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[5 7] ABSTRACT 

Deposition of cobalt-phosphorus and cobalt-nickel 
phosphorus alloys, on conductive carriers, from an aqueous 
bath containing the metal ions and at least hypophosphite ions 
as the source of phosphorus. The deposition is solely the result 
of electrolysis. The aqueous bath has a pH of from 3.2 to 5.0. 
The current density is maintained in the range of 10 to 120 
amperes per square foot. The products have magnetic proper 
ties rendering them valuable for application as high-density 
digital recording media. 

An improvement over the basic process involves the use of 
both phosphite ions and hypophosphite ions as the source of 
phosphorus. The phosphite ions decrease the concentration of 
hypophosphite ions required and increases stability of the 
electrolyte. 

41 Claims, No Drawings 
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METHOD OF ELECTRODEPOSITING FERROMAGNETIC 
ALLOYS > 

CROSS-REFERENCE TO RELATED ‘APPLICATIONS 

This application is a continuation-in-part of copending 
patent application Ser. No. 650,l70 ?led June 30, 1967 enti 
tled “Ferromagnetic Coatings” which is a continuation of the 
patent application Ser. No. 229,723 ?led Oct. 10, I962 enti 
tled “Ferromagnetic Coatings,” both assigned to the same as 
signee as the present application both now abandoned. 

BACKGROUND OF THE INVENTION 

1 . Field of the invention I 

This invention relates to ferromagnetic coatings and more 
particularly to an electrolytic method of depositing ferromag 
netic coatings and the composition thereof. 1 

2. Description of the Prior Art 
It is well known to record various types of information~au 

dio, analog, and digital—on apparatus employing ferromag 
netic coatings embodied in di?‘erent forms; such as tape, disks, 
drums and the like, in which the ferromagnetic coating is ap 
plied as a ?lm on a carrier formed of a nonferromagnetic 
material. The magnetic characteristics of the ferromagnetic 
coating determine the type and the amount of information of a 
given type which may be magnetically recorded thereon. 
When a ferromagnetic carrier is utilized for recording digital 
information, the important characteristic of the carrier is the 
amount of information that may be recorded on a given area 
of the carrier, or the allowable recording density. Digital com 
puters handle large volumes of information at high speeds and 
this information is generally coded in binary form which may 
be recorded on a ferromagnetic coating embodied in one of 
the well known forms. A piece of binary information in a 
digital computer is generally identi?ed as a “bit" and these 
bits are usually recorded in tracks which are produced by the 
passage of a magnetic recording head over the ferromagnetic 
surface. As applied to a ferromagnetic coating, the number of 
bits per square inch of coating which may be recorded is an 
important factor in determining the cost of recording equip 
ment. Since, in the design of recording equipment, there are 
mechanical considerations not associated with the charac 
teristics of the ferromagnetic surface which place minimal 
limitations on the width of the recording track and on the 
distance between tracks, the recording density is generally 
speci?ed as the number of bits per linear inch of recording 
track and stated in “bits per inch.” It will be recognized, then 
that the magnetic characteristics of a ferromagnetic coating 
for recording information are important as to the number of 
bits per inch which may be recorded and intelligently 
reproduced. To this end, an important characteristic of the 
ferromagnetic coating is the coercivity thereof. The recording 
information exists in the ferromagnetic coating as large num 
bers of very small magnetized areas and the presence of these 
magnetic poles induces within the surface of a ?eld which 
tends to demagnetize these areas. Therefore, for any record 
ing density, there is a minimum coercivity which must be 
maintained in the ferromagnetic coating to avoid the loss of 
information through this demagnetizing affect. As the record 
ing density is increased, the number of magnetic poles is in 
creased and the distances between poles is decreased, thus 
producing an increase in the demagnetizing ?eld and an in 
crease in the minimum coercivity which must be maintained in 
the ferromagnetic coating. With increasing coercivity, the 
minimum magnetic ?eld produced by the recording head to 
achieve recording must be increased. Since reduction of the 
magnetic ?eld to be produced by the recording head is of im 
portance in the design of equipment for high. speed recording 
and read-back, it is highly desirable that the coercivity of the 
ferromagnetic coating be controlled to provide a level which 
will minimize the effects of the self-induced demagnetizing 
?eld and, at the same time, will not be excessively great. Of 
course, other magnetic characteristics of the ferromagnetic 
coating are also of importance in determining the maximum 
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2 
recording density which may be achieved. Increasing the 
squareness ratio of the magnetic hystersis loop characteristic 
of the ferromagnetic coating results in a reduction in the 
minimum coercivity necessary to minimize the demagnetizing 
effect. With an increase in the remanence of the ferromag 
netic coating, a proportional decrease in the thickness of the 
coating may be achieved without a decrease in the read-back 
signal amplitude. Since a reduction in the thickness of the fer 
romagnetic coating results in a reduction in the minimum 
magnetic ?eld to be produced by the recording head and im 
proved resolution of the recorded infonnation, the maximum 
obtainable remanence is to be desired. Therefore, for any 
given combination of recording head and recording mode, 
there is an optimum combination of coercivity, squareness 
ratio, remanence and thickness of the ferromagnetic coating. 
A large amount of development work has been directed to 

improvement of the magnetic characteristics of ferromagnetic 
coatings for use as information recording media, particularly 
for recording binary coded information. In particular, it is 
known that electroplated coatings comprising alloys of cobalt 
with nickel provide advantageous properties, particularly 
from the standpoint of exhibiting high coercivities and 
remanences. In the development efforts reported along these 
lines, it is noted that the concensus of the investigators is that 
the coercivity of the deposited coating is controlled to a large 
degree by the composition of the alloy and, furthermore, that 
the maximum coercivity is achieved in alloys composed of 
25—30 percent of nickel. [t is also known that the coercivity of 
the electrodeposited alloy can be increased by the imposition 
of an alternating current component on the direct plating cur 
rent. It has also been reported that the magnetic charac 
teristics of a cobalt-nickel alloy coating may be improved by 
the addition of hypophosphite ions to the electrolyte solution 
used in electrodepositing the alloy coating. One such develop 
ment is reported in the Bonn et al. U.S. Pat. No. 2,644,787. 
This patent, in general, describes a ferromagnetic coating 
which is produced by a combination of electrodeposition and 
chemical reduction from a electrolyte containing cobalt, 
nickel and hypophosphite ions. While many investigators have 
reported processes by which the coercivity of cobalt-nickel al 
loys may be increased, there have been few claims of an ability 
to produce predicted coercivities over a wide range of values. 
It is generally reported that remanence decreases with increas 
ing coercivity and few, if any, investigators report remanence 
values in excess of 5,000 gausses with coercivities of 300 
oersteds or greater. 

Since coercivity is such an important property of a fer 
romagnetic coating for use in high density binary recording, a 
method of depositing a coating which provides for control of 
the coercivity of the resultant coating to predicted values over 
a wide range is highly desirable. Similarly, it is also greatly to 
be desired that the resultant coating exhibit relatively high 
values of squareness ratio and very high values of remanence. 

SUMMARY OF THE INVENTION 

The processes for plating high-density magnetic recording 
?lms require critical concentrations and other operating con 
ditions in the process. Yet there is not any organized body of 
knowledge from which processes for fabrication of high-densi— 
ty recording media can be designed and the procedures in this 
area are largely empirical. It is quite clear that alloy ?lms 
which are suitable for such applications are far more than sim 
ple electrodeposits of stated compositions. It has been found 
that alloys having very similar compositions and even very 
similar 60-cycle hysteresis characteristics as the present inven 
tion perform quite differently as high-density recording media. 
It is therefore suspected that the differences in the alloys ob 
tained from the present invention which in?uence the per 
formance at high recording densities are in the metallurgical 
and magnetic structures of the deposits. 
The basic form of the present invention provides an im 

proved method of depositing a ferromagnetic coating, having 
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superior high-density recording qualities over those hereto 
fore known. The improved method involves deposition solely 
through electrolytic action, by which the coercivity of the 
resultant coating can be predicted by controlling the composi 
tion of the electrolyte. The method of the present invention is 
inexpensive and very rapidly produces ferromagnetic 
coatings. A coating suitable for high-density binary recording 
applications is deposited in a period of time on the order of l 
minute. In particular, the method of the present invention al 
lows the coercivity of a ferromagnetic carrier to be controlled 
and predicted through the control of the quantity of 
hypophosphite ions that is placed in the electrolyte to produce 
a coating which permits high recording densities, on the order 
of 2,000 binary bits per inch, that are readily reproducible. 
The pH of the plating bath is maintained in the range of 3.2 to 
5.0 and the current density at the cathode is maintained in the 
range of l0 to 120 amperes per square foot. 
The aforementioned basic form of the present invention is 

of considerable importance to high-density recording 
techniques and is a signi?cant stride forward in the art of plat 
ing high-density magnetic recording ?lms. However, it has 
become necessary to plate ?lms capable of recording at even 
high densities in the order of 3,000 bits per inch and higher. 
This also can be achieved in accordance with the aforemen 
tioned basic form of the invention by increasing the concen 
tration of hypophosphite ions in the bath. 

However, a problem has arisen in commercial production 
facilities in making recording ?lms. The problem arises due to 
the fact that the surfaces of the metallic anodes which are 
suitable for use in the electrodeposition of ferromagnetic 
recording ?lms of cobalt-phosphorus and cobalt-nickel 
phosphorus alloys are catalytic to the oxidation of hypophos 
phite ion to phosphite ion in the Therefore, therefore, 
frequent analysis and adjustment of the hypophosphite ion 
concentration of the electrolyte is necessary to maintain the 
concentration of hypophosphite and phosphite ions at concen 
trations which will produce a constant coercivity of the 
recording ?lms being deposited from one run to the next. 
Thus, it will be seen that an electrolyte prepared with 
hypophosphite ions along will soon have phosphite ions which 
have been oxidized from the hypophosphite ions. Hypophos 
phite ions are 20 to 30 times as an effective source of 
phosphorus as phosphite ions therefore the phosphorus and 
hence the coercivity of the ?lm will change markedly as the 
hypophosphite ions oxidize to phosphite ions. 

It has now been determined that, at least in the presence of 
hypophosphite ion, phosphite ion may be employed as a par 
tial source of phosphorus for electrodeposition of cobalt 
phosphorus and cobalt-nickel-phosphorus alloys from these 
baths. Therefore, high coercivity recording ?lms may be elec 
trodeposited from electrolyte containing a smaller concentra 
tion of hypophosphite ion that would be required if hypophos 
phite ion alone is employed as the source of phosphorus. It has 
further been determined that recording ?lms deposited from 
baths which employ both hypophosphite and phosphite ions as 
sources of phosphorus are, in fact, as suitable for high-density 
magnetic recording media as are those deposited from baths 
which employ only hypophosphite ion as a source of 
phosphorus. Since the rate of oxidation of hypophosphite ion 
to phosphite ion at the catalytic surfaces is proportional to the 
concentration of hypophosphite ion in the bath and since 
phosphite ion is not oxidized at the catalytic surfaces, employ 
ment of both hypophosphite and phosphite ions as sources of 
phosphorus to reduce the concentration of hypophosphite ion 
required for a given coercivity provides a bath which demon 
strates a greater chemical stability in the presence of the cata 
lytic surfaces of the anodes. 
The resulting chemical stability is important because the 

characteristics of the ?lm being plated must be accurately 
matched to the characteristics of the magnetic recording 
heads used to record on the recording ?lms. As a result, the 
coercivity must be accurately reproduced from one plating 
run to the next. Control has been achieved using the process in 
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4 
accordance with the basic form of the present invention by 
control over the concentration of hypophosphite ions in the 
electrolyte. However, the control of the hypophosphite ions 
alone becomes quite di?'lcult for higher density recording 
?lms in the order of 3,000 bits per inch and higher. 

Thus, an improved method or process in accordance with 
the present invention utilizes phosphite ions in addition to 
hypophosphite ions in the plating bath and the concentration 
of the phosphite ions (as well as the concentration of the 
hypophosphite ions) are controlled. The hypophosphite ions 
are controlled within the range of 0 to 4 grams/liter for a 
cobalt-phosphorus ?lm and within the range of O to 2.0 
grams/liter for a cobalt-nickel-phosphorus ?lm. The phosphite 
ions are controlled within the range of 0 to 12 grams/liter. 
Preferably the ratio of hypophosphite ions to phosphite ions in 
the bath is less than 1 to 7 for cobalt-nickel-phosphorus ?lms 
and 2 to 7 for cobalt-phosphorus ?lms. 

In this manner a process is obtained which may be used to 
reproduce ?lms having the same coercivity from one run to 
the next much more easily. Thus, a signi?cant improvement is 
achieved even over the basic invention disclosed herein. 

It should be noted that the recording densities in the order 
of 2,000 and 3,000 binary bits per inch have been achieved 
from processes in accordance with the present invention with 
the recording heads spaced up to 100 microinches from the 
recording ?lm. This is important as it is much more di?icult to 
achieve higher recording densities when the recording head is 
spaced away from the recording ?lm than when the recording 
head is in contact. 

DESCRIPTION OF THE PREFERRED EMBODlMENT 

The ferromagnetic coating produced by the method of the 
present invention may consist of cobalt and small amounts of 
phosphorus when deposited from an electrolyte made up prin 
cipally of cobalt, or of a cobalt-nickel alloy containing small 
amounts of phosphorus when deposited from an electrolyte 
having cobalt and nickel as the principal constituents. The 
cobalt-nickel alloys may contain up to 25 percent of nickel. 

In carrying out the invention, the substrate or the carrier for 
the ferromagnetic coatings is utilized as the cathode in an 
electrolytic plating cell. The carrier may be composed of any 
of the well-known nonferromagnetic materials, such as the 
brasses bronzes, aluminum and aluminum alloys and magnesi 
um and magnesium alloys; of ferromagnetic material over 
which is deposited or laminated a nonferromagnetic material 
or of a nonconductive material over which is deposited or 
laminated a conductive nonferromagnetic material. To this 
same end, the anode for the electrolytic cell is characterized 
as constructed of the principal elements of the bath and in a 
cobalt-nickel process may be constructed of an alloy of 80 
percent cobalt and 20 nickel. Alternatively, the anode materi 
al may be pure cobalt or pure nickel with the other element 
being added to the electrolyte proper as a salt of the metal. 
For example, if a pure cobalt anode is utilized, a nickel salt is 
added to the electrolyte and the electrolyte is diluted at inter 
vals to maintain the proper composition of nickel and cobalt. 
Of course, the remaining constituents of the bath must also be 
added to the electrolyte when dilution is carried out to main 
tain the proper composition of the electrolyte. The electrodes 
are connected in a direct current circuit in the conventional 
fashion to cause the electrolytic action to produce the deposit 
at the cathode functioning as the magnetic coating. The com 
position of the electrolyte is as follows: 

Cobalt-Nickel Alloy Deposition 
Ranges of 
Composition 

Cobaltous ions, Co‘ *, as Cobaltous 
sulfate, C080, l0—40 g./l. 
Nickelous lons, Ni“. as Nickelous 
sulfate, NiSO, [0-40 g./l. 
Additional Sulfate lons, S0." 
as the salt of Na, K, Ca or NH‘ 0-25 g./l. 
Formate lons, CHOf', as the salt 
of Na, K, Ca or NH, or Ni 0-30 g./l. 
Boric Acid, H,BO=l 0-60 gJl. 
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Hypophosphite lons, H,PO,’ , as the 
salt of Na, K, Ca or Nl-l4 or aHSPO, 0-2.75 g./l. 

Cobalt Deposition 
v Ranges of 

Composition 
Cobaltous Ions, Co", as Cohaltous 

sulfate, CoSO, 10-60 5.". 
Additional Sulfate Ions, S0," 
as the salt of Na, K, Ca or Nl-l4 0-25 g./l. 
Formate Ions, C110,", as the salt 
of Na, K, Ca or NH‘ 0-30 g./1, 
Borlc Acid, H330a 0-60 5J1, 
Hypophosphite lons, H,PO{, as the 
salt of Na, K, Ca or NH, or as 
H,P0, - 0-6 gJl. 

While electrolytes having compositions within the ranges 
stated above provide satisfactory performance in the deposi 
tion of ferromagnetic coatings for use in binary recording ap 
plications, the preferred compositions of the electrolytes are 
as follows: 

Cobalt-Nickel Alloy Deposition 
Ranges of 
Composition 

Cobaltous lons, Co”, as 
Cobaltous Sulfate, C0804 
Nickelous Ions, Ni“, as 
Nickelous Sulfate, NiSO, 
Additional Sulfate lons, 
S0,", as Na,SO,‘ 
Formate lons, CHO{, as 
NaCHO,‘ 
Boric Acid, H580;l 
Hypophosphite lons, 
H2PO,a-, as NaH,FO,* 0-2.75 g./1.-0.0-0.04N 

*From the standpoints of cost and availability, the sodium salt is preferred. 

15-20 g./l.—0.333-0.444N 
30-40 g./l.—1.46-1.94N 

Cobalt Deposition 
Ranges of 
Composition 

Cobaltous lons, Co“, as 
cohaltous sulfate, CoSO, 
Additional Sulfate Ions, 
S0,“, as Na,SO,‘ 
Formate lons, CHO{, as 
NaCHO,‘ 
Boric Acid, “3B0;l 
Hypophosphite lons, 
H,PO,a-, as NaH,PO,* 0-6 g./1.-0.0—0.09N 

‘From the standpoint ofcost and availability, the sodium salt is preferred. 

The above electrolytes may have a pH within the range of 
3,2 to 5.0 and, preferably have a pH of 3.8 which is main 
tained in a stable condition by the additon of sulfuric acid, 
H2804. The cathode current density applied through the elec 
trodes may vary from 10 to 120 amperes per square foot. The 
temperature is maintained in the range of 90° to 140° F. and, 
preferably, should be maintained in the range of 100° to 110° 
F. The ferromagnetic coatings which are deposited on the 
cathodes may have thicknesses of 10 to 500 millionths of an 
inch. When the coatings are to be used for high-density binary 
recording, the preferred thickness is of the order of 50 mil 
lionths of an inch. Thicknesses of 5 millionths of an inch may 
be desirable as higher density recordings are achieved. 
When the above de?ned aqueous electrolytes include 

sulfate, it is added to improve the electrical conductivity 
thereof while the boric acid is used in the conventional fashion 
as a buffer to stabilize the pH of the solution. When formate is 
included, it is added as a brightener. Although the electrolytes 
and the resulting deposits are improved through the use of 
these elements, it will be noted from the above charts that they 
may eliminated and satisfactory deposits obtained without 
them. 

It should be noted that the above electrolytes, in the 
absence of hypophosphite ions, will produce cobalt-nickel 
alloy coatings having coercivities of 110-120 oersteds and 
cobalt coatings having coercivities of 60-70 oersteds. These 
values may be considered the minimum coercivities since the 
coercivity increases with the addition and increase of 
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6 
hypophosphite ions. At this minimum coercivity, the 
remanence is at a maximum. . 

An important feature of the invention is that it has been 
found that the coercivity of the deposited ferromagnetic coat» 
ing may not only be controlled but predicted by controlling 
the amount of phosphorus that is added to the electrolyte and 
particularly phosphorus in the form of a hypophosphite ion. 
To this end, it has been found that the coercivity of the 
deposited ferromagnetic coating increases as the amount of 
hypophosphite ion in the electrolyte is increased. In coatings 
having the minimum coercivities, the remanence is 13,000 to 
15,000 gausses. With the addition of hypophosphite ions to 
the electrolyte, it has been found that with an increase in the 
coercivity to 300 oersteds the remanence decreases to 8,500 
to 10,000 gausses and then stays approximately constant as 
the coercivity is further increased. 
When utilizing the above de?ned electrolytes at a tempera 

ture of l0O°-l 10° F. and using a cathodic current density of 60 
amperes per square foot, the coercivity of the deposited coat 
ing can be controlled to achieve preselected values in the 
range of 100 to 800 oersteds for cobalt nickel alloy deposits 
and in the range of 60 to 700 oersteds for cobalt coatings. 

In accordance with the present invention the deposited fer 
romagnetic coating assumes the composition of the essential 
elements in the electrolyte but, in the case of cobalt-nickel al 
loys, not in the same proportions as these elements are present 
in the electrolyte. Accordingly, the ferromagnetic coatings 
produced by the present invention may comprise essentially 
cobalt or cobalt-nickel alloys as these elements are present in 
the electrolyte and small amounts of phosphorus. 
improved results are derived through the use of the 

hypophosphite ion in the electrolyte of the present invention 
to thereby cause the coating to exhibit an increased coercivity. 
The amount of hypophosphite ion and thereby the coercivity 
may be increased. 1 

Although it would appear that other elements having similar 
characteristics to phosphorus may be added to the bath, it has 
been found that elements such as sulfur, selenium and telluri 
um do not produce these advantageous results. 

It will be obvious to those skilled in the art that a pure elec 
trolytic plate will occur in accordance'with the present inven 
tion only when the stability constant of the metal ions is suf? 
ciently high to prevent chemical deposition. Therefore, if any 
complexing agent is introduced into the bath, such as ammoni 
um, care must be exercised to prevent a sufficiently low sta 
bility constant as will cause chemical deposition and which 
will prevent deposition solely by electrolysis. 

Hypophosphite ions, as the source of phosphorus in the 
process of the present invention, are felt to be important in 
producing the high density magnetic recording ?lms. 
The composition of an electrolyte utilizing a combination of 

hypophosphite ions and phosphite ions in accordance with the 
improved form of the present invention is as follows: 

Cobalt-Nickel~Phosphorus Alloy Deposition 
Ranges of ' 

Composition 
Cobaltous Ions, CO‘", as Cobaltous 
sulfate, CoSO4 10-50 g./l. 
Nickelous ions, Ni“, as Nickelous 
sulfate, NiSO, 10-50 g.l|. 
Ratio of Nickel Cobalt ions in 
the bath 0.95-1.15 gJl. 
Additional Sulfate lens, 50.“, as 
the 
salt of Na, K, Ca or NH, 0-12 gJl. 
Formate Ions, COOH', as HCOOH 
or as the salt of Na, K, Ca, NH4 
or Ni 0-20 g./lv 
Boric Acid, H380, 0-40 g.ll. 
Phosphite Ions, H,PO=', as the salt 
of Na, K, Ca, NH. or as HJPO, 0-12 g./l. 
Hypophosphite lons, H,P0,', as the 
salt of Na, K, Ca, NH, or as 
H ,PO, 0-2.0 g./1. 

Cobalt-Phosphorus Alloy Deposition 
Ranges of 
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Composition 
Cohaltous Ions, CO", as Cobaltous 
sulfate, CnSO, 20-80 g./l. 
Additional Sulfate Ions, 80,“, as 
the salt of Na, K, Ca, or NH, 0-12 g./l. 
Formate Ions, COOH‘, as HCOOH 
or as the salt of Na, K, Ca, NH, 
or Ni 0-20 gJl. 
Boric Acid, H_,BO, 0-40 g./l. 
Phosphitc Ions, H,PO,‘, as the salt 
ofNa, 
K, Ca. NH, or as H,PO, 0-12 g./l, 
Hypophosphite Ions, H,PO{ , or as the 
salt of Na, K. Ca, NH, or as 
HJPO, 0-4.0 g./l. 

While electrolytes having compositions within the ranges 
stated above provide satisfactory performance in the deposi- 15 
tion of magnetic recording ?lms, the preferred ranges provid 
ing markedly superior results are as follows: 

Cobalt-Nickel Phosphorus Alloy Deposition 
Ranges of 20 
Composition 

Cobaltous Ions, Co", as Cobaltous 
sulfate CoSO, 20-50 gJl. 
Nickelous Ions, Ni“, as Nickelous 
sulfate, M80, 20-50 g./l. 

Ratio of Nickel to Cobalt Ions in the bath 0.95-1.15 

Additional Sulfate Ions, SO,’ ', as 
the salt of Na, K, Ca or NH, 0-12 g./l. 
Formatc Ions, COOH‘ , as HCOOH 

or as the salt of Na, K, Ca, NHl 

or Ni 0-20 3.”. Boric Acid, H180, 0-40 g./l. 

Phosphitc Ions, H,PO{, as the salt 
of Na, K, Ca, NH, or as H,POJ 7.5-12 g./l. 
Hypophosphite Ions, H,PO{, as the 
salt ofNa, K, Ca, NH , or as 

HJPO, 0-l.10 g./l. 35 

Cobalt-Phosphorus Alloy Deposition 

40 
Ranges of 
Composition 

Cobaltous Ions, Co", as Cobaltous sulfate CoSO, 40-80 g./l. 
Additional Sulfate Ions, S04", as the salt of Na, K, Ca 

or NH‘ 0-12 g./l. 
Formate Ions, COOH“, as HCOOH or as the salt of 

Na, K, Ca, NH4 or Ni 0-20 g./l. 
Boric Acid, 11,30, 0-40 gJl. 
Phosphite lons, H,POJ', as the salt of Na. K, Ca, NH‘ 

or as HJPO, 7.5-1 2 g/l. 
Hypophosphite Ions, H,PO,", as the salt of Na, K, Ca, 
NH, or as HJPO, 0-2.0 g./1. 

The aforementioned electrolytes must have a pH in the 
range of 3.2 to 5.0 or preferably a pH of 3.8 maintained by ad 
dition of nickel, potassium, or sodium carbonate or sulfuric 
acid, as required to maintain the chosen value. The cathode 
current density should be maintained in the range of 10-120 
amperes per square foot with a temperature in the range of 
90°-140bL F. Preferably the temperature is maintained in the 
range of 100° to 110° F. 
The bath is preferably agitated adjacent to the surface being 

plated for high density recording ?lms. 
With reference to the foregoing tables it will be seen that 

the preferred ratio of hypophosphite ions to phosphite ions is 
less than 1 to 7 for cobalt-nickel-phosphorus ?lms and less 
than 2 to 7 for cobalt-phosphorus ?lms. With these preferred 
ranges, the change in hypophosphite ions due to oxidation 
does not appreciably change the phosphorus and hence the 
coercivity in the resulting ?lm. This is due to the much greater 
contribution to phosphorus by the phosphite ions. 

Recording media matched to the characteristics of record 
ing equipment of a given design for use in a high-density 
digital recording application were deposited in the equipment 
employed by the inventor from electrolyte solutions of the fol 
lowing compositions: 7 
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Cobalt-Nickel-Phosphorus Alloy Deposition 

Ranges of 
Composition 

Cobaltous Ions, Co", as cobultous sulfate, C050‘ 25 g./l. 
Nickelous Ions, Ni", as nickelous sulfate, NiSO, 28 gJI. 
Ratio of Nickel to Cobalt Ions in the bath 1 to 2 

Additional Sulfate Ions, S0,", as Nu,SO. 8.0 g./|. 
Formate Ions, COOH', as NaCOOH 20.0 g./l. 
Boric Acid, H,BO_~, 30.0 3.11. 
Phosphite Ions, H,PO,’, as NaHJ’O, 12.0 g./l. 
Hypophosphite Ions, H,PO,' , as NaH,PO| 1.05 g./I. 

Cobalt-Phosphorus Alloy Deposition 

Ranges of 
Composition 

Cobaltous Ions, Co“, as Cobaltous sulfate, C050. 50 g./l. 
Additional Sulfate Ions, S0,", as Na,S0, 8.0 g./l. 
Formate Ions, COOH', as NaCOOH 20 g./l. 
Boric Acid, H_,B0, 30 g./l. 
Phosphite Ions, H,PO,‘, as NaHz P0, 12 $71. 
Hypophosphitt: Ions, H,PO, ', as NaH,PO, 1.7 g./l. 

Recording ?lms were deposited from the aforementioned 
two electrolytes at a pH of 3.8, a temperature of 100° F. and a 
current density of 45 amperes per square foot. 
The control described herein is achieved by analysis of the 

electrolyte using conventional techniques to determine the 
concentrations of hypophosphite ions and phosphite ions. The 
control also involves adjusting the concentrations of 
hypophosphite ions and phosphite ions so that a predeter 
mined desired coercivity is achieved. When adjusting the 
phosphite ion concentration by addition of phosphorous acid, 
it is preferred to neutralize the phosphorus acid to the pH of 
the rest of the electrolyte before addition to the bath. It should 
be noted that the predetermined coercivity is preferably a sin 
gle value but may be a relatively small range of coercivities 
within the tolerances of the magnetic recording and reading 
heads and the associated electronic circuitry to be used 
therewith. This range of permissible coercivities is smaller at 
higher recording densities than at lower recording densities. 
The adjustment of the hypophosphite ions may be accom 

plished by adding hypophosphite ions to the electrolyte from 
time to time as needed, as the hypophosphite ions oxidize. The 
adjustment of the phosphite ions may be accomplished by 
diluting the electrolyte from time to time as needed to main 
tain the concentration of phosphite ions, in proportion to the 
hypophosphite ions, at a level where the predetermined coer 
civity is obtained. Alternatively the phosphite ions may be 
removed to reduce the concentration. 

Since the effect of phosphite ions on phosphorus or coer 
civity in the ?lm is much less than hypophosphite ions, adjust 
ment may also include addition of hypophosphite ions to the 
electrolyte from time to time as required to maintain a 
pre?xed concentration thereof and allowing the phosphite 
ions to build up from an initial value to a maximum value at 
which time the electrolyte is replaced. 
Although the ranges of hypophosphite ions and phosphite 

ions given in some of the examples start with 0, it will be un 
derstood that this value is given as a limit and that there must 
be some phosphite ions or hypophosphite ions present as the 
case may be. 
Although one example of the present invention has been 

shown by way of illustration, it should be understood that 
there are many other rearrangements and embodiments of the 
present invention within the scope of the following claims. 
What is claimed is: 
1. The method for the deposition of a ferromagnetic record 

ing ?lm on an electrically conductive carrier comprising sub 
jecting the carrier as cathode to a current density of between 
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l0 and 120 amperes per square foot in an aqueous electrolyte 
having a pH of 3.2 to 5.0 wherein the aqueous electrolyte con 
sists essentially of: ' 

Cobaltous ions derived from cobaltous 
sulfate 

Nickelous ions derived 
from nickelous sulfate 
Additional sulfate 
ions derived from 
sodium sulfate 
Formate ions derived 
from sodium formate 15 to 20 g.ll. (0.333—0.444N) 
Boric Acid 30 to 40 g./l,(l.46-l .94N) 

and a source of phosphorus, the source of phosphorus com 
prising at least some hypophosphite ions up to 2.75 grams per 
liter, derived from sodium hypophosphite; the bath being 
maintained at a temperature in the range of 100° F. 

2. The method for deposition of a ferromagnetic recording 
?lm on an electrically conductive carrier comprising: 

a. immersing the carrier as cathode in an aqueous elec 
trolyte comprising cobaltous ions in the range of 20 to 80 
grams per liter and a source of phosphorus, the source of 
phosphorus comprising at least some hypophosphite ions 
up to 4 grams per liter and phosphite ions in the range of 
from 7.5 to 12 grams per liter 7 

b. maintaining the pH of the electrolyte at a value of from 
3.2 to 5.0; 

c. maintaining the temperature of the electrolyte in the 
range of from 90° to 140° F.; and 

d. applying to the cathode a current density of from about 
10 to l20 amperes per square foot and thereby codeposit 
phosphorus and cobalt on the conductive carrier. 

3. The method of claim 2 wherein the cobaltous ions are 
derived from cobaltous sulfate and wherein the hypophosphite 
ions are derived from hypophosphorus acid or the sodium, 
potassium, calcium, or ammonium salt thereof. 

4. The method of claim 2 wherein the electrolyte is main 
tained within a temperature range of from l00° to 1 10° F. 

5. The method of claim 2 wherein the cobaltous ions are 
derived from cobaltous sulfate and wherein the hypophosphite 
ions are derived from hypophosphorous acid or the sodium, 
potassium, or calcium salt thereof and the phosphite ions are 
derived from phosphorous acid or the sodium, potassium, or 
calcium salt thereof. 

6. The method for the deposition of a ferromagnetic record 
ing ?lm on an electrically conductive carrier comprising sub 
jecting the carrier as cathode to a current density of between 
10 and 120 amperes per square foot in an aqueous electrolyte 
having a pH of from 3.2 to 5.0 and consisting essentially of: 
cobaltous ions in the range of 20 to 80 grams per liter, at least 
some hypophosphite ions and phosphite ions; and controlling 
the hypophosphite ions in the range up to 4 grams per liter and 
the phosphite ions in the range of 7.5 to 12 grams per liter to 
obtain a recording ?lm having a predetermined coercivity, the 
phosphite ions reducing the concentration of hypophosphite 
ions required for the predetermined coercivity. 

7. The method de?ned in claim 6 wherein the phosphite 
ions are derived from phosphorus acid or the sodium, potassi 
um, calcium or ammonium salt thereof. 

8. The method de?ned in claim 7 wherein the phosphorus 
acid is neutralized to the pH of the rest of the electrolyte be 
fore addition thereto. 

9. The method de?ned in claim 6 wherein the ratio of 
hypophosphite ions to phosphite ions is less than 2 to 7. 

10. The method de?ned in claim 6 wherein the hypophos 
phite ions are derived from hypophosphorus acid or the sodi~ 
um, potassium§calcium or ammonium salt thereof. 

11. The method de?ned in claim 6 wherein the cobalt ions 
are derived from cobaltous sulfate. 

12. The method for deposition of a ferromagnetic recording 
?lm on an electrically conductive carrier, comprising subject 
ing the carrier as cathode to a current density of between 10 
and l20 amperes per square foot in an aqueous electrolyte 
having a pH of from 3.2 to 5.0, a temperature in the range of 

20 to 25 g./l. (0.679—0.848N) 

20 to 25 gJl. (0.68l—0.852N) 
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10 
from about 90° to l40° F., and consisting essentially of: cobal 
tous ions in the range of l0 to 50 grams per liter, nickelous 
ions in the range of 10 to 50 grams per liter, and at least some 
hypophosphite ions and phosphite ions; and controlling the 
hypophosphite ions in the range up to 2 grams per liter and the 
phosphite ions in the range of 7.5 to 12 grams per liter to ob 
tain a recording ?lm having a predetermined coercivity, the 
phosphite ions reducing the concentration of hypophosphite 
ions required for the predetermined coercivity. 

13. The method de?ned in claim 12 wherein the phosphite 
ions are derived from phosphorus acid or the sodium, potassi 
um calcium or ammonium salt thereof. 

14. The method de?ned in claim 13 wherein the phosphorus 
acid is neutralized to the pH of the rest of the electrolyte be 
fore addition thereto. 

15. The method de?ned in claim 12 wherein the ratio of 
hypophosphite ions to phosphite ions is less than 1 to 7. 

16. The method de?ned in claim 12 wherein the hypophos 
phite ions are derived from hypophosphorus acid or the sodi 
um, potassium, calcium, or ammonium salt thereof. 

17. The method de?ned in claim 12 wherein the cobaltous 
ions are derived from cobaltous sulfate and the nickelous ions 
are derived from nickelous sulfate. 

18. The method de?ned in claim 12 wherein the hypophos 
phite ions are derived, from hypophosphorous acid or the sodi 
um, potassium, or calcium salt thereof. 

19. The method de?ned in claim 12 wherein the phosphite 
ions are derived from phosphorous acid or the sodium, potas 
sium, or calcium salt thereof. 

20. The method for the deposition of a magnetic recording 
?lm on an electrically conductive carrier comprising subject 
ing the carrier as cathode to a current density of between 10 
and 120 amperes per square foot in an aqueous electrolyte 
having a pH of from 3.2 to 5.0 and consisting essentially of: 
cobaltous ions in the range of 20 to 80 grams per liter, at least 
some hypophosphite ions and phosphite ions; and controlling 
the hypophosphite ions in the range up to 2 grams per liter and 
the phosphite ions in the range of 7.5 to 12 grams per liter to 
obtain a recording ?lm having a predetermined coercivity, the 
phosphite ions reducing the concentration of hypophosphite 
ions required for the predetermined coercivity. 

21. The method de?ned in claim 20 wherein the hypophos 
phite ions are derived from hypophosphorus acid or the sodi 
um, potassium, calcium, or ammonium salt thereof. 

22. The method de?ned in claim 21 wherein the phosphite 
ions are derived from phosphorous acid or the sodium, potas 
sium, calcium or ammonium salt thereof. 

23. The method de?ned in claim 22 wherein the phosphorus 
acid is neutralized to the pH of the rest of the electrolyte be 
fore addition to the bath. 

24. A method as de?ned in claim 20 wherein the cobalt ions 
are in the range of 40 to 80 grams per liter. 

25. The method for the electrolytic deposition of a fer 
romagnetic recording ?lm on an electrically conductive carri 
er, comprising subjecting the carrier as cathode to a current 
density of between 10 and 120 amperes per square foot in an 
aqueous sulfate electrolyte having a pH of from 3.2 to 5.0, a 
temperature in the range of from about 90° to 140° F., and 
consisting essentially of: cobaltous ions in the range of 10 to 
50 grams per liter, nickelous ions in the range of l0 to 50 
grams per liter, and at least some hypophosphite ions and 
phosphite ions; and controlling the hypophosphite ions in the 
range up to 1.10 grams per liter and the phosphite ions in the 
range of 7.5 to 12 grams per liter to obtain a recording ?lm 
having a predetermined coercivity, the phosphite ions reduc 
ing the concentration of hypophosphite ions required for the 
predetermined coercivity. 

26. The method de?ned in claim 25 wherein the hypophos 
phite ions are derived from hypophosphorus acid or the sodi 
um, potassium, calcium, or ammonium salt thereof. 

27. The method de?ned in claim 26 wherein the phosphite 
ions are derived from phosphorus acid or the sodium, potassi 
um, calcium, or ammonium salt thereof. 
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28. The method de?ned in claim 26 wherein the phosphite 
ions are derived from phosphorous acid or the sodium, potas 
sium, or calcium salt thereof. 

29. A method as de?ned in claim 25 wherein the cobaltous 
ions are present in a range of 20 to 50 grams per liter and the 
nickelous ions are present in a range of 20 to 50 grams per 
liter. 

30. The method de?ned in claim 25 wherein the electrolyte 
includes at least some formate ions derived from the sodium, 
potassium, or calcium salt of formic acid in the range up to 20 
grams/liter. 

31. The method de?ned in claim 25 wherein the hypophos 
phite ions are derived from hypophosphorous acid or the sodi 
um, potassium, or calcium salt thereof. 

32. The method for the deposition of a ferromagnetic 
recording ?lm on an electrically conductive carrier compris 
ing subjecting the carrier as cathode to a current density of 
between 10 and 120 amperes per square foot in an aqueous 
electrolyte having a pH in the range of 3.2 to 5.0 and consist 
ing essentially of: 

Cobaltous ions, derived from 
cobaltous sulfate 20 to 80 g./l. 
Additional sulfate ions as 

the sodium, potassium, 
calcium, or ammonium salt 
of sulfuric acid 0 to [2 gJl. 
Formate ions derived from 

the sodium, potassium, 
calcium, or ammonium salt 
of the formic acid 0 to 20 g./l. 
Boric acid 0 to 40 g./l. 

at least some hypophosphite ions derived from 
hypophosphorous acid or the sodium, potassium, calcium or 
ammonium salt thereof and phosphite ions derived from 
phosphorous acid or the sodium, potassium, calcium, or am 
monium salt thereof and absent sufficient ammonium ions to 
cause chemical deposition and controlling the hypophosphite 
ions within the range up to 4.0 grams per liter and the phos 
phite ions within the range of 7.5 to 12 grams per liter to ob 
tain a recording film having a predetermined coercivity, the 
phosphite ions reducing the concentration of hypophosphite 
ions required for the predetermined coercivity. 

33. The method de?ned in claim 1 wherein the temperature 
is maintained in the range of 90° to 140° F. 

34. The method for the deposition of a ferromagnetic 
recording ?lm on an electrically conductive carrier compris 
ing subjecting the carrier as cathode to a current density of 
between 10 and 120 amperes per square foot in an aqueous 
electrolyte having a pH in the range of 3.2 to 5.0 and consist 
ing essentially of: 

Cohaltous ions as 
cobaltous sulfate 40 to 80 g./l. 
Additional sulfate ions 
as sodium sulfate 0 to l2 gJl. 
Formatc ions as 
sodium formate 0 to 20 g.ll. 
Boric acid 0 to 40 g./l. 

at least some hypophosphite ions derived from 
hypophosphorous acid or the sodium, potassium, calcium or 
ammonium salt thereof, and phosphite ions derived from 
phosphorus acid or the sodium, potassium, calcium or am 
monium salt thereof and absent sufficient ammonium ions to 
cause chemical deposition; and controlling the hypophosphite 
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ions within the range up to 2.0 grams per liter and the phos 
phite ions within the range of 7.5 to 12 grams per liter to ob 
tain a recording ?lm having a predetermined coercivity, the 
phosphite ions reducing the concentration of hypophosphite 
ions required for the predetermined coercivity. 

35. The method de?ned in claim 34 wherein the concentra 
tions are as follows: 

Cobaltous ions 50 3.1L 
Hypophosphite ions l.7 g./l. 
Phosphite ions l2 gJl. 

36. The method de?ned in claim 35 wherein the pH of the 
electrolyte is 3.8. 

37. The method de?ned in claim 34 wherein the bath is 
maintained at a temperature in the range of 100° to l 10° F. 

38. The method for the electrolytic deposition of a fer 
romagnetic recording ?lm on an electrically conductive carri 
er comprising subjecting the carrier as cathode to a current 
density of between 10 and 120 amperes per square foot in an 
aqueous electrolyte having a pH of 3.2 to 5.0, a temperature in 
the range of from 90° to 140° F., and consisting essentially of: 

Cobaltous ions derived 
from cobaltous sulfate 10 to 50 g./l. 
Nickclous ions derived 
from nickelous sulfate ID to 50 g./l. 
Additional sulfate ions 
derived from the sodium, 
potassium, or calcium, salt of 
sulfuric acid 0 to l2 gJl. 
Formate ions as the 

sodium, potassium, or 
calcium, nickel salt 
of formic acid 0 to 20 g./l. 
Boric acid 0 to 40 g/l. 

at least some hypophosphite ions, derived from 
hypophosphorous acid, or the sodium, potassium, or calcium 
salt thereof and phosphite ions derived from phosphorous acid 
or the sodium potassium, or calcium salt thereof, and absent 
suf?cient ammonium ions to cause chemical deposition and 
controlling the hypophosphite ions within the range up to 2.0 
grams/liter and the phosphite ions within the range of from 7.5 
to 12 grams/liter to obtain a recording ?lm having a predeter 
mined coercivity, the phosphite ions reducing the concentra 
tion of hypophosphite ions required for the predetennined 
coercivity. 

39. The method for the deposition of a ferromagnetic 
recording ?lm de?ned in claim 38 wherein the aqueous elec 
trolyte consists essentially of: 

Cubaltous ions derived 
from cobaltous sulfate 2010 50 g./l. 
Nickelous ions derived 
from nickelous sulfate 20 to S0 g./l. 

and the hypophosphite ions are maintained in the range up to 
1.10 grams/liter. 
40. The method de?ned in claim 39 wherein temperature of 

the bath is maintained in the range of 100° to 1 10° F. 
41. The method de?ned in claim 39 wherein the concentra 

tions are as follows: 

Cobaltous ions 25 g./l. 
Nickelous ions 28 g./l. 
Hypophosphite ions 1.05 g./l. 
Phosphite ions 12 g./l. 

* * * * * 
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