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EMC 2014 Tokyo

[Workshop]Photonics-applied Electromagnetic Measurement for EMC

e 16P2-H1W. Activities of PEM Research and Development in Japan, S. Kurokawa.
* 16P2-H2W. Lecture of EO Effect and Its Sensors, H. Murata.

e 16P2-H3W. Product Trends of Optical E-field Sensor, J. Ichijoh.

e 16P2-H4W. Antenna Pattern Measurements Using Photonic Sensor, M. Hirose.

e 16P2-H5W. Photonic Technologies Applied to Evaluation of the Human Exposure to
Electromagnetic Fields, T. Onishi.

[Organized Session]Photonics-applied Electromagnetic Measurement for EMC

e 16P3-H1. Development of Optical Electric Field Sensors for EMC Measurement, B. G.
Loader?l, M. J. Alexander?!, R. Osawa?

e 16P3-H2. Metal-free Electric-field Probe based on Photonics and its EMC
Applications, H. Togo

* 16P3-H3. Active Electro-Optical Probe System for B1-Field Polarization Mapping in
Magnetic Resonance Imaging Systems, S. N. Kuehn?, B. Kochali?, N. Kuster?!

* 16P3-H4. Antenna Measurement by Simple Optical Link System Using Radio on
Fiber Technologies, S. Kurokawa?!, M. Hirose!, M. Ameya?, Y. Toba?

e 16P3-H5. Shielding Effectiveness Evaluation of Enclosure with Apetures Using
Electro-Optic Sensor, N.-W. Kang?, D.-J. Lee!, W. Kang?, Y.-S. Chung?
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[Workshop]Photonics-applied Electromagnetic Measurement for EMC

16P2-H1W. Activities of PEM Research and Development in Japan, S. Kurokawa.
16P2-H2W. Lecture of EO Effect and Its Sensors, H. Murata.

16P2-H3W. Product Trends of Optical E-field Sensor, J. Ichijoh.

16P2-H4W. Antenna Pattern Measurements Using Photonic Sensor, M. Hirose.

16P2-H5W. Photonic Technologies Applied to Evaluation of the Human Exposure
to Electromagnetic Fields, T. Onishi.

[Organized Session]Photonics-applied Electromagnetic Measurement for EMC

16P3-H1. Development of Optical Electric Field Sensors for EMC Measurement,
B. G. Loader?, M. J. Alexander!, R. Osawa?

16P3-H2. Metal-free Electric-field Probe based on Photonics and its EMC
Applications, H. Togo

16P3-H3. Active Electro-Optical Probe System for B1-Field Polarization Mapping
in Magnetic Resonance Imaging Systems, S. N. Kuehn?, B. Kochali?, N. Kuster?!
16P3-H4. Antenna Measurement by Simple Optical Link System Using Radio on
Fiber Technologies, S. Kurokawal, M. Hirose!, M. Ameyal, Y. Toba?

16P3-H5. Shielding Effectiveness Evaluation of Enclosure with Apetures Using
Electro-Optic Sensor, N.-W. Kang?, D.-J. Lee!, W. Kang?, Y.-S. Chung?

Fi#i%z #L £3~— Integration for Innovation s T ST,

16P3-H1. Development of optical field sensors for EMC measurement #<AIST
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rf
Laser = PD A
(a) Direct modulation of laser source
: rf
—<—TJrol A
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(c) Reflection type external modulator.
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16P3-H2. Metal free electric-field probe based on Photonics and 2 AIST
its EMC application = Light source

Polarization controller
with photodetector

20 O
Measurements from 20 kHz to 180 GHz —
~ * in Capacitor + in GTEM-Cell + with Horn Antenn ET
m —
.30 @
Z —— Simulated Electric-Field Intensity -20 g'
= from 10 MHz to 300 GHz &
w

g &
g 19075
i @
g a
w
‘@ -50 H .y ek | &
g.. -t "’4 : "'-.' y ' o -.a . T 5
3 60 | i IE- -
9 I 1 10 8
g
-70 : : : : : : &
0.000010.0001 0.001 0.01 0.1 1 10 100 1000 -3<..
Frequency (GHz) =

Hitfiz #k 23~— Integration for Innovation sk A e e B i f 8 S TRZLPR

NILZREOTO—T EFNE R =EIEH a4 AIST

(RO BEFHLEOTO—TEHLY)

Ogptical connectar 1 1
/ Optlc\al fibe | SN N
Eﬂ % microwave
Glass tube

Hifhi%® t £~— Integration for Innovation 18 muEksA EE e S S IR ZR PR



= —= /=% ) S 4Es B AN 20 SEI T
Jﬂ%»f ::L_Tﬁt%ﬁ}ﬁ ToTFTDEERDHBIE L AIST
T\ \ A \ -
< VVVVWWWWYWWWWWWAE
< /> ®
— . ® N
=5 B, ¥ 0
K} Hhomik 0oy = 10cm = 0.5cm //)r e o
L— — =
'/\,> Directional coupler H ~:\> o @)
{;/\. Coaxi:l/cable Single axis probe ':?/:) Z 'Q ) O
- <] o .
- — — ©
Sl /:> @)
_{.::) rev| [Fwo T:::e:::, Optical cable ;>
:;:‘:) ((\j TEM Horn Antenna (Fsi;ISIep;z?se) E +3dB uniform area
<f: —
-l -
)\ / \ A\ AAAAA “ = Field uniformity measurement setup
7/17[ \ /\/\, \\//\\ /\\/ \/ \/ \\/ \‘\/ \\/’ \\,/\ \ \’A\/ /\’ \/ " YAVAy
Power meter Field Monitor
—‘ Power Amplifier H Gesr::’r\::or |
AIST’s field uniformity evaluation test procedure.
* Frequency points: 400M Hz~GGHz
* Sensors: Antenoe Cptical fber

MZ-LiNbO3 EM-field sen = /////////////////

rrm

HI6105 e S s g
HI6005 & a

., HI6005 HI6105

MZ- LINbO3 EM- fle|d sensor wuEEs E i TS SIS

Fi#fi% #k 22~— Integration for Innovation

16P3-H3. Active Electro-Optical Probe System for B1-Field L AIST

Polarization Mapping in Magnetic Resonance Imaging Systems

miniaturized sensor head
(probe tip) remote unit
photovoltaic cHAbNC t
element
) power S
E-orH \<|>J power
field lectrical current LASER
transducer
P information
4
() @
LNA earil D TIA 3.5mm
optical sensor ID
(rear probe body)
probe photovoltaic
element
{ < ; \ power B L
N )
. power,
electrical currentl LE:gEE;K control
@ 4 information @
LED PD sense &
control

Fie. 1. Schematic of the active electro-ontical sensor platform consisting of
forward and reverse RF coaxial
link fiber-optics links
B RU, 1s,(t) < ADC nnr |s,(n)
&1
__—-—""_'——-_-_-—
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xy-TDS dual channel dual channel
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Fig. 7.
system

B1 measurement with two HITDSx probes inside the MITS3.0

Fig. 5. Dynamic range upper (1 dB compression point) and lower (displayed
average noise floor) detection limit over frequency of a H1TDSx-Field TDS
probes. Dynamic range upper limit curve is inversely proportional to the probe

sensitivity.

TABLE 1
TIME DOMAIN SENSOR SPECIFICATIONS
| | HITDSx/z | E1TDSx/z
Sensor Type Shielded loop Dipole
Sensor Size 4mm? 2.8 mm

Signal Link

Optical, for high electrical isolation

Dynamic Range

>130dB at 1Hz
RBW: 0.3 pA/m
I A/m

120dB at 1 Hz RBW:
0.15mV/m - 150 V/m

Parasitic E/H sensitiv-
ity

<-20dB (at 2GHz)

Not applicable

Frequency Range

10MHz - 6 GHz

Fiber-optics

8 m (available up to 25 m)
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Shielding Effectiveness Evaluation of Enclosure with Apertures Using Electro-Optic Sensor
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Antenna fo?:e
p
.
i l 1 !
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N [ Eomemuemen ' ' , EO measurement
20 simulation 10k simulation i
@ 1Zi § =20 i
% 108 1 § a0l n;’;‘ [ i
| _ g ny Ww"
1 o\ | oA TR
% ol | A _ | [ } ,
*‘0_ ) / w N ‘ ] T ‘ l \ JL ‘\ i ‘ ‘
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o d. Y Ll. | 2ok VLAY VT ’ ¥ }
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Frequency (GHz)

Frequency (GHz)

Fig. 4. Measurement result of the electric field (E,) at center position of Fig. 5. Measurement result of the electric field (E,) at center position of
the cavity3.

the cavity3.
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Sub-Wavelength Imaging and Field Mapping via EIT ~ RF_source coupling
and Autler-Townes Splitting In Rydberg Atoms B

vapor cell (Rb atoms)

RF source 4
—_—

coupling 13
_—

detector

probe
—_— probe

1 . . . .

I FIG. 2. Vapor cell setup for measuring EIT, with counter-propagating probe
FIG. 1. A four-level svsterm. (780 nm) and coupling (480 nm) beams. The RF is applied transverse to the
optical beam propagation in the vapor cell.

1

Probe transmission (arb units)
|

-30 -20 -10 0 10 20 30
Probe detuning: Ap/2n  (MHz)

FIG. 5. Experimental setup for field-ma || ing me ements with EIT. The
FIG. 4. Black curve: EIT-s ] a function of A, for the EIT system vapor cell is on a translation stage and is scanne d uh respect to the optical
5812 —=5Pap gD . Gre : The 28Ds,; level is coupled to the beams. The waveguide in the |h oto is clmcr than that used in the
20Ps,» level by a 104, ??( |[ Rrr l1_ measurement.
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16P3-H4. Antenna Measurement by Simple Optical Link System Using Radio on 2= AJIST
Fiber Technoloaqie

5V 150mA
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IEEE Std 1720™-2012 T
IEEE Recommended Practice for Near-Field Antenna Measurements

(HHENMSDEE)

Abstract: Near-field test practices for the measurement of antenna properties are
described in this document and near-field measurement practices for the three
principal geometries: cylindrical, planar, and spherical are recommended.
Measurement practices for the calibration of probes used as reference antennas in
near-field measurements are also recommended.

Keywords: antenna measurements, antenna near-field measurements, cylindrical
near-field measurements, IEEE 1720, near-field measurements, planar near-field
measurements, probe calibrations, spherical near-field measurements
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Open ended waveguide probe

WR430 (1.7 - 2.6 GHz)

113 mm x 59 mm x 635 mm
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Optical reflection type
Mz-LN inensity modulator
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Power-Over-Fiber Kit

PPM-500-K

Key Features
- 10089 isolated electrical power
« Minimum voltage: 3.2V (4E), 5.2V (6E)

+ Upto 500 mW output; kits can be combined
to deliver 1000 m\W and above

Applications

+ Remotely located electronics, data logging

circuitry, and sensors

« Lhility-based, high-voltage AC/DC current

mieasurernents (=100 k)
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power
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- Test labs requiring 100% EMI immunity Voltage (V) Ve Vog
+ Built-in triggering option - Environments requiring spark-free delivery of
-+ FC standard (ST as an option) electrical power
« Field-proven reliability « Enhanced isolation for IGETs serving noisy or
sensitive electric drive controls
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* AVAGO Technologies, "EXTENDING THE REACH OF VCSEL BASED 100
GB/S MULTIMODE PARALLEL OPTIC LINKS”

« MOVING TOWARDS THE LIGHT, APHOTONIC EXTENSIONS APl FOR
OPENACCESS

« CISCO, " Systems Perspective on Silicon Photonics,”

 APREL, " Near-Field Magnetic Probe Method - Evanescent and Propagating
Mode Measurements
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