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IMPORTANT NOTICE

USAGE OF THE DAE 4

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

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

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

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

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

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

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

Important Note:

Mever attempt to grease or oll 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.
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cient  Anbotek {(Auden) Certificate No: DAE4-387_Sep08
CALIBRATION CERTIFICATE I
b —— ——

Cibject DAE4 - SD 000 DO4 BM - SN: 387
Calibration procedure(s) QA CAL-0B.v29

Calibration procedure for the data acquisition electronics (DAE)

Calibrabion date: September 06, 2018

This calibration corificate documants the tracaabiity 1o national standards, which realize the physieal units of measuremants (51,
Tha messuremants and the unceraintas with conidance probability are given on the following pages and are gart of the cerificate,

Al calibrations have been conducied in the closed laboratory faclify: emvironment temperature (22 = 3)°C and humidity < 70%

Calibration Equipment used (MATE critical lor calibeation)

| Primary Standards D # Cal Date {Cartificals No.) Schiduled Calibration

Hmithlay Multimater Typa 2001 5N: pB102TE 15-Aug-18 (No:21092) Aug-18

Socondary Standands D # Chack Dabe [in housa) Scheduled Chack L
Auto DAE Calibration Unit SE LWS 053 AA 1001  05-Jan-1B (in house check) In house check: Jan-19

Callbrator Box ¥2.4 SE UME 008 AA 1002  05-Jan-18 {in house check) In houss chack: Jan-19

Name Function Signature
Calibratad by: Dominiqua Steffan Laharatary Technacian %
Approved by Swen Kiihn Deputy Managear

Hﬁ?w

Issued: Seplembes 03, 2018

This calibration cerificate shall not be eproduced excep! in full wilhout written approval of the laboratory
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Glossary

DAE data acquisition electronics

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

Methods Applied and Interpretation of Parameters
* 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.

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

s AD Convearter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltage

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

e 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: DAE4-387_Sep18 Page 2ol 5
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DC Voltage Measurement
ASD - Converter Resolution nominal

High Range: 1L5B = 6.1uV , full ranga = -100...+300 mV
Low Range iLSE = ginV, full ange =  -1......+3m\y
DASY measurement parameters: Auto Zero Time: 3 sec: Measuring time: 3 sec
Calibration Factors X Y F4
High Range 404.480 £ 0.02% (k=2) | 404852 £ 0.02% (k=2) | 404.862 + 0.02% (k=2)
Low Range | 3.97827 + 1.50% (k=2) | 3.95875 + 1.50% (k=2) | 3.97982 + 1.50% (k=2) |

Connector Angle

| Connector Angle o be used in DASY system 530°t1°

Certificate No: DAES-387_Sepi18 Page 3 of 5

Shenzhen Anbotek Compliance Laboratory Limited
Tel:(86)755-26066440 Fax:(86)755-26014772www.anbotek.com



Anbotek

Shenzhen Anbotek Compliance Laboratory Limited

Product Safety FCC ID: 2AMBP-ITRAQ3 Page720f98 Report No.: R0219020002W

Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Linearity

High Range Reading (V) Difference (uV) Error (%)
Channel X + Input 200032 .85 =3.31 -0.00
Channel X + Input 20007 .64 1.88 0.01
Channel X = Input -20003.48 1.18 -0.01
Channel ¥ + Input 20003423 -1.43 -0.00
Channel Y + Input 20006.60 0.9 0.00
Channel ¥ - Input -20004.04 072 -0.00
Channel Z + Input 200035.38 -0.83 =0.00
Channel Z + Input 2000369 =211 0.0
Channel Z = Input -20006.38 -1.59 0.01
Low Range Reading (uV) Differemce (V) Error (%)
Channel X + Input 2001.63 0.08 0.00
Channel X + Input 202,29 0.70 0.35
Channel X = Input -197.90 0.60 -0.30
Channel ¥ + Input 2001.33 -0.07 -0.00
Channel ¥ + Input 200.86 -0.60 -0.30
Channel Y = Input -198.87 -1.23 0.62
Channel Z + Input 2001.61 027 0.09
Channel Z + Input 200.80 -0.70 -0.35
Channel Z = Input -199.51 +0.85 0.43
2. Common mode sensitivity
DASY measurament parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Yoltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 13.50 11.56
= 200 -8.64 -11.18
Channel ¥ 200 -0.81 -1.28
- 200 1.05 0.09
Channel Z 200 77 6.91
- 200 -8.46 -3.01
3. Channel separation
DASY measurement parameters: Aute Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel ¥ {uV) Channel Z (pV)
Channel X 200 - =1.70 0.33
Channel ¥ 200 10.70 = -0.38
Channel Z 200 711 7.88 -
Certificate Mo: DAE4-387_Sepi8 Page 4 of 5
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4. AD-Converter Values with inputs shorted
DASY measuremant parameters: Auto Zero Time: 3 seq; Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 15969 17466
Channel Y 15661 16162
Channel 2 15830 16190

5. Input Offset Measurement
DASY measuremaent parameters: Aute Zero Time: 3 sac: Measuring time: 3 sec

Input 10ME2

Average (uV) min. Offset (uV) | max. Offset (uV) ] Gud. l;::;atlnn
_'E_I'Eﬂnﬂ-l X 0.73 =2.58 320 0.62
Channel Y 0.41 -0.49 1.23 0.40
Channel Z -0.80 -1.88 0.30 0.42

6. Input Offset Current
Mominal Input circuitry offset current on all channels: <2584

7. Input Resistance (Typical values for information)

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

8. Low Battery Alarm Voltage (Typical values for infarmation)
Typical values Alarm Level (VDC)

Supply (+ Vee) +7.9
Supply (- Yee) 7.8

9. Power Consumption (Typical values for information)

Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)

Supply (+ Vec) +0.01 +6 +14

Supply (- Vec) =0.01 . -G
Certificate Mo: DAE£-387_Sep18 Page 5 of 5
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Client -  Anbotek (Auden) Certificate No:  Z16-97103
CALIBRATION CERTIFICATE

2%

1

Object DATEOV2 - BN 1021

Calibration Procedura(s) FD-Z11.2-003-01

Callbration Procedures for dipole validation kits

Calibration date: July 1, 2016

This calibration Certificate documents the traceabilily to nafional standards, which realize the physical units of
measurements(Sl). The measurements and the uncerlainties with confidence probability are given on the following

pages and are part of the cerlificale.

Al calibraticns have been conducted in the closed laboratory facility. environment temperature(22:3)C and
hurnbdity=70%,

Calibration Equipment used (METE critical for calibration)

Primary Standards D# Cal Date(Calibrated by, Cerlificate No.)  Scheduled Calibration
Power Mater NRP2 101918 27-Jun-18 {CTTL, No.J1BXMMTTT) Jun-17
Power sensor  NRP-Z81 | 101547 27-Jun-16 (CTTL, No.J16X0477T) Jun-17
Refarence Probe EX30VY | SN 7307 18-Feb-16(SPEAG Mo, EX3-7307_Feb16) Feb-17
DAE4 ENTT 02-Feb-16(CTTL-SPEAGNo. Z16-87011) Fab-17
Sacaondary Standards I # Cal Date{Calibrated by, Cartificata No.) Schadulad Callbration
Signal Generator E4438C | MY48071430 01-Feb-16 (CTTL, No.J16X00883) Jan-17
Metwork Analyzer ES071C | MY46110673  26-Jen-16 [CTTL, Mo J16X00884) Jan-17
Name Function Signature
Calibrated by: Zhao Jing SAR Test Engineer -&' 5

Reviewed by: Qi Dianyuan SAR Project Leader = A
Approved by: Lu Bingsong Depuly Director of the laboratory E‘L rH%EF?
18

lssued; July 4,
This calibration eerificata shall not be reproduced except in full without written approval of the laboratory.
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CALIBRATION LARORATORY

Auld: Mo, 51 Xeeyunn Roml, Haldian Disiricl, Beijing, 100191, Chinn
Telsi B~ | D-62MHM631-2079 Faxe +Bi5-10-6230443 1250

[=pundl: eltlichinatlcom Hipetiwewesechinti].cn
Glmary-:
TSL tizsue simulating liquid
ConvF sensilivity in TSL/ NORMzx y,z
MAA not applicable or not measured

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 proximily to the ear (frequency range of 300MHz to 3GHz)", February
2005

¢) IEC 62208-2, “Procedure to measure the Specific Absorption Rate (SAR) For wireless
communication devices used in close proximity lo the human body (frequency range of
30MHz to BGHz)", March 2010

d) KDBBG5664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
&) DASY4/S 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
paraliel to the body axis,

s Feed Point Impedance and Relurn 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 uncerainty required.

s Elecirical 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
connactor,

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

The repored uncertainty of measurement iz stated as the standard uncertainty of
Measurement multiplied by the coverage factor k=2, which for a nommal distribution
Corresponds to a coverage probability of approximately 85%,

Certificate No: Z16-97103 Page 2 of &
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h CALIBRATION LABORATORY

Add: Mo 51 Xueyuan Road, Haldian [Nsrict, Beijing, 10009], China
Tk B 1 0-6230633-2079 Faxe: +86-10-62304633-2504

-l citlgichinnitl com Hup:dvwoanechinniil.en
Measurement Conditions
DASY system configuralion, as far as nol given on page 1.
qﬂﬁ‘l‘ \Verslon DASYE2 52 B.8.1256
Extrapolation Advanced Extrapolation
Phantom Triple Flal Phanlom 5.1C
Distanoe Dlpnla Genter - TSL . 10mm with Spacer
Zoom Scan Resolution dx, dy, dz=5 man
Frequency 1750 MHz £ 1 MHz
Head TSL parameters
The following paramalers and caloitalions wu&|y:ﬂlad —
Temperaturs Permittivity Conduetivity
Hominal Head TSL paramaters 220°C 40.1 1.37 mhaim
Measured Head TSL parameters 220+0.5%"C 40.5 + 8 % 1.38 minaim + 8 %
Head TSL temperature change during test <1.0°C - —
SAR result with Head TSL =
SAR averaged over1 cm (1 g) of Head TSL Condilion
SAR measured 260 MW Input powar 217mW /g |
SAR for nominal Head TSL paramelens normalized fo 1W 36.9 mW iig + 20,8 % "i'i
BAR averaged over 10 cim” (10 g) of Hoad TSL Condition
SAR measurad 250 mW input power 4,94 W /g
SAR for nominal Head TSL parameters normalized to 1W 19.8 mW hg £ 20.4 % (k=2)
Body TSL parameters
The following parameaters and calcutations ware applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 534 1.4% mhoim
Measured Body TSL paramaeters (22,04 0.2) "C 53.128% 1.51 mhafm £ 6 %
Body TSL temporature change during lest <1.0"°C - -
SAR result with Body TSL =2
SAR averagoed over 1 o’ (1 g) of Body T5L Condition
SAR measured 250 m inpul power B25mWN I'g
SAR for nominal Body TSL paramtars narmalized fo 1W 36.7 mW ig + 20.8 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL Condition
SAR measured 250 mW inpul poveer 494 MW /g
SAR for naminal Body TSL paramelers normalized fo 1W 19.7 mW fg + 20.4 % (k=2)
Certificate No: Z16-97103 Page 3 ol 8
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Ll CALIBRATION LABORATORY
Add; Mo 51 Xueyunn Reml, | aidian District, Begjing, 100191, China

Tell: &= 10-62304633:-2079 Pz R | 2 306332504
E-pmall: ciilgehbnniil.com Hitpefwwwechinniil en

Appandl-x

Antenna Parameters with Head TSL

Impedance, ransformed lo feed point 48,601 1.40j0
Return Loss ) - 33.8d8

Antenna Parameters with Body TSL

Impedance, transtormead Lo fead paint 46,00+ 0.61j0

Return Loss - 27548

General Antenna Parameters and Design

Electrical Delay (one direcliony I 1.318 ns

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

The dipole is mada of standard semirigid coaxial cable. The center conductor of the faading lina is diractly
connected (o the second arm of the dipole. The antenna is therefore short-circulted for DC-signals. On some
of tha dipoles, small end caps are added to fhe dipole arms in ordar to Improve matching when loaded
according to the position as explained in the “Measurement Conditions™ paragraph, The SAR data are nat
affected by this change. The overall dipale length ks still according to the Standard.

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

Additional EUT Data

Manufaciured by SPEAG !

Certificate No: Z16-97103 Page 4 of &
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éTTL s peag
CALIBRATION LABORATORY

Add: Na.51 Xuweyuan Road, Haidian DMstrel, Dedjing, 100191, China
TalertHi-10-62304613-2079 Fax: #B&-11-62304633-2504
E-mail: eitbifchinati].com gt venwchimantlen

DASYS Validation Repori for Head TSL Dute: 07.01.2016
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1750 MHz; Type: DIT50V2; Serial: DIT50V2 - SN 1021
Communication System: UID 0, CW; Frequency: 1750 MHz; Duty Cycle: 1:1
Medium parameters used: = 1750 MHz; o = 1.362 S/m; er = 40.49; p = 1000 kg/m3
Phantam section: Center Section
Measurement Stnndard: DASYS (IEEETEC/ANS] C63.19-2007)
DASYS.Configuration:

Probe; EXADV4 - SNT7307T: ConvF{8.37, 837, 8.37); Calibrated: 2/19/2016;
Sensor-Surface; 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn771: Calibeated: 222016

Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 116171
Measurement SW: DASYSZ, Version 52.8 (8); SEMCAD X Version 14.6.10 (7T372)

- - - - -

System Performance Cheek/@oom Sean (Tx7x7) (7x7x7)/Cube 0: Measurement grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 47.11V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 16.4Wikg

SAR(1 g)=9.17 Wikg; SAR(10 g) = 4.94 W/kg

Maximum value of SAR (measured) = 13.0 Wikg

-3.26

-6.51

A9.77

-13.02

-16.28

0dB = 13.0 W/kg = 11.14 dBW/kg

Certificate Moz Z16-97103 Page 5 of
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Add; No,51 Xneyuan Rond, Haidisn District, Beging, 100191, China
Tk el 1 D62 MBI -20T9 T +Be= 1002304633250
E-pmal: eitlimehinabil eom Hitpetfwovvchinatilon

Impedance Measurement Plot for Head TSL

el €1 Lag sap 10,0008/ et 0. 00048 [F1]

W00 ST T, 00000 i -33. 049 @8 B =t T
40700
3. 00
sk, 00
A [, B

0. oo | 4
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-, 00 L i

I =11 seich (eefed Scalle 1.000u [F1 oel]
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Add: Mo 31 Xoeyian Rosd, Haidian District, Deijing, 100091, Chinn
Tel=sff- | B-62 3045332079 Fix: +Ree- 1062304063 12504
F-mail: eitbtchinattl.com Hipeifwwwochinmtil.cn

DASYS Validation Report for Body TSL Diate: 07.01.2016
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1750 MHz; Type: DI750V2; Serial: D1T50V2 - SN: 1021
Communication System: UID 0, CW; Frequency: 1750 MHz; Duty Cycle: 1:1
Medium parameters used: = 1750 MHz; o= 1.505 S/m; &;= 53.06; p= 1000 kg/m’
Phantom section: Lefl Section
Measurement Standard: DASY S (JEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

o  Probe: EX3IDVE - SN7307: ConvF(E.18, 8.18, §.18): Calibrated: 2/19%2016;

«  Sensor-Surface: 2mm (Mechanical Surface Detection)

+ Electronics: DAES Sn771: Calibrated: 27272016

+ Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1

»  Measurement SW: DASY 52, Version 52.8 (8); SEMCAD X Version 14.6.10(7372)

System Performance Checl/Zoom Sean (7x7x7) (7xTx Ty Cube 0: Measurement grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 94,11 Vim; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 16.4 Wikg

SAR(L g) = 9.25 Wikg; SAR(I10 g) = 4.94 Wikg

Maximum value of SAR (measured) = 13.1 Wikg

dB
0

=3.30

.59

“0.89

-13.18

-16.48 | g
0dB =131 Wikg=1L17 dBW/kg

Cerlifiente No: Z16-97103 Page 7 of & [
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Impedance Measurement Plot for Body TSL
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CALIBRATION CERTIFICATE
Object D1900V2 - SN: Bd175

Calibration Procedure{s) FD-211-2-003-01

Calibration Procedures for dipole validation kits

Calibration date; Jdun 15, 2016

This calibration Cerfificate documents the fraceability to national standards, which realize the physical units of
measurements(Sl). The measurements and the uncertainfies with confidence probabilily are given an the following
pages and are part of the cartificata.

All calibrations have been conducted in the closed laboratory facillty: environment temperatured22+3)C and
humidity=7T0%,

Calibration Equipment used (MATE critical for calibration)

Primary Standards o # Cal Date{Calibrated by, Cerlificate No.) Scheduled Calibration
Power Metar MNRP2 101818 1 -Jul-15 (CTTL, No.J15XD4256) Jun-16
Power sensor  NRP-Z81 | 101547 01-Jul-15 {CTTL, No.J16X04256) Jun-16
Referance Probe EX30DV4 | SN 7307 19-Feb-16(SPEAG No. EX3-7307_Feb16) Fob-17
DAEY SN 771 02-Feb-18|{CTTL-SPEAG Mo Z16-87011) Feb-17
Secondary Standards D # Cal Date{Calibeated by, Cartificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430 01-Feb-16 (CTTL. No.J16X00883) Jan-17
MWetwork Analyzer ESOTIC | MY46110673  26-Jan-16 (CTTL, No.J16X00894) Jan-17
MName Function Signatura
Callbrated by. Zhaa Jing SAR Test Engineer gj
Raviewead by O Thzie o it
2 Dianyuan SAR Project Leader ﬁ"‘ﬁ"ﬁw
Approved by: Lu Bingsong Deputy Director of the laboratory f?, M“;ﬁpl
lesued: Jun 17, 2016

This calibration certificate shall not be reproduced excepl in full without written approval of the laboratory.
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Add: Wa 51 Xueyuan Road, Hoidion District, Beijing, 100191, China
Tel: +BE&-10-62304633-2070 Fax: +B6=10-62704633-2504

E-mail: extl@chimaliloom Hispcitwvww,chinaiilcn
Glossary:
TSL fissue simulating liquid
ConvF sensitivity in TSL/ NORMx,y,z
NiA not applicable or not measured

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

by IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) For hand-held
davices used in close proximity to the ear (frequency range of 300MHz to 3GHz)", February
2005

¢) |[EC 62208-2, "Procedure to measure the Specific Absorption Rate (SAR) For wireless
communication devices used in close proximity to the human body (frequency range of
30MHz o 8GHz)", March 2010

d) KDBBG5664, SAR Measurement Reguirements far 100 MHz to 6§ GHz

Additional Documeantation:
a) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e Measurement Condifions: Further details are available from the Validation Report at the end
of the cerlificale. All figures stated in the certificate are valid at the frequency indicated,

« Anfenna 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 lransformed from the
measurement at the SMA conneclor to the feed point. The Return Loss ensures low
reflected power. Mo uncertainty required.

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

« SAR measured: SAR measured at the stated antenna input power,

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

e SAR for nominal TSL paramelers: The measured TSL parameters are used lo calculate the
nominal SAR result.

The reported uncertainly 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%.

Cerlificate No: Z16-97090 Page 2 of B
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Measurement Conditions
DASY systam configuration, as far as nod ghven on page 1,

DASY Version DABYS2 62.8.8.1258
Extrapalation Advanced Extrapolalion

Phantom Triple Flal Phantom 5.1C S I
Distance Dipole Canter - TEL 10 mm L;'|_Ih-5FIEI=Er

Zoom Sean Resolution du, dy, dz = 5 mm

Froquancy 1800 MHz £ 1 MHz

Head TSL parameters
The fellowing parameders and caloulations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1.40 mha/m
Measured Head TSL paramators (22.0+0.2)*C 403 +6% 1.38 mhadm £ 6 %
;d; TSL temperature change during test =1.0"C - s —
SAR result with Head TSL
SAR averaged over1 o’ (1 al of Head TSL Condition
SAR measured 250 mW input power BEEmW /g
SAR for nominal Head TSL parameiers narmalized io TW 40,4 mW ig £ 208 % (k=2)
i SAR averaged over 10 cm’ (10 g) of Head TSL Condition
SAR measured 250 mW input power G2EmMW /g
SAR for nominal Head TSL parameters narmalized o W 21,3 mW ig £ 20.4 % (k=2)
Body TSL paramaters
Tha following paramelers and galgulations were applied.
Temperature Permittivity Conductivity
Mominal Body TSL parametors 220°'C 533 1.52 mho'm
I Measured Body TSL paramelers (22.0%0.2) °C Bi3x6% 1.54 mho'm £ 6 %
Body TSL tompaerature change during teat <i.0"°C —
SAR result with Body TSL
SAR averaged over 1 cmr” (1 g) of Body TSL Conditicn
SAR measured 250 mW Inpul power 10AmWig
SAR for nominal Body TSL parameters I'I_ml'l'lai_zbd o 1W JB.'I_I\'MT-I'Q + 2008 % (h=2)
SAR averaged over 10 e’ {10 g) of Bnd]r'FBd: Condition
SAR measured 250 mW input power 539mW /g
SAR for nominal Body TSL parameters nosmalzed to 1W 21.5 mW fig & 20.4 % (k=2)
Certificate No: 21607000 Page 3 of &
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Appendix

Antenna Parameters with Head TSL

Impadance, transformed to feed point 53.2{1+ L4400

Riluin Loss - 24348

Antenna Parameters with Body TSL

Impedance, transformed to feed point 48,80+ 5750

Reurn Loss - 24 6dB

General Antenna Parameters and Design

Flacmcsl Delay (one dirsction) 1.304 ns J

After lang term use with 100W radiated power, only a slight warming of the dipole near the feadpoint can
be maeasured.

The dipale ks made of standard semirigid coaxial cable. The center conductor of the feeding lina is directly
connecled to the second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some
of the dipoles, small end caps are edded (o the dipole arms in order o improve matching when loaded
accarding to the position as explained in the "Measuremeant Conditions" paragraph. The SAR data are nol
affected by this change. The overall dipole length is still according to the Standard,

Mo excessive force must be applied 1o the dipole arms, because they might bend or the soldarad
connections near the feadpoint may be damaged.

Additional EUT Data

Manu'rauhm:u by SPEAG I

| Certificate Mo: Z16-970%90 Page 4ol 3
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DASYS Validation Report for Head TSL Date: 06,15.2016
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54175
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: = 1900 MHz; o= 1.38] 8/m; er = 40.33; p= 1000 kg/m3
Phantom section: Right Section
Measurement Standard: DASY S (IEEE/IEC/ANSI Ca3.19-2007)
DASYS Configuration:

«  Probe: EX3DV4 - SNT307; ConvF(8.1, 8.1, 8.1); Calibrated: 2/1972016;

+  Sensor-Surface: 2mm (Mechanical Surface Detection)

+ Electronics: DAES Sn771; Calibrated: 2/2/2016

+ Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P31 CA; Serial: 116111

«  Measurement SW: DASY 52, Viersion 52.8 (8); SEMCAD X Version 14.6.10 (7372)

System Performance Check/Zoom Sean (7x7x7) (7x7x7yCube 0: Measurement grid:
dx=5mm, dy=5mm, de=5mm

Reference Value = 103.5%/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 1E.0W/kg

SAR(I g)= 999 Wikg: SAR(10 g) =528 W/kp

Maximum value of SAR (measured) = 14.1 Wike

-3.41
-b.82
-10.24

-11.6%

| L]
A7.06 L ! F——
0dB = 14.1 Wikg = 11.49 dBW/kg

Certificnte No: Z16-97090 Page 5ol &
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Impedance Measureament Plot for Head TSL
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DASYS Validation Report for Body TSL Dvate: 06.15.2016
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900Y2; Serial: D1900VZ - SN: 5d175
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cyele: 1:1
Medium parameters used: = 1900 MHz; o = 1.537 S/m; & = 53.34; p = 1000 kg/m’
Phantom section; Cemer Section
Measurement Standard; DASYS (IEEE/AEC/ANST C63,19-2007)
DASYS Configuration:

«  Probe: EXIDV4 - SN7307; ConvF(7.67, 7.67, 7.67); Calibrated: 2/19/2016;

»  Sensor-Surfece: 2Zmm (Mechanical Surface Detection)

» Electronies: DAE4 Sn771; Calibrated: 2/2/2016

»  Phantom; Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/

s Measurement SW: DASYS2, Version 52.8 (8); SEMCAD X Version 14.6.10(7372)

System Performance Cheel/Zoom Sean (Tx7x7) (7xTx7)/Cube 0: Measurement grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 9611 Vim; Power Drift = -0.03 di3

Peak SAR (extrapolated) = 17.8 Wikg

SAR(1 g) = 10.1 W/kg; SAR(10 g) = 5.39 W/kg

Maximum value of SAR (measured) = 14.3 W/kg

a8

n

-1.23

-6.47

-9.70

-12.94

L t .
16.17 L e -
0 dB =143 Wikg = 11.55 dBW/kg
Centificate Mo: Z16-970%0 Fage 7ol &
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Impedance Measurement Plot for Body TSL
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CALIBRATION CERTIFICATE
Object D2450V2 - SN: 910

Calibration Procedure(s) FD-Z11=2-003-01

Calibration Procedures for dipole validation Kits
Calibration date: Jun 15, 2018
This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(Sl). The measuremants 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)T and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D# Cal Date(Calibrated by, Certificate No_) Scheduled Calibration
Power Meter NRP2 101919 01-Jul-17 (CTTL, No.J17X04256) Jun-18
Power sensor NRP-Z81 | 101547 01-Jul-17 (CTTL, No.J17X04 256) Jum-18
Reference Probe EX30DV4 | SN 7307 19-Feb-18(SPEAG Mo EX3-7307_Feb1B) Feb-19
DAE4 SN 7T1 02-Feb-18{CTTL-SPEAG No Z18-87011) Feb-19
Secondary Standards D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 01-Feb-18 (CTTL, No.J18X00893) Jan-19
Network Analyzer ES071C | MY48110873  28-Jan-18 (CTTL, No.J18X00884) Jan-18
Name Function Signature
| Calibrated by: Zhao Jing SAR Test Engineer ééﬁ raq
Reviewed by: 2l :

Qi Dianyuan SAR Project Leader %

Approved by: Lu Bingsong Deputy Director of the laboratory -&J’qu.l,

Issued: Jun 17, 2018

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

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 Technigues”, June 2013

b) IEC 62208-1, “Procedure to measure the Specific Absorption Rate (SAR) For hand-held
devices used in close proximity to the ear (frequency range of 300MHz to 3GHz)", February
2005

c) IEC 62209-2, “Procedure to measure the Specific Absorption Rate (SAR) For wireless

communication devices used in close proximity to the human body (frequency range of
30MHz to BGHz)", March 2010

d) KDB865664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) 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.

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

« 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.

o 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 nomal distribution
Corresponds to a coverage probability of approximately 95%.
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