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In magnetic recording, data is stored or re- corded in the magnetic media
by forming a se- Field of the Invention                             quence
of small cells of oppositely polarized mag- netized regions. The size of
the regions is deter- This invention relates to metallic thin film mag-   5
mined by the width of the inductive writing head netic recording media and
methods for forming       and is typically on the order of one micron long
metallic thin film magnetic recording media.       and over ten microns
wide. A "bit" of stored in- formation is represented by a transition
between Description of the Prior Art                       two oppositely
polarized magnetized regions. The 10  transition between two oppositely
magnetized re- It is well known in the art of magnetic recording  gions has
a certain characteristic physical length that magnetic disks using magnetic
metallic thin   due to the demagnetization effect that occurs in the film
media exhibit a higher recording density than  transition region as the
result of the two opposite disks utilizing conventional iron oxide or other
me-  magnetic dipoles being present. This characteristic tallic particles
suspended in a binder. This is be-  15  length of the transition region is
generally called cause metallic magnetic thin films can be made to  the
transition length L and the minimum transition have a much higher
saturation magnetic moment      length [err] can be related to the media
parameters (and hence a higher magnetic remanent) and can     in the case
of saturation recording based on an be made much thinner than the binder
type media.   arctangent transition model as described in "Analy- Typical
films of magnetic media include cobalt  20  sis of Saturation magnetic
Recording Based on alloys such as Co-Ni, Co-Ni-Cr, Co-Pt, Co-Ni-Pt,
Arctangent Magnetization Transition" by R. I. Potter Co-Sm, and Co-Re
formed by vacuum deposition.      in J. Appl. Phys., Vol. 41, pages
1647-1651, 1970, In order for the magnetic media to be able to   or "A
Theory of Digital Magnetic Recording on support a high linear recording
density, it is neces-  Metallic Films" by P. I. Bonyhard, et al., published
sary to minimize the film thickness (e.g., below   25  in IEEE Trans Magn.,
Vol. MAG-2, pages 1-5, 1966, 1000A), and the magnetic coercivity [err]must
be     incorporated herein by reference. This model can high enough to
sustain a high density of flux rever-  be summarized as follows: sals per
linear inch. For example, to sustain a packing density of ten thousand to
several tens of  [err]   (1) thousands of flux reversals per inch, the
coercivity  30 should be between 600 and 2000 Oersteds. Fur-      where
[err] is the remanent magnetization, T is the thermore, if the media is to
be used in high density  magnetic film thickness, and [err] is the
coercivity of recording, the media should be capable of provid-  the
magnetic film. This equation was derived based ing a strong output signal
during the read-back    on a macromagnetic theory and gives a relation-
process under high packing density conditions.  35  ship between the
characteristic transition length L In order for the media to provide a
strong      and the media parameters. Media having a small output signal
during read-back, the media should   characteristic transition length [err]
is capable of an have an intrinsically high saturation magnetization
increased linear packing density due to reduction [err] e.g., greater than
400 electromagnetic units per  in bit crowding by adjacent bits. cubic
centimeter (emu/cc) and preferably greater  40  It should be noted that
even though equation 1 than 800 emu/cc. The media should also have a
qualitatively predicts the dependence of transition high hysteresis loop
squareness S (S = [err]), e.g.,  length L (and, hence, the packing density)
on me- at least 80% to provide a high magnetic remanent   dia thickness,
remanent and coercivity of media, it Mr. The strength of the magnetic field
received by  does not do so quantitatively for thin metallic film the disk
reading head (or read/write head in the   45   media. This is due to the
fact that equation 1 was case of a single inductive head used for both
derived based on macromagnetic considerations writing and reading) is
proportional to the film thick-  without taking into consideration the
state of com- ness T times magnetic remanent [err], [err] should      plex
micromagnetic domains which exist in the generally be greater than
approximately 2x10-3     transition region. emu/[err] to provide a
sufficiently strong signal for a   so  Many papers examining micromagnetic
struc- practical disk drive.                              tures report that
the transition region in the metallic The above-described magnetic
parameters are    thin film  media has a "sawtooth-like" jagged discussed
in greater detail in an article entitled  boundary micromagnetic structure
rather than the "Thin Film for Magnetic Recording Technology: A
"domain-wall-like" smooth boundary used in the Review" by J. K. Howard,
published in the Journal  55  theoretical computation of the equation 1.
(See, for of Vacuum Science and Technology in January,       example,
"Transition Region in Recorded Magne- 1985, incorporated herein by
reference.            tization Pattern," by Curland, et al., published in
J. Appl. Phys., Vol. 41, pages 1099-1101, 1970; 2    
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on High Coercive Force Co-    each surface of the disk. If the magnetic
film in- Cr Composite Film," by Daval, et al., published in  cludes an
abnormal region having a size on the IEEE Trans. Magn., Vol. MAG-6, pages
708-773,      order of the above-mentioned cell size (i.e., where 1970, and
"A Study of Digitally Recorded Transi-   the magnetic properties of the
abnormal region are tion in Thin Magnetic Film," by Dressler, et al.,   5
different from the magnetic properties of the rest of published in IEEE
Trans. Magn., Vol. MAG-10,        the film), then the recording
characteristics in the pages 674-677, 1974, incorporated herein by refer-
abnormal region will be different from the recording ence.) The origin of
the jagged "sawtooth-like"    characteristics of the rest of the disk
surface. Such transition is associated with the formation of mag-  abnormal
regions lead to poor disk performance. netic clusters that are caused by
strong interpar-  10  As an example, if the coercivity [err] and hyster-
ticle interaction of the magnetic crystalline par-  esis loop squareness S
in an abnormal region of ticles, as reported by Chen et al. in "High Coer-
the disk are significantly different from the coer- civity and High
Hysteresis Loop Squareness of      civity and squareness in the surrounding
area of Sputtered Co-Re Thin Film," J. Appl. Phys., Vol.   the disk, the
state of magnetization and the position 50, pages 4285-4290, 1979,
incorporated herein by   15  of the transition region of each cell in that
abnormal reference. (As used herein, the term  "magnetic    region may be
different from those in the surround- cluster" is a portion of the media
consisting of   ing normal area even under constant writing many grains
having a nearly constant magnetiz-     waveform conditions. This can be
particularly true ation direction.) These magnetic clusters cause the  at
or near the junction between the normal and formation of complex
vortex-like domain structures   20  abnormal areas where the transition
between cells in the transition region and, hence, the "sawtooth-  may be
shifted away from a desired position due to like" boundary appearance, as
reported by Chen in  the difference in the coercivity[err] between the "The
Micromagnetic Properties of High-Coercivity   normal and abnormal regions.
Consequently, the Metallic Thin Films and Their Effects on the Limit  bit
stored in the abnormal area will exhibit exces- of Packing Density in
Digital Recording," EEE   25  sive bit shift and result in a reduced signal
detec- Trans. Magn., Vol. MAG-17, pages 1181-1191,        tion window
margin. (The signal detection window 1981, incorporated herein by
reference.            is a time window during which a transition must be
The formation of the vortex micromagnetic do-   detected in order for data
to be read properly. The main  structure  in  the  transition  region  and
signal detection window margin is the amount of "sawtooth-like" ragged
structure in the boundary of  30  time between the detection of a
transition region the transition region not only increases the transi-  and
the edge of the signal detection window.) Fur- tion length (and, hence,
reduces the capability of  thermore, the signal-to-noise (S/N) ratio,
resolution supporting a high packing density), but also causes  and
overwrite characteristics in the abnormal region excessive media noise and
bit shift. (Bit shift oc-  will be different from those of the surrounding
area. curs when a transition region between magnetized   35  A typical
example of how an abnormal region cells is displaced from a desired
position. If the  can cause noise in a read-back operation occurs
transition region is displaced by too great a dis-  when the coercivity
[err] in the abnormal region of tance, data on the disk may be misread.) To
re-    the disk is significantly higher than the average duce the media
noise, bit shift, and transition re-  coercivity across the disk surface.
In this case, the gion length caused by the jagged transition region,  40
magnetization in the cell may not be saturated by it is necessary to
develop a disk manufacturing    the writing head and, hence, the output
signal process to produce media which minimizes the       amplitude from
the reading head during the read- size of the jagged transition region. To
achieve this  back process in the abnormal area would be lower goal, it is
necessary to control the crystal growth  than the output signal provided by
the rest of the and morphology of the microstructure of the mag-  45  disk.
In addition, the overwrite of the high [err] ab- netic crystalline material
during the disk manufac-  normal region may be poorer and consequently the
turing process.                                    S/N ratio from the
abnormal region would be lower Another factor which may degrade media per-
than the S/N ratio for the rest of the disk. Con- formance by causing
excessive noise and bit shift  versely, if the coercivity in the abnormal
region is is the formation of small abnormal regions having   50  lower
than the average disk coercivity, then the magnetic properties different
from those of other  resolution exhibited by the media at the abnormal
portions of the disk surface. As previously men-   region would suffer.
tioned, data stored in magnetic disks is typically    In  typical
commercial  disk  drives, the recorded in a sequence of small cells (or
mag-     read/write head is optimized for a specific coer- netized regions)
which are typically on the order of  55  civity and such disk drives cannot
tolerate deviation one micron long and ten microns wide. A typical    in
coercivity of more than plus or minus 50 Oe. A high performance 51"
diameter rigid disk using thin  deviation of coercivity beyond the
prescribed limits metallic film media stores more than [err] bits on
usually manifests itself as a phase margin error 3    



5                 EP 0 280 438 B1                    6 (i.e., a soft error)
which is caused by a shift in the  ogy of the underlying substrate in the
case of disk output signal pulse (indicative of a transition  crystalline
substrates. region) outside of the signal detection window.        There
are two methods currently used to alle- If the hysteresis loop squareness S
changes     viate nonuniformities in disk substrates. One meth- locally,
the magnetic remanent [err] (which is propor-   5   od is to sputter-etch
or plasma-etch the substrate ional to the amplitude of the output signal)
just prior to magnetic film deposition. During such changes as well,
leading to signal modulation. If the  processes, a portion of the substrate
surface is remanent at the abnormal region is lower than the  removed.
Unfortunately, the above described etch- average disk remanent due to poor
hysteresis       ing techniques are difficult to implement because
squareness, the output signal amplitude provided   10  they require
application of a negative voltage to the by the abnormal region may be too
low. It is       substrate, and it is difficult to apply the negative
therefore necessary to ensure that there are no    voltage uniformly across
the substrate surface. regions on the disk larger than a few square
The second method for alleviating the effects microns having magnetic
characteristics which      of nonuniformities in the substrate surface is
to greatly differ from the magnetic characteristics of  15  sputter a thick
chromium layer onto the substrate the rest of the disk.
just prior to forming the magnetic film. Such pro- The magnetic properties
of thin film media are  cesses are typically used in conjunction with mag-
closely related to the film microstructure (e.g., to  netic films
comprising Co-Ni or Co-Ni-Cr alloys. In parameters such as grain size,
crystal phase,      such processes, the primary purpose of the chro- amount
of grain separation and grain orientation). It  20   mium layer is not to
mask nonuniformities in the is generally accepted that control of the
nucleation  substrate surface, but rather to control and increase process
is often the key factor in determining the  the coercivity of the Co-Ni or
Co-Ni-Cr alloy. (See, ultimate structure of a vacuum deposited magnetic
for example, "Thin Film Memory Disc Develop- film. In turn, the
composition, crystalline structure,  ment" by Opfer, et al., published in
the Hewlett and morphology of the substrate surface upon   25   Packard
Journal, in November, 1985, incorporated which the film is formed are key
factors for control-  herein by reference.) However, as a secondary ling
the nucleation process. Thus, magnetic films  effect, the chromium does
partially mask nonunifor- formed under identical process conditions can
have  mities in the substrate surface. The chromium layer entirely
different microstructures, and thus different  comprises crystalline grains
which are influenced magnetic properties, depending upon the surface   30
by the substrate surface morphology. Thus, the condition of the substrates
on which the films are  chromium crystal structure can be significantly af-
formed.                                            fected by substrate
surface conditions and can, in The surface characteristics of substrates
used  turn, transmit the substrate surface conditions to to form magnetic
disks can be affected by a num-   the magnetic film. Thus, even when using
a chro- ber of factors. For example, a substrate surface   35  mium layer
between the substrate and magnetic may be contaminated by absorbing or
reacting with  media, nonuniformities in the substrate surface can disk
cleaning agents or water during substrate     still create nonuniformities
in the magnetic prop- cleaning or ambient gaseous elements during the
erties of the media. substrate drying process. Such contamination can
In summary, magnetic recording media using affect the crystal structure of
the magnetic film   40   metallic magnetic thin film can provide higher
lin- deposited on the substrate and thus affect the film  ear packing
densities. However, due to nonunifor- magnetic characteristics.
mities in the substrate surface, small abnormal Furthermore, substrate
surfaces are typically   areas exhibiting abnormal magnetic properties may
polished and textured prior to magnetic film depo-  be created. As a
result, excessive bit shift and sition to provide aerodynamic
characteristics which   45   media noise can occur and degrade the media
enable the read/write head to fly. Such polishing  performance for high
density recording. In addition, and texturing can induce strain and change
com-    although the theoretical transition length of the thin position on
a microscopic scale and hence affect   film media may be small in
comparison to the magnetic film crystal growth. If the contaminants  binder
type media, "sawtooth-like" jagged transi- and surface strain are not
distributed uniformly  so  tion regions cause excessive bit shift and media
over the entire disk surface or the substrate com-  noise during high
density recording. These jagged position varies over the disk surface, the
resulting  transition regions also limit the recording density film will
exhibit nonuniform magnetic properties and  achievable with thin metallic
magnetic films. will include regions having abnormal magnetic          To
overcome these problems, it is desirable to characteristics.
55  create a metallic magnetic film having a uniform Another factor which
can cause the magnetic     crystalline structure across the whole surface
of the film to exhibit nonuniform magnetic characteristics  disk and the
structure and morphology of the cry- is nonuniformity of the crystal
structure or morphol-  stalline structure should be tailored to reduce the
4    
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BRIEF DESCRIPTION OF DRAWINGS DE-A-3616006 discloses a magnetic recording
medium comprising a substrate, a nickel-phospho-       Fig. 1 illustrates
in cross section a magnetic rus-tungsten underlayer beneath a magnetic me
disk including a sputtered nickel-phosphorus alloy dium and a protective
film over the magnetic me-   5   underlayer formed in accordance with our
inven- dium. Optionally, a layer of Cr, Ti, [err], Ca, Zn, Au  tion. or Pt
can be formed between the underlayer and         Fig. 2a illustrates an
X-ray diffraction pattern the magnetic medium and/or between the under-
provided by a 200 nm thick nickel-phosphorus al- layer and the substrate.
loy layer sputtered on a glass substrate. The Y axis 10  in Figure 2a is in
arbitrary units. SUMMARY
Fig. 2b illustrates the apparatus used to gen- erate the diffraction
pattern illustrated in Fig. 2a. The present invention provides the methods
of      Fig. 3a is a bit shift plot of a prior art Co-Ni-Pt independent
claims 1 and 4, to which reference     alloy magnetic film without a
sputtered nickel-phos- should now  be made. The dependent claims   15
phorus undercoat. present preferred but optional features of the inven-
Fig. 3b illustrates in cross section the magnetic tion.
disk used to form the bit shift curve of Fig. 3a. A process according to
the invention can thus      Fig. 4 is a bit shift plot of a Co-Ni-Pt alloy
include the step of sputtering a thin amorphous or  magnetic film formed on
a sputtered nickel-phos- near amorphous film of material on a substrate  20
phorus underlayer which was sputtered from an surface just prior to
deposition of magnetic thin film  electroless plated nickel-phosphorus
sputtering tar- media to control the nucleation and growth of the  get
including 10 weight % phosphorus. crystalline structure of the magnetic
media and        Fig. 5 is a bit shift plot of a Co-Ni-Pt alloy also to
prevent nonuniformities in the substrate   magnetic film formed on a
nickel-phosphorus un- surface from affecting the magnetic characteristics
25  derlayer which was sputtered from a sintered [err] of the media. The
thin film typically comprises a  target including 20 weight % phosphorus.
nickel-phosphorus alloy. (As used herein, the term     Fig. 6a illustrates
a signal/noise spectrum of "nickel-phosphorus" encompasses alloys including
the output signal of a prior art Co-Ni-Pt film disk nickel and phosphorus
in any ratio.) The nickel-   lacking a nickel-phosphorus sputtered
undercoat. phosphorus film is typically sputtered from a sput-  30  Fig. 6b
shows a signal/noise spectrum of the tering target of a nickel-phosphorus
alloy which   output signal of a Co-Ni-Pt film formed on a nickel- may be
formed from electroless plating of a nickel-  phosphorus sputtered
underlayer. phosphorus solution. The sputtering target may         Fig. 7
illustrates the relationship between the also be formed by sintering
various nickel-phos-   amount of bit shift exhibited by a magnetic disk
phorus compounds such as [err] and   35  and the thickness of a sputtered
nickel-phosphorus [err], so that the target includes a desired per-  alloy
underlayer formed from an electroless plated centage of phosphorus. The
phosphorus content in   nickel-phosphorus target having 10 weight % phos-
the sputtered nickel-phosphorus film should prefer-  phorus. ably be in the
range of 5 to 30 weight percent and,    Fig. 8 illustrates the relationship
between the more preferably, be in the range of 10 to 20 weight  40  amount
of bit shift exhibited by a magnetic disk percent.
and the thickness of a sputtered Ni2P underlayer The sputtered
nickel-phosphorus layer is amor-  formed from a sintered [err] target.
phous or nearly amorphous and the film thickness is great enough (e.g.
between 5 and 200 nm) to     DETAILED DESCRIPTION prevent nonuniformities
in the underlying substrate  45 surface from being transmitted to the
magnetic         Fig. 1 illustrates in cross section a magnetic layer.
Furthermore, the sputtered nickel-phospho-  disk constructed in accordance
with one embodi- rus provides a reproducible and consistent surface  ment
of our invention. Referring to Fig. 1, an alu- on which the magnetic media
nucleates and grows.   minum substrate 10 is coated with a first nickel-
Thus, this nickel-phosphorus undercoat ensures the   50  phosphorus alloy
layer 11. Nickel-phosphorus layer formation of a desired microstructure and
morphol-  11 is typically formed on substrate 10 with an ogy in the
crystalline structure of the magnetic   electroless plating process and is
formed to a media. This results in formation of magnetic film  thickness
between 10 and 20 microns ([err]). Of having superior magnetic recording
characteristics  importance, nickel-phosphorus layer 11 is mechani- and
exhibiting low bit shift, high resolution and low   55  cally strong,
easily textured, and resistant to noise, and superior uniformity of
magnetic prop-   scratches. Further, nickel-phosphorus layer 11 pro- erties
over the entire surface of the disk.        vides support for subsequently
formed magnetic media so that the resulting disk is less likely to 5    
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caused by the impact of a               A protective layer such as carbon
layer 14 is read/write head against the disk surface. The sur-  then
sputtered onto media layer 13, e.g., to a face of nickel-phosphorus layer
11 is then polished  thickness between 20 and 30 nm. Layer 14 can and
cleaned in a conventional manner. In addition,  also be ceramic material
such as sputtered ZrO2 the surface of layer 11 is textured to enable the
5   including a stabilizier such as [err]. (The stablizer resulting disk to
provide an aerodynamic surface   prevents phase transformation of the ZrO2
to the texture which will enable the magnetic disk        monoclinic phase,
thus making the ZrO2 sputtering read/write head to "fly" above the surface
of the  target and the resulting film less brittle.) Layer 14 is disk.
hard and therefore protects the underlying mag- Thereafter, a second
nickel-phosphorus layer  10  netic alloy 13. 12 is sputtered onto layer 11.
In one embodiment,     It will be appreciated that nickel-phosphorus layer
12 is formed to a thickness between 5 and    layer 12 is either amorphous
(i.e., non-crystalline) 200 nm. It is desirable to ensure that nickel-phos-
or near amorphous, and therefore masks nonunifor- phorus layer 12 is at
least 5 nm thick to ensure that  mities in the morphology of underlying
plated nick- layer 11 is adequately covered. In addition, it is  is
el-phosphorus layer 11. Because of this, nickel- desirable to ensure that
layer 12 is less than or  phosphorus layer 12 serves as an amorphous uni-
equal to 200 nanometers (nm) thick to minimize the  form nucleation surface
for growing sputtered Co- rate at which the nickel-phosphorus sputtering
tar-  Ni-Pt alloy 13 because there is no crystal structure get is consumed.
It is noted that when sputtering  in layer 12 which alloy 13 tends to
emulate. There- nickel-phosphorus layer 12 onto layer 11, the more  20
fore, magnetic layer 13 exhibits uniform magnetic nickel-phosphorus is
sputtered, the more rapidly   characteristics. Further, the conditions of
the micro- nickel-phosphorus alloy is deposited on portions of  structure
of crystals in the film which causes for- the sputtering apparatus, and
therefore the more   mation of the above-described sawtooth-like jagged
often the sputtering apparatus has to be opened up  boundary structures
between magnetic cells are and cleaned. Thus, by forming layer 12 so that
it is  25   minimized. thin, the frequency of cleaning required for the
Fig. 2a illustrates an x-ray diffraction pattern sputtering apparatus is
reduced. The sputtering    caused by x-rays reflecting off of the surface
of a target used to form layer 12 can be formed by      200nm thick
nickel-phosphorus layer 19 including electroless plating of a
nickel-phosphorus solution  10 weight % phosphorus formed on a glass sub-
or sintering nickel-phosphorus powder.        30  strate 21 (Fig. 2b). The
pattern of Fig. 2a indicates Immediately after forming layer 12, a layer of
that layer 19 in Fig. 2b is amorphous or near Co-Ni-Pt alloy 13 is
sputtered onto nickel-phos-   amorphous. phorus layer 12, e.g. to a
thickness between 30        Fig. 2b illustrates the apparatus used to gen-
and 70 nm. In one embodiment, alloy 13 is          erate the data of Fig.
2a. As can be seen, in Fig. [err]. The Co-Ni-Pt alloy serves as the   35
2b, a 35 kV x-ray source 16 including a copper magnetic recording media. In
other embodiments     target provides x-rays 17 which strike and then of
the invention, other magnetic material serves as  reflect off of sputtered
nickel-phosphorus layer 19. the recording media, e.g., other cobalt or iron
An x-ray sensing device 20 senses the intensity of based alloys, such as
Co-Pt, Fe-Pt, Co-Re and Co-  x-rays. Glass substrate 21 and sensing device
20 Cr. Such alloys typically exhibit a high intrinsic  40  are mounted so
as to be rotatable with respect to coercivity, e.g., between 600 and 2000
Oe so that  x-ray source 16. As substrate 21 and sensing de- the media can
support a high recording density.    vice 20 are rotated, the intensity of
x-rays received Layer 13 is typically formed on nickel-phos-    by sensing
device 20 is measured. Fig. 2a is a phorus layer 12 immediately after layer
12 is      graph of the relationship between reflection angle formed on
nickel-phosphorus layer 11. Thus, the   45  [err] and the intensity of
x-rays at that reflection magnetic disk is typically not removed from the
angle. Angle[err] is the angle formed between the x- sputtering apparatus
between the time nickel-phos-  rays which pass through nickel-phosphorus
cov- phorus layer 12 is formed and the time media layer  ered substrate 21
and the x-rays which reflect off 13 is formed. Because of this, there is no
opportu-  nickel-phosphorus layer 19 and strike sensing de- nity for
contaminants to lodge on, react with, or  so  vice 20 (e.g. as illustrated
in Fig. 2b). If nickel- otherwise affect the surface of nickel-phosphorus
phosphorus layer 19 was crystalline, then Figure 2a layer 12 prior to the
formation of media layer 13. In  would indicate the presence of an x-ray
diffraction another embodiment, the disk is removed from the   line in the
pattern because of Bragg reflection e.g. sputtering apparatus between the
time layers 12    as described in "Elementary Modern Physics" by and 13 are
formed, but care is taken to prevent  65  Weidner et al., Alternate Second
Edition, published contamination of the surface of nickel-phosphorus  by
Allyn and Bacon, Inc. in 1974, pages 145 to layer 12 by placing the disk in
a dry protective   149. As can be seen, Fig. 2a is a relatively flat
cassette after layer 12 is formed.                 graph, and therefore the
structure of nickel-phos- 6    



11                EP 0 280 438 B1                    12 phorus layer 19 in
Fig. 2b is amorphous or near       The data in Fig. 5 was generated from a
disk amorphous. It is believed that a sputtered nickel-  identical to the
disk of Fig. 4 except that the phosphorus layer such as layer 12 in Fig. 1
has the  sputtered  nickel-phosphorus  underlayer  was same near-amorphous
structure as layer 19 in Figs.  formed from sintered Ni2P (20% phosphorus
by 2a and 2b.                                     5   weight. As can be
seen, for the disk of Fig. 5, when As mentioned above, a sputtered
nickel-phos-    writing bit pattern B6D9 (curve 34), one bit in [err]
phorus layer formed in accordance with our inven-  exhibited approximately
12.0 ns of bit shift and tion reduces the amount of bit shift and decreases
when writing bit pattern FFFF (curve 35), one bit in the number of bit
shift errors. Fig. 3a is a bit shift  [err] exhibited a bit shift of about
10.4 ns. It is thus plot of a typical [err] alloy 22 (Fig. 3b)  10  seen
that the bit shift exhibited by a disk including formed directly on a
plated nickel-phosphorus layer  a sputtered nickel-phosphorus underlayer,
e.g. as 23 without the presence of a sputtered nickel-     illustrated in
Figs. 4 and 5, is less than a disk phosphorus undercoat. [err] alloy 22 is
60  lacking the sputtered nickel-phosphorus underlayer. nm thick and has a
coercivity of about 1100 Oe.       As mentioned above, a magnetic disk con-
The disk of Fig. 3b used to generate the data of  15  structed in
accordance with our invention including Fig. 3a includes a sputtered carbon
overcoat for   a nickel-phosphorus sputtered underlayer exhibits mechanical
protection. The X axis in Fig. 3a in-   reduced noise. Figs. 6a and 6b are
spectra of an dicates an amount of bit shift in nanoseconds while  output
signal from magnetic disks lacking and in- the Y axis indicates the
frequency with which that  cluding a nickel-phosphorus sputtered undercoat,
amount of bit shift is encountered. Thus, for curve   20  respectively. In
Figures 6a and 6b, the X-axis is a 30 of Fig. 3a, 1 bit in [err] bits
exhibits a bit shift of  linear axis representing a frequency band between
at least 15.0 ns while for curve 31, 1 bit in [err] bits  0Hz and 10MHz.
The spike in Figs. 6a and 6b exhibits a bit shift of at least about 13.6
ns. The  represents the signal component while the rest of data in curve 30
was generated by recording a      the spectra represents the noise
component of the repetition of the bit pattern B6D9 (hexidecimal) and   25
output signal. The noise content in the signal of reading the pattern back.
Curve 31 was generated   Fig. 6a is greater than the noise content of the
by writing the bit pattern FFFF (hexidecimal) and  signal in Fig. 6b as can
be seen by comparing the reading the pattern back. These patterns were
writ-  area under the spectra curves of Figs. 6a and 6b ten on track 2400
-- the innermost track (i.e., at a  away from the spike indicative of the
signal compo- 1.2" radius) on a 51"-diameter disk. The data were  30  nent.
written at 6 million bits per second while the disk    Fig. 7 illustrates
the relationship between bit was rotating at 3600 rpm.
shift and the thickness of a sputtered nickel-phos- Fig. 4 is a bit shift
plot of a [err]  phorus undercoat. The sputtering target used to alloy
magnetic film having a coercivity [err] and a   form the undercoat in Fig.
7 included 10% phos- thickness T identical to film 22 of Fig. 3. However,
35  phorus by weight and was formed by electroless the film of Fig. 4 is
formed on a sputtered nickel-  plating. The data graphed in Fig. 7 was
selected by phosphorus undercoat, e.g. as illustrated in Fig. 1.  measuring
the amount of bit shift experienced by The sputtered nickel-phosphorus
undercoat was      one bit in [err] bits for various thicknesses of nickel-
about 120 nm thick. The sputtering target used to  phosphorus. Fig. 7
includes a first curve 40 gen- generate the nickel-phosphorus sputtered
under-  40  erated by recording bit pattern B6D9 and a second coat was
formed by electroless plating of a nickel-  curve 41 generated by recording
bit pattern FFFF. phosphorus alloy which includes 10% phosphorus     As can
be seen, the maximum amount of bit shift by weight.
occurs when the thickness of the sputtered nickel- Referring to Fig. 4, two
curves (curves 32 and  phosphorus film is 0 (i.e., no nickel-phosphorus 33)
were formed by recording a repetition of the bit  45  film) and decreases
gradually as the nickel-phos- pattern B6D9 (hexidecimal) and bit pattern
FFFF    phorus film thickness reaches 120 nm. For thic- (hexidecimal)
respectively. As can be seen, the    knesses greater than 120 nm, further
increases in magnetic disk of Fig. 4 exhibits much less bit shift
thickness of the NiP layer result in only minimal than the magnetic disk of
Fig. 3a. Specifically, one  changes in bit shift. bit in [err] in the disk
of Fig. 4 exhibited 12.0 ns of  so  Fig. 8 is similar to Fig. 7 except that
a Ni2 P bit shift for both patterns B6D9 and FFFF (hex-    film was
sputtered before formation of a Co-Ni-Pt decimal) whereas in Fig. 3, for
bit pattern B6D9,  film. As was the case in Fig. 7, it is Seen that the one
bit in [err] exhibited 14.9 ns of bit shift and for  bit shift is at a
maximum when the thickness of the bit pattern FFFF, one bit in [err] bits
exhibited 13.6  [err] film in Fig. 8 is 0 and decreases as the [err] ns of
bit shift. This represents a major improve-  55  film thickness increases
to 40 nm. For [err] films ment in the bit shift characteristics of the
magnetic  having thicknesses greater than 40 nm, there is disk.
almost no further decrease in bit shift as the thick- ness of the Ni2P film
increases. 7    



13                EP 0 280 438 B1                        14 In another
embodiment of our invention, in-    5. A method as claimed in claim 4, in
which the stead of forming a sputtered underlayer comprising    nickel
phosphorus layer contains about 5% to a nickel-phosphorus alloy, other
nickel compounds     about 30% phosphorus by weight. or nickel alloys are
used. For example, the sputter- ing target used to form the underlayer can
com-   5   6. A method as claimed in claim 4, in which the prise nickel and
at least one other element from      nickel-phosphorus layer contains about
10% to groups III B, IV B, V B and VI B of the periodic     about 20%
phosphorus by weight. table, such as B, Al, Ga, In, C, Si, Ge, Sn, Pb, P,
As, Sb, Bi, S, Se, or Te. The resulting sputtered  7. A method as claimed
in any of claims 4 to 6, underlayer is amorphous or near amorphous.    70
in which the sputtering is performed using a While the invention has been
described with        sputtering target comprising  plated nickel reference
to specific embodiments, those skilled in   phosphorus. the art will
appreciate that minor changes can be made to form and detail without
departing from the  8.  A method as claimed in any of claims 4 to 6, scope
of the invention. For example, nickel-phos-  15  in which the sputtering is
performed using a phorus alloys with varying percentages of nickel
sputtering target consisting substantially of and phosphorus can be
sputtered onto an under-       [err] or an admixture of materi- lying
substrate. Also, instead of sputtering, other   als comprising at least one
of [err] and vacuum deposition techniques can be used to form      [err].
the underlayer, such as evaporation. It will also be   20 appreciated that
a nickel-phosphorus alloy can be  9. A method as claimed in claim 8, in
which the sputtered on a substrate comprising materials other   materials
in the admixture are selected so that than nickel-phosphorus electroless
plated onto alu-   the target contains about 5% to about 30% minum, e.g., a
glass or ceramic substrate or a tape.  phosphorus by weight. Accordingly,
all such changes come within the   25 scope of the present invention.
10. A method as claimed in claim 8, in which the materials in the admixture
are selected so that Claims
the target contains about 10% to 20% phos- phorus by weight. 1. A method of
manufacturing a film of a mag-  30 netic recording medium, the method
including   11. A method according to any preceding claim, in the step of
forming a support layer on a sub-      which the support layer is plated
nickel phos- strate and being characterised by:                 phorus.
forming a second layer of 5 to 200 nm thickness on the support layer by
vacuum de-  35   Patentanspruche position, the second layer containing
nickel and at least one of B, Al, Ga, In, C, Si, Ge, Sn,  1. Verfahren zum
Herstellen einer dUnnen Ma- Pb, P, As, Sb, Bi, S, Se and Te; and
gnetaufzeichnungstrtigerschicht, welches Ver- forming a layer of a magnetic
recording        fahren den Schritt der Bildung amner Unterlage- medium on
the second layer.               40       schicht auf einem  Substrat umfaft
und da- durch gekennzeichnet ist, daB 2. A method as claimed in claim 1, in
which the           eine zweite Schicht mit einer StArke von 5 magnetic
recording medium comprises an al-         bis 200 nm auf der
Unterlageschicht durch loy having an intrinsic coercivity greater than
Vakuumaufdampfen gebildet wird, wobei die about 600 Oe (47.7kA/m).
45       zweite Schicht Nickel und wenigstens eines der Elemente B, Al, Ga,
In, C, Si, Ge, Sn, Pb, 3. A method as claimed in claim 1, in which the
P. As, Sb, Bi, S. Se und Te enthilt und magnetic recording medium is an
alloy com-           auf der zweiten Schicht eine Schicht eines prising
cobalt and platinum.                       Magnetaufzeichnungstr~gers
ausgebildet wird. 50 4. A method of manufacturing a magnetic disk,      2.
Verfahren nach Anspruch 1, be! dem der Ma- the method including the step of
forming a         gnetaufzeichnungstrager eine Legierung mit ei- support
layer on a substrate and being charac-     ner Eigenkoerzitivkraft von mehr
als etwa 600 terised by:                                        Oe
(47,7kA/m) umfaBt. sputtering a nickel phosphorus layer onto  55 the
support layer; and                         3. Verfahren nach Anspruch 1,
bel dem der Ma- forming a layer of a magnetic recording
gnetaufzeichnungstrgger eine Legierung ist, medium on the nickel-phosphorus
layer.             die Kobalt und Platin umfalt. 8    



13                EP0280438B1                        14       *   C  L  M
S    * In another embodiment of our invention, in-     5. A method as
claimed in claim 4, in which the stead of forming a sputtered underlayer
comprising     nickel phosphorus layer contains about 5% to
a-nickel-phosphorus alloy, other nickel compounds      about 30% phosphorus
by weight. or nickel alloys are used. For example, the sputter- ing target
used to form the underlayer can com-   5   6. A method as claimed in claim
4, in which the prise nickel and at least one other element from
nickel-phosphorus layer contains about 10% to groups III B, IV B, V B and
VI B of the periodic      about 20% phosphorus by weight. table, such as B,
Al, Ga, In, C, Si, Ge, Sn, Pb, P, As, Sb, Bi, S, Se, or Te. The resulting
sputtered  7. A method as claimed in any of claims 4 to 6, underlayer is
amorphous or near amorphous.    10      in which the sputtering is
performed using a While the invention has been described with
sputtering target comprising  plated  nickel reference to specific
embodiments, those skilled in    phosphorus. the art will appreciate that
minor changes can be made to form and detail without departing from the  8.
A method as claimed in any of claims 4 to 6, scope of the invention. For
example, nickel-phos-  15  in which the sputtering is performed using a
phorus alloys with varying percentages of nickel       sputtering target
consisting substantially of and phosphorus can be sputtered onto an under-
[err], or an admixture of materi- lying substrate. Also, instead of
sputtering, other    als comprising at least one of [err]and vacuum
deposition techniques can be used to form       [err]. the underlayer, such
as evaporation. It will also be   20 appreciated that a nickel-phosphorus
alloy can be  9. A method as claimed in claim 8, in which the sputtered on
a substrate comprising materials other    materials in the admixture are
selected so that than nickel-phosphorus electroless plated onto alu-    the
target contains about 5% to about 30% minum, e.g., a glass or ceramic
substrate or a tape.   phosphorus by weight. Accordingly, all such changes
come within the   25 scope of the present invention.                    10.
A method as claimed in claim 8, in which the materials in the admixture are
selected so that Claims                                                 the
target contains about 10% to 20% phos- phorus by weight. 1. A method of
manufacturing a film of a mag-  30 netic recording medium, the method
including    11. A method according to any preceding claim, in the step of
forming a support layer on a sub-      which the support layer is plated
nickel phos- strate and being characterised by:                 phorus.
forming a second layer of 5 to 200 nm thickness on the support layer by
vacuum de-  35   Patentanspruche position, the second layer containing
nickel and at least one of B, Al, Ga, In, C, Si, Ge, Sn,  1. Verfahren zum
Herstellen einer dinnen Ma- Pb, P, As, Sb, Bi, S. Se and Te; and
gnetaufzeichnungstrlgerschicht, welches Ver- forming a layer of a magnetic
recording         fahren den Schritt der Bildung einer Unterlage- medium on
the second layer.                40      schicht auf einem Substrat umfaf3t
und da- durch gekennzeichnet ist, daB 2. A method as claimed in claim 1, in
which the           eine zweite Schicht mit einer StArke von 5 magnetic
recording medium comprises an al-         bis 200 nm auf der
Unterlageschicht durch loy having an intrinsic coercivity greater than
Vakuumaufdampfen gebildet wird, wobei die about 600 Oe (47.7kA/m).
45      zweite Schicht Nickel und wenigstens eines der Elemente B, Al, Ga,
In, C, Si, Ge, Sn, Pb, 3. A method as claimed in claim 1, in which the
P. As, Sb, Bi, S, Se und Te enthAlt und magnetic recording medium is an
alloy com-           auf der zweiten Schicht eine Schicht eines prising
cobalt and platinum.                       Magnetaufzeichnungstrlgers
ausgebildet wird. 50 4. A method of manufacturing a magnetic disk,      2.
Verfahren nach Anspruch 1, bei dem der Ma- the method including the step of
forming a         gnetaufzeichnungstrAger eine Legierung mit ei- support
layer on a substrate and being charac-     ner Eigenkoerzitivkraft von mehr
als etwa 600 terised by:                                        Oe
(47,7kAlm) umfaf3t. sputtering a nickel phosphorus layer onto  55 the
support layer; and                          3. Verfahren nach Anspruch 1,
bei dem der Ma- forming a layer of a magnetic recording
gnetaufzeichnungstrdger eine Legierung ist, medium on the nickel-phosphorus
layer.             die Kobalt und Platin umfaet. 8    
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* 4. Verfahren zum Herstellen einer Magnetschei-             Sb, Bi, S. Se,
et Te; et, be, welches Verfahren den Schrift der Bildung        - la
formation d'une couche d'un moyen einer Unterlageschicht auf elnem Substrat
um-          d'enregistrement magnetique sur la se- faSt und dadurch
gekennzeichnet ist, daB               conde couche. eine
Nickelphosphorschicht auf die Unter-   5 lageschicht aufgespraht wird und
2. Procede suivant la revendication 1, dans lequel eine Schicht eines
Magnetaufzeichnungs-        le moyen d'enregistrement magndtique corn-
tragers auf der Nickelphosphorschicht ausge-       prend un alliage ayant
un champ coercitif in- bildet wird.
trinsbque supdrieur & environ 600 Oe (47,7 10      kA/m). 5. Verfahren nach
Anspruch 4, bei dem die Nik- kelphosphorschicht etwa 5 Gew.-% bis etwa 30
3. Proc6d6 suivant la revendication 1, dans lequel Gew.-% Phosphor enthalt.
le moyen d'enregistrement magn6tique est un alliage comprenant du cobalt et
du platine. 6. Verfahren nach Anspruch 4, bei dem die Nik-  15
kelphosphorschicht etwa 10 Gew.-% bis etwa     4. Proced6 pour la
fabrication d'un disque ma- 20 Gew.-% Phosphor enthalt.
gnetique, ledit procede qui comprend I'etape de formation d'une couche
support sur un 7. Verfahren nach elnem der AnsprUche 4 bis 6,
substrat, etant caract ris4 par: bei dem das Aufspr~hen unter Verwendung
20         - la pulv6risation d'une couche de Ni/P sur eines
Zerstaubungstargets erfolgt, das aufgal-         la couche support; et,
vanisiertes Nickelphosphor umfaft.                   - la formation d'une
couche d'un moyen d'enregistrement magn~tique sur la cou- 8. Verfahren nach
einem der Anspralche 4 bis .6,           che de Ni/P. dadurch
gekennzeichnet, daB das Aufspr~hen   25 unter Verwendung eines
Zerstaubungstargets     5. Procede suivant la revendication 4, dans lequel
erfolgt, das im wesentlichen aus Ni2P, NisP2,     la couche de Ni/P
contient environ 5 % a Ni3P2 oder einem  Gemisch von Materialien
environ 30 % en poids de phosphore. besteht, die wenigstens eines der
Materialien Ni2P, NisP2 und Ni3P2 umfassen.           30  6. Proced4
suivant la revendication 4, dans loquel la couche de Ni/P contient environ
10 % a 9. Verfahren nach Anspruch 8, bei dem die Mate-       environ 20 %
en poids de phosphore. rialien in dem Gemisch so gewAhIt sind, daB das
Target etwa 5 Gew.-% bis etwa 30 Gew.-     7. Proc~dd suivant l'une
quelconque des revendi- % Phosphor enthalt.                       35
cations 4 & 6, dans lequel la pulvdrisation est effectude en utilisant une
cible de pulverisation 10. Verfahren nach Anspruch 1, dadurch gekenn-
comprenant du NU/P plaqu6. zeichnet, daB die Materialien in dem Gemisch so
gewghIt sind, daO das Target etwa 10 Gew.-  8.  Procede suivant I'une
quelconque des revendi- % bis etwa 20 Gew.-% Phosphor enthlIt.    40
cations 4 A 6, dans lequel la pulverisation est effectu~e en utilisant une
cible constituee es- 11. Verfahren nach einem  vorhergehenden An-
sentiellement de Ni2P, NisP2, Ni3P2, ou d'un spruch, dadurch
gekennzeichnet, daB die Un-        midlange de matdriau comprenant au moins
un terlageschicht aufgalvanisiertes Nickelphosphor    des Ni2 P, Nis P2 et
Ni3P2. ist.                                      45 9. Proced6 suivant la
revendication 8, dans loquel Revendications
les materiaux dans le m6lange sont choisis de tels fagon que la cible
contienne environ 5 % 1. Proced6 de fabrication d'un film d'un moyen
a environ 30 % en poids de phosphore. d'enregistrement magndtique, ledit
procdW,  50 qui comprend I'6tape de formation d'une cou-   10. Proc~d4
suivant la revendication 8, dans lequel che support sur un substrat, etant
caracterise     les matdriaux dans le mdlange sont choisis de par:
tels fagon que la cible contienne environ 10 % - la formation d'une seconde
couche de 5        A environ 20 % en poids de phosphore. A 200 nm
d'epaisseur sur la couche sup-  55 port par dep8t sous vide, la seconde
11. Procede suivant l'une quelconque des revendi- couche contenant du Ni et
au moins des        cations prdcddentes, dans lequel la couche B. Al, Ga,
In, C, Si, Ge, Sn, Pb, P, As,     support est du Ni/P plaqu6. 9    


