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An ultra-high sensitive room temperature scanning Hall probe microscope (RT-SHPM) system incorporating a GaAs/AlGaAs
micro-Hall probe was used for the direct magnetic imaging of localized magnetic field fluctuations in very close proximity to the
surface of ferromagnetic
√ materials. The active area, Hall coefficient and field sensitivity of the Hall probe were 0.8 µm×0.8 µm,
0.3 /G and 0.04 G/ Hz, respectively. The use of a semiconducting Hall probe sensor enabled measurements in the presence
of externally applied magnetic fields. Samples studied included magnetic recording media, demagnetized strontium ferrite
permanent magnets, and low coercivity perpendicular garnet thin films. The RT-SHPM offers a simple means for quantitatively
monitoring sub-micron magnetic domain structures at room temperature.
KEYWORDS: Hall probe sensor, scanning Hall probe microscopy, magnetic recording media, garnets, magnetic imaging, magnetic domains

Methods for monitoring magnetic domains include semiconductor Hall bar sensors,1–5) magnetic force microscopy
(MFM),6) scanning SQUID technology,7) magneto-optical
microscop8) and Bitter patterns.9) We have previously reported on the main features of a new room temperature scanning Hall probe microscope (RT-SHPM) that we developed
for the quantitative and non-invasive magnetic imaging of localized surface magnetic fluctuations.10)
In this paper, we describe recent results obtained by using
the RT-SHPM that include: (i) imaging of hard disk test samples; (ii) the height dependence of stray magnetic fields from
‘magnetic transitions’ of written floppy disks; (iii) extremely
rapid measurements of hysterical changes of magnetic bubble
domains in uniaxial garnet films due to perpendicular external
magnetic bias fields.
The RT-SHPM system was specifically designed for operation at room temperature for scans up to 50 × 50 µm2 . The
main components are shown in Fig. 1. The Hall probe sensor (HP) was fabricated using a GaAs/AlGaAs heterostructure grown by molecular beam epitaxy (MBE) with a two dimensional electron gas density of 2 × 1011 cm−2 and mobility of 400,000 cm2 /Vs, at 4.2 K. Photolithography was used
to fabricate Hall probes 13 microns away from the chip corner, which was coated with a thin gold layer to act as a scanning tunneling microscope (STM) tip. The active area of the
Hall probe was ∼ 0.8 µm × 0.8 µm and its Hall
√ coefficient
and field sensitivity were ∼ 0.3 /G and 0.04 G/ Hz, respectively. The STM tip was not coupled to the Hall bar thus reducing noise during measurement.
The GaAs/AlGaAs heterostructure micro-Hall probe sensor was mounted onto a piezoelectric scanning tube (PZT)
at a tilt angle of 1.5◦ with respect to the sample surface and
the STM tip used for precise vertical positioning of the HP.
The procedure for magnetic imaging consists of initially using a combination of high-resolution stepper motors (coarse)
and the PZT (fine) to position the HP in close proximity to the
sample surface until a tunnel current is detected. After a stable
tunnel current is established, the HP is scanned over the surface while simultaneously monitoring changes in Hall voltage
that are proportional to fluctuations of the perpendicular com∗ E-mail
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Fig. 1. Main components of room temperature scanning Hall probe microscope system.

ponent of the magnetic field emanating from the surface.
Three measurement modes can be used for data acquisition:
(a) the FAST-SHPM mode, where only the HP output is monitored and displayed during measurement; (b) the STM/SHPM
mode, where the STM tip tunnel current and HP signal are
both monitored, for the simultaneous measurement of surface
topography and corresponding magnetic field fluctuations; (c)
REAL-TIME SHPM mode, where the entire measurement is
completed before the magnetic image is displayed, for ultrahigh speed scans of up to 1 frame per second.
The raw two-dimensional gray-scale image data of
RT-SHPM scans is stored in either a bit-map or ASCII format. For 3D visualization and animation of the raw data, we
developed a unique set of program routines using the Interactive Data Language.11)
Figures 2(a) and 2(b) show the SHPM/STM mode mag-
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Fig. 2. (a) SHPM/STM magnetic image of a magnetic hard disk test sample (50 µm × 50 µm). (b) STM tip topographic image of the same hard
disk test sample.
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Fig. 4. (a) 25 µm × 25 µm RT-SHPM magnetic image of a written track on
a floppy disk. (b) Magnetic field variation along the long line shown. (c)
Variation of magnetic fields at distances between 0.28 and 1.5 µm above
the floppy disk surface for 25 µm × 25 µm area scans.
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netic image and corresponding simultaneous STM topographic image of a hard disk test sample (50 µm × 50 µm).
The black and white regions represent stray fields of ‘magnetic transitions’ with magnetizations into and out of the
plane of the paper where fields vary between ±80 Gauss from
black to white. The vertical scale of the topographic image
is 90 nm from black to white. The magnetic image shows the
written tracks as having transitions with a range of spacings
and patterns. The topographic image, on the other hand, is
completely different from its magnetic counterpart and shows
concentric rings that were produced during the polishing stage
of the disk sample. The marked difference between the magnetic and topographic images demonstrates the ability of the
RT-SHPM to distinguish magnetic data from that due to surface undulations.
Figure 3 shows a typical 50 µm×50 µm STM/SHPM mode
image of a 100 MB ‘zip’ disk media and corresponding field
variation along one of its tracks. The black and white regions
correspond to surface fields ranging between ±58 Gauss. It is
interesting to note the non-uniformity of the field variation of
the transitions along the track.
Figure 4(a) is a 25 µm × 25 µm image of a written-track on
a commercially available 1.4 MB floppy disk obtained using
the STM/SHPM mode. Written transitions spaced approximately 2 µm apart can be clearly seen with field variations
between ±120 Gauss as shown in Fig. 4(b). The ‘noisy’ area
to the right hand side of the transitions is the unwritten region
between tracks. Figure 4(c) shows the variation of magnetic
field at distances ranging between 0.28 and 1.5 µm above the
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Fig. 3. (a) STM/SHPM mode image of written tracks on a 100 MB ZIP disk media. (b) Variation of magnetic field along line.
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floppy disk surface for 25 µm × 25 µm area scans.
Figure 5 shows representative 25 µm×25 µm REAL-TIME
SHPM mode images of a 5.5 µm thick bismuth substituted
iron garnet uniaxial thin film under external perpendicular
bias fields as indicated. Each image was measured in less
than 10 seconds at each of the external bias fields. The images
clearly show the initial hexagonal magnetic bubble lattice to
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Fig. 5. Representative 25 µm × 25 µm REAL-TIME SHPM mode images
of a 5.5 µm thick bismuth substituted iron garnet uniaxial thin film under
external perpendicular bias fields (Oe) as indicated.
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persist up to a critical field of 1131 Oe. Reducing the bias field
is seen to lead to the formation of stripe domains, demonstrating configurational hysteresis as previously observed using
the Faraday effect.12) Our RT-SHPM measurements showed
the magnetic fields due to domain patterns to vary between
±59 G during the cycling of the external bias field between
±1500 Oe. These results showing bubble collapse and subsequent formation of stripe domains, could be used for characterizing uniaxial thin films and determining parameters such
as wall energy and saturation magnetization without the need
for magnetometer measurements.13)
Figure 6 shows a 50 µm×50 µm SHPM image of a 360 µm
thick Bi substituted iron garnet thin film. The image resembles ‘fujitsubo’ (barnacles). The image reveals a very complicated spatial field distribution that cannot be observed using
conventional optical techniques often used for characterizing
garnets.
Figures 7(a) and 7(b) show the RT-SHPM images of a demagnetized Sr ferrite magnet without and with (1760 Oe) an
external perpendicular field, respectively. Domain structures
are clearly imaged and are seen to increase in size on application of the external field. Further RT-SHPM analysis of
domain wall movement in ferrite and other permanent mag-

Fig. 6. (a) ‘Fujitsubo-like’ image of a 360 µm thick Bi substituted iron garnet uniaxial film. (b) Variation of magnetic field across line
A-B

Fig. 7. (a) RT-SHPM image of a 400 µm thick demagnetized Sr ferrite permanent magnet. (b) RT-SHPM image of the same magnet
placed an external perpendicular field of 1760 Oe.
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nets is being carried out for a deeper understanding of the
relationship between domain size and coercivity and saturation magnetization for the development of high performance
permanent magnets.14)
A new versatile room temperature scanning Hall probe microscope system was used for the quantitative magnetic imaging of hard disk test samples, floppy disks, uniaxial thin film
garnets and demagnetized strontium ferrite magnets. The system will be a valuable tool in the development of information
storage media, permanent magnets and new technology related to semiconductor/ferromagnetic hybrid structures being
studied for the next generation of magneto-electronic devices.
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