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Background and motivation

It is highly desirable to prevent the problems in the early 
stages of design and packaging of electronic components.

Signal integrity

Power integrity

EMI

EM coupling between circuits
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Background and motivation

Conventional circuit performance 
evaluation/testing techniques such as 

a network analyzer and a TDR
■ It is difficult to identify the concrete location

of the faulty components inside the circuits.
■ They cannot give direct information about

an EM coupling position and individual
decoupling capacitor performance.
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Background and motivation

Near-field probing 
technique is one of 
indispensable techniques. 

Development and evaluations of a near-field probe 
that utilizes optical measurement techniques.

Required
performanceLow 

invasiveness 

Wide 
bandwidth

High 
spatial 
resolution 

High sensitivity 



FEMO/EO probing system
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● All apparatuses in the optical system are connected by optical fibers.
→ Free from optical alignment

● The probe head consists of an optical fiber and a minute crystal.
→ Superior low-invasiveness
→ High spatial resolution

Laser light source
(CW, 1.55 µm)

Polarization 
controller
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detector

RF spectrum 
analyzer
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Analyzer Optical 
circulator

Optical 
amplifier

Single mode fiber

MO/EO crystal

Probe head

Dielectric mirror

x
y

z

Optical 
amplifier

MO probe: detect Hz
EO probe: can detect all 
electric field elements by 
appropriate selection of 
the crystal
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Objective

Development and application of high performance 
near-field probing system toward the high-speed 
and low-noise design of ICs/packages.
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Magnetic near-field maps over fine meander circuits



Probe head and device under test (DUT)
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Frequency response of the FEMO probe
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X-Z near-field maps
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X-Z near-field map
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1 GHz
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X-Y near-field maps

13

-60

-40

-20

0

0 1 2 3

Frequency [GHz]

|S
11

| [
dB

]

2.46 GHz

|S11| of the PCB

Scan area

Current

-150.0-148.8-147.6-146.4-145.2-144.0-142.8-141.6-140.4-139.2-138.0-136.8-135.6-134.4-133.2-132.0-130.8-129.6-128.4-127.2-126.0-124.8-123.6-122.4-121.2-120.0-118.8-117.6-116.4-115.2-114.0-112.8-111.6-110.4-109.2-108.0-106.8-105.6-104.4-103.2-102.0-100.8-99.60-98.40-97.20-96.00-94.80-93.60-92.40-91.20-90.00

-145.0
-143.8
-142.6
-141.4
-140.2
-139.0
-137.8
-136.6
-135.4
-134.2
-133.0
-131.8
-130.6
-129.4
-128.2
-127.0
-125.8
-124.6
-123.4
-122.2
-121.0
-119.8
-118.6
-117.4
-116.2
-115.0
-113.8
-112.6
-111.4
-110.2
-109.0
-107.8
-106.6
-105.4
-104.2
-103.0
-101.8
-100.6
-99.40
-98.20
-97.00
-95.80
-94.60
-93.40
-92.20
-91.00
-89.80
-88.60
-87.40
-86.20
-85.00

10 MHz 2.46 GHz

50 µm

-85

-145

[dBm]
-90

-150

[dBm]

Line/Space 20 µm



14

Verification of measured results by electromagnetic field simulator

Simulated maps of the amplitude of Hz at nearby 
the middle position of the circuit.

1 GHz

These results suggest that 
the measured near-field 
maps are accurate.

X-Z map
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Electromagnetic near-field measurements 
over active devices



DUT for near- and far-fields evaluations
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Radiated electric field strength
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Magnetic near-field distributions over the LSI package pins
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Frequency dependence of MO signals
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LSI chip for near-field measurements
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Decoupling capacitor area
Logic circuit area

10.4 mm□

Printed circuit board (10 cm□)

Quad flat package

LSI chip

Power/ground line for logic circuits
Width of horizontal lines : 1.2 µm
Width of vertical lines : 10 µm



Magnetic/electric near-field maps over an LSI chip
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Power/ground line

Magnetic field: strong intensity above the power supply system
Electric field: strong intensity above the signal system
⇒ This suggests that detail SI/PI analyses can be performed by 

the EO/MO probing technique.

Magnetic field: strong intensity above the power supply system
Electric field: strong intensity above the signal system
⇒ This suggests that detail SI/PI analyses can be performed by 

the EO/MO probing technique.
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●We introduced a wideband MO probe with a 10-µm-class 
spatial resolution.

● GHz-region magnetic near-fields over a fine circuit were 
successfully mapped.

● The potential of the probe for near-field characterization and
EMI source evaluation of an active device was shown.

● These results demonstrate that the FEMO/EO probing technique
can be an effective tool toward an optimum design/packaging
of electronic components.
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