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Calibration report “Probe ET3DV6”

Schweizerischer Kalibrierdianst

Callbration Laboratory of

Schmid & Partner Sarvice sulsse détalonnage

Eﬂg Eneering AG Sarvizio svizzero di taratura
Zeughzussirasse 43, 8004 Zurich, Switzerlard Swiss Galibration Sarvice
accredited by the Swiss Accreditation Servics (SAS) Acereditation Ne.: SCS 103

Tha Bwiss Accreditation Service is ong of the signatories 1o the EA
Midtilateral Agreement for the recagnition of callbratlon certificates

Client

Chbject

Callbration procodurs(s)

! Calibraficn dete:

Cordiion ef the callbrated itam

This celibraticn carificais documents the traceatility to naticnal standards, which nealize the physical unite of measursmants (31).
The measuremrenis and the uncarainliss with confidence prooability are given on the following pages and are par of the certificate.

Al calibraticns have sesn conductad in the clesed lsboratory Facility: ervironment lemperaturs (22 + 3)°C and humidity = 70%.

Calibration Equipment used (M| E ortcal for calibratian)

Primary Standards I Cal Date (Carificate MNo.) Schaduled Calibration

Powar ratar E44198 G341283074 1-Apr08 (No. 217-01030) Ap-10

Power sensor Ed4124 MY41495277 T-Apr-08 (No, 217-01050) Apr-10 2
Power senaor E44124 M4 1458087 1-Apr-09 (No. 217-01060 Apr-10 |
Fafgrancs 3 4B Allenuatur Sh: SR0E4 (3c) F1-Par-08 (Me. 217-01026) Mar-11

Reference 20 ¢B Altenuator SN S5086 (208) F1-Mar-09 (NG, 217-01028) WMarr-12

Refersnce 30 dB Atbenustor SN S5128 (30b) 31-Mar-09 (No. 217-01027) Mar-10

Relursnce Frobe ESICVE SN: 3013 Z-lan-08 (No. ES3-3073 Jandd) Jan-10

DAED SN BB A-Sop-08 (Na. DAE4-BE0_Sopia) Sep-00

Secondary Standards 1D # Check Date (in houss) Schaduled Check

RF generater AP 86406 US3642U01700 4-Aug-89 (in house chesk Cet-07) In house chesk Oct-09

hatwork Analyzar HF 5753F 537300585 18-Zet-07 {In house check Oct-08) In houss check: Oot-09

Name Funetian Signature

Calibrated by:

Approved by:

Cerlificate No: ET3-1558_Aug0s Page 1of 9

2010-07-30
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Test report no.: 4-3431-01-02/10 CWMW

Callbratlon Laboratory of
Schmid & Partner

Engineering AG
Zeughauastrasee 43, E004 Zurich, Switzarland

Schweizeriacher Kalibrisrdianst
Service suissa d' talonnage
Servizle svizzers dl taratura
Swiss Calibration Servica

Azcreditd by lhe Swiss Avedilalion Service [SAS) Acereditation No.: SC5 108
The Swizs Accredilation Service is ene of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx,y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

DCP diode compression point

Folarization o ¢ rotation around probe axis

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

measurement center), i.e., % = 0 is normal to probe axis

Calibration is Performed According to the Following Standards:

a) |[EEE Std 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues”, December 2003

b} IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear {frequency range of 300 MHz to 3 GHz)",
February 2005

Msthods Applied and Interpretation of Parameters:
+ NORMDx,y z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f = 1800 MHz:
R22 waveguide). NORMx,y,z are only intermediate values, i.e., the uncertainties of
NORMYx,y,z does not effect the E*-field uncertainty inside TSL (see below ConvF).

= NORM(fx,yv.z = NORM=xy,z * frequency_response (see Frequency Response Chart). This
linearization is implemented in DASY4 software versions later than 4.2, The uncertainty of
the frequency response is included in the stated uncertainty of ConvF.

+ OCPx . z: DCP are numerical linearization parameters assessed based on the data of
power sweep (no uncertainty required). DCF does not depend on frequency nor media.

« ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or
Temperature Transfer Standard for f < 800 MHz) and inside waveguide using analytical field
distributions based on power measurements for f > 800 MHz. The same setups are used for
assessment of the parameters applied for boundary compensation (alpha, depth) of which
typical unceriainty values are given. These parameters are used in DASY4 software to
improve prabe accuracy close to the boundary. The sensitivity in TSL coresponds to
NORMSx,y.z * ConvF whereby the uncertainty corresponds to that given for ConvF. A
frequency dependent ConvF is used in DASY version 4.4 and higher which allows extending
the wvalidity from + 50 MHz to = 100 MHz.

s Spherical isotropy (30 deviation from isofropy): in a field of low gradients realized using a
flat phantom exposed by a patch antenna.

+  Sensor Offsef: The sensor offset corresponds fo the offset of virfual measurement center
from the probe tip (on probe axis). No tolerance required.

Cerlificate Mo: ET3-15655_AugD8 Page 2 of 9
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Test report no.: 4-3431-01-02/10 CWMW

ET3DV6 SN:1558 August 21, 2009

Probe ET3DV6

SN:1558

Manufactured. September 16, 2003
Last calibrated: August 15, 2008
Recalibrated: August 21, 2009

Calibrated for DASY Systems

[Note: non-compatlble with DASY2 systeml)

Certificate No: ET3-1558_Aug09 Pege 3 of 9
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Test report no.: 4-3431-01-02/10

CETECOM™

ET3DVE SN:1558

DASY - Parameters of Probe: ET3DV6 SN:1558

Sensitivity in Free Space’=k

MormX 1.97 +10.9%  pvAVIm)? DCP X 93 mV
NomY 194 x104%  pvAVIm) DCP Y 94 mvy
NormZ 173 :10.0%  uMIVIm) DCP 2 95 mV

Sensitivity in Tissue Simulating Liquid {Conversion Factors)

Ploasa sas Paga 8.

Boundary Effect
TSL 900 MHz Typlcal SAR gradlent: 5 % per mm
Sensor Center to Phantom Surface Distance 37 mm 4.7 mm
SARL. [%] Without Camaction Algarithm 101 58
SAR, [M] With Carrectlon Algorithm 1.9 0.7
TSL 1750 MHz Typical SAR gradient: 10 % par mm
Sansor Center to Phantom Surface Distarce 37T mm 4.7 mm
SAR, [%] Without Corraction Algorithm 97 5.8
SARy, %) With Comrection Algorithm 0.8 08
Sensor Offset
Prabe Tip lo Sensor Center 2.7 mm

August 21, 2009

Dicde Cc;mpnsessiunB

The reported uncertainty of measurement is stated as the standard uncertainty of
meaasurement multiplied by the coverage factor k=2, which for a normal distribution

I_Gorres ponds to a coverage probability of approximately 95%.

* The unsertaintics of MormX.Y.Z co not afiect -he [2-field uncartainty inside TSL (see Page &),

& Mumarical inearizstion paramcler: uncersinty not reguired,

Certificate No: ET3-1558_AugD9 Page 4 of 9

2010-07-30

Page 6 of 37



Test report no.: 4-3431-01-02/10 CWMN

ET3DVE SN:1558 August 21, 2009

Frequency Response of E-Field
{TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 8.3% [k=2)
Ceilificerle No: ET3-1558_Aug0g Pags 5 of g
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Test report no.: 4-3431-01-02/10 CWMN

ET3DVE SN:1558 August 21, 2008
Receiving Pattern {§), 8 = 0°

f= 600 MHz, TEM ifi110EXX | | f=1800 MHz, WG R22
|
A o

3

00
] i

== 30 MH=
= —— 100 MHz
T, —&—G00 MHz
‘g | —8— 1800 MHz | |
i —ir— 2500 MHz

Uncertainty of Axial |sotropy Assessment: £ 0.5% (k=2)

Certificata No: ET3-1558_AugDa Page Gof 8

2010-07-30

Page 8 of 37



Test report no.: 4-3431-01-02/10

CETECOM

ET3DV6 SN:1558

August 21, 2009

Dynamic Range f(SARy,..4)
(Waveguide R22, f = 1800 MHz)

Carlificale: No: ET3-1558_AugDS

SAR [mWicm®]

Page 7 af ¢

Uncartainty of Linearity Assessment: £ 0.6% (k=2)
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Test report no.: 4-3431-01-02/10 CWMW

ET3DVE SN:1558 August 21, 2009

Conversion Factor Assessment

f =900 MHz, WGLS R9 (head) | f=1750 MHz, WGLS R22 (head) ‘

4.0 300 — ‘
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1 .
‘ —o—Aralytical =—o0— Measurements | —e—Analytical —O—Msasumments—|

f[MHz] Validity [MHz]" TSL  Permittivity Conductivity Alpha Depth  ConvF Uncertainty

B35  £50/£100 Head 415%5% (.90t 5% 0,58 1.84 B.02 +11.0% (k=2}
800 50/ &100 Head 415%5% 08745% 0.55 1.96 5.84 11.0% (k=2)
1750  +50/+100 Hoad 40.1+6% 1.37£5% 052 256  5DD +11.0% (k=2}
1600 450/ + 100 Head 400+5%  1.40£5% 070 242 475 +11.0% (k=2)
2450 =50/ =100 Head 30.225%  1.80 +5% 098 164 4.16 +11.0% (k=2)
835  =50/%100 Body 55.2+5% 097 5% 038 2.5 578 +11.0% (k=2)
800  =50/2100 Body 550+45% 1.054+56% 033 280 563 £ 11.0% (k=2}
1750 50/ %100 Body 53.4:5%  1.401 5% 062 3.25 4.53 +11.0% (k=2)
1900  +50/£100 Body 53.3:5%  1.52+5% 084 263 431 = 11.0% (k=2)
2450 £ 50/ %100 Body 527:5% 1.85:5% 099 1.80 396 +11.0% (k=2)

® The validity of = 100 MHz only applies for DASY va.4 and highor (ses Paga 2). The uncertalnty Is the RSS
of tha ConvF uncertalnty at calibratien frequency and the uncaertainty for tha indicated freguency band.

Certificate No: ET3-1558_Aug0s Page 8 of &

2010-07-30

Page 10 of 37



Test report no.: 4-3431-01-02/10 cqunqmmw

ET3DVE SN:1558 August 21, 2009

Deviation from Isotropy in HSL
Error (¢, 3}, =900 MHz

Error [¢B]

N 4]
B-1.00-0.60 E-0.80-0.50 B-0.60-0.40 8040020 B-],20-0,0]

B0.02-3.20 E0Z0-040 E040-0.60 EO0EC-0.80 EO30-1.00

Uneertainty of Spherical Isotropy Assessment: £ 2,6% (k=2)

Cartficate Mo: ET3-1558 Augls Page 9 of &

2010-07-30 Page 11 of 37



Test report no.: 4-3431-01-02/10 CWMN

3

Calibration report “900 MHz System validation dipole”

; . it

Cali bratmn Laboratory of S *if:;? Sehweizerischer Kalibrierdienst

Schmid & Partner Foo— 2 Bervice suisse d'étalannage
Engi neering AG Bervizio svizzero dl taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Callbration Service

Accredited by the Swiss Accreditation Service (SAS) Accraditation Mo SCS 108
Tha Swiss Accreditation Service 13 ona of the signatories to the EA
Multilateral Agrasment for the recognition of calibratlon certiticates

Client Cetecom Gertificate No: D900V2-102_Aug09

|CALIBRATION CERTIFICATE

Oihject D002 - SN: 102

Calibration procodurals) QA CAL-05 v/
Calibration procedure for dipale validation kits

Calibration dsts: August 17, 2009

Canditian of the calibrated item In Tolerance

This calibration cerfficate documents the frcasbility to natienal standards. which realize the physical units of measurameats (51
The measurements and the unrertaint es with confidence urobatility are given an the fallowing sages and are part of the cerlificate,

Al cal brations have been condusted in he cosed laboratery facllily: soviranment femperatu-e (22 £ 3°C and humidity < 7%,

Calibralion Eyuiprr ent used (ME&TE critical for calloration)

Primary Standards I 10 # Cal Data (Cerlilinate No.) Scheaduled Calibration
Prwwer meter EPM-dg28, CEATARDTO4 08 Col-08 (Mo, 217-00838] Q=05
Prowier sarsor HP 1814 | UB3v2092785 08-0:4-08 Mo, 24 F-00898) Qo DE
Referenoe 20 cB Attenuatar SM: G036 (20g) J1-Mar-08 {Mo. 217-01025) Par-10
TR mnisimaleh coribinatior SM: 5047.2 F Q8327 31-Mar-08 (Mo, 217 o1u2g)y Mar-10
Reterence Jrobe ESI0V SN 3205 26-Juin-08 {Na. ES3-3205 Jong) Jun-1C
DRE4 SM: & O7-Mar-0& (Ma. DAE4-801_Mar0g) Mar-10
Secondary Slancards ID# Check Diate (in house) Seheduled Sheck
Powen sunsor HP 84814 [ MvainzaatT 18-0t-02 [in house chock Oat-07) In house chack: Oct-03
RF generator RAS S\IT-L6 100005 A-Aug- (in honsa check Cot=17 In house creck: Oct-0d
Mabwork Analyzer HP 8TR3E LIS 3¢ 390505 54406 18-00t-01 {in house check Oct-08) In house caeck: Oct-0g
Marme Function S gatune

Calibratad by: Jetan Kesirat Laberatary Tachnician ZL I;" /

= e . I’ o

e

Approved by Katja Pokovic Technica Manager /% /
At L/}f‘i/g

lgsued: August 18, 2004

Thig calibration cerilicate shall rat be reproduced except in full withour weiten appraval of he laboalory.

Cerificatz Mo: DI0OWV2-102_Aug09 Page 1 of 9

2010-07-30

Page 12 of 37



Test report no.: 4-3431-01-02/10 CWMW

Calibration Laboratory of
Schmid & Partner
Enginsering AG

Favghausstrasse 43, B0 Zyrich, Switzerdand

Schweizerischer Kallbrlerdianst
Bervice sulsse détalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Swiss Acoreditaton Service (SAS) Accreditation Ne.: SCS 108
The Swiss Accreditatlon Sarvics ie ona of the signatories 1o the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y.z
MN/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues”, December 2003

b} IEC 62208-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear {frequency range of 300 MHz to 3 GHz)",
February 2005

¢} Federal Communications Commission Office of Engineering & Technology (FCC QET),
"Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofreguency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bullatin 65

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:
o Measurement Conditions: Further details are available from the Validation Report at the end
af the certfficate. All figures stated in the certificate are valid at the frequency indicated.

= Antenna Parameters with TSL. The dipole is mounted with the spacer to position ils feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

* Feed Point impedance and Refurn Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connecter to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

= Flectrical Delay: One-way delay between the SMA connector and the antenna feed paint.
Mo uncertainty required.

« SAR measured: SAR measured al the stated antenna input power.

o SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

»  SAR for nominal TSL paramesters: The measured TSL parameters are used to calculate the
nominal SAR result.

Certificale No: DA00V2-102_Aug0d Pags 2 of 9

2010-07-30 Page 13 of 37



Test report no.: 4-3431-01-02/10

CETECOM

Measurement Conditions

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

DASY Version

DASYS

WVE.Q

Extrapolation

Advanced Exlrapolatian

Phantom

Madular Flat Pharilom Y4.9

Distance Dipole Center - TSL

15 mm

with Spacer

Zoom Scan Resolution

dx, dy, 0z =5 mm

Frequsency

800 MHz £ 1 MHz

Head TSL parameters

The following parameters and caloulalions were applied.

Temperature Permittivity Conductivity
Neminal Head TSL parameters 2200 41.5 0.87 mhoim
Measured Head TSL parameters (220 £0.2)*C 404 6% .96 mho/m + 6 %
Head TSL tempersture during test {220 £0.2)"°C R —

SAR result with Head TSL

SAR averaged over 1 cm® (1 g) of Head TSL Condilian
SAR measurad 250 mW Inpul power 2B mWig
SAR normalized normalized 1o 1W MImWig

SAR for nominal Head TSL parameters |

normalized to 1%

113 mW /g £17.0 % (k=2)

SAR normalized

SAR avaraged over 10 cm® (10 g) of Head TSL candition
SAR measured 250 mW input power 1.80 mWw /g
normalized to 19 T20mW f ¢

SAR for nominal Heac TSL parameers |

normalized fo 1V

7.21 mW /g * 16.5 % (k=2)

Certificate No: D300V2-102_Augig

Correclion o nominal TSL parametess according Lo dy, chapter *SAR Sensitivities®

Page 3 of o

2010-07-30

Page 14 of 37



Test report no.: 4-3431-01-02/10 CWMW

Body TSL parameters
The following parameters and calculations were epplied. .
Temperature Parmittivity Conductivity
Mominal Body TSL parameters . 220°C 55.0 1.05 mhadm
Measured Body TSL parameters {(220+02)°C 2T +t6% 1.06 mhoim £ 6 %
| Body TSL temperature during test {220+02)°C -am ———
S5AR result with Body TSL
SAR averaged over 1cm” {1 g) of Body TSL Condition
SAR measured 250 mW input power 288 mW /g
SAR nommalized - narmslized to TW 11.5m\W /g
SAR for nominal Body TSL parameters narmalizad ta 1w 11.3 mW /g £ 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measured 250 mW input power a 1.85mW /g
SAR normalized normalized o 1w 740 m\Wig
SAR for nominal Body TSL parameters = normalized to 1W 7.32 mW /g £ 16.5 % (k=2)

2 Correction ta nominal TSL oarameters ascording to d), chapler "SAR Sensitivitizs”

Certificate No: DI00V2-102_Aug09 Page 4 of 9

2010-07-30 Page 15 of 37



Test report no.: 4-3431-01-02/10 CWMW

Appendix

Antenna Parameters with Head TSL

Impedance. transformed to feed paint 49810 -42j0 -|
Retum Loss -27.54B

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4580 -58j0
Return Loss | -22.8 4B

General Antenna Parameters and Design

Electrical Delay (one dirsction) 1408ns

After long lerm use with 100MY radiated power, only a slight warming of the dipcle near the feedpoint can be measured

The dipole is made of standard semirigid coaxial cable. The center conductor of the feecing line is directly cannected to the
second arm of the dipole. The antenna is therefore shorl-vircuiled for DC-signals.

No excessive force must be applied to the dipole arms. because they might bend or the soldered connections near the
leadpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on January 24, 2001
Carlificate Mo: DS0OV2-102_AugDg Page S ol 9

2010-07-30 Page 16 of 37



Test report no.: 4-3431-01-02/10 CWMW

DASYS Validation Report for Head TSL

DateTime: 10.08.2009 12:21:29
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 200 MHz; Type: D0V Serial: DOV - SN:102

Commmunication System: CW-900; Frequency: 900 MHe;, Duty Cycle: 1:1

Medium: TIS1. 900 MHz

Medium parameiers used: [— 900 MHy; o = 0,96 mho/m; ¢, = 40.4: p = 1000 ke/m*
Phantom zection: Flat Section

Measurement Standard: TIASYS (IEEEIEC)

DASYS Configuration:
& Probe: ES3DW3 - SW3203; ConvF{IBKE, 584, 3887 Calibrated- 26,00, 20409
= Sensor-Surface: 3Imm Mechanical Surlace Dotovtion)
e [lechomivs: DALD Snod]; Calibrared: 07.03 2000
®  Phantom: Flat Phantom 3,972 Type: QDOO0P49AA; Serial: LI

e Cdeasweermenl S DASYE, VAL Build 120; SEMCADR X Version 13.4 Build 45

Pin=250mW; dip=13mm/Loom Scan (7x7x7)yCube 0: Measurement grid; dx=5mn1, dy=5mm,
de—5rmm

Reference Value = 59.9 Vim: Power Drill = 0.038 B

Peak SAR (extrapolated) — 4.28 Wike

SAR(I gy =281 mW/g; SAR(10 g) = 1.8 mW/p

Maximum value of SAR (measured) = 3.27 mWig

dB
i}

-2.28

-b. 84

J6B =327mw

Cerificate No: DEOWVI-102_Aug0d Page 6 of &

2010-07-30 Page 17 of 37



Test report no.: 4-3431-01-02/10 CMJQMN‘

Impedance Measurement Plot for Head TSL

18 rfug 2889 lis16i46

[CHT 511 1 U Fs 1:45.822 & -41899 4 22,402 pF 900,828 B8 MHz
= 3
Del —

; e
| | |

4

( | ! |

o Spe—— . . |
: T/J_,‘——"‘"“I |
- - _I

e _,_Jrrzr.&g%da ARZ.EAR BEE MHz

— g

2TART YHRBRED ARE MH=z

Cerlificate MNao: DIOOVZ-102_Augds Page 7ol 9
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Test report no.: 4-3431-01-02/10 CWMN

DASYS Validation Report for Body

Duted Time: 17.08.200% 10:47 05
Test Luboratory: SPLAG, Zurich, Switzerland
DTT: Dipole 900 MHz; Type: D900V2; Serial: DYOOV2 - SN:102

Communication System: CW-500U; Frequency: 900 MHz; Duty Cyele: 1:1

Medium: MS1.900)

Medium paramcters used: =900 MHe: 6 — 1.06 mho/m; 5 — 52.7; p = 1000 kg.-"m"
Phantom section: Flat Section

Measurement Standard: DARYS (ITEEILRC)

1JARYS Configuration:
o Prohe: TS3DV3E - SM3205; ConvF(5.81, 581, 3.81); Calibrated: 26 062000
s Hensor-Surfacer 3mm (Mechanical Suefice Delestion
8 Flectronics: DATA S0601; Culibraled: 07032009
& Phantom: Flat Phantom 4.90.: ' ype: QIN00P4IAA; Serial; 100]

®  Neasurement SW: DASYS, VA0 Build [20; SEMCAD X Version 13.4 Build 45

Pin=250mW; dip=15mm; dist=3.0mm/Zoom Scan (7x7x7)/Cube 0: Measurement grid:
dx—5mm, dy—3mm, dr—5mm

Reference Value — 58.3 Vi/m: Power Dritt = 0.00443 dB

Peak SAR (exmapolated) = 4.3 Wikg

SAR(] £)=2.88 mW/g; SAR(10 g) = 185 mW/g

Maximum value o SAR {measured) = 3.37 mW/g

R
n

0dB =33TmWig

Cartificate No: DRO0VI-102_augd2 Sagedofd
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Impedance Measurement Plot far Bady TSL
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Calibration report “1900 MHz System validation dipole”

Calibration Laboratory of S, g
Schmid & Partner S ek c
Engineering AG T
Zeughausstragse 43, §004 Zurich, Swilzerland ":f,ﬁ',f 5
veley|pihad

Accrediled by he Swiss Accraditation Service (SAS)

The Swiss Accreditation Service is one of the signalories to the EA
Multilzieral Agreament far the recognition of calibration cartificates

Client Cetecom

Schweizerischer Kalibrierdienat

Service sulsse d'dtalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 108

Certificate No: D1900V2-531_May10

|CALIBRATION CERTIFICATE

Objact

Calibration procedures)

Calibration dats:

D1900Y2 - SN: 531

QA CAL-08.v7
Calibration procedure for dipole validation kits

May 11, 2010

Calibration Equipment usad (ME&TE ciitical for calibration)

DAEZ

This calipration cerificats cozuments the raceability to natiznal s:ardards, which realiza tha physical units of measuremants {315,
Tho measurcmentz and tna uncartaintias with canfidense prabatility are givan an the fallowing pages a1d are oarl of the certif cate.

All calibrations have been conducied in the Hosed laboratzny facil ty: envirorment temperatura (22 £ 570 and horeidily = 70%.

Primary Standards 10 Cal Dale (Cerlificate MNa.} Scheduled Calibration
Sowsar meior EPR-44258 GB3ITA8ITOA 06-Ce-08 [Ma. 217-01086) Cet--0
Power zensar HP 34814 537200782 N6-Coct-03 [Ma. 217-010846) Qal-* 0
Reference 20 dB Actenualor SN 5066 [20g) 30-Mar-10 (Mo, 2 7-01158) har-11
I'ypa-MN mismaseh combination SN 53472/ 0B327 30-Mar-10 (Mo, 2°7-01162) Mar-11
Reference Probe ES3DVE SN 3205 HApr 0N, ES3-3205_Apr10) Apr-11
Sk 801 02-fdar-10 (Mz. DAEA-GIT Maril) Mar-11
Secondary Standards [ Check Dala fin housa! Scheduled Check
Powier sensor HP 825814 BYA10B2317 18-Cul-02 {in hause check Oot-09) In hause check: Got-11
| RF ganerator R&S SKT-06 AONI0% 4-Aag-89 [in house check Dot-08 In houss check: Gul-11

| Mebwork Analyzer AF 87532

Calibrated by:

Appraved by:

USITIN05BE 54208 18-Cet-01 {in hause check Oct-N9)

Functian
Labaraiony Technician

MNama
Jetan Kastrati

Kalja Pokavic Technical Manager

This calitwalion serliicate shall notbe reproduced excent in full without wiitten appraval of the laboratary.

Certficate Mo; D1900V2-531_May10

Pagz 1 ofb

in house check: Qo100

Issued; May 17, 2014
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasea 43, 8004 2urich, Switzerland

Schweizerischer Kalibrierdienst
Sarvice sulsss d'étalonnage
Servizio gvizzere di taratura
Bwiss Calibration Service

Accredited by the Swiss Accredlatlon Sarvice (S45) Accraditation Ne.: SCS 108
The Swiss Accraditation Service is one of the signatories to the EA
Mulfilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL / NORM x,y,z
MIA not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE 5td 1523-2003, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 200 MHz to 3 GHz)",
Fabruary 2005

¢} Federal Communications Commission Office of Engineering & Technology {(FCC QET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Partable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 85

Additional Documentaticn:
d) DASY4/5 System Handbook

Metheds Applied and Interpretation of Parameters:
s Measurerment Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

»  Antenna Parametfers with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

» Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liguid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Retum Loss ensures low
reflected power. No uncertainty required.

» Electrical Delay. One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

¢  SAR measured: SAR measured at the stated antenna input power.

+  SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connactor.

s SAR for nominal TSL parameters. The measured TSL parameters are used to calculate the
nominal SAR result,

Corificato No: D1 300V2-631_May10 Page 2 of 0
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Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS VB2
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom W50
Distance Dipole Center - TSL 10 mn-; - with Spacer
| Zoom Scan Resolution dx. dy, dz =5 mm
. Frequency 1900 MHz £ 1 MHz

Head TSL parameters
The following parameters and calculations were applied.

Temperature Parmittivity Conductivity

Neminal Head TSL parameters 22.0°C 40.0 1.40 mha/m

Maasurad Head TSL paramatars {220+ 0.2)°C MT+E6™ 1.47 mhodm £ & %

Head TSL temperature during test (220x02)"C — —
SAR result with Head TSL

SAR averaged over 1 em?® {1 g) of Head TSL Condition

SAR measured 250 mW input power 295 m\W i g

SAR namalized nonmalized lo W \EmWig

8AR for nominal Head TSL parametars narmalized 1o TW 39.6 mW /g £ 17.0 % (k=2}

SAR averaged over 10 cm® (10 @) of Head T5L condition

SAR measured 250 MW input powear 5,20 m\W f g

SAR narmalized normalized to W 208 mW f g

SAR for nominal Head TSL parameters normalized to 1'W 20.7 m\W fg * 16.5 % (k=2)
Certificate Mo: D1900W2-531_May10 Page 3 of 3
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Body TSL parameters

The following parameters and calculations were applied.

Temperature Fermittivity Conductivity
Nominal Body TSL parametars 22.0°C 5343 1.52 mhosm
Measured Body TSL parameaters {220202)"C 548+6% 1.53 mho/m £ 6 %
Body TSL temperature during test (222+021°C —— o

SAR result with Body TSL

SAR averaged over 1¢m® {1 g) of Body TSL Caondifion
SAR measured 250 W inpult power 102 mW /g
SAR normalized normalized to 1W 408 m\f f g

SAR for nominal Body TSL parameters

normalized to 1W -

40.9 m¥W [ g 17.0 % (k=2)

I SAR averaged over 10 cm® {10 g) of Body TSL

| SAR measured

| SAR narmalized

condition
250 MW input power 5.46 m\ / g
rormalized to 1W 21.8mW fg

| SAR for nominal Body TSL parameters

noermalized to 1W

21.9mW/ g 16.5 % (k=2)

Cartificate Mo: D1200V2-531_Mayi0

Page 4 of 9
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Appendix

Antenna Parameters with Head TSL
Impedance, transformed fo feed paint B240+69])0
Retum Loss -220dB

Antenna Parameters with Body TSL

Impedance, transfarmed to feed point 4750+ 660
Return Loss -228dB

General Antenna Parameters and Design

LEIE::TrinaI Delay {one direction) 1.200 ns

After long term uze with 100W radiated power, only a slioght warming of the dipole near the feedpeint can be measurad.

The dipole is made of slandard semirigid coaxial cable. The cenler conductor of the feeding line is diractly connacted 1o the
second arm of the dipale. The antenna is therefore short-circuited for DC-signals.

Mo excessive force must be applied fo the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactursd an January 24, 2001
Certificate Mo: D1800W2-531_May10 Page Sof 9
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DASYS Validation Report for Head TSL
Darg/Tima: 11.03.2010 11:39:28

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHe: Type: DV2 1900; Serial: DV2 1900 - SN:331

Communication System: CW; Frequency: 1900 MHz; Duty Cycle: 1:1

Medium: HSL ULL BB

Medium parameters used: £= 1900 MHz; ¢ — 1.41 mho/m; & = 3%.7; p= 1000 kgf'jnj
Phamtom section: Flat Section

Measurement Standard: DASY 3 (IEEEAILC/ANST C63.19-2007)

DASY 3 Configuration:
+  Probe: RE30DV3E - SNG205, Consl(5.08, 509, £.09% Calibrated: 30042010
o Sensor-Surface: 3onum (Mlechanical Surface Detaction)
®  Hleotonics: DAED sn601; Calibrated: 02 05 2010
®  Phantom: Flat Phantom 3.0 (front), Type: QDOOORSIAA; Scrial: 1001

*  Measurament SW DASYS, V5.2 Bulld 162; SEMOAD X veorsion 144 Build 57

Pin=250 mW¥ /d=10mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7)/Cube 0 Veasurcment
grid; dx=>5mum, dy=5mm, de=5mm

Reference Value = 97.4 Vem; Power Drift —(.024 di?

Peak SAK (extrapolated) = 18.2 Wikg

SAR(1 £) = 9.96 mW/g; SAR(10 g) = 5.2 mW/g

Maximum value of SAR (measured) = 12.5 mWio

dB |
0

-20

0dB =125mWg

Certificate Mo: 01900W2-521_May10 Fage B ol 9
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body
Date/Time: 07.03. 2010 (49:58:07

Test Laboratory: SPEAG, Zunich, Swilzerland
DUT: Dipele 1904 MHz; I'ype: 132 19003 Serial: DY2 1900 - SN:531

Communication System: CW; Frequency: 1900 Ml lz; Duty Cwvele: 1:1
Medium: MSL U1 BB ;
Medinm parameters nsed: £= 1900 MIz; o = 1.53 mho/ny; & = 54.8: p= 1000 kg/m®
Phantom section: Flat Section
Measurement Standard: DASY S ([EEE/AEC/ANSI C63.19-2007)
DASYS Conliguration:

&  Prober EESDW3 - 8M3Z05; Convb{4.39, 4,39, 4.359); Calibrated: 30.0.2010

& Sensor-Surface: 3mm (Mechanical Surtace Detection)

*  Tlecironics: DAL So6d 1, Calibrated: 02,03 2010

*  Phantom: Flat Phantom 3.0 (hack): Type: QLE00P30AA; Serfal: 1002

®  Mdeasuremant SW:r DARY S, V32 Build 162: SEMCAD X Version 140 Bujld 57

Pin250 mW /d=10mm, dist=3.0mm (ES-Probe)/Zoom Scan (717x7)/Cuabe 0: Measuremeni
grid: dx=5mm, dy=5mm. dz=5mm

Reference Value = 96.8 V/m; Powor Drift =-0.012 dB

Peak SAR {extrapolated) = 17.1 Wike

SAR(I g) = 10.2 mWig; SAR(10 g) = 5.46 mW/g

Maximum value of SAR (measured) = 12.9 mWig

dB
=0

ndB = 12.9mW/g

Cerificate No: D1900V2-531_May10 Pagz8cf9
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Impedance Measurement Plot for Body TSL
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Calibration certificate of Data Acquisition Unit (DAE)

Callbration Laboratory of
Schmid & Parther

Engineering AG
Zoughausstrasee 43, 8004 Zurich, Switzsrland

Accredited by the Swiss Accreditation Service (SA5)
Tha Swiss Accraditation Servics is one of the signatarias o the EA
Multilateral Agreement for the recognition of calibration certificates

client  cetecom

Schweizerischer Kalibrierdienst
Service sulsse ddtalonnage
Bervizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 108

[CALIBRATION CERTIFICATE

Bbjgict DAE }000 DO3 AA-SN: 413

Callbraton procadure(s) Q}\_m-ﬁﬁ_ﬂz_ o

January 4 2040 T

Calibration dale:

Calibration Equiprient usad [METE critical for calibration)

| Primary Slandards | Vg Crl Date (Cenificate Ma )
Kelthley Mulimeter Type 2001 [ sn: om10278 1-0ct-09 {Ha: 9035)
Secondary Standards [io# Check Date {in house)

‘Calibration prog‘ejudurac.fer»thé_»_@aﬁ%éiﬁqi;jsiﬁeqﬂ-élaﬂmi?ﬁ

This calibration certificate documents the racezbllity to national standards, whizh realize the physical units of measurements (S1).
The measursments snd the unoerinties with confidence probahility are given an the following pages and are part of the certificate.

&l calibraticns have basn conducted in the closed laboralory fagility: enirmonmeant tamperature (22 + 3)°C and aumidity = 70%.

Scheduled Callbration
Det-10

Suhaduled Checy

Calibratar Bex 1.1 SE UMS 006 A3 1004 05=Jur-08 {in house check)

Naine
Calibrated by: Danigl Hess
Approved oy; Fin Bormholt i

This calibration cerlficate shall not be repradurcad excepl in full withoul wrillen approval of the |=barataory.

In house check: Jun-10

Izgued: Jaruary 4, 2010

Certificate Mo: DAEZ-413_Jan10 Fage 1of 5
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6 Certificate of “SAM Twin Phantom V4.0/V4.0C"

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland, Phone +41 1 245 97 00, Fax +41 1 245 97 79

Certificate of conformity / First Article Inspection

Item SAM Twin Phantom V4.0
Type No QD 000 P40 BA

Series No TP-1002 and higher
Manufacturer / Origin Untersee Composites

Hauptstr. 69
CH-8559 Fruthwilen
Switzerland

Tests

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

Complete tests were made on the pre-series Type No. QD 000 P40 AA, Serial No. TP-1001 and on the
series first article Type No. QD 000 P40 BA, Serial No. TP-1006. Certain parameters have been retested
using further series units (called samples).

Test Requirement Details Units tested

Shape Compliance with the geometry IT'IS CAD File (*) First article,
according to the CAD model. Samples

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

Material Dielectric parameters for required 200 MHz - 3 GHz Material

parameters frequencies Relative permittivity <5 | sample

Loss tangent < 0.05. TP 104-5

Material resistivity | The material has been tested to be Liquid type HSL 1800 Pre-series,
compatible with the liquids defined in | and others according to | First article
the standards the standard.

Standards

[1] CENELEC EN 50361

[2] |EEE P1528-200x draft 6.5

[3] I1EC PT 62209 draft 0.9

(*) The IT'IS CAD file is derived from [2] and is also within the tolerance requirements of the shapes of
[1] and [3].

Conformity

Based on the 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

/,/Z“;’/’% Schmid & Partner %;\/ﬁ;ﬂ,/gv/ﬁ

Signature / Stamp Engineering AG

Zeughausstrasse 43, CH-8004 Zurich
Tol-gi-‘1 1 245 97 00, Fax +41 1 24597 79

Doc No 881-QD 000 P40BA-B Page 1(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 \
Value Distribution |[sor |1g 10g |Uncertainty |Uncertainty |or
19 109 Vef
Measurement System
Probe calibration +4.8% Normal 1 1 1 +4.8% +4.8% 0
Axial isotropy +4.7% Rectangular [V3 [0.7 [0.7 [+1.9% +1.9% 0
Hemispherical isotropy 1 0.0% Rectangular [V3 [0.7 [0.7 [£0.0% +3.9% ©
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% 0
System detection limits +1.0% Rectangular [V3 |1 1 +0.6% +0.6% 0
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 +0.4% Rectangular [V3 |1 1 +0.2% +0.2% 0
Probe positioning +2.9% Rectangular [V3 |1 1 +1.7% +1.7% 0
Max. SAR evaluation +1.0% Rectangular [V3 |1 1 +0.6% +0.6% 0
Test Sample Related
Dipole axis to liquid 12.0% Normal 1 1 1 +1.2% +1.2% 0
distance
Power drift +4.7% Rectangular [V3 [1 1 +2.7% +2.7% 0
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
Liquid 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 06 |0.49 |+1.5% +1.2% 0
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 \
Value Distribution |[sor |1g 10g | Uncertainty |Uncertainty |or
19 109 Vef
Measurement System
Probe calibration +4.8% Normal 1 1 1 0 0 0
Axial isotropy +4.7% Rectangular [V3 [0.7 [0.7 [0 0 %0
Hemispherical isotropy 1+ 0.0% Rectangular [V3 [0.7 |0.7 |0 0 0
Boundary effects +1.0% Rectangular [V3 [1 1 0 0 ©
Probe linearity +4.7% Rectangular [V3 |1 1 0 0 %0
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 ©
Integration time +0.0% Rectangular [V3 |1 1 0 0 0
RF ambient conditions + 3.0% Rectangular [V3 |1 1 0 0 0
Probe positioner 1+ 0.4% Rectangular [V3 |1 1 0 0 ©
Probe positioning +2.9% Rectangular [V3 |1 1 0 0 0
Max. SAR evaluation +1.0% Rectangular [V3 |1 1 0 0 0
Test Sample Related
Dipole axis to liquid 12.0% Normal 1 1 1 +1.2% +1.2% 0
distance
Power drift +4.7% Rectangular [V3 [1 1 +2.7% +2.7% 0
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
Liquid 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% 0
Combined Uncertainty +5.3% +4.9%
Expanded Std. +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.
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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:

dir.
. 3dB v
Signal Low cable
Generator Pass 1 —— : } @
Att3
Att2 |;
S @
Attl

&) —=
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 250mwW
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.
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* 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.

* 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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