
  
Abstract—An experiment was performed to study head 

degradation from mechanical stress on spin-stand testing. The 
degradation of electrical performance was measured by Resistance, 
Amplitude and Bit Error Rate performance. Mechanical stress was 
represented by loading and unloading the head under the disk by 
tilting the stand up or down. Scratching, wearing and weakness 
ensued from mechanically induce vibration to the head. Results of the 
test showed, the resistance gradually increased, BER performance 
degraded and amplitude decreased. Observing the air bearing surface 
of heads showed wear especially at the transducer area.  
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I. INTRODUCTION 
HE recording densities of hard disk drives are increasing, 
to reduce head-media spacing, a smaller size of the 

transducer is require to achieve high areal density. Less 
spacing between head and disk means more head disk 
interaction events such as wearing or scratching. Moreover, a 
smaller reader sensor dimension means less volume and, less 
energy barrier which make it more susceptible to damage.  

Head degradation has been researched with a dynamic 
scratch test [1], to study read/write head degradation due to 
head-disk interactions. The changes are attributed to stress 
induced magnetic anisotropy and/or scratching/smearing 
damage. Comparison between GMR and TMR showed that the 
TMR design was more susceptible to abrupt resistance 
decrease and amplitude loss, consistent scratching/smearing 
damage at the air bearing surface. [2]An Experimental Study 
of Slider Vibration In Nanometer Spaced Head-Disk Interface, 
demonstrated that slider vibration is dependent not only on 
slider air-bearing surface design but also strongly dependent 
on lubricant and other interface conditions. 

This experiment studies the degradation on the recording 
head with mechanical stress from the load/unload process by 
utilizing a stand that tilts up and down. The vibration can 
occurred from the tilting mechanical parts of stand. The stress 
induced by the tilting mechanic was used to observe the 
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change in electrical performance by measuring Resistance, Bit 
Error Rate and Amplitude. Moreover, to observe the damaging 
of the head on the air bearing surface, FESEM was used after 
the completion of   mechanical testing.   

 
Fig. 1 The spin-stand testing by cartoon image. 

II.  EXPERIMENTAL 
The testing was examined on spin-stand tester which is use 

for measure the electrical performance of recording head. The 
samples are perpendicular magnetic recording (PMR) head in 
a form of head gimbal assembly (HGA). The reader is a tunnel 
magnetoresistive (TMR) sensor. Spindle speed  is  6475 rpm.   

The spin-stand test is typically used to measure the electrical 
performance of recording heads. There are two main parts:, 
first is the spindle to hold the disk, second is the XY stand to 
hold the head and movement shown in figure1. The 
environmental condition of this experiment is room 
temperature. The mechanical stress induced by loading and 
unloading the head was demonstrated by tilting the head up 
and down. After the tilt up/down process, the performance was 
measure at a different area or radius on the disk.  

The testing flow is detailed in figure2., The test starts by 
loading the sample and spinning up the disk., Then the head is 
moved to the disk with the XY movement. Next the head is 
moved to the first radius (Radius A) then tilt down and tilt up. 
After that head is moved  to the second radius (Radius B), the 
electrical performance is measured. After the measurements 
are completed, repeat the process of moving to the first radius 
to tilt down and up and, moving to radius B to measure 
electrical performance for 100 cycles. 
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Fig. 2 Load and Unload Testing Flow. 

III. RESULTS & CONCLUSION 
The spin stand measurements in figure 3, 4 and 5 shows 

resistance increase by 24.38% and amplitude decreased by 
39%. BER degraded by 1.68 decades. Base on the worst head, 
the changed came from final value- initial value.  

To calculate the failure by use criterion which bad 
performance are resistance changed more than 10%, amplitude 
changed 20%, bit error rate BER change (Delta BER) more 
than 1 dec. The summary of all failure are clarify in table1. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 3 Plot of Resistance changed by percentage vs. Load cycles. 
 
Additional, FESEM image found  indication of burnish at 

the transducer area especially on the reader sensor. The 
vibration from mechanic stress increase the risk for light 
scratch and wear to occur. 
 
 
 

 
 

 
 

 
 
 
 
 
 
 
 
 

Fig. 4 Plot of Amplitude changed by percentage vs. Load cycles 
 
 
 

 
 
 
 
 
 
 
 
 
 
Fig. 5 Plot of Amplitude changed by percentage vs. Load cycles 
 

TABLE I 
RESULT OF EXPERIMENT 

PERFORMANCE RESISTANCE AMPLITUDE BER 

FAIL CRITERION 
CHANGED 

MORE THAN 
10% 

CHANGE 
MORE THAN 

20% 

CHANGE MORE 
THAN 1 DEC. 

#FAILURES OF 
TOTAL AT 100TH 

LOAD CYCLE 

 
11/15 

 
13/15 

 
6/15 

PERCENTAGE OF 
FAILURES 73.33 86.66 40.00 

WORST HEAD 
AT 100TH LOAD 

CYCLE 

CHANGED 
24.38% 

CHANGED 
39.00% 

CHANGED 
1.68 DEC 

DEC=decades,  
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