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Room Temperature Sub-Micron Magnetic | maging by Scanning Hall Probe Microscopy
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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 probeBueme®.8 um,

0.3Q/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.
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Methods for monitoring magnetic domains include semi- | v
conductor Hall bar sensots? magnetic force microscopy
(MFM),® scanning SQUID technolody, magneto-optical EE;?J,?;L
microscof and Bitter pattern®. We have previously re- COMPUTER
ported on the main features of a new room temperature scan- *
ning Hall pro_be_microscope_ (RT-_SHPM) tha_t we d(_aveloped S SCANNING
for the quantitative and non-invasive magnetic imaging of lo- CONTROLLER

calized surface magnetic fluctuatiol?s.
In this paper, we describe recent results obtained by using
the RT-SHPM that include: (i) imaging of hard disk test sam-
ples; (ii) the height dependence of stray magnetic fields from  ya

SERVO-CONTROLLER

FIELD DETECTION

‘magnetic transitions’ of written floppy disks; (iii) extremely PROBE
rapid measurements of hysterical changes of magnetic bubble
domains in uniaxial garnet films due to perpendicular external |:| colL
magnetic bias fields. SAMPLE
The RT-SHPM system was specifically designed for oper- X-Y COARSE || TUNNEL CURRENT
i 2 ADJUSTMENT DETECTION
ation at room temperature for scans up t0x660um¢. The
. S MECHANISM
main components are shown in Fig. 1. The Hall probe sen- COARSE ADJUST
sor (HP) was fabricated using a GaAs/AlGaAs heterostruc- f CONTROLLER

ture grown by molecular beam epitaxy (MBE) with a two di-

mensional electron gas density 0&210' cm~2 and mobil- CURRENT | |

ity of 400,000 cm/Vs, at 4.2 K. Photolithography was used AMPLIFIER

to fabricate Hall probes 13 microns away from the chip colFig. 1. Main components of room temperature scanning Hall probe micro-

ner, which was coated with a thin gold layer to act as a scan-scope system.

ning tunneling microscope (STM) tip. The active area of the

Hall probe was~ 0.8 um x 0.8 um and its Hall coefficient

and field sensitivity were- 0.3€2/G and 0.04 G{/Hz, respec- ponent of the magnetic field emanating from the surface.

tively. The STM tip was not coupled to the Hall bar thus re- Three measurement modes can be used for data acquisition:

ducing noise during measurement. (a) the FAST-SHPM mode, where only the HP output is moni-
The GaAs/AlGaAs heterostructure micro-Hall probe sertored and displayed during measurement; (b) the STM/SHPM

sor was mounted onto a piezoelectric scanning tube (PZiode, where the STM tip tunnel current and HP signal are

at a tilt angle of 1.5 with respect to the sample surface andoth monitored, for the simultaneous measurement of surface

the STM tip used for precise vertical positioning of the HPtopography and corresponding magnetic field fluctuations; (c)

The procedure for magnetic imaging consists of initially usREAL-TIME SHPM mode, where the entire measurement is

ing a combination of high-resolution stepper motors (coarsepmpleted before the magnetic image is displayed, for ultra-

and the PZT (fine) to position the HP in close proximity to thdigh speed scans of up to 1 frame per second.

sample surface until a tunnel current is detected. After astableThe raw two-dimensional gray-scale image data of

tunnel current is established, the HP is scanned over the sRFSHPM scans is stored in either a bit-map or ASCII for-

face while simultaneously monitoring changes in Hall voltagenat. For 3D visualization and animation of the raw data, we

that are proportional to fluctuations of the perpendicular congeveloped a unique set of program routines using the Interac-

tive Data Languag&”

*E-mail address: sandhu@keyaki.cc.u-tokai.ac.jp 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 sam-
ple (50 um x 50 um). (b) STM tip topographic image of the same hard
disk test sample.

netic image and corresponding simultaneous STM topo-
graphic image of a hard disk test sample (50 um x 50 um).
The black and white regions represent stray fields of ‘mag-
netic 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 mag-
netic and topographic images demonstrates the ability of the
RT-SHPM to distinguish magnetic data from that due to sur-
face undulations.

Figure 3 showsatypical 50 umx50 m STM/SHPM mode
image of a100MB ‘zip’ disk media and corresponding field
variation along one of itstracks. The black and white regions
correspond to surface fields ranging between +58 Gauss. Itis
interesting to note the non-uniformity of the field variation of
the transitions along the track.

Figure4(a) isa25 um x 25 umimage of awritten-track on
acommercialy available 1.4 MB floppy disk obtained using
the STM/SHPM mode. Written transitions spaced approxi-
mately 2 um apart can be clearly seen with field variations
between +120 Gauss as shown in Fig. 4(b). The ‘noisy’ area
to theright 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 «m above the
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Fig. 4. (&) 25pm x 25 um RT-SHPM magnetic image of awritten track on
afloppy disk. (b) Magnetic field variation along the long line shown. (c)
Variation of magnetic fields at distances between 0.28 and 1.5 «m above
the floppy disk surface for 25 um x 25 um area scans.
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(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 um x 25 um area scans.

Figure 5 showsrepresentative 25 umx 25 um REAL-TIME
SHPM mode images of a 5.5um 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 biasfields. Theimages
clearly show the initial hexagonal magnetic bubble lattice to

Fig. 5. Representative 25 m x 25 m REAL-TIME SHPM mode images
of a5.5um thick bismuth substituted iron garnet uniaxial thin film under
external perpendicular biasfields (Oe) asindicated.
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persist upto acritical field of 1131 Oe. Reducing the biasfield
isseen to lead to the formation of stripe domains, demonstrat-
ing configurational hysteresis as previously observed using
the Faraday effect.’? Our RT-SHPM measurements showed
the magnetic fields due to domain patterns to vary between
+59G during the cycling of the external bias field between
41500 Oe. These results showing bubble collapse and subse-
quent formation of stripe domains, could be used for charac-
terizing uniaxial thin films and determining parameters such
aswall energy and saturation magnetization without the need
for magnetometer measurements.’®

Figure 6 showsa50 ;umx 50 wm SHPM image of a360 um
thick Bi substituted iron garnet thin film. The image resem-
bles‘fujitsubo’ (barnacles). Theimage revealsavery compli-
cated 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 de-
magnetized 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 appli-
cation of the external field. Further RT-SHPM analysis of
domain wall movement in ferrite and other permanent mag-
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(a) ‘Fujitsubo-like’ image of a 360 um thick Bi substituted iron garnet uniaxial film. (b) Variation of magnetic field across line
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(a) RT-SHPM image of a 400 um thick demagnetized Sr ferrite permanent magnet. (b) RT-SHPM image of the same magnet
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nets is being carried out for a deeper understanding of the
relationship between domain size and coercivity and satura-
tion magnetization for the development of high performance
permanent magnets.¥

A new versatile room temperature scanning Hall probe mi-
croscope system was used for the quantitative magnetic imag-
ing of hard disk test samples, floppy disks, uniaxia thin film
garnets and demagnetized strontium ferrite magnets. The sys-
tem will be avaluable tool in the development of information
storage media, permanent magnets and new technology re-
|ated to semiconductor/ferromagnetic hybrid structures being
studied for the next generation of magneto-electronic devices.
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