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The candidates for the next generation of disk drive (HDD) technologies include
advanced perpendicular magnetic recording (PMR), heat-assisted magnetic recording
(HAMR), bit patterned media (BPM) recording, shingled magnetic writing (SMR) as well as
flash-based recording. The first four technologies are based on magnetic recording, while
the other relies on the solid-state technology. The magnetic recording is faced with noise
and distortion which include media noise, nonlinear transition shift (NLTS), thermal
asperity, thermal response, intersymbol interference (ISl), inter-track interference (ITl) as
well as system-specific issues such as heating gradients in HAMR, write errors in BPM as
well as multiple shingle track pitch in SMR, all of which degrade the system reliability. For
the flash-based memory, there are several types of noise sources including retention
process, inter-cell interference (ICl), background pattern noise, and read/program disturb.
Such noise sources reduce the storage reliability of magnetic and flash memory
significantly. The continuous bit cost reduction of both types of devices mainly relies on
aggressive technology scaling, which, however, further deteriorates the storage reliability.
In magnetic recording, the bit size and track pitch are continually reduced causing the ISI,
ITI issues, while for flash-based recording, multi levels per cell lead to increased ICI
issues. In addition, the signal-to-noise ratio (SNR) is further decreased resulting in
degraded bit error rate (BER). Signal processing is required to tackle the ISI, ITI and ICI

issues. The typical storage reliability requirement is that non-recoverable BER must be



below 10_15. Such stringent BER requirement makes error correction code (ECC)
techniques mandatory to guarantee storage reliability. Different ECC techniques are
required in different types of magnetic and flash memory. Turbo equalization between the
detectors and ECC decoders can be used to further increase the system performance.

In this project, we develop the novel advanced signal processing and coding
schemes for memory storage. Specifically, given a two-dimensional channel matrix,
representing the ISl and ITI, we design the myriad detector types such as trellis-based and
graph-based detectors. Benefits of such a structure include the SNR gains after fewer
iterations, linear complexity and significant mitigation reduction of inter-track interference
(ITI) and other distortions on the write side such as nonlinear transition shift (NLTS) and
on the read side such as thermal asperity (TA), thermal response (TR) and dual peak-to-
peak readback amplitude. For the ECC, binary and non-binary low-density parity-check
(LDPC) codes based on progressive-edge growth (PEG) algorithm and the product code
structure will be beneficial. For the decoders, the layered-scheduling and mixed-scheduling

will be designed and proposed for magnetic-based and flash-based memory storage.

Keywords : Viterbi detector, two-dimensional channel model, heat-assisted magnetic
recording (HAMR), bit patterned media (BPM), shingled magnetic writing (SMR),

solid-state memory, iterative processing, turbo equalization
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