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Annex D to Test report no.: 1-6965/13-08-24

2 Calibration report “Probe ER3DV6”

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughausstrasse 43, B004 Zurich, Switzerland

Schweizerischer Kalibriordianst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accrediled by the Swiss Accreditation Service [SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is ane of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificatas

cient  Cetecom Cortificato No: ER3-2262_Jan14
CALIBRATION CERTIFICATE |
Otyect ER3DVE - SN:2262

Calibration procedure(s) QA CAL-02.v8, QA CAL-25.v6

Calibration procedure for E-field probes optimized for close near field
-evaluations in air

Calibration date: January 17, 2014

This calibration certificate documents the traceability 1o national standards, which realize the physical units of measurements (1)
The measurements and the uncertainties with confidence probability are given an the foliowing pages and are part of the certificate.

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

Calibration Equipment used (MBTE critical for calibration)

Primary Standards [[=] Cal Date (Cedificate No.) Scheduled Calibration

Power meter E44188 GB41293874 04-Ape-13 (No. 217-01733) Apr-14

Power sensor E44124 MY41458087 04-Ape-13 (No. 217-01733) Apr-14

Reference 3 dBl Attenuatar SN: $5054 (30) 04-Apr-13 (No. 217-01737) Apr-14

Reference 20 dB Altenuator SN: §5277 (20x) 04-Apr-13 (No. 217-01735) Apr-14

Reference 30 dB Attenuator | SN: $5128 (30b) 04-Apr-13 {No. 217-01738) Apr-14

Reference Probe ER3DVE SN: 2328 10-0¢1-13 (No. ER3-2328_Oct13) Oct-14

DAE4 SN 789 15-May-13 (No. DAE4-788 May13) May-14

Secondary Standards D Check Date (in house) Secheduled Check

RF generator HP BB4BC US3642001700 4-Aug-89 (in housa check Apr-13) In house check: Apr-16

Network Analyzar HP 8753E US37390585 18-0ct-01 (in house check Oct-13) In house check: Oct-14
Mame Function Signatire

Calibrated by: Claudio Leubler Laboratory Techniclan .

Approved by Katia Pokovic ‘Technical Manager. ﬁ g e

Issued: January 17, 2014

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

Certificate No: ER3-2262_Jan14 Page 1 of 10
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Annex D to Test report no.: 1-6965/13-08-24 CETECOMW

Calibration Laboratory of t‘“&_—i{;’? Schwaizerischer Kalibicrdianst
Schmid & Panner ;E“H—-——-’E—," Sorvice sdisse d'étalonnage
Engineering AG e Servizlg svizzers dl taratura
Zoughausstrasse 43, #104 Zurich, Switzerland '-i,_! — \@3 Swiss Calibraticn Service
il et
Accreditad by ihe Swiss Accredilation Sercs (S45) Aceredilation Ne.: SCS 108

The Bwlss Atcraditation Service Is one of the siynataries 1o the EA
Wultilateral Agreamsnt for the regognition of calibration certificates

Glossary:

NORMx .2 sensitivity in fres space

DCe diade compressian paint

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

A4.B.CD rmadulation dependent linearization parametars

Polarization i relalion @round probe axis

Polarization 3 3 rotation around an axis thal is in the plane normal to probe axis (st messurement center],
ie. % =0k namal to probe axis

Connectar Angle infarmation used in GASY system ko align probe sensor X to Ihe rabet coordinate syslem

Calibration is Perfermed According to the Following Standards:
4] |EEE Std 1309-2005, " IEEE Slandard for calibration of electromagnetic fisld sensors and probes excluding
antannas, from 2 kHz to 40 GHz", December 2005
b1 CTIA Test Plan for Hearing Aid Compatinility, April 2016,

Methods Applied and Interpretation of Parameters:
*  NORMy.y.2: Asseszed for E-field polarization 8 = 0 for XY sensoes and 3 = 90 for Z sensor (f € 800 MHZ in
TEM-call; f > 1800 MHz: R22 wavequids).

s NORMx v.Z = NORMz v,z * frequency_response (see Frequency Response Chart).

+ DCAxy.z: DOP are numencal lingarization parameters assessed based on the data of power swasp with CWy
signal (na ungertainty required). DEP doas not depand on frequency nor media,

+ PARPAR s lhe Peak to Average Ralio that is not calibrated but determined based on the signal
characlerislics

* AxpZ By Cwz Dx .z VRxyz A B, C, D are numerical Inearization parameters aszessed hased on
the dala of power sweep for specific modulation signal. The parameters da not deperd on frequency nar
media. VR is the maximum calipration range expressed in RMS voltage acroes the diode,

»  Sphencaf isolvopy (30 deviation from isofrapyl: in a tocally homogeneous lield realized using an open
wavegtide setup.

«  Sensor Offset. The sensor offset coresponds to the offset of virtual measurement center from the probe tip
on probe axis). Ma telerances reguired,

»  Conmactor Angie: The angle is assessed using the information gained by deteemining the NORM (ne
uncertainty required).

Certifirate MWao: ER3-2262_Janid Fage 2 of 10
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Annex D to Test report no.: 1-6965/13-08-24 CETECOMTM

ERIOVEG — SN 2262 Januany 173014

Probe ER3DV6

SN:2262

Manufactured:  May 18, 2001
Calibrated: January 17, 2014

Calibrated for DASY/EASY Systems

(MNote: non-compalible with DASY 2 system!)

Cenificate No: ER3-2262_Janid Page 3 of 10
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Annex D to Test report no.: 1-6965/13-08-24 CETECOM

ERIDYE- SN:2ag2 January 17, 2014

DASY/EASY - Parameters of Probe: ER3DV6 - SN:2262

Basic Calibration Parameters

| Sensor X Sensor ¥ Sensor Z | Une {k=2) |
Narm (p\ivim)®) ! 1.53 1.35 161 [ +101% |
| DEP imVvi® | 00.9 | 101.0 101.9 | |

Modulation Calibration Parameters

[I]]#] Communicatian System Name & B C o VR Unct
) dBvpV di my {k=2}
i Cw x |_on 0.0 10 000 | 1848 | *271%
i IX1] n.a 1.0 1361
i_ z [¥] 0o 1.0 1403
10011- UMTS-FOD (WCDMA)Y = 3L EB.2 14.3 2M 1147 0T %
Cah
Y 336 &7 5 790 145.6
2 3.24 667 185 1105
10021- GEM-FOD TCMA, GMSK) i X 2017 qq5 8.2 83 114.1 1.4 %
DA,
¥ | 1816 | %83 | a7 945 ]
! . Z | w7y | are [ 79 1235 |

The reparted uncartainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of appreximately 95%.

& Mumesical inearizalion parametar: unRCrtainly nof required,
® Uneertainty s determined using the max. devialian from inear resspanse applng rectanguter disinoutien and is expressed for the square of R
field valee.

Cedificale Me: ER3-2262_Jar14 Fage 4 af 10
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Annex D to Test report no.: 1-6965/13-08-24 CELEQM

ER30DVE- SM:2262 January 17, 2014

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

15— = —

14t Foics
1.3 L FRISY  FUNIEIRI | B—— s PR
1.2- L SRS PPN - :

1.1

T OVt VRS (RIS SISO GORE —— . —~eammrerror 4

Frequency response (normalized)
L]

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

Certificate No: ER3-2262_Jan14 Page 5 of 10
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Annex D to Test report no.: 1-6965/13-08-24 mfgo_M

ER3DVE- SN:2262 January 17, 2014
Receiving Pattern (¢), 9 = 0°
=600 MHz, TEM,0° f=2500 MHz,R22,0°
"U‘. z “ "'::' ."‘“ be -an .ﬂ: uu-. I. o ﬂ. l:'.‘. B4 BB o0& .Lo
Tat ; : ; Tot ; : ;
Receiving Pattern (¢), 9 = 90°
f=600 MHz, TEM,90° f=2500 MHz,R22,90°

" F (!
4 3 i (]
0o 0 b 1a0e 6 @

82 04 oo on 82 04 o8 oa
' ' . .

3E
—t5 . T
L] [ ] L] L} L] L]
Tot x Y z Tt X Y 2
Cerificale No: ER3-2262_Jan14 Page & of 10
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Annex D to Test report no.: 1-6965/13-08-24 CELE_Q_HM

ER3DVE- SM:2262 January 17, 2014

Receiving Pattern (¢), 8 =0°

054-
T b
E’ 0.0+
a F
asf : y
---'.l:ll'Lillllglllléjltlill_..;__]II.I-L___I_.
ko o p ! % o o
o Rol [*]
L] 2
1uEI1:l'Lz d«nﬁ'.ﬂ[h mﬂmtuz 2% T Hz
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
= - o
Receiving Pattern (¢), 9 = 90
DR ey st S e e Pt e s T i s
%’ - H i ¥ i
B 00ttt = —sb 44_:4—1;—&ue‘—u.—i---++r-+-e-—r—&-+-+—- i
E : : : ; :
_05.:. ar ; . e RO ST N U STt et | E S
I-'l|||!-|J|;||||:1|4|i|||1_:|.||:||
150 tho 80 0 50 100 150
1 Rol [7]
[ I = &
:oU'TJL.- ﬁtﬂ%ﬁiiz 1adﬁT,H.r 2500 MHz
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
Certificate No: ER3-2262_Jan14 Page 7 of 10
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Annex D to Test report no.: 1-6965/13-08-24

ER3DVE- SN.2262 January 17, 2014
Dynamic Range f(E-field)
(TEM cell , f = 900 MHz)
Wi
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5 T
= |
™
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0]
— 10."-_ bl
g
074
10"+ e
107
: E total [Vim]
*] (e
not compensated compensated
2
W | L |
g | L L |
E 0- . .—1-..-—"-;.,..--1—-#1-:-—-—“"4——-—-_..._—-
& i
1+ ek L i
1 | i L e R il. &7 ¢ i 3Eiil)
100 101 102 100
E total [V/m]
[+] (o]
nof compensated compensated
Uncertainty of Linearity Assessment: + 0.6% (k=2)
Centificate No: ER3-2262_Jan14 Page B of 10
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Annex D to Test report no.: 1-6965/13-08-24

cErECoM’

ER3DVE- SN:2262

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

1.0

Deviation
Lhbbbooo=8

comantobs

45

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

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

January 17, 2014

Certificate No: ER3-2262_Jan14 Page 9 of 10
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Annex D to Test report no.: 1-6965/13-08-24

CETECOM"
———

ERJIOVE- SM:2262

Januay 17, 2044

DASY/EASY - Parameters of Probe: ER3DV6 - SN:2262

Gther Prok:e Parameters

| Senscr Arrangerment Rectangular
[ Connesier Angre =) 309
Mechamical Surface Detection Mode enablad
Optical Surface Detection Mode dizabled
Proha Crerall Length 33¢ mm
“Probe Body Diarneter " Tomm
Tip Lengen 10mm §
Tip Crameater Bmm |
Probe Tip to Sensar X Calibration Poind “ZEmm
Probe Tig to Sersor ¥ Calibralion Point 2.5 mun
Probe Tip 1o Sensor £ Calibration Poind 2.5 mm

Certificala Mo; ER3-2262_Jan14 Page 10 of 10
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Annex D to Test report no.: 1-6965/13-08-24

CETECOM"

Calibration report “835 MHz HAC System validation dipole”

- = A
Cﬂ“blfﬂllﬂﬂ Laboratary af SN Semwenlrarisener Kalibrierdienst
Schimid & Parlner ilk-___-a";s_ Service sulsco ddtalonnage
Engineering AG il Servizio svizzers di taratura
Zoughaussirasss 43, 8004 Zurich, Switzerland % :7"_,5:: £ Swige Calibration Service
il

Acgredited by the Swiss Accrediiation Service (SAS) aeeraditation No: SCS 108
The Ewiss Accreditotion Servies is one of the signatories 1o the EA

Multilatersl Agreement for the recognition of calibsation cerlilicales

cllent  Getecom Certificate No: CDB3SV3-1027_May12
[CALIBRATION CERTIFICATE |
[

Object Gnﬂaﬁ'\g‘ﬂ_ - SN: 1027

Calibrsriinn procedureds) GA CA_L-ZO_UE

Calibialion procedure for dipoles In alr

Cakraton date: May 08, 2012

This cahbration camficato documents tho tracoobility to national standards, which realize the physical wils ol inesswenenls (S0,
Ina measumments and tho uncarainios with gonfidenos probobilty ane given on (he lollowing pages and are part of the cerlificalk:

All calibmaticns have hern condiriad in sha iogad Aborstony taciry: orvironment lemperature {22 £ 3)°C and humidily < 70%,

Cahbration Equipmant used (MATE critical for calibralion)

Primary Standands D& Cal Niaie (Corifieas Mo j Sthoduied Cakbeation
Pomiar melar EPh-2428 GRATAROTOL 05-Oet-11 (No, 2101457} et 12

Puomie sensor HP 84814 LISATAOPTAA U-0pt-11 | Mo, 21 7401451) Dat-12

Pinle EAZDVA Shl: 2336 20.08c-11 [No. ER3-2438 Docit) D13

Prolm HADWE SN GO6S 20-Unc-11 [No. M3 E066_Deoi 1) Diee-12

nNAFs | S FEl 25-Apr-12 (Mo, DAEA-TEI_Aprid) Apr13

Sneoadan Stancards e Chack Data [in houco) Echedulad Chack
Powar maler Agilant 44108 BN GE42420101 09-Cot-0 {in hewss check Oct-11) Ion house shedk, Oul-12
Hewar sonsar HP BABZH EN: S38A0B4ASD 05-0st-09 {in house check Qul-11) [0 houses chesck: Oel-12
Powar sensor HP B482A SN: UE3TR0550T 09-0:1-09 {in house check Ocet-11) lon lnnme chesd Onda i3
Medwark Aabyzer HP 8753E USIFe0s0s 18-Cct-01 {in howse cleck Ocl-11) I fun e eheck: Ot-12
AF gonceator E44:330 | MY 41000875 00-Mowv-04 in howsa clck Ocl-11) len lemeses ccherks - 13

MNamo Funztion

Slgnaqure
| Calibrated by: Claudie Leublar Labombary Technician iy Z’&\-
.1' s
Appioved by: i Bl AT ifARe Fum— s o
S e e

Ipsucd: Moy &, 2312

This calihration ceniticste shall not ba raproducsd easept in full wishout wrillon aooroval of the laboratory.

Cartihcate Mo: CUBISV3E-1027_May12 Page 1of 8
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Annex D to Test report no.: 1-6965/13-08-24 CETECOMW

. . T
Calibration Laboratory of SN, §  Schweizarlscher Kalibrierdienst
Schmid & Partner ;‘ER\H;__F{"!E: [ Service suisse d'étalonnage
Enginesring AG e S Servzio Svizrece di taratura
Feughauagtragsse 43, BOC Zurich, Switzerland % ‘_/,':.:\\_\3‘ Swiss Calibration Service
ol L
hrcredited by the Swiss Acradilation Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Servica i ane of the slghatories to the EA
Multilateral Agreement for the recognitlan of ealibralion cestifieates

References

(] ANSEGE3.19-2007
American Mational Standard for Methods of Measurement of Compatibility between Wireless Communications
Cevices and Hearing Aids.

[2 ANSI-CE3.19-2011
American National Standard, Methods of Measurement of Compatibilily between Wireless Communizations
Devices and Hearing Alds,

Methods Applied and Interpretation of Parameters:

v Coorginate System: y-axis is in lhe direction of the dipole arms. z-axis is from the basis af the antenna
{mounted an the table) towards its eed point between the two dipole arms, x-axis is normal to the ather axes.
In ceincidence with the standards [1], the measurement glanes fprobe sensor centar} are selected to be at a
dislanca of 10 mm (15 mm for [2]} above the op metal edge of the dipole amms.

+  Measurerent Conditions: Furiher details are available fram the hardcopies at the end of the certificate. Al
ligures sisted in the certificats are valid at the frequency indicated. The forward power to the dipote connecter
is sat with a calibraled power meler connected and menitored with an auxiliary pawer meler connected (o a
directional coupler. While the dipole under test is sonnected, the forward power is adjusted to the same level.

»  Anfenna Fositioning: The dipole is mounted on a HAG Tast Arch phantom using the matching dipole
positioner with the arms harizontal and the faeding cable caming from the fluar, The measurements are
performed in a shielded rcom with absorbers arcund the setup to reduce the reftectians.

It is verified Getare the mounling of the dipole under the Test Arch ghantom, that its arms are perfoctly in a
ling. It is mstalled on the HAC dipole pasitioner with its arms paraliel below the diglectric reference wire and
able to move efastically in vertical direction without changing ils refative posilion te the top center of the Test
Arch phantorn. The vartical distance to the probe is adjusted after dipole mounting with a DASYS Surface
Check job. Before the measurament, the distance between pharten surface and probe tip is varified. The
proper measursmeni distance is selected by choasing the matching section of the HAC Test Arch phantorm
wilh the proper device raference point {upper surface of the dipole) and the matching arid referance point ilip
ol the probe} considering the probe sensor ofiset, The vertical distance 1o tha probe is essential for the
ACCUTACY.

«  Feed Paint Impedance and Returst Loss: These parameters are measured using a HP B752E Veolor Network
Analyzer, The impedance is specified at the SMA cannector of the dipsle, The influence of refleclions was
eliminating by applying the averaging tunction while moving the dipels in the air, at least 70cm away from any
obstacles.

s E-fleld distribotion; E field is measured in 1he x-y-plane with an isotropic ER3D-field probe with 1 00 mwW
forward power 1o the antenna feed point, In accordanes with [1] and [2], the scan area is 20mm wide, its
length exgeeds ihe dipole arm kength {180 or 90mm). The sensor eenter is 10 mm {15 mm for [2]) {in 2) above
the metal top of the dipole arms. Twe 30 maximea are available near the end of the dipole arms, Assuming the
dipole arms are perfectly in one ling, the average of these two maxima (in subgrid 2 and subgrid &) is
determined to compensate for any non-parallelity to the measuremant plane as well as the sensor
displacement. The E-fizld value stated as calibration value represents the maximurm of the interpolated 30-E-
field, in the plane above the dipole surface.

*  H-figld distribution: H-field is measured with an isotropic H-fisld prabe with 100mW forward power to the
antenna feed point, in the x-y-plane. The scan area and sensor distance i equivalenl to he E-field scan. The
maximum of the field is available at the center {subgrid 5 above Lhe feed paint. The H-field value stated as
calioration value reprasents the maximum of the interpolated H-field, 10mm above the dipole surface al the
feed point,

The reported uncertaindy of measurement is stated as he standard uncertainty of measurement mulliplied by the
coverage factor k=2, which far a normal distribulion correspands to a coverage probability of approximately 959%.

Cerilicate No: CDA3SVI-1027_Mayi2 Page 2 ol B
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Annex D to Test report no.: 1-6965/13-08-24

CETECOM"
—_———

Measurement Conditions

DASY syslem eonfiguralion, as far a5 not given on page 1.

DASY Version DASYE V5281
Extrapolation Advanced Extrapolation
Phantom HAC Test Arch
Distance Dipole Top - Probe 10mm
Center 15mm
Scan resolutlon dx, dy =5 mm
Frequency B35 MHz £1 MHz
Input power drift = Q.05 dB
Maximum Field vaiues at 835 MHz
H-field 10 mrn above dipale surface conditian inerpolated maximum

Maximum measured

100 v input power

0.458 A/ m = 8.2 % (k=2)

Maximum measurad ghove low eng

E-field 10 mm above dipole surface condition Interpolated maximum
Maxirmum measured abave high end 100 W input power 189.2V/m
100 M inpul power 162.4W!im

Averaged maximum above arm

100 W inpul posers

165.8 ¥/ m + 12.8 % (k=2)

E-field 158 mm above dipole surface

condition

Interpolated maximum

Maximum rmeasured above high end

100 Y mput power

1084 W/ m

WMaximum measured above low end

100 MY input power

1060 m

Averaged maximum above amm

T00] VY input power

1072V /m+ 12.8 % (R=2}

Centificate No: CDE35V3- 1027 Mayi2

Page 3af 8
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Annex D to Test report no.: 1-6965/13-08-24 CETECOMW

Appendix

Antenna Parameters

Freguency Return Loss Impadance

800 MHz 16.00dBE NG 0-123j
835 MHz 23.84dB 491+ B30
300 MHz 17.7 d& 28B4k 11.4 10
SEQ MMz 18.04E SOOE + 12,7 L2
960 MHz 134 dB BE7 L2+ 3221 j0

3.2 Antenna Design and Handling

The calibration dipole has a symmetric geomelry with 2 fuil-in two 51Uk malching netwark, which leads t the
enhanced bandwidth,

Tine dipola i buill of standard semirigid coaxial cable. The internal matehing line is open ended, The antenna is
therefore apen for DC signals.

Bo not apply foree to dipole arms, as they are liable to bend. The soldered connections near the feedpoint may be
darmaged, After excessive machanical stress or overhiealing, check the impedance characteristics to ensure that the
interrral matehing network, is not alfected.

Alter long term use with 40W radiated powar, only a slight warming of the dipale near the ieedpoint can be measured.

Cerificate No: COE35WI-1027 Mayi2 Page 4ol 8
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Annex D to Test report no.: 1-6965/13-08-24 “’E M

Iimpedance Measurement Plot

8 May 2012 17:34:16

F-17.712 dB

CH1 S11  LOB 5 dB/REF -45 df #-23,331 dB_ £35.088 G008 MHz
i e [ 1S (-
- [ — I 1
| B _I --.__L_‘?:ﬁ .-"J TI' E CHL Markers
| N 7 ] s
— - e
i | b Z { ! |

j ~alE 1 i 265,088 HH.
- rETE 4:-17.971 dB
o 250,008 HH=
ﬁ\'g | o = rl
2ol (S : T H-14.371 dB
I | 00000 M|z
Hid | J

5114 1 U FS 835,008 680 MHz

Del CHZ Harkers

141,928 a

S GE.IEL U
—11.441 0
02888 AHZ

“ {23834
95A.688 MHz
5t g_a.?qa @

i B T )
GRAABE MHz

A
159

Hld

START 333.060 BAQ MHz SIUF 1 335088 888 MH=

Certificate No: CDB36V3-1027 Mayi2 Pago G5 of 8
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Annex D to Test report no.: 1-6965/13-08-24 CETEQOM

DASY4 H-field Result

Date: DR.05.2012

Test Laborarary: SPEAG 1ab2
DUT: HAC-Dipole 835 MHy; Type: CDB35V3; Serial: CD83SV3 - Sh: 1027

Communication System: CW; Frequency. 835 MH»

Medom parameters used: 6 =0 mho/m, &= 1: p= | kofm’
Phantom section: RF Section

Measurement Standuard: DASYS (ILEETECIANST C63.19-2007)

DASYS2 Conliguratinn:

*  Probe: H3DV6 - SNGOGS; ; Calibrated:; 29.12.2011

»  Sensor-Surface: (Fix Surface)

=  Eleclronics: DAES Sn781; Callbrated: 25.04.2012

*  Phantom: HAC Test Arch with AMCC; Type: SD HAC POL BA; Serial: 1070
= LUASYSZ 52.8.1[B3B); SEMCAD X 14.6.5(6469)

Dipole H-Field measurement @ S35MIL/1-Scan - 835MHz d-10mm/Hearing Aid Compatibility Test (41x361x1):
Measurcment grid: dx—Soum, dy=Somn

Device Relerence Point; 0, 0, -6.3 mm

Reference Value = 04870 Admy Power Drift = 0,00 JB

PMR not calibruted. PMF = 1000 15 applicd.

H-field amissions = (L4580 A/m

Near-ficld category: M4 (AW 0 dB)

PMF scaled H-field

Grid 1 M4 |Grid 2 M4 | Grid 3 M4
0.380 Afm |0.396 Afm [0.37Z A/m
Grid 4 M4 |Grid 5 M4 [Grid 5 M4
0.440 A/m {0,458 Afm 0.429 A/m
Grid 7 M4 |Grid 8 M4 |Grid @ M4
N.296 A/m|0.412 A/m|[0.381 Afm

4.39

-B8.78

1306

-17.55

«21.94

0.dB = 0.458 Afm =-6.78 dB A/m

Cenimicate No: CUB35V3I-1027 Mayi2 Page Gof 8
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DASY4 E-field Result

Dane: 08052012

Test Laboratery: SPEAG Lab2
DUT: HAC-Dipole 835 MHz; Type: CDS35V3; Serial: CUB35V.S - SN: 1027

Commumeation Svsiem: CW; Frequency: 835 M1z

Medim parameters used: o= mho/m, g = 1; p= 1000 kg/m®
Fhantom section: BRI Section

Mezavurement Standard: DASYS (IFEE/TEC/ANST C63.10-2007)

[ASYS2 Conligurution:

& Probe: FRANVE - SN2336; ConvE(L, 1, 1); Calibrated: 20.12.2011;

= Sensor-Surface: (Fix Surface)

*  Electronics: DACY 5n781; Calibrated: 25.04.2012

*  Phantom: HAC Tesl Arch with AMCC; Type: SD HAC POT BA; Serial: 1070
*  DASY52 52.8.1(838); SEMCAD X 14.5.5(haby)

Dipole E-Field measurement @ $3SMHAE-Sean - 833MIlz d=10mm/Hewring Aid Compatibility Test (41x361x1):
Measurement grid: dx=5mm, dy=Smm

Device Reference Point: 0, 0, -6.3 mm

Reference Value = 109.4 Vim; Power Drift — 20,02 dB
FMIE not calibrated. PMFE = 1000 15 applied,

F-field emissions = 1642 Vim

Near-ficld category: M4 (AWF D dB)

PMAF scaled E-field

Gricd 1 M4 |Grid 2 M4 |Grid 3 M4
160.0 V/m |162.4 ¥/m | 151.8 V/m
Grid 4 M4 |Grid 5 M4 |Grid 6 M4
85.606 V/m |86.34 V/m |81.10 V/m

Grid 7 Ma |Grid & ma |Grid 9 ma
165.7 V/m [169.2 V/m |158.4 V/m

Codtificate Mo: CD835V3 1027 _May12 Mage 7 of O
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Dipole E-Field measurement @ 835MHz/E-Scan - 835MHz d=15mm/Hearing Ald Compatibility Test (41x361x1):
Measurement grid: dx=5mm, dy=5mm

Device Reference Point: 0, 0, -6.3 mm

Reference Value = 109.6 V/m: Power Drift = -0.02 dB8

PMR not calibrated. PMF = 1,000 15 applied.

E-field emissions = 106.0 V/m

Near-field category: M4 [AWF 0 dB)

PMF scaled E-field

Grid 1 M4 |Grid 2 M4 |Grid 3 M4
105.2 V/m |106.0 v/m |102.6 V/m

Grid 4 M4 [Grid 5 M4 [Grid & ma
£2.01 W/m [62.29 V/m [60.31 V/m

Gric ardama |Grid
vl

T

-4.66

-12.00

0d8 - 169.2 V/m=44.57 dB&V/m

Certificale Nu: CDB3SV3- 1027 May12 Page B al B
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CETECOM"

4

Callbration Laboratory of

Schmid & Partner
Engineering AG

Zoughaussirasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accradilabon Samvice [SAS)

The Swiss Accreditation Service s one of the signatories 1o the A
Multilateral Agreement for the recognitive of calibration certificates

Client Ge'lel:nm

Calibration report “1880 MHz HAC System validation dipole”

Schwelzerischor Kalibrierdienst
Service suisse d'élalonnage
Servizio svimero di taratura
Swiee Callbration Berviee

Arceaditation Na - SCS 108

Certificate No: CD1880V3-1027_May12

CALIBRATION CERTIFICATE

Ubject

Calibration procaduraia)

Calibration dala:

Pineny Slarwlards
Povear metor EPM-4424,
Powar sensor HP B481A
Proba ERADVE

Proha HAOWR

LAEA

Sevondary Slarduds
Power matar Agilant 44198
Poveor senoor HP 8482H

| Pawar sansor HP B4324
Nrswnrk Annlyzar HP #753F
RF generator E44338

Calibratad by:

Approned by

CD1880V3E - SN: 1021

QA CAL 20.v6

Calibration procedure for dipoles in air

May 08, 2012

This calibration cediicate documents tha tracsahility 16 national standards, which roalizo the physical unils of maasuremarnts (S1),
The measurements and te uncerdaintes with confidenca probability are givan on the follnwing pagas sand am part of tha canilicate

All calibrakons nave bean condusted in the clased laboratory facility: ermdrenment temparature (22 + 3)°C and homiding < 708,

Callpration Equipmant wsed (METE crincal tor calbraton]

D= Cal Datg {Cenlficare Na.j Scheduled Calibraion

GB3T480704 05-Oci-11 (N, 217-01451) ocr-12 i
| Usa72se7ad 05-Cct-11 { No. 217-01451) Oul-12

SN: 2336 29 Deg 11 (Mo, ER3-2338 Deci1) Dee-12

SN: BOGS 29.0ec-11 (No. H-B065_Deci1) Dioc-12

SN: 741 25-Apr-12 (Noy DAF4-TR1_Apri12) Apr13

1w Check Daa (in housa) Schodused Lhock

SH. GB42420191
SN; J10A09450
SN USAFI0660T
11837300586
MY 41000R75

Hame
Claudio Laublar

Fin Bomolt

This calibration caitficats shall not be raproduced oxcapt in full withoul wilten approval of the laboratory.

08-0ci-08 (in house check Oct-11)
05-0ct-08 (in housa check Gal-11)
09 Oct-08 (in house choek Dat-11)
180101 {in house check Oct-11)
03-Mav-04 (in hniisa chack Oet-11)

In houss check: Q12
In house check: Ocl-12
In house sheck: Oct-12
In housa chock: Oct-12
In howse check: 0et-13

Function Sigriakeu
Labomtory Technician \ |
US% |
R&D Diractor ~—2 g o
fﬂ Jdpa:ﬁlyf%

Issusd May 9, 2012

Cartificate No; CO1880V3-1021_May12
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' ’ sl My
cahbl:'ﬂllﬂl"l Laboratory of ‘:\\‘“\\_\:f;/,""r} & Schweizerischer Kallbricrdienst
Schmid & Partner i%_ﬁ = [ Service suisse d'étalonnage
Engineering AG iﬁgé P Servizio svizzere d| taratura
Zeughausstrazse 43, 8009 Zurleh, Switzerland "C,,-ﬁ\.-‘} Swigg Callpration Service
LLLW P
Actraditad by the Swiss Accraditation Serece {SAS) Acereditation Na.: SCS 108

The Swisg Accreditation Service |5 one of Lhe signalorlas to lhe EA
Multilateral Agreament lar the récagnition of calibeation cerificates

References

[ ANSI-C63.19-2007
American Mationz| Standard lor Methods of Measwament of Compatibility belween Wirsless Coemmunications
Cevices and Hearing Aids.

12 AMSI-CB2.18-2011
American Mational Standard, Methods of Measucement of Compatibility between Wireless Communizatians
Devices and Hearing Aids.

Methods Applied and Interpretation of Parameters:

s Coordinale Systam: y-axis is in the direction of the dipsle arms, z-axis & Irom the basis ol the antenna
imounted on the 1able} towards its feed point betweaen the twa dipole arms. x-axis is normal to the other axes.
In coincidence with Ihe standards [1], the measurement planes {prabe sensor centar) are selected to be at a
distarce of 10 mm (15 mm for [2]) above the lap melal edge of the dipole arms,

«  Measuremnant Conditions: Funher details are available from the hardeopies at the end of 1he cartificate. All
figures stated in the certificate are valid at the Irequency indicated. The forward power 1o the dipcle connector
it set with a calibrated power meter connected and monitored with an auxiliary powear meter connected 1o a
direclional caupler, While the dipole under test is connectad, tha forward power is adjusted to 1he same level.

*  Antennz Positioning: The dipole is mounted on a HAC Test Arch phantom using the matching dipole
pasiticner with the arms horizonal and the feeding cable coming from the flosr. The measurements arg
performed in a shielded room with absorbers around the setug lo reduce the reflections.

It is verifizd before Iha mounting of the dipole under the Test Avch phantom, that its arms are pedectly in a
fine, It is instatled on the HAC dipole positioner with ils arms paraflel below the dislectde reference wire and
able to move elastically in vertical direction withaut changing its relative peston to the top center of the Test
Arch phantom. The vertical distange to the probe is adjusted after dipole mounting wWith 2 DASYS Surface
Check job. Befora the measurement, the distance between pharitorn surface and probe lip is verified, The
proper measurement distance is selectad by choasing the malehing section of the HAC Test Arch phantarm
with the proper device reference point {upper surface of the dipele} and tha matching grid reference point (tip
of the probe) considering the probe sensor olfsel, The vertical distance 1o the probe is essential for The
AGCUrACY.

+  Feed Point Impedance and Relfurn Lass: These paramelars are measured using a HP 8753E Vector Metwark
Analyzer. The impedance s specilied at the SMA conneclar of tha dipsie. The influence of rellections was
sliminating by applying \he averaging function while moving the dipale in the air, at least 0em away fram any
obstacles.

»  E-fiafd distribution: E lield is measured in the x-y-plane with an isotropic EA3Dfield probe with 100 my
forward power to the antenna feed point. In accardance with [1] and [2], the scan area is 20mm wide, ifs
length exceeds the dipote arm length (180 or $0mm). The sensor cenler iz 10 mm (15 mm for (2]} fio 2} above
the matal top of the dipole arms. Two 30 maxima are available near the end of the dipole arms. Assuming the
dipole arms are perectly in one line, the average of these two maxima (in subgrid 2 and subgrid 8) is
determined to compensate for any non-parallality to the measuremeant plane as well 25 the sensor
dizplacement. Tha E-field value stated as calibration value represents the masimum of the interpolated 30-E-
field, in the plane abova the dipole surdace,

+  H-figld distribution: H-field is measured wilh an solropic H-field probe with 100mW lerward power to the
antenha feed point, in the x-y-plane, The scan area and sensor dislance is equivatent Iz tha E-tield scan. The
maximum ot the field is available at the center (subgrid 5} above the feed poiml. The H-field value stated as
calibration value represents the maxirmum of the inlerpolated H-fietd, 10mm above the dipole surface at the
feed paint.

The reported uncerainly of measurement is stated as the standard uncerainly of measurerent multiplied by the
coverage factar k=2, which for a normal distribution corresponds to a coverage probability of approximately 859,

Cenificate Moo COTBA0VE-1021_ May12 Page 2 0 10
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Measurement Conditions
DASY syslem configuration. as far as not g

fwen on page 1.

DASY Version DASYS W52.8.1
Extrapolatian Advanced Exlrapolation

Phantom HAC Test Arch

Distance Dipole Top - Probe 10mm

Center 15mm

Scan resoclution dx, dy =5 mm

1730 MHz + 1 MHz

Frequency 1880 MHz + 1 MH=
'nput power drift =005 dB
Maximum Field values at 1730 MHz
H-field 10 mm abgve dipole surface condition interpolated maximum

Maximum measurad

100 mW input power

0.487 A7z 8.2 % {k=2)

E-field 10 mm above dipole surface

conditian

Inferpalated maximum

Waximum measured above high end

100 miy input powar

1658 /Im

Meximum measured above low end

100 mi iRput power

14821 m

Averaged maximum abave anm

100 MY irpul power

1526 V/m £ 12.8 % {(k=2}

Maximum measurad above |ow and

E-field 15 mm above dipale surface condilion Intetpolated maximum
Maximum measuied above high end 100 mW input power B7.4V/m
160 W input power 5.9V m

Averaged maximum above arm

100 MW input power

T2V /I mz=12.0 % (k=2}

Maximum Field values at 1380 MHz

H-fiefd 10 mm above dipole surface

candition

interpalated maximum

Maximurn measured

100 mvy input power

0.459 Afm 8.2 % (k=2)

Maxirmum measured above low end

E-field 10 mm above dipole surace condition Interpolated maximum
Maximum measured sbove high end 130 mY input powar 1388V /m
100 mW input power 1287V m

Averaged maximum above arm

100 mv inpul power

139.8 VIt = 12.8 % (k=2)

Maximum measured above low eng

E-fieid 15 mm above dipole surface condiion Interpolated maximum
aximum measured above high end 100 | inpui power 91.0vim
100 mW input power BTEV/m

Averaged maximum above arm

100 mW input power

82.3V/m £ 12.8 % (k=2)

Cenificate Mo: GIMIEOVI-1021_May12

Page A of 10
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Appendix

Anfenna Parameters

Mominal Frequencies

Frequeancy Return Loss Impedancea

1730 MHz 31.2de 5280+ 010
1880 MHz 12.8d8 4790+ 9802
1800 MHz 2009dB S04 0 +900 0
1950 MHz 26.4 dB 220+ 4400
2000 MHz 20.2 4B 43.8 2+ 6.7 K2

2.2 Antenna Dezlgn and Handling

The calibratian dipsle has a symimetrie gecmetey with a buill-in twe stub matehing network, which leads to the
enhanced bandwicith.

The dipole is built of standard semirigid coaxial cable. The internal maiching line is open gnded. The antenna is
tharefare cpen {or DC signals,

Do not apply farce o dipole arms, as they are liable to bend. The soldered connections near he foedpoint may be
damaged. Afler excessive mechanical slress or overheating, check the impedance characteristics to engure that the
internal matching netwark is not aflacisd,

Aftar lang term use with 40W/ radiated power, anly a slight warming of the dipole near the fzedpofinl can be measured.

Certificate No: CD1830%3-1021_May12 Page 4 of 1
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Impedance Measurement Plot
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DASYS5 H-field Result

Test Laboratory: SPEAG Lah2

DUT: HAC Dipale 1880 MIlz: Type: CIVIBROVI; Serinl: CDISSOVI - SN: 1021

Communication System: CW: Frequeney: 1880 MHz, Frequency: 1730 Mz
Medium parameters used: o = 0 mhodm, i = 11 p= | kg/m’

Phantom section: Kl Section

Measurement Standard: DASYS (IEERIECIANST C63.19-2007)

ALY S? Configuraiion:

s Probe: HIDVE - SNEOSS; ; Calibrated: 29,12.2011
* Sensor-5urface: (Fix Surface)
»  Flectranics: DAEA Sn781; Calibrated: 25.04.2012

*  Phantom: HAC Test Arch with AMCC; Type: 50 HAC PO1 BA; Serial: 1070

o DASYS2 52.8.1(R3R); SEMCAD X 14.6 5(A460)

Date: 08.05.2012

Dipole M-Field measurcment & IS80MHaH-Scan = IBROMH- Jd=10mmHearing Aid Compatibility Test (41x181x1):

Mueasurcment grid: dx=>mm, dy=3mm

Device Reference Point 0 0 .6 3 mm

Refercnce Yalue = 04850 Adm; Power Drift = 0.02 dD
FME not calibrated. PMI- = LIS appled,

H-field amissions = (14591 Afm

Near-ficld category: M2 {(AWF 0 d1})

PMF scaled

H-field

Grid 1 M2
0.402 Afm

Grid 2 M2
0.416 A/m

Grid 3 M2
0.393 Afm

Grid 4 M2
0.443 Afm

Grid'5 M2
10.459 A/m

Grid 6 M2
0.433 Afm

Grid 7 WiZ
0.405 Afm

Grnid § M2
0.423 Afm

and 4 M2
0.397 Afm

Gerlilicale No: CD1880V3-1021_May12 Page 6 of

10
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Dipole H-Fleld measurement @ 1880MHz/H-5¢an - 1730MHz d=10mm/Hearing Aid Compatibility Test (41x181x1):
Measurement grid: dx=5mm, dy=5mm

Device Refarence Point: 0, 0, -6.2 mm

Reference Value = 0.5180 Afm: Power Drift =0.01 dR
FME not calibrated. PRF = 1,000 is applied.

H-field emissions - 04872 Afm

Near-field category: M2 [AWF 0 dB)

PMF scaled H-field

Grid 1 M2 |Grid 2 M2 [Grid 3 M2
0.410 Afm |0.423 A/m [0.400 A/m

Grid 5 M2 |Grid 6 M2
0.487 Afm |0.460 Afm

Grid 9 M2
0.408 Afm

0 dB =0.450 Afm = -6.76 dB A/m

Certificate No: CD1880V3-1021_May12 Paga 7 of 10
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DASYS E-field Result

Diate: (8005 20012
Test Laboratory: SPLEAG Lah2
DU HAC Dipole 1880 M1Lz: Type: CDIRSOV3: Serial: CDIRSOV - SN: 1021
Communication System: CW: Frequeney: |880 MHz, Frequeney: 1730 MIx
Medium parameters used: o = 0 mho/m. £, = |: p = 1000 kofm®

Phantom section: RIF Section
Measurement Standard: DASY S (IFFRIFCAANST Cad 10-2007)

DALY 52 Conligurafion:

& Prohe: FRAINVA - SN2336: CanvF(l, 1, 1): Calibrated: 20,12 .2011;
s sensor-surface: (Fix Surtace)

» Clectronics: DAES 5n781, Calibrated; 25.04.2012

-

Phantom: HAC Test Arch with AMCC; Type: SD HAC PO1 BA; Serlal: 1070
»  DASY52 52.8.1{838); SEMCAD X 14.6.5(6469)

Dipole E-Field measurement @ IRKIM Ho/F-Scan - 18800MHz d=10mm/Hearing Aid Compatibility Test (d1x181x1):
Measurcment giid. da=5mm, dy=5nun

Nevice Refarsnce Point: (), 0, .6 3 mm

Reference Value = 157.0 Vim; Power Drifi = -0.01 dB
PMR not ealibrated. PME = 1000 i applied,

E-field emissions = 139.8 ¥/m

Near ficld category: M2 (AWF D dR)

PMF scaled E-field

Giid 1 M2 [Grid 2 M2 |Grid 3 Mz
137.8 V/m|139.8 v/m |132.2 v/m

Grid 4 M3 |Grid 5 M3 |Grid 6 M3
89.98 V/m [90.52 /m |84.70 v/m
Grid 7 M2 |Grid ¥ M2 |Grid 9 M2
135.1V/m|139.7 V/m |133.1V/m

Celilicale No: GO1880V3-1021 _May12 Page 80110
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Dipole E-Field measurement (@ 188UMHz/E-5¢an - 1880MHz d=15mm/Hearing Aid Compatibility Test (41x1R1x1):
Measurement grid: dx=Smm, dy=bmm

Device Reference Paoint: 0, 0, -6.3 mm

Reterence Value = 158.1 V/m; Power Drift = -0.02 dR

PMR not calibrated. PMF = 1.000 is applied.

E-field emissinns = 87 57 V/m

Near-field categnry: M3 [AWF 0 dB)

PMF scaled F-field

Grid 4 M3 |Grid 5 M3 |Grid 6 M3
69,96 v//m | 70,09 v/m |67.99 v/m

Grid 7 M1 |6irid 8 M3 |Grid 9 m3
86.59 V/m |87.57 V/m |85.67 v/m

Dipole E-Tield measurement @ 1880MHz/E-5can - 1730MHz d=10mm/Hearing Aid Compatibility Test (41x181x1):
Measurement grid: de=5mm, dy=5mm

Device Reference Paint. 0, 0, -6.3 mm

Reference Value = 175.1 V/m; Power Drift - -0,01 dB

PMR not calibrated. PMF - 1.000 is applied,

E-field emissions - 149.2 V/m

Near-field categury: M2 (AWF 0 dB)

PMF scaled E-field

Grid 1 M2 |Grid 2 m2 [Grid 2 m2
146.9 V/m [149.2 V/m [141.2 V/m

Gridd 4 M3 | Grid S M3 |Grid 6 M3
101.9 V/m |102.6 V/m |95.79 V/m

B

Cerilicate No: CO1B80V3- 1021 May12 Pagn Gof 10
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Dipole E-Field measurement @ 1880MH2/E-Sean - 1730MHz d=1Smm/Haaring Ald Compatibility Test (11x181x1):
Measuremaont grid: du=5mm, dy=5mm

Drevice Relerence Painlz 0, 0, 6.3 mm

Reference Value = 174.6 Vim; Power Drifr = (.07 d8

PMR not calibrated. PAMFE = 1.000 is applied.

E-field emissions = 96.91 V/m

Near-field category: M3 (AWF 0 dB)

MM scaled C-field

Grid 1 M3 |Grid 2 M3 |Grid 3 M3
94.51 V/m |96.91 V/m |95.70 V/m
Grid 4 M3 |Grid 5 M3 |Grid & M3

75.76 V/m |76.78 V/m |75.57 ¥/m
o 1

-1.56

313

-4.69

0dB=139.8V/m =42.91 48 V/m

Cartilicata No- CD1880W3.1021 Mayi2 Page 10of 10

Page 30 of 38




CETECOM

Annex D to Test report no.: 1-6965/13-08-24

5 Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

5 Schweizerischer Kalibrierdignst
Servica sulsse d'étalonnage
Servizio svizzero di taratura

5 swiss Calibration Service

Accrediled by the Swiss Accredilation Service (SAS)
The Swiss Accreditation Bervice is one of the signatories to the EA
Muilateral Agresmant tor the recognition of calibration ceriticates

Accreditation No.: SC35 108

Clinnt Catecom

CALIBRATION CERTIFICATE

Certificate No: DAE3-408_Sepi3

Object DAE3 -SD 000 D03 AA -~ 5N: 408

Calibration precedurals) QA CAL-DB.v26

Calibration procedure [or the dala acquisition electronics (DAE)

Caflbraton dame:

Seplember 30, 2013

This calibration cerificate documenis the raceabillly 1o nalional slandards. which realize the physical units of measuremenis (511,
The meosurements and the uncertainties with confidence probability are given on the following poges and are part of the cerdificate.

Al ealibrations have been conducted in tha cloasd labaratory fecility: environment iemperature {22 + 3)°C and humidity < TO%..

Calibration Equipmant uced (METE critical for calibration)

| Primary Standards | 1o Cal Data {Cerfificate Mo.) Schaduled Calibration
| Kestniey Multimeter 1ype 2001 | sn: vg102 s 02-0ct- 12 [No: 12128) Uct-13

Secondary Standands | D # Check Date {in housa) Schedubed Check

Auto DAE Calibration Unit | SE UWS D53 AA 1007 07-Jan-13 {in house check) In houso check: Jan-14
Calibrator Box V2.1 SE UME 008 AA 1002 07-Jan-13 {in housa check) In howsa check: Jan-14

M Funrwclicen Signatura
Calibrated by: Dominigua Staflen Technician
Approved by: Fin Bomheilt Daputy Tachnical Manager

AT %.LLLM

Issued: Suptember 30, 2013
This calibralion cardificate shall nat be repraduced axcept in full without writien approval of the laboratory.

Cariificatn No: DAF3-408_Sepi3 Page 1 of &
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6 Certificate of “SAM Twin Phantom V4.0/\V4.0C"

Schmid & Partner
Engineering AG

Zeughsusitrasse 43, BO04 Zurich, Switrerland, Phone +41 1 245 §7 00, Fax +41 1 245 97 ¢

Certificate of conformity / First Article Inspection

ltam SAM Twin Phantom V4.0

Type No Q0 000 P40 BA

Serigs Mo TP-1002 and higher

Manufacturer f Origin Untersee Composites
Hauptstr. 69
CH-85539 Fruthwilen
Switzerland

Tests

The series production process used allows the limitation {o test of first articles.

Comgplate tests were made an the pre-seres Type No. GD 000 P43 AA, Serial No. TP-1001 and on the
series first article Type Mo. QD 000 P40 BA, Senal No. TP-1006. Certain paramelers have been retesled
using further series units {called samples].

Tast Requirement Details Units tested

Shape Compliance wilh the geomelry IT'IS CAD Fils () First articls,
gccording ta Lhe CAD modal. Samples

Material thickness | Compliant with the reguiremeants 2mm +-0.2mm in First article,
according to the standards specific areas Samples

Material Dislgctric parameters for required 200 MHz - 3 GHz Material

parameters fraquencies Relative permittivity < & | sample

Logs tangent < 0.05. TF 104-5

Malerial resistivily | The material has been tested 10 be Liguid type HEL 1800 Fre-series,
compatible with the llquids defined in | and others according to | First arlicle
the slandards the standard.

Standards

[1] TENELEC EN 503561

[2] |EEE P1528-200x draft 6.5

(3] IECPT 62209 draft 0.9

(1 The ITYS CAD file is derived from [2] and is alsa wilhin the tolerances requirements of tha shapes of
[t]and [3]

Conformity

Based on lhe sample tests above, we certify that this item is in compliance with the uncertainty
requirements of SAR measurements specified in standard 1] and draft standards [2] and [3).

Date 18.11.2001

- v g L
i s/ﬁéu\:’//_ﬁg Schmid & Partner H’:%_):; Jﬂ"‘/"’/A
ignature { Stamp Engineering AG

Taughauistisise 43, CH-2004 Zurlch
Tal. +41 % 245 97 00, Fax 447 1 243 97 7%

Doc Mo 881-QD 0 PAOEA-B Fage 1)
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7  Application Note System Performance Check

7.1 Purpose of system performance check

The system performance check verifies that the system operates within its specifications. System and
operator errors can be detected and corrected. It is recommended that the system performance check is
performed prior to any usage of the system in order to guarantee reproducible results.

The measurement of the Specific Absorption Rate (SAR) is a complicated task and the result depends on
the proper functioning of many components and the correct settings of many parameters. Faulty results due
to drift, failures or incorrect parameters might not be recognized, since they often look similar in distribution
to the correct ones. The Dosimetric Assessment System DASY4 incorporates a system performance check
procedure to test the proper functioning of the system. The system performance check uses normal SAR
measurements in a simplified setup (the flat section of the SAM Twin Phantom) with a well characterized
source (a matched dipole at a specified distance). This setup was selected to give a high sensitivity to all
parameters that might fail or vary over time (e.g., probe, liquid parameters, and software settings) and a low
sensitivity to external effects inherent in the system (e.g., positioning uncertainty of the device holder). The
system performance check does not replace the calibration of the components. The accuracy of the system
performance check is not sufficient for calibration purposes. It is possible to calculate the field quite
accurately in this simple setup; however, due to the open field situation some factors (e.g., laboratory
reflections) cannot be accounted for. Calibrations in the flat phantom are possible with transfer calibration
methods, using either temperature probes or calibrated E-field probes. The system performance check also
does not test the system performance for arbitrary field situations encountered during real measurements of
mobile phones. These checks are performed at SPEAG by testing the components under various conditions
(e.g., spherical isotropy measurements in liquid, linearity measurements, temperature variations, etc.), the
results of which are used for an error estimation of the system. The system performance check will indicate
situations where the system uncertainty is exceeded due to drift or failure.

7.2 System Performance check procedure

Preparation

The conductivity should be measured before the validation and the measured liquid parameters must be
entered in the software. If the measured values differ from targeted values in the dipole document, the liquid
composition should be adjusted. If the validation is performed with slightly different (measured) liquid
parameters, the expected SAR will also be different. See the application note about SAR sensitivities for an
estimate of possible SAR deviations. Note that the liquid parameters are temperature dependent with
approximately — 0.5% decrease in permittivity and + 1% increase in conductivity for a temperature decrease
of 1° C. The dipole must be placed beneath the flat phantom section of the Generic Twin Phantom with the
correct distance holder in place. The distance holder should touch the phantom surface with a light pressure
at the reference marking (little hole) and be oriented parallel to the long side of the phantom. Accurate
positioning is not necessary, since the system will search for the peak SAR location, except that the dipole
arms should be parallel to the surface. The device holder for mobile phones can be left in place but should
be rotated away from the dipole. The forward power into the dipole at the dipole SMA connector should be
determined as accurately as possible. See section 4 for a description of the recommended setup to measure
the dipole input power. The actual dipole input power level can be between 20mW and several watts. The
result can later be normalized to any power level. It is strongly recommended to note the actually used power
level in the ,comment‘-window of the measurement file; otherwise you loose this crucial information for later
reference.
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System Performance Check

The DASY4 installation includes predefined files with recommended procedures for measurements and
validation. They are read-only document files and destined as fully defined but unmeasured masks, so you
must save the finished validation under a different name. The validation document requires the Generic Twin
Phantom, so this phantom must be properly installed in your system. (You can create your own
measurement procedures by opening a new document or editing an existing document file). Before you start
the validation, you just have to tell the system with which components (probe, medium, and device) you are
performing the validation; the system will take care of all parameters. After the validation, which will take
about 20 minutes, the results of each task are displayed in the document window. Selecting all measured
tasks and opening the predefined “validation” graphic format displays all necessary information for validation.
A description of the different measurement tasks in the predefined document is given below, together with
the information that can be deduced from their results:

+ The ,reference” and ,drift measurements are located at the beginning and end of the batch process.
They measure the field drift at one single point in the liquid over the complete procedure. The indicated
drift is mainly the variation of the amplifier output power. If it is too high (above + 0.1dB) the validation
should be repeated; some amplifiers have very high drift during warm-up. A stable amplifier gives drift
results in the DASY4 system below + 0.02 dB.

» The ,surface check” measurement tests the optical surface detection system of the DASY4 system by
repeatedly detecting the surface with the optical and mechanical surface detector and comparing the
results. The output gives the detecting heights of both systems, the difference between the two systems
and the standard deviation of the detection repeatability. Air bubbles or refraction in the liquid due to
separation of the sugar-water mixture gives poor repeatability (above + 0.1mm). In that case it is better
to abort the validation and stir the liquid. The difference between the optical surface detection and the
actual surface depends on the probe and is specified with each probe. (It does not depend on the
surface reflectivity or the probe angle to the surface within £ 30°.) However, varying breaking indices of
different liquid compositions might also influence the distance. If the indicated difference varies from the
actual setting, the probe parameter ,optical surface distance should be changed in the probe settings
(see manual). For more information see the application note about SAR evaluation.

* The ,area scan“ measures the SAR above the dipole on a parallel plane to the surface. It is used to
locate the approximate location of the peak SAR with 2D spline interpolation. The proposed scan uses
large grid spacing for faster measurement; due to the symmetric field the peak detection is reliable. If a
finer graphic is desired, the grid spacing can be reduced. Grid spacing and orientation have no influence
on the SAR result.

+ The zoom scan job measures the field in a volume around the peak SAR value assessed in the previous
.area“ scan (for more information see the application note on SAR evaluation).

If the validation measurements give reasonable results, the peak 1g and 10g spatial SAR values averaged
between the two cubes and normalized to 1W dipole input power give the reference data for comparisons.
The next section analyzes the expected uncertainties of these values. Section 6 describes some additional
checks for further information or troubleshooting.

7.3 Uncertainty Budget

Please note that in the following Tables, the tolerance of the following uncertainty components depends on
the actual equipment and setup at the user location and need to be either assessed or verified on-site by the
end user of the DASY4 system:

* RF ambient conditions

* Dipole Axis to Liquid Distance

* Input power and SAR drift measurement

» Liquid permittivity - measurement uncertainty
* Liquid conductivity - measurement uncertainty

Note: All errors are given in percent of SAR, so 0.1 dB corresponds to 2.3%. The field error would be half of
that. The liquid parameter assessment give the targeted values from the dipole document. All errors are
given in percent of SAR, so 0.1dB corresponds to 2.3%. The field error would be half of that.
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System validation

In the table below, the system validation uncertainty with respect to the analytically assessed SAR
value of a dipole source as given in the P1528 standard is given. This uncertainty is smaller than

the expected uncertainty for mobile phone measurements due to the simplified setup and the
symmetric field distribution.

Error Sources Uncertainty | Probability Divi- | ¢ Ci Standard Standard Vi
Value Distribution |[sor |1g 10g |Uncertainty |Uncertainty |or
19 109 Vet
Measurement System
Probe calibration +4.8% Normal 1 1 1 +4.8% +4.8% o0
Axial isotropy 14.7% Rectangular [V3 0.7 [0.7 [£1.9% +1.9% o0
Hemispherical isotropy +0.0% Rectangular [V3 [0.7 [0.7 [+0.0% +3.9% o0
Boundary effects £1.0% Rectangular [V3 |1 1 1 0.6% 1 0.6% ©
Probe linearity +4.7% Rectangular [V3 |1 1 +2.7% +2.7% o0
System detection limits +1.0% Rectangular [V3 |1 1 +0.6% +0.6% o0
Readout electronics +1.0% Normal 1 1 1 +1.0% +1.0% ©
Response time 1 0.0% Rectangular [V3 |1 1 1+ 0.0% 1 0.0% ©
Integration time 1 0.0% Rectangular [V3 |1 1 1+ 0.0% 1 0.0% ©
RF ambient conditions +3.0% Rectangular [V3 |1 1 +1.7% +1.7% %0
Probe positioner 1+ 0.4% Rectangular [V3 |1 1 +0.2% +0.2% o0
Probe positioning +2.9% Rectangular [V3 |1 1 +1.7% +1.7% o0
Max. SAR evaluation +1.0% Rectangular [V3 |1 1 +0.6% +0.6% 0
Test Sample Related
Dipole axis to liquid +2.0% Normal 1 1 1 +1.2% +1.2% 0
distance
Power drift +4.7% Rectangular [V3 |1 1 +2.7% +2.7% o0
Phantom and Set-up
Phantom uncertainty +4.0% Rectangular [V3 |1 1 +2.3% +2.3% ©
Liquid conductivity (target) |+ 5.0% Rectangular [V3 [0.64 [0.43 [+ 1.8% +1.2% 0
Liguid conductivity (meas.) |+ 2.5% Normal 1 0.64 [0.43 |£1.6% +1.1% ©
Liquid permittivity (target) |+ 5.0% Rectangular [V3 [0.6 [0.49 [+1.7% +1.4% 0
Liquid permittivity (meas.) |+ 2.5% Normal 1 0.6 [0.49 |£1.5% +1.2% o0
Combined Uncertainty + 8.4% +8.1%
Expanded Std. +16.8% +16.2%

Uncertainty
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Performance check repeatability

The repeatability check of the validation is insensitive to external effects and gives an indication of the

variations in the DASY4 measurement system, provided that the same power reading setup is used for all

validations. The repeatability estimate is given in the following table:

Error Sources Uncertainty | Probability Divi- | ¢ Ci Standard Standard Vi
Value Distribution |sor |1g 10g |Uncertainty |Uncertainty |or
19 109 Vet
Measurement System
Probe calibration +4.8% Normal 1 1 1 0 0 ©
Axial isotropy +4.7% Rectangular [V3 [0.7 |0.7 |0 0 %0
Hemispherical isotropy +0.0% Rectangular [V3 [0.7 |0.7 |0 0 o0
Boundary effects £1.0% Rectangular [V3 |1 1 0 0 ©
Probe linearity +4.7% Rectangular [V3 |1 1 0 0 5
System detection limits +1.0% Rectangular [V3 |1 1 0 0 0
Readout electronics £1.0% Normal 1 1 1 0 0 ©
Response time 1+ 0.0% Rectangular [V3 |1 1 0 0 o0
Integration time +0.0% Rectangular [V3 |1 1 0 0 5
RF ambient conditions 1 3.0% Rectangular [V3 |1 1 0 0 o0
Probe positioner 1+ 0.4% Rectangular [V3 |1 1 0 0 o0
Probe positioning +2.9% Rectangular [V3 |1 1 0 0 5
Max. SAR evaluation +1.0% Rectangular [V3 |1 1 0 0 5
Test Sample Related
Dipole axis to liquid +2.0% Normal 1 1 1 +1.2% +1.2% 0
distance
Power drift +4.7% Rectangular [V3 |1 1 +2.7% +2.7% o0
Phantom and Set-up
Phantom uncertainty +4.0% Rectangular [V3 |1 1 +2.3% +2.3% ©
Liquid conductivity (target) |+ 5.0% Rectangular [V3 [0.64 [0.43 [+1.8% +1.2% ©
Liquid conductivity (meas.) |+ 2.5% Normal 1 0.64 |0.43 |£1.6% +1.1% o0
Liquid permittivity (target) |+ 5.0% Rectangular [V3 |06 [0.49 [£1.7% +1.4% o0
Liquid permittivity (meas.) |+ 2.5% Normal 1 0.6 [0.49 |£1.5% +1.2% o0
Combined Uncertainty £ 5.3% £4.9%
Expanded Std. 1 10.6% £9.7%

Uncertainty

The expected repeatability deviation is low. Excessive drift (e.g., drift in liquid parameters), partial system

failures or incorrect parameter settings (e.g., wrong probe or device settings) will lead to unexpectedly high
repeatability deviations. The repeatability gives an indication that the system operates within its initial
specifications. Excessive drift, system failure and operator errors are easily detected.

Page 36 of 38




Annex D to Test report no.: 1-6965/13-08-24 CETECOMTM
w—-

7.4 Power set-up for validation

The uncertainty of the dipole input power is a significant contribution to the absolute uncertainty and the
expected deviation in interlaboratory comparisons. The values in Section 2 for a typical and a sophisticated
setup are just average values. Refer to the manual of the power meter and the detector head for the
evaluation of the uncertainty in your system. The uncertainty also depends on the source matching and the
general setup. Below follows the description of a recommended setup and procedures to increase the
accuracy of the power reading:

dit.
. idB v
Signal Low cable
Generator ’ Pass 1 : i ®
At
An2? L
® —==—() ()
Artl

&) —==
Dipole

The figure shows the recommended setup. The PM1 (incl. Att1) measures the forward power at the location
of the validation dipole connector. The signal generator is adjusted for the desired forward power at the
dipole connector and the power meter PM2 is read at that level. After connecting the cable to the dipole, the
signal generator is readjusted for the same reading at power meter PM2. If the signal generator does not
allow a setting in 0.01dB steps, the remaining difference at PM2 must be noted and considered in the
normalization of the validation results. The requirements for the components are:

+ The signal generator and amplifier should be stable (after warm-up). The forward power to the dipole
should be above 10mW to avoid the influence of measurement noise. If the signal generator can deliver
15dBm or more, an amplifier is not necessary. Some high power amplifiers should not be operated at a
level far below their maximum output power level (e.g. a 100W power amplifier operated at 250mW
output can be quite noisy). An attenuator between the signal generator and amplifier is recommended to
protect the amplifier input.

+ The low pass filter after the amplifier reduces the effect of harmonics and noise from the amplifier. For
most amplifiers in normal operation the filter is not necessary.

+ The attenuator after the amplifier improves the source matching and the accuracy of the power head.
(See power meter manual.) It can also be used also to make the amplifier operate at its optimal output
level for noise and stability. In a setup without directional coupler, this attenuator should be at least
10dB.

» The directional coupler (recommended ® 20dB) is used to monitor the forward power and adjust the
signal generator output for constant forward power. A medium quality coupler is sufficient because the
loads (dipole and power head) are well matched. (If the setup is used for reflective loads, a high quality
coupler with respect to directivity and output matching is necessary to avoid additional errors.)

» The power meter PM2 should have a low drift and a resolution of 0.01dBm, but otherwise its accuracy
has no impact on the power setting. Calibration is not required.

+ The cable between the coupler and dipole must be of high quality, without large attenuation and phase
changes when it is moved. Otherwise, the power meter head PM1 should be brought to the location of
the dipole for measuring.

+ The power meter PM1 and attenuator Att1 must be high quality components. They should be calibrated,
preferably together. The attenuator (310dB) improves the accuracy of the power reading. (Some higher
power heads come with a built-in calibrated attenuator.) The exact attenuation of the attenuator at the
frequency used must be known; many attenuators are up to 0.2dB off from the specified value.

+ Use the same power level for the power setup with power meter PM1 as for the actual measurement to
avoid linearity and range switching errors in the power meter PM2. If the validation is performed at
various power levels, do the power setting procedure at each level.
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* The dipole must be connected directly to the cable at location “X”. If the power meter has a different
connector system, use high quality couplers. Preferably, use the couplers at the attenuator Att1 and
calibrate the attenuator with the coupler.

» Always remember: We are measuring power, so 1% is equivalent to 0.04dB.

7.5 Laboratory reflection

In near-field situations, the absorption is predominantly caused by induction effects from the magnetic near-
field. The absorption from reflected fields in the laboratory is negligible. On the other hand, the magnetic field
around the dipole depends on the currents and therefore on the feed point impedance. The feed point
impedance of the dipole is mainly determined from the proximity of the absorbing phantom, but reflections in
the laboratory can change the impedance slightly. A 1% increase in the real part of the feed point impedance
will produce approximately a 1% decrease in the SAR for the same forward power. The possible influence of
laboratory reflections should be investigated during installation. The validation setup is suitable for this
check, since the validation is sensitive to laboratory reflections. The same tests can be performed with a
mobile phone, but most phones are less sensitive to reflections due to the shorter distance to the phantom.
The fastest way to check for reflection effects is to position the probe in the phantom above the feed point
and start a continuous field measurement in the DASY4 multi-meter window. Placing absorbers in front of
possible reflectors (e.g. on the ground near the dipole or in front of a metallic robot socket) will reveal their
influence immediately. A 10dB absorber (e.g. ferrite tiles or flat absorber mats) is probably sufficient, as the
influence of the reflections is small anyway. If you place the absorber too near the dipole, the absorber itself
will interact with the reactive near-field. Instead of measuring the SAR, it is also possible to monitor the
dipole impedance with a network analyzer for reflection effects. The network analyzer must be calibrated at
the SMA connector and the electrical delay (two times the forward delay in the dipole document) must be set
in the NWA for comparisons with the reflection data in the dipole document. If the absorber has a significant
influence on the results, the absorber should be left in place for validation or measurements. The reference
data in the dipole document are produced in a low reflection environment.

7.6 Additional system checks

While the validation gives a good check of the DASY4 system components, it does not include all
parameters necessary for real phone measurements (e.g. device modulation or device positioning). For
system validation (repeatability) or comparisons between laboratories a reference device can be useful. This
can be any mobile phone with a stable output power (preferably a device whose output power can be set
through the keyboard). For comparisons, the same device should be sent around, since the SAR variations
between samples can be large. Several measurement possibilities in the DASY software allow additional
tests of the performance of the DASY system and components. These tests can be useful to localize
component failures:

» The validation can be performed at different power levels to check the noise level or the correct
compensation of the diode compression in the probe.

+ If a pulsed signal with high peak power levels is fed to the dipole, the performance of the diode
compression compensation can be tested. The correct crest factor parameter in the DASY software must
be set (see manual). The system should give the same SAR output for the same averaged input power.

+ The probe isotropy can be checked with a 1D-probe rotation scan above the feed point. The automatic
probe alignment procedure must be passed through for accurate probe rotation movements (optional
DASY4 feature with a robot-mounted light beam unit). Otherwise the probe tip might move on a small
circle during rotation, producing some additional isotropy errors in gradient fields.
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