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Content

& 5G - “the reason” for mmWaves
& sub6: 600 MHz — 6 GHZzZ
& nmWave: 6 — 110 GHz

- safety guidelines: open issues
- review of mmWave near-field assessment methods
- test method
- system validation
- system verification
- application in compliance tests

A upcoming solutions in research & development
- forward transformation evaluation
- maximum exposure evaluation
- combining SAR and Power Density
- assessment of transmitted power density

& Conclusions
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5G brings...

& .. nmWaves into consumer electronics
& .. nmWaves into consumer electronics used on the body

& 2 previously rare and far-field type exposure becomes ubiguitous and a near-field
fype exposure
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EM Safety Guidelines / Regulations - sub6 & mmWave

5G sub6 5G mmWave
A
ICNIRP
FCcC e
L ————————

100kHz 38GHz 6GHz 10GHz 300GHz

10kHz 10MHz 0.6GHz 3GHz 6GHz 10GHz 110GHz
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sub6: 600 MHz — 6 GHz
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Gold SAR Standard: Robot Based

& ||IEC 62209

& ~CC KDB 865664 ...
A |EEE 1528

& ANS|-C63.19

& [EC 62232

A EN 50385

A EN 50383:2010

& EU Directive RED 2014/53/EU
&N AS/NZS 2772-2:2011
& ARIB STD T1-56 3.1
& 1516133

& DI-IFT-007-2015

& |EEE/IEC 1528-62209
N cic.
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mmWave: 6 (10) — 110 GHz

compliance testing of mobile devices with mmWave transmitters
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Safety Guidelines: Open Issues
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Regulation: Safety Guidelines Being Currently Revised / Equipment Developed

A incident power density

& poorly defined in the reactive near-field
& instead SAR or Str should be used < 20GHz

A transmitted power
& instrumentation test systems not ready

& correlation w/ temperature
& averaging area
& averaging time
& pulse limitation
& combination w/ SAR
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The Need

a test system that...
A can assess the safety in terms of incident power density in the closest vicinity of the
device under test

A combines the exposure to EMF from multiple simultaneous sources (MIMO, WIFI,
Bluetooth, WPT, carrier aggregation, multi-band transmission) in various frequency
ranges with different basic restrictions
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Review:
mmWave Reactive Near-fleld Assessment Methods
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Possible mmWave Near-Field Assessment Methods

Via Measurement in the Far-Field By Direct Measurement in the Near-Field
A measurement with horn antennas in the far A E-field probes (broadband)
field + backward transformation to the near- & challenges
field & field distortions by substrates / probe body
& challenges & receiving pattern
& crror < afew dBs A H-field probes (broadband)

& challenges
B field distortion / scattering by probe body

B parasitic E-field sensitivity

M clectro-/magneto-optical probes

& challenges
B spatial resolutions

B sensitivity

& wave-guide

& challenges
m |arge field distortions
B fixed impedance
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Backward Transformation (Towards the Source)

information about reactive fields and
evanescence fields are missing

backward transformation falls apart very
close to the source

unreliable with uncertainties >>3 dB

cannot be used for compliance testing



Near-Field Assessment Methods

Via Measurement in the Far-Field By Direct Measurement in the Near-Field
~surement with horn antennas in tha-efr™ A E-field probes
field + Paskward transformaties o "the near- & challenges
field M NPT » field distortions by substrates / probe body
'challen ™ i » directionality
TOr < a few dBs e SO &, H-field probes
N allenges

W™ig/d distortion/scattering by proje dy
m - ¥ sensitivity

N clctro /magn —ophcal 2 obes
& challenges

B spatial resol

- sen8|t|V|t A~

N wave-gutie
7 B |arge field distortions
- m fixed impedance
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Implemented mmWave Test Method
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Reactive Near-Field E-Field Probe <10 to >100 GHz
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EUMMWV2 Probe: Pseudo-Vector Design

& probe
- 2 dipoles (one each side of the quartz substrate)
- =0.9 mm long and diode loaded
- typical distance between physical tip and sensor
center: 1.5 mm

A quartz substrate
- 0.9 mm wide
20 mm long
0.18 mm thick
dipole sensors present

er = 3.8 (quartz) homogeneous

A measurement: three rotations around axis,
(i.e., six E-field measurements in total)

& reconstruction of polarization and
elimination of mechanical tolerances

17



EUNMMWV2 Probe Performance

A frequency range: 750 MHz — 110 GHz

& dynamic range: <20 — 10,000 V/m with
PRE-10 (minimum <50 — 3000 V/m)

A deviation from hemispherical isotropy:
<0.5 dB at 60 GHz

A |inearity: <0.2 dB

MILLIMETERWELLEN - STAND DER FORSCHUNG, June 17, 2019
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EUMMW Probe: System Integration in Automated Test Systems

Benefits

& 1st method to assess power density in the near-
field of sources
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Calibration Method & Procedure

A sensor model (f): 6 parameters
& known calibration field: 3-antenna method

A calibration points: 25 + 8 frequencies and
different inclination

A determination of the sensor model parameters
with a least square fit

A aossessing deviation at 33 frequencies
A determination of isotropy at x frequencies
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Scanning, Field Reconstruction
and Power Density Calculation
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second meQsurement plane ReC O n S t r u Cti O n

/ / / A determination of Poynting Vector

| 1F {21 IF(z,)! IF{z ;)

S o s & knowledge of E-polarization field on two

) ) // / planes allows reconstruction of phase and
/ | ! H-field

A our solution for reconstruction
- novel and improved algorithm based on
Gerchberg-Saxton (GS) (R. W. Gerchberg and W.
O. Saxton, “A practical algorithm for the
determination of the phase from image and
diffraction plane pictures,” Optik 35, 237 (1972))

\ 4

& measurement requirement:
& 2 planes (grid-step A\/4)
& )\/(211) minimum distance (<2mm @ 28 GHz)
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Demonstration: H-Field Reconstruction from E-Field Magnitudes
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Preliminary Module mmWave Uncertainty Budget
Evaluation Distances to the Antennas > A/2n

Based on the 62209 Standard Family M eaS u re m e n t U n C e rtal n ty
Error Uncertainty = Probability Std. Unc.  (vi)
Description Value (zdB) Distribution Div. (ci) (xdB) veff
Measurement System
Probe Calibration 0.49 N 100 1 0.49 & <1.5dB (95th percentile coverage) for
Hemispherical ,
isotropy 0.5 R 173 1 0.29 o arbitrary mmWave sources
Linearity 0.2 R 1.73 0 0.00 o
System Detection
Limits 0.04 R 1.73 1 0.02 o
Modulation
Response 0.4 R 1.73 1 0.23 o
Resource Block
Offset 0.1 R 1.73 1 0.06 o
Readout
Electronics 0.03 N 1.00 1 0.03 o
Response Time 0 R 1.73 1 0.00 o
Integration Time 0 R 1.73 1 0.00 o
RF Ambient
Noise 0.04 R 1.73 1 0.02 o
RF Ambient
Reflections 0.21 R 1.73 1 0.12 oo
Probe Positioner 0.04 R 1.73 1 0.02 o
Probe Positioning 0.3 R 1.73 1 0.17 oo
Savg
Reconstruction 0.6 R 1.73 1 0.35 o
Test Sample Related
Power Drift 0.1 R 1.73 1 0.06 o
Input Power 0.27 N 1.00 0 0.00 oo
Combined Std.
Uncertainty 0.74 o
Expanded Std.
Uncertainty 1.48
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System Validation

by test system manufacturers according to IEC/IEEE 63195

MILLIMETERWELLEN - STAND DER FORSCHUNG, June 17, 2019 27



Validation Sources (Compliant with IEC/IEEE 63195)

& two fundamental EM sources
- electric dipoles
- magnetic dipoles (slots)

& simulated & measured

& testfor E, H, S reconstruction within test
uncertainty

A& sources
& Cavity Backed Array of Dipoles
& Pyramidal Horn with Slot Array

& frequencies: 10, 30, 60 90 GHz
& validated at IT'IS

A& ongoing round-robin (12 labs)
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60 GHz Cavity Backed Array of Dipoles (cont.)

A normalized to O-dBm radiated power

simulated measured deviation
distance Eotal S Eotal Seyaiit Eotal et
(mm) (V/m) (W/m2) (V/m) (W/m2) (dB) (dB)
2 89.2 7.53 98.2 6.99 0.8 -0.3
5 93.2 5.20 94.4 5.31 0.1 0.1
10 72.9 4.40 75.6 4.46 0.3 0.1
20 44.0 3.28 45.8 3.13 0.4 -0.2
50 18.6 0.873 19.5 0.873 0.4 0.0

MICLNVRA EreeMtatided| VY RFAS DD PBIFORERH UNS) Udine 17, 2019 29




60 GHz Pyramidal Horn with Slot Array (cont.)

A normalized to O-dBm radiated power

simulated measured deviation
distance Eotal Savgicm? E otal Savgicm? Eotal Savgicm?
(mm) (V/m) (W/m2) (V/m) (W/m?2) (dB) (dB)
2 65.1 4.51 75.0 4.96 1.2 0.4
5 63.0 3.87 64.5 412 0.2 0.3
10 46.9 3.37 49.3 3.51 0.4 0.2
20 33.4 2.36 37.6 2.54 1.0 0.3
50 24.7 1.48 26.2 1.48 0.5 0.0
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System Verification
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5G System Verification Packages: 10, 30, 45, 60, and 90 GHz

A system check before a compliance test at a
test lab

A& 10, 30, 60, and 90 GHz: stand-alone fixed-
frequency sources with integrated with horns

A compliant with IEC/IEEE 63195
A verification uncertainty <0.66dB (k=2)
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Application in Compliance Tests
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Applied Since 2017 for Compliance Testing
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Solutions Currently Under Development
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Forward Transformation Evaluation (FTE)

& the need: projection of S on arbitrary
volumes / surfaces for combination with SAR

A measurements on two or three planes for each
side of the phone

A conservative averaged PD evaluator based on

either:

- validated simulations

- measurements of each antenna group separately
(can be controlled individually with a code book)

A cvaluation of the exposures in 3D based on
forward propagation techniques

A cvaluation of PD distribution on any virtual
surface (e.g., SAM head, ELI phantoms, face-
down)
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First Results
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Right Head: Cheek & Tilt
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Left Head: Cheek & Tilt
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Maximum Exposure Evaluation

& the need: MIMO may require to test millions of
configurations to find the worst-case
excitation

A measurements on two or three planes for each
side of the phone

A conservative averaged PD worst-case

optimizer based on either:

- validated simulations

- measurements of each antenna group separately
(can be controlled individually with a code book)

A cvaluation of the exposures in 3D based using
advanced forward propagation techniques

A cvaluation of PD distribution on any virtual
surface (e.g., SAM head, ELI phantoms, face-
down)
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Combination of SAR and Power Density

& the need: combine S with other sub6 sources (SAR distributions)

A based on FTE and worst-case optimizer
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Assessment of Transmitted Power (St )

& cvaluation of transmitted PD Sy for
frequencies below 24 GHz

& cDASY7 module for measuring transmitted
power Sy in phantoms (in development)

& no overestimation in the reactive near-field of
transmitters (<A/2m)
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Conclusions: 5G Radio Exposure Measurement
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Conclusion: 5G mmWave (>6 GHz)

& with 5G mmWave compliance testing became a near-field problem

A incident power density has no meaning below 10/20 GHz
- SAR or Sy should be used

A new test equipment
- EUmmW probe with traceable calibration

- novel validated reconstruction algorithm (d>N2m = 2mm @28GHz)
- test uncertainty: ~0.7 dB (k=1)

A test solutions currently under development

- forward transformation - project PD on arbitrary surfaces and combine with other sources
- optimiser - find worst case exposure configuration for MIMO

- combiner SAR and Power Density

- transmitted power density measurement system

A more research required on dosimetric quantities and biological mechanisms
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