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PERPENDICULAR MAGNETIC RECORDING MEDIUM 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to magnetic recording disks used in hard disk 

drives (HDDs}, and more particularly, to a perpendicular magnetic recording disk 

with improved thermal stability of record information and high signal-to-noise (SNR} 

ratio. 

2. Description of the Related Art 
A--~ 

In longitudinal magnetic recording (LMR} applied to hard disk drives (HDDs), 

a major external data storage device of computers, the size of a data record domain 
I 

in a magnetic disk has decreased with microstructure as the need for high-density 

data recording increases. However, this decrease in size makes the data record 

15 domains susceptible to removal by thermal energy generated by operation of the 

HOD which is more dominant than magnetostatic energy from the data record 

domain. This is referred to as the super paramagnetic effect. To overcome the 

super paramagnetic effect, the LMR technique has been replaced by a perpendicular 

-magnetic recording (PMR} technique for HDD applications. The PMR technique 

20 uses a higher electrostatic energy and lower demagnetization energy compared to 

the LMR technique, so it is advantageous in high-density data recording. The 

high-density PMR technique also has enabled detection of a micro data domain in 

combination with advances in the manufacture of highly sensitive read heads. 

In the PMR technique suitable for high-density magnetic recording, 

25 perpendicular magnetic anisotropy energy is exerted to orient the direction of 

magnetized domains perpendicular to the plane of a magnetic disk. Thus, head 

30 

. 
fields from a magnetic head should be induced to be perpendicular to the magnetic 

disk plane and thus parallel to the magnetized domains. To achieve this, a 

particular head capable of inducing a perpendicular magnetic field is required. 

The schematic structure of a single-layer PMR medium is shown in FIG. ·1. 

The single-layer PMR medium includes an underlayer 12 for promoting the 

perpendicular orientation of a perpendicular magnetic recording {PMR) layer 13 

formed over the underlayer 12, the PMR layer 13 having the perpendicular magnetic 

anisotropy energy to keep the perpendicular orientation of the data record domain, a 
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~ protective layer 14 for protecting the PMR layer 13 from external impacts, and a 

lubricant layer 15. 

The PMR layer 13 has the perpendicular magnetic anisotropy energy with a 

magnetic easy axis oriented perpendicular to the plane of the PMR layer 13 due to 

s the underlayer 12. Therefore, perpendicular data recording can be achieved by 

perpendicular magnetic field components from a ring-type head. 
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Recording density in a perpendicular magnetic recording mechanism is 

largely affected by the characteristics of the PMR layer and the perpendicular 

orientation promoting underlayer (hereinafter, simply referred to as "underlayer''). 

In a conventional PMR medium, as shown in FIG. 1, an underlayer disposed 
~1 . 

below a PMR layer to promote perpendicular magnetic orientation of the PMR layer 

is formed of titanium (Ti), platinum (Pt), gold (Au), or palladium (Pd), which has good . 
perpendicular magnetic orientation properties. In this case, crystal growth in the 

underlayer is continuous to the PMR layer in an aligned grain structure, thereby 

15 increasing the grain size of the PMR layer. Such large grains result in greater noise 

with low signal-to-noise ratio (SNR). 

SUMMARY OF THE INVENTION 

To solve the above-described problems, it is an objective of the present 

20 invention to provide a perpendicular magnetic recording (PMR) medium in which an 

increase in grain size of a PMR layer due to continuous crystal growth of a 

perpendicular orientation promoting underlayer to the PMR layer in an aligned grain 

structure is suppressed. 

To achieve the objective of the present invention, there is provided a 

25 perpendicular magnetic recording medium including a perpendicular orientation 

promoting underlayer between a substrate and a perpendicular magnetic recording 

layer for inducing the perpendicular orientation of the perpendicular magnetic 

recording layer, the perpendicular magnetic recording medium further comprising a 

crystal growth discontinuation layer between the perpendicular orientation promoting 

30 underlayer and the perpendicular magnetic recording layer for suppressing 

continuous crystal growth from the underlayer to the perpendicular magnetic 

recording layer. 

It is preferable that the perpendicular orientation promoting underlayer is 

formed of at least one material selected from the group consisting of Pt, Au, Pd, Ti 
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and an alloy of these materials. It is preferable that the crystal growth 

discontinuation layer has a thickness no greater than 20 nm. It is preferable that 

the crystal growth discontinuation layer is formed of at least one material selected 

from the group consisting of Ti, Ta, permalloy, and an alloy of these materials. It is 

s preferable that the perpendicular magnetic recording layer is formed of a CoCr alloy. 

It is preferable that the perpendicular magnetic recording layer further comprises at 

least one material selected from the group consisting of B, Pt, Ta, V, Nb, Zr, Y, and 

Mo. 

The PMR medium according to the present invention has good recording 

10 performance for a single-layer structure, a double-layer structure including a soft 
,..i..-1 

magnetic layer between a perpendicular orientation promoting underlayer and a 

substrate, or a pse~do double-layer structure including a soft magnetic layer 

between a perpendicular orientation promoting underlayer and a perpendicular 

magnetic recording layer. According to the present invention, the perpendicular 

15 magnetic recording layer may be formed of a multiple-layer as well as a single-layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above objective and advantages of the present invention will become 

more apparent by describing in detail preferred embodiments thereof with reference 

20 to the attached drawings in which: 

FIG. 1 is a sectional view showi.ng the structure of a conventional 

perpendicular magnetic recording (PMR) medium; 

FIG. 2 is a sectional view showing the structure of a preferred embodiment of 

a PMR medium according to the present invention with a crystal growth 

25 discontinuation layer between a perpendicular orientation promoting underlayer and 

a PMR recording layer; 

FIG. 3 is a partial enlarged view showing a crystal growth pattern and grain 

size in a PMR layer of a PMR medium without a crystal growth discontinuation layer; 

FIG. 4 is a partial enlarged view showing a crystal growth pattern and grain 

30 size in a PMR layer of a PMR medium with a crystal growth discontinuation layer; 

FIG. 5 is a graph of signal-to-noise ratio.for PMR disks manufactured in 

Example 1 and Comparative Examples 1 and 2; 
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FIG. 6 shows spectra of noise at a high recording density of 600 kFCI (kilo 

Flux Charge per Inch) for the PMR disks manufactured in Example 1 and 

Comparative Examples 1 and 2; and 

FIG. 7 shows spectra of noise at a low recording density of 100 kFCI for the 

s PMR disks manufactured in Example 1 and Comparative Examples 1and2. 

DETAILED DESCRIPTION OF THE INVENTION 

The principle of the present invention will be described in greater detail with 

reference to the appended drawings. 

10 Referring to FIG. 2, a perpendicular magnetic recording (PMR) medium 
~~ 

according to a preferred embodiment of the present invention is characterized by 

including a crystal growth discontinuation layer 26 between a perpendicular . 
orientation promoting underlayer 22 and a PMR layer 23. 

FIG. 3 is a partial enlarged view showing a crystal growth pattern and grain 

1s size in a PMR layer of a PMR medium without a crystal growth discontinuation layer. 

As shown in FIG. 3, crystal growth in the perpendicular orientation promoting 

underlayer is continuous to the PMR layer in an aligned grain structure, thereby 

increasing the grain size of the PMR layer. 

FIG. 4 is a partial enlarged view showing a crystal growth pattern and grain 

20 size in a PMR layer of a PMR medium with a crystal growth discontinuation layer. 

As shown in FIG. 4, formation of the crystal growth discontinuation layer blocks 

continuous crystal growth from the perpendicular orientation promoting underlayer to 

the PMR and thereby allows growth of crystal for the PMR layer to start from the 

crystal growth discontinuation layer, thereby resulting in reduced grain size. 

25 Depending on the materials being used for the perpendicular orientation 

promoting underlayer and the PMR layer, the material for the crystal growth 

discontinuation layer can be appropriately selected to provide such a crystal growth 

discontinuation effect. ·For a PMR layer formed of a CoCr alloy, titanium (Ti), 

tantalum (Ta), permalloy, or an alloy of these materials is preferred for the crystal 

30 growth dis~ontinuation layer. It is preferably that the crystal growth discontinuation 

layer has a thickness of 20 nm or less to allow transfer of the perpendicular magnetic 

orientation· property of the underlayer to the PM R layer. If the thickness of the 

crystal growth discontinuation layer is greater than 20 nm, the perpendicular 

magnetic orientation effect from the underlayer cannot be exerted on the PMR layer. 
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Such small grain sizes result in a low-noise perpendicular magnetic recording 

medium with increased SNR enabling high-density recording. 

The present invention will be described in greater detail by means of the 

following examples. The following examples are for illustrative purposes and are 

not intended to limit the scope of the invention. 

<Example 1> 

A Pt underlayer was deposited on a 0.635-mm-thick glass substrate to a 
1 o thickness of 40 nm, and a Ti crystal growth discontinuation layer was deposited on 

A~ 

the Pt underlayer to thickness of 5 nm. A CoCr alloy PMR layer was deposited on 

the Ti crystal growt~ discontinuation layer to a thickness of 50 nm. A carbon-based 

layer was formed as a protective layer on the CoCr alloy PMR layer to a thickness of 

1 O nm, and a 2-nm-thick lubricant layer was formed thereon using Z-DOL (0.04%, 
15 available from Ausimont Co.), thereby resulting in a signal-layer PMR disk. 

< Example2> 

A 500-nm-thick NiFe soft magnetic layer and a 10-nm-thick Pt underlayer 

were sequentially stacked on a glass substrate having a thickness of 0.635 mm, and 
20 a Ti crystal growth discontinuation layer was deposited on the Pt underlayer to a 

thickness of 5 nm. Next, a CoCr alloy PMR layer was deposited on the Ti crystal 

growth discontinuation layer to a thickness of 50 nm. A carbon-based layer was 

formed as a protective layer on the CoCr alloy PMR layer to a thickness of 1 o nm, 
and a 2-nm-thick lubricant layer was formed thereon using Z-DOL (0.04%, available 

25 from Ausimont Co.), thereby resulting in a double-layer PMR disk. 

<Example 3 > 

A 40-nm-thick Pt underlayer and a 10-nm-thick NiFe soft magnetic layer were 

sequentially formed on a 0.635-mm-thick glass substrate. Next, a Pt underlayer is 

30 formed as a perpendicular orientation promoting layer on the NiFe soft magnetic 

layer to a thickness of 5 nm, and a Ti crystal growth discontinuation layer was 

formed thereon to a thickness of 5 nm, followed by formation of a CoCr alloy PMR 

layer having a thickness of 50 nm. A carbon-based layer was formed as a 

protective layer on the CoCr alloy PMR layer to a thicknes~ of 1 O nm, and a 
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• 2-nm-thick lubricant layer was formed thereon using Z-DOL (0.04%, available from 

Ausimont Co.), thereby resulting in a pseudo double-layer PrvlR disk. 

<Example 4 > 

5 A 40-nm-thick Pt underlayer and a 5-nm-thick Ti crystal growth 

discontinuation layer were sequentially formed on a 0.6~5-mm-thick glass substrate. 

Next, a 10-nm-thick NiFe soft magnetic layer and a 50-nm-thick CoCr alloy PMR 

layer were sequentially formed on the Ti crystal growth discontinuation layer. A 

carbon-based layer was formed as a protective layer on the CoCr alloy PMR layer to 
10 a thickness of 10 nm, and a 2-nm-thick lubricant layer was formed thereon using 

~ 
Z-DOL (0.04%, available from Ausimont Co.), thereby resulting in a pseudo 

double-layer PMR disk. 
' 

< Comparative Example 1 > 

15 A 50-nm-thick Ti underlayer and a 50-nm-thick CoCr alloy PMR layer were 

sequentially deposited on a glass substrate having a thickness of 0.635 mm. Next, 
a carbon-based layer was formed as a protective layer on the CoCr alloy PMR layer 

to a thickness of 1 O nm, and a 2-nm-thick lubricant layer was formed thereon using 
Z-DOL (0.04%, available from Ausimont Co.), thereby resulting in a conventional 

20 single-layer PMR disk. 

< Comparative Example 2 > 

A 50-nm-thick Ti underlayer and a 5-nm-thick NiFe soft magnetic layer were 
sequentially deposited on a glass substrate having a thickness of 0.635 mm, 

25 followed by formation of a 35-nm-thick CoCr alloy PMR layer. Next, a 

carbon-based layer was formed as a protective layer on the CoCr alloy PMR layer to 

a thickness of 10 nm, and a 2-nm-thick lubricant layer was formed thereon using 

Z-DOL (0.04%, available from Ausimont Co.), thereby resulting in a conventional 

pseudo double-layer PMR disk. 

30 

FIG. 5 is a graph of signal-to-noise ratio for the PMR disks manufactured in 

Example 1 and Comparative Examples 1 and 2. As shown in FIG. 5, the PMR 

disk according to the present invention with the Pt underlayer and the Ti crystal 

growth discontinuation layer shows a higher SNR than the conventional PMR disks. 
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FIG. 6 shows spectra of noise at a high recording density of 600 kFCI (kilo 

Flux Charge per Inch) for the PMR disks manufactured in Example 1 and 

Comparative Examples 1 and 2. As shown in FIG. 6, the PMR disk according to the 

present invention has a very low noise level compared to the conventional PMR 

s disks. 

FIG. 7 shows spectra of noise at a low recording density of 100 kFCI for the 

PMR disks manufactured in Example 1 and Comparative Examples 1 and 2. As 

shown in FIG. 7, the PMR disk according to the present invention shows a low noise 

level even at a low recording density, compared to the conventional PMR disks. 

10 As described above, a PMR medium according to the present invention that is 
;Ir-~ 

characterized by including a crystal growth discontinuation layer between a 

perpendicular orientation promoting underlayer and a PMR layer can effectively 
I • 

suppress crystal growth in the PMR layer, resulting in low noise levels. Therefore, 

the PMR medium according to the present invention has high-density recording 

1s applications with increased SNR. 

20 

While this invention has been particularly shown and described with reference 

to preferred embodiments thereof, it will be understood by those skilled in the art that 

various changes in form and details may be made therein without departing from the 

spirit and scope of the invention as defined by the appended claims. 
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What is claimed is: 

1 . A perpendicular magnetic recording mediur:n including a perpendicular 

orientation promoting underlayer between a substrate and a perpendicular magnetic 

recording layer for inducing the perpendicular orientation of the perpendicular 

5 magnetic recording layer, the perpendicular magnetic recording medium further 

comprising a crystal growth discontinuation layer between the perpendicular 

orientation promoting underlayer and the perpendicular magnetic recording layer for 

suppressing continuous crystal growth from the underlayer to the perpendicular 

magnetic recording layer. 

10 
~' 

2. The perpendicular magnetic recording medium of claim 1, wherein the 

perpendicular orientation promoting underlayer is formed of at least one material 
I 

selected from the group consisting of Pt, Au, Pd, Ti, and an alloy of these materials. 

15 3. The.perpendicular magnetic recording medium of claim 1 or 2, wherein 

the crystal growth discontinuation layer has a thickness no greater than 20 nm. 

4. The perpendicular magnetic recording medium of claim 1 or 2, wherein 

the crystal growth discontinuation layer is formed of at least one material selected 

20 from the group consisting of Ti, Ta, permalloy, and an alloy of these materials. 

25 

5. The perpendicular magnetic recording medium of claim 3, wherein the 

crystal growth discontinuation layer is formed of at least one material selected from 

the group consisting of Ti, Ta, permalloy, and an alloy of these materials. 

6. The perpendicular magnetic recording medium of claim 1 or 2, wherein 

the perpendicular magnetic recording layer is formed of a CoCr alloy. 

7. The perpendicular magnetic recording medium of claim 6, wherein the 

so perpendicular magnetic recording layer further comprises at least one material 

selected from the group consisting of B, Pt, Ta, V, Nb, Zr, Y, and Mo. 
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8. The perpendicular magnetic recording medium of claim 1 or 2, further 
comprising a protective layer and a lubricant layer sequentially on the perpendicular . 
magnetic recording layer. 

9. The perpendicular magnetic recording medium of claim 1 or 2, wherein 
the perpendicular magnetic recording medium has a double-layer structure with 
including a soft magnetic layer between the substrate and the perpendicular 
orientation promoting underlayer. 

10 10. The perpendicular magnetic recording medium of claim 1 or 2, wherein 

15 

the perpendicu1atr:iagnetic recording .medium has a pseudo double-layer structure 
with a soft magnetic layer between the perpendicular orientation promoting . 
underlayer and the perpendicular magnetic recording layer. 
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