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The engineering of topological heterostructures is crucial for developing next-generation spintronic devices, including advanced read
heads for ultrahigh-density hard disk drives. BiSb-based topological insulator (TI) systems are promising candidates for enhancing the
spin Hall effect due to their unique surface states. However, interfacial issues with ferromagnetic (FM) layers can degrade device
performance. In this work, we demonstrate that the strategic insertion of titanium (Ti)-based interlayers (ILs) in BiSb/FM
heterostructures significantly improves spin Hall efficiency. Studies on BiSb/NiFe structures with a Ti interlayer show that the IL protects
the topological surface states and suppresses interdiffusion, exhibiting both thermal and temporal robustness. These findings highlight
how interface engineering can effectively manipulate spin Hall efficiency, offering a viable pathway for integrating topological materials

into future advanced read head components.
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I. INTRODUCTION

THE continuous demand for higher data storage densities in
hard disk drives (HDDs) necessitates innovations in read
head technologies. Topological insulators (TIs), such as BiSb,
have emerged as promising materials due to their giant spin-
charge conversion efficiency originating from topological
surface states.[1], [2], [3] This unique property is highly
relevant for developing advanced spintronic devices, including
potentially novel read head sensors that could utilize spin Hall
and inverse spin Hall effects.[4], [5], [6] However, challenges
in fabricating high-quality TI thin films and managing
interfacial effects with ferromagnetic (FM) layers can suppress
these crucial surface states and hinder spin transport. An
effective interlayer (IL) is essential to prevent interdiffusion and
preserve the structural integrity of BiSb, thereby enhancing
spin-charge conversion. This research focuses on engineering
BiSb-based heterostructures with Ti-based ILs to optimize spin
Hall efficiency, a key parameter for such advanced reader
technology for ultrahigh-density HDDs.

II. EXPERIMENTAL METHODOLOGY

All thin films were deposited on single-crystalline c-plane
sapphire [Al,O3 (0001)] substrates using a room-temperature
DC magnetron sputtering system. To investigate thickness-
dependent transport and structural properties, the BiSb layers’
total thickness varied between 4 and 12 nm. In comparison, a
nominal thickness of 10 nm was selected for optimal
crystallinity and surface morphology in the heterostructure
studies. Titanium-based interlayers, i.e., metallic Ti, TiN,, and
TiO,, were introduced between BiSb and ferromagnetic layers
(NiFe or CoFeB). Reactive sputtering was used for TiN, and
TiOy depositions under controlled Ar/N, or Ar/O, gas
environments.

The films’ crystallographic texture and phase purity were
examined by X-ray diffraction (XRD) using Cu-Ka radiation,

and surface morphology was analyzed by atomic force
microscopy (AFM). Reflection high-energy electron diffraction
(RHEED) was also employed in situ to monitor surface
crystallinity in the deposition chamber. Cross-sectional
scanning transmission electron microscopy (STEM) was
performed to evaluate the interfacial microstructure and
elemental diffusion across layers. Magnetic properties,
including magnetic moment and potential dead layer formation,
were characterized using a vibrating-sample magnetometer
(VSM). Device fabrication for spin-orbit torque (SOT)
measurements was performed using conventional UV
lithography and Ar ion milling to define bar-shaped devices
integrated with a coplanar waveguide structure. Spin-torque
ferromagnetic resonance (ST-FMR) measurements were then
conducted at various frequencies and magnetic field angles to
extract spin Hall efficiencies. Measurements were performed
for both as-deposited and annealed samples (400 K, 1 h), as well
as samples aged at room temperature for 45 days to evaluate
thermal and temporal stability.

III. RESULTS AND DISCUSSION

A. Structural and Morphological Analysis

XRD patterns confirmed that the BiSb films exhibited strong
(0001)-textured growth, particularly for thicknesses above 8 nm,
which is favorable for maintaining robust topological surface
states. /n-situ RHEED patterns after the deposition of BiSb
showed polycrystalline features. At the same time, it became a
highly textured structure after being post-annealed at 400 K.
AFM images revealed smooth surface morphology, with
average roughness below 0.7 nm, indicating high surface
quality suitable for spin transport measurements. Thickness-
dependent resistivity measurements for the BiSb thin films
illustrated the emergence of topological surface states.

Cross-sectional STEM analysis indicated that the Ti-
insertion after annealing improved crystallinity and that the Ti



layer acted as an effective barrier to suppress interdiffusion,
which could preserve the topological properties of BiSb films.

B. Spin Hall Efficiency

We performed ST-FMR measurements to examine the spin
Hall efficiency in the BiSb/IL/FM heterostructures, as shown in
Figure 1. Applying an RF charge current in the BiSb layer
generates an oscillating transverse spin current. This spin
current transfers spin angular momentum to the FM layer
through the IL, exciting FMR. The resulting FMR signal
contains an anti-symmetric Lorentzian line shape (V4) and a
symmetric Lorentzian line shape (Vs). The Va results from the
Oersted field and the field-like torque, while the Vs is related to
the damping-like torque from the spin current. All the samples
show clear ST-FMR spectra.
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Fig. 1. Illustration of BiSb-based heterostructure and ST-FMR measurement.

Figure 2 shows representative ST-FMR spectra measured in
the as-deposited samples of BiSb (10 nm)/NiFe (15 nm) and
BiSb (10 nm)/Ti (2 nm)/NiFe (15 nm). A significantly large
value of Vs/Va was observed in the sample with Ti interlayer,
indicating an enhancement of the spin Hall efficiency. After
annealing at 400 K, the BiSb/NiFe sample without IL exhibited
a spin Hall efficiency of ~0.3. The insertion of a Ti IL increased
the spin Hall efficiency to ~1.2, indicating more than a fourfold
improvement. This enhancement also persisted after 45-day
ambient aging, demonstrating the thermal and temporal
robustness of the Ti-inserted heterostructures. In the
BiSb/IL/CoFeB systems, ST-FMR measurements showed that
TiN, as the IL yielded a relatively high spin Hall efficiency,
while Ti and TiO, showed moderate values. These differences
suggest that a suitable IL can preserve the topological surface
states of BiSb and suppress elemental interdiffusion,
maintaining an effective large spin current across the interface.

IV. CONCLUSION

The engineering of topological heterostructures through the
strategic use of interlayers demonstrates a significant
enhancement in spin Hall efficiency for BiSb-based systems.
The observed improvements, particularly with Ti and TiN;
interlayers, by protecting topological surface states and
mitigating  interdiffusion, are crucial for topological
heterostructures. These findings highlight the potential of
utilizing such interface-engineered TI/FM systems for

developing advanced spintronic components, contributing
towards next-generation read head technologies for HDDs
where efficient spin-charge interconversion and robust material
interfaces are imperative.
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Fig. 2. Representative ST-FMR spectrum (f=2 GHz, P =15 dBm, and ¢ =45°)
in the samples of (a) BiSb (10 nm)/NiFe (15 nm) and (b) BiSb (10 nm)/Ti (2
nm)/NiFe (15 nm).
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