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United States Patent Of

MAGNETIC T‘M uwDUCER HEADY
Marvin Ca Tﬂﬁ"ﬁu, GLQLCU@, L,, aseé to Armeur Re-
search Foundation of IMinsis I Suiute of Technology,
Chieago, ki, a corperatien m LEEvaows
Filed Dec. 21, 1959, Ser. No. 868,875
12 Chzims, (La. 175—1 84, L)

This invention relates to a method and means for
making a magnetic head, and particularly to a method
and means of making a head of high resistivity material
such as ferrite.

1t is an object of the invention io plowde a method of
pm&mg a magnstic head having an extremely fine gap,
superior high frequency nerfoxmance and superior wear
resistance.

Another object of the invention is to provide a mag-
netic head having a gap structure of high resistivity ma-
ferial pfoudm" a greatly improved gap dimension sta-
bility and precision.

A further object of the invention is to provide a novel
magnetic head consiruction and method of making the
same. '

Still another object of the invention is to provide a
novel methed for making a magnetic head particularly
adapied for use with ferrite cr other high resistivity ma-
terials.

A still further cbject of the inveniion is to prowde a
novel magnetic head construction having a very precise
stable gap structure capable of maintaining precise gap
timensions in spite of wear from the record medium
thereon and the like

Another and further object of the invention resides in
the provision of an eccnomical method for producing
heads in quantity yet with a very high degree of precision.

Vet ancther gbject of the invention resides in the pro-
vizsion of a2 method of making a magnetic head which
sccomimodaies a more precise and less critical assembly
procedure than is possible where individual poles of a
magnetic head are individually formed.

An important advantage of the present invention re-
sides in the fact that the gap faces are formed te optical
"1ess while part of a substantially more extended sur-
area. Very precise optical methods of polishing are
abi° for such extended surfaces which could not be

ied to individual gap defining faces of individual
The gap material is more readily apnhed to the
re extended surfaces provided by the method of the
pr‘sem inveation, and a much more precise gap is formed.
s a further object of the present invention to pro-
vidc a method of making a magnetic head wherein the

is disposed in a very precise straight line.
11 is a still further object of the present inventicn to
provide a method for making & magnetic head wherein
the gap space is very s small and accurate.

Omv objects, features and advantages of the present
invention will be apparent from the following detailed
f*fscription taken in coonnection with the accompanying
drawings, in which:

FIGURE lisa “CL}:&(‘TIV“ view of a different embodi-
ment of the invention and illustrating a pair of blocks of
magnetic ‘material having confrontinsg surfaces polished
to optical flatness;

FIGURE 2 illustrates the confronting surfaces secured
together at their flat surfaces; -

FIGURE 3 is a diagrammatic perspective view illustrat-
ing the manner in which the assembly of FIGURE 2
is subdivided to provide a plurality of gap subassemblies;

FIGURE 4 is a diagrammatic perspective view of one
of the gap subasserblies subdivided as indicated in FIG-
URE 3;

gap

FIGUR 3,
cf the gap subasae bly of MuU RE 4 into a macnetxc
transducer head pole assembly;
FIGURE 8 illusirates a yoke for receiving the gap
5 assembly of FIGU?.E 7;
FIGURE 9 illustrates the final assembly of the sub-

umts of riuUAuS 7 a
GURES 10, 11 and 12 show further embodirments
uti‘mnb ferrite cores and vacuum deposited gap spacers.

As shown in the drawings:

The embodiment of FIGURES 1 to ¢ of the present
invention is particularly adapted for the forming of
magnetic head assemblies from ferrite or high resistivity
material, bot can also be used for laminated structures
and for applications where thick sections of magnetic
material do not have excessive eddy cuirent loss.

In accordance with the illustrated embodiment,
cf ferrite blocks 280 and 2X1 have surfaces 2184 and
21ia thereoi polished to optical flatness. By way of
example, each block may be one-half inch square by one-
quarter inch high {in the direction of arrow 216). For
quantity production a much larger area is practical.
Single crystal ferrite is ideal to avoid the irregularities and
granular structure of sintered ferrite, and preferably as
indicated in FIGURE 1 the directions of easy magnetiza-
tion of ihe single crystal ferrite blocks are those indi-
cated by the arrows 213 3, “1/“, 215 and 236. This orienta-
tion is p“eferred since it is in conformity with the direc-
tion of fiux paths in the gap subassemblies to be formed
from the blocks. With single crystal ferrite materisl it
has been found that much finer gaps can be produced and
maintained than are possible with sintered ferrites used in
the prior art. However, the same consiruction is also
applicable for less critical work, where fine grain fer-
rites may be used

Homogeneous ferrite material which is not single
crystal, or which is of imperfect crystal structure but has
the reguired metic qualities (noted beiow) may be

substituted for smﬂ" crystal material. A preferred gap
size is below § microns (one micron equals one millionth
of a meter), and with care, assembiles with gaps of 0.25
microns or less may be formed.

In assembling the blocks as illustrated in FI
cer 329 may be pmv;dbd by dep
1 le, for \,Aamrﬂe oo;d in ¥4 micron

nd 8; and

10

a pair

20

mag

IGURE 2,
ositing an
iichesS

mm}j a ]9/“! of ;01 of plupeL 1'11(/5{1955 may be
2 gap spacer, and for even finer gaps the spacer
omiited entirely.
mating surfaces 218z and 2%fa are then coated
with epox y 1esm of thin cnudxetemy and clamped together
i Alternatively a low melt-
may be 1‘-:86(1 as an adheszive for the
Rietals such as indium which wet and
may also be used. For the very smallest
not be vsed on the gap faces.
the manner in which the block
may ba cut along muzon‘rﬂl and vertical
5 as indicated a A}JS 224, 225 and 226 to
form gap L.ﬂl s such as "1d1 cated at Zfé@ in FIGURE 4
ing gap sections 231 separating ferrite porticns such
at 7;3:; and 234, In ca es where cementing at
i nforcing is applicd to at least one
y gap uu,t fGL example as shown at 237" in
oc%r the cuts are made.
ste D of FIGURES 3 and 4, a reinforcing piece
ned to one side of the unit 238 so as to allow
removal of material from the other side to reduce
the gap facing area as indicated at 248 in FIGURE 6.
As shown in FIGURE 7, non-magnetic reinforcing ma-
terial as indicated at 242 is fastened in the noich 249
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fllustrated in FIGURE 6, while tape receiving surfaces
244 and 245 are sheped, and surfaces such as indicated
at 246 and 247 are made flat and coplanar.

As indicated in FIGURE 8, a yoke 258 is formed of
ferrite material, with surfaces 258z and 258b pclished
flat and in the same plane to receive surfaces 246 and
247 of the gap unit shown in FIGURE 7. By way of
example, the yoke 256 may be formed of single crystal
ferrite with the directions of easy magnetization as indi-
cated by the arrows 252 and 253 to conform with the
fiux path in the yoke. However it is preferable to make
the yoke of sintered ferrite, which may be “molded” into
the correct shape, and which is formed of a composition
having superior magnetic properties including high initial
permeability, high saturation flux demsity, and a high
enough Curie point to insure stability at normal operating
temperatures.

FIGURE 9 illustrates the final assembly with coils 256
and 257 and non-magnetic side plates 258 and 259 applied
to the assembly of yoke 258 and gap subassembly 261
of FIGURE 7. The side plates facilitate mounting of
the asscmbly and serve to strengthen and reinforce the
gap uait in its mounting with the yoke 25¢. In many
cases, the side plates 258 and 25% may be omitied and
surfaces 246 and 247 and 258 and 2505 glued in place.

FIGURE 10 illustrates a further ferrite head configu-
ration indicated generally by the reference numeral 389.
The head 389 may comprise two core parts 381 and
332 of a suitable ferrite material such as “Ferroxcube,”
this material comprising a manganese-zinc-ferrite com-
position. The part 301 may comprise a relatively straight
bar of rectangular cross-section having edge portions de-
fining planar gap faces 30la and 161h. The other part
302 is of a generally C-shape and has planar gap defining
edge faces 3%2¢ and 382bH confronting the faces 301a
and 381b. The core part 302 may have a winding 304
wound thereon prior to assembly of the core part 362
with the core part 381, The edge gap defining face 301aq,
301b and 3622 and 36256 may have a suitable non-mag-
netic gap material vacuum deposited thereon to a thick-
ness of one micron, for example. Examples of suvitable
gap materials are aluminum, gold, chromium, titanium
and silicon. The reference numerals 306, 367, 398 and
389 indicate diagrammatically gap material vacuum de-
posited on the respective gap faces 30ia, 3024, 381b,
392b, and having a iotal thickness between the confront-
ing gap faces which is preferably below 5 microns. When
the core parts 38% and 392 are assembled with their re-
spective gap layers in contact, the gay layers 396, 367
and 308, 3¢9 completely fill the gaps in the magnetic cir-
cuit defined by the core parts 381 and 302, The head
3¢ may cooperate with a magnetizable record medium
312 which travels successively across the top edges of
the core parts 361 and 392 in coupling relation to the non-
magnetic gap defined by the gap layers 396 and 397.
The assembly of FIGURE 10 may be secured in assem-
bled relation by any suitable means, for example by
potting the assembly in epoxy resin as indicated diagram-
matically by the dash line 315,

FIGURE 11 shows an embodiment which is entirely
similar to the embodiment of FIGURE 10, except that
a second C-shaped ferrite core part 328 is substituted
for the core part 391 in FIGURE 10 and carries a second
coil 32%. Corresponding primed reference numerals are
given to similar parts. The end faces 328z and 3286 are
provided with vacoum deposited layers as indicated dia-
grammatically at 323 and 324 which together with the
layers 387’ and 389" of non-magnetic material completely
fill the gaps in the magnetic circuit defined by the core
parts 302" and 328. The total gap length of each gap
in the magnetic circuit is preferably less than 5 microns
and may, for example, be 2 microns. The gap spacer
may be of any of the materials mentioned in connection
with FIGURE 10.

" FIGURE 12 illustrates a magnetic transducer head 349
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comprising a pair of C-shaped core parts of ferrite ma-
terial defining a ring-type head. In this embodiment, the
end faces 341q and 342a are relatively spaced, while faces
341b and 342b may be in direct contact. In FIGURE
12, the upper gap is formed by thin pieces of metal mag-
netic material such as Mumetal pieces 344 and 345, s¢
that the gap remains sharp even though the adjacent
errite material of core parts 341 and 342 is somewhat
irregular. The gap between the Mumetal parts 344 and
345 may be provided by vacuum depositing a suitable
non-magnetic material such as discussed above on one
or both of the confronting surfaces 344a and 345a of the
pole piece members 344 and 345. In FIGURE 12, the
gap material 358 may be deposited on face 344a to com-
pletely fill the gap in the magnetic circuit including core
parts 341 and 342 and pole piece members 344 and 345.
The assembly of FIGURE 12 including windings 351
and 352 may be embedded in an epoxy resin casing as in-
dicated by the dash line 355. It is found that the sand-
wich including pole piece parts 344 and 345 and gap
material 35¢ should be kept very thin in the direction
between faces 341a and 3424 to avoid interference effects
that produce a notch in the response curve at an audible
frequency.

In each of the illustrated embodiments, the gap in
the magnetic circuit is preferably less than 5 microns
and is provided by metal deposited on one or more of
the gap defining faces of the confronting magnetic parts.
Vacuum deposition of the gap material is preferred for
accuracy, although plating can be used. Copper is a
desirable material for gap spacers because of its high
conductivity and because a copper gap is readily ob-
servable under a microscope in contrast to the core pieces.

Facilities for evaporating metal are common in the
optical industry for coating lenses and mirrors. Evap-
orated metal on plastic is also widely used for decorative
emblems.

The present application is a continuation-in-part of
Serial No. 723,304 filed March 24, 1958.

It will be apparent that many modifications and varia-
tions may be effected without departing from the scope
of the novel concepts of the present invention.

I claim as my invention: )

1. A magnetic head comprising a pair of single crystal
ferrite blocks having flat planar surfaces thereof in con-
fronting relation to form a non-magnetic gap, said blocks
having a direction of easy magnetization perpendicular
to the plane of said confronting surfaces.

2. A magnetic head comprising a pair of homogeneous
non-sintered ferrite members having respective surfaces
in confronting relation to define a non-magnetic gap
between said members.

3. A magnetic head comprising a pair of magnetic
members of homogeneous ferrite material having re-
spective surfaces in confronting relation to define a non-
magnetic gap less than about 5 microns in length in the
direction spanning said blocks.

4. A magnetic head comprising a pair of single crystal
ferrite members having respective surfaces in confront-
ing relation to define a non-magnetic gap.

5. A magnetic head comprising a pair of single crystal
ferrite members having flat planar surfaces in confront-
ing relation to form a non-magnetic gap for coupling to
a magnetic record medium, and a yoke structurs of
sintered ferrite material forming a loop magnetic circuit
with said single crystal ferrite members and the non-
magnetic gap therebetween.

6. A magnetic head comprising a pair of single crystal
ferrite members having flat planar surfaces in confront-
ing relation and having an evaporated film of non-mag-
netic material deposited on at least one of said surfaces
and rigidly determining the spacing between said sur-
faces to define a nop-magnetic gap for coupling to a
magnetic record medium.

7. A magnetic head comprisitig a pair of homogencous
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non-sintered ferrite members having respective surfaces
in confronting relation to define a non-magnetic gap for
coupling to a magnetic record medium, and a yoke
structure of sintered ferrite material forming a loop
magnetic circuit with said homogeneous non-sintered
ferrite members and the gap therebetween.

8. A magnetic head comprising a pair of single crystal
ferrite members having respective surfaces in confront-
ing relation to provide a region for coupling of the
members to a magnetic record medium, a yoke structure
of sintered ferrite material included in a loop magnetic
circuit with said single crystal ferrite members, means
defining a path of travel of a record member successively
across said single crystal ferrite members and in cou-
pling relation to said region provided by said surfaces,
and a magnetoelectric transducing element coupled to
said loop magnetic circuit.

9. A magnetic head comprising a pair of homogeneous
non-sintered ferrite members having respective surfaces
in confronting relation to define a non-magnetic gap
between said members and having side surfaces disposed
at right angles to-said confronting surfaces, and unitary
side plate means of non-magnetic material in contact
with said side surfaces of the respective ferrite members
and spanning the gap therebetween.

10. A magnetic head comprising a pair of homogeneous
non-sintered ferrite members having respective surfaces
in confronting relation to define a non-magnetic gap
between said members, a yoke structure forming a loop
magnetic circuit with said ferrite members and the gap
therebetween, and side plate means of non-magnetic
material laterally contacting a side surface of each of
the ferrite members and of the yoke structure and span-
ning the gap between the ferrite members.

11. A magnetic head comprising a pair of homogeneous
non-sintered ferrite members having respective surfaces
in confronting relation and having an evaporated film

8

of non-magnetic material deposited upon at least one
of said surfaces to rigidly determine the spacing there-

- between and to define a non-magnetic gap for coupling
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to a magnetic record medium.

12. A magnetic head comprising a pair of single crystal
ferrite members having respective surfaces in confront-
ing relation and having an evaporated film deposited on
at least one of said surfaces of approximately one-quar-
ter micron thickness to rigidly determine the spacing
between said members and to define a non-magnetic gap
for coupling to a magnetic record medium.
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