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Client

Certificate No: EF3-4041 Mar18

CALIBRATION CERTIFICATE

Object EF3DV3 - SN:4041

Calibration procedure(s)

QA CAL-02.v8, QA CAL-25.v6
Calibration procedure for E-field probes optimized for close near field
evaluations in air

Calibration date:

March 16, 2018

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

Ali calibrations have been conducted in the closed laboratory facility: environment temperature (22 £ 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID Cal Date (Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 04-Apr-17 (No. 217-02521/02522) Apr-18

Power sensor NRP-Z91 SN: 103244 04-Apr-17 (No. 217-02521) Apr-18

Power sensor NRP-Z91 SN: 103245 04-Apr-17 (No. 217-02525) Apr-18

Reference 20 dB Attenuator SN: 85277 (20x) 07-Apr-17 (No. 217-02528) Apr-18

Reference Probe ER3DV6 SN: 2328 10-Oct-17 (No. ER3-2328_0ct17) Oct-18

DAE4 SN: 789 2-Aug-17 (No. DAE4-789_Aug17) Aug-18

Secondary Standards ID Check Date (in house) Scheduled Check
Power meter E4419B SN: GB41293874 06-Apr-16 (in house check Jun-16) In house check: Jun-18
Power sensor E4412A SN: MY41498087 06-Apr-16 (in house check Jun-16) In house check: Jun-18
Power sensor E4412A SN: 000110210 06-Apr-16 (in house check Jun-16) In house check: Jun-18
RF generator HP 8648C SN: US3642U01700 04-Aug-99 (in house check Jun-16) in house check: Jun-18
Network Analyzer HP 8753E SN: US37390585 18-Oct-01 (in house check Oct-17) In house check: Oct-18

/ 3

Name Function

Signgth >
Claudio Leubler \

Calibrated by: Laboratory Technician

/
Technical Manager Mg i A

Issued: March 17, 2018

Approved by: Katja Pokovic

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:
NORMx,y,z sensitivity in free space
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
AB,C,D modulation dependent linearization parameters
Polarization ¢ ¢ rotation around probe axis
Polarization $ § rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., 3 =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 1309-2005, “ IEEE Standard for calibration of electromagnetic field sensors and probes, excluding

antennas, from 9 kHz to 40 GHz”, December 2005

b) CTIA Test Plan for Hearing Aid Compatibility, Rev 3.0, November 2013

Methods Applied and Interpretation of Parameters:

NORMEx,y,z: Assessed for E-field polarization § = 0 for XY sensors and 9 = 90 for Z sensor (f < 900 MHz in
TEM-cell; f > 1800 MHz: R22 waveguide).

NORM(f)x,y,z = NORMx,y,z * frequency_response (see Frequency Response Chart).

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

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

Ax,y,z; Bx,y,z; Cx,y,z; Dx,y,z; VRx,y,z: A, B, C, D 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.

Spherical isotropy (3D deviation from isotropy): in a locally homogeneous field realized using an open
waveguide setup.

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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EF3DV3 — SN:4041 March 16, 2018

Probe EF3DV3

SN:4041

Manufactured: Maich 7, 2014
Repaired: March 15, 2018
Calibrated: March 16, 2018

Calibrated for DASY/EASY Systems

{(Note: non-compatible with DASY2 system!)
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EF3DV3 — SN:4041 March 16, 2018

DASY/EASY - Parameters of Probe: EF3DV3 - SN:4041

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (pV/{V/m)z) 0.86 0.79 1.07 101 %
DCP (mV)" 95.9 93.7 93.9

Modulation Calibration Parameters

uiD Communication System Name A B c D VR | Unct
dB dBVpv | dB mV (k=2)
0 Ccw X 0.0 0.0 1.0 0.00 139.6 +3.8 %
Y 0.0 0.0 1.0 173.1
Z, 0.0 0.0 1.0 161.6
10021- GSM-FDD (TDMA, GMSK) X 1.72 65.5 11.9 9.39 141.5 1.7 %
DAC
Y 1.65 66.1 11.9 130.1
[}z 1.40 65.2 11.8 119.1
10023- GPRS-FDD (TDMA, GMSK, TN 0) X 1.77 66.0 12.3 9.57 137.3 +1.9 %
DAC
Y 1.61 65.6 12.0 125.6
L Z 1.34 63.8 11.5 115.0
10024- GPRS-FDD (TDMA, GMSK, TN 0-1) X 1.14 62.2 8.6 6.56 137.4 1.7 %
DAC
Y 1.04 62.8 9.0 126.0
Z 0.93 62.3 9.3 147.0 )
10027- GPRS-FDD (TDMA, GMSK, TN 0-1-2) X 0.79 61.0 7.3 4.80 123.8 +1.4 %
DAC
Y 1.03 65.7 10.1 149.4
Z 0.67 60.1 7.0 138.4
10028- GPRS-FDD (TDMA, GMSK, TN 0-1-2-3) X 0.66 60.6 6.3 3.55 139.0 1.4 %
DAC
Y 0.46 57.8 4.3 128.2
Z 0.48 60.3 7.2 118.1
10030- IEEE 802.15.1 Bluetooth (GFSK, DH1) X 1.11 63.0 7.9 5.30 118.2 0.7 %
CAA |
Y 0.90 61.4 7.0 144.1
Z 0.78 60.2 6.4 133.0
10061- IEEE 802.11b WiFi 2.4 GHz (DSSS, 11 X 3.03 70.9 20.8 3.60 128.2 +0.7 %
CAB Mbps)
Y 2.77 69.0 20.0 119.1
Z 3.29 72.5 21.7 148.0
10069- IEEE 802.11a/h WiFi 5 GHz (OFDM, 54 X 10.69 70.0 243 10.56 129.4 2.2 %
CAC Mbps)
Y 10.68 69.4 24.0 121.0
Z 10.45 68.8 23.6 109.9
10077- IEEE 802.11g WiFi 2.4 GHz X 10.24 71.4 26.0 11.00 149.4 +3.3 %
CAB (DSSS/OFDM, 54 Mbps)
Y 10.10 704 254 139.4
Z 9.90 69.7 24.9 126.7
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EF3DV3 ~ SN:4041 March 16, 2018

10173- LTE-TDD (SC-FDMA, 1 RB, 20 MHz, X 6.11 73.0 26.1 9.48 130.8 | +2.2 %
CAD 16-QAM)
Y 5.91 71.5 25.3 1217
; Z 591 | 717 25.4 146.5
10235- LTE-TDD (SC-FDMA, 1 RB, 10 MHz, X 6.11 73.0 26.1 9.48 1305 | +1.7 %
CAD 16-QAM)
Y 5.90 71.4 25.2 1221
z 5.90 71.7 25.3 146.7
10238- LTE-TDD (SC-FDMA, 1 RB, 15 MHz, X 6.06 707 25.9 9.48 130.2 | +19%
CAD 16-QAM)
Y 5.91 71.5 25.3 1219
z 5.92 71.8 25.4 146.5
10295- CDMA2000, RC1, SO3, 1/8th Rate 25 fr. | X 5.36 694 26.0 12.49 | 109.1 0.9 %
AAB |
[ ¥ 5.05 67.4 25.3 100.6
| z 4.69 64.6 23.1 91.1

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%.

8 Numerical linearization parameter: uncertainty not required.

E Uncertainty 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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EF3DV3 — SN:4041 March 16, 2018

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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EF3DV3 — SN:4041 March 16, 2018

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM,0° f=1800 MHz,R22,0°
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EF3DV3 — SN:4041 March 16, 2018

Receiving Pattern (¢), 9 = 0°

Error [dB]
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)

Receiving Pattern (¢), 9 = 90°
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Uncertairty of Axial Isotropy Assessment: * 0.5% (k=2)
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EF3DV3 — SN:4041 March 16, 2018

Dynamic Range f(E-fieid)
(TEM cell , f =900 MHz)
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Uncertainty of Linearity Assessment: * 0.6% (k=2)
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EF3DV3 — SN:4041
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March 16, 2018
Deviation from Isotropy in Air
Error (¢, 8), f =900 MHz
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EF3DV3 — SN:4041

March 16, 2018

DASY/EASY - Parameters of Probe: EF3DV3 - SN:4041

Other Probe Parameters

Sensor Arrangement

Rectangular

Connector Angie (°) 35
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 335 mm
Probe Body Diameter 12 mm
Tip Length 25 mm
Tip Diameter 4 mm
Probe Tip to Sensor X Calibration Point 2.5 mm
Probe Tip to Sensor Y Calibration Point 2.5 mm
Probe Tip to Sensor Z Calibration Point 2.5 mm
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EF3DV3 — SN:4041

Appendix (Additional assessments outside the scope of SCS 0108)

Calibration Parameters for 3-4 GHz

March 16, 2018

Sensor X Sensor Y Sensor Z Unc (k=2) |
Norm (uV/(V/m)9)* 0.97 0.87 1.18 +10.1 %
DCP (mV)* 95.9 93.7 93.9
Calibration Parameters for 5-6 GHz
Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uV/(V/m)*)* 1.13 1.02 1.40 +10.1%
DCP (mV)" 95.9 93.7 93.9

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 corres

probability of approximately 95%.

ponds to a coverage

® Numerical linearization parameter: uncertainty not required.

Calibration procedure for frequencies above 3 GHz is pending accreditation.
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The probe was returned for calibration. Receiving inspection found that the
connector is loose. The connector was replaced in order to re establish full
probe functionality, The probe will newly calibrated after this repair.

in‘fo@spea_g.com_, http://www.speag.com CBSTOM ER
COPY
PROBE REPAIR REPORT - SPEAG Production Center
PRODUCT: EF3DV3 Probe
. |SERIAL Nr.: 4041 IN DATE:  5-Mrz-2018

CUSTOMER: UL CCS USA
PROBE REPAIR

; ] . WORKING
MATERIAL WORK DESCRIPTION TIME (h)
Core replacement: fixed [O] |exchanged|O] [ o] || |hours
Dipole sensor: fixed |O| [exchanged|O] |[..ccoocrovirricicien (o] | |hours
Substrate: fixed_|O| |exchang¢d|0’i | .............................. o] || lhours |
Components (diodes) fixed Im |exchangéd|0| | .............................. |C| [ |hours
Components (capagitors) |fixed |O| IexchangeleI | .............................. |0| [ |hours '
Bonding R-lines - substratdfixed [0 [exchanged |0} |-ororoioiiiiciiciiinnnece o] || lhours
Probe tip: fixed |O| IexchangeleI | .............................. |O| | [hours
Probe connector: fixed |O| [excﬁanged|XJ I .............................. |O| | _fréelhours
Modification D-S fixed |O] [exchanged[O] [ [X] |[ free]nours
Analysis: | 2.00|hours
Final Assembly: |-70.50]_hours
Total hours | "2.50|hours
COMMENTS:

7

CONDUCTED BY: \M‘ g}/\/\/ﬂﬂ/f APPROVED BY: (;g\w
DATE: .15, Mrz 1 DATE: 15.Wrz 18
REPAIR COST: i o

MATERIAL COST: free |0 X

REPAIR: free |O
TOTAL COST: QUOTATION #:

0.00

APPROVED BY:
DATE:

e

15. Mrz 18

860-SPEF3001_4041_180315-C.xls
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