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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NOBM xy.z
MIA not applicable or not measured

Calibration is Performed According to the Following Standards:

a)

b)

IEEE 5td 1528-2003, “|IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Hate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques®, 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 Enginearing & Technology (FCC OET),
“Evaluating Compliance with FCOC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Figlds; Additional Information for Evaluating Compliance of Mobile and
Fortable Deavices 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 Conaitions: Further details are available frorm the Validation Report at the end
of the certificate. All figures stated in the ceriificate are valid at the frequency indicated.
Antenna Parameters with T5L: 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 Returmn Loss: These parameters are measured with the dipole
positioned under the liguid filled phantom. The impedance stated is transformed from the
measurament at the SMA connactor to the feed point. The Return Loss ensures low
reflected power. Mo uncertainty required.

Efectrical Dalay: One=way delay betwean 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
connectar,

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

The reported uncertainty of measurement is stated as the standard uncertainty of measuremeant
multiphed 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 cordiguration, s far as not given on page 1
DASY Version ' DASYS V5287
Extrapolation Advanced Extrapalation
Phantom Madular Fiat Phantom
Uimﬂnn_ﬂ-_ !.'lipuie Center - TSL l 10 mm with Spacer
Zoom B‘-v:nn Resolution dx, dy, dz =5 mm
Freguency 2450 MHz = 1 MHz
Head TSL parameters
The Icllowing parameters and calculations were applisd,
Temperatura Parmitt/vity Conductivity
Mominal Head TSL parameters 2200 e 1+ 1.80 mhodm
Measurad Head TSL parameters (22.0£0.2) °C ITELE% .81 mhoim < 6 % |
Head TSL umi:t-mllum change during tast =05°C == —
SAR result with Head TSL
SAR averaged over 1 em” (1 g} of Head TSL Conditicn
"SAR measured 250 mW input power 133 Wikg
| SAR for nominal Head TSL paramators narmalized to 1W 526 Wy = 17.0 % (k=2
SAR averaged over 10 em” (10 g) of Head TSL conditian
SAR messured 250 m1|".|' llnpr.!.1.|:|n-'.|uar 6,18 Wikg
SAR for nominal Head TSL paramaterns normalized to 1W 24.5 Wﬂi_g + 16.5 %{h{-ﬁ!h
Body TSL parameters
Mhi tollowlng parameatans and caloulations ware applisd. R,
Temperatura Permiithity Conductivity
Norminal Bady TSL parameiers 22.0°C 527 1.95 mhofm
| Measured Body TSL parametors (22.0 £ 0.2) °C 50.5246% | 2.01 mho/m+8%
Body TSL temperature change during test < (L5 *C
SAR result with Body TSL
SAR averaged aver 1 em” (1 §) of Body TSL Condition
S&AR measurad 250 aﬁnl:u;:'pomr 12.8 Wikg
SAR for nominal Body TSL paramaters normalized to 1W 459.2 Wikg = 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Body T5SL | condition
_:'Eiﬁ.H measured 250 mW Input powar E-E!-T-'W.lkg
éu;ﬂ for nominal Bedy TSL paramatars | mormalized to {W 23.1 Wikg = 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL
Impedance, ransfomed (o feed poit S535Q+29i0
Raturn Loss =271 dE

Antenna Parameters with Body TSL

Impedance, transfomed o leed point 48.7 2 + 4.5 [0}

Retum Loss =270 dB

General Antenna Parameters and Design

| chectrical Delay (one dinaclion) 1.158 ns

After long term use with 100 radiated power. only & slight warming of the dipole near the feadpoint can be measured.

Tha dipole is made of standard samirigid coaxial cable. The center conductor of the faeding ling ks direcily connected 1o the
sacond arm of the dipole. Tha antanna is thersfore shart-circuited for DC-signals. On some of the dipolas, small end caps
are added to the dipale arms in order to improve matching when loaded according to the position as explained in the
‘Measuremsant Condilons® paragraph, The SAR data are not affected by this change. The overall dipole length iz still
according to the Standard,

[¥o excessive force must be applied 1o the dipole ams, because they might bend ar the soldered conmnections msar ihe
feadpaint may be damagead.

Additional EUT Data
Manufactured by SPEAG I
Manufactured on Ociober 23, 2007
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DASYS Validation Report for Head TSL

Date: 31.07.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - 5N: 817

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

Medium parameters used: f = 2450 MHz; o = 1.81 5/m; & = 37.8; p = 1000 kg/m’
Phantom section; Flat Section

Measurement Standard: DASY S (IEEEMEC/ANST CG3.19-2007)

DASYS2 Configuration:
«  Probe: ES3DV3 - SM3205; 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 {froni); Type: QDOO0PS0AA; Seral: 1001
« DASYS2STETL13TY SEMCAD X 14.6.1007164)

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

Reference Valoe = 99. 78] Vim; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 27.7 Wike

SAR(] g) = 13.3 W/kg; SAR(10 g) = 6.18 Wikg

Muximum value of SAR (measured) = 16.8 Wikg

-14.40

10,29

-24.0

DdB = 168 Wikg = 12.25 dBW/kg

Certificates Mo: D245002-817_Jul3 Page Hafd
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Impedance Meazurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 31.07.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DMUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 517

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

Medium parameters used: = 2450 MHz; o = 2.01 8/m; £ = 50.5; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:
= Probe: ES3DV3 - SN3205; ConvF{d.42, 442, 442); Calibrated: 28.12.2012;
¢ Sensor-Surface: 3mm (Mechanical Surface Detection)
s Electmonics: DAES Sn601; Calibrated: 25.04.2013
» Phantom: Flat Phantom 5.0 (back); Type: QDOOOP30AA; Serial: 1002
e DASYS252.8.7(1137) BEMCAD X 14.6. 1T164)

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

Reference Value = 94131 VWim; Power Dnft = 0.06 dB

Peak SAR (extrapolated) = 26.3 Wikg

SAR(I g) = 12.6 W/kg; SAR(10 g) = 5.87 Wikg

Maximum value of SAR (measered) = 16.7 Wik

-24.08

0dB = 16.7 Wike = 12.23 dBWikg

Cartificati Mo, D245002-817_Juli3 Fage 7ol B
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Impedance Measurement Plot for Body TSL
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D2450V2, Serial N0.817 Extended Dipole Calibrations

Per IEEE Std 1528-2003,the dipole should have a return loss better than -20dB at the test
frequency to reduce uncertainty in the power measurement.

Per KDB 865664 DO01,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.817
2450 Head
Date of Return-Loss Delta ImpF:zglzlnce Delta I:Tp?&gﬁ?; Delta
0,

Measurement (dB) (%) (ohm) (ohm) (ohm) (ohm)
7.31.2013 -27.140 -- 53.512 -- 2.897 --
7.30.2014 -26.620 1.92 52.828 0.684 3.898 0.911

D2450V2 Serial No.817
2450 Body
Date of Return-Loss Delta Impzzglnce Delta I:TTpa;gc;gﬁ::):e Delta
0,

Measurement (dB) (%) (ohm) (ohm) (ohm) (ohm)
7.31.2013 -26.968 -- 49,723 -- 4.465 --
7.30.2014 -25.469 5.56 49.237 0.486 5.234 0.769

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.

Page 9 of 50
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Dipole Verification Data D2450V2 Serial N0.817
2450 MHz-Head

1 Active ChjTrace 2 Response 3 Stimulus 4 Mkrfanalysis S Inskr Stake

1 Active ChjTrace 2 Response 3 Stimulus 4 Mkrfanalysis S Inskr Stake
ale 1.000U [F1 Del]

Dump
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O
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1 Active ChfTrace 2 Response 3 Stimulus 4 Mkrfanalysis 5 Instr State 1 Active ChfTrace 2 Response 3 Stimulus 4 Mkrfanalysis 5 Instr State
] Wag 10 7 Ref -10.0008 LFL De1] VI 2% Smith (Rejwy = DooU LFL
>
[ Log Mag
Fhase
10.00
Group Delay

Polar

Lin Mag

H SWR

-40.00

Real

Imaginary

1 Start 2.25 GHz IFEIW 70 kHz

v

Stop 2.6E GHz [E[! [1 Start 2.25 GHz IFEW 70 kHz Srop 265 GH:z B!
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Per IEEE Std 1528-2003,the dipole should have a return loss better than -20dB at the test
frequency to reduce uncertainty in the power measurement.

Per KDB 865664 DO01,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.817

2450 Head
Date of Return-Loss Delta ImpF:zglzlnce Delta I:Tpa;gégi?; Delta
0,

Measurement (dB) (%) (ohm) (ohm) (ohm) (ohm)
7.31.2013 -27.140 -- 53.512 -- 2.897 --
7.30.2014 -26.620 1.92 52.828 0.684 3.898 0.911
7.29.2015 -25.93 2.59 53.086 0.258 4.095 0.197

D2450V?2 Serial N0.817
2450 Body
Date of Return-Loss Delta ImpZﬁZlnce Delta Imqpaégégﬁgg Delta
0,

Measurement (dB) (%) (ohm) (ohm) (ohm) (ohm)
7.31.2013 -26.968 -- 49,723 -- 4.465 --
7.30.2014 -25.469 5.56 49,237 0.486 5.234 0.769
7.29.2015 -25.139 1.30 49.31 0.073 5.419 0.185

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.
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Dipole Verification Data D2450V2 Serial N0.817
2450 MHz-Head

40.00

10.00

-10.00

-40.00

IFEI 70 kHz Stop 2,65 GHz [ |1 Start 2.25 GHz Stop 2,65 GHz [
Re.

40.00

10.00

-40,00

1 Start 2.25 GHz TFBW 70 kHz Stop 265 GHz [ |1 Start 2.25 GHz IFBW 70 kHz Stop 2.65 GHz [E20
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to 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} Federal Communications Commission Office of Engineering & Technalogy (FCC QET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
c) 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 cerificate 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.

o Feed Point Impedance and Retum 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 Hetumn Loss ensures low
reflected power, No uncertainty required.

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

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

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

+  SAR for nominal TSL paramefers: 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 85%.

Cedificate Mo: DSGHZV2-1085_Mayil Page 2 of 16
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Measurement Conditions

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

DASY Version DASYS V5286
Extrapolation Advanced Exirapolation

Phantom Modular Flal Phantorn V5.0

Distance Dipole Center - TSL 10 mim with Spacer

Zoom Scan Resolution

dx, dy = 4.0 mm, dz = 1.4 mm

Graded Ratio = 1.4 (£ direction)

Frequency

B200 MHz + 1 MHz
5300 MHz + 1 MHz
5500 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 Parmittivity Conductivity
Morminal Head TSL parameters 220°C 38.0 4.68 mha/m
Measured Head TSL parameters (22.0=02)%C 56 % 4.50 mha'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 Heasd TSL Condition
SAR maasured 100 mWW input power T.94 Wikg

SAR for nominal Head TSL paramaters

normalzed 1o W

79.6 Wikg + 19.9 % (k=2)

SAR averaged over 10 em® (10 g) of Head TSL condition
SAR measured 100 miY inpud power 2.27 Wikg
SAR for nominal Head TSL parametors nesmalized 1o 1W 22,7 Wikg = 19.5 % (k=2)
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Head T5L parameters at 5300 MHz

The following parameters and calculations were applied.

Temperature Parmittivity Conductivity
Mominal Head TSL parameters 220°C 359 4.78 mho'/m
Measured Head TSL parameters (22.0x0.2)°C WI=E% 4,60 mho'm = & %
Head TSL temperature change during test <0.5°C —
SAR result with Head TSL at 5300 MHz
SAR averaged over 1 em” (1 g) of Head TSL Candition

SAR measuned

100 miY input power

8,30 Wikg

SAR for nomanal Head TSL parameters

normalized o 1W

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

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

comndition

SAR i asuned

100 mhY input power

2.37 Wikg

SAR for nominal Head TSL paramatars

nesrnalized 1o 1W

23.7 Wikg = 19.5 % (k=2)

Head TSL parameters at 5500 MHz

Thé following parameaters and calculations were applied,

Temperatura Permittivity Conductivity
Mominal Head TSL paramatars 22 0°C 358 4 96 mha'm
Measured Head TSL parameters (22.0£02)°C 361 6% 4,78 mha'm £ 6 3
Head TSL temperature change during test = 0.5°C o

SAR result with Head TSL at 5500 MHz

SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measuned 100 mW input power 8.42 Wikg
SAR for neminal Head TSL parameters normalized to 1W B4.3 Wikg = 19.9 % (k=3)
SAR averaged over 10 em® (10 g) of Head TSL condition
SAR measuned 100 mW input power 2.40 Wikg

SAR for nominal Head TSL paramaters

normalized to 1W

24.0 Wikg = 19.5 % (k=2)
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Head TSL parameters at 5600 MHz
The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 35.5 5.07 mhwo/m

Measured Head TSL parameters (22,0 £ 0.2) *C IE0£E% 4.89 mho/m = 6 %

Head TSL temperature change during test <0.5%C ween e
SAR result with Head TSL at 5600 MHz

SAR averaged ower 1 em® (1 g) of Head TSL Condition

SAR measuned 100 mW input power B.24 Wikg

SAR for neminal Head TSL parameters normalized o 1W B2.8 Wikg + 19.9 % (k=2)

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

SAR maasuned 100 mW input power 2.34 Wiikg

SAR for nominal Head TSL paramaters normalized to TW 23.4 Wikg = 19.5 % [k=2)
Head TSL parameters at 5800 MHz

The following parametars and calculations were apolied.
Temperature Permittivity Condustivity

Nominal Head TSL parametars 220°C =3 5.27 mha'm

Measured Head TSL parameters (220x0.2)°C BET2E% 5.11 mho/m = & %

Head TSL temperature change during test <0.5°C e s
SAR result with Head TSL at 5800 MHz

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

SAR measuned 100 mW input power 7.86 W/kg

SAR for nominal Head TSL parametars nommalized to 1W TE.T Wikg = 19.9 9% (k=2)

SAR averaged over 10 er” (10 g) of Head TSL condition

SAR measuned 100 mW ingput powar 2.23 Wiy

SAR for nominal Head TSL parametars normalized to 1W 22.3 Wikg = 18.5 % (k=2)
Cartificate No: DSGHzV2-1095_May13 Page 5 of 16
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Body TSL parameters at 5200 MHz
Thea following parameters and calculations were applied,

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 48.0 5.30 mivym
Measured Body TSL parameters (220 0.2)°C 496 + 5% 5.41 mho/m £ 6%
Bady TSL temperature change during test <050 ———
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 cm?® (1 g) of Body TSL Condition
SAR maasured 100 mW input powar 744 Wikg

SAR for nominal Body TSL parameters

nmormalized to 1W

746 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.08 Whkg

SAR for nominal Body TSL parameters normalized o 1W 20.9 Wikg = 19.5 % (k=2)
Body TSL parameters at 5300 MHz

The following parameters and calculations wene applied.
Temperature Parmittivity Conductivity

Nominal Body TSL parameters 220°C 48.9 5.42 mho/m

Measured Body TSL parameters (22.0=0.2)°C 494=6% 5.53 mho/m £ 6 %

Body TSL temperature change during lest < 0,5°C
SAR result with Body TSL at 5300 MHz

SAR averaged over 1 em”® (1 g) of Bedy TSL Conditian

SAR measured 100 MW inpaut power 7.58 Wikg

SAR for nominal Body TSL paramelars nenmalized to 1W TE.0 Wikg = 19.9 % (k=2)

SAR averaged over 10 em® {10 g) of Body TSL condition

SAR measured 100 W input powar 212 Wikg

SAR lor nominal Body TSL paramelens nomalized to 1W 21.3 Wikg £ 19.5 % (k=2)
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Body TSL parameters at 5500 MHz

The fellowing parameters and calculations ware applied.

Temperature Permittivity Conductivity
MNeminal Body TSL parameters 220G 486 5,85 mho/m
Measured Body TSL parameters (220202 °C 481 6% 5.80 mhoim = 8 %
Body TSL temperature change during test <0.5°C - -
SAR result with Body TSL at 5500 MHz
SAR averaged over 1 em” (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.0 Wikg

SAR for noménal Body TSL parametaers

nomalized to 1W

79.1 Wikg £ 19.9 % (k=2)

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

SAR measurad 100 mW input power 218 Wikg

EAR for nominal Body TSL parameiars normalized to 1W 22,0 Wikg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz

The following pararmetens and caloulations wen: applied,
Temperature Permittivity Conduchivity

Mominal Body TSL paramebers 220°C 48.5 5,77 mhaim

Measured Body TSL parameters (22.0=0.2)°C 490 = 5% 5.60 mhoim = & %

Body TS5L temperature change during test <0.5*C
SAR result with Body TSL at 5600 MHz

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

SAR measured 100 miV inpul power 7.76 Wikg

SAR for nomingl Body TSL paramaters normalized 1o 1W 77.8 Wikg + 19.9 % (ku2)

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

SAR measured 100 mW input power 215 Wikg

SAR for nominal Body TSL paramaelers normalized to 1W 21.8 Wikg = 19.5 % (k=2)
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Body T5L parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
MNominal Body TSL parameters 220°C 48,2 £.00 mhofm
Measured Body TSL parameters (22,0 £0.2) °C BE=E% .24 mho'm £ 6 %
Body TSL temperature change during test = 0.5 -

SAR result with Body TSL at 5800 MHz

SAR averaged over 1 em® (1 g) of Bady TSL Conditicon
SAR measured 100 mW input power T.47 Wikg
SAR for nominal Body TSL parameters normmalized to 1W 75.0 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 100 mW Inpart power 2.08 Wikg
5AR for nomingl Body TSL parameters riemalized o 1%W 20,7 Wikg = 19.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL at 5200 MHz

Impedancs, ransformed to feed point 5020-64i0

Rétum Loss -23.5d8
Antenna Parameters with Head TSL at 5300 MHz

Impedance, transformed to feed point 5020-33j0Q

Raturn Loss - 286 dB
Antenna Parameters with Head TSL at 5500 MHz

Impedance, fransformed fo feed point 5320-220

Raturn Logs - 28.5 dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed 1o feed point 5600 -1.1 02

Returm Loss - 24 BdB
Antenna Parameters with Head TSL at 5800 MHz

Irmpadancs, transiormad to fead point 55.4 L} - 2.8 j2

Aetum Loss - 24.8 4B
Antenna Parameters with Body TSL at 5200 MHz

Imipadancs, ranshommead to fead point 507 L3 - 5.3

Rétum Loss -255d8
Antenna Parameters with Body TSL at 5300 MHz

Impedance, transformed to feed point BB80-15j0

Ratum Loss -35.54dB
Antenna Parameters with Body TSL at 5500 MHz

Impedanca, iansformed to fead point 380 -12M

Retum Loas - 28.4 dB
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Antenna Parameters with Body TSL at 5600 MHz

Impadancs, ransformed to feed point 5620+ 1.1 j
Retum Loas - 24.5 dB

Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed to fead point B5.6 0 + 0.3 jix
Retum Loss - 25.5 dB

General Antenna Parameters and Design

| Electrical Delay (one direction) 1.208 s

After long tarm wse wilh 100W radiated power, only a slight warming of the dipola near the leedpoint can be measuned,

The dipola is made of standard zemirigid coaxal cable. The center conductor of the faeding line is disectly connected 1o the
gecond am of the dipole. The antenna is therefora shert-circuited for DC-signals. On some of the dipoles, small ond caps
are added to the dipole amys in order to improve matching when loaded according to the position as explained in the
*Measuremant Conditions® paragraph, The SAR data ane not aflected by this change. The overall dipole length is still
according to the Standarnd,

Mo excassive force must be applied 1o the dEpole arms, because they might bend or the soldered connections near the
faadgaint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on Seplermber 24, 2010
Cartificate Mo: DEGHzV2-1085_May13 Page 10 af 16
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DASYS5 Validation Report for Head TSL

Date: 30.05.2013
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 5GHz; Type: DSGHzV2: Serial: DSGHzV2 - SN: 1095

Communication System: UID 0 - CW ; Frequeney: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: f= 5200 MHz: 6 = 4.5 '-:.n'm & =36.5; p= 1000 kg/m’ , Medium parameters used:
f=5300 MHz; a = 4.6 S/m; & = 36.3; p = 1000 kg/m” , Medium parameters used: f = 3500 MHz; o = 4.79
Sm; :;,- 36.1; p= 1000 Istg_.fm Medium parameters used: = 5600 MHz; o = 4.80 S/m: & = 36; p= 1000
kg/m’ , Medium parameters used: f = 5300 MHz; o = 5.11 S/m: &=35.7; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Standard; DASY S (IEEEMECFANSI C63. 19-2007)

DASYS2 Configuration:

» 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(4.91, 4.91, 4.91); Calibrated: 28.12.2012, ConvF(4.76, 4.76, 4.76);
Calibrated: 28.12.2012, ConvE(4.81, 4,81, 4.21 ¥ Calibrated: 28.12 2012;

= Sensor-Surfage: |.4mm (Mechanical Surface Detection)

+  Electronics: DAE4 Sn601; Calibrated: 25.04.2013

+ Phantom: Flat Phantom 5.0 {front); Type: QDRODOPS0AA; Serial: 1001
+ DASYS2 52.8.6(1115), SEMCAD X 14.6.9(7117)

Dipole Calibration for Head 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 = 65,153 Vim; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 29.3 Wikg

SAR(1 g) = 7.94 Wikg; SAR(10 g) = 2.27 W/kg

Maximum value of SAR (measured) = 18.3 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm {E.ﬁ:ﬂﬂ}f{:uhe ¥ Measurcment grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 65,596 ¥im:; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 31.2 Wikg

SAR(1 g) = 8.3 Wkg: SAR(10 g) = 2.37 Wikg

Maximum value of SAR (measured) = 193 Wikg

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

Reference Value = 65.084 Vim; Power Drift = 0,08 dB

Peak SAR (extrapolated) = 33.1 Wikg

SAR(1 g) = 8.42 Wikg; SAR(10 g) = 2.4 Wikg

Maximum value of SAR (measured) = 20,0 Wikg
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5600 MHz/Zoom Scan,
dist=1.4mm [Sxﬁx?]f{:uhe = Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.341 Vim: Power Drift = 0.05 dB

Peak SAR (extrapolated) = 32.9 Wike

SAR(1 g) = 8.24 Wikg; SAR(10 g) = 2.34 W/kg

Maximum value of SAR {measured) = [9.9 Wikg

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 = 61.473 Vim, Power Drift = 0.09 dB

Peak SAR (extrapolated) = 32.8 Wikg

SAR(1 g) = 7.86 Wikg: SAR(10 g) = 2.23 W/kg

Maximum value of SAR (measured) = 19.2 Wikg

=6.00

-24.00
-30.00
0dB =192 Wikg = 12.83 dBWikg
Cartificate Mo: DSGHzYV2-1085_May13 Page 12 of 16
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 31.05.2013
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1095

Communication System: UID 0 - CW ; Frequency: 3200 MHz, Frequency: 5300 MIz, Frequency: 5500
MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; ¢ = 5.41 5/m; & = 49.6; p = 1000 kg/m” , Medium parameters
used: f= 5300 MHz; o = 5.53 S/m; & =49.4; p = 1000 kg/m’ , Medium parameters used: f = 5500 MHz; o =
5.8 8/m; g, =49.1; p = 1000 kg/m’ , Medium parameters used: = 5600 MHz: o = 5.8 S/m: & = 49: p = 1000
kg/m' , Medium parameters used: £ = 5800 MHz; o = 6.24 S/m; & = 48.6; p = 1000 kg/m’

Phantom section: Flar Section

Measurement Standard: DASY S (IEEEAECIANSI C63.19-2007)

DASY 52 Configuration;

+ Probe: EX3DV4 - SN3503; ConvlF(4.91, 4.91, 4.91); Calibrated: 28.12.2012, ConvF{4.67, 4,67,
4.67); Calibrated: 28.12.2012, ConvF(4.43, 4.43, 4.43); Calibrated: 28.12.2012, ConvF(4.22 432,
4,22); Calibrated: 28.12.2012, ConvF{4.38, 4.38, 4.38); Calibrated: 28.12.2012;

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

»  Electronics: DAE4 Sn601; Calibrated: 25.04.2013

¢ Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial; 1002
« DASYS252.8.6(1115); SEMCAD X 14.6.97117)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (BxBx7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 58.744 Vim; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 29.0 W/ke

SARCL g) = 7.44 Wikg; SAR(10 2) = 2.08 Wikg

Maximum value of SAR (measured) = 17.0 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)WCube 0: Measurement grid: dx=4mm, dy=4mm, dz=14mm

Reference Value = 58,871 Vim; Power Dirifi = -0.01 dB

Peak SAR (extrapolated) = 30.4 W/kg

SAR(1 g) = 7.58 W/kg; SAR(10 g) = 2.12 Wikg

Maximum valuee of SAR (measured) = 17.5 W/ikg

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=1.4mm

Reference Value = 58.666 Vim; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 33.6 Wikp

SAR(] g) = 7.89 Wikg: SAR(10 g) = 2.19 W/kg

Maximum value of SAR (measured) = 18,7 Wikg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mecasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 58, 108 Vim; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 34.2 Wikg

SAR(1 g) = 7.76 Wkg; SAR(10 g) = 2.15 Wikg

Maximum value of SAR (measured) = 18.5 Wikg

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 = 55.451 Vg Power Drift = -0.03 dB

Peak SAR (exirapolated) = 34.60 Wike

SAR( g) = 747 Wikg; SAR(10 g) = 2.06 Wikg

Maximum value of SAR {(measured) = 18.2 W/ikg

-12.00

-30.00
0dB =182 Wike = 12.60 dBW/kg
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Impedance Measurement Plot for Body TSL
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D5GHzV2,Serial N0.1095 Extended Dipole Calibrations

Per IEEE Std 1528-2003,the dipole should have a return loss better than -20dB at the test
frequency to reduce uncertainty in the power measurement
Per KDB 865664 DO01,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

D5GHzV2 Serial N0.1095

Head
Return Delta Real Delta Imaginary Delta
Date of Measurement Loss (dB) | (%) Impedance (ohm) Impedance (ohm)
0 (ohm) (ohm)

5.31.2013 | -23.943 - 50.168 -- -6.371 --

5200MH
z 5.29.2014 | -23.425 2.16 50.749 0.581 -6.752 0.381
5.31.2013 | -29.552 -- 50.248 -- -3.330 --
>300MHz 5.29.2014 | -27.170 8.06 49.802 0.446 -4.424 1.094
5.31.2013 | -28.522 -- 53.162 -- -2.225 --
S500MHz 5.29.2014 | -29.647 3.94 52.249 0.913 -2.350 0.125
5.31.2013 | -24.762 -- 56.021 -- -1.141 --

MH
S000MHz 5.29.2014 | -26.263 6.06 54.956 1.065 -1.291 0.150
5.31.2013 | -24.760 -- 55.436 -- -2.758 --

MH
>800MHz 5.29.2014 | -24.078 2.75 56.550 1.114 -1.310 1.448

D5GHzV2 Serial No0.1095
Body
Return Delta Real Delta Imaginary Delta
Date of Measurement Loss (dB) | (%) Impedance (ohm) Impedance (ohm)
0 (ohm) (ohm)

5900MHz 5.31.2013 | -25.481 - 50.662 -- -5.322 --
5.29.2014 | -23.945 6.03 50.975 0.313 -6.336 1.014
5.31.2013 | -35.508 -- 50.785 -- -1.496 --
>300MHz 5.29.2014 | -31.173 | 12.21 49.992 0.793 -2.732 1.236
5.31.2013 | -28.426 -- 53.750 -- -1.184 --
S500MHz 5.29.2014 | -28.353 0.26 52.867 0.883 -2.742 1.558
5.31.2013 | -24.537 -- 56.195 -- 1.139 --

5600MH
z 5.29.2014 | -24.330 0.84 56.344 0.149 0.347 0.792
5.31.2013 | -25.494 -- 55.594 -- 0.342 --
>800MHz 5.29.2014 | -24.908 2.30 55.887 0.293 -1.203 1.545

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.
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Dipole Verification Data D5GHzV2 Serial N0.1095

D5GHzV2-Head

1 Active ChfTrace 2 Response 3 Stimulus 4 Mkrfanalysis 5 Instr State
P S11 Mag & /

5

1 Active ChjTrace 2 Response 3 Stimulus 4 Mkrfanalysis 5 Instr State

U [FL Del]

-

Prink

Abart: Printing

Printer Setup...

Inwvert Image
ON

ES0914 Setup

il H Misc Setup

Backlight
ON

—_—
Firmware:
| Revision

v

Statt & GHz IFBW 70 kHz Stop & GHz

W1 Start & GHz TFEW 70 kHz Stop 6 GHe [ [!

D5GHzV2-Body

1 Active ChfTrace 2 Response 3 Stimulus 4 Mkrfanalysis 5 Instr State
[F1 pel]

p L Ackive ChfTrace 2 Response 3 Stimulus 4 MkrfAnalysis 5 Instr State

v

Print

Abart Printing

Printer Setup...

Inverk Image
0N

ES0914 Setup

H Misc Setup

Backlight
0N

—_—
Firmwate
| Revisian

Statt & GHz IFEW 70 kHz Stop & GHz

v

1 Start & GHz

IFBW 70 kHz Stop & GHz [E4)
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Per IEEE Std 1528-2003,the dipole should have a return loss better than -20dB at the test
frequency to reduce uncertainty in the power measurement

Per KDB 865664 DO01,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

D5GHzV2 Serial N0.1095
Head
Real Imaginar

Date of Measurement LReturn Doelta Impedance Delta Impegdancye Delta
oss (dB) | (%) (ohm) (ohm) (ohm) (ohm)

5.31.2013 | -23.943 - 50.168 -- -6.371 --

5200MHz | 5.29.2014 | -23.425 2.16 50.749 0.581 -6.752 0.381
5.28.2015 | -23.192 0.99 50.909 0.16 -6.980 0.228

5.31.2013 | -29.552 - 50.248 -- -3.330 --

5300MHz | 5.29.2014 | -27.170 8.06 49.802 0.446 -4.424 1.094
5.28.2015 | -28.187 3.74 49.973 0.171 -3.953 0.471

5.31.2013 | -28.522 -- 53.162 -- -2.225 --

5500MHz | 5.29.2014 | -29.647 3.94 52.249 0.913 -2.350 0.125
5.28.2015 | -27.742 6.43 52.976 0.727 -2.962 0.612

5.31.2013 | -24.762 -- 56.021 -- -1.141 --

5600MHz | 5.29.2014 | -26.263 6.06 54.956 1.065 -1.291 0.150
5.28.2015 | -25.523 2.82 55.487 0.531 0.283 1.008

5.31.2013 | -24.760 - 55.436 - -2.758 --

5800MHz | 5.29.2014 | -24.078 2.75 56.550 1.114 -1.310 1.448
5.28.2015 | -25.841 7.32 55.187 1.363 -1.813 0.503
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D5GHzV2 Serial N0.1095
Body
Date of Measurement LcF)esestlé(roB) D(Oe/(l)t)a Impzilzlnce (?)ﬁlrf; IlnTpaégc;r;::ye (?)ﬁlrf;
(ohm) (ohm)
5.31.2013 -25.481 -- 50.662 - -5.322 -
5200MHz | 5.29.2014 | -23.945 6.03 50.975 0.313 -6.336 1.014
5.28.2015 -24.992 4.37 50.975 0 -5.587 0.749
5.31.2013 -35.508 -- 50.785 - -1.496 -
5300MHz | 5.29.2014 | -31.173 | 12.21 49,992 0.793 -2.732 1.236
5.28.2015 -32.699 4.90 49.852 0.14 -2.406 0.326
5.31.2013 -28.426 -- 53.750 -- -1.184 -
5500MHz | 5.29.2014 | -28.353 0.26 52.867 0.883 -2.742 1.558
5.28.2015 -30.006 5.83 52.895 0.028 -1.424 1.318
5.31.2013 -24.537 -- 56.195 - 1.139 -
5600MHz | 5.29.2014 | -24.330 0.84 56.344 0.149 0.347 0.792
5.28.2015 -25.266 3.85 55.666 0.678 0.746 0.399
5.31.2013 -25.494 -- 55.594 - 0.342 -
5800MHz | 5.29.2014 | -24.908 2.30 55.887 0.293 -1.203 1.545
5.28.2015 -24.266 2.58 56.492 0.605 -0.292 0.911

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.
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Dipole Verification Data D5GHzV2 Serial N0.1095
D5GHzV2-Head

1 Active ChfTrace 2 Response 3 Stimulus 4 Mkrjanalysis 5 Instr State Active ChfTrace 2 Response 3 Stimulus 4 Mkrfanalysis 5 Instr State
ef 0.000d4B [F1 Del] .

-10

-40

Start 5 GHz IFEW 70 kHz Stop b GHz Start 5 GHz IFBW 70 kHz Stop 6 GHz [

D5GHzV2-Body

1 Active Ch{Trace 2 Response 3 Stimulus 4 MkrfAnalysis 5 Instr State 1 Active ChiTrace 2 Response 3 Stimulus 4 Mhkrfanalysis 5 Instr State
1]

40.00

10.00

-10.00

-40.00

Statt & GHz IFBM 70 kHz Stop 6 GHz (! |[[1 Star & GHz IFEW 70 kHz Stop £ GHz [
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Addt Wo. 51 Nueywin Read, Haldisn Diasia, Beijing, 1081%1, Chinn
Tel: 4@ | 6230465522 10 v
E-mail: cttbpichinmsl. com

CALIBRATION
Ha, LO&TD

N1z

Client Auden Certificate No: Z15-97057
CALIBRATION CERTIFICATE
Object EX30V4 - SN-3667

Calibration Procedures) FO-Z11-2-DD4-01

Calibration Procedunas for Dosimalrig E-fisld Probes

Calibratian date: April 24 2015

This calibration Certificate documents the traceability to national BlBndasds, which realize the physical units af
measurements(Sl), Tha measurements and the uncertainties with confidence probability are given on the following
pages and are part of the cerlificales J

All calibrations heve been conducied in the closed laboratony fa:ih[-’- anvironment temperalurez2+3C and
hurmidity=7T0%.

Calibration Equiomeni used (MATE crilical for calibration)

Primary Standarda 0w Cal Date|Calibraled by, Certificate No.) Scheduled Callbration
Power Mater  NRP2 101813 01-Jul-18 [CTTL. No.J14%02128) un-18
Power sensod NRP-ZE1 | 101547 0-dul-14 [CTTL, No.J14x02148) Jun-15
Power sensor NRP-Z81 | 101543 01-Jul-14 |ETTL, Mo.J14x0a148) Jum=16
Referance10dBAGenualor | 1ENSOW-10dB  13-Mar-14[TMC Mg JZ14-1103] Mar-16
Reference2bdBABenuaior | 1BNSOW-20dB  13-Mar-14[TMC Mo JZ14-1104] Mar-18
Reference Probe EX30V4 | SN 3817 2B-Aug-14(SPEAGMO EX3-3617_Augid) Aug-15
DAE4 SN 77T 17-Sep-14 (SPEACG DAE4-777_Sepid) Sap-18
Secondary Standards D # Cal Date(Caliorated by, Certificate Ma.) Seheduled Calibration
SignaliGenaratorMG3T008 | B201052605 O1=Jul-14 (ETTL, Mo.J14X02145) Jun-15
Metwork Analyzer ESOTIC | MY48110573  03-Feb-15 (CTTL, No.J16X00728) Feb-18
Mame FuncHon B Signatura
Calibrated by Yu Zongying SAR Teat Engineer _.c';‘-.»cp‘%__.__
=
Rewiewed by i Dianyusn BAR Prajec) Leadar 2 .

Approved by Lu Bingsong Deputy Dinector of the laboratory TTE

Issued: April EJJ 2015
This calibration cerificate ehall not be reproduced except in full without weitten approval of the laboratory.
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Al Mo 31 Xucywim Road, Haidios Disrict, Beijing, 100191, Cring

el +85 1 D=6 G552 14 Faun: =+ R ] 0ui 2 100063 33000
Emall elilwchinmil. com ey chedil on

Glossary:

TsL tissue simulating liguid

MORMx vz sengilivity in free space

ConvF sensitivity in TEL | NORMx, .z

DCP dipde compression point

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

ABCD medulation dependeant inearization parameters

Folarization 4 2t rotation around probe axis )

Paolarization & H rotation around an axis that is in the plane fnormal to probe axis {at measuremen! center), i

8=0s normal to probe axis

Connector Angle information used (n DASY system to algn probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a) IEEE Sid 1528-2013, "IEEE Recommended Practice for Determining the Peak Epatial-fAveraged
Specihc Absorption Rate (5AR) in the Human Head from Wireless Communications Devices:
Measuremant Techniques®, June 2013

by [EC 822051, "Procedure to measure the Speciic Absarption Rate (SAR) for hand-held devicas used
i close proximity to the ear (frequency range of 300MHz to 3GHz)", February 2005

Methods Applied and Interpretation of Parameters:

»  NWORMy, iz Assessed for E-finld polarization 8=0 (fS300MHz In TEM-call: F>1B00MHz: wavaguide)

NORMx.y.z ara only Intermediate values, |, the uncerainties of NORMz,y.z does not effect the

£ field uncertainty inside TSL (see below ConvF)

s NORMe gz = NORME y2* frequency_response (ses Frequency Response Chart). This
linearization & implamented in DASY 4 software verslons later than 4.2 The uncertainty of the
[requancy responss is included in the stated uncartainty of ComéE

s CPx ez DCP are numerical linearization parameters assassed based an tha data of DOWET SWESD
{no uncertainty required). DCP does not depend on frequancy naor media

« PAR PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
charactznstics

o Axyz Bxpz Cr oz WRx ¥ 2A B C are numerical linearization paramelers assessed based on the
dala of power sweep for speciic modutation signal. The parameaters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the dicde

»  ComdF and Bowndary Efect Parnmators: Assessed in flat phantem using E-field (or Temperature
Tranzfer Standard for (SE00MHZ) and inzide waveguide using analylical field distributions bassd on
powar maasurements for | *B00MH:. The sama satups are used for assessment af e parameless
appdied for boundary compensation {alpha, dapth) of which typleal uncertainty valued ara given_
These parameters are used in DASY4 software to improve probe accuracy close ta the houndary.
The sensibvity in TSL comespends to NORM,y.z* ConvF whereby the uncertainty corresponds to
that given for ComvF. A frequency dependent Convf is used In DASY version 4.4 and highear which
aliows extending the validity fromdS08MHZ e+ 100MHz

»  Spherical isotropy (30 dewiation from isotropy). in a field of low gradients realizad using a flat
phantom exposed by a patch antenna

= Senzor Ofisel: The senser offsed corresponds to the olfset of virtual measurement centar from e
probe tip (on probe axis). Mo telerance required

# Connector Angle: The angle is assessed using the information gained by determining the NMORMx
{no uncertainty required)

Certificxie Ma. 21507057 Pape 2 of 11
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Probe EX3DVA4

SN: 3661

Calibrated: April 24, 2015
Calibrated for DASY/EASY Systems

{Mote: non-compatble with DASYZ system!)
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CALBRATION LABCORATORY
Add: Mo 8l Xusyusn Baosd, Hildian Dissict, Befjing, 10009, Chra

lel: Bt DU=h 230403 5-27 | 8 Fun- +Bf-1 -6 BWA13- 2009

E-malk colideliisanl cam flip:iw

DASY/EASY - Parameters of Probe: EX3DV4 — SN: 3661

Basic Calibration Parameters

| ' Eijnsnrx _'.f_:'grrspr ¥ Sensor Z | Unc (k=2)
| Norm{uVi{vim)?)* 0.48 0,51 0.48 +10.8%
| DCP(mV) 102 1 1000 10186 '

Modulation Calibration Parameters

Lo Communication [ B [c D VR Une®
System Name dB da-pv | | dB mv (k=2)
0 cw |x (00 oo |10 [000 1967 |+2.0%
[v oo Joo  [10 2066 |
z oo oo [10 [ 2008

The reported uncerainty of measurement is stated as the slandard uncertainty of
Measurement mulbiplied by the coverage factar k=2, which for a nomal distribution
Caorresponds to a coverage probability of approsimately 955

_f'!"--e- uncertanties of Nom X, ¥, 7 do not affect tha E-field uncertainty insida TSL (cee FPage & and Page &)
- Mumerical linearization parameter: uncertzinty nat requined

Uncertainky is determined using the max deviation from linear respanss applying rectangular distrbution
ang 1§ expressed Tor the square of the field value

Cerificate No: Z15-07057 Page 4 af 11
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DASY/EASY - Parameters of Probe: EX3DV4 — SN: 3661

Calibration Parameter Determined in Head Tissue Simulating Media

o
f [MHz]" F;t:'lll:::;f Gonl:li:u;r:;kty ConvE X | ConvF Y | ConvF Z | Alpha” I:::::r:: ::Z:
750 419 089 871 | 971 | 871 | 012 | 100 | +12% |
835 418 0.00 080 960 080 | 010 | 157 [+12%
900 | 415 067 0.37 0.37 937 | 011 | 140 |+12%
1450 40.5 120 B.78 B.76 B76 | 007 | 188 | +12% |
1750 40.1 137 BA3 B43 843 | 013 | 173 | +12%
1900 40.0 140 7.94 7.54 784 | 020 | 191 [+12% |
2000 40.0 140 7.74 7.74 774 | 021 | 112 | +12%
2450 382 | 180 747 | 7a7 | 747 | 022 | 186 | +12%
2600 30 | 196 710 [ 7.10 710 | 026 | 138 [+12%
5200 360 | 466 547 547 547 | 047 | 122 | £13%
.EE-C{l 35,9 4.78 BT . = 42.17 045 1.14 +13%
| 5500 356 4.96 5.02 5.02 502 | 050 [ 118 [xiaw
5600 355 | 507 | 486 | 496 495 | 050 | 115 | #13%
5800 353 527 4.78 478 478 | 040 | 120 | +13%

© Fraquency validity of £100MHz anty applies for DASY w4 4 and higher (Pege 2}, alss it is resiricted to 250MHz. The
uncedandy = the RSS of CanvF uncarainty at calbraton frequency and the uncenainty 1ar (ha indscatad frequency band
" Atfrequency beow 3 GHz, the validily of tssus parameaters (£ and o) can be relaxed 1o £10% if iqud compensation
formula is applied fo measured SAR veluss. At frequencies above 3 GHz, the validity of lissue parameters (£ and 0) &
restricied o £5%. The uncerainty is ihe RSS of the ComnyF uncertainty for indicated 1engst tssua parameteds

% alpha/Depth are determined during callbration. SPEAG warmrants that the mmaining deviabon due 1o the boundary
offect after compensation ta abways kess than + 1% for frequencies Defow 3 GHz and below £ 2% for the frequencees
betwesn 3-6 GHz at any distance larger thar hatl the probe tip diameter from the boundary,

Coertificaie No: 21507057 Pape 5 o1 11
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DASY/EASY — Parameters of Probe: EX3DV4 - SN: 3661

Calibration Parameter Determined in Body Tissue Simulating Media

| | ]
f MHz]° P;"i"ﬁ:; ‘ c“"':;f;:i“ ConvF X | ComvFY | ConvFZ | Alpha® | I::::: :‘L":';;

— 750 | 555 |  ose 972 | 972 | 972 | 015 | 1256 | +12%
835 552 087 g .58 958 968 | 013 | 159 | +12%
300 55.0 105 | 937 | 937 | 937 | 021 | 118 | +12%
1450 540 | 130 | B23 | 823 | 823 | 074 | 134 | +12%
1750 534 | 149 782 | 792 | 782 | 015 | 158 | £12%
1600 53.3 152 B.08 B.08 BOB | 014 | 1983 {+12%
2000 §3.3 162 | 758 | 768 | 788 | 045 | 217 | +12%
2450 527 185 | 731 | 731 | 731 | 027 | 142 | +12%
2600 g825 | 216 7.24 7.24 724 | 020 | 120 | +12%
5300 400 | 530 492 492 402 054 | 099 | £13%
5300 89 | 542 454 454 484 | 055 | 080 | £13%

5500 486 ~ 585 | 433 | 433 | 433 | 050 | 130 | +13%
5600 4B 5 577 4328 426 428 | 048 | 143 | +13%
5800 48.2 BOO | 435 | 435 435 | 050 | 167 | £13%

 Fraguancy vabdity of £100MHz only applies for DASY i 4 and higher (Page 2), else it is restricted to $50MHz. The
uncartainty is the RS of Comd® uncerainty at calibration fraguency and tha uncartainty far the ndicated frequency band
F it frequency below 3 GHz, fhe validity of tissue paramelers (¢ and o] can be relaced to £10% i Iquid compensation
formula is applied to measured 5AR values. Al frequencies sbove 3 GHz, the velidity of tssue parameters (£ and 0) &
resiricted 1o #5%. The sneerisinty is the RSS of the Conw® uncerainty for ndicated {srget tissve raramaters.
iJ.lfl.lphsl'l_'hanrh ma datarmingd during calibraton. SPEAG warranis thal the remaining Seviabon du# to the baundarny
effect after compensation iz shvaye lees than & 1% for frequencias below 3 GHz and balow + 2% for the frequencies
between 35 OHe &1 any dstanca larger than half the probe bip dameder from the boundary

Certificaie No: £15-8T057 Page & af 1
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequancy Response of E-field: £7.5% (k=2)
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Dynamic Range f(SARpeaq)
(TEM cell, f = 900 MHz)

Input Signal[uV]

' 1" 10° 10 1 10’
SAR[mW/em |
B nol campanhitlied #- compenaated
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& nol comaersaled & compensaied
Uncertainty of Linearity Assessment: 20.9% (k=2)
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Conversion Factor Assessment
f=900 MHz, WGLS R9(H_convF) f=1750 MHz, WGLS R22(H_convF)
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Deviation from Isotropy in Liquid
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DASY/EASY - Parameters of Probe: EX3DV4 — SN: 3661

Other Probe Parameters

Sensor Arrangement - Triangula r_
Connector Angle (°) ] 131.?_
Mechanical Surface Detection Mode - i enabled
Optical Surface Detection Mode a disable
Probe Overall Length - 337mm
Probe Body Diamater 10mm
I Tip Langth 8mm
| Tip Diameter . 2.5mm
Probe Tip to Sensor X Calibration Point | 1mm I
| Probea Tip to Sensor Y Calibration Poing . ‘ imm
Probe Tip to Sensor £ Calibration Puim_-_ T 1rnm_
| Recommanded Measurement Distance 'rmm_S-url‘aca- 1.4mm
Certificale Mo: Z15-97057 Page 11 of 11
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wchived & Pariner Engmeenng AG s E e a g‘

43, B0 Junch, Swatzarand
i, Fax 144 2459779
info@speag com, Mipwas Spag com

IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE und s & delicate, high precisian nsirument and requires caraful trestmeant by the usar. Thare ara na
serviceable pars inside the DAE. Special altention shall be given to the following poinds

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

Shipping of the DAE: Bafore shipping the DAE 1o SPEAG for calibration, remove the batteries and pack tha
DAE in an antistatic bag. This antistatic bag shall than be packed into & larger box or container which protects the

DAE from impacts during transpetation. The package shall be marked o indicate that & fragile Instrument is
mside

E-Stop Failures Touch detection may be mafunctioning due 1o broken magneds in the E-slap, Rough handling

of the E-stop may lead 1o damage of these magnets. Touch and colbsion errors are often caused by dust and dir
accumulated in the Eslop. To presend Eslop failure, the customer shall always mount the probe o the DAE
carafully and kaap the DAE unit in & non-dusly emvironmenl il nol used for measuremants

Repair: Minor repairs are performed &t no extra cost during the annual calibeation. However, SPEAG reseres
the right to chasge for any repair espacially if rough unprofessionsl handling caused the delect.

DASY Conflguration Files: Since the exact values of the DAE inpul resistances, as measured during ihe
calibration procedure of 8 DAE unil, are nol used by the DASY software, a nomanal value of 200 MOhm is givan
in the correspanding configuratson 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.

Sehmid & Panner Engineering

TH_BRO40315AD DAE4 doc 11.12.2009
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Engineenng AG
Zaughaussiraass 43, 8004 Turich, Switrerland

Schwaeizerischer Kalibrerdisnst
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Sarvizio svirmro of Eratera
Bwiss Cadibration Sarvice

Acoredited by the Swiss Accrodiation Service (HAS) Aseraditnbion No.; SCS 108
The Swiss Accreditatlon Service 15 one of the sigaabaries ta he EA
MuRilaieral Agresment lar ihe recognition af calibeation cerificates

Client Auden Ceriiticate a: DAE4-918_Decld
CALIBRATION CERTIFICATE |

Object DAE4 - SD 000 DO4 BK - SN: 918

Calbwalicn procedureds) QA CAL-06 v28
Calibration procedure for the data acquisition electronics (DAE)

Galiorason date December 289, 2014

This calibration canificats cocumants e tracsabl ity s nasonal standands, which malize the physical units of moasurements (51}

The measurements ard the uncaainlies wilh confidence probabifly ane given on (he lolowing pages and are pan of e cartiticale
Al cafibrations have boen concuctesd in the chosesd boedory faciléy. envranment lempematone (22 + 3°C ard humidity = 705

Caibration Equipmant used [METE crlica? 107 calinration)

Primary Standards 151 Cad Date fCertBcale Mo Sehaduled Calbmbion
(Rl oL b R —
Hagathiesy Bbatimaatan Type 3001 SN 081 0ETe N3-0uct- 14 {Nec15573) Ohet-15
Secondary Stancards ([ Chaga __-!al_q_- {in higusEeh Schacdubed Chack
Ao DAE Caliration L SE UWWS 053 A4 1001 D7-Jan-14 [in house check) in hause check: Jan-15
Calbrans Boe V2.1 | SE LIMS 006 AR 1008 O7-lan-14 (in housa check)] In house check: Jan-15
HNama Fungsion Sigrafuns
Cafibraind by Exic Hainleld Tadhmician == —y e —
]
ApproynRd by Fin Bomhalt Diapuly Technical Marager B2 .
¥ I.i‘_hll_ i i
lesimd Dacambse 29, 2014
This calbration ceriticate shall rol be reproducsd axcept in Tl without wiiifen spproval of tha abaratony,
Cefificate Mo: DAE4-218_Deci4 Fagae 1 of %
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Multilateral Agreement for the recognition of calibration ceriticates

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
« DC Voltage Measurament: 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 volimetar in the respective range.

« Connector angle: The angle of the connector is assessed measuring the angle
mechanieally by a tool inserted. Uncarainty is not required

s  The following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncerainty,

+ DC Voltage Measuremant Lineanity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurerment.

* Common mode sensitivify: 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 voltage.

« AD Converler Values with inputs shorted: Values on the internal AD converter
comesponding to zero input voltage

o Input Offset Measurement Output voltage and statistical results over a large number of
zerg voltage measurements.

s Input Offset Cument: 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 conneclor,
during internal auto-zeroing and during measurement.

«  Low Battery Alarm Voltage: Typical value for information, Below this voltage, a battery
alarm signal i= generated.

«  Power consumption: Typical value for information. Supply currants in varous operating
modes.

Carfiticate No: DAE4-318_Daci4 Page 2 of &

Page 47 of 50
This report shall not be reproduced except in full, without the written approval of Compliance Certification Services.




oS R= Compliance Certification Services Inc.

e Date of Issue: August 13, 2015 Report No .: C150624R03-C-SF

DC Voltage Measurement
&0 - Comverter Resolulion nominal
High Ranga: 1LSE = BV, full range = -100...+300 my
Low Range 1LSHE = Binv , fll range = -1 +3mMY
DASY measureman parameters: Aulo Zero Time: 3 sec; Measuring time; 3 sec

Calibration Factors | X Y z
High Range 404,263 = 0,02% (k=2) | 404.441 + 0.02% (k=Z) | 403.97520.02% (k=2)
Low Range 3,90223 + 1.50% (k=2) | 398766 £ 1.50% (k=2) ] 3.99058 £ 1.50% (k=2)

Connector Angle

Connector Angle to bs used in DASY system ] 15217

Cartificate Mo: DAE4-918_Dec14 Page 3of 5
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Appendix (Additional assessments outside the scope of SC5108)

1. DC Voltage Linearity

High Ramge Reading (pV) | Difference [uV) Error (%)
Channel X +Input 0oz 3 | 498 0.00
Channel X + Input 20003.84 .13 -0.00
Channal X = Input 20004, 78 140 -0.01 |
Channel ¥ + Input 2000%2 .27 -1.06 0,00
Channel ¥ + Input 2000200 -1.87 0.1
Channel ¥ - Input | -zooos.oo .05 0,00
Channel Z _l-lnpul . 200034.27 -2.10 .-I:I.IZIIZ.‘-
Channel Z + Input 20002 22 -1.448 -0.01
ChannelZ - Inpul _20008.25 223 .01
Low Range Reading (uV) Difference (uY¥) Error (%)
Channel ¥+ Input 200031 | 0.03 0.0
Channel X + Inpat 200.99 0.63 0.34
Channel X - Imput 15848 ) 1.20 -Gl
Channel ¥ + Input 200013 0.0 . 0.00
Channal ¥ + Input 189 68 .39 -0.20
Channel ¥ = Input -188.81 .16 LDE
Channel Z # Input 1888.95 0,05 -0.00 |
ﬂn‘ntl z « Input 196,93 1.3 -0.60
Ghar.i;ml F4 = Input | =201 20 144 nrz
2. Common mode sensitivity
DASY measurement parametars: Auto Zera Tima: 3 sect Measuring time: 3 sac
Common maode High Range Low Range
Input Voltage (mV) Average Reading (u¥} Average Reading (uV)
Channel X 200 5.38 330
- 200 -1.40 -1.689
Channel ¥ 200 11.47 11.14
- 200 -12.63 12,58
| Channel Z 200 14,53 -14.40
|_ 200 11.50 | 11.86
3. Channel separation
DASY measuramen pasametens: Aulo Fero Time: 3 sac; Maasuring fime: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel ¥ (pV] Channel Z {uVv)
Channal X 200 -0.57 5,19 _
Channel ¥ an0 &2z . 042
[ Channe! Z 200 5.83 501
Corificate Mo: DAE4-8918_Decid Page 4 ol 5
Page 49 of 50

This report shall not be reproduced except in full, without the written approval of Compliance Certification Services.




oS R= Compliance Certification Services Inc.

Date of Issue: August 13, 2015 Report No .: C150624R03-C-SF

4. AD-Converter Values with inputs shorted
DASY mssasurgmien] parameters: Aujo ZI_":_r\';- Teme; L,,r'_.E Ml_‘:_:l,sl_lrlng tima; 3 se¢

High Rangs (L5B) Low Range {LSB)

E_C.‘h:;ncl x - o 15962 16466 .
Channel ¥ 16023 17247
Channel 2 15934 16328

5. Input Offset Measurement
DASY measuremean FIETETIE'llErEZ Auta Zero Time: 3 8ac; |'|'|EEEI.IIII'II; tima: 3 sec

Input 10KL2
Average (uV} | min. Offset (pV} | max. Offset (uV) e [l;::']intion
Channel X =0, G0 .24 143 0.75
Channel ¥ 1.14 -0.67 2.02 0.43
ChannelZ | 082 | 184 | 081 0.42
6. Input Offset Current
Wominal Input circuitny offset current on all channels: <2584
7. !npllt Resistamce (Tvpical vauas for information)
Zeraing (kOhm) Meaguring (MOhm)
Channel X 200 200
Channel ¥ 200 200
{:}_lunn:.el_z - - I 200 | 200 |
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vot +7.8
Supply (-Vee) ; 76 |
9. Power Consumption (Typical values for informatian)
Typical values SBwitched aff {mA]) l Stand by {mA) Tranamlulng ()
Supply (+ Vec) | 0.1 | +6 +14
Supgly [- Vee) ' 001 B 4
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