SPORTON LAB. FCC SAR Test Report Report No. : FA432112

Appendix C.  DASY Calibration Cetrtificate

The DASY calibration certificates are shown as follows.
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Leughausstrasse 43, #8004 Zurich, Switzorland

Accrediied by the Swiss Accraditation Servica (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agreement for the recognition of callbration certificates

Client

Sporton-KS (Auden)

"'Gﬂlulull"‘ 3

5 Schweizerischer Kallorierdienst

C Service sulssa d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accraditation Ne.: SCS 108

Certificate No; DB35V2-4d151_Mar13

|CALIBRATION CERTIFICATE I

D835V2 - SN: 4d151

Object

Calbration procedura(s)

Calibration date:

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

March 25, 2013

Catlbeabon Equipmeant used (METE critical for callbration)

| s calibration cedificate documents the trceability to national standards, which reslize the physical units of measurameants (S1)
The measuraments and tha uncerainties with conlidence probability are given on the following pages and are pan of the ceriificate.

All calibrations Fave been cenducted (n the closed aboratony facllily: enviranmeant temparaiue (22 + 3)°C and humidiy < T0%.

MNetwork Aralyzar P 8753E

Calibrated by:

Approvad by:

LIS37380585 54206

Mams
Jetaon Kastrati

Katja Pokowic

Primary Swndards o+ Cal Dale (Cenificate Mo,) Seheduled Calbration
Fawer meter EFM-4224, GE3T480704 Oi-Mav-12 [No. 217-01540) Oot-13

Power sensor HP B4B1A LIS3E7 292783 01 -Mav-12 {Moe, 217-01840) Cet-13

Aaferenca 20 dB AttenLator Sh- 5058 (20k) 27-Mar-12 (Mo, 217-01530) AprTd

Type:M mizmalch combimation SN- 5047 3 / 06327 27-Mar-12 (Mo, 217-01533) Apr-id

Haferenca Probe ESA0VE Sk 3205 28-D=c-12 [No. ES3-3205_Deci2) [ac-13

JAE4 =R AT-un-12 (Mo, DAEL-ER _Juni2) dur=13

Secondary Standards 104 Check Date (in house) _ Setwduled Check
Power sensar HE B4514 MY 41082317 18-0ce-02 {in howise check Det-11) In house check. Oe-13
AF genarator R&S SWMT-0F 100005 04-Aug-99 (I house check Det-11) Ir howse chegk: Oei-13

18-Cict-01 {in howsa check Oet-124

Functbon
Laboratory Technician

Technical Manager

This calibration certificate shall not be reproducsd axcep! in ull 'ﬁ:rt_rl_r:‘nulvidﬂapprmal ot the lzbaratoey,

I house check: Oc1-13

Signature

lzsued; March 26, 2013

Cerlificate Mo: DB3sV2-4d151_Mari3
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Calibration Laboratory of N

. :i\ o 5 Schweizanacher Kallbrlardianst
SGhml_ﬁ & Fa rtner % C Service suisse d'étalonnage
Engineering AG e Sarvizio svizzero di taretura
Zeughausstrasse 43, 8004 Zurich, Switzerland Yy S Sswiss Calibration Service
3 "lllu||~ " ¥
Accraditan oy [he Swiss Accradifation Service (SAS) Accredilation No.: SCS 108

The Swiss Accreditation Service is one of the signatories 1o lhe EA
Multileteral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM xy.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 fram Wireless
Communications Devices: Measurement Technigues”, December 2003

b) |EC 82208-1, "Procedure o 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 Expaosure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mabile 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:

Measuremeni Conditions: Further details are avallable 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 T5L: 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 FPoint Impedance and Relurn Loss: These parameters are maasured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA cannector 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.
No 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 resuit.

The reported uncerainty 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 approximately 95%.

Certificate No: D835VE-4d151_Mari3 Page 2 of 8



Measurement Conditions

DASY system configuration, as far 8= nol given on page 1.

DASY Version

DASYS Vs2as
Emapnluﬁnn Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution ;dy, dz =5mm
Frequency B35 MHz =1 MHz
Head TSL parameters
The following parameters and caleulatiore were applied.
Temperature Permittivity Canductivity
Mominal Head TSL parameters 22.0°C 41.5 0.890 mhofm
Measured Head TSL parameters (22.0+02)°C 409 +6 % (.24 mho/m + 6 %
| Head TSL temperalure change during test < 0.5°C —
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measurad 250 mW input power 2 48 Wikg

SAR tor nominal Head TSL parametars

normalized to 1W

9.49 Wikg + 17.0 % (k=2)

SAR averaged over 10 em’ (10 g) of Head TSL

condition

SAR measured

250 mW input powar

1.59 Wikg

SAR tor nominal Head TSL parametars

| normalized fo 1%W

6.18 Wikg = 16.5 % (k=2)

Body TSL parameters
The following paramsaters and calculations ware applied.
Temperature Permittivity Conductivity
Mominal Body TSL parameters 220'C 55.2 01.87 mhafm
Measured Body TSL parameiers (22.0 £ 0.2) “C 541 £6 % 1.02 mho/m = 6 %
Body TSL temperature change during test <=0.5°C - —_—
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Conditign
SAR measurad 250 mW input power 2.46 Wiko
SAR for nominal Body TSL parameaters nommalized to 1W 9.43 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW inpul power 1.61 Wikd

SAR ftor nominal Body TSL parameters

normalized o 1W

6.23 Wikg + 16.5 % (k=2)

Certificats Mo DE3EVE-4d151_Mar13
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Appendix
Antenna Parameters with Head TSL

Impadance, transtormed to feed point E1.7L1-22)0

Return Loss -31.2dB

Antenna Parameters with Body TSL

Impedance, transtormed ta feed polnt 4710 -43 2

Heturmn Loss - 26.4 dB |

General Antenna Parameters and Design

Electrical Delay (one diraction) | 1.381 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductar of the feeding line is directly connected o the
sacend am of the dipole, The antenna is therefore shar-circuited for DC-signals. On some of the dipoles, small end caps
are added lo the dipole ammes in order to Improve matehing when loaded gocording fo the position as explained in the
“Measurament Conditions” paragraph. The SAR data are not affectad by this change. The overall dipake length is stil
according 1o the Standard.

Mo excessiva force must be applied to the dipole amms, because they mght bend or the soldered connections near the
feedpoint may be damaged,

Additional EUT Data

Manufactured by SPEAG
Manufactured on March 27, 2012

Certificale No; DBE35V2-4¢151_Mar13 Page 4 of 8



DASY5 Validation Report for Head TSL

Date: 25.03.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V 2: Serial: D835V2 - SN: 4d151

Communication System: CW; Frequency: 835 MHz

Medium parameters used; = 835 MHz; 6= (.94 S/m; & = 40.9; p= 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS ([EEEIEC/ANSI C&3.19-2007)

DASY 32 Configuration:
»  Probe: ES3IDV3 - SN3205; ConvF(6.05, .05, 6,05); Calibrated: 28.12.2012;

o Sensor-Surface: 3mm (Mechamcal Surface Delection)

Electromes: DAE4 Snad1: Calibraied: 27.06.2012

Phantom: Flat Phantom 4.9L: Type: QDOOOP49AA; Serial: 1001

DASYS52 52.8.5(1059}), SEMCAD X 14.6.8(7028)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube {}:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 56,742 V/m; Power Dritt = 0,01 dB

Peik SAR (extrapolated) = 3.74 Wikg

SAR(1 g) = 2.46 W/kg: SAR(10 g) = 1.59 W/kg

Maximum value of SAR {measured) = 2.88 Wikg

=R

-3.00

500

-8.00

-12ao

-16.0@

0 dB = 2.88 Wikg =4.59 dBW/kg

Carfificate Mo; DB35V2-4d151_Mar 2 Page 5of 8



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

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: DB35V2; Serial: D835V2 - SN: 4d151

Communication System: CW:; Frequency: 835 Mz

Medium paramerers used: {'= 835 MHz; o = 1.02 §/m; £, = 54.1; p= 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/IEC/ANSI C63,19-2007)

DASY 52 Configuration:

»  Probe: ES3DV3 - SN3205; ConvF(6.04, 6.04, 6.04); Calibrated: 28,12.2012;

o  Sensor-Surface: 3mm (Mechanical Surface Detection)

¢ Electronics: DAE4 Sn601; Calibrated: 27.06.2012

* Phantom: Flat Phantom 4.91.; Type: QDOOOP49A A Senal: 1001
« DASYS52 52.8.5(1059); SEMCAD X 14.6.8(7028)

Date: 25.03.2013

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:

Measurement grid: dx=3mm, dy=5mm, dz=5mm
Eeference Value = 54.8 16 Vim; Power Dnll = 0,01 dB
Peak SAR (extrapolated) = 3.63 W/kg

SAR(] g) = 2.46 W/kg: SAR(10 g) = 1.61 W/kg
Maximum value of SAR (measured) = 2.87 Wikg

-6.00
1.0
=TE.00

-15.00

0 dB = 2.87 W/kg =4.58 dBW/ke

Certificats No: DB3SV2-4d157_Mard Page 7 of 8



Impedance Measurement Plot for Body TSL
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SFPORTON LAB.

Extended Dipole Calibrations

Referring to KDB 865664 D01 v01r03, if dipoles are verified in return loss (<-20dB, within 20% of prior

calibration), and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and

the calibration interval can be extended.

<Dipole Verification Data> - D835V2, serial no. 4d151(Date of Measurement 03.24.2014)
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SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
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SFPORTON LAB.

<Justification of the extended calibration>

D835V2 — serial no. 4d151

TSL Head Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta | Return-Loss Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
03.25.2013 -31.201 51.736 -2.201 -25.418 47.059 -4.2930
03.24.2014 -30.505 2.23 51.767 | 0.031 -2.252  |-0.051 -25.828 47.599 0.54 -4.453 -0.16

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978




Calibration Laboratory of
Schmid & Pariner
Engineering AG

Zeughausstrasses 44, BO04 Zurich, Switzsrland

Schweizerischer Kallbrierdiznst
C Service suisse d'éalonnage

Servizio svizzera di laratura

Swiss Calibrafion Service

Accredited by ihe Swiss Accradiaton Service (SAS) Acoreditation No.: SCS 108
The Swiss Accreditation Service Is ane of the signataries to the EA

Multilateral Agreement fior the recognition of calibration certificates

cient ~ Sporton KS (Auden) Certificate No: D1750V2-1090_Mar13
CALIBRATION CERTIFICATE I
Dbiect DA1750V2 - SN: 1090

Calibration procedure(s) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

Calibration date: March 27, 2013

Thiz calibration cartificale dociments the iraceabllity to national standards, which realize the physical unlls of messuremants (S1).
The measirements and the uncertainties with confidance prohability s given on the following peges and are par of the cenlficate,

All calfprations have bean conducied in the closed labaratony 1acfity: arvironment tempersturs (22 = 3G and humidity < 7%

Calizration Equipment used (MSTE cntical tar calibration)

Frimary Standards I 4 Cal Date (Certilicate Moy Senaduled Callbration
Fowar meter EPM-2428 ZE37480704 01-Mov-12 (Mo, 217-01840) Oct-13
Fewsar senscr HF B4B14 Lsarzdzva3 O1=Mow-12 (Mo, 217-01840) Det-13
Aeference 20 dB Attenuator SN; GO6S (F0k) BF-Mar-12 (Mo, 217-01530) Apr-13
['vpe-M mismatch combinalion SN 50473 ¢ DEIET 27-Mar-12 (Mo, 217-01523) Apr-13
Feference Frobe ESE0VE 5N 3205 PA-Nec-1? (Mo ES3-3206_Dec13) Deo-13
DAE4 SN 60 2i-Jun-12 (No. BAEA-G01_Juml 2) Jur=13
| Secongary Standands oW Check Date (in house) Seneduled Ghsck
Fowar sansor HP B4814 WMYa1002317 16-0ct-02 (in house check Oek-11) I house check: Ocl-13
AF generator R&S SMT-06 100005 (d4-ALg-88 (in hiise check Oot-11) Im housa chiack: Oel-13
Matwerk Analyzer HF BTS2E LIS37300685 54208  18-0ct-01 (in house check Oel-12) I house check: Oc-13
l Marmie Funicticn Signature
Calibrated by: Leif Klysner Lsboratory Technician -

Approved by: Katja Pokovic Technical Manager M ?

lssued: March 27, 2013

| This calibration earifeata shall not be reproduced excapt in iull winoul witten approval of the laboratory,

Certificate No: D1750V2-1090_Mari3 Page 1 of 8



Calibration Laboratory of i,

. E“:\‘\S‘L:J,-’//k;- S Schweizorlscher Kalibrierdianat

Schml_d & Ear’mer IIHME I IEJ!: @ Serviee suisse d ctalonnage
Engineering AG T Servizlo svizzero ol taratura

Zelghausstrasse 43, B004 Zurich, Switzerland ’-3,;";_"'“\ i S Swiss Cillbration Seryics

Accredited by the Swiss Accreditation Sanice (SAS) Bocreditation No,; SCS 108
The Swiss Accreditation Service is one of the signatories Lo the EA
Muititateral Agreement for the recegnition of calibration cartificates

Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL / NORM x,y,z
M 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-

b)

Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices; Measurement Technigues”, December 2003

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 En gineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mabile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-D1) to Bulletin 65

Additional Documentiation:

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 certificale. All figures stated in the certificate are valid at the frequency indicated.
Antenna FParamelers 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 Relurn Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transtormed 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.
No 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,

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

The reporied uncertainty of measurement s stated as the standard uncertainty of measurement
mulliplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate Na: D1750V2-1080_Mar12 Page 2 of 8



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

DASY Version DASYS V5245

Extrapolation Advanced Extrapolation

Phantom Maodular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1750 MHz = 1 MHz
Head TSL parameters

The following parameters and calculations wers applied
Temperature Permittivity Conductivity

MNominal Head TSL parameters 22.0°C 401 1.37 mha/m

Measured Head TSL parameters (22.0+0.2)°C 38.1 £ 6 % 1.35 mhoim + & %4

Head T5L temperature change during test < Ee=0 -—
SAR result with Head TSL

BAR averaged over 1 cm” (1 g) of Head TSL Condition

SAR measured 250 mW input power 9.20 Wikn

SAR far nominal Head TSL parameters normalized 1o 1W 36.9 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm’ (10 g) of Head TSL | condition

SAR measured | 250 mW input power 4.80 Wikg

SAH for neminal Head TSL paramaters nomalized tc 1W 19.6 Wikg = 16.5 % (k=2)
Body TSL parameters

The following parameters and calculations were applied. )
Temperature Permittivity Conduativity

Nominal Body TSL parameters 200G 53.4 1.49 mhadm

Measured Body TSL paramelers (22.0+£0.2)"C 51.5+6 % 1.48 mhoim + 6 %

Body TSL temperature change during lest <0.5°C tamt =
SAR result with Body TSL

SAH averaged over 1 cm” (1 g) of Body TSL Condition

SAR measured 250 mW input power 9.57 Wikg

SAR for nominal Body TSL parameters nomalized o 1W 38.1 Wika = 17.0 % (k=2)

SAR averaged over 10 em” (10 g) of Body TSL condition

SAH measurad 250 mW input power 514 W/ikg

SAR Tor nominal Bady TSL parameters nomalized to 1W 20,5 Wikg £ 16.5 % (k=2)

Certificate No: D1750V2-1080_Mari3 Page 3of 8



Appendix
Antenna Parameters with Head TSL

Impedance, tansformad to feed paint M9EL-08 |0

Retum Loss -41 5 dB

Antenna Parameters with Body TSL

Impadance, ransformed to feed point 45304+ 0.2
HReturn Loss -26.2 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.221 na

After long term use with 100W radiated power. anly a slight warming of the dipole near the leedpoint can be measurad.

The dipole s made of standard semirigic coaxial cable. The center conducter of the feeding line is directly connected to the
second anm of the dipole. The anterina is theretare shon-circuited for DC-signals. On some of the dipales, small end caps
are added to the dipole arms in order to Imprave matching when loaded according to the position as explained in the
"Measuremant Conditions’ paragraph. The SAR data are not affected by this change. The overal| dipole langth is stil|
according to the Standard,

No excessive force must be applied to the dipole arms, becausa thay might bend ar tha soldered connections near the
lesdpaint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on Movember O7, 2012

Certificate Mo: 01750V2-1080_Mart3 FPage 4 of 8



DASY5 Validation Report for Head TSL

Test Laboratory; SPEAG, Zurich, Switzerland

DUT: Dipole 1750 MHz; Type: D1750V2: Serial: D1750V2 - SN: 1090

Communication System: CW: Frequency: 1750 MHz

Medium parameters used: = 1750 MHz; 6= 1.35 8/m: 6= 39.1; p = 1000 kg/m’
Phantom section; Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANST C63.19-2007)

DASYS2 Configuration!

Probe: ES3DY 3 - SN3205; ConvF(5,18, 5.18, 5.18); Calibrated: 28.12.2012:

Sensor-Surface: 3mm (Mechanical Surface Deteetion)

Electromcs: DAE4 Sn601; Calibruted: 27.06.2012

Phantom: Flat Phantom 5.0 (front); Type: QDO0OPS0AA: Serial: 1001
DASY52 52.8.5(1059); SEMCAD X 14.6.8(7028)

Date: 27.03.2013

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=3mm, dy=3mm, dz=5mm
Reference Value = 94,130 V/m; Power Drift = (.00 dB
Peak SAR (extrapolaled) = 16.6 W/kg

SAR(1 g) =9.2 W/kg; SAR(10 g) =4.9 W/kg
Maximum value of SAR (measured) = 11.3 Wikg

-3.40

-5.80

-10.20

-13.60

-17.00

0dB = 11.3 W/ke = 10.53 dBW/kg

Cerlilicate Mo, D1750V2-1090_Mar13 Page 5 ol &



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

Date: 27.03.2013
Test Laboratory: SPEAG, Zurich, Swilzerland
DUT: Dipole 1750 MHz; Type: D1750V2: Serial: D1750V2 - SN: 1090

Communication System: CW, Freguency; 1750 MHz
Medium parameters used: = 1750 MHz; o = 1.48 8/m: &, = 51.5: p = 1000 ke/m’
Phantoim section: Flal Section
Measurement Standard: DASYS (IEEE/NEC/ANST CH3.19-2007)
DASYS52 Configuration;
+ Probe: ES3DV3 - SN3205; ConvF(4.83, 4.83, 4.83): Calibrated: 28.12 2012
»  densor-Surface: 3mm ( Mechanical Surface Detection )
« Electronics: DAFE4 Sn601; Calibrated: 27.06,2012
= Phantom: Flat Phantom 5.0 (back); Type: QDO00OPS0AA; Serial: 1002

« DASY5252.8.5(1059); SEMCAD X 14.6,8(7028)

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

Reference Value =94.130 V/m; Power Drift = 0.00 dB

Peak SAR. (extrapolaled) = 16.5 W/kg

SAR(T g) =9.57 W/kg: SAR(10 g) = 5.14 W/kg

Maximum value of SAR (measured) = 12.0 W/ikg

dB

-3.40
-6.80
-10.20

-13.60

-17.00

0dB =12.0 W/kg = 10.79 dBW/kg

Certiticate No: D1750W2-1090_Mar13 Page 7 of &



Impedance Measurement Plot for Body TSL
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SFPORTON LAB.

Extended Dipole Calibrations

Referring to KDB 865664 D01 v01r03, if dipoles are verified in return loss (<-20dB, within 20% of prior
calibration), and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and

the calibration interval can be extended.

<Dipole Verification Data> - D1750V2, serial no. 1090(Date of Measurement 03.26.2014)
1750MHz - Head

&
Trel Smith Ref1U  Cal 1
sl 4
Tred dBMag 10dB/ Ref0dB Cal 1
S 0.5 2
o ' \
5
— “ \
1] 02 05
| 5 1 2 5 ‘
\ T %
- -50- ‘ 75
- -80-
08 -2
Ch1 Start 155 GHz Pwr 0dBm Stop 185GHz
-1
Ch1  Start 155 GHz Pwir 0 dBm Stop 1,95 GHz
1750MHz - Body
® ;
Trc1 dBMag 10dB/ Ref0OdE Cal 1 Tre1 Smith Ref1U  Cal il
S a1
10
-10
I--20
30
I--40
I--50
I--80
I--70
Ch1 Start 1.55GHz Pwr 0 dBm Stop 195 GHz Ch1  Start 155 GHz Pwr 0 dBm Stop 1.95 GHz

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978




SFPORTON LAB.

<Justification of the extended calibration>

D1750V2 — serial no. 1090

TSL Head Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta | Return-Loss | Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
03.27.2013 -41.821 49.838 -0.793 -26.2 45.336 0.1797
03.26.2014 -37.025 11.45| 49.553 |-0.285| 0.808 1.601 -26.949 -2.86 46.183 | 0.874 | 0.8776 0.698

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978




Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughaussirasse 43, BO04 Zurich, Switzerland

Schweizeriecher Kalibrierdienst
Seryice sulsse d'étalonnage
Servizio svizzero dl Eratura
Swigs Callbratlon Service

Accreditad by the Swiss Acoraditalion Sanvice (SAS)
The Swiss Accraditation Service is one of the signatories o the B4
Mutillateral Agreement for the recognilion of calibration cerlilicates

client  Sporton KS (Auden)
CALIBRATION CERTIFICATE

Accreditation No.: SCS 108

Cartificate No: D1900V2-5d170 Mari3

Object D1900V2 - SN: 5d170

Calibeation procedurs(s) QA CAL-059
- Calibration procedure for dipole validation kits above 700 MHz

Calibration date:

March 27, 2013

Fhiz calibration cedificate documanis he racsability 15 nalional standards, which realize the phwsical unils of measurements (S1).
The measirements end the uncertalntias with confidance probability am glven on e lollowing pages and ara part of 1he certificate,

ANl caliorations have besn conouctad in the closed laboratory facility; amironment temparature (22 = 3°C and humidily = 70%

Calloration Eguipment used (M&TE critical 1ar calibration)

Primary Standards 1M # i Cal Oale {Certificats Mo, | Schedulsd Calibration
Prower metar EPM-2424 GRIT480704 D-Now-12 (Mo, 217018400 Ciot-13
Power sansor HF R4B1A 537202 TRI 01-Mow-12 (Mo, 217018400 Oct-13
HAefterence 20 4B Attanuator SN: G0GE (P0k) 27-Man-12 {No. 217-01530) Apr-13
Type-rf mismalch combination SN: 5473 F DE32T 27-Mar-12 (MNo. 217-01533) Apr-13
Heterance Probe ES3DYD SH: 3205 FR-Dec-12 (Mo, ES3-3206_ Decl2) Dec- 13
DAER 5N; 601 27-1un-12 (Mo, DAE4-G0T _Jun12) Jun=12

| Socandary Standards I Check Data {in housa) _ Seliedulet Clisck

| Power sonsos HE B4E1A MY 31052317 16-0ct-02 (In housa check Og-11) In holse check: Cal-13
RAF generator &S SMT-06 100005 Md-A4ug-049 {in housa chack Oct-11) I hose check: Dol-13
Metwork Analyzer HP BFE3E UB3TIN0EE5 24206 18-0et-01 (In house chack Del-12) In hause check: Oct-13

Marra Function Signalura
Calibrated by Leit Klysnar Laboratory Technlcian %
Approved by: Kalja Pokavig Tachnical Manager %‘éjﬁ ;f; ~
|lssuatk; March 27, 2013

This calibration cenificate shall nol ba reproducead except in full without written approval of the Ia_b.::lralni:,-'.

Certificate No: D1800V2-54170_Mari3
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Calibration Laboratory of Sy,

_ Sl Schwelzerischer Kallbrlerdienst
SCthIEd & E’artner h“‘*-\"-?—#fm Service suisse d'étalonnage
EHQIHEEHHQ AG T Servizio svizzero dl laratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand f-..-l ;’f’:“\f Swiss Calibration Service
feliilihy
Accredifed by the Swiss Accreditation Sanics (SAS) Accreditstion No.; SCS 108

The Swiss Accreditation Service is one of the signatories o the EA
Multilateral Agreament for the recognition of calibration cerificates

Glossary:

TSL tissue simulating liguid

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

Calibration is Performed According to the Following Standards:

a)

b)

IEEE Std 1528-2008, "|EEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

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 Radiofraquency
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.

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

Electrical Delay: One-way delay between the SMA connector and the antenna feed paint.
No 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.

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 approximately 95%.

Certificate No: D1900V2-54170_Mar13 Page 2 of 8




Measurement Conditions

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

DASY Version DASYS W52.8.5 1]
Extrapolation Advanced Extrapolation
Phantom Maodular Flat Phantom
Distance Dipole Center - TSL 10 mm 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 Permittivity Conductivity |
Nominal Head TSL parameters 22.0°C 40.0 1.40 mha/m
Measured Head TSL parameters (22.0+0.2)°C 3.3 +6% 1A mhoim + 6 %
Head T5L temperature change during test =05"C -mem e
SAR result with Head TSL
SAR averaged over 1 em” (1 g) of Head TSL Condition
S5ARF measured 250 mW input power 10.0 Wikg

SAR for nominal Head 150 paramaters

normalized 1o 14W

40.2 Wikg = 17.0 % (k=2)

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

condition

SAR measurad

250 mW input power

5 25 Wikg

SAR tor nominal Head TSL parameters

nommalized to 1W

211 Wikg = 16.5 % (k=2)

Body TSL parameters
Tha following parameters and calculations wars applied.
Temperature Parmittivity Conductivity
MNominal Body TSL parameters 220°C 53.3 1.52 mhafm
Measured Body TSL parameters (22,0£0.2) °C 51.8+6 % 1.53 mhoym 4 6 %
Body TSL temperature change during test =0.5°C — —
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 104 Wikg

SAR tor nominal Body TSL parameters

normalized to TW

41.2 Wikg = 17.0 % (k=2)

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

condition

SAR measured

260 mW Input power

S48 Wikg

SAR for nominal Bady TSL parameters

normalized to 1W

21.8 Wikg = 16.5 % (k=2)

Ceartificate Na: D1900V2-54170_Mar1 3

Page 3 of 8



Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed point 53B0+4.7 |02

Hetum Loss -24.7 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed paint 49.6 1+ 5.0 2

Return Loss - 26,0 dB

General Antenna Parameters and Design

Elactrical Delay (one direction) 1.202 ns

After long tarm use with 100W radiated power, only a slight warming of the dipols near tha feadpoint can be measured,

The dipoie is made of standard sefmingld coaxial cable. The canter conductor of the teading line is direcily connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals, On some of the dipoles, small end cans
are addad to the dipole arms in order to imprave matohing when loaded according to the position as explained in the
'Measurement Conditions* paragraph, The SAR data are not affected by this change, The overall dipsle length is still
agcarding 1o the Standard.

No excessiva force must be applied to e dipole arms, because thay might bend ar the soldered connections near tha
teedpeint may be damaged,

Additional EUT Data

Manufactured by SPEAG
Eanufaciured £ June 08, 2012

Certificate MNo: D1800V2-54170_Mar13 Page 4 of 8



DASY5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: DI19D0OV2; Serial: D1900V2 - SN: 5d170

Communication System: CW; Frequency: 1900 MHz

Medium paramelers used; f = 1900 MHz: 6= 1.38 S/m: ¢, = 39.3: p= 1000 kg/m’

Phantom section: Flap Section

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

DASYS52 Configuration;

Probe: ES3DV3 - SN3205; ConvF(4.98, 4.9% 4.08): Calibrated: 28.172.2012:

Sensor-Surfice; 3mm (Mechanical Surface Deteetion)

Electronics: DAE4 Sn601 ; Calibrated: 27.06.2012

Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0OAA: Serial: 1001

DASYS52 52.8.5(1059), SEMCAD X 14.6.8(7028)

Dale: 27.03.2013

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Sean (7x7x7)/Cube 0:
Measurement grid; dx=3mm, dy=5mun, dz=5nun
Relerence Value = 96.871 V/m: Power Drift = 0.05 dB
Peak SAR [extrapolated) = 18.2 W/kg

SAR(I g) = 10 W/kg: SAR(10 g) = 5.25 W/kg
Muximum value of SAR (measured) = 12.4 Wikg

-3.60

-T.20

-14.40

-18.00

0 dB =124 W/kg = 10,93 dBW/kg

Cartficatla No: D1 800V2-5d170_Mar13 Page 5 of &



Impedance Measurement Plot for Head TSL

IF Mar ZO13 13:@1:67
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DASYS Validation Report for Body TSL

Diate: 27.03.2013

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1200V2; Serial: D1900V?2 - SN: 541740

Communication System: CW: Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz: o= 1.53 S/m: g, = 518 p= 1000 kg/m’
Phantom section: Flat Section

Measuremenl Standard: DASYS (IEEE/IEC/ANS] C63. [9-2007)

DASY 52 Configuration:

Probe: ES3DV3 - SN3205; ConvFi(4.6, 4.6. 4.6): Calibrated: 28, 12.2012:
Sensor-Surface; 3mm (Mechanical Surface Detection )

Electronics: DAE4 Sn601; Calibrated: 27.06.2012

Phantom: Flat Phantom 5.0 (back): Type: QDOOOPSOA A Serial: 1002
DASY52 52.8.5(1059); SEMCAD X 14.6.8(7028)

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

Reference Value = 96.871 V/m; Power Dritt = 0.01 (B

Peak SAR (extrapolaled) = 18.0 W/kg

SAR(I g) = 10.4 W/kg; SAR(10 g) = 5.49 W/kg

Maximum value of SAR (measured) = 13.2 Wikg

-3.60

-7.20

-10.80

-14.40

0dB =132 W/kg= 1121 dBW/kg

Certificate No: D1900V2-5d170_Mar13 Paga 7 of B



Impedance Measurement Plot for Body TSL
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SFPORTON LAB.

Extended Dipole Calibrations

Referring to KDB 865664 D01 v01r03, if dipoles are verified in return loss (<-20dB, within 20% of prior
calibration), and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and

the calibration interval can be extended.

<Dipole Verification Data> - D1900V2, serial no. 5d170(Date of Measurement 03.26.2014)
1900MHz - Head

Tre1 dBMag 10dBf RefOdB  Cal 1 “éﬁ
Tred Sl f Cal 1
=1 e Smith Ref1U  Cal
L i s
o=
- -20
- -30
- -40
- -0
- -60
--70
Ch1 Start 17 GHz Pwr 0dBm Stop 21 GHz
Ch1  Start 1.7 GHz Pwr 0 dBm Stop 2.1 GHz
1900MHz - Body
ff{}
Trel dBMag 10dB/ Ref0dB Cal 1 s
S QE}J
Trel Smith Ref1U Cal 1
10
S1
10
-7
Ch1 Start 1.7GHz Pwr 0dBm Stop 2.1 GHz
Ch1 Start 1.7 GHz Pwr 0 dBm Stop 2.1 GHz

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978



SFPORTON LAB.

<Justification of the extended calibration>

D1900V2 — serial no. 5d170

TSL Head Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta | Return-Loss Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
03.27.2013 -24.733 53.791 4.682 -25.967 49.588 4.996
03.26.2014 -24.628 0.425 | 55.002 | 1.211 3.868 |-0.814 -26.017 49.067 |-0.521 5.486 0.490

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978




Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Client Sporton-TW (Auden) Certificate No: D2450V2-736_Aug13
|CALIBRATION CERTIFICATE |
Object D2450V2 - SN: 736
Calibration procedure(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Calibration date: August 23, 2013

This calibration certificate doccuments the traceability to national standards, which realize the physical units of measurements (Sl).
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}

Primary Standards ID # Cal Date (Certificate No.) Scheduled Calibration

Power meter EPM-442A GB37480704 01-Nov-12 (No. 217-01640) Oct-13

Power sensor HP 8481A us37292783 01-Nov-12 (No. 217-01640) Cct-13

Reterence 20 dB Attenuator SN: 5058 (20k) 04-Apr-13 (No. 217-01736) Apr-14

Type-N mismatch combination SN: 5047.3/ 06327 04-Apr-13 {No. 217-01739) Apr-14

Reference Probe ES3DV3 SN: 3205 28-Dec-12 (No. ES3-3205_Dec12) Dec-13

DAE4 SN: 601 25-Apr-13 {No. DAE4-601_Apr13) Apr-14

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

Power sensor HP 8481A MY41092317 18-Oct-02 (in house check Oct-11) In house check: Oct-13

RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-11) In house check: Oct-13

Network Analyzer HP 8753E US37390585 54206 18-Oct-01 {in house check Oct-12) In house check: Oct-13
Name Function Signature

Calibrated by: Jeton Kastrati Laboratory TeChrliEiEf!—_ = {_ O ) < L

Approved by: Katja Pokovic Technical Manager ﬁﬁté-f%
L4

Issued: August 23, 2013

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

Certificate No: D2450V2-736_Augi3 Page 1 of 8



Calibration Laboratory of I,

NN Schweizerischer Kalibrierdienst
. - =
Schmid & Partner % Service suisse d'étalonnage
Englneerlng AG ) . L Ser‘vizio s?.rizze.ro di tar.atura
Zeughausstrasse 43, 8004 Zurich, Switzerland “ //,:\\\ hal Swiss Calibration Service
AN
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 applicabie 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 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

c) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz”

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

o Measurement Conditions: Further detaiis 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 Return Loss ensures low
reflected power. No uncertainty required.

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

¢ 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.

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 approximately 95%.

Certificate No: D2450V2-736_Aug13 Page 2 of 8




Measurement Conditions
DASY system configuration, as far as not

iven on page 1.

DASY Version DASYs Vv52.8.7

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 2450 MHz = 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m

Measured Head TSL parameters (22.0+0.2) °C 37826 % 1.80 mho/m +6 %

Head TSL temperature change during test <0.5°C -—-- ----
SAR result with Head TSL

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

SAR measured 250 mW input power 13.4 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

53.2 Wikg + 17.0 % (k=2)

SAR averaged over 10 cm® (10 g} of Head TSL condition

SAR measured

250 mW input power

6.23 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

24.8 W/kg + 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.7 1.85 mho/m
Measured Body TSL parameters (22.0x0.2) °C 506+6% 2.083 mho/m = 6 %
Body TSL temperature change during test <0.5°C -=-- e
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.2 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

51.3 W/kg + 17.0 % (k=2)

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

SAR measured

250 mW input power

6.12 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

24.1 W/kg + 16.5 % (k=2)

Certificate No: D2450Vv2-736_Aug13
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 544Q+18]Q2
Return Loss -26.8 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 516Q+42jQ
Return Loss -27.0dB

General Antenna Parameters and Design

Electrical Delay (one direction} 1.157 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. On seme of the dipoles, small end caps
are added to the dipcle arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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 August 28, 2003

Certificate No: D2450V2-736_Aug13 Page 4 of 8



DASY5 Validation Report for Head TSL

Date: 22.08.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 736

Communication System: UID 0 - CW ; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; 6 = 1.8 S/m; g, = 37.8; p = 1000 kg/rn3
Phantom section: Flat Section

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

DASY352 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(4.52, 4.52, 4.52); Calibrated: 28.12,2012;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 25.04.2013

» Phantom: Flat Phantom 5.0 (front); Type: QDOO0P50AA; Serial: 1001
DASYS52 52.8.7(1137); SEMCAD X 14.6.10(7164)

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

Reference Value = 100.5 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 28.0 W/kg

SAR(1 g) =13.4 W/kg; SAR(10 g) = 6.23 W/kg

Maximum value of SAR (measured) = 17.0 W/kg

-4.80

-14.40
-19.20

-24,00

0dB=17.0W/kg =12.30 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 23.08.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 736

Communrnication System: UID 0 - CW ; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; 6 =2.03 S/m; g, = 50.6; p = 1000 kg/m3
Phantom section: Flat Section

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

DASYS52 Configuration:
» Probe: ES3DV3 - SN3205; ConvF(4.42, 4,42, 4.42); Calibrated: 28.12.2012;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 25.04.2013
« Phantom: Flat Phantom 3.0 (back); Type: QDO00OP50AA; Serial: 1002
e DASYS5252.8.7(1137); SEMCAD X 14.6.10(7164)

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 = 95.103 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 27.8 W/kg

SAR(1 g) =13.2 W/kg; SAR(10 g) = 6.12 W/kg

Maximum value of SAR (measured) = 17.2 W/kg

dB
0

-5.00
-10.00
-15.00

-20.00

-25.00

0dB = 17.2 W/kg = 12.36 dBW/kg
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Impedance Measurement Plot for Body TSL
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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 Calibration Service

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

client  Sporton-TW (Auden) Certificate No: D5GHzV2-1006_Sep13

CALIBRATION CERTIFICATE

Object D5GHzV2 - SN: 1006

Calibration procedure(s) QA CAL-22.v2
Calibration procedure for dipole validation kits between 3-6 GHz

Calibration date: September 23, 2013

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

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)

Primary Standards ID # Cal Date (Certificate No.) Scheduled Calibration

Power meter EPM-4424A GB37480704 01-Nov-12 (No. 217-01640) Oct-13

Power sensor HP 8481A US37292783 01-Nov-12 (No. 217-01640) Oct-13

Reference 20 dB Aftenuator SN: 5058 (20k) 04-Apr-13 (No. 217-01736) Apr-14

Type-N mismaich combination SN: 5047.3 / 06327 04-Apr-13 (No. 217-01739) Apr-14

Reference Probe EX3DV4 SN: 3503 28-Dec-12 (No. EX3-3503_Dec12) Dec-13

DAE4 SN: 601 25-Apr-13 {(No. DAE4-601_Apri13) Apr-14

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

Power sensor HP 8481A MY41092317 18-Oct-02 (in house check Oct-11) In house check: O¢t-13

RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-11) In house check: Oct-13

Network Analyzer HP 8753E US37390585 S4206 18-Oct-01 {in house check Oct-12) In house ¢check: Oct-13
Name Fungtion Signature

Calibrated by: Leif Klysner Laboratory Technician GV J?’
A ——

Approved by: Katja Pokovic Technical Manager M:?‘,/f
2 — 1= ;_:’_ - M
- éé

Issued: September 24, 2013

This calibraticn certificats shall not be reproduced except in full without written approval of the labaratory.
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Calibration Laboratory of S,

Schweizerischer Kalibrierdienst

, S % S
Schmid & Partner ;E‘\“‘\“‘*-_’{/E”E/—!’_ c Service suisse d'étalonnage
Engineering AG TS Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ”41//;—\\\\\@ S  swiss Calibration Service
Al
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 io the Following Standards:
a) IEC 62209-2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures”; Part 2: “Procedure to determine
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010
b) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz”

Additional Documentation:
c) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

o 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.

e 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.

o 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 ensures low
reflected power. No uncertainty required.

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

o SAA 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.

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 approximately 95%.
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Measurement Conditions

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

DASY Version

DASYS V5287
Extrapolation Advanced Extrapolaticn
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx,dy=4.0mm, dz =1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency

5200 MHz = 1 MHz
5300 MHz + 1 MHz
5600 MHz + 1 MHz
5800 MHz + 1 MHz

Head TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 36.0 4.66 mho/m
Measured Head TSL parameters (22.0+0.2)°C 358+6% 4.48 mho/m =6 %
Head TSL temperature change during test <0.5°C
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.68 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

76.6 Wikg = 19.9 % (k=2)

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

conditicn

SAR measured

100 mW input power

2.20 W/kyg

SAR for nominal Head TSL parameters

normalized to 1W

21.9 W/kg = 19.5 % (k=2)

Certificate No: D5GHzV2-1006_Sep13
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Head TSL parameters at 5300 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.9 4.76 mho/m
Measured Head TSL parameters (22.0+0.2) °C 356x8% 4.62 mho/m £6 %
Head TSL temperature change during test <05°C -—-- e
SAR result with Head TSL at 5300 MHz
SAR averaged over 1 em® (1 g) of Head TSL Condition

SAR measured

100 mW input power

8.06 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

80.4 W/ kg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.31 Wikg

SAR for nominal Head TSL parameters

nomalized to 1W

23.0 W/kg + 19.5 % (k=2)

Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.5 5.07 mho/m
Measured Head TSL parameters (22.0+0.2)°C 352+6% 4.88 mho/m £6 %
Head TSL temperature change during test <0.5°C - e
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.02 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

79.9 W/kg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.28 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

22.7 W/kg = 19.5 % (k=2)

Certificate No: D5GHzV2-1006_Sepi3
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Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.3 5.27 mho/m
Measured Head TSL parameters (22.0+0.2) °C 350+8% 5.07 mho/m £ 6 %
Head TSL temperature change during test <0.5°C - -
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.66 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

76.3 Wikg + 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.17 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

21.6 Wikg = 19.5 % (k=2)

Certificate No: D5GH2zV2-1006_Sep13
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Body TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Neminal Body TSL parameters 22.0°C 48.0 5.30 mho/m
Measured Body TSL parameters (22.0x0.2)°C 48368 % 536 mho/m+6 %
Body TSL temperature change during test <05°C -—-- e
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.17 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

71.5 W/kg + 19.9 % (k=2)

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

¢ondition

SAR measured

100 mW input power

1.99 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

19.8 W/kg * 19.5 % (k=2)

Body TSL parameters at 5300 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.9 5.42 mho/m
Measured Body TSL parameters (22.0x£0.2)°C 4816 % 5.56 mho/m £ 6 %
Body TSL temperature change during test <0.5°C -—- -—-
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 cm® (1 g} of Body TSL Condition
SAR measured 100 mW input power 7.54 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

75.2 W/kg = 19.9 % (k=2)

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

¢ondition

SAR measured

100 mW input power

2.11 Wrkg

SAR for nominal Body TSL parameters

normalized to 1W

21.0 W/kg = 19.5 % (k=2)

Certificate No: D5GHzV2-1006_Sept3
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Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.5 5.77 mho/m
Measured Body TSL parameters (22.0+0.2) °C 4766 % 5.88 mho/m +6 %
Body TSL temperature change during test <0.5°C - —men
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 130 mW input power 7.80 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

77.8 Wikg £ 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2,16 Wikg

SAR for neminal Body TSL parameters

normalized to 1W

21.5 Wrkg + 19.5 % (k=2)

Body TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.2 6.00 mho/m
Measured Body TSL parameters {22.0+0.2) °C 47326 % 6.17 mho/m =6 %
Body TSL temperature change during test <05°C e —nen
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured

100 mW input power

7.25 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

72.3 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.00 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

19.9 Wikg + 19.5 % (k=2)

Certificate No: DSGHzV2-1006_Sep13
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Appendix

Antenna Parameters with Head TSL at 5200 MiHz

Impedance, transformed to feed point 525Q-87iQ

Return Loss -21.1dB
Antenna Parameters with Head TSL at 5300 MHz

impedance, transformed to feed point 571 Q-28|Q

Return Loss -22.9dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transfermed to feed point 56.6 Q-56jQ

Return Loss -21.9dB
Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to feed point 5620 +51j0

Return Loss -22.4dB
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to feed point 51.80-9.3|Q

Return Loss -20.6dB
Antenna Parameters with Body TSL at 5300 MHz

impedance, transformed to feed paint 56.00Q+05jQ

Return Loss -25.0dB
Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 566 Q-3.7iQ

Return Loss -229dB
Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed to feed point 53.2Q0+82|Q

Return Loss -18.9dB

Certificate No: D5GHzV2-1006_Sep13
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General Antenna Parameters and Design

Electrical Delay (one direction) 1.200 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. COn some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when locaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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 August 28, 2003
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DASY5 Validation Report for Head TSL

Date: 23.09.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: DSGHzV2 - SN: 1006

Communication System: UID 0 - CW ; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5600
MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; ¢ = 4.48 S/m; &, = 35.8; p = 1000 kg/m’ , Medium parameters
used: f = 5300 MHz; ¢ = 4.62 S/m; & = 35.6; p = 1000 JL‘:g,/m3 , Medium parameters used: f=5600 MHz; ¢ =
4.86 S/m; & =35.2;, p = 1000 k,g/m3 , Medium parameters used: f = 5800 MHz; ¢ =5.07 S/m; ¢, =35; p =
1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/TEC/ANSI C63.19-2007)

DASY52 Configuration:

e Probe: EX3DV4 - SN3503; ConvF(5.41, 5.41, 5.41); Calibrated: 28.12.2012, ConvF(5.1, 5.1, 5.1);
Calibrated: 28.12.2012, ConvF(4.76, 4.76, 4.76); Calibrated: 28.12.2012, ConvF(4.81, 4.81, 4.81);
Calibrated: 28.12.2012;

¢ Sensor-Surface: 1.4mm (Mechanical Surface Detection)

¢ Electronics: DAE4 Sn601; Calibrated: 25.04.2013

e Phantom: Flat Phantom 5.0 (front); Type: QDOOOP50AA; Serial: 1001
» DASY5252.8.7(1137); SEMCAD X 14.6.10(7164)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube (: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 63.982 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 27.9 W/kg

SAR(1 g) =7.68 W/kg; SAR(10 g) = 2.2 W/kg

Maximum value of SAR (measured) = 17.8 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube (: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.816 V/m; Power Dnft = 0.09 dB

Peak SAR (extrapolated) = 29.8 W/kg

SAR(1 g) = 8.06 W/kg; SAR(10 g) = 2.31 W/kg

Maximum value of SAR (measured) = 19.0 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 63.442 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 31.2 W/kg

SAR(1 g) = 8.02 W/kg; SAR(10 g) = 2.28 W/kg

Maximum value of SAR (measured) = 19.3 W/kg

Certificate No: D5GHzV2-1006_Sep13 Page 10 of 15



Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 61.293 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) =31.2 W/kg

SAR(1 g) =7.66 W/kg; SAR(10 g) = 2.17 W/kg

Maximum value of SAR (measured) = 18.7 W/kg

-5.00

-12.00

-18.00

-24.00

-30.00

0dB = 18.7 W/kg = 12.72 dBW/kg
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Impedance Measurement Plot for Head TSL

23 Sep 2013 44:08:48
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DASY5 Validation Report for Body TSL

Date: 20.09.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: D3GHzV2; Serial: D5GHzV2 - SN: 1006

Communication System: UID 0 - CW ; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5600
MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; ¢ = 5.36 S/m; ¢, = 48.3; p = 1000 kg/’m3 , Medium parameters
used: f=5300 MHz; 6 =5.56 S/m; &, =48.1; p = 1000 kg/m3 , Medium parameters used: f = 5600 MHz; ¢ =
5.88 S/m; g, = 47.6; p = 1000 kg/m3 , Medium parameters used: f = 5800 MHz; 6 = 6.17 S/m; &, =47.3; p =
1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2007)

DASY52 Configuration:

e Probe: EX3DV4 - SN3503; ConvF(4.91, 4.91, 4.91); Calibrated: 28.12.2012, ConvF(4.67, 4.67,
4.67); Calibrated: 28.12.2012, ConvF(4.22, 422, 4.22); Calibrated: 28.12.2012, ConvF(4.38, 4.38,
4.38); Calibrated: 28.12.2012;

» Sensor-Surface: 1.4mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn601; Calibrated: 25.04.2013

o Phantomn: Flat Phantom 5.0 (back); Type: QDOOOPS0AA,; Serial: 1002
« DASY5252.8.7(1137); SEMCAD X 14.6.10(7164)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 58.601 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 28.0 W/kg

SAR(1 g) =7.17 W/kg; SAR(10 g) = 1.99 W/kg

Maximum value of SAR (measured) = 17.2 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 58.846 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 30.2 W/kg

SAR(1 g) = 7.54 W/kg; SAR(10 g) =2.11 W/kg

Maximum value of SAR (measured) = 18.3 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 58.294 V/m; Power Drift =0.01 dB

Peak SAR (extrapolated) = 34.4 W/kg

SAR(1 g) =7.8 W/kg; SAR(10 g) =2.16 W/kg

Maximum value of SAR (measured) = 19.6 W/kg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 54.918 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 33.5 W/kg

SAR(1 g) =7.25 W/kg; SAR(10 g) =2 W/kg

Maximum value of SAR {measured) = 18.5 W/kg

—-5.00

-10.00

-15.00

-20.00

-25.00

0dB =18.5 W/kg =12.67 dBW/kg
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Impedance Measurement Plot for Body TSL
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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 E-stop. To prevent E-stop 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:
Warranty and calibration is void if the DAE unit is disassembled partly or fully by the
Customer.

Important Note:

Never attempt to grease or oil the E-stop assembly. Cleaning and readjusting of the E-
stop assembly is allowed by certified SPEAG personnel only and is part of the annual
calibration procedure.

Important Note:

To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in the
mating position. Avoid any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE. :

Schmid & Partner Engineering
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Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Service (SAS)
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The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client SPEED Suzhou (Auden)

Schweizerischer Kalibrierdienst
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Swiss Calibration Service

Accreditation No.; SCS 108

Certificate No: DAE4-1353 Jani14

CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration date:

DAE4 - SD 000 D04 BM - SN: 1353
QA CAL-06.v26

Calibration procedure for the data acquisition electronics (DAE)

January 30, 2014

Calibration Equipment used (M&TE critical for calibration)

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%.

Primary Standards ID # Cal Date (Certificate No.) Scheduled Calibration
Keithley Multimeter Type 2001 SN: 0810278 01-Oct-13 (No:13976) Oct-14
Secondary Standards 1D # Check Date (in house) Scheduled Check

Auto DAE Calibration Unit
Calibrator Box V2.1

Calibrated by:

Approved by:

SE UWS 053 AA 1001 07-Jan-14 (in house check)
SE UMS 006 AA 1002 07-Jan-14 (in house check)

Name Function
Dominique Steffen Technician
Fin Bomholt Deputy Technical Manager :

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

In house check: Jan-15
In house check: Jan-15

Signature

Y
i\ .@Q'\muu‘

Issued: January 30, 2014

Certificate No: DAE4-1353_Jan14
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Glossary

DAE data acquisition electronics

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

Methods Applied and Interpretation of Parameters
e 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.

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

e 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.

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

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

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

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

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

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

« Power consumption: Typical value for information. Supply currents in various operating
modes.

Certificate No: DAE4-1353_Jan14 Page 2 of 5



DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: 1LSB = 8.1uV , full range = -100...4300 mV
Low Range: 1LSB = 61nV , ful range= -1.......+3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time; 3 sec
Calibration Factors | - X Y Zz
High Range 404.639 £ 0.02% (k=2) | 404.549 = 0.02% (k=2) | 405.569 = 0.02% (k=2)
Low Range 3.99606 + 1.50% (k=2) | 3.94990 + 1.50% (k=2) | 4.00226 + 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system 184.0°%£1°

Certificate No: DAE4-1353_Jan14 Page 3 of 5



Appendix

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 200036.05 0.90 0.00
Channel X + Input 20005.29 1.58 0.01
Channel X - Input -20003.79 1.74 -0.01
Channel Y + Input 200035.53 0.67 0.00
Channel Y + Input 20004.54 0.93 0.00
Channel Y - Input -20004.89 0.73 -0.00
Channel Z + Input 200033.19 -1.74 -0.00
Channel Z + Input 20001.63 -1.94 -0.01
Channel Z - Input -20006.65 -1.00 0.00
Low Range Reading (uV) Difference (V) Error (%)
Channel X + Input 2000.36 -0.02 -0.00
Channel X + Input 200.37 -0.02 -0.01
Channel X - Input -198.85 0.56 -0.28
Channel Y + Input 2000.53 0.23 0.01
Channel Y + Input 199.83 -0.48 -0.24
Channel Y = Input -200.35 -0.83 0.42
Channel Z + Input 2001.07 0.78 0.04
Channel Z + Input 199.39 -1.02 -0.51
Channel Z - Input -201.83 -2.31 1.16
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 (LV) Average Reading (V)
Channel X 200 -4.98 -6.54
- 200 8.53 6.88
Channel Y 200 -25.19 -24.89
- 200 24.90 24.37
Channel Z 200 1.39 0.99
- 200 -3.48 -3.58

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

Input Voltage (mV) | Channel X (uV) | Channel Y (uV) dhannel Z (uV)
Channel X 200 - 2.74 -3.22
Channel Y 200 8.51 - 4.39
Channel Z 200 9.27 6.26 -

Certificate No: DAE4-1353_Jan14
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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 15592 15640
Channel Y 16905 16193
Channel Z 16196 16291

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

Input 10MQ

Average (V) min. Offset (uV) | max. Offset (uV) Std: [():\\;;ation
Channel X 0.23 -1.19 1.53 0.56
Channel Y 0.98 -0.35 2.43 0.59
Channel Z -1.10 -2.42 0.32 0.67

6. Input Offset Current

Nominal Input circuitry offset current on all channels: <25fA

7. Input Resistance (Typical values for information)

Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200

8. Low Battery Alarm Voltage (Typical values for information)

Typical values

Alarm Level (VDC)

Supply (+ Vce)

+7.9
Supply (- Vce) -7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vcc) +0.01 +6 +14
Supply (- Vee) —0.01 -8 -9

Certificate No: DAE4-1353_Jan14
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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 E-stop. To prevent E-stop 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 exira 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:
Warranty and calibration is void if the DAE unit is disassembled partly or fully by the
Customer.

Important Note:

Never attempt to grease or oil the E-stop assembly. Cleaning and readjusting of the E-
stop assembly is allowed by certified SPEAG personnel only and is part of the annual
calibration procedure.

Important Note:

To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in the
mating position. Avoid any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.

Schmid & Partner Engineering

TN_BR040315AD DAE4.doc 11.12.2009




Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration 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

Client Sporton-CN (Auden) Certificate No: DAE4-1210_May14

Schweizerischer Kalibrierdienst

CALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BM - SN: 1210

Calibration procedure(s) QA CAL-06.v26
Calibration procedure for the data acquisition electronics (DAE)

Calibration date: May 19, 2014

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)

Primary Standards ID # Cal Date (Certificate No.) Scheduled Calibration

Keithley Multimeter Type 2001 SN: 0810278 01-Oct-13 (No:13976) Oct-14

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

Auto DAE Calibration Unit SE UWS 053 AA 1001 07-Jan-14 (in house check) In house check: Jan-15

Calibrator Box V2.1 SE UMS 006 AA 1002 07-Jan-14 (in house check) In house check: Jan-15
Name Function Signature

Calibrated by: Dominique Steffen Technician ; a 2

Approved by: Fin Bomholt Deputy Technical Manager " V ﬁ Q'LU,\,L Al
A 1

Issued: May 20, 2014

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration 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 system to align probe sensor X to the robot
coordinate system.

Methods Applied and Interpretation of Parameters
e 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.

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

e 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

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

s 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.

e 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.

Certificate No: DAE4-1210_May14 Page 2 of 5



DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: 1LSB = 6.1uV, fullrange = -100...+300 mV
Low Range: 1LSB = 61nV, fullrange= -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y Zz
High Range 404.126 + 0.02% (k=2) | 404.956 + 0.02% (k=2) | 405.065 * 0.02% (k=2)
Low Range 4.00002 + 1.50% (k=2) | 8.98327 +1.50% (k=2) | 4.00021 + 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system 123:5°+ 14

Certificate No: DAE4-1210_May14 Page 3 of 5



Appendix

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 199993.16 -3.08 -0.00
Channel X + Input 20001.58 0.86 0.00
Channel X - Input -19997.88 2.96 -0.01
Channel Y + Input 199997.46 1.25 0.00
Channel Y + Input 20001.02 0.31 0.00
Channel Y - Input -20000.67 0.41 -0.00
Channel Z + Input 199997.96 1.16 0.00
Channel Z + Input 20000.22 -0.47 -0.00
Channel Z - Input -20000.31 0.71 -0.00
Low Range Reading (nV) Difference (uV) Error (%)
Channel X + Input 2001.44 0.40 0.02
Channel X + Input 201.65 0.25 0.12
Channel X - Input -198.86 -0.60 0.30
Channel Y + Input 2001.05 0.10 0.01
Channel Y + Input 200.89 -0.51 -0.25
Channel Y - Input -198.70 -0.35 0.18
Channel Z + Input 2001.15 0.23 0.01
Channel 2 + Input 200.32 -1.08 -0.54
Channel Z = Input -199.61 -1.14 0.57
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 (nV)
Channel X 200 -5.19 -7.07
- 200 7.82 6.50
Channel Y 200 -3.56 -3.90
- 200 4.19 4.35
Channel Z 200 12.21 11.95
- 200 -14.51 -14.28

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 (uV)
Channel X 200 - 1.78 -3.94
Channel Y 200 8.13 - 2.67
Channel Z 200 9.14 6.43 -
Certificate No: DAE4-1210_May14 Page 4 of 5




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 15954 15797
Channel Y 15962 16451
Channel Z 15874 16936

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) Al I?s:;atmn
Channel X -0.85 -1.82 -0.15 0.34
Channel Y -0.27 -1.81 0.54 0.39
Channel Z -0.30 -1.29 0.94 0.43
6. Input Offset Current
Nominal Input circuitry offset current on all channels: <25fA
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vecc) +7.9
Supply (- Vce) -7.6

9. Power Consumption (Typical values for information)

Typical values

Switched off (mA)

Stand by (mA)

Transmitting (mA)

Supply (+ Vcc)

+0.01

+6

+14

Supply (- Vcc)

-0.01

-8

-9

Certificate No: DAE4-1210_May14
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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 E-stop. To prevent E-stop 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:

Warranty and calibration is void if the DAE unit is disassembled partly or fully by the
Customer.

Important Note:

Never attempt to grease or oil the E-stop assembly. Cleaning and readjusting of the E-
stop assembly is allowed by certified SPEAG personnel only and is part of the annual
calibration procedure.

Important Note:

To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in the
mating position. Avoid any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.

Schmid & Partner Engineering
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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 Calibration 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

Client Sporton CN (Auden) Certificate No: DAE4-1358_Apri14
ICALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BJ - SN: 1358

Calibration procedure(s) QA CAL-06.v26

Calibration procedure for the data acquisition electronics (DAE)

Calibration date: April 30, 2014

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sl).
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)

Primary Standards ID # Cal Date (Certificate No.) Scheduled Calibration
Keithley Multimeter Type 2001 SN: 0810278 01-Oct-13 (No:13976) QOct-14
Secondary Standards 1D # Check Date (in house) Scheduled Check
Auto DAE Calibration Unit SE UWS 053 AA 1001 07-Jan-14 (in house check) In house check: Jan-15
Calibrator Box V2.1 SE UMS 006 AA 1002 07-Jan-14 (in house check) In house check: Jan-15
Name Function Signature
Calibrated by: R.Mayoraz Technician — b
A LGzt
Approved by: Fin Bomholt Deputy Technical Manager = |
WAy setie
% L

Issued: April 30, 2014

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

DAE data acquisition electronics

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

Methods Applied and Interpretation of Parameters
o 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.

e 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

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

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

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

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

e 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: 1LSB = 6.1uV , full range = -100...+300 mV
Low Range: 1LSB = 61nV, fullrange= -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y z
High Range 403.476 £ 0.02% (k=2) | 403.505 £ 0.02% (k=2) | 403.509 * 0.02% (k=2)
Low Range 3.96075 + 1.50% (k=2) | 3.98590 * 1.50% (k=2) | 3.99195 + 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system 136.0% £1.°
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