
	
	
	
	

Heat	Assisted	Magne-c	Recording	Media:	
Progress	and	Remaining	Challenges	
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Magne-c	Property	challenges	
No	grain	coherence	between	seed	and	media	layer	

Contact	 Prof.	Dr.	Olav	Hellwig	
AG	Magne5sche	Funk5onsmaterialien	
Ins5tut	für	Physik,	Technische	Universität	Chemnitz	
D-09126	Chemnitz	
Tel.:	+49-(0)371-531-30521	
E-Mail:	Olav.Hellwig@physik.tu-chemnitz.de	
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§ Use temperature dependence of coercivity to fulfill 
two conditions simultaneously: 

• High anisotropy Ku for thermally stable grains 
and  
• Low coercivity HC to be able to write bit transitions 

using a conventional write head 

§ Thermal gradient rather than magnetic field gradient 
determines the position of the bit transitions 

§ Heat up to write and cool down for storage/readout 
§ Grain sizes down to 3 nm are thermally stable for 

L10 FePt 

laser 

Magnetic pole read- sensor 

B.C. Stipe et al, Nature Photonics, 4, 484 (2010) 
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HAMR media are magnetic as well as 
thermal and optical functional material 
systems. 
 
Other functions of the HAMR media system 
that need optimization: 
 
-  Granular nanostructure 
-  Mechanics 
-  Tribology (particles, surface energy) 
-  Surface roughness 
-  Aerodynamics 
-  Corrosion 

FePt-L10 
+ segregant 
(high temperature deposition) 

heat sink  (define texture) 

MgO seed (diffusion barrier)) 

heat sink seed and adhesion 

HAMR 

media 

-  Optical absorption 
-  Thermal flux into the “heat sink” 
-  Laser power reduction 
-  Lateral thermal gradient (~10 K/nm required) 
 

HAMR specific 

NFT= Near-Field-Transducer 
•  No use of wave optics 
•  Excitation of a surface plasmon 

20 nm 

NFT Challenges	for	HAMR	

new	parameters		
•  op5cal	(n,k)		
•  thermal	(κ)		
•  layer	proper5es,	TC,		
•  distribu5ons: σTc,	σT	
	
	

Comparison:	PMR	media	versus	HAMR	media	
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•  high	temperature	media	deposi-on	(L10-order)	
•  MgO	seed	also	acts	as	diffusion	barrier	
•  con-nuous	grains	in	MgO	seed	
•  no	1:1	grain	rela-on	between	seed	and	media	
•  epitaxy	sets	grain	orienta-on,	easy	axis	

•  all	RT	deposi-on	process	(no	inter-diffusion)	
•  high	pressure	Ru	grain	isola-ng	layer	
•  1:1	grain	rela-on	between	seed	and	media	
•  step	by	step	structure	built	up	of	grain		

	orienta-on,	grain	size	and	grain	isola-on	

(set	orienta-on)	

heat	sink	seed		
and	adhesion	

20	nm	HAMR-media	

MgO grain 
boundaries 

FePt grain 
boundaries 
 

FePt grain boundaries are not guided by MgO seed layer grain 
boundaries, such as in PMR media, where CoCrPt grains grow 
coherently on high pressure Ru seed layer grains   
è Grain size is not controlled by the seed layer, such as in PMR 

1 nm 

Poster	extracted	from	talk	at		
INTERMAG	2015,	Beijing,	China		
May	12th	2015		
	

high	resolu5on	TEM	by	
Sebas-an	Wicht,	Bernd	Rellinghaus	

single	layer	segregant	
early	stage	

<D>	=	8.4nm,	w=0.18	
<P>	=	10.0nm,	w=0.20	
Packing	frac-on	=	68%	

<D>	=	10.5nm,	w=0.20	
<P>	=	11.9nm,	w=0.22	
Packing	frac-on	=	66%	

<D>	=	8.2nm,	w=0.20	
<P>	=	9.5nm,	w=0.21	
Packing	frac-on	=	74%	

<D>	=	9.9nm,	w=0.22	
<P>	=	11.7nm,	w=0.24	
Packing	frac-on	=	70%	

single	layer	segregant	
advanced	stage	

dual	layer	segregant	
early	stage	

dual	layer	segregant	
advanced	stage	

large/spherical/low	filling	factor	
many	very	small	grains	

small/spherical/low	filling	factor	
some	very	small	grains	

large/voronoi/high	filling	factor	
less	very	small	grains	

small/voronoi/high	filling	factor	
almost	no	very	small	grains	

TEM	comparison	of	recent	HAMR	media	flavors	
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Quan-fying	amount	of	in-plane	easy	axis	grains	with	XRD	and	VSM	
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• 	avoid	misaligned	grains	
• 	avoid	small	grains	
• 	more	square	out-of-plane	loops	
• 	reduce	in-plane	hysteresis	
• 	improve	DC	SNR	


