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I. INTRODUCTION 

Understanding the mechanism and magnitudes of heat transfer throughout the head and media is 

needed to optimize the reliability of the HAMR recording system.  Understanding how laser light heats 

the head directly and through back-heating is needed to design heads to minimize these effects.  In-situ 

measurements of temperature distributions are extremely difficult because of the small length scales of the 

design features and the very small head-disc clearance during operation [1].  Because of this 

measurement challenge, modeling provides the best avenue for understanding thermal effects and for 

guiding future designs.   

Using a coupled air bearing and thermo-mechanical modeling framework [2], protrusions and 

temperatures can be predicted.  The present work used a combination of a HAMR optical Finite Element 

Model (FEM), a sequential electrical/thermal/mechanical FEM of the head, a thermal model of the media, 

a head-media contact model (ISBL) [3] and a Computational Fluid Dynamics model, including a 

simulation of the recording head suspension.  

Recording heads use a resistive sensor (called a Dual-Ended Thermal Coefficient of Resistance 

(DETCR) sensor, an Embedded Contact Sensor (ECS), or a Head-Disk Interface sensor (HDIs)) to 

measure head-medium proximity and to probe thermal characteristics and events at the head-disc interface. 

This thermistor-type sensor responds to changes in the cooling of the head by pressurized gas in the air 

bearing, as well as to frictional heating when the head contacts the disc  [4].   

By illuminating with a laser the back side of a glass disc coated with metal on only one side, the 

resistance rise of the DETCR can be used to calibrate models that include a convective heat transfer 

coefficient at the surface of the head.  Previous work identified the potential of using this approach to 

estimate these heat transfer effects in the HAMR recording system [5,6].  The resulting heat transfer maps 

also show the effective field of view of thermal events as perceived through a DETCR.   

By obtaining a better calibration of the heat transfer coefficient, more confident predictions of 

head-media temperature distributions are possible.  These can be used to predict temperature changes for 

different operating conditions and different head and media designs.  One outcome of this capability is 

the ability to predict changes in the ability to set head-disk clearance when a resistive sensor is used to 

determine head-disc contact.  Changes in the precision of detecting contact will result in changes in 

head-media spacing, which directly impact areal density.  Thus, improving the predictability of contact 

sensing improves our ability to forecast areal density improvements through design.  

 

II. RESULTS 

 

Predictions of the resistance change as a function of heater power were generated for several recording 
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head designs, and the derivative of each of these curves was used to compare the ability to detect contact.  

An example of a predicted resistance slope with respect to power is shown in Fig. 1.  In Fig, 1a, the 

resistance is predicted as function of heater power, corresponding to clearance. In Fig 1b, the slope of the 

resistance vs. power profile is plotted.  As outlined in [7], the sometimes-subtle change in concavity of 

the R(P) curve is due to frictional heating caused by head-disc contact.  It is possible to use the inflection 

point of slope of the resistance vs. power curve as a reference point to determine head-media contact, and 

then set the head operating clearance to a set distance above this contact condition.  As the design 

changes, the R(P) characteristics change, affecting the fidelity of the contact signal.  A favorable R(P) 

profile is one that is steep, with high curvature, resulting in a dR/dP profile that is steep on both sides of 

the minimum in dR/dP.  Such curves are characteristic of designs with high heater efficiency, smooth 

media, and DETCRs that are well-positioned near the head-disc contact location.  

 

 

    
 

Fig. 1 Modeled resistance vs. heater power (1a) and resulting derivative of the resistance vs. power (1b).   

 

REFERENCES 

1) T. Imamura, et al., “In-Situ Measurements of Temperature Distribution of Air-Bearing Surface 

Using Thermography,” IEEE Transactions on Magnetics, 38 (5) 2147-2149 (2002) 

2) H. Li et al., “Iteration method for analysis of write-current-induced thermal protrusion,” 

Microsystem Technologies, 16 161–167, (2010). 

3) A.Y. Suh, C.M. Mate, R.N. Payne and A.A. Polycarpou, “Experimental and theoretical evaluation 

of friction at contacting magnetic storage slider–disk interfaces,” Tribology Letters, 23 (3), 

177-203 (2006). 

4) J. Li, J.Xu, J. Liu and H. Kohira, “Thermal Mechanics of a Contact Sensor Used in Hard Disk 

Drives,” Microsystem Technologies, 19 (9-10) 1607-1614 (2013). 

5) Y. Ma and D. Bogy, “Experimental Investigation of Heat Flux at the Head-Disk Interface in Hard 

Disk Drives,” Proceedings of the ASME 2016 Conference on Information Storage and Processing 

Systems, ISPS2016-9550, V001T01A008 (2016).  

6) S. Xiong et al., “Head Disk Spacing Effect on Heat Transfer in Heat Assisted Magnetic 

Recording,” Proceedings of the ASME 2017 Conference on Information Storage and Processing 

Systems, ISPS2017-5437, V001T01A009 (2017).  

7) J. Xu et al., “Contact/Clearance Sensor for HDI Sub-Nanometer Regime,” Proceedings of the 24th 

Magnetic Recording Conference (TMRC2013), IEEE Transactions on Magnetics, 50 (3) 3300205    

(2014). 

 


