzero di taratura
Zoughaussirasse 43, $004 Zurich, Switzerland {cﬁ.\-} Swiss Callbration Service
Accresdibed by the Swisa Federsl Office of Motmiogy and Accreditation Accreditation Ma.. SCS 108

The Swiss Accreditatbon Service is one of the signatories 1o the EA
Multilateral Agreemant for the recognition of calibration certificates

ciant  SGS (Dymstec) Cerntificate No: CD1880V3-1063_Jul0T
[CALIBRATION CERTIFICATE |
S = _
Oibject CD18B0OV3 - SN: 1063
| Catraton procedaraia) A CAL-20.v4
Calibration procedure for dipoles in air
| Calibeation date: July 12, 2007

| Candition of the catbratec e (I TOMrANCE

This calibration certificabe docwments the TIHDE-III“II} i3 AnSonal siandardd. which faslize the phhmical units of messunremens I;SE:I
All cabbrabans have besn conduched in the dosed lasoratory faciity: snvinonment iemperalure (22 = 31°C and humibdity < T0%,

| Calipration Equipmant wsed (METE critice! for calbration)

Primary Standands |Ip# Cal Date {Callbrated by, Certificais Na,) Schaduled Calibrason
DAE4 SH: B3 31-Aug-06 (SPEAG Mo DAES-903 Augha) Calbration, Aug-07
Probe ERIDVE Sh: 2336 27-Dec-08 (SPEAG, Mo ER3-2358 Decld) Calbration, Dec-07

| Pross HIOVE SN BOES 27-Dec-06 (SPEAG, Mo HI-E085-DachE) Casbration, Dec-07
Secondary Standdrdy D Chieck Duite [in housa) _ Scheduled Check
Powar mplor EPM-241688 GB43310788 12-40g-03 {SPEAG, in houss chack Oot-DE) -ﬂ-n:_'-llz chadk: Oa-0T
Power gensor HP 84314 K 10E3a12 10-Aug-03 (SPEAG, in house check Oc-06) n housa check: Ool-08
Powar sensar HP 54314 MY 41083315 10-Aug-03 (SPEAG, in house chock Cot-08) in house chack: Od-D8
Natwork Anpyzer HP BTS3E LISITIO05E5 18-0ct-01 (SPEAG, in houss check Oci-06) n house check: Ool-0T

| RF gonorator RS SMTDE ShE 100005 26-Jul-04 (SPEAG, In house chock MNowv-05) In house chisc: Mow-0T

Mame Funetion Signaturs

Cailibeateet by Caucdio Laubler Labaratory Tochnician |

Apgroved by Fin Bomihca Tectuead Ditnctar E_ﬁmé‘if |

lssund: Juty 17, 2007
This calibration camficate shall not be reproduced sxtept in full withou! wiitien approval of the labaratary
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Calibration Laboratory of Schweizarischer Kalibriardianst
Schmid & Partner Sarvice sutses dialonnags
Enginearing AG Sarvizic svizzero di taratura
Zoughsussirases 43, 8004 Zurich, Switzerland Swins Calibration Service
Acoredited by the Swiss Feceral Offica of Mairciogy and Accredilation accreditation No.: SCS 108

Tha Swiss Accreditation Sarvice |s ona of tha signatories fo the EA
Multilateral Agreamant for the recognition of calibration cortificates

References

[1] ANSI-CB3 19-2006
American Mational Standard for Methods of Measuremeant of Compatibility batween Wireless
Communications Devices and Haaring Aids

Mathods Applied and Interpretation of Paramaters:
s Coordinafe Sysfem; y-axis is in the direction of the dipols arms. z-axis is from the basis of the antenna
{mounted on the table) lowards its feed point between the two dipole 8rms. x-gxis is normal to the olher
axes. In coincidence with standard [1], the measurement planes (probe sensor canter) are selecled o
be al a distance of 10 mm above the top edge of the dipole arms

¢ Measurement Conditiong: Further details are available from the hardeopies at the end of the cerificate.
All figures stated in the certificats are valid at tha frequency indicated, The forward power 1o the dipole
connector s 581 with a calibrated power meter connected and maniored with an auxiliary power malar
connacted to a directional coupler. While the dipole under test is connected, the forward power is
adjusted o the sama level

s Antenna Positioning: The dipole s mounted on a HAC Tes! Arch phamtom using the malching dipole
pasitioner with the arms horzontal and the feeding cable coming from the floar. The measurements are
performed In & shiglded room with absorbers around the setup to reduce the reflections.

It is verified bafore the mounting of the dipole under the Test Arch phantom, that its arms are perfecily in
aline. It Is installed on the HAC dipole positioner with ite arms parallel below the dislectric referance
wire and able ta move elastically in vertical direction without changing its redative position to the top
canter of the Test Arch phamtom. The vertical distance to the probe is adjusted after dipole maunting
with @ DASY4 Surface Check job. Before the measurement. the distance between phaniom surface and
probe lip |s verified. The proper measurement disiance is selected by choosing the matching section of
the HAC Test Arch phantom with the proper device reference point (upper surface of the dipole) and the
matching grid reference paint (tip of the probe) considaring the probe sensor offsel. The vertical
distance o the probe s essential for the accuracy.

*  Feed Point impedance and Reiurn Loss: Thesa parameiers are measured using 8 HP 8753E Vector
Network Analyrer. The impedance is specified at the SMA connecior of the dipefe, The infiuence of
reflections was eliminating by applying the averaging function while moving the dipals in the air, at least
T0cm mway from any obstacles

#« E-field distribution; E field is measured in the x-y-plane with an sotropsc ER3D-Nield probe with 100 mW
forward power to the antenna feed paint. In accordance with [1]. the scan area is 20mm wide, its length
exceeds the dipole arm lengih (180 ar 80mm). The sensor canter is 10 mm (in 2) above the top of the
dipale arms. Two 30 maxima are available near the end of the dipole arms. Assuming tha dipole arms
are perfectly in one ling, the average of these two maxima (in subgrid 2 and subgrid 8) is determined to
compangate for any non-parallality to the measurament plane a& wall as the sensor displacement. The
E-fiedd value stated as calibration value represents the maximum of the interpolated 30-E-fiald, 10mm
above the dipole surface.

s H-figk! distribution: H-field is measurad with an isotropic H-field probe with 100mW forward power to the
antenna feed poind, in the x-y-plane. The scan area-and sensor distance is equivalent to the E-feld
scan. The maximum of the fisld s available at the center (subgrid 5) above the feed point, The H-fiald
value stated as calibration value represents the maximum of the interpolated H-field, 10mm above the
dipole surface at the feed point.
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1 Measurement Conditions
DASY system configuration, as far as not given on page 1

DASY Version DASYa V4.7 B53

DASY PP Version SEMCAD V18 B172
Phantom HAC Test Arch S0 HAC P01 BA, #1002
Distance Dipole Top - Probe Canter 10 mm

Scan resolution dx, dy =5 mm area = 20 x 80 mm
Frequency 1880 MHz = 1 MHz

Forward power ai dipole connector 20.0 dBm = 100mW

Input power drift <D.05dB

2 Maximum Field values

H-fisld 10 mm above dipole surface candition Interpolated maximum
Maximum measured 100 mW forward power 0.453 Alm
Uncartainty for H-field measurement: 8 2% (k=2)

E-field 10 mm above dipole surface candition Interpolated maximum
Maximum measurad above high end 100 mwW farward porwer 1361 Vim
Maximum measured above low end 100 mW forward power 1288 Vim
Averaged maximum above anm 100 mW forward power 133.0 Vim

Uncertainty for E-field measurament: 12.8% (k=2)
3 Appendix

3.1 Antenna Parameters

Fraquency Return Loss | Impedance !
|1710 MHz [223dB [{518+76)Ohm_
1880 MHz '22.1dB |{49.5+ 7.8 ) Ohm !
1800 MHz 22108 (52.2+7.7) Ohm -
71950 MHz 31608 (527 +0.5) Ohm
2000 MHz 720 5 0B (41.8+2.8) Ohm

3.2 Amtenna Design and Handling

The calibration dipole has a symmetric geomelry with a buili-in two siub maiching netwark, which leads io the
anhanced bandwidth

The dipole is built of standard semirigic cosxial cable, The intemal matching line is open ended. The antenna (s
tharafore opan for DC signals

Do not apply force 1o dipode arms, a8 they ane liabie to bend, The soldered conneclions near the feedpoint may
be damaged. After excessive mechanical siress or overheating. check the impedance characlenstics to ensure
that tha inlefnal matching natwork is not affected,

Afier long term use with 40W radiated power, only a slight warming of the dipole near the feedpoint can be
maasurad
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1.3 Maeasurement Sheets

3.3.1 Return Loss and Smith Chart
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3.3.2 DASY4 H-Field Result
Diate/ Teme: 10.07.2007 17:19:44

Test Labormmtory: SPEAG, Zurich, Switzerland
DUT: HAC Dipole 1880 MHz: Type: CIDIBR0V; Serial: 1063

Communication System: CW; Frequency: 1880 MHz: Duty Cycle: 101
Sledium: Adrr

Medium parameters used: ¢ = O mha'm. g, = 1 p | kgim®

Phamom section: H Dipale Section

DASY 4 Configuration

Probe: HADVSG - SN6DAS; ; Colibrated: 27,12 2006

Sensor-Surfsce: (Fix Surface)

Electronics: DAES Sa03; Calibruted: 31.08 2006

Phantom: HAC Test Arch 4.6; Type: 5D HAC PO1 BA; Serial: 1002

Measuremnent SW: DASY4, V4.7 Build 35; Postprocesang SW: SEMCAD, VILE Build 172

H Scan - Sensor Center 10mm above CIIER0V3 Dipole/Hearing Aid Compatibility Test (41x181x1):
Measurement grid: de=5mm. dy=5mm

Maximum value of peak Totnl field = 0,453 A'm

Probe Modulation Factor = .00

Reference Value = 0.478 A'm; Power Dnft = 0,000 dB

Hearing Ald Near-Fleld Category: M2 (AWF 0 dB)

Peak H-figld in A'm

Grid1 JGrid2 | Grad 3
0.3910.426(0.413
Gnd4 | Gmd 5 | Grd 6
0.421|0.453|0.440

Gnd7 |Grid& | Grd @

0.382|0.405|0.392

1]
= e.oog

||
P

5.08

B4

(LR

0 dB=0453A'm

Certificate No: CO1BB0VI-1063_iul7 Page 5ol &

SGSTesing Karea, Co., il | ##18—34, Sanbon—dong, Gunpo—si, Gyeonggi—do, 453—040 KOREA t+8231 4285700 1+82 31427 2370 ww.electiolab k.sgs.com
|

Member of SGS Gioup(Sodiét: Générale de Suvellance)
TEST 001



TEST REPORT

Report No.:  F690501/RF-SAR001792  Page(67)/(72)Pages

3.3.3 DASY4 E-Field Result
Date Tume: 12.07.2007 14:55:17

T'est Laborntory: SPEAG, Zurich, Switserland
DUT: HAC Dipole 1880 Mz Tyvpe: CDISS0VE; Serial: 1063

Communication System: CW; Frequency: 1880 MHz: Dty Cyele: 111
Mediam: Adr

Medium parameters used: o = O mho'm. & = 15 p = (000 kg'm'
Phantom section: E Dipole Section

DASY4 Configuration

Probe: ERADVE - 8%2336; ConvFi L, 1, 11 Caltbraed: 2712 2006

Sensor-Surface: {Fix Surfode)

Flectronics: DAES Sai3: Calibrated: 31 08 2006

Phantom: HAC Tea Arch 4.6; Type: SD HAC P01 BA: Serial: 1002

54, V4.7 Build 53, Postprocessing SW: SEMCAD, V1.8 Baild 172

Measurement SW Iy

E Scan - Sensor Center 10mm above CD1880Y3 Dipole/Hearing Aid Compatibility Test (41x181x1}):
Measurement grid: dx=3$mm. dy=5mm

Maxinmum value of peak Total field = 1361 Vim

Probe Modulation Factor = 1.00

Reference Value = 151.5 Vim; Power Drift = 0,032 dB

Hearing Ald Near-Field Category: M2 (AWTF 0 dB)

Peak E-field in Vim

Grid ] |Grid2 |Grid3
126.1|129.8]|126.7

Gridd |Gnds |Gnde
85.7 |87.3 [83.7
Grd? |Grid® |Gridd
133.01136.1{127.7

db
= 0000

=140

T.40

NdB = 136.1%/m

Cartificats Ma: CO1BBOVI-1003_JuT Paga 8ol 6

SGSTesing Karea, Co., il | ##18—34, Sanbon—dong, Gunpo—si, Gyeonggi—do, 453—040 KOREA t+8231 4285700 1+82 31427 2370 ww.electiolab k.sgs.com
|

Member of SGS Gioup(Sodiét: Générale de Suvellance)
TEST 001



TEST REPORT

Report No. F690501/RF-SAR001792  Page(68)/(72)Pages
DAE Calibration Certificate
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Accredited by the Swiss Federal Office of Matrology and Accreditation Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories 1o the EA

Multilateral Agreement for the recognition of calibration certificates

Cliant

Cortifiate No: DAE4-614_Aug07

CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration date:

Condition of the calibrated item

DAE4 - SD 000 D04 BA - SN: 614

QA CAL-08.v12

Calibration procedure for the data acqulsition '

‘August 30, 2007

In Tolerance

This calibration certificate documents the traceability to national standards, which realize the p | units of s (S1).
The ts and the L inties with cor probability are given on the following pages and are part of the certificate.
All calibrati have been ct {in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for callbration)

Primary Standards 1D # Cal Date (Call i by, Certificate No.) Scheduled Calibration
Fluke Process Calibrator Type 702 | SN: 6205803 13-Oct-06 (Elcal AG, No: 5482) Oct-07

Kelthley Multimater Type 2001 SN: 0810278 03-Oct-06 (Elcal AG, No: 5478) Oct-07

Secondary Standards 10 # Check Date (in house) Scheduled Check

Calibrator Box V1.1

Calibrated by:

Approved by:

SE UMS 006 AB 1004 25-Jun-07 (SPEAG, In house check)

Name Function
Dominique Steffen Technician
Fin Bomholt

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

In house check Jun-08

Signature

Issued: August 30, 2007

Certificate No: DAE4-614_Aug07
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Calibration Laboratory of S, s octont il
Schmid & Partner % c Service suisse d'étalonnage
Engineering AG T Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland 25 47/'“?\\.\.\\:‘“ Swiss Callbration Service
Accredited by the Swiss Faderal Office of Metrology and Accreditation Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary

DAE 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
« DC Voltage 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 voltmeter in the respective range.

s Connector angle: The angle of the connector is assessed measuring the angle
mechanically by a tool inserted. Uncertainty is not required.

« The following parameters contain technical information as a result from the performance
test and require no uncertainty.

s 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.

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

e Channel separation: Influence of a voltage on the neighbor channels not subject to an input
voltage.

e AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltage

e Input Offset Measurement: Output voltage and statistical results over a large number of
zero voltage measurements.

e Input Offset Current: Typical value for information; Maximum channel input offset current,
not considering the input resistance.

e Input resistance: DAE input resistance at the connector, during internal auto-zeroing and
during measurement.

o Low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

« Power consumption: Typical value for information. Supply currents in various operating
modes.
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DC Voltage Measurement
AJD - Converter Resolution nominal

High Range: 1LSB = B.1uV, full range = -100...+300 mV
Low Range: 1LSBE = 61inV, full range = -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y z
High Range 403.926 + 0.1% (k=2) | 404.433 £ 0.1% (k=2) | 405.056 + 0.1% (k=2)
Low Range 3.95357 + 0.7% (k=2) | 3.93461 + 0.7% (k=2) | 4.00299 + 0.7% (k=2)
Connector Angle
Connector Angle to be used in DASY system 231°x1°
Certificate No: DAE4-614_Aug07 Page 3of 5
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Appendix
1. DC Voltage Linearity
High Range Input (uV) Reading (uV) Error (%)
Channel X + Input 200000 200000 0.00
Channel X + Input 20000 20008.58 0.04
Channel X - Input 20000 -19999.47 0.00
Channel Y +Input 200000 200000.6 0.00
Channel Y + Input 20000 20007.85 0.04
Channel Y - Input 20000 -20001.41 0.01
Channel Z + Input 200000 199999.9 0.00
Channel Z + Input 20000 20006.37 0.03
Channel Z - Input 20000 -20004.86 0.02
Low Range Input (pV) Reading (uV) Error (%)
Channel X + Input 2000 2000 0.00
Channel X + Input 200 199.76 -0.12
Channel X - Input 200 -199.68 -0.16
Channel Y + Input 2000 2000 0.00
Channel Y + Input 200 199.84 -0.08
Channel Y - Input 200 -200.52 0.26
Channel Z + Input 2000 2000 0.00
Channel Z + Input 200 199.27 -0.37
Channel Z - Input 200 -201.19 0.59
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 1.30 0.67
- 200 -0.13 -0.60
Channel Y 200 8.1 7.55
- 200 -9.10 -8.60
Channel Z 200 -10.71 -10.45
- 200 9.01 8.76
|
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel Y (uV) Channel Z (V)
Channel X 200 2.57 -0.89
Channel Y 200 0.47 - 4.63
Channel Z 200 -0.15 0.69 -
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. AD-Converter Values with inputs shorted

DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 16227 16192
Channel Y 16375 15850
Channel Z 16067 15373

. Input Offset Measurement

DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Input 10Mg
Average (uV) min. Offset (uV) | max. Offset (uV) St I;::}iaﬁon
Channel X 0.31 -0.54 1.27 0.41
Channel Y -2.27 -3.06 -1.38 0.34
Channel Z -0.93 -2.53 0.20 0.41
. Input Offset Current
MNominal Input circuitry offset current on all channels: <25fA
. Input Resistance
Zeroing (MOhm) Measuring (MOhm)

Channel X 0.2000 196.9
Channel Y 0.2000 200.7
Channel Z 0.2000 2021

8. Low Battery Alarm Voltage (verified during pre test)
Typical values Alarm Level (VDC)
Supply (+ Vce) +7.9
Supply (- Vcc) 7.6

9. Power Consumption (verified during pre test)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vee) +0.0 +6 +14
Supply (- Vcc) -0.01 -8 -9

Certificate No: DAE4-614_Aug07 Page5of 5

SGSTesing Karea, Co., il | ##18—34, Sanbon—dong, Gunpo—si, Gyeonggi—do, 453—040 KOREA t+8231 4285700 1+82 31427 2370 ww.electiolab k.sgs.com
| Member of SGS Group(Sociit: Géndérale de Suvellance)



