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Appendix C:
Calibration Data

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Client

Object{s)

Gallbration procedure(s)

Calibration date:

Condition of the calibrated tem

This calibration statement documents traceability of MATE used in the calitiration procedures and conformity of the p d with the: ISQAEC
17025 international standard,

Al calibrations have been conducted in the chosed laboratory faciity: environment temperature 22 +/- 2 degrees Cefsius and humidity < 75%.

LCalibration Equipment used {M&TE critical for calibration)

1

Model Type _ D # Cal Date {Calibrated by, Certificate No.) Scheduled Calibration

| RF generator R&S SML-03 100698 27-Mar-2002 (R&S, No. 20-92389) In house check: Mar-05
i Power sansor HP 84814 MY41092317 18-0ck-02 {Agikent, No, 20021018) Ct-04

Power sensor HP 84814, IS372927483 30-Det-02 (METAS, Mo. 252-0236} Qet-03

Power meter EPM E442 GB37480704 30-0ct-02 (METAS, No. 252-0236) Oct-03

Network Analyzer HP 5753E US37390585 18-0t-01 {Aglent, No. Z4BR1033101) In house check: Oct 03

Funation Signature
Caibrated by:
Approved by:

Date meued: August 28, 2003

Thie calibration certificate is issued as an intermediate soldion until the accreditation process {based on ISQIES 17025 International Standard) for
Caditiration Laboratary of Schimid & Partner Ergineering AG is completed,
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DASY

Dipole Validation Kit
Type: D2450V2

Serial: 736

Manufactured:  August 26, 2003
Calibrated:  August 27, 2003
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1. Measurement Conditions

The measurements were performed in the tlat section of the SAM twin phantom filled with head
simulating solution of the following electrical parameters at 24350 MHz:

Relative Dielectricity 38.2 1 5%
Conductivity 1.89 mho/m £ 35%

The DASY4 System with a dosimetric BE-field probe ES313V2 (8N:3013, Conversion factor 4.8 at 2450
M) was used for the measurements.

The dipole was mounted on the small tripod so that the dipole feedpoint was positioned below the
center marking of the flat phantom section and the dipole was oriented parailel to the body axis (the
long side of the phantom). The standard measuring distance was 10mm from dipuole center to the
solution surface. Lossless spacer was used during measurements for accurate distance positioning,

The coarse grid with a grid spacing of 15mm was aligned with the dipole. The 7x7x7 fine cube was
chosen for cube integration,

‘The dipole input power {forward power) was 250mW + 3 %. The results are normalized to 1W input
power.

2. SAR Measurement with DASY4 System

Standard SAR-measurements were performed according to the measurement conditions described in
section 1. The results (see figure supplied) have been normalized to a dipole input power of | W
{forward power}. The resuliing averaged SAR-values measured with the dosimetric probe ES3DV2
3N:3013 and applying the advanced extrapolation are:

averaged over 1 cm’ (1 g) of tissuc: 55.6 mW/g = 16.8 % (k=2)'

averaged over 10 em’ (10 g) of tissue: 25.0 mWig + 16.2 % (i=2)'

! validation uncerlainty
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3. Dipole Impedance and Return Loss

The impedance was measured at the SMA-commector with a network analyzer and numerically

transtormed to the dipole feedpont. The transformation parameters from the SMA-connector to the

dipole feedpaint are:

Electrical delay: 1.158 ns  (one direction)
Transmission factor; 0,983 (voltage transmissien, one direction)

The dipele was positioned at the flat phamtom scctions according to section 1 and the distance spacer

was in place during impedance measurcinents.

Teedpoint impedance at 2450 MLz Re{Z} = 5250
Im {Z} =360
Return Loss at 2450 M1z -275dB

4. Measnerement Conditions

The measurements were performed in the flat section of the SAM twin phantom filled with body

simuiating solution of the following electneu! patameters at 2450 MHz:

Relative Diclectricity 50.8 + 5%
Conductivity 2.03 mho/m 5%

The DASY4 Svstem with a dosimetric F-field probe ES3DV2 {SN:3013, Corversion factor 4.2 at 2450

MHz) was used for the measurenients.

The dipole was mounted on the small tripod so that the dipole feedpoint was positioned below the
center marking of the flat phantom scetion and the dipelc was oriented parallel to the body axis (the
long side of the phantom}. The standard measuring distance was 10mm from dipole center to the
solution surface. Lossless spacer was used during measurements for accurate distance positioning.

The coarse grid with a grid spaging of 13mm was aligned with the dipole. The 7x7x7 fing cube was

chosen for cube integration.

The dipole input pawer (forward power) was 250mW + 3 %, The results are normalized to 1W input

POWET.
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5, SAR Measurement with DASY4 Svstem

Standard SAR-measurements were performed according to the measurement conditions described in
section 4. The results (see figure supplied} have been normalized to a dipole input power of {W
(forward power). The resulling averaged SAR-values measured wilh the dosimetric probe ES3DV2
SN:3013 and applying the advanced extrapolation are:

averaged over T em® (1 g) of tissue: 56.0 mWig £ 16.8 % (k=2
averaged over 10 et (10 g} of tissuc: 25.8 mWig L 16.2 % (k=27
6, Dipole Impedance and Return Loss

The dipole was positioned at the flat phantom sections according to section 4 and the distance spacer
was in place during tmpedance measurcments.

Feedpoint impedance at 2450 MHz: Re{Z) = 487
Im{Z} =480
Return Loss at 2450 MHz -2584d8

T. Handling

Do not apply cxcessive foree 1o the dipole arms, because they might hend. Bending of the dipale amms
stresses the saldered connections near the feedpoint leading to a damage of the dipole.

8. Design

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is
directly connected to the second arm of the dipole. The antenna is therefore short-circuited for DC-
sipnals.

Small end caps have been added to the dipole arms in order to improve matching when loaded
according to the position as explained in Sections 1and 4. The SAR data are not affected by this change.
The overall dipole length 1s still according Lo the Standard,

9. Fower Test

After long lerm use with 40W radiated power, only a slight warming of the dipole near the feedpuoint
can be measured,

2 validation uncertainty
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Page l of 1
Date/Time; 08/27/03 15:43:04

Test Laboratory: SPEAG, Zurich, Switzerland
File Name: SN736 SN3013 M2450 270803 dad

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN736
Program: Dipole Calibration

Communication System: CW-2450; Frequency: 2450 MHz;Duty Cycle: 1:1
Medium: Muscle 2450 MHz. (6 = 2.03 rahosm, &= 50.75, p = 1000 kg/m?)
Phantom section: Flat Section

Measurement Standard: DASY4 (High Precision Assessment)

DASY4 Configuration:
» Prabec: ES3DV2 - SN3013; ConvF(4.2, 4.2, 4.2); Calibrated; 1/19/2003
» Sensor-Surface: 4min (Mechanical Surface Detection)
» Llectronics: DAL3 - SN411; Calibrated: 1/16/2003
» Phantom: SAM with CRE - TP1006; Type: SAM 4.0, Senial: TP: 1006
» Measurement SW: DASY4, V4.1 Build 47, Posiprocessing SW: SEMCAD, V1.6 Build 115

Pin =250 mW; d = 10 mm/Area Scan {(81x81x1): Measurement grid: dx=15mm, dy=15mum
Reference Value = %1 Vim

Power Drift = -0.02 dB

Maximum value of SAR 157 mWig

Pin = 230 mVW; d = 10 mm/Zoom Scan (7x7x7)Cube (i Mcasurement grid: dx=5mm, dy=5mm,
dr=5mm .
Peak SAR {extrapolated) — 27.8 Wikg
SAR(1 g) = 14 mWrg; SAR(10 g) - 6.46 mWig
Reference Value — 91 V/m
. Power Dnft= -0.02 dB
Maximum value of SAR = 16 mWig

dB

0 dB = lémW/g
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Page | of |
Dt/ Time: 082703 11:42:12

Test Laboratory: SPLAG, Zurich, Switzerland
File Name; SN736 SNI013 TISL2450 270803 dad

DUT: Dipole 2450 MHz; Type: DI4SOVE; Seriul; D2450V2 - SN736
Program: Dipole Calibration

Communication Svstem: C'W-2450), Frequency: 3450 MHz Duty Cyele: 11
Medium: HSL 2450 Mllz (0= | 89 mho'm, £, = 38 19, p - 1000 kgim?}

Phantom section; Flat Section
Measurement Standard: DASYA (1ligh Precision A ssessment}

HASY4 Conliguration

o Probe: FS30DV2 - SN30I3: Convk(4.8, 4.8, 1.8), Calibrated, 1/19,2003

o Sensor-Surface. dmm (Mechanical Surface Detection)

o blectromes, DAL - SN41T, Calibrated: 171 6:2003

+ Phantom: SAM with CRI - TP 1006: Type: SAM 4.0; Serjal TP 100

* Muasurement SW DASYA, VA | Buld 47, Postprocessing SW. SEMOAD, V1.6 Build 115

Pin = 250 mW. d = 10 mm/Aven Scan (81x81x1): Measiremen: grid: dx=15mm, dv- | Smm
Relerence Value -~ 91.5 Wim

Power Drift — -0.04 di

Maximum value of SAR ~ 153 mWig

Pin =250 mW; d = 10 mm/Zoom Scan (TxTxT)YCube 0: Measurement grid- dx Smim, dy=5Smm,
de~5mm

Peak SAK (extrapolated) = 30,2 Wiky

SARCL gy = 139 mWiin SAR(I0 g) = 6.25 mWiy

Relerenve Value = 915 Vim

Poweer Drift = -0.04 dib

Maxitnum valdue of SAR = 15§ W

dy : |
n

-16

3z

an
OdB— 15 5SmW/g
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Client

Object(s)

Calibration procedure(s)

Calibration date:

Condition of the calibrated tem

dures with the ISO/IEC

17025 international standard.

Galibration Equipment used (M&TE critical for calibration)

This calibration statement documents traceability of M&TE used in the calibration d and conformity of the p

All calibrations have been conducted in the closed lab y facility. envi L 22 +/- 2 degrees Celsius and humidity < 75%,

Calibrated by:

Approved by:

Calibration Laboratory of Schmid & Partner Engineering AG is completed.

Name ~ Funetion Signature

| Model Type ~_b# Gal Date (Calibrated by, Cerlificale No.) Scheduled Calibration
RF generator HP 8684C US36420U01700 4-Aug-99 (SPEAG, in house chack Aug-02) In hotise ehack: Aug-0
Power sensor E4412A MY41485277 2-Apr-03 (METAS, No 252-0250) Apr-04
Pawer sensor HP 84814 MY41092160 18-Sep-02 (Agilent, No. 20020918) Sep-03 :
Power meter EPM E4419B GB41293874 2-Apr-03 (METAS, No 252-0250) Apr-04 |
Network Analyzer HP 8753E US37360685 18-Qet-01 (Agilent, No. 24BR1033101) In house check: Oct 03
Fluke Process Calibrator Type 702 SN: 6295803 3-Sep-01 (ELCAL, No.2360) Sep-02 ‘

Date iesued: August 28, 2003 |

This calibration certificate is issued as an intermediate solution until the accreditation process (based on ISO/IEC 17025 Intermational Standard) for

880-KPO301061-A
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Schmid & Partner Cngineering AG S p i a g
5t

Zeughausstrasse 43, B004 Zurich, Switzerland
Fhone +41 1 245 9700, Fax +41 1 245 9779
info@speag.com, httpwww.spaag.com

Probe ET3DV6

SN:1788

Manufactured: May 28, 2003
Last calibration: August 29, 2003

Calibrated for DASY Systems

(Note: non-compatible with DASY2 systemt)

Page 1 of 10
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ET3DV6 SN:1788 August 29, 2003
DASY - Parameters of Probe: ET3DV6 SN:1788
Sensitivity in Free Space Diode Compression
Normx 1.68 HV/(V/im)? DCP X 95  mv
NormY 1.62 UV/(Vim)? DCPY 95 mv
NormZ 1.71 WVi(vim)? DCPZ 85 mv

Sensitivity in Tissue Simulating Liquid
Head 900 MHz = 41.5 + 5% 6= 0.97 * 5% mho/m
Valid for f=800-1000 MHz with Head Tissue Simulating Liquid according to EN 50361, P1528-200X

CanvF X 6.6 +9.5% (k=2) Boundary effect;

CanvF Y 6.6 +9.5% (k=2) Alpha 0.34

ConvF Z 6.6 +9.5% (k=2) Depth 2.48
Head 1800 MHz &= 40.0 + 5% 6= 1.40 * 5% mho/m
Valid for f=1710-1910 MHz with Head Tissue Simulating Liquid according to EN 50361, P1528-200X

ConvF X 5.3 £9.5% (k=2) Boundary effect:

ConvF Y 5.3 +9.5% (k=2) Alpha 0.43

ConvF Z 5.3 £9.5% (k=2) Depth 2.80

Boundary Effect

Head 9200 MHz Typical SAR gradient: 5 % per mm
Probe Tip to Boundary 1 mm 2mm
SARse [%]  Without Correction Algorithm 8.7 50
SARye (%] With Correction Algorithm 0.3 0.5
Head 1800 MHz Typical SAR gradient: 10 % per mm
Probe Tip to Boundary 1 mm 2mm
SARy, [%] Without Correction Algorithm 12.8 89
SARy, [%)] With Correction Algorithm 0.3 0.1

Sensor Offset
Probe Tip lo Sansar Centar 2.7 mm

Optical Surface Detection 16+02 mm

Page 2 of 10
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ET3DV6 SN:1788 August 29, 2003

Receiving Pattern (¢), 6 = 0°

f =100 MHz, TEM cell ifi110

f = 300 MHz, TEM cell ifi110

AR

‘-"'-)( -y -7 —0—T0tj —o—X —e—Y —e—7 =0=Tot
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ET3DV6 SN:1788 August 29, 2003

f = 1800 MHz, WG R22 f = 2500 MHz, WG R22

[ 1
| —o—X —a—Y —o—7 —o—Tn‘tJ |+>( —-—Y —8-2 —o—Tot|
| il |

Isotropy Error (¢), 6 = 0°

1.00 -
0.80 ' - - |[
0.60 .
0.40 | |
! ! ‘ ; —o—30 MHz
) 0.20 = ] 1 ' ' —8—100 MHz
B g —4—300 MHz
8 -0.20 — EREE —e—900 MHz
040 | BEE —=—1800 MHz||
060 | ? i —a— 2500 MHz
-0.80 - I i
100 L | |
0 50 120 180 240 300 360
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ET3DV6 SN:1788 August 29, 2003

Frequency Response of E-Field

( TEM-Cell:ifi110, Waveguide R22)

frequency response

0 500 1000 1500 2000 2500 3000
f [MHz]

[ =m e |
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ET3DV6 SN:1788 August 29, 2003

Dynamic Range f(SARpain)

( Waveguide R22)
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ET3DV6E SN:1788 August 29, 2003

Conversion Factor Assessment

f =900 MHz, WG RS9 (head) f= 1800 MHz, WG R22 (head)
35 | | | 300
w0} ! 250 l
L . A il
20

SAR[mW/cm®] | W
|
SAR[mW/em®] / W
&
o
P 'r

‘ | 100 J I— E— - ! IS N N
10 !
!
05 ] - — 20 [ :
00 1 B O | > 00 Mm
0 20 40 60 0 20 40 60
z[mm)] z[mm]
—8— Analytical ~ —¢—Measuremets ‘ ‘ —8— Analylical ~—9—Measuremets ‘
Head 900 MHz £=41.51 5% o= (.97 + 5% mho/m

Valid for f=B00-1000 MHz with Head Tissue Simulating Liquid according to EN 50361, P1528-200X

ConvF X 6.6 +£9.5% (k=2) Boundary effect:

ConvF Y 6.6 £9.5% (k=2) Alpha 0.34

ConvF Z 6.6 +9.5% (k=2) Depth 2.48
Head 1800 MHz &= 40.0 + 5% 6= 1,40 £ 5% mho/m

valid for f=1710-1910 MHz with Head Tissue Simulating Liquid according to EN 50361, P1528-200X

ConvF X 5.3 +9.5% (k=2) Boundary effect:

ConvF Y 5.3 £9.5% (k=2) Alpha 0.43

ConvF 2 5.3 £9.5% (k=2) Depth 2.80
Page 7 of 10
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ET3DV6 SN:1788 August 29, 2003

Conversion Factor Assessment

f = 900 MHz, WG R9 (body) f= 1800 MHz, WG R22 (body)
35 25.0 ‘
1
30 |
20.0 = 1
25 X
E E 15.0
JE 20 T I
: :
E
= 1.5 1
e 100
3 3
1.0
e 5.0
0'5 1 "' -‘t. |
00 4. ! ‘ | 00 b1 L
| 0 20 40 80 0 20 40 60
| z[mm] z[mm]
é ‘ —@—Analytical  =—O=—Measuremats ‘ | ‘ —@— Analytical —Q—Measuremetﬂ
| ]
Body 900 MHz &= 55,0 £ 5% 9= 1.05 £ 5% mho/m

Valid for f=800-1000 MHz with Body Tissue Simulating Liquid according to OET €5 Suppl. C

ConvF X 6.5 10.5% (k=2) Boundary effect:

ConvF Y 6.5 +9.5% (k=2) Alpha 0.31

ConvF Z 6.5 £9.5% (k=2) Depth 292
Body 1800 MHz &= 53.3 1 5% o= 1,52 5% mho/m
Valid for f=1710-1910 MHz with Body Tissue Simulating Liquid according to OET 65 Suppl. C

ConvF X 5.0 +95% (k=2) Boundary effect:

ConvF Y 5.0 £9.5% (k=2) Alpha 0.51

ConvF Z 5.0 £9.5% (k=2) Depth 2.78
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ET3DVG SN:1788 August 29, 2003

Conversion Factor Assessment

f = 2450 MHz, WG R22 (head) | f = 2450 MHz, WG R22 (body) |
300 - | ‘ i L ‘
:
260 o T ‘ 200 i e
|
E w = 15.0 | |
g " |
15.0 1 FS
z g T 100
® 100 w
5.0
5.0
DDJ—--- 0.0 L
0 1] 20 40 60
z[mm] z[mm]
| —@— Analytical m ‘ —&— Analytical --o—MeaswematsJ

Head 2450 MHz £.= 39.2 £ 5% ©=1.80 £ 5% mho/m

Valid for f=2400-2500 MHz with Head Tissue Simulating Liquid according to EN 50361, P1528-200X

CorwF X 4.7 +8.9% (k=2) Boundary affect;

ConvF Y 4.7 +8.9% (k=2) Alpha 0.99

ConvF Z 4.7 +£8.9% (k=2) Depth 1.81
Body 2450 MHz &= 527 £ 5% G=1.95 £ 5% mho/m
Valid for f=2400-2500 MHz with Body Tissue Simulating Liquid according to OET 65 Suppl. C

ConvF X 4.5 +8.9% (k=2) Boundary effect:

ConvF Y 4.5 +8.9% (k=2) Alpha 1.01

CorvF Z 4.5 18.9% (k=2) Depth 1.74
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ET3DV6 SN:1788 August 29, 2003

Deviation from Isotropy in HSL
Error (8,9), f = 900 MHz

Error [dB]

[W4.00-0.80 M-0.80-0.60 W-0£0-040 M-0.60-0.20 M-0.20-0.00

Q000020 WO.20-040 DO0.40-060 E0.60-0.80 -D..BU-LUO
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