FAZ 5O HAT
NI G- B
UEH RN (QF A

7 W P
w4 (I %
THEHEE 200 &5

TR 194E 3 H 23 |

FABHFEEE 5 555 1 THE M
BHFER S eva 1%

b

A Study on Integrated Active Magnetic Probes for Near-field
Measurement
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Since the increasing occurrence of digital system interference with wire and radio communica-
tion, electromagnetic compatibility (EMC) becomes a major design issue. Recent unavoidable
trends, such as the high digital clock frequencies, high density integration of electronic circuits,
and wireless communication devices on the chip, boost the integrated circuits (ICs) up the most
candidate of the source of emissions.

As a result, the subject of interest and investigation of the EMC moves from Printed Circuit
Boards (PCBs) into IC chips in these days. In evaluation and troubleshooting of the electromag-
netic interference, identifying the noise source is usually the primary approach. One of the most
popular method for searching the source is to measure the near-field in/over the ICs with a near-
field probe. However, due to the decreasing size of objects, and the increasing complexity of the
electromagnetic environment, an identification of the radiated emissions in ICs becomes more
difficult to achieve. With that background, a miniature size near-field probe has been greatly
expected. Unfortunately, downsizing the probe leads to the degradation of its sensitivity, and
worsening the evaluation efficiency because mechanical scanning with a small-sized probe re-
quires much time for the measurement.

To solve the problems, it is sensible to apply a CMOS technology to develop the desired probe.
An advanced CMOS process enables us to make submicron devices, integrate active components,

and easily configure an array. In this thesis, our work concentrates in developing a magnetic probe




and probe array based on Silicon-on-Insulator CMOS technology, featuring high sensitivity, high
spatial resolution and wide bandwidth. Since the CMOS circuits actively contribute to its perfor-
mance, the proposed probes are described as "active probes”, compared with the conventional
passive ones.

In chapter 2, preliminary knowledge on EMC is presented giving stress to the IC radiated emis-
sions. For the IC emissions test, five different methods are proposed by the International
Electrotechnical Commission (IEC) standard, and two of them require a small magnetic and/or
electric probe as a sensor device. The popular probes used for these tests, particularly shielded
loop coil and optic probes, are studied here. Furthermore, crucial problems inherited in these
passive probes and their practical solutions are discussed.

Chapter 3 demonstrates the fundamentals of an active magnetic probe. The architecture and tech-
nology to achieve the high sensitivity and high spatial resolution are proposed. Differential detect-
ing coil and wideband differential amplifiers having the high common-mode rejection (CMR)
characteristics enable the probe to amplify the magnetic field, and remove the electric field at the
same time.

The experimental results from the fabricated prototype verify, for the first time, that the active
probe can discriminate the magnetic field from the electromagnetic emissions. Since the CMR
ratio of the on-chip amplifiers directly affects the e-field suppression of the probe, it is analyzed
by the small-signal analysis, considering the effect of the mismatch. The result indicates that even
though there is 1% mismatch in the circuits, the e-field suppression ratio of the active probe can
attain over 40dB, although the measured result does not reach the value because of the large stray
loop in the system.

Chapter 4 presents a fully integrated active probe and probe array, which are aimed for a prag-
matic tool. In response to the evaluation results of the prototype, the amplifiers are modified in
bandwidth and the CMR ratio. All the peripheral circuits are integrated in a same chip, in order to
make the probe more practical. As a result, measurement results show that the modified probe
gains the e-field suppression ratio of 38.0dB at S0OMHz, which is by far superior compared with
that of the conventional shielded loop coil as well as the prototype.

Active probe array can offer not only a high-speed and precise measurement but also multiple-
point concurrent measurement. Using the modified amplifiers, an active probe array is configured
with three aligned detecting coils, which are scanned fast and exactly by electrical switching. The
fabricated array demonstrates that the three different points are determined simultaneously with
an excellent isolation. It should be emphasized that this is the first result obtained by multiple-
point concurrent measurement using micron-sized probe array. Furthermore, a 2-dimensional
magnetic field distribution map is successfully drawn by the probe array. It is clearly found that
the obtained image is finer than that of the shielded loop coil.

Although the above-mentioned probe is proven as an utility tool at the low frequency, the effect
of off-chip parasitics becomes critical at the high frequency. It degrades the probe performance by

mismatched impedance and limited bandwidth. Therefore, expanding the probe bandwidth to-



wards the gigahertz range will be a next challenge. As a matter of fact, this can be achieved with
another circuit technique introduced in chapter 5. The alternative active probe is called a down-
conversion magnetic probe. The idea applying for the probe is based on a frequency translation
technique in RF front-end. With an on-chip mixer and a voltage controlled oscillator (VCO),
noise spectrum is down converted to the far lower frequency, which can be arbitrarily chosen by
an off-chip band- pass filter. Although a measurable frequency range is limited due to the opera-
tion range of the VCO, simulation results verify that the spectrum is successfully identified at the
translated frequency. The architecture and the components design are also discussed.

The developed active probes in the thesis are well applicable for the modern chip level EMI
measurement, the one with on-chip amplification technique is at low frequency up to 1GHz and

the other down-conversion probe is at several gigahertz range, respectively.
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