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A quest for a quantitative and noninvasive method for the measurement of
local magnetic fields along with surface morphology with high spatial and
field resolution at variable temperatures calls for a selection of suitable
magnetic sensor and appropriate scanning system. Scanning Hall probe
microscopy (SHPM) is one of the choices as it addresses the stated issues and
complements the other magnetic imaging methods. Si-Hall sensors due to
their compatibility with CMOS technology and controllability of its
parameters makes it preferable compared to other compound
semiconductors. However, there have been few reports on magnetic imaging
with Si-Hall sensors at high-temperatures and the selection of best possible
feedback mechanism for them has not been addressed. In this article,
working temperature range and the impediments related to feedback (STM
tracking or AFM tracking) configuration for Si-Hall sensors along with
feasibility of switchable feedback tracking configuration has been
investigated. Si-Hall sensors (~0.7um x 0.7um x 510nm) have been
fabricated with integrated Gold tip for STM-feedback and were mounted on
Quartz Tuning Fork (QTF) for AFM-feedback. Comparison of simultaneous
scans of magnetic and topographic data for a Hard disc sample, illustrated
that the Si-Hall sensors are capable of scanning with comparable quality of
images as with AlGaAs-HP for low temperatures (down to LNT) using STM
feedback and as GaN/AlGaN-HP for high temperatures up to 1500C using
AFM feedback. Use of QTF with Si-HP provided an option to electronically
switch the feedback configuration between STM and AFM without the need
to change front end assembly.

© 2018 The Authors. Published by IASE. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

investigation of localized surface magnetic field
fluctuation at variable temperatures with high

Hall sensors are widely used in various
applications ranging from high-end industrial and
scientific research applications to everyday
solutions. Further, micro-Hall sensors have also been
used for novel applications including scanning Hall
probe microscopy (SHPM) of ferromagnetic domains
(Oral et al., 1996; Schweinbdck et al.,, 2000) and as
biosensors for the detection of superparamagnetic
particles for biorecognition (Mihajlovi¢ et al., 2005;
Kumagai et al., 2008; Xiao-Fen et al,, 2016; Karci et
al,, 2014). Scanning Hall probe microscopy (SHPM)
has been demonstrated as one of the best choices as
it provides adequate means to perform sensitive,
noninvasive, and quantitative imaging for the
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spatial resolution and for non-metallic samples.
SHPM technique offers various advantages and
complements the other magnetic imaging methods
like Scanning Superconducting Quantum
Interference Device Microscopy (SSM) (Kirtley and
Wikswo, 1999), Magnetic Force Microscopy (MFM)
(Martin and Wickramasinghe, 1987), Magnetic Near-
Field Scanning Optical Microscopy (Betzig et al,
1992) and Kerr Microscopy (Schmidt and Hubert,
1986). However, there have been few reports on
magnetic imaging with Hall sensors at high-
temperature regime too (Yamamura et al, 2006;
Akram et al., 2008). Scanning Hall Probe Microscopy
(SHPM) has been demonstrated as a quantitative and
non-invasive technique for imaging localized surface
magnetic field fluctuations of ferromagnetic domains
with high spatial and magnetic field resolution of
~50 nm and 7 mG/Hz!/2 at room temperature
(Sandhu et al., 2004).
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For applications like the characterization of
magnetic properties of biological samples and
magnetic materials, high sensitivity is essential.
Magnetic detection levels are the key concern about
the selection of the method used for such
characteristics. Superconducting Quantum
Interference Devices (SQUID) has the highest level of
magnetic sensitivity, 5x10-18 T, among the local
probing techniques (Oral et al,, 1996; Akram et al,,
2006). However, SQUID can only operate under
cryogenic temperatures, which is the major
drawback for their applications. Thus, when
flexibility is needed in terms of the temperature, the
best choice becomes the Hall devices again. To
compete with other magnetic local microscopy
techniques, the required modifications are required
to circumvent the limitations associated with the
detection capability of the Hall sensors. Absolute
magnetic sensitivity and the noise levels are the two
most important parameters that influence the
sensitivity of the overall system (Kunets et al., 2005).

Silicon has been identified as one of the materials
for the fabrication of sensors as it is the most
established semiconductor technology. On the other
hand, some specific problems are there in silicon
Hall sensors. For instance, due to piezoresistive
nature of Silicon, under stress piezoresistive voltage
signals in Si Hall sensors may possess higher voltage
levels then magnetic Hall voltages (Gruger et al,
2006; Chung, 1993; Paun, 2016). Besides, another
problem associated with silicon Hall sensor
magnetometer’s is its offset, which becomes more
important when it drifts. Normally the perfect Hall
sensor should not have any output voltage in the
absence of magnetic field. However, in practical
situations, all Hall sensors have offset voltage due to
the various factors like; material inhomogeneity, the
constructional defects of the sensor, mechanical
stresses, temperature variations and aging
(Bellekom and Sarro, 1998; Paun et at., 2014; Paun
et at,, 2013a;b). The use of silicon on insulator (SOI)
technology has been shown to contribute positively
to improve offset reduction (Paun et al, 2014;
Blagojevic et al, 2006a;b). One of the major
advantages of SOI technology beside this is the use of
insulated thin silicon layer instead of the whole
silicon substrate in the fabrication of Hall sensors. It
has been shown that this leads to a higher current
density in the active Hall element and a reduction in
the level of piezoresistive effect (Gruger et al., 2006).

Although in literature, a considerable number of
papers regarding the fabrication of Si Hall probes
and their application (Sandhu et al., 2004; Besse et
al., 2002; Boero et al., 2005; Boero et al.,, 2003; Kejik
et al, 2006) are available but these articles have
mainly aimed to consider the fabrication of Hall
sensors with dimension down to few tens of
micrometer. As the size of the Hall sensors plays a
very important role for their dedicated applications,
therefore recently a thorough study on the effect of
Si device layer thickness with respect to a different
biasing parameter (Biasing current, Temperature,
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etc.) has been completed and is submitted for
publication.

These Hall Effect sensors can be integrated in
scanning Hall probe microscope using different
modes of feedback configurations in order to keep
the Hall sensor in close proximity of the sample
surface (Julian, 2014). Although there are other
methods like integrating Hall sensor with piezo-
resistive (Paun et al, 2014) and SisNs AFM
cantilevers (Chong et al,, 2001) for better resolution,
however, it is relatively difficult and cumbersome to
micro fabricate conventional 2DEG hetero-structure
(GaAs, InGaAs, InAs, InSb, AlGaN/GaN) Hall sensors
and integrate them in these complicated
configurations. Whereas Si Hall probes can handle
the difficulties related to the fabrication due to being
CMOS compatible (Gruger et al., 2006; Paun et al,,
2016). In this study application of SHPM technique,
scanning tunneling microscope (STM) or atomic
force microscope (AFM) feedback is used (Julian,
2014).

However, there have been few reports
(Yamamura et al,, 2006) on magnetic imaging with
Hall sensors in the high-temperature regime. The
main reason behind the unsuitability of SHPM at
high temperatures is the use of compound
semiconductors such as AlGaAs/GaAs and InSb for
fabrication of Hall probes, which are unstable at
elevated temperatures due to their narrow bandgap
and physical degradation of the material. Recent
work on AlGaN/GaN hetero structures shows a
stable high-temperature application in SHPM, but as
stated above integration of these materials with AFM
cantilever is cumbersome and hard.

In this study an application of Si sub-micron
(~0.7um x 0.7um) Hall sensors with optimized
thickness, 510nm, in variable temperature SHPM
system have investigated using two main feedback
techniques, STM and AFM (using quartz crystal
tuning fork fork (QTF) sensor (Guethner et al., 1989;
Akram et al,, 2008). The focus has been to explore
the bottlenecks associated with each method for
their use at variable temperature applications of Si
based SHPM.

2. Device fabrication and characterization

In the classical approach, the Hall cell is shaped
like a Greek cross. The structure has some symmetry
and it is invariant by a rotation of m/2. This allows
the current-spinning technique to be used for
minimizing residual offsets.

The Hall cross presented in Fig. 1, has four
contacts (in darker grey shades), among which two
perpendicular contacts are used to impose a current
and others are used for sensing the Hall voltage.
Length and width of the cross are respectively
denoted by ‘1" and ‘w’ and the thickness of the active
region is referred as tqs. The size of the Hall sensors
plays very important role for their dedicated
applications, where high spatial resolution is
required, therefore more efforts are required in this
direction to reduce the size of Hall sensors.
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Fig. 1: Schematic diagram for characterization and use of
Hall Effect sensor in scanning Hall probe microscopy
system

According to device physics if a Hall sensor is
placed in a static magnetic field B = BZ, a Hall
voltage appears between the sense contacts and can
be written as;
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where I; is the biasing current, 1 is the scattering
factor of silicon that can be approximated to 1.15, n
is the carrier density, q is the magnitude of the
electron charge, t ;s is the thickness of the plate
(Paun et al, 2010). G is the magneto-geometrical
factor and can be calculated as,
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where 8, = tan~!(uyB), defined as the Hall angle
(Xu and pan, 2011) and py (uy = ryu,) is the Hall
mobility, and y,, is the electron mobility.
The absolute sensitivity of Hall Effect sensor is
given by
Vy Gry

S= ==
B nqtesr

Iy = GS;ly, (3)

where S; is the current related sensitivity. S, can be

calculated from Hall coefficient, Ry, as Ry = —%

(Xu et al, 2011; Popovic, 2004; Lyu et al, 2015;
Boero et. al., 2003).

As derived in (3) under constant current supply
mode, sensitivity, S, of Hall devices can be enhanced
by having high electron mobility and an ultra-thin
device layer very close to the material’s surface.
Therefore, the development of the Hall devices
requires new materials for the fabrication of highly
sensitive sensing elements with an appropriate
thickness to keep the aspect ratio. Along with this a
growing interest in room temperature and elevated
temperature applications of Hall sensor technology
require the development of materials exhibiting high
electron mobility and ultrathin conducting layers
close to the material’s surface (Abderrahmane et al,,
2012).

From parametric equations (1-3), it can be
concluded that the important physical parameters,
which defines the characteristics of Hall device, are
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carrier density, length of Hall device, width of Hall
device, effective thickness of Hall cross, operating
temperature, geometrical factor and bias current. In
the previous study fixed length/width ratio of ‘1’ has
been used which fixes the geometry based variables
for the Hall Effect device. The main focus has been to
investigate the effect of tqs, I and the operating
temperature on selected characterizes of the Si Hall
probes.

2.1. Hall effect sensor fabrication

SOI wafers from University Wafer, with n-type
device and p-type handle layer as shown in Fig. 23,
are used for fabrication of 0.7um x 0.7um Hall

sensors Fig. 2b.
Gold STM Tip
- si Dm’ccﬂ
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(974 \\

Device Layer
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Fig. 2: (a) Schematic diagram of the layer configuration of

the SOI Hall probe, (b) Photograph of 0.7um x 0.7pm Hall
probe

These Hall probes are fabricated in class 100
clean room environments by using optimized
photolithographic technique. These Hall sensors are
micro-fabricated on 5mm x 5mm chip in the form of
four. These Hall sensors are later diced to a size of
1mm x 1mm x 0.5mm to be characterized and to be
used in SHPM application (Akram et al, 2009).
Electrical connections have been established with
12um gold wire using ultrasonic wedge bonder.
Furthermore, a gold tip is evaporated at the corner
of the tip to provide access for STM tracking to be
discussed later.

2.2. Hall effect sensor characterization

Device characterization for the dependence of
Hall voltage, Hall coefficient, and noise has been
investigated thoroughly for their dependence on
temperature, device thickness and bias current and
is presented somewhere else. The typical Iy vs. Vy
and Iy vs. Ry characteristics curve at 25°C and 150°C
for a device thickness of 510nm is shown in Fig. 3.

The observed linear behavior of these
characteristics can be categorized in two different
regimes; i) low current regime (I < 100pA) and ii)
high current regime (I; = 100pA). At any particular
bias current, Hall voltage decreases by increasing the
increasing temperature. Similar behavior has been
observed for different device thicknesses as shown
in Fig. 4.

In the previous reports, it has been speculated
that the characteristics of these devices are strongly
affected from the surface morphology of the thin film
which is very much effect by the reactive ion etching
process.
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Fig. 3: Typical Iz vs. Vi and Iz vs. Ry characteristics of the
SOI, 510nm thick and 0.75 x 0.75um2 Hall Effect sensor
characterized at 25°C
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Fig. 4: Effect of device thickness on Vy vs. Bgpy,; for 0.7um
x 0.7um Hall probe at 25¢C at a fixed bias current of 500pA

3. Scanning hall probe microscopy

In order to demonstrate the feasibility of using
these Si-Hall probes in SHPM and effect of feedback
mechanism, low noise, and high SNR probe has been
selected among the above discussed probes to be
510nm. Hall probes were operated in a current
biased configuration having bias current of 500RA.
The series resistance of the Hall sensor was 139Kk(),
144KQ, 148kQ, 152kQ and 157kQ at 25°C, 50°C,
75°C, 100°C and 150 °C respectively. A commercial
Low Temperature - SHPM system (NanoMagnetics)
as shown in Fig. 5a is used to perform the scanning
experiments. There were two main modifications,
which was implemented in this system;

1) A local sample heating system has been integrated
in the front-end assembly with a proper electrical
and thermal insulation from sensor feedback and
signal system.

2) Make it configurable to operate in different
feedback tracking configurations.

3.1. Integration of Hall effect sensor in SHPM
As scanning probe techniques employ a feedback

loop to facilitate keeping a constant interaction
between the sensor and the sample as the sensor
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scans the surface. In this study, the best possible
feedback technique has been investigated for the use
of Si-Hall Effect in variable temperature SHPM. In
this regard, two different kinds of feedback
configurations were compared, based on their best
working range, namely conventional scanning
tunneling (STM) feedback and novel AFM feedback
using Quartz Crystal tuning fork.

In STM mode in Situe fabricated STM gold tip at
the corner of the Hall probe is used to set tunneling
current, which is used as a feedback to control the
sample to sensor distance at a constant height.
However, STM tracking SHPM requires conductive or
semiconducting samples; therefore, the insulating
sample has to be coated with a thin layer of gold
(conductive material) as well. Furthermore, in order
to simulate a sharp STM tip, the Hall probe assembly
has been tilted by ~1°- 2° so that sharp tip constraint
can be resolved, as shown in Fig. 5b.

In AFM feedback as the sensor approaches the
surface, the resonant frequency of the sensor shifts
due to tip-sample forces. The sensor assembly is
dithered at the resonance frequency with the
dedicated split section of the scan piezo tube using a
digital Phase Locked Loop (PLL) circuit. The
frequency shift Af, measured by the PLL circuit is
used for AFM feedback to keep the sensor sample
separation constant with the feedback loop as shown
in Fig. 5c.

3.1.1. Front-end assembly for STM feedback

In order to investigate the effectiveness of
scanning tunneling feedback method in Scanning Si-
Hall Probe Microscopy, a 50nm gold tip, to establish
tunneling current between sample and sensor, has
been evaporated at the corner of Mesa step as shown
in Fig. 6a.

In these experiments, STM tracking was done
using a tunnel current of 0.5nA. In order to set this
tunneling current to 0.5nA, a bias voltage of -0.1V
has been applied between the tip and the sample.
The front-end assembly of the probe installation in
STM modes is shown in Fig. 6b. In order to measure
tunnel current and Hall probe signals electrical
connections were made by using wire bonding
between tip metallization pad and interface PCB. In
order to simulate a sharp tip, for proper tunneling,
the corner of the Hall probe has been tilted with
respect to sample as shown in the photograph of tip
and sample angle in Fig. 6c¢.

3.1.2. Front-end assembly for AFM feedback

As STM tip is formed on the corner of Hall probe
using gold thin film, which is prone to wear off easily
and damage to Hall sensor follow inevitably and we
need a conductive sample, these constraints can be
eliminated with AFM feedback.

AFM feedback can be achieved either by
integrating micro-Hall probes with AFM cantilevers
(conventional) or by Quartz Tuning Fork, QTF force
sensor. As fabrication of Hall probe on cantilevers is
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cumbersome, a novel method of using QTF has been
adopted in this study. In this study, 17.864kHz QTFs
with dimensions (I x w x t) for prongs 3.81 x 0.34 x
0.62mm resulting in stiffness of 29kN/m have been
used (Akram et al,, 2008). In order to integrate these
force sensors (QTF) in SHPM for AFM feedback, they
are extracted from their cans and their leads have
been replaced with a nonmagnetic wiring.
Furthermore, these QTFs are glued to a 10mm x
10mm printed circuit board sensor holder
compatible with the scanning head of the used SHPM
system as shown in Fig. 7a. The sensor-QTF
assembly is dithered at the resonance frequency
using a digital Phase Locked Loop circuit and
frequency shift, is used for AFM tracking.

Scan

@

Fig. 5: (a) Photograph of Front-end assembly of
commercial SPM system. (NanoMagnetics) (b) The system
assembly of the probe installation in STM mode (c) The
system assembly of the probe installation in AFM mode

Gold Wire for Electrical Connections

Angled tip with
respect to sample
surface

Gold Tip

Chip Holder

Hall Cross

(@

Fig. 6: A photograph of front-end assembly of Hall probe
for scanning hall probe microscopy application using STM-
FB (a) A photograph of ~0.7um x 0.7um Hall probe with
STM tip, (b) LTSHPM system compatible PCB holder with
Hall probe having 12um Gold wire for electrical contacts,
(c) Tilt of Hall probe with respect to sample holder

As in AFM, feedback interaction between tip and
sample is used to maintain the distance between
them the corner of the Hall probe carrying substrate
is used as a tip. While the Hall sensor is positioned,
12pm away from the corner of a deep etch mesa,
which serves as a crude AFM tip as shown in Fig. 7b.
A Hall probe with chip has been mounted on the QTF
using low-temperature epoxy for low-temperature
measurement while for high-temperature scanning
this bond has been reinforced by using super glue.
Again, in AFM feedback configuration the sample is
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tilted ~1°- 2° with respect to Hall probe chip
ensuring that the corner of the mesa is the highest
point, Fig. 7c.

QTF can be operated in two different modes in
one of which we fix one of the prongs of the QTF and
in other, both prongs are free to vibrate.

Tip

Angled
tip with
respect
to sample
surface

(b)

Gold Wire ‘_l._
(a)

Quartz Crystal
Tuning Fork

Fig. 7: (a) A photograph of front-end assembly of Hall
probe for scanning hall probe microscopy application
using Quartz Tuning fork, (b) A photograph of Hall probe
with 12um Gold wire for electrical contacts, (c) Hall probe
assembly tilted with respect to sample

The frequency response of QTF assembly under
both these conditions is given in Fig. 8 at 25°C. Two
resonance frequencies can be observed where the
peak at low frequency is due to the 2-inch Quartz
tube of the microscope system and the second one is
the true frequency related to sensor-QTF assembly.
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Fig. 8: Effect of fixing one prong vs free prong on the
frequency response of QTF at 25°C

The main objective of the Quartz tube is to
support slip and stick mechanism, which helps the
sample to approach the sensor. Even though a
relatively heavy mass is attached at the end of tuning
fork, we usually get a quality factor, Q, 150-220 even
at atmospheric pressures. The oscillation amplitude
was ~50nm. Despite more or less the planar
geometry, the viscous damping is not a big problem
due to high stiffness of the force sensor.
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The microscope can be operated in two modes:
AFM tracking and lift-off mode. In our scanning
experiments, we have used an AFM tracking mode
with a Af (amount of frequency shift) = 10Hz. We are
bound to use contact wires, which affects the
resonance frequency, but as we are sensing the shift
of frequency during our scan, it does not cause an
adverse effect. Furthermore, the same system can
detect AFM topography and the phase signal
generated by the PLL at the same time.

3.2. Scanning results and discussion

We have imaged magnetic bits and topography of
the hard disc drive, HDD, at variable temperatures to
show the performance of the microscope at variable
temperatures and the impediments related to both
stated feedback techniques.

3.2.1. Effect of scanning FB techniques

At low-temperature STM, tracking feedback
produce a way better result compared to QTF-AFM
technique as shown in Fig. 9a and 9b. While scanned
Images at room temperature are of comparable
quality as shown in Fig. 9¢-9d. Therefore, it can be
concluded that for low temperature to room
temperature application STM tracking feedback can
be applied if the sample can be coated with
conductive material.

Scanning Hall probe microscopy also provides
means to record the surface morphology
simultaneously while recording the magnetic image
by recording the ‘Z’ position of the sample while
keeping the constant height in STM and AFM
tracking mode. The images show the comparable
quality of the surface morphology of the sample, Fig.
9e and 9f.

3.2.2. Effect of temperature

At high temperatures use of STM, tracking
feedback is effected by two main factors, 1) High
leakage current between STM tip and Hall sensor
and, 2) deterioration of the STM tip with
temperature. Due to these reasons in this study, the
max operational temperature achieved by STM
feedback was 50°C and crashing of the sensor even
does not allow the complete scan. So in order to
compensate the drawbacks of STM feedback, QTF-
AFM feedback has opted for high temperatures
SHPM. Whereas a comprehensive study of
theoretical modeling and experimental results on the
characteristics of QTF AFM are presented
somewhere else (Akram et al, 2008). In order to
investigate the high-temperature operation of these
Si micro-Hall probes, a low noise heater stage has
been embedded in the LT system.

By increasing the temperature the resonance
frequency and quality factor of the quartz crystal
tuning fork are also affected as shown in Fig. 10. This
slight shift in the resonance peak due to the effect of
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temperature can be correlated with the softness of
the glue used to fix one prong of the QTF with PCB
and the corrosion of gluing Hall sensor chip to QTF.

38.67

0.00” 0.00

0.00 0.00 (f)

Fig. 9: SHPM image of hard disc sample using scanning
speed was 5um/s. QTF AFM (a) and STM (b) feedback at
liquid Nitrogen temperature, (c) and (d) are scan results at
250C, (e) and (f) are the surface morphology images
recorded simultaneously
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Fig. 10: Effect of Temperature on resonance frequency of
the quartz tuning fork and quality factor

However, this change is still much less than the
conventional silicon AFM cantilevers. Further
investigation is under process to find out the
methods to improve the thermal stability of the QTF
AFM feedback and exploration of Si Hall probe
microscopy at elevated temperatures with both
methods of feedback.

Fig. 11 shows a magnetic image of HDD sample
obtained in AFM tracking mode from 25°C to 150°C
with a scanning speed of 5um/s, the pixel size of 256
x 256 and a scan area of 50pum x 50pm.

The results are shown in Fig. 11 confirm the
success of AFM feedback tracking system with
micro-Hall probes up to 150°C. From the line cross
section of these images as shown in the middle, it can
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be observed that the distortions in the scanned
images increase by increasing the temperature of the
sample. It can be correlated with two factors;

1) The deterioration of the scanned image can
partially be correlated with an increase in the noise
level of Hall signal due to an increase in the
temperature. This mainly due to decrease in Vy (1)
by increasing the temperature of thin film, which is
produced from thinning of Si device layer by reactive
ion etching, there is an increase in the number of
carrier, n, which is mainly due to de-trapping from
the trapping centers.

Fig. 11: SHPM image of hard disc sample at high
temperatures, 25°C - 150°C using QTF AFM feedback.
Scanning speed was 5um/s

2) The deterioration of the scanned image can
partially be correlated with an increase in the noise
level of Hall signal due to an increase in the
temperature. This mainly due to decrease in Vg (1)
by increasing the temperature of thin film, which is
produced from thinning of Si device layer by reactive
ion etching, there is an increase in the number of
carrier, n, which is mainly due to de-trapping from
the trapping centers.

3) As shown in Fig. 10, by increasing the
temperature the resonance frequency and quality
factor of the quartz crystal tuning fork is also
affected due to the softness of the glue a) used to fix
one prong of the QTF with PCB b) Hall sensor chip on
QTF and effect of temperature on the properties of
QTF material. However, this change is still much less
than the conventional silicon AFM cantilevers.
Further investigation is under process to find out the
methods to improve the thermal stability of the QTF
AFM feedback and exploration of Si Hall probe
microscopy at elevated temperatures with both
methods.

3.3. Comparison with other probes

Table 1 reports the characteristics of three micro-
Hall cross-sensors at 300K fabricated in same class
100 clean room environments by the group using
optical lithography techniques. The current related
sensitivity is computed using (3) by considering
100pA as bias current specified in the reference, not
necessarily equal to the maximum current possible.
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Electrical and Magnetic characteristics of these
three different types of Hall probes show that GaN to
be a better choice due to its high sensitivity while
PHEMT and Si HPs are comparable with an
advantage to Si as its fabrication process is CMOS
compatibility. The image quality of SHPM scans at
1500C shows that due to its better physical strength
and high band gap, GaN is far better than Si while in
contract PHEMT even did not produce an image at
500C with the present system while at low-
temperature PHEMT is much better than the other
two choices. Ultimate temperature limits for GaN or
Si has not been probed, as the system was not able to
work at higher temperatures. Therefore, the choice
of material for fabrication of HP depends on its
operation and application.

4., Conclusion

Micro-Hall probes with a Hall cross-area of 0.7um
x 0.7um with an optimized thickness of Si device
layer (510nm) were fabricated and implemented in
the variable temperature magnetic imaging system.
These Hall probes have been integrated in scanning
Hall probe microscopy using STM or quartz tuning
fork (QTF) AFM interchangeable feedback
configurations. In this study QTF has been adopted
over cantilever as they are readily available and the
force sensing is performed using the simple current
to voltage converter, they provide a cheap solution
compared to cantilever approach.

To quantify the scanning results hard disc sample
has been scanned using same scan parameters at all
temperatures. It has been observed that at low
temperatures STM tracking mode dominates QTF-
AFM tracking while at room temperatures both are
of comparable quality. At high temperatures STM
tracking feedback based SHPM failed to operate due
to two main facts; the degradation of the sample as it
was coated with a conductive material and secondly
the evaporated STM tip has been peeled off due to
poor adhesion at the corner of the Hall sensor chip.

Furthermore, by increasing the temperature
leakage current between STM tip and Hall probe
masks the Hall signal and it limits the use at elevated
temperatures. Application of Si Hall sensors coupled
with Quartz crystal tuning fork as AFM feedback in
SHPM of hard disc samples has been successfully
demonstrated for a temperature range of 25°C -
150°C. QTF method has been found to provide better
lifetime performance for Si Hall sensors than STM
trucking mode. In comparison with SHPM with GaN
and PHEMT Hall sensors, Si Hall sensor with QTF-
AFM tracking SHPM exhibit same working range as
for GaN for high temperatures and for low
temperatures it is comparable with PHEMT.
Secondly, in the presented method of coupling Si Hall
sensor with QTF makes it possible to have
switchable feedback configuration to STM or AFM, if
tip coated Hall chip is used, for variable temperature
applications.



Rizwan Akram /International Journal of Advanced and Applied Sciences, 5(6) 2018, Pages: 70-78

Table 1: Comparison of imaging capability of different Hall Effect sensors fabricated under same conditions with their critical
parameters of interest

Type = GaAs/ AlGaAs GaN/AlGaN S0l
Parameters: (PHEMT) (2DEQG)
Reference: (Akram et al., 2009) (Akram et al., 2008) This work
ns (cm2): 6.25x1012 6.3x1012 2.2x1014
Ter (nm): 10 18 410
Rs (KQ): 12 12 30
Ru (mQ/G): 5 10 431
Si (VAT1): 50 100 49.4
Bmin (mG/Hz) @ 1kHz: 70.5 35 112

SHPM Scan using AFM tracking feedback
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40

o
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0 10 20 30 40 50
X(um)
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