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Accredited by the Swiss Accreditation Semvice (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Object

Calibration procedure(s})

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Prirnary Standards D # Call Date (Certificate No.) Scheduled Calibration

Power meter EPM-442A GB37480704 06-Oct-10 (No. 217-01266) Qct-11

Power sensor HP 8481A US37292783 08-Oct-10 {No. 217-01266) Oct-11

Reference 20 dB Attenuator SN: S5086 (20b) 29-Mar-11 (No. 217-01367) Apr-12

Type-N mismatch combination SN: 5047.2 / 06327 29-Mar-11 {No. 217-01371) Apr-12

Reference Probe ES3DV3 SN: 3205 29-Apr-11 {No. ES3-3205_Apr11) Apr-12

DAE4 SN: 601 8-Jun-11 (No. DAE4-601_Junii) Jun-12

Secondary Standards ID # Check Date {in house) Scheduled Check

Power sensor HP 8481A MY41092317 18-0ct-02 (in house check Oct-09) In house check: Qct-11

RF generator R&S SMT-06 100005 4-Aug-99 (in house check Oct-09) In house check: Oct-11

Network Analyzer HP 8753E US37390585 54206 18-Oct-01 (in house check Oct-10) In house check: Oct-11
Name o Function

Calibrated by: wélaa:l- Leubler - .- - * ' Laborator

Approved by: Katja Pokovic . .

[ssued: June 22, 2011

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/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 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 300 MHz to 3 GHz)",
February 2005

¢) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
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 Bulletin 65

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:
» Measurement 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 Parameters 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.

e Feed Point Impedance and Return 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 connector to the feed point. The Retum Loss ensures low
reflected power. No uncertainty required.

» Electrical Delay: One-way delay beiween the SMA connector and the antenna feed point.
No uncertainty required.

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

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

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

Certificate No: D835V2-4d092_Jun11 Page 2 of 8



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

DASY Version DASYS Vv52.6.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx, dy,dz =5 mm

Frequency 835 MHz = 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 41.5 0.80 mho/m

Measured Head TSL parameters (22.0+0.2) °C 408+6% 0.89 mho/m =6 %

Head TSL temperature change during test <05°C -—--
SAR result with Head TSL

SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured 250 mW input power 237mW/g

SAR for nominal Head TSL parameters normalized to 1W 9.52 mW /g = 17.0 % (k=2)

SAR averaged over 10 em® (10 g) of Head TSL condition

SAR measured 250 mW input power 1.55mW /g

normalized to 1W 6.22 mW /g £ 16.5 % (k=2)

SAR for nominal Head TSL parameters

Body TSL parameters
The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+0.2)°C 531+6% 0.99 mho/m =6 %
Body TSL temperature change during test <05°C - ----
SAR resuit with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 247TmW /g

SAR for nominal Body TSL parameters

normalized to 1W

9.65 mW /g =17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL

condition

SAR measured

250 mW input power

1.62mW /g

SAR for nominal Body TSL parameters

normalized to 1W

6.38 MW/ g = 16.5 % (k=2)

Certificate No: D835V2-4d092_Junii
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 522Q-22jQ
Return Loss -30.4dB

Antenna Parameters with Body TSL

Impedancs, transformed to feed point 4820 -48jQ
Return Loss -25.7dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.391 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

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-signals.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on September 15, 2009
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DASY5 Validation Report for Head TSL
Date: 22.06.2011

Test Laboratory: SPEAG, Zurich, Switzerland

D835_4d092_H_110622_CL
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d092

Communication System: CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; ¢ = 0.89 mho/m; &, = 40.8; p = 1000 kg/m3
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASY52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(6.07, 6.07, 6.07); Calibrated: 29.04.2011
e Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601: Calibrated: 08.06.2011
» Phantom: Flat Phantom 4.9L; Type: QDOO0OP49AA; Serial: 1001
» DASY52 52.6.2(482); SEMCAD X 14.4.5(3634)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Z.oom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 56.812 V/m; Power Drift = 0.0016 dB

Peak SAR (extrapolated) = 3.508 W/kg

SAR(1 g) = 2.37 mW/g; SAR(10 g) = 1.55 mW/g

Maximum value of SAR (measured) = 2.748 mW/g

-10.76

0 dB = 2.750mW/g

Certificate No: D835V2-4d092_Jun11 Page 5 of 8



Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland
D835_4d092_M 110622 _CL
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d092

Communication System: CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; o = 0.99 mho/m; g, = 53.1; p = 1000 kg/m3

Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASY52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(6.02, 6.02, 6.02); Calibrated: 29.04.2011
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 08.06.2011

Phantom: Flat Phantom 4.9L; Type: QDO00P49AA; Serial: 1001

DASYS52 52.6.2(482); SEMCAD X 14.4.5(3634)

Date: 22.06.2011

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 54.717 V/m; Power Drift = 0.07 dB
Peak SAR (extrapolated) = 3.594 W/kg

SAR(1 g) = 2.47 mW/g; SAR(10 g) = 1.62 mW/g
Maximum value of SAR (measured) = 2.864 mW/g

-6.41

-8.558

-10.69

0 dB = 2.860mW/g
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Impedance Measurement Plot for Body TSL

22 Jun 2811 18:i56:26
CHI si1 1 H FS 1: 48,1584 ¢ -4.7852 0 39833 pF BR5.200 ABA MH=z

Del

Cor

Avg
ie

Hid

CH2 S44 LOG S dB/REF -20 dB 1:-25.669 dB __ 835.680 A03 MH=

_.-""""'—FH_

Cor . //

3 H
Hld ]]
'u

START £35.048 b6 MHz STOP 1 835.880 804 MH=

Certificate No: D835V2-4d092_Junii Page 8 of 8



Calibration Laboratory of

Schmid & Partnar
Enginearing AG

faughaussirasse 43, 8004 Zurich, Switzerland

Accradibed by he Swiss Accradilalion Sorvice (S35
The Swiss Avoreditation Service is one of the signatories 1o the EA
Multliateral Agreement for the recegnition of callbration certificatas

client  Huawei Shenzhen (Auden)

Schwelzerischer Kalibrierdianst
Zervice suisse d'étalennage
Sarvizio svizzero di taretura
Swins Calibretion Service

Accreditelion Moo SCS 108

Certificata No: D1800V2-2d184 Mar11

Dbjact

Cafgration procedurals)

Calibration dafa:

D1800V2 - SN: 2d184

QA CAL-05.v8

Calibration procedure for dipole validation kits

March 08, 2011

Calibralion Equipmeant uged (MATE critizal for calibralion)
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CALIBRATION CERTIFICATE I
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Calibration Laboratory of
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Engineering AG
Leughaussirasse 43, 3004 Zurich, Switzerland

Schweizarischer Kalibrierdianst
Barvice suisse d'étalonnage
Servizio svizzero di taratura
Swise Calibration Service

Accredited by the Swizs Accreditation Sendce [SA5) Aceraditation No.: SCS 108
The Swiss Accreditation Service is ane of tha aignalerics to the EA
Multilzteral Agreament for the recognition of calibration ceriificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NOBM x,y,z
MAA not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |IEEE Std 1528-2003, “IEEE Recommendad Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate {3AR) in the Human Head from Wiraless
Communications Devices: Maasurement Technigues”, December 2003

b} IEC 82208-1, "Procedure to measure the Specific Absorption Rate (=AR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) Federal Communications Commission Office of Engineering & Technology (FCC CET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofraquency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposura to Radiofrequency Emissions®,
Supplemeant C {Edition 01-01) to Bulletin 65

Additional Documentation:
d} DASY4/5 System Handbook

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

*  Anfenna Parameters with TSL: The dipole is mountad with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms ariented
parallel to the body axis.

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

= Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty requirad.

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

*  S5AR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connactor,

» SAR for nominal TSL paramsaters: The measured TSL paramsters are used to calculate the
nominal SAR result.

Cartificate Mo: D1800V2-2d4184 Rard Page 2 al 9




Measurement Conditions

DASY syslem configuration, & lar as not givan on page 1.

DASY Version DASYS WREG. 2
Extrapolation Advanced Extrapclation
Phantam todular Flat Phantom V5.0
Distance Dipele Center - TSL ¥ mim with Spacer
Zoam Scan Resclution d, dy, dz = 5 mm
_FrEqiuer'll:? 1800 MHz + 1 MHz
Head TSL parameters
The following parametars and calculations wera applied,
| Tem perature ! Permittivity Conductivity
Mominal Head TSL parameters 22000 40.0 140 rhadm =5
[ Measured Head TSL parameters (220=0.2) 70 0.4 459 135 mhoim £ & 9%
Head TSL temperature during test (210 £0.2) 45 - _i
SAR result with Head TSL
SAR averaged over 1 cm” (1 @) of Head TSL Caondition
EAH megsUnzd 250 mW input power BEF MW /g ol
SAR nc.'ma.lizsd namalized fo 1W IBImW g

SAR for nominal Head TSL paramaters

normalized to 1w

39,1 mW /g = 17.0 % (k=2) |

| saR averaged over 10 cm” (10 g) of Head TSL

condition

SAR messured

250 MW input power

503 W [H]

3AR normalizad

normalized to 1w

20.2mW g

SAR for nominal Head TSL parameters

normalized to W

20.3 mW fg = 16.5 % (k=2)

Cerificate Mo D1800V-20184 Mart 1
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Body TSL parameters

The following parameters and calculations wore applied,

Temperature !

Permittlvity Conductivity
Mominal Body TSL parameters REDEG 533 1.52 mhodm
Measured Body TSL parameters 2202030 BAZ +GE % 145 mho/m + 6 %
Body TSL temperalure during test (1.0 £ 0.2} °C -ees

SAR result with Body TSL

SAR averaged over 1 em” {1 g) of Body TSL Candition
SAR measurad 250 mW input power ZAGmMW /g
ZAR nommalizad nomalized o 1W ATEmMW g

SAR for nominal Body TSL parameters

normmalized to W

38.8 mW /g =17.0 % (k=2) |

SAR averaged over 10 cm® (10 g) of Bady TSL condition
ZAH meagured 250 mW input power OImW /g
SAR normalized normalized o 1w 2001 ol £ g

SAR far nominal Body TSL parametars

normalized to 1W

20.4 mW J g = 16.5 % (k=2)

Cerilizate Moz D1B00V2-24184 Mar 1
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Appendix

Antenna Parameters with Head TSL

Impedancs, transformad to feed point 48T -230 '
Haturn Loss - 328 d8

Antenna Parameters with Body TSL

IerpEdanE&, transformed o feed paint 45,3 € - 2.3 4 _|
Lﬂctum Loss -E5E B |

General Antenna Parameters and Design

Elzcirical Delay jone dineslion) 1.213ns —I

Altar long term use with 100W radiated power, only a slight warming of the dipale near the feadpoint can be messusad,

The dipele is mada of standard gaminigid coaxial cable. The cenfer condictor of the faeding line is direclly connected to the
second amn of the dipale. The anfenna is therefare shert-circuited for DC- -signals,

MG excassive forca must be applied to the dipole arms, becauss they might band or the soldared conneclions near the
feedpoint may be damaged.

Additional EUT Data

[Manu?ﬁaturcl:l by ' SPEAG
i! EManufastiured on Septembear 23, 2008

Cartificate Mo: D1800V2-20184_Marii Page Sof 9




DASYS Validation Report for Head TSL

Date/Time: 07.03.2011 13;26:16
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz: Type: DIS00V2; Serial; DIS00V2 - SN:2d154

Communication System: CW; Frequency: 1800 MHz; Duty Cyele: 1:1

Medium; HSL 112 BE

Medium parameters used: = 1800 MHz: o= 1.34 mha/m; & = 39.5; p= 1000 lc:g.fm"‘
Phantom section: Flat Seclion

Measurement Standard: DASYS (IEERIEC/ANS] (a3, [9-2007)

DASYS Configuration:
» Probe: ES3DV3 - SN3205; ConvF(5.03, 5.05, 5.05 3 Calibrated: 30.04,2010
+  Sensor-Surface; 3mm (Mechanical Surface Detection)
« Elcctronics: DAE4 50601 ; Calibrated: 10.06.2010
= Phantom: Flat Phantom 5.0 (front); Type: QDODOPS0AA: Serial: 1001
= Measurement SW: DASYS2, v52.6.2 Build (424)

= Postprocessing SW: SEMCAD X, V14.4.4 Build {2829)

Pin=250 mW /d=10mm, dist=3.0mm (ES-ProbelZoom Scan (7x7x7) /Cube 0: Measurement
grid: dx=3mm, dy=5mm, Je=5mm

Relerence Value = 97,238 Vim: Power Drift = 0.03 dB

Peak SAR (extrapolated) = 17.403 Wike

SAR(] g) = 9.57 mW/g; SAR(10 g) = 5,03 mW/g

Maximum value of SAR (measured) = 11,849 mW/e

—I-I‘

Ekl
-0

1340

0dB = 11.850mW/e

Certificate Mo: 01800V 2-2d184_Mar11 FPage G ol 9




Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Bo dy TSL

Date/Time: 0B.03.2001 [3:00:30
Test Laboratory: SPEAG. Zurich, Switzerland
DUT: Dipale 1800 MHz; Type: DISO0V2: Serial: DIS0O0V2 - SN:2d184

Communication System: CW: Frequency: 1800 MHz: Duty Cyele: 1;]

Medium: MSL. U2 BB

Medium parameters used: = |R00 MITz: o = 1.45 mho/m: o= 52.4; p = 1000 ka/m®
Phantom section: Flal Section

Meusurement Standard: DASY S (IEEEAEC/ANST Ce3.19-2007)

DASYS Conliguration:
+ Probe: ES3DV3 - SN32035; Convl(4.74. 4.74. 4.74); Calibrated: 300.04.2010
»  Scnsor-Sorface: 3mm (Mechanical Surface Detection)
*  Electronics; DAE4 Sn601: Calibrated: 10006.2010
*  Phantom: Flat Phantom 5.0 (hack); Type: QDOOOPS0AA: Serial: 1002
*  Measurement SW: DASYS2, V52.6.2 Build (424

» Postprocessing SW; SEMCAD X, V14.4.4 Build {2829)

Pin=250 mW /d=10mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Measurement
grid: dx=Smm. dv=53mm, dz=3mm

Relerence Value = 95.452 Vim; Power Drift = -0.02 JB

Peak SAR (extrapolaied) = 16,289 Wiks

SAR(I g) = 9,40 mW/g: SARII0 g) = 5.03 m W/a

Maximum value of SAR (measured) = 11,956 mw/z

1440

R

0dB = | | 960mW/yg

Cerificats Mo: DTE0OVE-20184. Mart 1 Page Sal 3




Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Pariner

Engineering AG
Zeughaussirasoe 43, 8004 Zurleh, Switzertand

S Schweizerischer Kallbrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taralurg

S Swiss Calibration Serviee

Accraditad by the Swiss Aecraditation Servica [SAS) Acereditation No.: SCS 108
The Swiss Accreditation Servics is ona of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Obyeet

Cakhration Proceduras)

Calibration dapa:

All calibrations hawe bean conductsd in the closad |aboratony facility: envirenmant temperature (22 + 31°C and humidity = To%.

Galibration Equipment usad {MATE critical for calibration)

Primary Standarnds 10 ¢ Cal Date (Conilicats M) Scheduled Calibration
Powwr metar EPM-4424 GBITIE07 04 05-Oot-10 {No. 297-012646) Oet-11

Power seraor HP 84814 US3r29e783 DE-Cct-10 (Mo, 217-01266) Oot-11

Reterence 20 dB Alenustor SM: 55086 (206) 28-Mar-11 (Ne. 217-01357) Apr-12

Type-N mismatch combination EN: 5047 2 | 0gaa7 28-Mar-11 [Mo. 217-01371) Apr-12

Reference Probe ES3003 SN: 3205 20-Apr-11 (No. ES5-3205 Apri1} Apr-ia

DaEg SN: 601 Od-Jud-11 (W DAEJFE:H_.MHJ- Jul-12

Secondary Standards (=3 Check Data [in house) Schadulad Chack
Fower sensoe HP 84614, MY 41082317 18-0c1-02 (in house chock Ocr-09) In house check: o1
RF gensrator RES SMT-08 100005 04-Ag-29 {in housa check Dwct-0) In howse cheok: Ogf-11
Metwork Analysar HP B755E US37390585 84206 18-0pt01 {in house check Go160) In hoves check: Got-11

Calibrated by

Approved by

|ssund: September 28, 2011

Tes callbration cenificate shall net be reproduced except in full wilhiout vritten approval of the labasatary,
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Calibration Laboratory of ey,

Schmid & Parnor 3‘:.}»‘“_:‘:_—1-“"{"2 S Schweizerlscher Kallbrierdignat
Enginee fing AG iﬁq_ ¢ Service suisse d'étalonnage
_ = 3 Servizio svizzero oi taratura
Zeughausstrasse 43, 8004 7, Pt
urich, Switzerland AT S swiss Calibralion Servics
Accredited by the Sviss Accracitation Semvice (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the slgnataries to the Ea
Multilateral Agreement for the recognition of calibration certifieates

Glossary:

TSL lissue simulating liguid

ConvF sensitivity in TSL / NORM XYz
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:
a) IEEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-

Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communicatiens Devices: Measurement Tech niques”, 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 Radiofrequency
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 Bulletin 65

Additional Documentation:
d) DASY4/5 System Handhook

Methods Applied and Interpretation of Parameters:

Measurement 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 Parameters 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 Retum Loss: These parameters are measured with the dipole
pasitioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the fead 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.
Ne 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
connector,

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

Cerificate No: D1 SO0VE-5d143_Sep14 Fage2of 8




Measurement Conditions

DASY system configuration, as far as not given an page 1,
DASY Version DASYS V52,62 ]
Extrapolation Advanced Extrapalation
Phantom Modular Flat Pharitom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Sean Resolution dx, dy, dz =5 mm
_quuency 1500 MHz = | MHz j

Head TSL parameters

The following parametars and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 2200 40.0 1,40 mhofm
Measured Head TSL paramelers (220 £0.2)°C HE+6% 1.43 mho/m + 6 %
| Head TSL temperature change during test =054 J ==
SAR result with Head TSL
rSAH averaged over 1 cm” (1 g) of Head TSL Candition

SAR measurad

250 mW input power

103mwWig "

|_SAH for nominal Head TSL paramelers

normalized to 1W

V6mW/gL170% (k=2) |

saR averaged over 10 em” (10 g) of Head TSL

condition

SAR measurad

260 mW input power

5.36 MW / g {

EAF! for neminal Head TSL paramelers

normalized to 1W

N2mWig+165% (k=2) |

Body TSL parameters

The following parameters and calculations were applied,

Conductivity ]

Temperature Permittivity
Nominal Body TSL parameters 220°C 53.3 1.52 mho/m
Measured Body TSL parametars (22.0+0.2)5C HME2EE% 1.689 mhofm + 6 %
Body TSL temperature change during test <0E5'C e -
SAR result with Body TSL
SAR averaged over 1 em® {1 9) of Body TSL Gondition
SAR maasured 250 mW input power 10E6EmW /g

SAR for nominal Body TSL parametars

normalized to 1W

NAmW/g217.0 % (k=2)

SAR averaged over 10 cm? {10 o) of Body TSL

condition

SAR measured

250 mW input power

353 mw /g

SAR for nominal Body TSL parameters

normalized to 1w

21.8 MW/ g + 16.5 % (k=2)

Certificate No: D1900Y2- 5d143 Sap1d
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Appendix
Antenna Parameters with Head TSL

Retumn Logs J -23.7 dB

Impedance. transformed to feed point i 53.5Q +58 0 J

Antenna Parameters with Body TSL

Impedance, transformed to feed point 484 03 + 6.1 02
Return Loss -2394dB

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1195 ns il

After long term use with 100W radiated power, anly a slight warming of the dipole near the feadpoint can be measured.
The dipale is made of standard semirigid coaxial sable. The certer canductar of the feeding ling is diractly connected 1o the
sacond arm of the dipole. The antenna s therefore shont-circuited for OC-signals.

Mo excessiva force must be applied to the dipole arms, becauss they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufaciured by SPEAG
Manufaciured on March 11, 2011

Certiticale No: D1900V2-5d143_Sep1 Paged of B




DASYS5 Validation Report for Head TSL

Date: 26,09.2011
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serjal- DIYOV2 - SN: 5d143

Communication System: CW; F ‘requency: 1900 MHz

Medium parameters used: f = 1900 MHz; 6 = 1.43 mho/m: £ = 39.6; p= 1000 kg/m’
Phantom section: Flat Section

Measurement Standarg: DASYS (IEEEAEC/ANS] C63.19-2007)
DASYS52 Configuration:
= Probe: ES3DV3 - SN3205: ConvF(5.01, 5.01, 5.01): Calibrated: 29.04.201 |
*  Sensor-Surface: Imm ( Mechanical Surface Detection)
* Electronics: DAE4 Sns01: Calibrated: 04.07.2011
*  Phantom: Flat Phantom 5.0 (f ront); Type: QDOOOPSO0AA; Serial: 100)]
s DASYS5? 52.6.2(482); SEMCAD X 14.4.5(3634)

Dipole Calibration for Head Tissue/Pin=25( mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm. dy=5mm, dz=Smm

Reference Value = 99 (84 Vim: Power Drift = (.04 dB

Peak SAR lextrapolated) = 18.735 Wikp

SAR(1p) =103 mW/g: SAR(10 g) = 5.36 mW/g

Maximum value of SAR (measured) = 13.013 mW/g

F.4
1.1

-14.28

LN 1

0dB = [3.010mW/ g

Cartificate Mo: D1900V2-5d41 43_Sepii Page 50f A




Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
Date; 26.09 201 1

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: DI20OYV2; Serial: DI1900V2 - SN: 5d143

Communication System: CW; Frequency: 1900 MYz

Medium parameters used: f= 1900 MHz: g = 1.59 mho/m; ¢, = 54 2; p= 1000 kg/m’
Phantom section: Flar Section

Measurement Standard: DASYS (IEEE/EC/ANS] C63.19-2007)

DASYS52 Configuration:
*  Probe: ES3IDVa SN3205: ConvFi(4.62, 4.62. 4.62); Calibrated: 2904.2011
*  Sensor-Surface: 3mm ( Mechanical Surface Detec ion)
* Electronics: DAES Sn601; Calibrated: 04.07.201 |
*  Phantom; Flat Phantom 5.0 (back}); Type; QDOOOPSOAA: Serial: 1002
*  DASYS52 52.6.2(482); SEMCAD X 14.4.5(3634)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 96 063 Vim; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 18 849 Wikg

SAR(1 g) = 10.6 mW/g; SAR(10 g) = 5,53 mW/g

Maximum value of SAR tmeasured) = 13,361 mW/g

w
[]
343
: .5
1.3
-13.73
1716
(0dB = Jﬁ.ﬂl’:ﬂm‘ﬁr’fg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, B004 Zurich, Switzerland

Accrediied by the Swias Accreditation Sarvice (SAZ)

The Swiss Accreditation Service Is one of the signatories 1o the EA
Multilateral Agreemenl far the recognition of calibration cerlificates

Object

Calibralion procedure|s)

Calibration dats:

Calibration Equipasant used (METE critical for calibration)

Schwaeltzerischar Kalibrierdienst
Service suisse d'éialonnage
Servizio syizzero di taratura
Swiss Calibration Service

Thig ealibration certificale decumants the fraceability Io nafional standards, which realize the physical units ol messurements (513
The measuraments and the uncerlanties with confidence probability are given on the fallewing pages and are part of the certificate.

Al calibralions have been conducted In the closed [abaratory faniky: envircnment emperalure (22 = 31°C and hiumidity = TORG.

This calibration certificate shall not be reproduced except in 1l withcul written approval of the labesatnry .

Prnmary Standards I & Cal Data (Corificate Mo ) Scheduled Calibration

Power mater EPRM-4424 GBAT480704 DE-Oct10 (Mo 217-01266) Oat-11

Poweer sansor HP B481A US3vg2rea GE-Oct-10 (No. 217-01268) Cct-11

Heleronce 20 dB Attarnuator SN: G086 (209) 30-Bar-14 (Mo, 217-01158) Bfar-11

Typa-M mismatch combination SN 50472 1 06327 J0-Mar-10 [No. 217-01162) ar-11

Rulerance Probe ES3DVS SN: 2205 A0-Apr- 10 (Mo, ES3-3205 _Aprig) Apr-11

DAE4 8N B 10-Jun-10 (Mo, DAE4-601_Jun1o) Jun-11

Secondary Standands o Check Dabe (in houss) Scheduled Check

Power sensor HP B4514 MY41082317 18-0ct-02 (in house check Oa-08} In house check: Oct11

RF gansrator RAS SMT-06 100006 A-Aug-88 (in houss check Oct-00) In house check; Oot-11

Hetwork Analyzer HF 8T53E US37300585 54206 18-0at-01 {in house chack Oel-10) In house chack: Oct-11
Hame Function Slgnature

Appraved by:

lssued:; March o, 2011

Certificate Mo: D245 0V 2-880_Mari
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service sulsse d'étalonnage
Servizio ovizzers di taratura
Swias Calibration Service

Accreditad by the Swiss Accraditation Sanvice (SAS) Accreditation Mo.: SCS 108
The Swiss Ascreditation Service Is one of the signatories Lo the EA
Multilateral Agreement for the recognition of salibration certificates

Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL / NORM x,v,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE 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

D) 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

c) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Porlable Devices with FCG Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
d} DASY4/5 System Handbook

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

* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantorn section. with the arms atiented
parallel to the body axis.

* Feed Point Impedance and Return 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 connector to the feed point. The Return Loss enzures low
reflected power. No uncertainty required.

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

* SAH 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
connector,

 SAR for nominal TSL parameters: The measured TSL parameters are used 1o calculate the
nominal SAR result,

Cartificate No: D2450V2-860_ Mari 1 Page Zof 9




Measurement Conditions

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

DASY Version DASYS Vh2.8.2

Extrapolation Advanced Exrapaiation

Phantom Medisar Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Aesolution dx, dy, dz =5 mm

Frequency 2450 MHz £ 1 MHz
Head TSL parameters

The following parameters and caleulations wire applied.
Temperature Permittivity Conductivity

Mominal Head TSL parameters 220°C 382 1.80 mho/m

Measured Head TSL parameters (22.0x0.2)°C BT £6% 1.72 mhofm + 6 %

Head TSL temperature during test (21.0 £ 0.2) =C - —
SAR result with Head TSL

SAR averaged over 1 em” (1 .g) of Head TSL Condition

SAR measured 250 mW input power 132 mW /g

SAR normalized normalized to 1W E2BmMW /g

SAR for nominal Head TSL parameters

narmalized to 1W

53.7 mW /g £ 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power B19mW /g
SAR normalized normalized to 1W 24B8mW /g

SAR for nominal Head TSL parameters

narmalized to 1W

24.8 mW /g + 16.5 % (k=2)

Certificate No: D2450v2-860_Mar11
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Body TSL parameters

The tollowing parameters and calculations ware applied,

Temperature Parmittivity Conductivity

Nominal Body TSL parameters 22.0°C 527 1.95 mhio/m
Measured Body TSL parameters (22.0 +0.2)°C 516 +6% 1.92 mho/m + 6 %
Body TSL temperature during test 1210 20.2)°C

SAR result with Body TSL
SAR averaged over 1 em” (1 g) of Body TSL Caondition
SAR measured 220 mW input power 132 mW /g
SAR normalized normalized 4o 1YW 528mW /g

SAR for nominal Body TSL parameters

nomalized to 1W

52.8 MW /g = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condition

SAR measured 260 mW Input power 613 mW /g

SAR normalized nomalized to 1W 24,5 mW i g

SAR for nominal Body TSL parametars narmalized to 1W 245 mW [ g £ 16.5 % (k=2)

Cenificate Me: D2450v2-860_Mar1 1
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed Pt 54004220
Retumn Loss ~272dB

Antenna Parameters with Body TSL

Impedance, transformed to foad point 45.00+4.90 [
Retum Loss - 20.0dB i

General Antenna Parameters and Design

| Etectrical Delay one direction) ] 1163 ns |

After long term use with 100W radiated power, only a slight warming of the dipole near the teadpoint can be maasured

The dipole is made of standard semingid coaxial cable. The cenler conductor of the leeding line is direclly connacted 1o the
second arm of the dipole. The antenna is theretore shon-circuitad for DC-signals.

Mo excessive force must be applied to the dipole arms, bacause they might bend or tha soldared connections near the
teedpoint may be damaged.

Additional EUT Data
Manufactured by SPEAG ]
Manufactured on April 23, PO10

Carlificate No: D2450V2-860_Mar1 1 Page 5 of 9




DASYS5 Validation Report for Head TSL

Date/Time: 07,03.2011 14:50:52
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz: Type: D2450V2; Serial: D2450V3 - SN:Ral

Communication System: CW: Frequency: 2450 MHz: Duty Cyele: 1:1

Mediwm: HSL 12 BB

Medium parameters used: f = 2450 MHz: 6 = 1.73 mho/m: & =38.9; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS ( IEEEMIEC/ANSI CA3.19-2007)

DASYS Configuration:
+ Probe: ES3DV3 - SN3205; ConvF(4.53. 4.53, 4.53); Calibrared: 30.04.2010
* Sensor-Surface: 3mm (Mechanical Surface Detection)
* Electronics: DAE4 Sn601: Calibrated: 10.06.2010
* Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA: Serial: 1001
*  Measurement SW: DASYS2, V52.6.2 Build (424)

* Postprocessing SW: SEMCAD X, Vi4.4.4 Build (2829)

Pin=250 mW /d=10mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Measurement
grid: dx=5Smm, dy=5mm, dz=5mm

Refercnce Value = 102.4 Vim: Power Drrift = 0.05 dB

Peak SAR (extrapolated) = 26,918 Wike

SAR(1 g =132 mW/g: SAR(10 g) = 6.19 mW/g

Maximum value of SAR (measured) = 16.865 mW/g

-8
am
-11.am

L]

A

0 dB = 16.860mW/z

Cerificate No! D2450VI-360 Mart1 Fage 6 of 9




Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Bady TSL

Date/Time: 08.03.2011 14-50:47
Test Laboratory: SPEAG, Zurich, Swilzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:B60

Communication System: CW: Frequency: 2450 MHz: Duty Cycele: 1:1

Medium: MSL U12 BB

Medium parameters used: f = 2450 MHz7: o = 1 03 mho/m; £, =51,7; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63. | 9-20007)

DASYS Configuration:
=  Probe: ES3DV3 - SN3205- ConvFi(4.31, 4,31, 4.31); Calibrated: J0L04.2000
*  Sensor-Surface! 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn60)| - Calibrated: 10.06.2010
« Phantom: Flat Phantom 5.0 (back): Type: QDDOOPSOAA: Serial: 1002
»  Measurement SW: DASYS52, V52.6.2 Build (424)
* Postprocessing SW: SEMCAD X, V14.4.4 Build (2829)

Pin=250 mW /d=10mm. dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Measurement
enid: dx=5mm, dy=5mm, dz=5mm

Relerence Value = 97 448 V/m: Power Drift = -0.02 dB

Peak SAR (extrapolated) = 27.953 Wikg

SAR(I g) = 13.2 mW/g; SAR(10 gl=6.13mW/p

Maximum value of SAR (measured) = 17,417 mW/g

(3]

e

440

22,00

0 dB = 17 420mW/e

Certificate No: D2450y2-3 B0 _Mart1 Pagpa B of 9




Impedance Measurement Plot for Body TSL
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Schmid & Partner Engineering AG s e a

Zeughausstrasse 43, 8004 Zurich, Switzerland
Phone +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, http:/fwww.speag.com

IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit is a delicate, high precision instrument and requires careful treatment by the user. There are no
serviceable parts inside the DAE. Special attention shall be given to the following points:

Battery Exchange: The battery cover of the DAE4 unit is closed using a screw, over tightening the screw may
cause the threads inside the DAE to wear out.

Shipping of the DAE: Before shipping the DAE to SPEAG for calibration, remove the batteries and pack the
DAE in an antistatic bag. This antistatic bag shall then be packed into a larger box or container which protects the
DAE from impacts during transportation. The package shall be marked to indicate that a fragile instrument is
inside.

E-Stop Failures: Touch detection may be malfunctioning due to broken magnets in the E-stop. Rough handling
of the E-stop may lead to damage of these magnets. Touch and collision errors are often caused by dust and dirt
accumulated in the Estop. To prevent Estop failure, the customer shall always mount the probe to the DAE
carefully and keep the DAE unit in a non-dusty environment if not used for measurements.

Repair: Minor repairs are performed at no extra cost during the annual calibration. However, SPEAG reserves
the right to charge for any repair especially if rough unprofessional handling caused the defect.

DASY Configuration Files: Since the exact values of the DAE input resistances, as measured during the
calibration procedure of a DAE unit, are not used by the DASY software, a nominal value of 200 MOhm is given
in the corresponding configuration file.

important Note:

Cdstomer

Important Note

calibration procedure. -

Important Note: 2
To prevent,;damagg [

Schmid & Partner Engineering
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

o

Accredited by the Swiss Accreditation Service (SAS)

o~
4
Multilateral Agreement for the recognition of callbration certificates

\\
lh.ln\\‘\ )

The Swiss Accreditation Service is one of the signatories to the EA
Object

Schweizerischer Kalibrierdienst
Sarvice suisse d'étalonnage
Servizio svizzero di taratura

Swiss Calibration Service
Calibration procedure(s)

Calibration date:

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sl).
Calibration Equipment used (M&TE critical for calibration}

The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.
All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.
Primary Standards ID # Cal Date (Certificate No.) Scheduled Calibration
Keithley Multimeter Type 2001 SN: 0810278 28-Sep-11 (No:11450} Sep-12
Secondary Standards ID# Check Date (in house) Scheduled Check
Calibrator Box V1.1 SE UMS 006 AB 1004 08-Jun-11 (in house check) In house check: Jun-12
Calibrated by:
Approved by:

Certificate No: DAE4-1291_0Oct11

This calibration certificate shall not be reproduced except in full without written approval of the laboratory,
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Callbration Service

Accredited by the Swiss Accreditation Service {SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary

DAE data acquisition electronics

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

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

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

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

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

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

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

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

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

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

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

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

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

High Range:
Low Range:

1LEB =
1LSB =

6.1uv,
6inV,

full range =
full range =

-100...4+300 mV

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

Calibration Factors

X

Y

Zz

High Range

402.618 £ 0.1% (k=2)

403.311 £ 0.1% (k=2)

403.219 + 0.1% (k=2)

Low Range

3.97373 £ 0.7% (k=2)

3.93305 + 0.7% (k=2)

3.99084 + 0.7% (k=2)

Connector Angle

Connector Angle to be used in DASY system

309.0°+1°

Certificate No: DAE4-1291_QOct11
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Appendix

1. DC Voltage Linearity

High Range Reading (uV) Difference (pV) Error (%)
Channel X + Input 199992 .4 -0.94 -0.00
Channel X + Input 20001.34 2.24 0.01
Channel X - Input -19997.31 2.39 -0.01
Channel Y + Input 199994.7 2.28 0.00
Channel Y + Input 20000.26 0.46 0.00
Channel Y - Input -19999.51 0.09 -0.00
Channel Z + Input 200005.6 -0.41 -0.00
Channel Z + Input 20000.09 0.09 0.00
Channel Z - Input -20000.54 -0.94 0.00
Low Range Reading {uV) Difference (uV) Error (%)
Channel X + Input 20001 -0.04 -0.00
Channel X + Input 200.47 0.57 0.29
Channel X - Input -198.59 1.41 -0.70
Channel Y + Input 1999.8 -0.20 -0.01
Channel Y + Input 200.08 -0.04 -0.02
Channel Y - Input -200.07 -0.07 0.03
Channel Z + Input 2000.0 -0.04 -0.00
Channel Z + Input 189.87 -0.13 -0.07
Channel Z - Input -200.32 -0.12 0.06
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec¢; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage {(mV) Average Reading (uV) Average Reading (uV)
Channel X 200 9.31 7.38
- 200 -5.70 -7.73
Channel Y 200 13.16 13.22
- 200 -15.11 -15.12
Channel Z 200 -15.99 -16.16
- 200 14.64 14.71

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

Input Voltage (mV) | Channel X {uV) | Channel Y (uV} Channel Z (pV)
Channel X 200 3.83 -1.00
Channel Y 200 1.58 - 4.89
Channel Z 200 3.00 1.27

Certificate No: DAE4-1291_Octi1
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4. AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 16025 15514
Channel Y 15811 15983
Channel Z 16040 14624

5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Input 10MQ
Average (uV) | min. Offset (uV) | max. Offset (uv) | —'&" [(’:“,';at"’"
Channel X -1.78 -3.14 0.35 0.47
Channel Y -1.26 -4.20 -0.42 0.45
Channel 2 -1.77 -2.71 -0.62 0.37
6. Input Offset Current
Nominal Input circuitry offset current on all channels: <25fA
7. Input Resistance (Typical values for information)
Zeraing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel 2 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vec) +7.9
Supply (- Vcc) -7.6

9. Power Consumption (Typical values for information)

Typical values

Switched off (mA) | Stand by (mA)

Supply (+ Vee)

+0.01 +6

+14

Supply (- Vco)

-0.01 -8

-9
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Client

Ohbject

Calibration procedure(s)

Calibration date:

This calibration certificate documents the traceability to national standards, which reatize the physical units of measurements (SI).
The measurements and the uncertainties with confidence probahility are given on the following pages and are part of the certificate.

All calibrations have been conducted in the clased laberatory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE criticat for calibration)

Primary Standards 1D # Cal Date (Certificate No,) Scheduled Calibration
Power meter E44198 GB41293874 1-Apr-10 {No. 217-011386) Apr-11

Power sensor E4412A MY41495277 1-Apr-10 {No. 217-01138) Apr-11

Power sensor E4412A MY41498087 1-Apr-10 {No. 217-01136) Apr-11

Reference 3 dB Attenuator SN: 55054 (3¢) 30-Mar-10 (No, 217-01159) Mar-11

Reference 20 dB Attenuator SN: S5086 {20b) 30-Mar-10 (No. 217-01181) Mar-11

Reference 30 dB Attenuator SN: 85129 (30b) 30-Mar-10 (No. 217-01160) Mar-11

Reference Probe ES30V2 SN: 3013 30-Dec-09 (No. ES3-3013_Dec9) Dec-10

DAE4 SN: 650 20-Apr-10 (No. DAE4-860_Apr10) Apr-11

Secondary Standards D # Check Date (in house)} Scheduled Check

RF generator HP 8648C US3642U01700 4-Aug-99 (in house check Oct-09) In house check: Oct-114
Netwark Anaiyzer HP B753E US37380585 18-Oct-01 (in house check Oct-10) In house checi: Oct-11

Function Signature

Calibrated by:

Approved by:

Issued: December 14, 2010

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

TSL tissue simulating liquid

NORMxy,z sensitivity in free space

ConvF sensitivity in TSL/ NORMx,y,z

DCP diode compression point

CF crest factor (1/duty_cycle) of the RF signal

A BC modulation dependent linearization parameters

Polarization ¢ « rotation around probe axis

Polarization 9 3 rotation around an axis that is in the plane normal to probe axis {at measurement center,

i.e., 8 = 0is normal to probe axis

Calibration is Performed According to the Following Standards:

a) |EEE $td 1528-2003, “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 62200-1, “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

Methods Applied and Interpretation of Parameters:
» NORMx,y,z: Assessed for E-field polarization 8 = O (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).

NORMx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not effect the E*-field
uncertainty inside TSL {see below ConvF).

*  NORM(Nx,y.z = NORMx,y,z * frequency_response (see Freguency 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,

» DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

e Axyz Bxyz Cxyz VRxyz A B, Care numerical linearization parameters assessed based on the data of
power sweep for specific modulation signal. The parameters do not depend on frequency nor media. VR is the
maximum calibration range expressed in RMS voltage across the diode.

»  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 uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,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 validity from + 50 MHz to + 100
MHz.

» Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

s Sensor Offset. The sensor offset corresponds to the offset of virtual measurement center from the probe tip
{on probe axis). No tolerance required.
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EX3DV4 SN:3753

Probe EX3DV4

SN:3753

Manufactured: March 16, 2010
Calibrated: December 13, 2010

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)

Certificate No: EX3-3753_Dec10 Page 3 of 11

December 13, 2010



EX3DV4 SN:3753 December 13, 2010
DASY/EASY - Parameters of Probe: EX3DV4 SN:3753
Basic Calibration Parameters
Sensor X | Sensor Y | Sensor Z [Unc (k=2)
Norm (uV/AV/m)3)? 0.34 0.49 052 [£101%
DCP (mV)® 99.3 98.8 103.0
Modulation Calibration Parameters
uUID Communication System Name PAR A B c VR Unet
dB dBuV mv {(k=2)
10000 cwW 0.00] X 0.00 0.00 1.00] 1202 | +29%
Y 0.00 0.00 1.00] 1117
z 0.00 0.00 1.00] 1189

approximately 95%.

The reported uncertainty 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

* The uncertainties of NormX,Y.Z do not affect the E%field uncertainty inside TSL (see Pages 5 and 6).

8 Numerical linearization parameter: uncertainty not required.

£ Uncertainty is determined using the maximum deviation from linear response applying recatangular distribution and is expressed for the square of the field value.
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EX3DV4 SN:3753 December 13, 2010

DASY/EASY - Parameters of Probe: EX3DV4 SN:3753

Calibration Parameter Determined in Head Tissue Simulating Media

f [MHz] Validity [MHz]® Permittivity Conductivity ConvFX ConvFY ConvFZ Alpha Depth Unc (k=2})
750 +50/+£100 41.9 1+ 5% 0.89 + 5% 9.52 9.52 9.52 0.52 0.72 £+ 11.0%
835 +50/1100 415+ 5% 090 5% 9.06 ©.06 9.06 0.58 0.70 £11.0%
1750 +50/+100 401 £ 5% 1.37 5% 8.25 825 8.25 0.67 064 +11.0%
1800 +50/+£100 40.0 + 5% C140+5% 7.90 7.90 7.90 0.54 0.71 £11.0%
2000 +50/+100 40.0 + 5% 1.40 5% 7.82 7.82 7.82 (.62 065 £11.0%
2450 +50/+100 39.2+5% 1.80 £ 5% 7.1 7.1 7.1 0.38 0.83 £11.0%
5200 +50/+100 36.0+5% 466 £ 5% 4,96 496 4.96 0.32 190 +13.1%
5300 +50/+100 35915% 476 £5% 4.69 489 469 0.40 190 +13.1%
5500 £50/+ 100 366+ 5% 496 + 5% 4.43 443 443 0.45 1.90 £13.1%
5600 £50/+100 36.5+5% 5.07 £ 5% 4.44 4.44 4.44 045 1.90 £13.1%
5800 +50/1100 353+5% 5271 5% 432 4.32 432 0.45 1.80 £13.1%

¢ The validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2). The unceitainty is the RSS of the ConvF uncertainty at calibration frequency

and the uncertainty for the indicated frequency band.
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EX3DV4 SN:3753 December 13, 2010

DASY/EASY - Parameters of Probe: EX3DV4 SN:3753

Calibration Parameter Determined in Body Tissue Simulating Media

f [MHz] Validity [MHz)® Permittivity Conductivity ConvF X ConvFY ConvFZ Alpha Depth Unc (k=2})
750 +50/1100 55.5 £ 5% 0.96 £ 5% 9.25 9.25 9.25 0.54 0.74 +11.0%
835 +50/£100 5521 5% 0.97+5% 9.07 8.07 9.07 0.55 0.73 £11.0%
1750 +50/+100 53.4 £ 5% 149+ 5% 7.48 7.48 7.48 0.32 119 £11.0%
1900 +50/1100 5331 5% 1.52 £ 5% 717 717 7.17 0.55 0.96 +11.0%
2000 +50/+100 53.3+5% 1.52 + 5% 7.22 7.22 7.22 0.96 052 +11.0%
2300 +50/1100 52.8 +5% 1.85 5% 7.1 7.11 7.1 0.54 0.75 £ 11.0%
2450 +50/+£100 2.7 £+ 5% 1.95+5% 6.91 6.91 6.9 0.54 088 +11.0%
2600 £ 50/ 100 52.5+5% 216 £5% 6.86 6.86 6.86 0.97 0.34 +11.0%
3500 +50/+100 51.3+5% 3.31£5% 6.19 6.19 6.19 0.35 1.20 £131%
5200 +50/1100 49.0 £ 5% 530 £ 5% 421 4.21 421 0.55 1.95 £13.1%
5300 +50/+100 48.9 £ 5% 542 £ 5% 4.02 4,02 4.02 0.55 1.95 £13.1%
5500 +50/+100 486 £ 5% 565 5% 3.69 3.69 3.69 0.55 1.95 £13.1%
5600 +50/+100 48.5 5% 577 +5% KR 3.41 M 0.60 1.95 £13.1%
5800 +50/+100 482+ 5% 6.00+ 5% 3.90 3.80 3.90 0.60 195 £13.1%

© The validity of £ 100 MHz only applies for DASY v4.4 and higher (see Page 2). The uncertainty is the RSS of the ConvF uncertainty at calibration frequency

and the uncertainty for the indicated frequency band.
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EX3DV4 SN:3753 December 13, 2010

Frequency Response of E-Field
{TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX3DV4 SN:3753 December 13, 2010

Receiving Pattern (¢), 9 = 0°

f= 600 MHz, TEM ifi110EXX f= 1800 MHz, WG R22

——30 MHz
—— 100 MHz

—4—£00 MHz

—— 1800 MHz

= 2500 MHz

0 60 120 180 240 300
1y

Uncertainty of Axial isotropy Assessment: £ 0.5% (k=2)
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EX3DV4 SN:3753 December 13, 2010

Dynamic Range f(SAR,..q4)
(TEM cell, f = 900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX3DV4 SN:3753

Conversion Factor Assessment

December 13, 2010

f =750 MHz, WGLS RS (head) f = 5800 MHz, WGLS R58 (head)
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX3DV4 SN:3753

Other Probe Parameters

December 13, 2010

Sensor Arrangement

Triangular

Connector Angle (°)

Not applicable

Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Prabe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Paint 1 mm
Recommended Measurement Distance from Surface 2 mm
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