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chent  SMQ (Auden) Cartificate No: D1900V2-5d194_Jan15

|CALIBRATION CERTIFICATE |

Otiect D1900V2 - SN: 54194

Accreditation No.: SCS 0108

Calbeation procacure(s)

QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

Calibraton date:

January 07, 2015

This calbration certificate documents the traceaniity to national standards, which realzs the physical Units of measurements (34
The measuremants and the uncenninties with confidenca probadiity aee given an the followng pages and are part of the cerificate

Al caltrations have bean conducted in the closed laboratony aciity: amiranment tempearnture (22 = 3)°C and humidity < 70%

Calbmation Equipment usad (MATE cnbcal Yor calbeation)

Primary Standaros ID# Cal Date (Corificate No.) Schaduked Calbestion
Powar meter EPM-4424 GB37480704 07-Oct-14 (No. 217-02020) Oct-15
Pawer seraoe HP B4814 US37T29e7a3 07-Oct-14 (No. 217.02020) Oct-18
Pawer sersor HP B481A MY41092317 07-Oct-14 (Mo, 21702021} Oct-15
Referance 20 oB Attoruator SN: 5058 {20k} O3-Apr-14 (No. 217-01918) Apr-15
Type-N mismalch combination SN; S047 2 7 06327 O3-Apr-14 (No. 217.01621) Age-14
Referance Probe ESI0VI SN; 3206 30-Dec-14 (No. ES3-3205_Decid) Dec-15
DAE4 SN: 801 16-Aug-14 (No. DAE4-601_Augid) Aug15
Secondary Standards D2 Chck Dats (in house| Schecuded Chack
AF generator RAS SMT-06 100005 D4-A00-6% (In howss check Oct-13) In house chack: Oct-16
Network Aralyzor B2 8753F | US3TI60688 S4208 18-0ct-01 {in house chack Oct-14) In house chack: Oct-15
Name Function Signa
Cabeatod by Claudo Leubier Latorutory Techntan \
!
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Approved by Katfa Pokovic Technical Manager %é?%

Issuad: January 7, 2015
This calbeation certificate shal not be raproduced axcepl In full wihout written approval of the labaratcry
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Calibration Laboratory of S, Schwaizarischer Kalibrierdienst
Schmid & Partner e Service suisse ¢ #talonnage
Engineering AG g Servizio svizzero di tarstura
Zeughausstrasse 43, 8004 Zurich, Switzertand o ﬁ-‘“\\\_\\,\? Swiss Calibration Service
ACCfeailed by the Swiss Accrodtation Seevice (SAS) Acereditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilaternl Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EEE 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 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

¢) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHzZ"

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

» Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

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

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

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

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

Certificate No: D1900V2-54154_Jan15 Page20f 8
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Measurement Conditions
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DASY system configuration. as far as not g on page 1.
DASY Version DASY5S V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantomn
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency 1900 MHz + 1 MHz
Head TSL peraimtors
The following parameters and cakulations were appliod.
t ; Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mho'm
Measured Head TSL parameters (220+£02)°C 401+8% 1.3 mho/m + 6 %
Head TSL temperature change during test <05*C - -
SAR result with Head TSL
SAR averaged over 1 ¢cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 10.1 Wikg
SAR for nominal Head TSL parameters normabized 10 1W 40.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measurad 250 mW input power 5.32 Wikg
SAR for nominal Head TSL parameters normalized to 1W 21.3 Wikg £ 16.5 % (k=2)
Body TSL parameters
The lollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220"C 533 1.52 mho/m
Measured Body TSL parameters (220+02)°C 533:6% 1.50 mhovm £ 6 %
Body TSL temperature change during test <05°C .- —_
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Conditicn
SAR measured 250 mW input power 9.95 Wikg
SAR for nominal Body TSL parameters normalized to 1W 40.1 Wikg = 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Body TSL condition
SAR measured 250 mW input power 5.31 Wikg
SAR for nominal Body TSL parameters normalized to 1W 21.3 Wikg = 16.5 % (k=2)

Cartificate No: D19DOV2-54194_Jan15
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Appendix (Additional assessments outside the scope of SCS108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 537Q+481Q
Retum Loss -245d8

Antenna Parameters with Body TSL

Impedance, transformed to fead point 4890+51j0
Return Loss -25.6dB

General Antenna Parameters and Design

Lﬁlmtical Detay (one direction) ] 1201 ns I

Alfter long 1erm use with 100W radiated power, only a shght warming of the dipole near the feedpoint can be measurad,

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-clrcuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve maiching when loaded accaording to the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length s still
according 1o the Standard.

No excessive force must be appied 1o the dipole arms, because they might bend or the solderad connections near the
feadpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on May 06, 2014

Certificate No: D1900V2-54184_Jan15 Page 4of 8
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DASYS5 Validation Report for Head TSL

Date: 07.12.2015
Test Laboratory: SPEAG, Zunich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2: Serial: D1900V2 - SN: 5d194

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: { = 1900 MHz; o = 1.39 S/m; & = 40.1; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS2 Configuration;
+ Probe: ES3DV3 - SN3205; ConvF(3, 5, 5); Calibrated: 30.12.2014:
e Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601, Calibrated: 18.08,2014
» Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001

o DASY5252.88(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 98.35 V/m; Power Drift = (.04 dB

Peak SAR (extrapolated) = 18,5 Wrkg

SAR(1 g) = 10.1 W/kg; SAR(10 g) = 5.32 W/kg

Maximum value of SAR (measured) = 12.7 W/kg

1%

R

10.4%

L

0dB=127W/kg=11.04 dBW/kg

Certificate No: D1900V2-54184_Jan15 Page 5ot 8
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL
Date: 07.01.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d194
Communication System: UID 0 - CW; Frequency: 1900 MHz .
Medium parameters used: = 1900 MHz; 0 = 1.5 S/m; & = 53.3; p = 1000 kg/m”

Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration
«  Probe: ES3DV3 - SN3205; ConvF(4.65, 4.65, 4.65); Calibrated: 30.12.2014;
¢ Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601: Calibrated: 18.08.2014
» Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002

» DASYS5252.8.8(1222). SEMCAD X 14.6.10(7331)

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

Reference Value = 95.88 V/im; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 16.8 Wikg

SAR(1 g) = 9.95 W/kg; SAR(10 g) = 5.31 W/kg

Maximum value of SAR (measured) = 12.6 Wikg

a2

-zer

wn

0 dB = 12.6 W/kg = 11.00 dBW/kg

Cendicate No: D1900V2-50194_Jan15 Page 7 of 8
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Impedance Measurement Plot for Body TSL

7 Jan 2045 15:31:10
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V1.0
Justification of the extended calibration Dipole D1900V2
Head
Date of Return-Loss | Delta Real Delta Imaginary | Delta
Measurement | (dB) (%) Impedance | (ohm) Impedance | (ohm)
(ohm) (ohm)
2015/01/07 -24.5 53.7 4.9j
2017/01/07 -22.5 8.2% 52.9 0.8 3.8 1.1
Body
Date of Return-Loss | Delta Real Delta Imaginary | Delta
Measurement | (dB) (%) Impedance | (ohm) Impedance | (ohm)
(ohm) (ohm)
2015/01/07 -25.6 48.9 5.1
2017/01/07 -23.6 7.8% 49.8 0.9 5.2 0.1j

The return loss is < -20dB, and 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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8.6 D2450V2 Dipole Calibration Ceriticate

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich. Switzerland

Accredied by the Swiss Accredtation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agresment for the recognition of calibeation certificates

ciet SMQ (Auden)

Object

Calioration procedunds)

Calbeation date

W

Report No.: CTL1612072101-SAR

S S ischer Kallb 8t

c Service sulsse d#alonnage
Servizio svizzero di tarsturs

S Swiss Calibration Service

Accreditation No.: SCS 0108

Certificate No: D2450V2-955 Jan15/2

|CALIBRATION CERTIFICATE acement of No: D2450V2-955_Jan15

D2450V2 - SN: 955

QA CAL-05.v@

Calibration procedure for dipole validation kits above 700 MHz

January 08, 2015

Caibration Equipment usaed (MATE critical Sor calbeation)

This cafibration certficate documants the traceaility 1o national standards, which realize the o ¥
The massurements and the Lncertalnties with confidence probablity are givan on the following pages and are part af the conficate

Al cibrations have bean conducted in the closad laboratory faciity: anveonment tamperature (22 + 35°C and humidty < 707,

uents of ¢ 151y

Primary Standards LID# Cal Data (Cartificats No.) Scheduled Calibration
Power meter EPM-442A GE37480704 07-Oct-14 (No. 217-02020) Oc-1§
Powee sensor HP 8481A Us37292783 07-Oct-14 (Mo, 21702020} Oc-15
Power sansor HP 84814 MY&1092317 07-Oct-14 (No. 217.02021) Ocs-15
Retarence 20 dS Atenuatoe SN: 5058 (20k) 0G-Apr-14 (No. 217-01918) Ap-15
Type-N mismatch combirasion SN: 5047.2 / 06327 0G-Apr-14 (No. 217-01421) Apr15
Refarsnce Probe ES30V3 SN: a2ee 30-Dec-14 (No. E83-3206_Dec14) Dec-15
DAES SN: g0t 16-Aug-14 (No. DAE4-601_Awug14) Aug-15
¥ Standaros D2 Chack Dams {in house) d Chack
RF generator RES SMT-06 100005 04-Aug-86 (in housa chack Oct-13) In house check: Oct-16
Network Analyzer HP B783€ US3ITIN0585 S4206 18-0ct-01 (in house check Oct-14) In house check: Oct-15
Name Furction :
| Calrated by. Claudio Leubler Laboratory Technician
Approved by Katjs Pokovic Tachnical Managar

This caibraion cedificate shall not be raproducsd aucept in full withvout wiitten spproval of the Iaboratory

Issued: February 10, 2018

Certificate No: D2450V2-955_Jan152
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Calibration Laboratory of S, s Kaiib
Schmid & Partner % S Service sulsse d'étalonnage
Engineering AG b C  servisio svizzmsro taratura
Zeughausstrasse 43, B004 Zurich, Switzeriand N S Swiss Calibration Service
Accrecited by the Swiss Accreditation Sandos (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is one of the signatories to the EA
Multilatersl Agreement for the recognition of calibration certiticates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EEE 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 300 MHz to 3 GHz)",
Fabruary 2005

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

* 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
paraliel to the body axis.

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

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

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

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

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%.

Cendicate No: D2450V2.955_Jan152 Page 208
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Measurement Conditions
DASY system configuration. as far as not gven on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The following parameters and calculat weare applied.
L Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 392 1.80 mho/m
Measured Head TSL parameters {220+£02)°C 3B7+6% 184 mho/m £+ 6 %
Head TSL temperature change during test <05°C -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Candition
SAR measured 250 mW input power 13.2 Wikg
SAR for nominal Head TSL parameters normalized to TW 52.4 W/kg 2 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 250 mW Input power 6.12 Wikg
SAR for nominal Head TSL parameters normakzed to 1W 24,4 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameaters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 527 1.95 mho/m
Measured Body TSL parameters (220=02)°C 51026% 203 mho/m £ 6 %
Body TSL temperature change during test <05°C - —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Cendition
SAR measured 250 mW input power 13.8 Whkg
SAR for nominal Body TSL parameters normalized 10 1W 53.7 Wikg + 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 6.36 Wikg
SAR for nominal Body TSL parameters normalized to 1W 25.0 Wikg = 16.5 % (k=2)

Cartificate No: D2450V2-855_Jan15/2
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Appendix (Additional assessments outside the scope of SCS108)
Antenna Parameters with Head TSL

Impadance. transformed to feed point S48Q+35M
Retum Loss -24 998

Antenna Parameters with Body TSL

Impadance, transformed to feed point 512Q+4940
Retum Loss -26.0dB

General Antenna Parameters and Design

| Etectricat Delay (one direction) | 1.165 ns

After long term use with 100W radiated power, enly a slight warming of the dipole near the feedpaint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 1o improve matching when loaded according to the position as explained in the
‘Measuremnent Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is stil
according to the Standard,

No excessive force must be applied to the dipele arms, because they might bend or the soldared connections near the
feadpoint may be damaged.

Additional EUT Data

Manutactured by SPEAG
Manutacturad on August 05, 2014

Certificate No: D2450V2-955 _Jan152 Page 4 ol 8
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DASYS5 Validation Report for Head TSL

Date: 08.01.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 955

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

Medium parameters used: = 2450 MHz; o = |.84 S/m: &, = 39.7; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63,19-2011)

DASYS52 Configuration:
+  Probe: ES3DV3 - SN3205; ConvFi4.45, 4.45, 4.45), Calibrated: 30.12.2014;
* Sensor-Surface; 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial; 1001

* DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 101.2 Vim; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 27.5 Wrkg

SAR(1 g) = 13.2 W/kg: SAR(10 g) = 6,12 W/kg

Maximum value of SAR (measured) = 17.5 Wikg

-10.00
-15.00

-20.00

-25.00

0dB = 17.5 W/kg = 12.43 dBW/kg

Certificate No: D2450V2-955_Jan15/:2 Paga5of 8
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Impedance Measurement Plot for Head TSL

B Jan 2049 dtid@r5%
LRI s1t 1U Fs 54,0300 J4EEB 0 22521 pH 2 450,008 209 MHZ

Oel

Ave
1‘9

Hla

CH2 334 LOG S OB/ REF -20 cB 41-24,922 48 2 432,290 990 MKz

c\\\/"’

v
15?

Hid

SIART 2 259,990 00 W1z STOP 2 656,000 000 MMz

Centificate No: D2450V2-855_Jan15/2 Page6old



V1.0

Page 136 of 156 Report No.: CTL1612072101-SAR

DASYS Validation Report for Body TSL

Date: 08.01.2015
Test Laboratory: SPEAG. Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 955

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

Medium parameters used: f = 2450 MHz; ¢ = 2.03 S/m: & = 51; p = 1000 kg/m”
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2011)

DASY52 Configuration:
o Probe: ES3DV3 - SN3205; ConvF(4,17, 4.17, 4.17): Calibrated: 30.12,2014:
* Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08.2014
= Phantom: Flat Phantom 5.0 {back): Type: QDOOOPS0AA; Senal: 1002

« DASYS52 52.8.8{(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Mecasurement grid: dx=5mm, dy=3mm, dz=3mm

Reference Value = 97.96 Vim; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 28 8 W/kg

SAR(] g) = 13.8 W/kg: SAR(10 g) = 6.36 W/kg

Maximum value of SAR (measured) = 18.3 Wikg

-5.00
-10.00
-15.00

-20.00

-25.00

OdB =183 Wikg = 12.62 dBW/kg

Cedtificate No. D2450V2-955 _Jan142 Page 7 0f 8
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Impedance Measurement Plot for Body TSL
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V1.0
Justification of the extended calibration Dipole D2450V2
Head
Date of Return-Loss | Delta Real Delta Imaginary | Delta
Measurement | (dB) (%) Impedance | (ohm) Impedance | (ohm)
(ohm) (ohm)
2015/01/08 -24.9 54.8 3.5
2017/01/10 -26.5 6.4% 55.9 1.1 2.8 0.7]
Body
Date of Return-Loss | Delta Real Delta Imaginary | Delta
Measurement | (dB) (%) Impedance | (ohm) Impedance | (ohm)
(ohm) (ohm)
2015/01/08 -26.0 51.2 4.9]
2017/01/10 -24.6 5.4% 52.8 1.6 5.2 0.3j

The return loss is < -20dB, and 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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8.7 D2600V2 Dipole Calibration Ceriticate

Calibration Laboratory of Schwelzerischer Kalibrierdsenst
Schmid & Partner Service sulsse d'étalonnage
Engineering AG Servizio svizzero di taratura

Zeughsusstrasse 43, 8004 Zurich, Switzerland Swiss Callbration Service

Accredied by the Swiss Accredtaton Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA

Accreditation No.: SCS 108

Muttilatorsl Ag for the ition of calibration certificates

client  Auden Certificate No: D2600V2-1058_Juni14
CALIBRATION CERTIFICATE |
Otjact D2600V2 - SN: 1058

Calbeation proceduni(s) QA CAL-05.v9

Calbration date:

Calibration procedure for dipole validation kits above 700 MHz

June 23, 2014

Calbeation Equioment used (MATE crincal far calRration)

This calibration certdcate documents 1he raceatidity 1o nationsd slandards, which malize 1 physical units of messuremrels (51)
The messrements 2nd the Lncerainties with confidgenca probadily a8 given 0N the fikiaing pages and are pan of the ceeiticate.

Al catbrations have bean conductad In the clasad Wocaatony facilly: anviesnment lemparture {22 « 31°C and humidily < 70%

| Primary Standards D ¥ Cal Date (Centicats No ) Schechied Calbration
Powar meter EPM-4424 GBIT4B0704 03-0ct-13 (No. 217-01827) Oct14
Powar sens0c HP B431A USsreazren 09-0ct-13 (No. 217-01827) Oct-14
Powar senscr HP B481A MY41062317 09-0ct-13 (No. 217-016828) Oct-14
Rateranca 20 0B Alterustor SN 5058 (20%) 03-Apr-14 (No. 217-01818) Ape-15
Type-N mismatch combination SN 5047.2 (06327 O3-Apr-14 (No. 217-01821) Ape-15
Ralerance Proba ES30VI SN: 3205 20-Dec-13 (No. ES3-3208_Dec13) Dag-14
DAES SN 601 I0-Apr-14 (No. DAEA-601_Apr14) Ape-15
| Secondary Standares Dy Check Date (n houss) Scheduled Check
AF ganerator RES SMT-06 100006 O4-Aug-99 (In hoeuse check Oct-13) In house check: Ccl-16
Natwork Analyzer HP 87536 USI7330585 Sa206 18-0c-01 (in house check Oct-13) In house check: Oct-14
Name Function Signature
Calbrated by: Michaal Waber Laboratory Technician /{7/ m
Approved by Katja Pokovic Technical Manages

Tha colbeation comficate shal not be reproduced except in full wihout wiitten approval of the laborasory.

l2sued: June 23, 2074

Certificate No. D2800V2-1058 _Jun14

Paga 10f8
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Calibration Laboratory of A

r S, Schwel Kalit

Schmid & Partner g~y Service suisze 0 étalonnage

Engineering AG e Servizia svizzero di taratura
Zeughausstrasss 43, 8004 Turich. Switsertand Mﬂﬂﬁ?‘ Swiss Calibration Senvice

L

Accredited by Ihe Swiss AccredBalion Senica (SAS) Accreditation Ma,: SCS 108
The: Bwiss Acereditaticn Service i one ol the signalones (o the EA
Mutilateral Ag I theis sicagnitios of calfration eurifis
Glossary:
TSL tissue simulating liquid
ConvF sansitivity in TSL/ MORM x,y,2
MIA 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 Hurman Head from Wireless
Communications Devices: Measurement Technigues”, Juna 2013

b) IEC 622081, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity fo the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) KDB BE5664, "SAR Measurement Requirements for 100 MHz to 6 GHz™

Additional Decumentation:
d) DASY4/S System Handbook

Methods Applied and Interpretation of Parameters:

«  Measurement Conditions: Further details are available from the Validation Report at the end
of the cerificate. Al figures stated in the certificate are valid at the frequency indicated,

*  Antenna Paramaters 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
parallal to the body axis,

* Feed Point Impedance and Refum Loss: These parameters are measured with the dipale
positionad under the liquid filled phantom. The impedance stated is transtormed from the
measurement at the SMA connector to the feed point. The Relum Loss ensures low
reflected power, No uncertainty required.

+« Electrical Dalay: One-way delay belween the SMA connectar and the antenna fead podnt.
Mo uncertainty required.

+  S5AR measurad: 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.

+ SAR for nominal TSL parameters: The measured TSL parameters are used fo caleulate the
naminal SAR result,

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

Certdficate No: D2S00V2-1058_Jun14 Page 2 ol B
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Measurement Conditions

Report No.: CTL1612072101-SAR

DASY systern conliguration, as far as not gen on pegs 1.
DASY Version DASYS VE2.B8
Extrapolation Advanced Extrapolation |
Phantom Modular Flat Phaniom
Distance Dipole Center - TEL 10 mm wilh Spacer
Zoom Scan Resolution dx, dy, 0z = 5mm |
Frequency | 2600 MHz = 1 MHz ]
Head TS5L parameters
Thue lallowing parametess and calculations were applied.
Tamparature Permittivity Conductivity
Nominal Head TSL parameters 20°C 36.0 1.96 ma'm
Measured Head TSL parameters (220 +0.2)"C 38.0+6% 2200 e + 8 %
Head TSL termperature change during test = 055G -
SAR result with Head TSL
SAR averaged over 1em’ (1 g) of Hesd TSL Canditicn

SAF measunad

250 mi® ingut power

14.7 Whkg

54R for nominal Head TSL pararmeters

marrnalizad 10 1%

57.9 Wikg + 17.0 % (k=2)

SAR averaged over 10 em® (10 g} of Head TSL condilion

SAaH measured 250 MW inpul gower 660 Wikg

SAR for nominal Head TSL parametars normalized to 1W 26,2 Wik = 16.5 % (k=2)
Body TSL parameters

Thee fellowing pararmetens and calculations wera applied.
Temperature Perrnittivity Caonductivity

Hoeminal Bady TSL parameters 220°C 625 216 mho'm

Measured Body TSL paramelers (220 £0.2)C BB 6B 218 mho'm £ &%=

Body TSL temperature change during test = 0.5"C ——
SAR result with Body TSL

SAR averaged over 1 em” {1 g) of Body TSL Conditon

SAR measuned 250 W ingut porwver 14,4 Wikg

SAR for nominal Body TSL paramedars morrmalizad 1o 1%W 56.8 Wikg = 17.0 % (k=2)

SAR averaged over 10 em” {10 g) of Body T5L condition

SAR maasured 250 MW inpul power 6.37 Wikg

SAR for nominal Body TSL paramebers monmalized 1o 1%W 25.3 w.l'ﬁ:g & 16.5 % (k=2)

Carificats Ma: D2600YV2-1058_Juni4

Page 3of 8
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Appendix (Additional assessments outside the scope of SCS108)
Antenna Parameters with Head TSL

Impedance, franstormead 1o fead paoint N2 01-63H
Fedurn Loss -24.008

Antenna Parameters with Body TSL

Impedancs, trinsfonmed 10 feed poid 457 0k - 4.6 i
Relurn Loss - 23,7 dB

General Antenna Parameters and Design

Electrical Delay (ome draction) | 1150 ns

After long tenm use with 100W radigted power, only a slight warming of the dipsle near the feedpaint can be measurad,

The dipole is made of standard semengid cosxial cetde. The center conductor of the faading line i directly connecied 1o the
sacond arm of the dipole. Tha antenna is theredore short-circuied for DC-signals. On sorme of the dpoles. smell end caps
are added to the dipale anms in order bo improve maiching whan loaded accarding e the position as explained in the
“Measurement Corditions® paregraph. The SAR data are not affected by this changs. The overall dipole lenglh is still
according bo the Standard.

Mo excessive forca must be applied to the dipole armms, bacause they might bend or the soldered connections near the
{eedpoint may be damaged.

Additional EUT Data
Manuiaciured by SPEAG
Manufaciured on Augusi 14, 2012

Cortdicate No; D2G00VE-1058_Junid Paga 4 of B
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DASYS5 Validation Report for Head TSL

Date: 18.06,2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1058

Communication System: UID 0 - CW: Frequency: 2600 MHz

Medium parameters used: f = 2600 MHz; 6 = 2 S/m; & = 38; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205: ConvF(4.46, 4.46, 4.46); Calibrated: 30.12.2013;
«  Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30,04,2014
¢  Phantom: Flat Phantom 5.0 (front); Type: QDOODPS0AA; Serial: 1001

o DASYS5252.8.8(1222): SEMCAD X 14.6.10(7331)

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

Reference Value = 103.4 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 30.9 Wikg

SAR(I g) = 14.7 Wikg; SAR(10 g) = 6.6 W/kg

Maximum value of SAR {(measured) = 19.6 Wikg

A0m

oo

mno

0dB = 19.6 W/ikg = 12.92 dBW/kg

Certificate No: D26800V2-1058_Jun14 PageSof 8
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Impedance Measurement Plot for Head TSL

18 Jun 2814 14126000
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DASYS5 Validation Report for Body TSL
Date: 23.06.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz: Type: D2600V2; Serial: D2600V2 - SN: 1058
Communication System: UID 0 - CW; Frequency: 260X MHz
Medium parumeters used: = 2600 MHz, = 2,19 §/m; & = 50.8; p = 1000 Ke/m'

Phantom section: Flat Section
Measurement Standard: DASY S (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
o Probe: ES3DV3 - SN3205: ConvF{4.24, 4.24, 4.24); Calibrated: 30.12,2013:
« Sensor-Surface: 2mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 30.04.2014
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002
e« DASYS252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 97.00 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 30.8 Wikg

SAR(T g) = 14.4 W/kg: SAR(10 g) = 6.37 W/kg

Maximum value of SAR (measured) = 19.2 Wikg

LS L

fgu
%0

0 dB = 19.2 Wikg = 12.83 dBWikg

Cartificate No: D2600V2-1058_Jun14 Page 7 ol 8
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Impedance Measurement Plot for Body TSL
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Justification of the extended calibration Dipole D2600V2

Head

Date of Return-Loss | Delta Real Delta Imaginary | Delta

Measurement | (dB) (%) Impedance | (ohm) Impedance | (ohm)
(ohm) (ohm)

2014/06/23 -24.0 50.2 -6.3j

2016/08/27 -24.4 1.6% 49.9 0.3 -5.9 0.4

Body

Date of Return-Loss | Delta Real Delta Imaginary | Delta

Measurement | (dB) (%) Impedance | (ohm) Impedance | (ohm)
(ohm) (ohm)

2014/06/23 -23.7 45.7 -4.6j

2016/08/27 -23.2 2.1% 44.2 15 -5.2j 0.6j

The return loss is < -20dB, and 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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8.8 DAE4 Calibration Certificate

' ; S, R
In Collaboration with SN A 1
é‘TTL S D e a g CNAS s

CALIBRATION LABORATORY z =
NN CALIBRA
Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China Yl f 1\ CNAS Lo
5 X olyyl\W L
Tel: +86-10-62304633-2218  Fax: +86-10-62304633-2209
E-mail: cttl@chinattl.com Hitp://www.chinattl.cn
Client : ClQ(Shenzhen) Certificate No: Z16-97120
CALIBRATION CERTIFICATE
Object DAE4 - SN: 1315 /JVLP(W

Calibration Procedure(s) FD-Z11-2-002-01

Calibration Procedure for the Data Acquisition Electronics
(DAEX)

Calibration date: July 26, 2016

This calibration Certificate documents the traceability to national standards, which realize the physical units d
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 an
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Process Calibrator 753 | 1971018 27-June-16 (CTTL, No:J16X04778) June-17
Name Function Signature
Calibrated by: Yu Zongying SAR Test Engineer Q%
Reviewed by: Qi Dianyuan SAR Project Leader %
Approved by: Lu Bingsong Deputy Director of the laboratory - 4)@?7

Issued:\Wuly 27, 2016
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z16-97120 Page 1 of 3
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Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2218 Fax: +86-10-62304633-2209
E-mail: ctti@chinattl.com Http://www.chinattl.cn
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 report provide only calibration results for DAE, it does not contain other
performance test results.

Certificate No: Z16-97120 Page 2 of 3
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‘TTL S p e ag

Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2218 Fax: +86-10-62304633-2209
E-mail: cttl@chinattl.com Hitp://www.chinattl.cn

Report No.: CTL1612072101-SAR

DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = 6.1uV, full range = -100...+300 mV
Low Range: 1LSB = 61nV, full range = ) +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X L ¢ Z
High Range 405.179 + 0.15% (k=2) | 405.018 + 0.15% (k=2) | 404.98 +0.15% (k=2)
Low Range 3.99015£0.7% (k=2) | 3.98549+ 0.7% (k=2) | 3.98861 £ 0.7% (k=2)
Connector Angle

Connector Angle to be used in DASY system

20.5°+1°
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Fd- . 2015
Acceptable Conditions for SAR Mcasurements Using Probes and Dipoles

Calibrated under the SPEAG-CTTL Dual-Logo Calibration Program to
Support FCC Equipment Certification

The acceptable conditions for SAR measurements using probes, dipoles and DAEs
calibrated by CTTL (China Telecommmmication Technology Labs), under the Dual-Logo
Calibration Certificate program and quality assurance (QA) protocols established
between SPEAG (Schmid & Partner Engineering AG, Switzerland) and CTTL, to support
FCC (U.S. Federal Comnunications Conmission) equipment certification are defined
and described in the following, The conditions in this KDB are valid until December 31,
2015

1) The agreement established between SPEAG and CTTL is only applicable 1o
calibration services performed by CTTL where its clients (companies and divisions of
such companics) arc headquartered in the Greater China Region, including Taiwan
and Hong Kong, CTTL shall inform the FCC of any changes or early termination o
the agreement.

2) Only a subset of the calibration services specified in the SPEAG-CTTL agreement,
while it remains valid, are applicable to SAR measurements performed using such
equipment for supporting FCC equipment certification, These are identified in the
following.

a) Calibration of dosimetric (SAR) probes EX3DVx, ET3DVx and ES3DVx,

i) Free-space E-field and H-field probes, including those used for HAC (bearing
aid compatibility) cvaluation, temperature probes, other probes or equipment
not identified in this document, when calibrated by CTTL, are excluded and
cannot be used for measurements to support FCC equipment certification.

i) Signal specific and bundled probe calibrations based on PMR (probe
modulation responsc) characteristics or probe sensor model based
lincarization methods that are not fully described in SAR standards are
excluded and cannot be used for measurements to support FCC equipment
certification.

b) Calibration of SAR system validation dipoles, excluding HAC dipoles,

c) Calibration of data acquisition electronics DAE3Vx, DAE4Vx and DAEasyVx.

d) For FCC cquipment certification purposes, the frequency range of SAR probe and
dipole calibrations is limited to 700 MHz - 6 GHz and provided it is supported by
the equipment identified in the CTTL QA protocol (a separate attachment to this
document),

¢) The identical system and equipment setup, measurement configurations,
hardware, evaluation algorithms, calibration and QA protocols, including the
format of calibration certificates and reports used by SPEAG shall be applied by

CTTL. Equivalent test equipment and measurement configurations may be

considered only when agreed by both SPEAG and the FCC,

f) The calibrated items arc only applicable to SPEAG DASY 4 and DASY 5
systems or higher version systems that satisfy the requirements of this KDB.

3) The SPEAG-CTTL agreement includes specific protocols identified in the following
1o ensure the quality of calibration services provided by CTTL under this SPEAG-
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9 Test Setup Photos

Photograph of the depth in the Body Phantom

Right Head Tilt Setu p Photo
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Left Head Tilt Setup Photo

Left Head Cheek Setup Photo
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10mm Back Side Setup Photo

10mm Front Side Setup Photo

10mm Left SideSetup Photo
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10mm Top Side Setup Photo

10mm Bottom Side Setup Photo
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10 External and Internal Photos of the EUT

Please reference to the test report No.: CTL1612072101-WF01
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