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1. 

USE OF NICKEL-PHOSPHOROUS UNDERCOAT 
FOR PARTICULATE MEDIA IN MAGNETIC 

STORAGE DEVICES 

"This is a divisional of copending application Ser. 
No. 07/183,863 filed on 04/20/88 now abandoned'. 
This invention relates to the field of coating methods 

and materials for media for magnetic storage devices. 
BACKGROUND 

This invention provides a new method for providing 
an undercoat for "particulate media'. Viewed differ 
ently, this patent also teaches a new undercoating for 
particulate media, one which is in one sense similar to 
the undercoating for "thin-film' media. Particulate 
technology has been available for about 25 years and is 
well understood to be a reliable media. It is currently 
the predominate source of magnetic media which is 
typically found in computer storage devices. 

In magnetic disk drive storage devices, the thinner 
the magnetic media coating, the smoother it is and the 
smoother it is, the closer the read/write heads may fly 
to it. However, where the undercoat (and the substrate) 
is not smooth, a verythin media coating can not be used 
since it will not cover the deformities and aberrations 
from flatness unless the coating is thick enough to fill 
the valleys and pits and cover the peaks and ridges. At 
the higher bit-densities required in high density disk 
drives, the read/write heads need to fly extremely close 
to the media on the disk in order to read the smaller 
magnetic bit transitions accurately. (Fly height for these 
heads is less than 10 microinches or less than 0.25 mi 
crons.) With this invention the cheaper particulate 
media coatings may be uaed to achieve bit-densities 
herefore only available on thin film media. 

Unfortunately it is quite costly to sputter media onto 
disks (which is the process used to apply the thin film 
media coating). It requires a high energy magnetic field 
in a controllable vacuum chamber and uses expensive, 
carefully produced "targets' or sources of magnetic 
thin film coating. 

Spin coating, on the other hand, is substantially 
cheaper and produces what is called a particulate me 
dia. (because of the particles of magnetic media (usually 
iron oxide) in the magnetic suspension when in liquid 
form), but, it produces it as a thin coating, somtimes 
called a thin film. To avoid confusion, all further refer 
ence in this patent to "thin film' refers to coated media 
and "particulate' refers to spin coated media. An exam 
ple of spin coating is described in U.S. Pat. No. 
4,551,355, issued to Ericson and Shadzi, and incorpo 
rated herein by reference. 
Thin film media is generally a metal alloy (NiCoCr, 

for example). Particulate media in its pre-coated form is 
usually Iron-oxide or Barium-Ferrite or similar particles 
in a suspension containing a mixture of polymeric bind 
ers. When the solvent is evaporated and the polymeric 
binders react during curing, the magnetic particles get 
held in a positional orientation by binding matrix. The 
binding matrix is usually primarily attached by mechan 
ical linkages to the Ni-P undercoat, although probably 
some chemical bonding is also occurring. The binding 
polymers may be of various formulations but a one to 
one ratio of phenolic and phenoxy resins may be used. 

It is an important feature of the undercoat that it be 
non-magnetic For particulate media the traditional un 
dercoating has been a Chromate-Phosphate conversion 
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2 
coating. However, Chromate-Phosphate solution reacts 
with the impurities in the Aluminum substrate, the end 
result of which is areas or pits at which the later coat 
ings will either not stick or cause "drop-outs". Drop 
outs are areas ot the disk which, when assembled into a 
disk drive, cannot be written to and read from. Chro 
mate-Phosphate is also relatively expensive. 

In this short, Ni-P undercoating for particulate media 
was unknown prior to this invention the particulars of 
which are described below. 

SUMMARY OF THE INVENTION 

Briefly stated, this patent teaches the use of a nickel 
phosphorous (Ni-P) undercoat for particulate media, 
and it teaches a method for creating this undercoat 
which allows for higher bit-density recording than pre 
viously available from particulate media coated disks. 

Instead of stone grinding the surface in preparation as 
is done for thin film media, the aluminum disk substrates 
are cut by a diamond cutting tool held level against it 
while the disk is turned at high speed. The shape of the 
cutting surface is described with reference to the de 
tailed description below. The surface of a diamond 
turned disk is extremely smooth and will oxidize during 
or after cutting. To remove these impediments to plat 
ing, the substrate is treated with a chemical etch. It is 
believed that the chemical etch removes any oxides 
which build up as well as removing some rough spots 
and uniformly micro-pits or activates the surface. 
A thin layer of zincate coating is then applied by 

electroless plating, until the surface of the substrate is 
completely and uniformly covered. In the preferred 
embodiment, this layer is removed by Nitric Acid and a 
second zincate layer is redeposited. After the zincate 
coating, a Ni-P coating is on, also in an electoless solu 
tion. However this Ni-P coating for particulate media 
application is approximately 300 to 350 microinches in 
thickness, as opposed to the 600 to 650 microinches 
required for thin film media. 
Next the Ni-P coated disk is subjected to polishing, in 

a manner which produces a more locally random (as 
opposed to being random over a wider area) polished 
surface than that polished into thin film media Ni-P 
undercoatings. The resultant undercoating will have 
polishing cuts that are shorter and more shallow than 
those cut into thin film coated disks which are polished 
differently. This polishing process removes from 100 to 
125 microinches from the surface as opposed to remov 
ing 200 to 250 microinches from the thin film media 
surface the way thin film media undercoats would be 
polished. 
The surface must then be textured or patterned using 

a diamond abrasive paste applied to a polishing pad 
rotated counter to the direction of rotation of the disk 
surface being textured so as to leave a circumferential 
pattern. 
At this point the disk is ready for spin coating of 

particulate media, generally done in a manner as de 
scribed in the abovereferenced patent issued to Ericson 
and Shadzi. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a cutaway view of one side of an aluminum 

subtrate, coated with three different sets of coatings 
arranged in adjacent stacks. 
FIG. 2 is a cutaway view of a small portion of a 

substrate coated with Ni-P. 
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FIG. 3 is a flow diagram showing the steps used in 
the inventive process. 

FIG. 4 is a side view drawing of the diamond cutter 
mounted above a disk for turning as in the preferred 
embodiment. 

FIG. 4a is a front view of the diamond tool of FIG. 
4. 
FIG. 4b is a close up view of the tip and tool of FIG. 

4. 

FIG. 5 is a top view of the texturing machine, show 
ing disks mounted thereon. 
FIG. 6 is a side view of the relevant parts of the 

machine of FIG. 5. 
FIG. 7 is a top view of the platen and pad showing 

mounted disks as used in the polishing machine. 
FIG. 8 is a side view of the platen of FIG. 7 with the 

disk mounting fixture. 
DETAILED DESCRIPTION 

The finished undercoating referred to herein as Ni-P 
is a crystalline lattice of Nickel and Phosphorous with, 
in the preferred embodiment, about 11 to 12 percent 
phosphorous, and the rest nickel. 

It is a non-magnetic alloy. The same Ni-P electroless 
plating solution one could use for undercoating thin 
film disks may be used to undercoat the particulate 
media disks. The difference is that with the process 
taught in this patent, the undercoating need be only half 
as thick as that used for thin film undercoating and 
therefore the process is more efficient with respect to 
time and chemical solution expended at this step. 
The aluminum substrate must be prepared first, be 

fore the Ni-P undercoat can be plated down. There are 
three main steps to this preparation of the raw alumi 
num substrate disks. First the disks will be turned at 
high speed under a diamond tool, then chemically 
etched, then plated with a zincate pre-undercoat layer. 
Diamond turning: 
For the discussion on diamond turning reference 

should be made to FIG. 4, in which the relevant por 
tions of such an apparatus are referred to with the nu 
meral 15, 
(The measurements indicated with reference to this 

diamond turning process are for purposes of the pres 
ently preferred embodiment description and are not 
meant to be limiting. Those of ordinary skill in the art 
shall be able to apply these details to the particulars of 
their related projects by varying them to fit their situa 
tions. A cutting edge of titanium-carbide or substrate of 
similar hardness may be substituted for the diamond but 
the diamond is presently preferred.) 
Diamond turning is accomplished with a tool 20 that 

holds a faceted diamond 21 over a disk 22. The disk is 
mounted on a vacuum chuck 30 capable of greater than 
3000 rpm when driven by shaft 23. The disk 22 is started 
spinning in the direction indicated by the arrows arrows 
B1 and B2 while the diamond 21 is held at a constant 
distance from the disk surface so as to acheive a given 
level height. The tool. 20 is securely mounted to a fix 
ture 24 by bolts 25, and the fixture and the fixture is 
mounted to a crossslide 26, which in turn is mounted to 
a granite bed 27 for stability. 
FIG. 4a shows the frontal view of the same structure 

of FIG. 4, sans the granite bed, looking at the disk 22. 
ID stands for Internal Diameter and OD for Outer 
Diameter. The tip of the tool is moved by motion of the 
cross slide along the arrows C1 and C2, and during the 
turning or cutting process in direction C2, or ID to OD. 
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4. 
(Other means for applying appropriate weight to the 

surface, including springs, changed arm structure, etc. 
are within the ordinary skill of those in the art. Means 
for providing a crosslide are also well within the skill of 
those in the art. What is important in crosslide move 
ment is maintaining an exact level height of the cutting 
edge vis-a-vis the disk, and to a lesser extent moving at 
constant velocity in the ID to OD direction.) At 3000 
rpm the diamond tool is moved radially outward in the 
direction indicated by arrow C2 over the disk at a con 
stant velocity of approximately 3.0 inches per minute. 
The disk linear velocity during the diamond turning is 
about 7100 feet per minute. There are acceptable ranges 
for these speeds, but the approximate numbers given are 
presently preferred. 
The tool itself can be more clearly seen with refer 

ence to FIG. 4b, where the tool is again numbered 20 
and the tip 21. The tip in the preferred embodiment is an 
industrial grade diamond with a ground surface 21a 
held at an angle roughly 7 degrees from the disk surface 
22a. As explained in the summary the tip could be an 
other material. The discarded aluminum substrate mate 
rial 28 cutaway from the surface 22a is also shown. This 
diamond turning process produces a very smooth sur 
face from the rough aluminum surface. 
The tool 20 may be constructed of any hard material 

strong enough to support the stresses encountered by 
the diamond scrapping the aluminum surface, and of 
holding the diamond or cutting tip in place throughout 
the process. 

In preparing the thin film media disk substrates to 
receive their Ni-P undercoat, by contrast, the common 
method is to grind the surface flat with flat stones that 
act as an abrasive in a grinding machine. The lathe 
process used in this invention and described above pro 
duces a much smoother surface than that used under 
thin film media, and produced by grinding. It is too 
smooth even to take the Ni-P plating well, and thus 
prepartion steps of cleaning, etching, and Zincate plat 
ing (or their equivalents) are needed. Thin film media 
requires etching and plating too but it uses a different 
degree of etch by treatment in several different acid 
baths before zincate plating prior to nickel-phosphorous 
plating. 

Preparation for Ni-P plating: 
Another problem which occurs is that the aluminum 

will oxidize after turning and being freahly exposed to 
air. This oxidation process must be stopped and re 
versed or the Ni-P in the thin coating used for particu 
late media by this invention will not properly nucleate 
at the oxidized locations. 
The cutting or turning process usually involes a cut 

ting oil or other coolant. To remove this cutting oil, a 
degreasing step, followed by an alkaline cleaner (soap) 
and rinsing with deionized water is used prior to Ni-P 
plating. 
An antioxidant chemical etch developed to solve the 

smoothness and oxidation problems. The diamond 
turned disks are held in this chemical for roughly one 
minute and then rinsed with deionized water. The etch 
is made up of 3% by volume of a mix of roughly equal 
parts pf phosphoric, nitric and chromic acid, the rest 
being made up of deionized water. The etch is used at 
ambient temperature and causes micro etching of the 
surface. 

After the disk subtrate has been turned and micro 
etched, it is plated by dipping it into a zincate solution 
for long enough to uniformly cover the entire surface 
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with a zincate coating. At a concentration similar to 
that used for thin film plating, The electroless plating 
takes about four minutes. 

It is probable that Cadmium or Mercury hydroxide 
solutions could be used instead of Zinc, if desired. 

In the preferred embodiment, a strong (50% pre 
ferred) nitric acid bath is then used to remove the first 
Zincate layer and is then rinsed away and a second zinc 
ate ploaring redeposited. This assures a good surface for 
the next, Ni-P plating process. Of course, it should 
probably be mentioned that the disks are rinsed with 
deionized water between each step. Refer to FIG. 3, 
which is discussed more fully below for details. 
Ni-P plating: 
The Ni-P plating process is unremarkable. The same 

solution which is used for thin film sputtered media may 
be employed here, at a concentration which yeilds 
about a 3-4 microinches of Ni-P growth per minute in 
solution. The process is an exchange process where the 
Ni-P replaces the Zn to bond the aluminum. The differ 
ence here is that for the particulate media undercoat 300 
to 350 microinches need be laid down while typically 
600 to 650 microinches are laid down in the thin film 
undercoat process. 

Thus, with reference to FIG. 2, the Ni-Player 10b is 
plated over the aluminum layer d. This layer of Ni-P is 
not smooth enough to use for undercoating media since 
it will carry on its surface any imperfections from the 
substrate, such as 17 and 18 at the surface as imperfec 
tions in the Ni-Player, 15 and 16. Thus to smooth the 
surface, the Ni-Player is polished down. Because of the 
relative smoothness of the substrate which has been 
subjected to diamond turning instead of grinding, and 
also because of the thinness of the Ni-P coating, the 
imperfections in the Ni-P film structure will be smaller 
and thus less surface will have to be removed (so lower 
thickness of the Ni-P is required). 

Polishing the Ni-Player: 
For the thinner Ni-Player used in this invention a 

single sided polisher has been adapted from the silicon 
wafer industry. Any polishing mechanism which could 
meet the functionality described herein could work, and 
still be within the scope of this invention. 
The particular machine adapted was a Siltec ma 

chine, manufactured by Siltec Co. of Menlo Park, Cali 
fornia. Referring first to FIGS. 7 and 8, the essential 
parts of the polisher are shown and referred to with the 
numeral 31. The machine has a 36' pancake platen 32 
which is rotated at 64 rpm. On this platen goes a pad of 
porometric polypropylene having a nap of 20 to 22 
thousandths of an inch., under which is a compressible 
and porous base of the same material. The pad on the 
platen is covered with an aluminum oxide, water based 
slurry, having particles of 0.3 to 0.5 microinches sus 
pended in it. The pad used in the preferred embodiment 
is called "Politex Supreme' by its maker, Rodel Prod 
ucts Corporation of Scottsdale, Arizona, and the slurry 
is called DP3 by Union Carbide Corporation. The pad 
is not shown on the platen, but a copy of the descriptive 
explanation of Politex Supreme is included as the ap 
pendix hereto. 
The Siltec machine has four carriers, each round and 

centered at the 22 inch diameter from the center of the 
platen 32. Only one carrier 34 is shown. The other three 
are each centered over equally spaced quadrants of the 
platen surface. In one embodiment (shown) each carrier 
34 (only one shown) has five Ni-P plated disks in a 
template within the carrier that exactly fits the disks 
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6 
within a few thousanths of an inch, slip-fit tolerance. 
Another embodiment has only one, larger disk centered 
in the carrier by a different template. In the preferred 
embodiments in the case of however many disks are in 
a template, a pad of the same material that is on the 
platen, but without a nap, is adhered to the flat metal 
upper surface of the template by stiction, through the 
expedient of a small quantity of water applied to the 
pad. An unpolished disk, say, disk 33a, is then placed 
onto the holding pad behind the template with pressure 
and it will hold well enough to be suspended above the 
pad on the platen 32 until the other disks 33b-e are in 
place and ready to be pressed into the platen by the 
polisher. 
The carrier 34 rotates in the direction indicated by 

arrow C, while the platen is rotated in direction indi 
cated by arrow D, both at the same speed in revolutions 
per minute. This imparts a movement in opposite diec 
tions for an equal amount of time when measured at any 
point on the surface of one of the disks 33a-e, where the 
entire carrier undersurface is on the pad on the platen. 
To accommodate possible variances in the rotational 

axes of the carriers and the platen, at least each two 
carriers or all the carriers should be pressed into the 
platen, not by individual pistons, but in a fulcrum ar 
rangement, with some gimbal or joint to allow the car 
rier under surface to follow the platen well. The pres 
sure applied in the preferred embodiment is anywhere 
between 140 lbs. to 378 lbs. 

This polishing process can be contrasted with that 
used in the thin film Ni-P polishing process, where, if 
the same machine were used, the Rodel 750 pad may be 
used, with several stages of abrasive particles, starting 
at around 0.8 microinches and ending with a 0.3 micro 
inch particle polishing slurry. Each time with the thin 
film preperation the particles are in an aluminum nitrate 
and water, whereas the particulate undercoat may use a 
less acid diluant. 
The most abvious difference is the amount of material 

which must be removed, there being about 100-125 
microinches removed for the particulate undercoat and 
about 200 to 250 removed for the thin film undercoat . 
Thef texturizing process: 
Texturizing is the final preparation process before 

spin coating the disks with particulate media. The idea 
is to develop a circumferential pattern of ridges and 
valleys for the media particles, which are alongated in 
shape, to lay down in. For this process, a circumferen 
tial polisher described with reference to FIGS. 5 and 6 
is used. With reference to FIGS. 5 and 6, the machine 
is referred to with numeral 50. The machine utilizes 
opposing polishing pads mounted on disks 51 and 52, 
(which, in turn, are mounted on shafts 53 and 54). The 
pad pressure may be about 10 to 15 psi on the disk 
surface. The pads meet the surface of disks 33a and 33b, 
which are rotated in an opposing direction, arrow X, 
from that of the polishing pads, arrow Y. The disks are 
rotated at about 275 rpm and the pads at 0.8 rpm which 
creates a circumferential pattern (concentric rings) on 
both sides of the disks. Diamond abrasive is loaded into 
the cutting pads which lock the diamond chips or sliv 
ers into the weave of the fabric. Cutting oil is sprayed 
on the disks to aid in cutting lubricity and acts as a 
coolant during texturing. Overall texturing requires 
about three minutes, and surface finishes range from 0.4 
to 0.8 microinches. 

In contrast, texturing the Ni-P undercoat for thin film 
media is done completely differently. It uses a tape 
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abrasive in lengths of 150 to 200 meters, using about 10 
to 20 inches of two such strips for each disk. The abra 
sive (aluminum oxide) tapes are held against the surface 
of the disk and the disk is spun at about 150 to 200 rpm 
between the moving tapes. Cycle time is about one 
minute per disk. The final surface finish is 0.09 to 0.12 
microinches RA, measured radially. The process de 
scribed above for particulate media is smoother and 
provides a better fluid flow for the spin coating process. 
The process 59 of disk preparation described in this 

patent can be summed up by reference to the flow dia 
gram of FIG. 3. The Aluminum blank 60 is first 
diamond turned 61, then, in the preferred embodiment, 
degreased 62 and alkaline cleaned 63 and again rinsed 64 
before the deoxidizer is used in step 65. The etchant is 
rinsed 66 and the blank is then subject to the zincating 
steps 67 through 71, in the preferred embodiment or just 
steps 67 and 68, if desired. The disk is again rinsed 72 
before Ni-P deposition 73, rinsed again 74 and dried 74 
before polishing and cleaning 75. The disk is texturized 
and cleaned 76 for the spin coating application. The disk 
is then spin coated 77 with iron oxide particulate media 
in the preferred embodiment, and cured 78 before buff 
ing 79. The disk is then ready for lubrication 80 and 
testing 81 before final assembly into the disk drive stor 
age devise it will ultimately be used for. 
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8 
Finally, reference should be made to FIG. 1 in which 

the final results of the old particulate process 11, the 
particulate process which is the subject of this patent 10, 
and the thin film process 12 which has been compared 
to ot are illustrated. The relative sizes of the layers are 
shown by measurement and not relative size and the 
layers are labeled with numerals followed with letters 
a,b, and c, for lube, media and undercoat, respectively. 
Layer d is the aluminum substrate. 
What is claimed is: 
1. Apparatus comprising: 
a substrate: 
a first layer electrolessly plated onto said substrate 
comprising nickel and phosphorous, and 

a second layer of particulate magnetic media spin 
coated onto said first layer; said particulate mag 
netic media comprising magnetic particles sus 
pended in a binder. 

2. Apparatus according to claim 1 wherein said layer 
of nickel and phosphorous comprises a layer between 
150 to 250 microinches thick. 

3. Apparatus according to claim 2 wherein said layer 
of nickel and phosphorous comprises a polished surface. 

4. Apparatus according to claim 1 wherein saod par 
ticulate magnetic layer comprises a layer approximately 
twenty (20) microinches thick. 

: sic : xic sk 


