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Appendix C. DASY Calibration Certificate

The DASY calibration certificates are shown as follows.
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdlenst
Service suisse d'dtalonnage
Servizio svizzer g di waratura
Swiss Calibration Service

Accredited by the Swiss Accreditalion Service (SAS)
The Swiss Accregitation Service is one ¢f the signatories to the EA
Multitateral Agreement for the recogniticn of calibration certificates

client  Sparton (Avden)

Accreditation No.; SCS 108

‘ _ _ : Certificate. No: ‘Q335V2+49$_M_ar.10
CALIBRATIONCERTIFICATE
—c——r— e —

Object D835V2 - SN: 499

Calibration procedure(s) QA? OB ATt m e P T

‘Calibration proseduire for dipole valdation kits

Calibration date:

‘Mareh22,2010

| This calibraticn cenrtificate documents the Iraceability to national standards, which realize the physical unils of measurements (S1).
The measurements and the uncenainties with confidence probabilily are given on tha following pages and are pan of the certificate.

All calibrations have been conducied in the closed iaboratory lacility: anvironmen! lemperature (22 = 3)°C and humidily < 70%.

Calibration Equipment used (M&TE critical for calibralion)

Calibrated by:

Appraved by:

This calibration cerificate shall not be reproduced except in full without wrilten approval of the laboralory.

Name
: Dl 1iley

“Katia Pokavic

Function
Laboratory Tachploian:

Technical Manager

Primary Standards wo# _Cai Date {Cenificate No.) ___Scheduled Calibration

Power meler EPM-442A GB37480704 06-Dc1-09 {No. 217-01086) .~ Oct-10

Power sensor HP B481A usa7292783 06-0ct-08 {No. 217-010886) Qct-10

Reference 20 dB Atlenuator SN: 5086 (20g) 31-Mar-08 (No. 217-01025} Mar-10

Type-N mismaich combination SN: 5047.2 / 06327 31-Mar-09 (No. 217-01029) Mar-10

Relerence Probe ES30V3 SN: 3205 26-Jun-09 {No. ES3-3205_Jun03) Jun-10

DAE4 SN: 601 02-Mar-10 (No. DAE4-601_Mar10) Mar-11 |
Secondary Standards [ 1D# = Check Date (inhouse] Scheduled Check 1
Power sansor HP 8481A MY41092317 18-0c1-02 (in house check Oct-09) in house check: Qct-11

AF generator R&S SMT-086 100005 4-A1g-99 {in house check Oct-09) in house check: Oct-11

Network Analyzer HP 8753€ US37390585 54206 18-Oct-01 (in house check Ocl-09)

In house check: Oct-10

Signature

lssued: March 22, 2010

Cenificate No: DB35V2-499_Mar10
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- . Wy
Calibration Laboratory of I‘QL_) j"j S Schweizerischer Kalibrierdienst
Schmid & Partner L__J» _ C Service suisse d’étalonnage
Enginee ring AG i g gl Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland T”{;}/{'\\:\\“ S swiss Callbration Service
frfnd
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) IEEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-

b)

c)

Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues”, 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 Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Porntable 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 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 uncenrtainty 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 result.

Certificale No: D835V2-499 Mari0 Page 2 of 9



Measurement Conditions

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

DASY Version DASYS V5.2
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V4.9

Dlstance 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 Permittlvity Conductivity
Nominal Head TSL parameters 220°C 41.5 0.90 mho/m
Measured Head TSL parameters (22.0+0.2)°C 429 +6% 0.91 mho/m £ 6 %
Head TSL temperature during test (22.0+0.2) °C -

SAR result with Head TSL

SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 243 mW/g
SAR normalized normalized to 1W 9.72mwW /g

SAR for nominal Head TS parameters

normalized to 1W

9.71 mW /g £ 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.58mwW /g
SAR normalized nermalized to 1W 6.32mW /g

SAR for nominal Head TSL parameters

normalized to 1W

6.31 MW /g £ 16.5 % (k=2)

Certificate No: DB35V2-439_Mar10

Page 3 of 9




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+02)°C 55.3x6% 1.01 mho/m +6 %
Body TSL temperature during test (22.020.2)°C --=-
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 253mW /g
SAR normalized normalized to TwW 10.1mwW /g
SAR for nominal Body TSL parameters normalized to 1W 9.82mW /g =+17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 1.66 MW /g
SAR normalized normalized to TW 6.64 MW /g
‘ SAR for nominal Body TSL parameters normalized to 1W 6.49 MW /g £ 16.5 % (k=2)

Certificate No: D835V2-439 Mar10 Page 4 of 9



Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5220-32|Q
Return Loss -28.4 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 5010 -59)Q
Return Loss - 24.7 dB

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
feaedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on July 10, 2003

Certificate No: DB35V2-499 Mar10 Page 5 of 9



DASYS5 Validation Report for Head TSL

Date/Time: 22.03.2010 10:17:58
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:499

Communication System: CW; Frequency: 835 MHz; Duty Cycle: 1:]

Medium: HSL900

Medium parameters used: f = 835 MHz; 6 = 0.91 mho/m; &, = 42.9; p = 1000 kg/m3
Phantom section: Flat Section

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

DASYS Configuration:
» Probe: ES3DV3 - SN3205; ConvF(6.04, 6.04, 6.04); Calibrated: 26.06.2009
« Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601[; Calibrated: 02.03.2010
« Phantom: Flat Phantom 4.9L; Type: QDO00P49AA; Serial: 1001
¢+  Measurement SW: DASYS, V5.2 Build 157; SEMCAD X Version 14.0 Build 57

Pin=250 mW /d=15mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Measurement
grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 57.5 V/m; Power Drift = 0.0069( dB

Peak SAR (extrapolated) = 3.63 W/kg

SAR(1 g) = 2.43 mW/g; SAR(10 g) = 1.58 mW/g

Maximum value of SAR (measured) = 2.84 mW/g

dB
0

0dB =2.84mW/g

Centificate No: D835V2-499 Mar10 Page 6 of &



Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body
Date/Time: 22.03.2010 14:07:53

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:499

Communtcation System: CW, Frequency: 835 MHz, Duty Cycle; 1:1

Medium: MSLO00O

Medium parameters used: f = 835 MHz; 6 = 1.01 mho/m; &, = 55.3; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS5 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(5.97, 5.97, 5.97); Calibrated: 26.06.2009
o Sensor-Surface: 3mm (Mechanical Surface Detection)
o FElectronics: DAE4 Sn601; Calibrated: 02.03.2010
e Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA ; Serial: 1001
e  Measurement SW: DASYS, V5.2 Build 157; SEMCAD X Version 14.0 Build 57

Pin250 mW /d=15mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube {): Measurement
grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 55.6 V/m; Power Drift = 0.011 dB

Peak SAR (extrapolated) = 3.73 W/kg

SAR(1 g) = 2.53 mW/g; SAR(10 g) = 1.66 mW/g

Maximum value of SAR (measured) = 2.94 mW/g

dB

-2.8

-5.6

8.4

-11.2

14

0dB =2.94mW/g

Cenificate No: D835V2-499_Mar10 Page 8 of 9



Impedance Measurement Plot for Body TSL

22 Mar 2048 13:44:45

CHL s21 1 U FS 1156886 0 -5.855% 0 F2.497 pF BI5.00E 303 MHz
De1 T

RS ”-
» L .
fivg —
16"
1
CHz 211 LOG 5 dB/REF =26 dB 1i-2d. 654 dE S35.080 800 HH=
—\____\_'_;__‘__“_\_- . Eeo RN
—‘"—H_._H__ ’ ¥ ¥ __'._,_,_,-'—'—
| \_\.H ..-'"'——F_
Cor |' \ ' / ;
[ ‘n\ /’ |
ST I
v/
Ay lI| 1{ I
169 i | | \ I:. i 1 |
| | | |
T | | 1]
| ! | |
START £35.000 B30 MMz STOP 1 108,808 AR MHz

Certificate No: D835V2-499_Mar10 Page 9 of 9



D835V2, serial no. 499 Extended Dipole Calibrations

Referring to KDB 450824, 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.

<Justification of the extended calibration>

D835V2 — serial no. 499

835 Head 835 Body

Real Imaginary Real Imaginary

Date of Return-Loss | Delta Delta Delta | Return-Los| Delta Delta Delta
Impedance Impedance Impedance Impedance

Measurement (dB) (%) (ohm) (ohm) s (dB) (%) (ohm) (ohm)

(ohm) (ohm) (ohm) (ohm)
3.22.2010 -28.352 52.17 -3.2461 -24.664 50.066 -5.8652
3.22.2011 -28.323 |0.102 51.095 | 1.075 | -3.5773 | 0.331 | -24.665 |-0.004| 50.685 |-0.619 -1.477 |[-4.388

Therefore the verification result should support extended calibration.

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




<Dipole Verification Data> - D835 V2, serial no. 499 (Date of Measurement : 3.22.2011)
835 MHz - Head

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



835 MHz — Body

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



D835V2, serial no. 499 Extended Dipole Calibrations
Referring to KDB 450824, 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.

<Justification of the extended calibration>

D835V2 — serial no. 499

835 Head 835 Body

Real Imaginary Real Imaginary

Date of Return-Loss | Delta Delta Delta | Return-Los| Delta Delta Delta
Impedance Impedance Impedance Impedance

Measurement (dB) (%) (ohm) (ohm) s (dB) (%) (ohm) (ohm)

(ohm) (ohm) (ohm) (ohm)
3.22.2010 -28.352 52.17 -3.2461 -24.664 50.066 -5.8652
3.22.2011 -28.323 |0.102 51.095 | 1.075 | -3.5773 | 0.331 | -24.665 |-0.004| 50.685 |-0.619 -1.477 |[-4.388
3.22.2012 -28.265 |0.307 | 50.685 | 1.485 | -3.2627 |0.0166 | -23.821 | 3.42 | 50.977 |-0.911 | -3.2487 |-2.6165

Therefore the verification result should support extended calibration.

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




<Dipole Verification Data> - D835 V2, serial no. 499 (Date of Measurement : 3.22.2012)
835 MHz - Head

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



835 MHz — Body

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



Calibration Laboratory of AL e

S Schweizerischer Kalibrierdienst
: 8 . ‘
SChm]d & Par‘tner . % Service suisse d'étalcnnag'e
Engineering AG T T e e
Zeughausstrasse 43, 8004 Zurich, Switzerland S

Swiss Calibration Service

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

Client

Object

Calibration procedure(s)

Calibration date:

This calibration cerificate documents the lraceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncertainlies with confidence probability are given an the lollowing pages and are part of the certificate.

All calibrations have been conducied in the closed laboralory facility: environment lemperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration}

Name
Calibrated by:

Approved by:

Primary Standards 1D # Cal Dale {Cenrlificate No.) Scheduled Calibration .
Powar meter EPM-442A GB37480704 06-Oct-08 {No. 217-01086) Oct-10

Power sensor HP B4B1A U537292782 06-Oct-09 (No. 217-01086) Oct-10

Reference 20 d8 AHenuator SN: 5088 (20g) 31-Mar-09 (No, 217-01025) Mar-10

Type-N mismaich combinalion SN: 5047.2 /08327 31-Mar-08 (No. 217-01029) Mar-10

Reference Probe ES3DV3 SN: 3205 28-Jun-0% (Nlo. ES3-3205_Jund9) Jun-10

DAE4 SN: 801 02-Mar-10 (No. DAE4-601_MariQ) Mar-11

Secondary Standards ID# Check Date (in house) Scheduled Check
Power sensor HP 8481A MY 41082317 18-Oct-02 {in house check Oct-09) In house check: Ocl-11
RF genesator R&S SMT-08 100005 4-Aug-99 (in house check Oct-09) in house check: Oclt-11
Network Analyzer HP 8753E U837330585 $4206 18-Oct-01 (in house check Oct-09) In house check: Oct-10

Function

 Laboratory

This calibralion certificale shall not be reproduced except in [ull without written approval of lhe faboratory.

Signature

Issued: March 23, 2010

Cerlificate No: D1900V2-5d041_Mar10
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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

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) |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

¢) 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:

Schweizerischer Kalibrierdienst

e 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 Return Loss ensures low
reflected power. No uncertainty required.

s FElectrical 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.

Cerlificate No: D1900V2-5d041_Mar10 Page 2 of 9



Measurement Conditions

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

DASY Version DASYS V5.2
Extrapolation Advanced Extrapolation

Phantom Mcadular Flat Phantom V5.0

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 mho/m
Measured Head TSL parameters (22.0+0.2)°C 411 6% 1.45 mho/m 6 %
Head TSL temperature during test 215 x£0.2)°C -

SAR result with Head TSL

SAR averaged over 1 cm® (1 g) of Head TSL Cendition
SAR measured 250 mW input power 10,1 mW /g
SAR normalized normalized to 1W 404 mwW /g

SAR for nominal Head TSL parameters

normalized to 1W

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

SAR averaged over 10 cm® (10 g) of Head TSL conditicn
SAR measured 250 mW input power 525mW /g
SAR normalized normalized to 1W 21.0mW /g

SAR for nominal Head TSL parameters

normalized to 1W

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

Certificate No: D1900V2-5d041_Mar10
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Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 22.0°C 53.3 1.52 mho/m
Measured Body TSL parameters (22.0+£0.2)°C 5496 % 1.58 mho/m 6 %
Body TSL temperature during test (21.5+£02)°C -

SAR result with Body TSL
SAR averaged over 1 cm® {1 g) of Body TSL Condition
SAR measured 250 mW input power 104 mW / g
SAR normalized normalized to 1W 41.6mW/g

SAR for nominal Body TSL parameters

normalized to 1W

40.0 MW / g +17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 557mW /g
SAR normalized normalized to 1W 22.3mW/g

SAR for nominal Body TSL parameters

normalized to 1W

221 mW /g x£16.5 % (k=2)

Certificate No: D1900V2-5d041_Mar10
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 509Q+59jQ
Return Loss -24.6dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4630 +5.7jQ
Return Loss -231dB

General Antenna Parameters and Design

Electrical Delay (cne direction) 1.202 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
feedpeint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on July 04, 2003

Certificate No: D1300V2-5d041_Mar10 Page S of 9



DASYS5 Validation Report for Head TSL

Date/Time: 23.03.2010 12:03:30
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d041

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

Medium: HSL. U11 BB

Medium parameters used: f = 1900 MHz; ¢ = 1.45 mho/m; ¢, = 41.2; p = 1000 kg/m3
Phantom section: Flat Section

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

DASYS Configuration:
¢ Probe: ES3DV3 - SN3205; ConvF(5.09, 5.09, 5.09); Calibrated: 26.06.2009
» Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ LElectronics: DAE4 Sn601; Calibrated: 02.03.2010
e Phantom: Flat Phantom 5.0 (front); Type: QDO00P50AA; Serial: 1001
e  Measurement SW: DASY35, V5.2 Build 157; SEMCAD X Version 14.0 Build 57

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

Reference Value = 96.8 V/m; Power Drift = 0.040 dB

Peak SAR (extrapolated) = 18.4 W/kg

SAR(1 g) =10.1 mW/g; SAR(10 g) = 5.25 mW/g

Maximum value of SAR (measured) = 12.7 mW/g

-12

0dB =12.7mW/g

Certificate Na: D1900V2-5d041_Mar10 Page 6 of &



Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body

Date/Time: 17.03.2010 12:43:32
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d041

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

Medium: MSL U11 BB

Medium parameters used: f = 1900 MHz; ¢ = 1.58 mho/m; g, = 55, p = 1000 kg/m3
Phantom section: Flat Section

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

DASYS Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.59, 4.59, 4.59), Calibrated: 26.06.2009
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 02.03.2010
+ Phantom: Flat Phantom 5.0 (back); Type: QDO0OOPSOAA,; Serial: 1002
« Measurement SW: DASYS, V5.2 Build 157; SEMCAD X Version 14.0 Build 57

Pin250 mW /d=10mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Measurement
grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 96.1 V/m; Power Drift = 0.017 dB

Peak SAR (extrapolated) = 17.5 W/kg

SAR(1 g) = 10.4 mW/g; SAR(10 g) = 5.57 mW/g

Maximum value of SAR (measured) = 13.1 mW/g

-20

0dB = 13.1mW/g
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Impedance Measurement Plot for Body TSL
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D1900V2, serial no. 5D041 Extended Dipole Calibrations
Referring to KDB 450824, 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.

<Justification of the extended calibration>

D1900V2 — serial no. 5D041

1900 Head 1900 Body
Imaginar
Real Imaginary Real
Date of Return-Loss | Delta Delta Delta | Return-Los| Delta Delta y Delta
Impedance Impedanc Impedance
Measurement (dB) (%) (ohm) (ohm) s (dB) (%) (ohm) |Impedan| (ohm)
(ohm) e (ohm) (ohm)
ce (ohm)
3.23.2010 -24.549 50.896 5.9141 -23.108 46.342 5.669
3.23.2011 -24.489 |0.244 | 50.921 |-0.025] 5.9588 |-0.045| -23.022 | 0.372 | 48.808 |-2.466 | 6.991 | -1.322

Therefore the verification result should support extended calibration.

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




<Dipole Verification Data> - D1900 V2, serial no. 5D041 (Date of Measurement : 3.23.2011)
1900 MHz - Head

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



1900 MHz - Body

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



D1900V2, serial no. 5D041 Extended Dipole Calibrations
Referring to KDB 450824, 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.

<Justification of the extended calibration>

D1900V2 — serial no. 5D041

1900 Head 1900 Body
Imaginar
Real Imaginary Real
Date of Return-Loss | Delta Delta Delta | Return-Los| Delta Delta y Delta
Impedance Impedanc Impedance
Measurement (dB) (%) (ohm) (ohm) s (dB) (%) (ohm) |Impedan| (ohm)
(ohm) e (ohm) (ohm)
ce (ohm)
3.23.2010 -24.549 50.896 5.9141 -23.108 46.342 5.669
3.23.2011 -24.489 |0.244 | 50.921 |-0.025] 5.9588 |-0.045| -23.022 | 0.372 | 48.808 |-2.466 | 6.991 | -1.322
3.23.2012 -26.159 |6.56 50.159 |(0.737 | 5.7824 |0.1317| -24.341 | 5.33 | 47.059 |[-0.707 |4.8668|0.8022

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



<Dipole Verification Data> - D1900 V2, serial no. 5D041 (Date of Measurement : 3.23.2012)
1900 MHz - Head

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



1900 MHz - Body

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

Accrediled by the Swiss Accreditation Service (SAS) Accreditation No.. SCS 108
The Swiss Accreditation Service s one of the signatories to the EA
Muitilateral Agreement for the recognition of calibration certificates

Client Sporton (Auden) Certificate No: D2450V2-736_Jul11

CALIBRATION CERTIFICATE

Object D2450V2 - SN: 736

Calibration procedure(s) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz

Calibralion date: July 25, 2011

This ¢alibration cerificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncerlainties with confidence probability are given on the following pages and are par of the certificate.

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

Calibration Equipment used {M&TE critical for calibraticn)

Primary Standards D # Cal Date {Cenrlificate No.} Scheduled Calibration

Power meter EPM-442A GB37480704 08-Oct-10 (Ne. 217-012686) Oct-11

Power sensor HP 8481A US37292783 08-0c¢t-10 (No. 217-012886) Oct-11

Reference 20 dB Attenuator SN: §5086 (20b) 29-Mar-11 (No. 217-01367) Apr-12

Type-N mismatch combination SN: 5047.2 { 0B327 23-Mar-11 (No. 217-01371) Apr-12

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

DAE4 SN: 601 04-Jul-11 {No. DAE4-801_Jul11) Jul-12

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

Power sensor HP 8481A MY41092317 18-Ocl-02 (in house check Oct-03) n house ¢heck: Oct-11

RF generator R&S SMT-08 100005 04-Aug-29 (in house check Oct-09) In house check: Oct-11

Network Analyzer HP 8753E US37390585 54206 18-Oc¢t-01 {in house chack O¢t-10) In house check: Oc¢t-11
Name Function Sigrga'l.;:ne i

Calibrated by: Claudio Leubler Laboratory Technician s 1|,

\

Approved by: Katja Pokovic Technical Manager

Issued: July 25, 2011

This calibration cenificate shall not be reproduced except in full withoul written approval of the laboratory.
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Calibration Laboratory of S,

. SN T S Schweizerischer Kalibrierdienst
Schmid & Partner 5%'\::?%% Service suisse d'étalonnage
Enginee ring AG :!: ,.-;;-..;%'. C Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland é/,;/f//?\’——i‘\? S Swiss Calibration Service
Accredited by the Swiss Accreditation Sarvice (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) |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

¢) 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:
s 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.

s 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.

s 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.

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

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

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

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

Certificate No: D2450V2-736_Jul11 Page 2 of 8



Measurement Conditions

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

DASY Version DASYS5 V52.6.2

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 389+6% 1.85 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 139mW /g

SAR for nominal Head TSL parameters

normalized to 1W

54.8 mW /g + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.44mW /g

SAR for nominal Head TSL parameters

normalized to 1W

25,6 mW /g + 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 1.95 mho/m
Measured Body TSL parameters (22.0+£0.2)°C 51.7+6% 2.00 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 Condition
SAR measured 250 mW input power 133mW/g

SAR for nominal Body TSL parameters

normalized to 1W

52.3 mW /g + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

8.18 mW /g

SAR for nominal Body TSL parameters

normalized to 1W

24.5 mW /g = 16.5 % (k=2)

Certificate No: D2450V2-736_Jul11
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 544Q+15jQ

Return Loss -27.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 508Q+28iQ

Return Loss -30.7dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.159 ns

After long term use with 100W radiated power, enly 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 ling 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 August 26, 2003

Certificate No: D2450V2-736_Jul11 Page 4 of 8



DASYS5 Validation Report for Head TSL

Date: 25.07.2011

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 736

Communication System: CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; ¢ = 1.85 mho/m; &, = 38.9; p = 1000 kg/’m3
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(4.45, 4.45, 4,45), Calibrated: 29.04.201]
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics; DAE4 Sn601; Calibrated: 04.07.2011

Phantom: Flat Phantom 5.0 (front}, Type: QDOOOPS0AA; Serial: 1001
DASYS52 52.6.2(482); SEMCAD X 14.4.5(3634)

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 = 98.095 V/m; Power Drift = 0.09 dB

Peak SAR (extrapolated) = 28.615 W/kg

SAR(1 g) = 13.9 mW/g; SAR(10 g) = 6.44 mW/g

Maximum value of SAR (measured) = 18.121 mW/g

48
— 0

=4 3. 63

13.88

18.50

2313

0dB = 18.120mW/g
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 25.07.2011

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial; D2450V2 - SN: 736

Communication System: CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; ¢ = 2 mho/m; g, = 51.7; p = 1000 kg/m3
Phantom section: Flat Section

Measurement Standard: DASY 5 (IEEE/TEC/ANSI C63.19-2007)

DASY52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(4.26, 4.26, 4.26); Calibrated: 29.04.2011]
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.07.2011

Phantom: Flat Phantom 5.0 (back); Type: QDOO0OP50AA; 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 = 96.550 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 27.432 W/kg

SAR(1 g) = 13.3 mW/g; SAR(10 g) = 6.18 mW/g

Maximum value of SAR (measured) = 17.294 mW/g

- 4.43

13.28

12.70

22.13

0dB = 17.290mW/g
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Impedance Measurement Plot for Body TSL
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D2450V2, serial no. 736 Extended Dipole Calibrations
Referring to KDB 450824, 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.

<Justification of the extended calibration>

D2450V2 — serial no. 736

2450 Head 2450 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)
7.25.2011 -27.042 54.398 1.4805 -30.696 50.812 2.8262
7.25.2012 -27.950 |-3.365 | 52.541 1.857 | 0.77343 |0.707 -31.781 -3.535 | 50.572 0.24 1.5953 1.2309

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




<Dipole Verification Data> - D2450 V2, serial no. 736 (Date of Measurement : 7.25.2012)
2450 MHz - Head

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



2450 MHz - Body

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

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,2
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 Wiraless
Communications Devices: Measurement Techniques®, December 2003

b) IEC 622081, "Procedure to measure the Specific Absorption Rate {SAR) for hand-held

c)

devices usad in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
Fabruary 2005

Federal Communications Commission Office of Engineering & Technology (FCC CET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequancy
Electromagnetic Fields, Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
supplameant 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 fraquency indicated.

Antenna Paramelers 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 orieniad
parallel to the body axis.

Fead Point Impedance and Retum Loss: These parametars are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurament at the SMA connector to the feed point. The Retum Loss ensures low
reflected power. No uncerainty raguirad.

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

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.

Carificate No: DSGHzV2-1006_Jan12 Paga 2 of 13



Measurement Conditions

RBASY systam configuration, as far as nof given on page 1.

DASY Version DASYS VE2.5.0
Extrapalation Advanced Extrapolation

Phantom Mexdular Flal Phantom V5.0

Distanice Bipole Candor - TSL 10 mm with Spacer

Zoom Scan Resalutlan

de, dy = 4.0 mm, dr =1.4 mm

Graded Rato = 1.4 [Z directon)

Frequency

5200 MHz = 1 MHZ
5500 MHz = 1 MHZ
5800 MHZ = 1 fHz

Head TSL parameters at 5200 MHz

The following paramatars and calculations were appied

Temperature Parmitthity Conductivity

Naminal Hésd TSL paramaters 220G 36.0 d B8 miksalm

Measired Head TSL parameters (220 £0.2)°C HI3+E8% 4,60 mho'm = 8 %

Haad TSL temperature change during fest <0.5°C — 8
SAR result with Head TSL at 5200 MHz

SAR averaged over 1 em® {1 g} of Head TSL Conditicn

SAR measured 100 mW inpul power TatmW /g

SAR lor nominal Head TSL parameters normalized o W o2 mW /g £ 17.0 % (K=2)

SAR averaged over 10 em” (10 g) of Head TSL condiion

SAR measured 100 mW input powar 226mW g

SAR for nominal Head TEL parameters nommakizad o 1TW 228 mW g = 16.5 % (k=2)

Head TSL parameters at 5500 MHz

The follewing parameters and calculaions were applied,

Temperature Parmiftlvity Conducthity

Homingl Heod TSL paramaters 22070 35.6 4. 88 mha/m

Measured Head TSL peramators f22.0 =0.2)°C J5 8L 8% 490 mbin = 6 %

Head TSL temperatira change during test «0.5°C — —
SAR result with Head TSL at 5500 MHz

SAR averaged over 1 em’ (1 g) of Head TSL Caondditinn -

SAR mpasurad 100 W input power BE2mW S g

SAR for nominal Head TSL parametars normatized o 1W B85.2 mW /g = 17.0 % (k=2)

SAR averaged over 10 om” (10 g) of Head TSL candition

SAR measured 100 mW inpul power 24z2mwWig

SAH for normnal Head TEL parameters rormalkized 16 1W 24.2 mW /g £ 16.5 % (km2)

Certificata No: DSGH22-1006_Jan12
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Head TSL parameters at 5800 MHz

'I'heiulluwin'g paramains and calculations were apalied.

Temperaiure Permittivity Conducthvity

Hominal Hend TSL parametars 207G 353 52T mbnim

Megsured Head TSL paramaobers (2.0 = 0.2 "0 3Edz6% £.22 mho'm = § %

Hesd TSL temparalure changs during tesi | < L5 5 - o
SAR result with Head TSL at 5800 MHz

SAR averaged over 1 em” (1 g} of Head TSL Canditian

SAR measured 100 mW input power T80 mw g

SAR for nominal Head TSL parameiers normalzed to 1W 70.0 mW / g = 17.0 % (k=2)

SAH averaged over 10 em” (10 g) of Head TSL condition

SAR measured 100 mW Input power 224 mN /g

SAR for nominal Hasd T5L paramaters normalized fo 1W 224 mW /g = 165 % (k=2)

Cedificate No: DEGHVZ-1006_Jani2 Pagedal 13




Body TSL parameters at 5200 MHz

The lollowing parameaters and caleulations were appiied.

Temperaturs Parmitiily Canduativity

Nominal Body TSL parametars 220°C AD.0 5,30 mhosm

Maasured Body TSL parametars (@FE0£02)%C 432 + 6% 546 mha'm = 6 %

Body TSL temperature changs during lest €05 °C e —_
SAR result with Body TSL at 5200 MHz

SAR averaged over 1 em® (1 g) of Body TSL Condifian

SAR marsurad 100 mW inpul power F25mW g

SAR for noméinal Body TSL paramelars narmalizad to 1W TEEmW /g = 18.1 % (kn2)

SAR averasged over 10 em” (10 g) of Body TSL congdition

SAR maasured 100 mW inpul powet 20amwig

SAR for nominal Body TSL parameters normalized o W 20.5 mW g = 176 % (k=2)
Body TSL paramelers at 5500 MHz

The lollowing parametars and calculations were appied
Temperalung Permitiivity Conducilvity

Mominal Body TEL paramaters 220°C 48.6 £.65 mhaim

Measured Body TSL parameters 220+ 0230 48.7 = 5% 5.88 mha/m =6 %

Body TSL temperature change during lest <05°C — =%
SAR result with Body TSL at 5500 MHz

SAR averaged over 1 em” (1 g) of Body TSL Candition

SAR measured 100 mW bnpul power 7.86 mW /g

SAR lor nominal Body TSL parametars normalized fo 1W Te.B MW [ g = 18.1 % (k=)

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

SAR measured 100 mWW input powear 218amwW /g

SAR for nominal Body TSL parametars

riormalized e 1W

212 mW /g & 178 % (k=2)

Coatificats Mo DSGHZV2-1008_Jan12

Page 5ol 13




Body TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permitiivity Conductivity
Nominal Body TSL parameters 220°C 482 _ 6.00 mho/m
Measured Body TSL parameters (22.0 £ 0.2) °C 482 +6 % 8.28 mho/m =6 %
Body TSL temperature change during test <05°C o
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 7.30mW /g

SAR for nominal Body TSL parameters

normalized to 1W

73.1 mW /g = 18.1 % (k=2)

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

SAR measured 100 mW input power 2.03mW /g

SAR for nominal Body TSL parameters normalized to W 20.3mW /g +17.6 % (k=2)
-

Certificate No: D5GHzV2-1006_Jan12
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Appendix

Antenna Parameters with Head TSL at 5200 MHz

Impadance, Iransiomad ta tead poini 5230 -36[0

Returmn Loss -20.3dB
Antenna Parameters with Head TSL at 5500 MHz

Impadance, transiormed to feed paint 5084 -2.8 )

Retum Loss 30.7 98
Antenna Parameters with Head TSL at 5800 MHz

Impadance, transfomed to leed polnl LB+ 16D

Feturm Loss -Z24dB
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transtormed 1o lead poim 5274 -81 0

Fetum Loss « 20.7 A8
Antenna Parameters with Body TSL at 5500 MHz

Impedance, ransfonmed 1o feed point 4893+ 09 102

Feiurn Loss « 35 3 dB
Antenna Parameters with Body TSL at 5800 MHz

Impedance, fransformed 15 fesd paint 80 £k- 1,1 8

Feaurn Loss « 20.7 dB
General Antenna Parameters and Design

Electrical Delay {one direclion) 1,104 na

After long larm use wilh 100W radiated power, oniy & sligh! warming of the dipole near the feedpoint can be measurad.

The dipole s mads of standard semirgid coaxial cable. The center conductor of the fasding line is directly connactad to the
second arm of the dipole. The antenna |s therelome short-circuited for DC-signals. On soma of the dipoles, small end caps
are added o the dipole arrns in ordar to improve matehing whan loaded according o the pesition as explgined in the
"Measuremeani Conditions” paragraph. The SAR data are not affected by this changs. The avergll dipole langth [z stil

according b the Standard,

Mo axcassivia force must be appliad 1o the dipole arms, because they might bend or the soldered connacthons near th

feadpalnt may be damagad.
Additional EUT Data

Manifachired by

Marutactured an

August 28, 2003

Cerificale No: DSGHV2-1006 Jan12
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DASYS Validation Report for Head TSL
Date: 17.001.2012

Tesl Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole SGHz; Type: DSGHzV2; Serfal: DSGHzV2 - SN: 1%

Communication System: CW,; Frequency: 5200 MHz. Frequency: 5500 MHz, Frequency: 5800 MHz
Medium parameters used: = 5200 MHz; 6 = 4.6 mho/m; & = 36.3; p= 1000 kg/m’ , Medium parameters
used: f= 5500 MHz, o= 4.9 mho/m; ¢, = 35.8; p = 1000 kg/m’ , Medium parameters used: £ = 5300 MHz, ¢
= 5.22 mhofm; £, = 35.3; p = 1000 ke/m'

Phantom section: Flal Section

Measurement Standard: DASYS (TEEEMEC/ANST CA3.19-2007)

DASY 52 Configuration

= Probe; EX3DV4 - SN3503; ConvF{5.41, 541, 541), ConvF(4.91, 4.91, 491), ConvF{4.81, 4.81,
481, Calibrated: 30.12.2011

o Sensor-Surface; | dmm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601; Calibrated: (04.07,201

= Phantom: Flal Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
» DASYS52 52.8.0(692); SEMCAD X 14.6.4(4989)

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

Reference Value = 61,826 Vim; Power Drifi = 0.09 dB

Peak SAR (extrapolated) = 29.2570

SAR(L g)=T7.91 mW/g; SAR(10 g) = 2.26 mW/g

Maximum value of SAR (measured) = 17.937 mW/ig

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (BxBx7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 64.861 Vim; Power Drift = 0.04 AR

Peak SAR (exwrapolated) = 33,9880

SAR(I g) = 8.52 mW/g; SAR(10 g) = 242 mW/g

Maximum value of SAR {messured) = 19.922 mW/g

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, (=5800 MHz/Zoom Scan,
dist=1.4mm (8xBx7)/Cube (i: Measurement grid: dx=34mm, dy=4mm, dz=1 4rwam

Reference Value = 61 585 Vim; Power Drifi = 0.05 dB

Peak SAR {extrapolated) = 33,3960

SAR(] g) = 7.9 mW/g; SAR(10 g) = 2.24 mWig

Maximum value of SAR (measured) = 18,961 mW/g

Carilicate Mo: DEGHIV2-1006_Jan12 Fage 8ol 13
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
Date: 18.01.2012

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole SGHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1006

Commumication System: CW; Frequency: 5200 MHz, Frequency: 5500 MHz, Frequency: 5800 MHz
Medium parameters used: f = 5200 MHz: g = 5.46 mho/m; & =49.2; p= (000 kg/m” , Medium parameters
used: f= 5500 MHz; o= 586 mho/m; £, =48.7; p = KX k.g.-fmj . Medium parameters used: 7= 5800 MHz;
o =628 mho/m, &= 48.2; p = 1000 kg/m”

Phantom section. Flat Section

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

DASYS52 Configuration,

* Probe: EX3DV4 - SN3MDE; ConvF(4.91, 491, 4.91), ConvF(4.43, 4.43, 443), ConvF{4.38, 4,38,
4.38); Calibrated: 30.12.201 1

» Sensor-Surface: | 4mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn601; Calibrated: 04.07 2011

« Phartom: Flat Phantom 5.0 (back ). Type: QDOOOPS0AA; Senal- 1002
« DASYS5252.8.00692); SEMCAD X 14.6 44089

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

Reference Value = 57.425 V/m; Power Drift =-0.05 dB

Peak SAR (extrapolated) = 28.4360)

SAR(L gh =725 mW/g; SAR(10 g) = 2.04d mW/g

Maximnm value of SAR (measured) = 17037 mWig

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=] 4mm

Reference Value = 5794 Vim; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 33,5870

SAR(L gh = 7.86 mW/g; SAR(I0 g) = 2.19 mW/g

Maximum value of SAR (measured) = 19.044 mW/g

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 4twm

Reference Value =54.193 Vim: Power Drift = -0.04 dB

Peak SAR {extrapolated) = 33.8240

SAR(1 gl = 7.3 mW/g; SAR(10 g) = 2.03 mW/g

Maximom value of SAR (measured) = [8.191 mWig

Carificate No: DSGH2V2-1006_Jan12 Page 11 ol 13
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Impedance Measurement Plot for Body TSL
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cient  Sporton Certificate No: DAE3-577_Juni2
CALIBRATION CERTIFICATE |

Object DAE3 - SD 000 D03 AA-SN: 577

Calibration procedura{s) QA CAL-OB.v24

Calibration procedure for the data acquisition electronics (DAE)

Callbration date! June 06, 2012

This calibration certificate documents the traceabllity 1o national standards, which realiza the physical units of measurements (51}
The measuremarnts and the uncertainlias with confidence probability are given on the following pages and are parl of the certificate.

Al calibrations have been conducted in the closed laboratory faclity: environment temperature (22 £ 37°C and humidity < 70%.

Calibration Equipment used (MATE critical for calibration)

Primary Standards D& Cal Date (Cerfificals Ne. | Sohaduled Calibraticn

Keithlay Multimeter Type 2009 SN: 0210278 28-Sep-11 {No:11450) Sep-12

Secondary Slandards I # Check Date {in house) Scheduled Check

Calibrator Box V2.1 SE UWS 063 468 1001 05-Jan-12 (in house check) In house check:; Jan-13
Mami Furiction Signature

Calibrated by: Bommimgue Sleflen TochmaEan

-
v\ 'Ej' IRN S SR

lssuimd: June 8 2112

Approved by, Fin Bomtholi R0 Diractor

This calibration certificate shall not be reproduced axcept in tull without written approval of the iaboratory.
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughaussirasse 43, 8004 Zurich, Switzerland

Schweirarischer Kalibrierdienst
Service suisse d'étalonnage
Sarvizio svizzero di taratura
Swiss Callbration Service

Accredited by (ne Swiss Accreditation Service (SAS) Accreditation No.. SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multiateral Agreemeant for the recognition of calibration cerfificates

Glossary

DAE data acquisition slectronics

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.

« 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,

¢« 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.

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

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

¢« 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.

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

s [Input resistance: Typical value for information: DAE inpul 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.

Cerfificate Mo: DAE3-577_Jun12 Page 2 of 5




DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: iLsB= B.1uV,
Low Range: 1LsB = 8inV,

full range =
full range =

-100.. 4300 mV

-1

AIMY

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

Calibration Factors X Y Zz

High Range 404.058 + 0 1% (k=2) | 40394540 1% (k=2) | 404.061 +0.1% (k=2)

Low Range 3.83352 +0.7% (k=2) | 3.95384 +0.7% (k=2) | 3.95036 + 0.7% (k=2)
Connector Angle

Connector Angle to be used in DASY system

bl & R e

Carlificate Mo: DAE3-577_Juni2
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Appendix

1. DC Voltage Linearity

High Range Reading (uV) Difference (V) Error (%)
Channel X + Input 199085 54 -0.89 -0.00
Channel X + Input 2000200 1.89 0.0
Channel X - Input -199598.81 2.3 -0.01
Channel ¥ + Input 199095.22 -0.29 -0.00
Channel ¥ + Input 1999947 -1.49 0.00
Channel ¥ - Input -20001.10 0.08 -0.00
Channel £ + Input 189854 .90 -1.65 -0.00
Channel £ + Input 20001.77 1.80 0.01
Channel Z = Input -19299.69 1.56 001
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2000.56 D.24 o.M
Channel X + Input 200.49 -0.28 0.14
Channal X - Input -198.35 0.69 -0.35
Channel ¥ + Input 2000.53 0.31 0.02
Channel ¥ + Input 200.35 044 .22
Channel Y - Input -188.12 037 -0.08
Channel Z + Input 1989.73 0.51 -0.03
Channel Z + Input 189.96 0.76 0,38
Channel Z - Input -200.14 -0.91 0.46
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring lime: 3 sec
Common mode High Range Low Range
Input Voltage {mV) Average Reading (pV) Average Reading (uV)
Channel X 200 813 -11.22
-200 12.49 10.42 |
Channel Y 200 10.28 10.45 ‘
- 200 -12.29 -11.56 |
Channel Z 200 M 8.48 |
- 200 -10.39 -10.87

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

Input Voltage (mV) | Channel X (uV) | Channal Y (uV) Channel Z (uV)
Channel X 200 - .16 -3.68
Channel Y 200 6.63 0.62
Channel Z 200 5.48 4.85

Certificate No: DAE3-577 _Juni12
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4, AD-Converter Values with inputs shorted

DASY measurement parameters; Aulo Zero Time: 3 sec, Measuring lime: 3 sec

High Range (LSB) Low Range (L5B)
Channel X 16237 16308
Channel Y 16451 16683
Channel 2 15995 16468

5. Input Offset Measurement
DASY measurement paramelers: Aute Zero Time: 3 sec, Measuring lime: 3 sec

Input 10MO
Average (V) | min. Offset (4V) | max. Offset (W) | 'O ?::;“"""
Channel X -0.B5 -2.12 066 0.54
Channel Y 002 -1.35 1.15 0.59
Channel Z -2.84 -3.96 .97 0.47
6. Input Offset Current
Nominal Inpul circuliry 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 (+ Vo) +79
Supply (- Vee) -7.6
9. Power Consumption (Typical values for Infarmation)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vec) +0.01 +8 +14
Supply (- Vee) -0.01 -8 -8

Certificate No: DAE3-57T_Juni12
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Calibration procedure for the data acquisition electronics (DAE)
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Glossary

DAE dala 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
« 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 vollmeter in the respective range.

» Connector angle: The angle of the conneclor 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.

* 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.

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

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

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

« [nput 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.

« Input resistance: Typical value for information: DAE input resistance at the connector,
during intermal 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.

Cerificate No: DAE3-495_Apri2 Page20i5



DC Voltage Measurement
A/D - Converter Resalution nominal

High Range:
Low Range:

1LSE =
1LSB =

6.1uv,
61nv ,

full range =

-100...+300 mv
full range = -1.......
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sac

Calibration Factors

X

Y

Z

High Range 404.352 + 0.1% (k=2) | 405.327 £0.1% (k=2) | 405.654 % 0.1% (k=2)
Low Range 3.95463 + 0.7% (k=2) | 3.99214 + 0.7% (k=2) | 3.96716 1 0.7% (k=2)
Connector Angle

Connector Angle to be used in DASY system

147.5°x 1"

Cenificate No; DAE3-495_Apri2
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Appendix

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 199947.08 -0.41 -0.00
Channel X + Input 20003 46 2.34 0.01
Channel X - Input -18997 .49 247 0.0
Channel ¥ + Input 199999.33 2.08 0.60
Channel ¥ + Input 20001.56 0.65 0.00
Channel Y - Input -19999.50 D75 -0.00
Channel Z + Input 199596.88 -0.61 -0.00
Channel Z + Input 20002 89 1.98 0.01
Channel 2 = Input -18808.27 1.61 -0.01
Low Range Reading (uV) Difference {uV) Error (%)
Channel X + Input 2003.08 1.65 0.08
Channel X + Inpul 202 .47 0.7 0.35
Channel X - Input -187 82 0.18 -0.09
Channel ¥ + Input 2001.21 D.06 0.00
Channel Y  +Input 201.12 . 10.45 022
Channel ¥ = Input -188.11 -0.70 0.35
Channel Z + Input 2002.44 1.1 0.06
Channel 2 + Input 200.50 -1.13 -0.56
Channel Z - Input -198.21 -0.02 0.0
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sac; Measuring time: 3 sec
Commeon mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading {uV)
Channel X 200 365 2.03
- 200 -1.07 -2.24
Channel ¥ 200 -0.86 1.37
- 200 o.&2 064
Channel Z 200 1.84 192
- 200 -2.48 -2.59
3. Channel separation
DASY measuremeant parameters: Auto Zero Time: 3 sec; Measuring fime: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel ¥ (uV) Channel Z (uV)
Channel X 200 - 283 ' 194
Channel ¥ 200 487 - -5.00
Channel Z 200 14.63 -0.87

Cedificate No: DAE3-485_Apri2
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4. AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Zero Time: 3 sec; Measurning time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 15807 16448
Channel ¥ 15754 16462
Channel £ 15889 15648

5. Input Offset Measurement
DASY measuremant parameters: Auto Zero Time: 3 sec, Measuring time: 3 sec

Input 10ME
Average (uV) min. Offset (uV) | max. Offset (uV) Std. ?::;aiian

Channel X 0.14 -1.77 1.06 (.51
Channel ¥ 0.58 -1.02 216 0.57
Channel Z -0.65 2.3 1.22 0.68

6. Input Offset Current
Maminal Input circuitry offset current on all channels <2514

7. Input Resistance (Typical values for information)

Zeroing (kDhm) Measuring (MOhm)

Channel X 200 200
Channel Y 200 200
Channel Z 200 200

8. Low Battery Alarm Voltage (Typical values for infarmation)
Typlcal values Alarm Level (VDC)
Supply (+ Vec) +7.9
Supply (- Vee) -7.6

9. Power Consumption (Typical values tor information)
Typical values Switched off (mA) | Stand by (mA) Transmitting {mA)
Supply (+ Vee) +0.01 +6 +14
Supply (- Vec) 0.0 -B 4
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