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Head-media spacing 

reduction:

Reducing surface roughness 

and lube monolayer 

thickness and new materials 

integration will be required.

Media grain size reduction:

Need to overcome the loss 

of moment and anisotropy 

and widening of Tc distribution 

caused by finite size effects.

Reader scaling:

Reader geometry limited by 

lithographical capability & 

thermal magnetics noise 

challenges at small sensing 

layer volumes
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Longitudinal Recording Products

Perpendicular Recording 

Products

Mosaic Lab Demo

Design Iteration Progressions

Source: HAMR ADC CMR and SMR with MSMR-2R/3R Gain: Linear Density vs Trackpitch

Steven Granz, Seagate Technology Research, et al., TMRC Magnetic Recording Conference, 2025



Multi-level recording:

Recording three or more 

states in out of plane 

direction.

• Relaxes geometry.

• Challenges include 

multi-layer media 

growth, sensing, write 

process.

Novel materials for 

sensors:

2D materials may exhibit 

magnetoresistive 

properties.

• Suitability for HAMR 

needs demonstrating.

• Challenges include 

manufacturing process 

integration.

Multi-field component 

sensing:

Readers designed to 

sense all field 

components.

• Relaxes reader 

geometry.

• Challenges include 

channel and sensor 

design.

NIMS-Seagate Collaborations 

Novel media structures:

Improved media ordering 

enables high ADC through 

reduced jitter.

• Ordered granular 

media may be stepping 

stone to patterned 

media

• Low cost process 

needs innovation.
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