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

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

ID # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration

Power Meter NRP2 101919 01-Jul-14 (CTTL, No.J14X02146) Jun-15
Power sensor NRP-Z91 | 101547 01-Jul-14 (CTTL, No.J14X02146) Jun-15
Power sensor NRP-Z91 | 101548 01-Jul-14 (CTTL, No.J14X02146) Jun-15
Reference10dBAttenuator | BT0520 12-Dec-12(TMC,No.JZ12-867) Dec-14
ReferenceZ0dBAttenuator | BT0267 12-Dec-12(TMC,No.JZ12-866) Dec-14
Reference Probe EX3DV4 | SN 3617 28-Aug-14(SPEAGN0.EX3-3617_Aug14) Aug-15
DAE4 SN 1331 23-Jan-14 (SPEAG, DAE4-1331_Jan14)  Jan-15
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
SignalGeneratorMG3700A | 6201052605  01-Jul-14 (CTTL, No.J14X02145) Jun-15
Network Analyzer E5071C | MY46110673 15-Feb-14 (TMC, No.JZ14-781)
Name Function

Calibrated by: Yu Zongying * SAR Test Engineer

Reviewed by: Qi Dianyuan SAR Project Leader

D e Lu Bingsong Deputy Director of the laboratory %&1

Issued: November 07, 2014
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:
TSL tissue simulating liquid
NORMX,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parameters

Polarization ® @ rotation around probe axis

Polarization 6 6 rotation around an axis that is in the plane normal to probe axis (at measurement center), i

6=0 is normal to probe axis

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

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-Averaged
Specific Absorption Rate (SAR) in the Human Head from Wireless Communications Devices:
Measurement Techniques”, June 2013

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 300MHz to 3GHz)", February 2005

Methods Applied and Interpretation of Parameters:

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

e NORM(f)x,y,z = NORMx,y,z* frequency._response (see Frequency Response Chart). This
linearization is implemented in DASY4 software versions later than 4.2. The uncertainty of the
frequency response is included in the stated uncertainty of ConvF.

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

e PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics.

e Axyz Bx)z Cx)yz VRxy,z:AB,C are numerical linearization parameters assessed based on the
data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

e ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for f<B00MHz) and inside waveguide using analytical field distributions based on
power measurements for f >800MHz. The same setups are used for assessment of the parameters
applied for boundary compensation (alpha, depth) of which typical uncertainty valued are given.
These parameters are used in DASY4 software to improve probe accuracy close to the boundary.
The sensitivity in TSL corresponds to NORMXx,y,z* ConvF whereby the uncertainty corresponds to
that given for ConvF. A frequency dependent ConvF is used in DASY version 4.4 and higher which
allows extending the validity from+50MHz to+100MHz.

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

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

»  Connector Angle: The angle is assessed using the information gained by determining the NORMx
(no uncertainty required).
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Probe EX3DV4

SN: 3953

Calibrated: November 06, 2014
Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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DASY - Parameters of Probe: EX3DV4 - SN: 3953

Basic Calibration Parameters

Sensor X SensorY Sensor Z Unc (k=2)
Norm(pV/(Vim)*)* 0.53 0.54 0.48 +10.8%
DCP(mV)® 101.6 101.2 100.0

Modulation Calibration Parameters

uID Communication A B c D VR UncE
System Name dB dBVpV dB mV (k=2)
0 cw X 0.0 0.0 1.0 0.00 192.6 +2.5%
Y 0.0 0.0 1.0 191.5
z 0.0 0.0 1.0 179.1

The reported uncertainty of measurement is stated as the standard uncertainty of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Corresponds to a coverage probability of approximately 95%.

A The uncertainties of Norm X, Y, Z do not affect the E-field uncertainty inside TSL (see Page 5 and Page 6).
Numerical linearization parameter: uncertainty not required.

E Uncertainly is determined using the max. deviation from linear response applying rectangular distribution
and is expressed for the square of the field value.
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DASY - Parameters of Probe: EX3DV4 - SN: 3953

Caiibration Parameter Determined in Head Tissue Simulating Media

G
f [MHz]® Pa::::;':;yp c°"':;;:‘)’i" ConvE X | ConvF Y | ConvF Z | Alpha® E::::‘") :’k:‘;‘)
835 415 0.90 1012 | 1012 | 1012 | 014 | 125 | +12%
900 415 0.97 9.70 9.70 970 | 023 | 104 | £12%
1810 40.0 1.40 8.00 8.00 800 | 017 | 134 | £+12%
1900 40.0 1.40 7.89 7.89 789 | 022 | 117 | £12%
2100 398 1.49 8.05 8.05 805 | 0.16 | 142 | +12%
2450 39.2 1.80 7.32 7.32 732 | 063 | 066 | +12%
3500 7.8 2.91 7.35 7.35 735 | 050 | 088 | +13%
3700 377 3.12 7.03 7.03 703 | 045 | 102 | £13%
5200 36.0 4.66 5.64 5.64 564 | 029 | 153 | +13%
5300 35.9 476 5.32 5.32 532 | 045 | 077 | £13%
5500 356 4.96 4.78 478 478 | 036 | 090 | £13%
5600 355 5.07 4.60 460 460 | 034 | 096 | +13%
5800 35.3 5.27 440 | 440 440 | 032 | 084 | +13%

0 Frequency validity of £100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted to +50MHz. The
unceﬁamfy is the RSS of ConvF unceriainty at caiibration frequency and the uncertainty for the indicated frequency band.
FAt frequency below 3 GHz, the validity of tissue parameters (€ and o) can be relaxed to +10% if liquid compensation

formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue paramsters (c and o) is
restricted to +5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.
GAIpha;'Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compensation is always less than + 1% for frequencies below 3 GHz and below + 2% for the frequencies

between 3-6 GHz at any distance larger than half the probe tip diameter from the boundary.
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DASY — Parameters of Probe: EX3DV4 - SN: 3953

Calibration Parameter Determined in Body Tissue Simulating Media

% iy G
f [MHz]® Pe?r:Ii:il\‘:;:y r COm:;;:::\;::ty ConvF X | ConvF Y | ConvF Z | Alpha® D(::; (L::::}
835 L 0.97 10.08 10.08 10.08 0.19 127 +12%
900 55.0 1.05 9.84 9.84 9.84 0.25 g b b +12%
1810 533 1:62 7.93 7.93 7.893 0.16 1.63 | 12%
1900 53.3 1.52 7.79 T.79 T.79 0.20 1.24 +12%
2100 b3 2 1.62 8.10 8.10 8.10 0.16 11 +12%
2450 52.7 1.95 7.48 7.48 7.48 0.48 0.84 +12%
3500 51,3 3.31 6.70 6.70 6.70 0.53 0.90 +13%
3700 51.0 38b 6.73 6.73 6.73 0.48 0.97 +13%
5200 49.0 5.30 492 4.92 4,92 0.43 117 | £13%
5300 48.9 542 4.74 4.74 474 0.42 1.20 +13%
5500 48.6 5.65 433 4.33 4.33 0.42 145 | £13%
5600 48.5 SLIT 4.23 4.23 4.23 0.43 156 | £13%
5800 48.2 6.00 4.32 4.32 4.32 0.45 169 | £13%

¢ Frequency validity of +100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted to +50MHz. The

uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

F At frequency below 3 GHz, the validity of tissue parameters (¢ and o) can be relaxed to +10% if liquid compensation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) is
restricted to +5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.

GJI!\Ipha.ch-:pth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compensation is always less than z 1% for frequencies below 3 GHz and below + 2% for the frequencies
between 3-6 GHz at any distance larger than half the probe tip diameter from the boundary.
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Frequency response (normalized)

Uncertainty of Frequency Response of E-field: 7.5% (k=2)
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Receiving Pattern (®), 8=0°

=600 MHz, TEM f=1800 MHz, R22

T T T T T T T T T T T T
-160 -100 -50 0 50 100 180

Roll[*] _
[==—100MHz —.—600MHz —-—1800MHz _—-— 2500MHz]
Uncertainty of Axial Isotropy Assessment: +0.9% (k=2)
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Conversion Factor Assessment

=900 MHz, WGLS R9(H_convF) f=1810 MHz, WGLS R22(H_convF)
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Uncertainty of Spherical Isotropy Assessment: +2.8% (K=2)
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DASY - Parameters of Probe: EX3DV4 - SN: 3953

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 32
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disable
Probe Overall Length 337mm
Probe Body Diameter 10mm
Tip Length 9mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surface 2mm
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Caliration procodure{s) QA CAL-06.v29
Calibration procedure for the data acquisition electronics (DAE)

Catibration dale: March 11, 2015
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Caliation Equipment used (MATE critical for calibration)

Primary Standards D # Cal Date (Certificate No.) Scheduled Calbration

Keithley Multimeter Type 2001 SM: 0810278 03-Oct-14 (No:15573) Oct-15

Secondary Standards 0w Check Date (in house) Scheduled Check

Auto DAE Calibration Uinit SE UWS D53 AA 1001 06-Jan-15 (in house check) In house checi: Jan-16

Calbrator Box V2.1 SE UMS 006 AA 1002  06-Jan-15 (In house check) In houss check: Jan-18
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Glossary

DAE data acquisition electronics

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

Methods Applied and Interpretation of Parameters
» 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.

s 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

* [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 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.

Certificate No: DAE4-1398_Mari5 Page 2 of 5



AD - Converier Resoiution nominai

DC \l’oitgga Measurement

High Range: 1LSB = 6.1uV, full range = -100...+300 mV
Low Range: 1LSB = 8V, fllrange = -1......+3mV
DASY measurement paramaters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y z
High Range 404177 £0.02% (k=2) | 404.159 £ 0.02% (k=2) | 403.623 £ 0.02% (k=2)
Low Range 3.97359 £ 1.50% (k=2) | 3.99241 + 1.50% (k=2) | 3.96804 + 1.50% (k=2)
Connector Angle

! Connector Anale to be used in DASY systemn

| 1955°+1°

Certificate No: DAE4-1398_Mar15

Page 3 of 5




Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voltage Linearity
High Range Reading (uV) Difference (iV) Error (%)
Channel X + Input 19999358 -1.10 -0.00
Channel X + Input 20001.61 1.19 0.01
Channel X - Input -19998.75 2,61 -0.01
Channel Y + Input 199994.17 -0.08 -0.00
Channel Y + Input 19099.73 -0.68 -0.00
Channel Y - Input -20002.27 -0.74 0.00
Channel Z + Input 19999439 -0.01 -0.00
Channei Z + input 19999.60 -0.65 -0.00
Channel Z - Input -20002.37 -0.85 0.00
Low Range Reading (V) Difference (V) Error (%)
Channel X + Input 2000.37 022 -0.01
Channel X + Input 201.03 0.14 -0.07
Channel X - Input -198.68 0.01 -0.00
Channel Y + Input 2000.16 -0.39 -0.02
Channel Y + Input 199.64 -1.42 -0.71
Channel Y - Input -200.57 -1.84 0.83
Channel Z + Input 2000.33 0.14 -0.01
Channel 2 + Input 199.88 -1.17 -0.58
Channel Z - Input -200.01 -1.12 0.56
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 -13.00 -14.85
- 200 16.87 1474
Channel Y 200 8.85 814
- 200 -11.30 -11.41
Channel Z 200 7.15 7.52
-200 -9.35 -9.51
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel Y (V) | Channel Z (uV)
Channel X 200 -3.68 -0.69
Channel Y 200 5.01 - -0.86
Channs! 2 200 828 0.74

Certificate No: DAE4-1388_Mar15
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4. AD-Converter Values with inputs shorted

DASY measureament parameters: Aulo Zero Time: 3 sec; Measuring fime: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 15958 16128
Channel Y 15964 17962
Channel Z 158456 14478

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

Input 10M02
Aversge (uV) | min. Offset (uV) | max. Offset(uy) | St Devistion
(uV)
Channel X -0.22 -1.08 0.72 0.33
Channel ¥ -1.18 -1.94 -0.30 0.32
Channel Z -1.46 2.1 0.01 0.32
6. Input Offset Current
MNominal Input circuitry offset current on all channels: <251A
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 (+ Vec) +7.9
Supply (- Vec) 76
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) | Transmitting (mA)
Supply (+ Vec) +0.01 +6 +14
Supply (- Vece) -0.01 -8 -8
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Stmmary:

This decument presents the method and results from an accredited SAFR. reference dipole calibrancn
performed i SATIMO USA using the COMOSAR test bench. All calibration results are traceable
to national metrelogy institutions
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\ i
: | SAR REFERENCE DIPOLE CALIBRATION REPORT Rt ARSI AT
SATIMO

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, OET 65 Bullenn
C and CEITEC 62209 standards for reference dipoles used for SAR. measurement system validations
and the measurements that were performed to verify that the product complies with the fore

mentioned standards.

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 835 MHz REFERENCE DIPOLE
Manufacturer Satmo
Model SID835
Serial Number SN 46/11 DIP 0G835-190
Product Condition (new / used) New

A vearly calibration interval 15 recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

Sanmo’'s COMOSAR Validation Dipoles are bult in accordance 1o the IEEE 1528, OET 65 Bulletin
C and CELIIEC 62209 standards. The product 1s designed for use with the COMOSAR. test bench
only.

Figure 1 — Sarime COMOSAR Validarion Dipoie
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4 MEASUREMENT METHOD
The IEEE 1528 OET 65 Bullenn C and CEVIEC 62209 standards provide requirements for

reference dipoles used for system validation measurements. The following measurements were
performed to venfy that the product complies with the fore mentioned standards.

41 RETURNLOSS REQUIREMENTS
The dipole used for SAR system vahdanon measurements and checks must have a retam loss of -20
dB or better. The return loss measurement shall be performed aganst a liqud filled flat phantom,
with the phantom constucted as outlined 1n the fore mentioned standards.

42 MECHANICAL REQUIREMENTS

The IEEE 5td. 1528 and CELIEC 62209 standards specify the mechamical components and
dumensions of the validation dipoles. with the dimensions frequency and phantom shell thackness
dependent. The COMOSAR rest bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR. test bench comply with the requirements set forth for a 2
mum phantom shell thuckness.

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertamnty expressed at approximarely the 93%
confidence level using a coverage factor of k=2, waceable to the Internationally Accepred Guides to
Measurement Uncertanty.

3.1 RETURNLOSS

The following uncertamnnes apply to the return loss measurement:

Freguency band Expanded Uncertainty on Return Lass
400-6000MHz 0.1dB

52 DIMENSION MEASUREMENT
The following uncertamnties apply to the dimension measurements:
Length {(mm) Expanded Uncertainty on Length
3-300 0.05 mm

33 YALIDATION MEASUREMENT

The guidelines outlined in the [EEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CELIEC
62209 standards were followed to generate the measurement uncertainty for vabdation
measurements.

Scan Volume

Expanded Uncertainty

lg

203 %

0g

20.1%
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RETUEN LOSS AND IMPEDANCE

Frequaney. MHz
/80 80O B2 8B40 B0 B 0 520 935

41
Freguency (MHz) Return Loss (dB) Requirement (dB) Impedance
835 -24 46 -20 53540+24,0
6.2 MECHANICAL DIMENSIONS
Freguency MHz Lmm h mm d mm
recuired measwred required measured réquired measured

300 420.0 £1 %, 250.0 £1%. 6.35:1%

450 260.0 81 %, 1667 +1 %, ELESEA

750 176.0 £1 %. 100.0 =1 %. 6351 %

835 161041 % PASS B9Btl% PASS 3641 % PASS
ang 1490 #1 %, B33+1% 3641 %

1450 B9.141% 5171 % 3621%

1500 80511 % 5001 % 36:l%

1640 79.0 41 % 857 1% 3621 %

1750 75131 % 22931%. 36s1%

1800 FIO0% 41731 % i6zl%

1900 68011 % 3952l % 36 %

1950 66341 % ELLES LA I621%

2000 54.5 1 % 3751 % 3.621%

2100 610l % 5.7l % 36sl%

2300 55541 % 32641 % 36:1%

2450 51541 % 30.4 £1%. i %

2600 4851 % BB N 3621 %

3000 151 % 2501 % 3611 %

3500 37.0%1 % 26421 % il %

3700 34.7:1 %, 2641 % 36:21%
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