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1. Introduction 

Integrated Circuits (ICs) are moving towards operation 
in the Giga-Hz range. The high transition rates, as well as 
the increased complexity of ICs, lead to high electromag-
netic emissions and weak susceptibility. As a result, EMC 
(Electromagnetic Compatibility) of IC has gained more and 
more significance. An essential step in identifying the area 
where the electromagnetic noises are emanating from is to 
visualize the near field above the ICs and to make a noise 
mapping. Since the energy in the reactive near field is con-
tained in the near magnetic field, high precision magnetic 
probe is much coveted. Conventional passive probe using 
thin-film shielded loop coil obtains high spatial resolution 
[1], and reduces the effect of the electric field (e-field) by 
the shield structure [2]. However, the passive probe has a 
fundamental tradeoff between its sensitivity and spatial 
resolution. Furthermore, precise measurement with the 
probe requires much time of its mechanical scanning. 

To solve these problems, it is sensible to apply an ad-
vanced CMOS technology to develop the probe because it 
contributes to shrinking devices and integrating active 
components like amplifiers, as well as configurating an 
array. 

This paper demonstrates, for the first time, the effec-
tiveness of an active magnetic probe with on-chip amplifi-
cation. It has a feature to distinguish magnetic field 
(m-field) from the detected electromagnetic emissions, us-
ing a 2-turn differential coil structure and a circuit tech-
nique of a wideband differential to single-ended converter 
with the high common mode rejection (CMR). The simula-
tion and the measurement results of the probe are described 
below.  
 
2. Probe Design 

Fig. 1 shows a block diagram and a schematic of the 
proposed active magnetic probe. A 2-turn differential loop 
coil picks up small variations in the m-field resulting from 
the high frequency currents. As shown in Fig.1, the coil is 
symmetric with respect to Vcom, at the halfway point of the 
loop, and it allows to generate differential induced voltages 
between V+ and V-. “2-turn” contributes increasing the sen-
sitivity compared to the conventional shielded loop coil 
structure [1] [2], and eliminating unwanted e-field without 

shielding, because capacitively-coupled e-field to the 1st 
and 2nd turn of the coil is always identical. The coil is fab-
ricated with SOI-CMOS technology using high-resistivity 
substrate, and this sufficiently reduces the eddy current 
loss. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Block Diagram and Schematic of the Integrated Probe 
 

As shown in Fig.1, the pre-amplifier section consists of 
three stages: A differential gain amplifier, a differential to 
single-ended converter and an output source follower. At 
the first gain stages, a simple differential amplifier with 
resistance loads is chosen. A 2-stage cascade configuration 
is applied to achieve a proper gain while minimizing its 
input parasitic capacitance, considered in the frequency 
characteristic. The gain stage works to not only amplify the 
coil signal, but also reject the e-field, which is capacitively 
-coupled to the coil and corresponds to the common mode 
noise for differential circuit. Therefore, the CMR is an im-
portant characteristic for the stages. The probe output is 
generally connected to an instrument through a coaxial ca-
ble, and analyzed there. In order to match the measurement 
system, the second stage converts differential signal to sin-
gle-ended one. The differential amplifier with com-
mon-mode feedback and resistive load makes the conver-
sion and brings a good CMR while maintaining high band-
width. In other words, the e-field can be rejected at this 
stage as well. As the output buffer, a source follower is 
used at the final stage, so as to match the system imped-
ance. 
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3. Simulation Results 

An integrated active magnetic probe has been designed 
and simulated with HSPICE in a 0.15µm SOI-CMOS 
technology. As can be seen in Fig.2, it achieves a DC gain 
of 18.5dB and the gain bandwidth product of 12.6GHz, 
respectively. The CMR keeps over 50dB till 1GHz. Con-
sidered an applicable frequency range for practical probes 
(up to 3GHz), the result is better than that of the passive 
probe with a 600µm x 600µm shielded loop coil using 
thin-film technology, which is about 30dB [2]. 
   
 
 
 
 
 
 
 
 
 
 

Fig. 2 Frequency Response of the probe (Simulation) 
 
4. Measurement Results 

The active probe and the conventional passive probe 
(shielded loop coil) have been fabricated in 0.15µm five 
metal (4M+Thick Metal) SOI-CMOS process. Both probes 
have a loop coil whose size is 200µm x 200µm square. A 
chip layout of the probes is shown in Fig.3. Fig.4 shows the 
test setup used to measure the frequency response of these 
probes. The testing probe is placed above the 50Ω- termi-
nated microstrip line which generates the magnetic field, 
and set the loop aperture of the coil to be subjected to the 
magnetic field along the width direction of the line, so that 
induced voltage at the coil should be maximized. Fig.5 
shows the measured gain of both the active and passive 
probes. The output curve of the active probe is stable and 
flat till 1.3GHz, as seen in the simulation result (Fig.2), 
whereas the passive prove outputs a fluctuated curve. The 
output signal from the passive probe is so small that it may 
be interfered by stray loops in the measurement system, 
such as the bonding wire connecting between the transmis-
sion line and the probe chip. The effective active probe gain 
is measured about 20dB against the passive probe at 
500MHz. The dashed line in Fig.5 shows the output of the 
active probe when the microstrip line is opened. The output 
differences between the 50Ω-terminated and opened micro-
strip line is also measured about 20dB, which indicates that 
the induced voltage by the e-field can be reduced by the 
active probe. 
 
4. Conclusions 
   A novel magnetic probe has been designed and fabri-
cated. The probe has a 2-turn differential coil and a 
pre-amplifier on a single-chip, in order to achieve high sen-
sitivity, spatial resolution, and e-field suppression. Meas-
urement results show that the active probe obtains suffi-

cient gain up to 1.3GHz, and at least 20dB e-field suppres-
sion. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 Layout of the integrated probes 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 Test Setup 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 Measured Frequency Response of the probes 
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