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METHOD FOR MANUFACTURING CONDUCTIVE WAFERS, 

METHOD FOR MANUFACTURING THIN-PLATE SINTERED COMPACTS, 

METHOD FOR MANUFACTURING CERAMIC SUBSTRATES 

FOR THIN-FILM MAGNETIC HEAD, AND 

METHOD FOR MACHINING CONDUCTIVE WAFERS 

BACKGROUND OF THE INVENTION 

The present invention relates to respective methods for 

manufacturing conductive wafers, thin-plate sintered compacts 

and ceramic substrates for a thin-film magnetic head and to a 

5 method for machining conductive wafers. 

In recent years, a thin-film magnetic head has been used 

for various types of magnetic recording devices such as a 

hard disk drive (HDD) and a floppy disk drive (FDD) for a 

computer. As a thin-film magnetic head has been downsized, 

10 the thickness of a wafer, used as a substrate for such a 

head, has also been reduced. Since a substrate for a magnetic 

head is required to have high hardness and high abrasion re-

sistance, Al20 3-Ti, SiC and Zr02 ceramics are currently used 

therefor. For example, an ALTIC wafer, widely used currently 

15 as a ceramic substrate for a magnetic· head, is manufactured 

by sintering a powder green compact of raw materials such as 

alumina (Al20i) and titanium carbide (TiC). An ALTIC wafer 

having a thickness of about 1.2 mm is practically used today 

as a substrate for a magnetic head. In order to realize mag-



-2-

netic recording with even higher density, however, the devel­

opment of an even thinner and further planarized ceramic sub­

strate is awaited. 

A sintering process is indispensable for manufacturing a 

s ·ceramic substrate. However, in accordance with currently 

available ·techniques, a sintered ceramic substrate is ·often 

deformed, e.g., warped, during the sintering process. One of 

the main reasons is the non-uniform temperature distribution 

of the sintered compact during the sintering process. It is 

10 now known that the thinner the thickness of a c~ramic sub-. 

strate to be formed is (e.g., if the thickness is equal to or 

smaller than 2 mm), the more warped the substrate is likely 

to get. Conventionally, such a "warp" has been eliminated by 

planarizing the ·surface of a substrate through polishing. 

IS A sintered compact used as a substrate for a thin-film 

magnetic head has extremely high hardness (the Vickers hard­

ness. thereof is 2,000 or more). Accordingly, it takes a very 

long time to polish such a sintered compact. For example, 

sometimes it takes several tens of hours to reduce the thick-

20 ness of a plate sintered compact from 2 nun to 1.2 nun by pol­

ishing it. on the other hand, the thinner a sintered compact 

is, the less rigid and the more warped the sintered compact 

gets. Thus, if an even thinner ceramic substrate is required 

in the near future, the conventional method for forming a ce-

25 ramie substrate will take an enormous amount of time to per-
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form various post-sintering processes like polishing. Ac­

cordingly, it is expected that the productivity will drasti­

cally decrea.se in such a case. In other words, t.his problem 

cons4itut~s a great obstacle to further increasing the pro-

s ductivity of a thin-film magnetic head. 

It is noted that the "warp" problem is not unique to a 

ceramic substrate for a thin-film magnetic head, but possibly 

happens during the formation of any thin-plate sintered com­

pact in general. Therefore, the above-described problems 

LO {that is, polishing for eliminating such a warp takes a lot 

of time and increases the manufacturing cost) are generally 

true of any method for manufacturing a sintered compact in­

volving a sintering process (e.g., a method for manufacturing 

a sintered magnet). 

15 

SUMMARY OF.THE INVENTION 

In view of these problems, the present invention was 

made to provide respective methods for manufacturing conduc­

tive wafers, thin-plate · sintered compacts and ceramic sub-

20 strates for a thin-film magnetic head, and a method for 

machining conductive wafers, with a long polishing time, con­

ventionally required for ·eliminating a "warp", shortened by 

reducing the "warp" of a sintered compact. 

A method for manufacturing thin-plate sintered compacts 

25 according to the present invention includes the steps of: 
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forming a conductive sintered compact to have such a thick­

ness as to cause a warp to a negligible degree; and slicing 

the conductive sintered compact, thereby cutting and dividing 

the conductive sintered compact into at least two wafers. 

s A method for manufacturing conductive wafers according 

to the present invention includes the steps of: forming a 

conductive sintered compact having two surfaces that are sub­

stantially parallel to each other; and slicing the conductive 

sintered compact along at least one plane substantially par-

10 allel to the two surfaces of the conductive sintered compact, 

thereby cutting and dividing the conductive sintered compact 

into at least two conductive wafers. 

Another method for manufacturing thin-plate sintered 

compacts according to the present invention includes the 

15 steps of: forming a conductive sintered compact having a 

Vickers hardness of 2,000 or more by sintering raw material 

powder; and slicing the conductive sintered compact by wire 

electrical-discharge machining, thereby forming at least two 

thin-plate sintered compacts, each said ·thin-plate sintered 

20 compact having a thickness smaller than that of the conduc­

tive sintered compact. 

Still ~nother method for manufacturing thin-plate sin­

tered compacts according to the present invention includes 

the steps of: forming a sintered compact having a Vickers 

25 hardness of 2,000 or more by sintering a raw material powder; 
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and slicing the sintered compact, thereby forming at least 

two thin-plate sintered compacts, each said thin-plate sin­

tered compact having· a thickness smaller than that of the 

sintered compact. 

s A method for manufacturing ceramic substrates for a 

thin":'"film magnetic head according to the present invention 

includes the steps of: forming a conductive sin~ered compact 

having two surfaces that are substantially parallel to each 

other by sintering raw material powder and polishing a re-

LO sulting sintered compact; and slicing the conductive sintered 

compact along at least one plane substantially parallel to 

the two surfaces of the conductive sintered compact, thereby 

cutting and dividing the conductive sintered compact into at 

least two ceramic substrates for a thin-film magnetic head. 

15 A method for machining conductive wafers according to 

the present i~vention includes the steps of: setting a con­

ductive sintered compact into -an electrical-discharge wire 

cutting machine; and cutting and dividing the conductive sin­

tered compact into a plurality of conductive wafers by slicing 

20 the conductive sintered compact with the application of a 

voltage between a wire of the electrical-discharge wire cut­

ting machine and the conductive sintered compact while:one of 

the wire and the conductive sintered compact is moved against 

the other. Each said conductive wafer has a crown of soµm or 

25 less and a thickness that is one half or less of the thickness 
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of the conductive sintered compact. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a flow chart illustrating main process steps 

s for manufacturing ceramic substrates. 

Figure 2 is a schematic representation illustrating an 

arrangement for an electrical-discharge wire cutting machine 

preferably used for -a slicing process step in one embodiment 

of the present invention. 

10 Figure 3A through 3D are schematic cross-sectional views 

of a conductive sintered compact and a wire taken on a plane 

vertical to the wire· for illustrating a cutting (slicing) 

process step in more detail. 

Figure 4 is a plan view showing the top surface of an 

15 exemplary rack used for holding a sintered compact .. 

Figure SA is a cross-sectional view showing a crown Cl 

of the machined surfaces of wafers sliced off; 

Figure SB is a cross-sectional view showing crowns C2 

and Cl of a thin sintered compact 10'; and 

20 Figure SC is a cross-sectiona+ view showing crowns C4 

and cs of another thin sintered compact 10". 

Figure 6 is a graph showing the dependence of a "crown" 

of a cut (or machined) surface of a sliced wafer on a cutting 

speed. 

25 Figure 7 is a graph showing the dependence of the rough-
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ness of a· cut (or machined) surface of a sliced wafer on a 

cutting speed. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

If a sintered compact is formed by a conventional sin­

~ering process (e.g., hot pressing) to have a thickness of 2 

mm or less, for example, the sintered compact is "warped" be­

cause of various factors. The present invention is character­

ized by forming a relatively thick sintered compact having 

to such a thickness (e.g., more than 2 mm) as to cause a "warp" 

to a negligible degree and then slicing the sintered compact 

into at least two wafers. 

Hereinafter, an embodiment of the present invention will 

be described with reference to the accompanying drawings. 

15 First, a method for manufacturing ceramic substrates for 

a thin-film magnetic head according to the present invention 

will be described with reference to Figures 1 through JD. 

Figure 1 is a flow chart illustrating main process steps 

for manufacturing ceramic substrates. In this embodiment, 

20 first, raw material powder of alumina, titanium carbide and 

the like is prepared in Step Sl. Then, the power is mixed in 

Step S2, and sintered by hot pressing in Step SJ to form a 

rectangular conductive sintered compact having a thiGkriess of 

about 4 mm, a length of about 100 nun and a width of about 100 

25 mm. In this embodiment, alumina contained in the resulting 
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sintered compact is about 70% by weight and titanium carbide 

contained in the sintered compact is about 30% by weight. The 

sintered compact may contain any other component such as MgO. 

The Vickers hardness of the resulting sintered compact . is in 

s the range from about 2,400 to about 2,500. In accordance with 

a conventional manufacturing method, polishing (e.g., mirror 

polishing) is subsequently performed for a long time to elimi­

nate a "warp" from the sintered compact. In this embodiment, 

however, since .the sintered compact has a relatively large 

10 thickness of about 4 mm, the sintered substrate has high ri­

gidity and is hardly "warped". The process of forming a con­

ductive sintered compact out of alumina and titanium carbide 

by sintering is described in detail in Japanese Publication 

for Opposition No. 61-50906, for example. This process itself 

15 is performed in a conventional mariner. 

The surfaces of the conductive sintered compact are pre­

processed by polishing these surfaces for a short period of 

time, for example. Thereafter, a slicing process step S4 for 

cutting and dividing the sintered compact into two wafers is 

20 performed. In this embodiment, since the workpiece is made of 

a high-hardness ceramic having conductivity, wafer slicing is 

performed by electrical-discharge machining (EDM) technique. 

The two wafers, sliced off from a single sintered compact, 

each have a thickness of about 1.6 mm to about 1.8 mm, for ex-

25 ample. Each of these wafers is subjected to a polishing proc-
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ess step SS such as mirror polishing using diamond slurry (av­

erage grain diameter: about l ,Um), thereby ultimately forming 

a wafer having a thickness of about 1.2 mm (surface roughness 

Ra: 200 nm or less). In polishing a sintered compact having a 

s thickness of 2 mm in a conventional manner to have the thick­

ness reduced to 1. 2 mm, the wafer should lose O. 8 mm by ·the 

polishing. By contrast, in this embodiment·, the thickness of 

the wafer to be lost·by polishing may be 0.7 mm or less. 

Subsequently, the wafer obtained in this manner is sub-

10 jected to an ~dditional process step if necessary: marking by 

the use of a laser device; forming an insulating coating on 

the surface of the wafer by sputtering; or the like. 

Figure 2 is a· schematic representation illustrating· an 

arrangement for an electrical-discharge wire cutting machine 

15 20 preferably used for slicing in ·this embodiment. Th·e ma­

chine 20 shown in Figure 2 is constructed such that corona 

discharge is generated between a rectangular conductive sin­

tered compact 10 and a moving conductive wire (diameter: 

about 0.1 mm~ to about 0.35 mm0, for example) 22 by applying 

20 a high voltage as pulses. As a result of this electrical 

discharge, the cutting (slicing) process step 54 proceeds in 

such a manner that part of the conductive sintered compact 10, 

in the proximity of the wire 22, is cut off. Figure 2 shows a 

positional relationship between the wire 22 and the sintered 

25 compact 10 in the middle of being machined. The powder-like 



- 10 -

debris (i.e., swarf), cut off from the conductive sintered 

compact 10 as a result of the discharge, is rapidly pushed to­

ward a non-discharge region by water current ejected along the 

wire 22 so as not to cause unnecessary discharge. The water 

s current is formed because the water, supplied from a tank 27 

via a pump (not shown), is ejected from the vicinity of a wire 

holding member 24a. The conductive sintered compact 10 is 

subjec_ted to wire EDM while being soaked in water having a re­

latively high purity ( h~ving an electrical resistivity p of 

LO about 105 Q • cm or more). However, the water, ejected from 

the vicinity of the wire holding member 24a, can form torren­

tial water current in the vicinity of the machined part of the 

conductive sintered compact 10. 

The wire 22 is preferably made of brass~ The wire 22 is 

15 worn away owing to the discharge as the time elapses. Thus, 

the wire 22 is held by wire holding members 24a and 24b while 

being drawn out of a first rotating reel 26a and wound in a 

second rotating reel 26b. Since a certain degree of tension 

is applied to the wire 22, the wire 22 is used as a substan-

20 tially straightened line. However, a certain bend of the wire 

22 is inevitable. The wire holding members 24a and 24b are 

secured to an arm (not shown) of the machine 20. The arm, 

together. with the holding members 24a and 24b and the wire 

22, is moved horizontally in the direction indicated by the 

25 arrow A (i.e., a cutting or slicing direction) by a driving 
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mechanism such as a motor (not shown). In this machine 20, 

the wire 22 travels at a constant velocity against the work­

piece (i.e., the sintered compact 10) fixed at a .position. 

Alternatively, the wire 22 may be fixed at a position and the 

s workpiece may be moved. The conductive sintered compact 10 is 

housed in a rack to be described in detail later and held and 

secured by a substrate holding portion 40 on the rack. 

Next, the wire EDM will be described in detail with ref­

erence to Figures 3A through 3D. Figures 3A through 3D sche-

10 matically show the cross sections of the thin-plate 

conductive sintered compact 10 and the wire 22 taken on the 

plane perpendicular to the wire 22. 

First, as shown in Figure 3A, the wire 22 is disposed in 

the vicinity of one end face of the conductive sintered com-

15 pact 10. A high voltage is applied by a machining power sup­

ply 28 (see Figure 2) between the wire 22 and the conductive 

sintered compact 10, thereby generating electrical discharge 

.in a space between the wire 22 and the conductive sintered 

compact 10. As a result of the discharge, the center portion 

20 of the end face of the conductive sintered compact 10 is cut 

off to form a linear groove 12 extending along the wire 22. 

As the wire 22 moves leftward as indicated by the arrow A, the 

depth (measured in the direction indicated by the arrow A in 

Figure 3A) of the groove 12 increases. Consequently, as shown 

25 in Figure 3B, a deep slit is soon formed in the sintered com-
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pact 10. The wire 22 goes toward the other end face 100 locat­

ed on the left of Figure 3B in such a manner as to divide the 

sintered compact 10 into two parts. Before long, the wire 22 

reaches the vicinity of the end .face 100 (l to 2 nun ahead of 

s the end) as shown in Figure 3C. And then the wire 22 com-

pletely divides the sintered compact 10 into two parts (wa­

fers) lOa and lOb as shown in Figure 3D. In this manner, the 

two wafers lOa and lOb are cut off (sliced off) from the sin­

gle sintered compact 10. At this point in time, the thickness 

to of each of the cut and divided wafers lOa and lOb is about 1.8 

mm. As can be understood easily, the thicknesses of the wa­

fers lOa and !Ob are variable with the thickness of the sin­

tered compact 10 and the diameter of the wire 22 that are used 

for slicing. Accordingly, two wafers, each having a thickness 

15 of about 1. 2 mm to about 1. 4 mm, may be sliced off f·rom a 'sin­

tered compact having a thickness of about 3 mm. 

In this embodiment, the sintered compact 10 is in the 

shap_e of a plate _.and has two surfaces (main surfaces) 102 

that are substantially parallel to each other. The EDM is 

20 performed by moving the wire 22 on a plane that is defined by 

an approximate centerline between these two surfaces 102 and 

is substantially parallel to. both of these surfaces 102. 

Since the surfaces formed by this moving wire 22 are substan­

tially parallel to the two surfaces 102 of the sintered com-

25 pact 10, each of the resulting two wafers lOa and lOb has a 
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substantially uniform thickness. Alternatively, if the wire 

22 and the sintered compact 10 are disposed such that the 

surfaces formed by the wire 22 are slightly inclined to the 

two surfaces 102 of the sintered compact 10, each of the wa-

s fers may have the thickness thereof varied in the direction 

indicated by the arrow A. Furthermore, if the wire 22 is 

moved on a plane closer to either one of the· two main sur­

faces 102 of the sintered compact 10, not on the plane sub­

stantially on the centerline between these two surfaces 102, 

LO two wafers having mutually different thicknesses may be 

formed simultaneously. ;E".or example, it is possible to cut · 

off a wafer having a thickness of o;a mm and a wafer having a 

thickness of 1.2 mm from a flat-plate sintered compact having 

a thickness of about 3.5 mm. 

15 Hereinaf.ter, a rack, in which sintered compacts are· in-

serted and held during the EDM, will be described. Figure 4 

illustrates the construction of a rack 50 used in this em­

bodiment .. This rack 50 includes a plurality of substrate in­

serting portions 51, arranged in the direction indicated by 

20 the arrow B in Figure 4, for housing and holding a plurality 

of sintered compacts (substrates) 10 simultaneously. Each of 

the sintered compacts 10 is inserted into an ·associated re­

gion, the contour of which is represented by a broken line in 

Figure 4. Each of the inserted sintered compacts 10 is 

~ pressed by an associated substrate holding portion 40 in the 
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direction parallel to the arrow c and fixed and held in 

place. Each substrate holding portion 40 has elasticity, and 

therefore ·can press the sintered compact 10 in the direction 

parallel to ·the main surfaces of the sintered compact 10 

s (i.e., the longitudinal direction thereof) with appropriate 

pressure, thereby preventing the sintered compact 10 from 

cracking or chipping. Each substrate holding portion 40 in­

cludes two members sandwiching the discharge wire 22. A re­

quired gap (e.g., a gap having a width of about 1 mm) is 

10 provided between these two members such that the wire 22 can 

mov.e through the gap during slicing. A hole portion 52 sur­

rounded by these two members of the substrate holding portion 

40 corresponds to a place where the wire 22 is disposed. at. 

the start of slicing. The hole portion 52 runs through the 

15 substrate holding portion 40 in the direction perpendicular 

to the paper sheet of Figure 4 so as to house the wire 22 

therein. Another hole portion 54 is formed at a position 

where the moving wire 22 stops when slicing is finished. The 

hole portion 54 is formed in the vicinity of one side of the 

20 substrate inserting portion 51 coming into contact with the 

other end face of the.sintered compact 10. In the illustrated 

example, this side does not have particularly high elastic­

ity. Alternatively, a member having elasticity like the sub­

strate holding portion 40 may be disposed on this side. The 

~ sintered compact 10 is retained between the substrate hblding 
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portion 40 and the side of the substrate inserting portion 51 

(i.e., the side in the vicinity of the hole portion 54). 

Since the substrate holding portion 40 has elasticity, unne-

cessary stress is not applied onto the sintered compact 10. 

5 The rack 50 further includes first and second pressing 

portions 56 and 57 for preventing the sintered compact 10 

from being displaced in the direction indicated by the arrow 

B. The second pressing portion ~7 includes: a top member mov-

able in the direction indicated by the arrow B; and a member 

10 driving the top member. As shown in Figure 4, the top member 

of the second pressing portion 57 is formed on the left-hand 

side of the associated sintered compact 10 so as to press the 

sintered compact 10 rightward at the center of the main sur-

face thereof. In Figure 4, only one second pressing portion 57 

15 is illustrated. However, in actuality, the same number of 

second pressing portions 57 as that of the substrate inserting 

portions 51 are disposed. By handling a member projecting out 

of the rack SO, the position of the second pressing portion 57 

is adjusted. That is to say, the second pressing portion 57 

20 is moved and fixed at such a position as lightly pressing one 

main surface of the sintered compact 10. As a result, _the 

sintered compact 10 is retained between the first and second 

pressing portions 56 and 57, thereby preventing the sintered 

compact 10 from being displaced during slicing. It is noted 

25 that the sintered compact 10 may be held in any other manner 
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than. that described in this embodiment. That is to say, any 

suitable holding mechanism may be employed in accordance with 

the shape and size of the sintered compact 10. 

The rack so holding one or more sintered compacts 10 is 

s set in an electrical-discharge wire cutting machine such as 

that shown in Figure 2, thereby performing the slicing proc­

ess step in the above-described manner. · A voltage is sup­

plied from the power supply 28 of the electrical-discharge 

wire cutting machine to the sintered compact 10 via intercon-

10 nection lines and the substrate holding portion 40. For exam­

ple, while current of 300 to 400 amperes is supplied to 

between the wire 22 and the sintered compact 10 with a pulse 

width of 1 to 2 microseconds (while power of about 170 W is 

supplied), the sintered compact 10 has a positive potential 

15 with respect to the wire 22. If a plurality of sintered com­

pacts 10 are sliced simultaneously by moving a plurality of 

wires at the same time, the manufacturing efficiency of the 

wafers is considerably increased. 

Next, a "crown" used for evaluating the degree of "warp" 

20 will be defined. First, Figures SA through SC will be 

referred to. Each of the reference signs Cl through cs shown 

in Figures SA through SC represents the ucrown" of a particu­

lar surface. In this specification, a ucrown" means a dis­

tance between the top of a convex portion (or the bottom 

25 point of a concave portion} of a particular· surface and a 
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reference plane. The ureference plane" is herein defined as 

a plane (indicated by the broken lines in Figures SA through 
· .. ~ ... 

SC} on which a uparticular surface" would.be "located" if the 

surface were not warped. 

s Figure SA schematically illustrates the crown Cl of a 

machined surface 104 of a wafer lOa sliced off. Figure SB il~ 

lustrates. the crowns C2 and CJ of surfaces 106 and 108 of a 

thin sintered compact 10'. And Figure SC illustrates the 

crowns C4 and cs of surfaces 110 and 112 of another thin· sin-

10 tered compact 10". 

Hereinafter, it will be described with reference to Fig-

ure 6 how a cutting speed during EDM affects the surface ma-

chined by the EDM. In this embodiment, the "cutting speed" 

is defined as a cross-sectional area of· a sintered compact 

15 cut per unit time. 

Figure 6 is a graph illustrating how the "crown" of the 

cut surface (i.e., the machined surface) 104 of the sliced 

wafer. lOa varies with the cutting speed. As can be under-

stood from Figure 6, the higher the cutting speed {i.e., the 

W slicing speed) is, the larger the crown ~s. The reason is 

presumably as follows. The higher the cutting speed is, the 

larger amount of debris (swarf) is cut off from the sintered 

compact 10. Accordingly, as the Gutting speed is increased, 

it becomes increasingly difficult to remove the debris 

25 smoothly, thereby possibly generating unnecessary discharge 



- 18 -

between the wire 22 and the swarf. If the cutting speed is 

relatively high, the machined surface has such a shape as 

that shown in Figure SA in which a convex portion. is formed 

in the center region thereof. If such a wafer lOa is used as 

s a substrate for a thin-film magnetic head, the crown Cl 

thereof immediately after slicing is preferably 50 µ. m or 

less. This is because if the crown Cl exceeds 50µ.m, then an 

additional process step of cutting off the protruding portion 

should be performed and the advantageous effects of the pre-

10 sent invention are lost. It is when the cutting speed is 500 

mm2 /min or less that the crown of the sliced surface is 50 µ.m 

or less. Accordingly, the cutting speed is preferably 500 

mm2 /min or less. 

Figure 7 is a graph illustrating how the surface rough-

15 ness of·the cut surface (i.e., the machined surface) 104 of 

the sliced wafer lOa varies with the cutting speed. As can 

be understood from Figure 7, the higher the cutting speed is, 

the larger the surface roughness is. Considering that the 

subsequent poli~hing process step should be performed for as 

20 short a time as possible, the surface roughness is prefer~bly 

3 O µ. m or less. Accordingly, from this point of view, the 

cutting speed is preferably 340 mm2 /min or less. 

The data shown in Figures ·6 and 7 were obtained on the 

following conditions: 

25 Discharge pulse width: 1 to 2µ.s 
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Typical diameter of wire: 0.25 mm<t> 

Power for electrical-discharge machining: about 170 W 

Material of workpiece: alumina and titanium carbide 

Size of workpiece: 4 mmX 100 mmX 100 mm 

s The crown and the surface roughness were measured by using a 

roughness measuring device of a needle contact type. 

The data shown in Figures 6 and 7 were obtained where 

slicing was performed by setting the cutting speed at a con­

stant value throughout the process. However, in an actual 

LO manufacturing process, the cutting speed does not have to be 

kept constant. For example, at the stages illustrated in Fig­

ures 3A through JC, the cutting speed is preferably in the 

range from 130 mm2 /min to 500 mm2 /min, both inclusive. on the 

other hand, at the stages illustrated in Figures JC through 

15 . 3D, the cutting speed is preferably set at less than 130 

mrn2 /min. This is because if the wire 22 passes through the 

end face 100 of the sintered compact at a cutting speed higher 

than 130 mm2/min, the end face 100 possibly cracks or chips. 

In order to prevent the sintered compact 10 from cracking or 

20 chipping, the cutting speed may be set at less than 130 

mm2/min on all the stages shown in Figures 3A to 3D. However, 

in such a case, the processing time required for sl_icing ad".'"' 

versely becomes too long. Thus, it is more efficient to set 

the cutting speed relatively high (e.g., about 240 rnrn2 /min) 

25 until the wire 22 reaches a point 1 to 2 mm ahead of the end 
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face 100, for example, and then reduce the speed to less than 

130 mm2 /min after the wire 22 has reached the point. The ma­

chine may be programmed such that the cutting speed is auto­

matically switched in accordance with the movement distance of 

5 the wire 22, i~e., the length of the wire drawn out. Changing 

the cutting speed on at least two stages in this manner is 

particularly advantageous where the material to be sliced has 

a high hardness (e.g., where a sintered compact having a Vick­

ers hardness of 2,000 or more is sliced). This is because the 

10 higher the hardness of a material to be sliced is, the more 

easily the sintered compact cracks or chips. 

In accordance with the method of this embodiment, a work­

ing time required for obtaining a wafer having a thickness .of 

1.2 mm, for example, can be about 60% to about 70% of the time 

15 required for forming a sintered compact having a thickness of 

2.0 mm and then obtaining a wafer having a thickness of 1.2 mm 

by polishing in accordance with a conventional method. The 

time required for s~icing is at most 30 to 40 minutes. In this 

embodiment, two wafers are efficiently cut off from a single 

20 sintered compact. Accordingly, the material is not wasted too 

much, and the present invention can contribute to more effec­

tive utilization of natural resources. 

In this embodiment, two wafers are cut off from a single 

sintered compact by using a single wire. Alternatively, if 

25 the number of wires is set at n (where n> 2), a number ( n + 1) 
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of wafers can be simultaneously cut off from a single sintered 

compact. As a result, the work efficiency c~n be further in-

creased. However, in order to realize such multitasking, the 

diameter of a wire should be sufficiently small or the thick-

s ness of a sintered compact yet to be sliced should be suffi-

ciently large. Nevertheless, if a sintered compact is formed 

too thick, sintering might· be incomplete inside such a sin-

tered compact. Accordingly, in order to form a thick sintered 

compact, the sintering method should be improved. Further-

10 more, even if slicing is repeatedly pe~formed on the same sin-

tered compact several times by using a single wire, three or 

more wafers can be cut off from the single sintered compact. 

In this manner, the present invention employs a novel 

method, in which a relatively thick sintered compact is inten-
. . 

15 tionally formed and then sliced, though a thinner and thinn~r 

wafer will be demanded as a substrate for a thin-film magnetic 

head in view of the current circumstances. Also, paying spe-

cial attention to the fact that the sintered compact has con-

ductivity in such a case, the present inventors employed wire 

20 electrical-discharge machining to succeed in efficiently ob-

taining a wafer having a desired thickness. Furthermore, we 

found the relationship between the machining (cutting} speed 

and the crown or the surf ace roughness and performed electri-

cal-discharge machining on appropriate conditions to succeed 

25 in cutting off a plurality of wafers having a high.degree of 
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planarity required for substrates for a thin-film magnetic 

head with a good yield. As can be understood, the method of 

the present invention can make it possible to provide a thin 

and highly hard high-performance ceramic substrate for a thin-

s film magnet~c head with high economic.al efficiency in order to 

cope with the forthcoming increase ·tn storage capacity and to 

improve the productivity. Accordingly, the present invention 

has very broad industrial applicability. 

In ·the foregoing, the present invention has been de-

10 scribed as being applied to a method for manufacturing ceram­

ic substrates for a thin-film magnetic head. However, the 

application of the present invention is not limited thereto. 

This is because, in general, when a thin-plate member is 

formed by sintering, the prC?blem of "warp" possibly happens 

15 at any time. Accordingly, the present invention is also ef­

fectively applicable to the formation of a small magnet by 

performing a sintering process. A magnet is now used in a 

great many applications. Thus, depending upon the applica­

tion, the size of a magnet will be further decreased and a 

20 thin-plate magnet of such a type as causing a warp will be 

required. Accordingly, it is expected that the present in­

vention is very effectively applicable to broad fields in­

cluding the field of sintered magnets. 

It is noted that slicing may be performed by any other 

25 method than the wire EDM. For example, a· sintered compact 
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may be sliced by utilizing a wire saw technique using abra­

sive particles and a wire or by employing a small dicing saw. 

In these cases, since the electrical discharge phenomenon is 

not utilized, the sintered compact does not have to have con-

s ductivity.. Herein, "having conductivity" means having elec­

trical resistivity p low enough to enable the electrical­

discharge machining. For example, a sintered compact having 

electrical resistivity p of 2 X io-3 Q • m or less may be regard­

ed as having conductivity. 

to Also, the sintered compact to be sliced does not have to 

be rectangular. Depending on the shape of a wafer to be 

formed, a disc-shaped sintered compact may also be formed. 

The thickness of the sintered compact is not limited to 4 mm, 

either. If a sintered compact having ·a thickness of about 2 

lS to about 3 mm can be formed with a relatively small "warp", a 

thin-plate sintered compact half or less as thick (from 0.5 

to 1.2 mm) as such a sintered compact may be formed by per­

forming a slicing process after the sintered compact has been 

formed. Even in such a case, a thin-plate sintered compact 

20 can be manufactured with a higher productivity as compared 

with a conventional method. The sintered compact to be sliced 

is not necessarily a flat plate. For example, even if a sin­

tered compact is a mass in the shape of an ingot, wafers (or. 

substrates) having a required thickness can be formed by per-

25 forming a slicirig process. 
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According to the present invention, a conductive sin­

tered compact having such a thickness as to cause a "warp" to 

a negligible degree is formed and then sliced, thereby cut­

ting and dividing the conductive sintered compact into two or 

s more conductive wafers. Thus, wafers having a de$ired thick­

ness can be p~ovided with high productivity while shortening 

the time taken to perform molding process such polishing and 

minimizing the waste of a material. In an embodiment where 

the sintered compact is sl~ced by wire electrical-discharge 

10 machining, in particular, even a highly hard ceramic material 

can be machined with high precision. Accordingly, such an 

embodiment is very practical. 

Also, according to the present invention, by adjusting 

the cutting speed for the wire electrical-discharge machin-

15 ing, the warp and the surface roughness of wafers machined 

can be reduced to desired levels. As a result, the time re­

quired for a subsequent polishing process can be shortened to 

a large degree. Furthermore, by setting the cutting speed 

relatively low just before the sintered compact has been com-

20 pletely cut, it is possible to prevent the sintered compact 

from cracking or chipping. 

.·;.i .. 
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WHAT IS CLAIMED IS: 

1. A method for manufacturing thin-plate sintered com-

pacts, comprising the steps of: 

forming a conductive sintered compact to have such a 

thickness as to cause a warp to a negligible degree; and 

slicing the conductive sintered compact, thereby cutting 

and dividing the conductive sintered compact into at least 

two wafers. 

2. A method for manufacturing conductive wafers, com-

prising the steps of: 

forming a conductive sintered ·Compact having two surfac-

es that are substantially parallel to each other; and 

slicing the conductive sintered compact along at least 

one plane substa~tially parallel to the two surfaces of the 

conductive sintered compact, thereby cutting and dividing the 

conductive sintered compact into at least two conductive wa-

fers. 

3. The method of Claim 2, wherein the conductive sin-

tered compact is sliced by wire electrical-discharge machin-

ing with the application of a voltage between a wire for 

discharge and the conductive sintered compact while one of 

the wire and the conductive sintered compact is moved against 

the other. 

4. The method of Claim 3, wherein the voltage is applied 

as pulses. 
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s. The method of Claim ·3, wherein a cutting speed at 

which the wire cuts the conductive sintered compact is ad-

justed such that a machined surface of each of .the cut and 

divided conductive wafers has a crown of so.um or less. 

6. The method of Claim 3, wherein the cutting speed is 

500 mm2/min or less. 

7. The method of Claim 3, wherein at least between 1 mm 

ahead of an endpoint at which the wire finishes cutting the 

conductive sintered compact and the endpoint, the wire cuts 

the conductive sintered compact at a lower speed than a speed 

at a start point at which the wire starts cutting the conduc-

tive sintered compact. 

8. The method of Claim 7, wherein the wire cuts the con-

ductive sintered compact at a speed of 130 mm2/min or less at 

the endpoint. 

9. The method of one of Claims 2 to 8, wherein the con-

ductive sintered compact is made of a conductive ceramic con-

taining alumina, titanium and. carbon. 

10. A method for manufacturing thin-plate sintered com-

pacts, comprising the steps of: 

forming a conductive sintered compact having a Vickers 

hardness of 2,000 or more by sintering raw material powder; 

and 

slicing the conductive sintered compact by wire electri-

cal-discharge machining, thereby forming at least two thin-
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plate sintered compacts, each said thin-plate sintered com-

pact having a thickness smaller than that of the conductive 

sintered compact. 

11. A method for manufacturing thin-plate sintered com-

pacts, comprising the steps of: 

forming a sintered compact having a Vickers hardness of 

2,000 or more by sintering a raw material powder; and 

slicing the sintered compact, thereby forming at least 

two thin-plate sintered compacts, each said thin-plate sin-

tered compact having a thickness smaller than that of the 

sintered compact. 

12. A method for manufacturing ceramic substrates for a 

thin-film magnetic head, comprising the steps of: 

forming a conductive sintered compact having two surfac-

es that are substantially parallel to each other by sintering 

raw material powder and polishing a resulting sintered com-

pact; and 

slicing the conductive.sintered compact along at least 

one plane substantially parallel to the two surf aces of the 

conductive sinte~ed compact, thereby cutting and dividing the 

conductive sintered compact into at least two ceramic sub-

strates for a thin-film magne~ic head. 

13. The method of Claim 12, further comprising the step 

of polishing a surface of each said ceramic substrate for a 

thin-film magnetic head to reduce the thickness of the sub-
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strate to 1. 2 mm or less, the substrate being polished to 

lose 0.7 mm or less. 

14. A method for machining conductive wafers, comprising 

the steps of: 

setting a conductive sintered compact into an electri-

cal-discharge wire cutting machine; and 

cutting and dividing the conductive sintered compact into 

a plurality of conductive wafers by slicing the conductive 

sintered compact with the application of a voltage between a 

wire of the electrical-discharge wire cutting machine and the 

conductive sintered compact while one of the wire and the con-

duct:iv~.s.interedcompact is moved against the other, 
: .. _._.··.: 

each said conductive wafer having a crown of 50 µ. m or 

less and a thickness that is one half ·or less of the thickness 

of the conductive sintered compact. 

15. The method of Claim 14, wherein in the step of cut-

ting and'.·dividing the conductive sintered compact, 

an end face of the conductive sintered com~act is 

pressed by an elastic holding member in a direction parallel 

to a moving direction of the wire. 


