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THIN-FILM MAGNETIC HEAD 
MANUFACTURING METHOD AND APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a thin-?lm mag 
netic head manufacturing method and apparatus for pre 
cisely lapping thin-?lm magnetic heads for use in magnetic 
disk devices and the like. 

[0003] 2. Description of the Related Art 

[0004] In manufacturing thin-?lm magnetic heads, in gen 
eral, thin layers constituting thin-?lm magnetic elements, 
such as insulating layers, magnetic layers, and conductive 
layers, are stacked in order on a substrate made of A1203 
TiC (alumina titanium carbide) by sputtering, and the thin 
layers are Worked by photolithography or ion milling as 
required. 

[0005] In order to manufacture thin-?lm magnetic heads, 
plural thin-?lm magnetic elements 1 are formed in plural 
roWs on a substrate 2, as shoWn in FIG. 5 (FIG. 5 shoWs 
only some of the thin-?lm magnetic elements 1). Athin-?lm 
magnetic element 1 is a so-called “MR (magnetoresistive)/ 
inductive combined magnetic head” in Which an MR mag 
netic head having a magnetoresistive sensor for reading 
recorded information and an inductive magnetic head for 
Writing are combined. The thin-?lm magnetic elements 1 are 
electrically connected by electrodes 4 connected thereto. 
The substrate 2 is cut along the dotted lines to yield a slider 
bar as shoWn in FIG. 6. 

[0006] In manufacturing a thin-?lm magnetic head, the 
height of the magnetoresistive sensor of the MR magnetic 
head in the thin-?lm magnetic element 1 must be adjusted to 
a predetermined value. The MR height is adjusted by 
lapping an ABS (air-bearing surface) 3a shoWn in FIG. 6 
While using some of a plurality of magnetoresistive sensors 
as monitor elements, and measuring DC resistance values 
(DCR values) betWeen the electrode layers connected to 
both ends of the magnetoresistive sensors. 

[0007] By lapping the ABS 3a until the DCR value fall 
into the ?nish tolerances, the height of the magnetoresistive 
sensors (MR height) can be set at an appropriate value. After 
the MR height is adjusted, the slider bar 3 is cut along the 
dotted lines shoWn in FIG. 6 into individual thin-?lm 
magnetic heads. Individual substrates cut from the slider bar 
3 serve as sliders. The ABS 3a of the slider faces a recording 
medium and receives a levitating force When the recording 
medium moves. 

[0008] Lapping for adjusting the MR height is performed 
by using, for eXample, a lapping plate 21 shoWn in FIG. 8. 
The slider bar 3 shoWn in FIG. 6 is placed so that the ABS 
3a thereof is in contact With the surface of the lapping plate 
21. The lapping plate 21 is rotationally driven to lap the ABS 
3a of the slider bar 3. 

[0009] FIGS. 9A and 9B are ?oWcharts shoWing the 
process of lapping for adjusting the MR height. 

[0010] Lapping is performed in tWo stages, rough lapping 
(FIG. 9A) With a lapping ?uid applied on the upper surface 
of the lapping plate 21, and ?nish lapping (FIG. 9B) With a 
lubricant applied on the lapping plate 21 as necessary. 
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[0011] In rough lapping, as shoWn in FIG. 9A, lapping is 
continued While the DCR values of the monitor elements are 
being monitored, and is completed When the DCR values fall 
into a predetermined DCR range. 

[0012] In ?nish lapping shoWn in FIG. 9B, lapping is 
similarly performed While the DCR values of the monitor 
elements are being monitored, and it is completed When the 
DCR values fall into the ?nish tolerance range, Which means 
that the MR heights also falls into the ?nish tolerance range. 

[0013] In a conventional lapping method, as shoWn in 
FIGS. 9A and 9B, hoWever, a level difference is likely to 
remain betWeen the ABS 3a of the slider bar 3 and the 
thin-?lm magnetic element 1 in a completed thin-?lm mag 
netic head. 

[0014] FIGS. 11A and 11B are side vieWs of the slider bar 
3 and the thin-?lm magnetic element 1, respectively, before 
lapping is started, and during or after lapping. When the 
thin-?lm magnetic element 1 is formed (the process shoWn 
in FIG. 5), a cover layer 5 is formed to cover the thin-?lm 
magnetic element 1. This cover layer 5 is made of A1203 or 
SiO2_ 
[0015] In rough lapping, as described With reference to 
FIG. 9A, the lapping ?uid contains ?ne particles, and the 
ABS 3a is lapped thereWith. 

[0016] The thin-?lm magnetic element 1 primarily made 
of A1203, NiFe (permalloy), or the like is lapped at a higher 
rate than the slider bar 3 made of Al2O3-TiC (alumina 
titanium carbide) or the like. Therefore, as shoWn in FIG. 
11B, 21 level difference is likely to be formed betWeen the 
ABS 3a of the slider bar 3 and a surface 1a of the thin-?lm 
magnetic element 1 opposing the recording medium in 
rough lapping. 

[0017] In particular, in rough lapping With the lapping 
?uid applied on the surface of the lapping plate 21, the 
opposing surface 1a of the thin-?lm magnetic element 1 is 
likely to be lapped at a high rate by the ?ne particles in the 
lapping ?uid, Which increases the amount of level difference 
(recession). Hereinafter, the amount of level difference 
(recession) is represented by the letter “R”. The recession R 
is Zero When the opposing surface 1a of the thin-?lm 
magnetic element 1 is ?ush With the ABS 3a of the slider bar 
3, and the direction in Which the recession R increases is 
designated the “positive (+) direction”. 

[0018] Since rough lapping, as shoWn in FIG. 9A, is 
performed While monitoring only the DCR values of the 
magnetoresistive sensors, When the DCR values fall into a 
predetermined range, that is, When the heights of the mag 
netoresistive sensors (MR height) fall into a predetermined 
range, it is impossible to determine the eXtent to Which the 
ABS 3a of the slider bar 3 has been lapped. For this reason, 
even When the opposing surface 1a of the thin-?lm magnetic 
element 1 has been suf?ciently lapped and the MR height 
values are Within the predetermined range, the ABS 3a of the 
slider bar 3 has not been suf?ciently lapped and a substantial 
recession R is produced in the positive direction. 

[0019] In the subsequent ?nish lapping process, the oppos 
ing surface 1a of the thin-?lm magnetic element 1 is lapped 
at a higher rate than the ABS 3a of the slider bar 3. 
Therefore, in a case in Which a substantial recession R is 
produced during rough lapping, that is, When a great differ 
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ence remains in the levels between the ABS 3a of the slider 
bar 3 and the opposing surface 1a of the thin-?lm magnetic 
element 1, if ?nish lapping is performed While monitoring 
only the DCR values, as shoWn in FIG. 9B, a substantial 
recession R remains When the DCR values of the thin-?lm 
magnetic element 1 falls into the ?nish height tolerances. 

[0020] That is, although too large a recession R remains at 
the completion of rough lapping, and the ABS 3a of the 
slider bar 3 is not lapped to suf?ciently reduce the recession 
R due to a short ?nish lapping time, ?nish lapping is 
completed. 

[0021] Because of the need to cope With recent increases 
in density of recording media, thin-?lm magnetic heads have 
been required to minimiZe the distance betWeen the oppos 
ing surface of the thin-?lm magnetic element and a record 
ing medium in a driving state to reduce spacing loss as much 
as possible. If a substantial recession is produced in such a 
thin-?lm magnetic head as described above, the spacing loss 
increases, and this impairs Writing/reading characteristics. 

[0022] In general, the lapping plate 21 is rotated at 
approximately 100 rpm for the purpose of lapping. Conven 
tionally, the lapping plate 21 is controlled by trapeZoidal 
driving so that the poWer applied to a motor for driving the 
lapping plate 21 is sWitched from the driving state to a stop 
state at the completion of ?nish lapping. When the lapping 
plate 21 rotating at a high speed is rapidly stopped at the 
completion of ?nish lapping, ?aWs are produced on the ABS 
3a of the slider bar 3 and the opposing surface 1a of the 
thin-?lm magnetic element 1. 

[0023] The ?aWs on the ABS 3a of the slider bar 3 remain 
unchanged on an ABS of the slider, ?oating characteristics 
on the recording medium becomes unstable, or ?aWs may be 
produced on the surface of the recording medium. 

SUMMARY OF THE INVENTION 

[0024] In order to solve the above problems in the con 
ventional art, an object of the present invention is to provide 
a thin-?lm magnetic head manufacturing method and appa 
ratus in Which lapping is performed so as to minimiZe the 
recession betWeen an ABS of a slider bar and a surface of a 
thin-?lm magnetic element opposing a recording medium. 

[0025] Another object of the present invention is to pro 
vide a thin-?lm magnetic head manufacturing method and 
apparatus in Which ?aWs are prevented from being produced 
on an ABS of a slider bar at the completion of ?nish lapping. 

[0026] According to one aspect of the present invention, 
there is provided a thin-?lm magnetic head manufacturing 
method for forming a thin-?lm magnetic element including 
a magnetoresistive sensor by stacking thin-?lm layers, such 
as an insulating layer, a magnetic layer, and a conductive 
layer, on a substrate, and for adjusting the MR height by 
lapping the substrate and the thin-?lm magnetic element in 
the height direction While measuring the resistance value of 
the magnetoresistive sensor, Wherein lapping is continued 
until the lapping time eXceeds a predetermined time and the 
resistance value or the MR height converted from the 
resistance value falls into the ?nish tolerances. 

[0027] According to the present invention, lapping is not 
performed With reference only to the resistance value or the 
height value converted from the resistance value, Which is 
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different from that in the conventional art, and lapping is 
monitored until the lapping time eXceeds a predetermined 
time. When the lapping time eXceeds the predetermined time 
and the resistance value or the height converted from the 
resistance value falls into the ?nish tolerances, lapping is 
completed. By continuing the lapping for longer than the 
predetermined time While monitoring the resistance, as 
described above, it is possible to suf?ciently lap the ABS of 
the substrate (slider bar) having a loW lapping rate, to 
minimiZe the recession betWeen the ABS and the surface of 
the thin-?lm magnetic element, and to make the recession 
Zero. 

[0028] According to another embodiment of the present 
invention, there is provided a thin-?lm magnetic head manu 
facturing method for forming a thin-?lm magnetic element 
including a magnetoresistive sensor by stacking thin-?lm 
layers, such as an insulating layer, a magnetic layer, and a 
conductive layer, on a substrate, and for adjusting the MR 
height by lapping the substrate and the thin-?lm magnetic 
element in the height direction While measuring the resis 
tance value of the magnetoresistive sensor, Wherein the 
rotation rate of a lapping plate in a lapping machine used for 
lapping is sWitched to a loWer rate at least once to complete 
lapping When the resistance value or the MR height con 
verted from the resistance value falls beloW a reference 
value. 

[0029] When the lapping comes close to an end, that is, 
When the resistance value or the MR height converted from 
the resistance value falls beloW a reference value, the 
rotation rate of the lapping plate in the lapping machine is 
sWitched to a loWer rate at least once, and the rotation of the 
lapping plate is stopped to complete lapping. This makes it 
possible to reduce ?aWs in the ABS of the slider and the 
surface of the thin-?lm magnetic element, to improve the 
?oating characteristics of the thin-?lm magnetic head, and to 
prevent a magnetic head from producing ?aWs on a record 
ing medium. 

[0030] It is possible to adopt both the aspect of the 
invention of sWitching the rotation rate of the lapping plate 
in the lapping machine used for lapping at least once When 
the resistance value or the MR height converted from the 
resistance value falls beloW a reference value, and the aspect 
of the invention of continuing lapping until the lapping time 
eXceeds a predetermined time and the resistance or the MR 
height converted from the resistance value falls into the 
?nish tolerances. 

[0031] Preferably, lapping includes the tWo stages of 
rough lapping and ?nish lapping, and the predetermined 
lapping time corresponds to the time that has elapsed from 
the beginning of ?nish lapping. 

[0032] Lapping may include the tWo stages of rough 
lapping and ?nish lapping, and the rotation rate may be 
sWitched during ?nish lapping. 

[0033] Rough lapping, Which places more importance on 
lapping speed than on lapping accuracy, is performed at a 
high speed until the MR height approaches a target value, 
and it is sWitched to ?nish lapping, Which places importance 
on lapping accuracy, When the MR height comes close to the 
target value. This can increase the lapping accuracy and 
shortens the overall lapping time. 

[0034] In these tWo stages, rough lapping and ?nish lap 
ping, by monitoring Whether the ?nish lapping time is longer 
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than a predetermined time, it is possible to prevent, for 
example, insuf?cient lapping of the substrate, Which Will 
result in a large recession, When the recession in rough 
lapping is too large, that is, When the thin-?lm magnetic 
element has been subjected to a greater degree of lapping 
than the substrate, and lapping is completed in a short time 
of subsequent ?nish lapping. 

[0035] The aspect of the invention in Which the ?nish 
lapping time has been monitored to determine if its has 
exceeded the predetermined time may be carried out by 
monitoring the time elapsed from the beginning of lapping 
in a method having a single lapping stage instead of the tWo 
stages of rough lapping and ?nish lapping. 

[0036] Similarly, the rotation rate may be sWitched in the 
method having a single lapping stage. 

[0037] Preferably, the predetermined lapping time is set to 
be, for example, more than tWo minutes, more preferably, 
more than three minutes. 

[0038] Preferably, the rotation rate of the lapping plate is, 
for example, 70 to 100 rpm before sWitching, and is 5 to 20 
rpm after sWitching. 

[0039] In the present invention, the recession from the 
thin-?lm magnetic element to the surface of the substrate 
opposing the recording medium may be measured after the 
completion of ?nish lapping, and the lapping conditions of 
the next lapping may be changed so that the recession, or the 
MR height or resistance of the magnetoresistive sensor, is 
appropriate. 

[0040] The time from the beginning of ?nish lapping to 
the completion of ?nish lapping may be measured, and the 
lapping conditions of the next lapping may be changed so 
that the measured lapping time is Within a predetermined 
range. 

[0041] The lapping conditions may include, for example, 
the amount of adjustment of the MR height during rough 
lapping and the timing for feeding a lubricant during ?nish 
lapping. 

[0042] Preferably, a plurality of different lapping condi 
tions, such as the MR height in rough lapping and the timing 
for feeding a lubricant in ?nish lapping, are ranked, listed in 
a table, stored, and selected from the table by selecting the 
rank. 

[0043] When the lapping conditions necessary for lapping 
are collected, ranked according to the MR heights, listed in 
a table, and stored according to the lapping machine, the 
operator can set the lapping conditions (MR height, the 
lubricant feeding time) for the next lapping simply by 
selecting the rank in the lapping conditions in the table based 
on data from the results of the previous lapping (recession, 
MR height or resistance, ?nish lapping time). Therefore, it 
is possible to shorten the time taken for setting, to reduce 
setting errors, and to improve the quality and yield of 
thin-?lm magnetic heads. 

[0044] In the present invention, lapping may be performed 
With reference to the resistance, or the MR height may be 
converted from the resistance so that it is determined base on 
the converted value Whether the lapping amount of the 
?nishing value is appropriate. 
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[0045] That is, When the resistance of the magnetoresistive 
sensors is measured in the above methods, lapping may be 
performed While monitoring the resistance as it falls into a 
predetermined range or the ?nish tolerances, Whereas the 
lapping state may be monitored using the MR height con 
verted from the resistance. 

[0046] According to another aspect of the present inven 
tion, there is provided a manufacturing apparatus for carry 
ing out the above-described thin-?lm magnetic element 
manufacturing method, including a holding means for hold 
ing a thin-?lm magnetic head in Which a thin-?lm magnetic 
element including a magnetoresistive sensor is formed on a 
substrate; a lapping machine for lapping the substrate and 
the thin-?lm magnetic element in the thin-?lm magnetic 
head held by the holding means; a resistance measuring 
means for measuring the resistance of the magnetoresistive 
sensor during lapping; and a control means for monitoring 
the resistance measured by the resistance measuring means 
or the MR height converted from the resistance, determining 
Whether the lapping time exceeds a predetermined time, and 
controlling the lapping machine until the lapping time 
exceeds the predetermined time and the resistance or the MR 
height falls into ?nish tolerances. 

[0047] According to another aspect of the present inven 
tion, there is provided a manufacturing apparatus for carry 
ing out the above-described thin-?lm magnetic element 
manufacturing method, including a holding means for hold 
ing a thin-?lm magnetic head in Which a thin-?lm magnetic 
element including a magnetoresistive sensor is formed on a 
substrate; a lapping machine for lapping the substrate and 
the thin-?lm magnetic element in the thin-?lm magnetic 
head held by the holding means; a resistance measuring 
means for measuring the resistance of the magnetoresistive 
sensor during lapping; a speed changing means for changing 
the rotation rate of a lapping plate in the lapping machine; 
and a control means for monitoring the resistance measured 
by the resistance measuring means or the MR height con 
verted from the resistance, and controlling the speed chang 
ing means so that the rotation rate of the lapping plate in the 
lapping machine is sWitched to a loWer rate at least once 
When the resistance or the MR height converted from the 
resistance falls beloW a reference value. 

[0048] According to a further aspect of the present inven 
tion, there is provided a manufacturing apparatus for carry 
ing out the above-described thin-?lm magnetic element 
manufacturing method, including a holding means for hold 
ing a thin-?lm magnetic head in Which a thin-?lm magnetic 
element including a magnetoresistive sensor is formed on a 
substrate; a lapping machine for lapping the substrate and 
the thin-?lm magnetic element in the thin-?lm magnetic 
head held by the holding means; a resistance measuring 
means for measuring the resistance of the magnetoresistive 
sensor during lapping; a speed changing means for changing 
the rotation rate of a lapping plate in the lapping machine; 
and a control means for monitoring the resistance measured 
by the resistance measuring means or the MR height con 
verted from the resistance, determining Whether the lapping 
time exceeds a predetermined time, controlling the lapping 
machine until the lapping time exceeds the predetermined 
time and the resistance or the MR height falls into ?nish 
tolerances, and controlling the speed changing means so that 
the rotation rate of the lapping plate in the lapping machine 
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is switched to a lower rate at least once When the resistance 
or the MR height converted from the resistance falls below 
a reference value. 

[0049] Preferably, the lapping machine performs lapping 
in tWo stages of rough lapping and ?nish lapping and the 
control means measures the lapping time from the beginning 
of ?nish lapping, or the lapping machine performs lapping 
in tWo stages of rough lapping and ?nish lapping and is 
controlled by the control means so that the rotation rate of 
the lapping plate is sWitched during ?nish lapping. 

[0050] Preferably, the apparatus further includes a 
memory device for storing a table containing a plurality of 
ranked lapping conditions, and the control means sets, as a 
lapping condition for the neXt lapping, the lapping condition 
read from the table according to the ?nishing result of ?nish 
lapping. 
[0051] Further objects, features, and advantages of the 
present invention Will be apparent from the folloWing 
description of the preferred embodiments With reference to 
the attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] FIGS. 1A and 1B are ?oWcharts shoWing a thin 
?lm magnetic head manufacturing method according to an 
embodiment of the present invention. 

[0053] FIGS. 2A and 2B are ?oWcharts shoWing the steps 
subsequent to ® or @ in FIG. 1B. 

[0054] FIG. 3 is a graph shoWing the relationship betWeen 
?nish lapping time and a recession. 

[0055] FIG. 4 is a graph shoWing the relationship betWeen 
the rotation rate of a lapping plate immediately before a 
lapping machine is stopped and the depth of ?aWs produced 
on an ABS of a slider bar and a thin-?lm magnetic element 
When the lapping machine is stopped. 

[0056] FIG. 5 is a perspective vieW shoWing a state in 
Which thin-?lm magnetic elements are formed on a sub 
strate. 

[0057] FIG. 6 is a perspective vieW of a slider bar cut from 
the substrate shoWn in FIG. 5. 

[0058] FIG. 7 is a cross-sectional vieW of the thin-?lm 
magnetic elements on the slider bar shoWn in FIG. 5, as 
vieWed from the direction of the ABS. 

[0059] FIG. 8 is a perspective vieW of a lapping plate for 
use in lapping the ABS of the slider bar shoWn in FIG. 5. 

[0060] FIGS. 9A and 9B are ?oWcharts shoWing a lap 
ping process in a conventional thin-?lm magnetic head 
manufacturing method. 

[0061] FIG. 10 is a block diagram of a thin-?lm magnetic 
head manufacturing apparatus according to an embodiment 
of the present invention. 

[0062] FIGS. 11A and 11B are partial side vieWs of the 
slider bar shoWn in FIG. 6 to be lapped by the lapping plate 
shoWn in FIG. 8, respectively, shoWing the states at the 
beginning of lapping, and during or after lapping. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0063] In the procedure for manufacturing a thin-?lm 
magnetic head, plural thin-?lm magnetic elements 1 are 
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formed on a substrate 2 made of Al2O3-TiC (alumina 
titanium carbide) or the like by a thin-?lm process, as shoWn 
in FIG. 5. The substrate 2 shoWn in FIG. 5 is shaped like a 
disk, and plural thin-?lm magnetic elements 1 are formed in 
plural roWs at regular intervals. 

[0064] FIG. 7 is a partial enlarged sectional vieW of the 
thin-?lm magnetic elements 1 on a slider bar 3 cut along an 
ABS 3a. Athin-?lm magnetic head 1 is a combination of an 
inductive magnetic head and an MR magnetic head using a 
magnetoresistive sensor. FIG. 7 shoWs only the MR mag 
netic heads in the thin-?lm magnetic heads 1, and does not 
shoW the inductive magnetic heads and a cover layer for 
covering the thin-?lm magnetic elements 1 (see FIG. 11). 

[0065] As shoWn in FIG. 7, an underlying insulating layer 
1b of A1203 or the like is formed on the slider bar 3. On the 
underlying insulating layer 1b, a loWer shielding layer 1cis 
made of a magnetic material, such as a NiFe alloy. Further 
more, a loWer gap layer 1a' is made of an insulating material, 
such as A1203, on the loWer shielding layer 1c. On the loWer 
gap layer 1d, a plurality of magnetoresistive sensors 16 are 
arranged in a roW in the direction of the ABS (in the 
X-direction in FIG. 7). 

[0066] In the center of the magnetoresistive sensor 16, a 
multilayer ?lm if is formed of a spin-valve ?lm (a kind of 
GMR (giant magnetoresistive) element) composed of, for 
eXample, an antiferromagnetic layer, a pinned magnetic 
layer, a nonmagnetic conductive layer, and a free magnetic 
layer. On both sides of the multilayer ?lm 1f, electrode 
layers 1g are made of a nonmagnetic metal material such as 

Cr (chromium). 
[0067] An upper gap layer 1h of an insulating material, 
such as A1203, is formed on the magnetoresistive sensor 16, 
and an upper shielding layer 1i of a NiFe alloy (permalloy) 
or the like is formed on the upper gap layer 1h. 

[0068] The multilayer ?lm 1f is an element using a giant 
magnetoresistive effect, in Which the electric resistance 
changes according to changes of the leakage ?eld from a 
recording medium, Whereby recording signals are detected. 

[0069] By cutting the substrate 2 shoWn in FIG. 5 along 
the dotted lines, a slider bar. 3 is formed, as shoWn in FIG. 
6. Some of the thin-?lm magnetic elements 1 formed on the 
slider bar 3 are used as monitor elements. The ABS 3a is 
lapped While measuring DC resistance values (DCR value) 
betWeen the electrode layers 1g, thereby determining the 
height (the length in the Y-direction) of the multilayer ?lms 
1f constituting the magnetoresistive sensors 16. 

[0070] While the DC resistance (DCR) of the thin-?lm 
magnetic element is measured in this embodiment, it is 
possible to apply alternating current to the thin-?lm mag 
netic element and to measure the AC resistance (impedance). 

[0071] The slider bar 3 is lapped by rotating a lapping 
plate 21 shoWn in FIG. 8 and putting the ABS 3a of the 
slider bar 3 into contact With the surface of the lapping plate 
21. 

[0072] FIGS. 1 and 2 are ?oWcharts shoWing the lapping 
process. 

[0073] In this embodiment, lapping for adjusting the 
height of the thin-?lm magnetic elements 1 placed on the 
slider bar 3 is performed in tWo stages, rough lapping and 
?nish lapping. 
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[0074] Rough lapping is performed by applying on the 
lapping plate 21 a lapping ?uid containing diamond poly 
crystalline ?ne particles having an average particle diameter 
of 0.1 pm to 50.5 pm. 

[0075] In the rough lapping process, as shoWn in FIG. 1A, 
rank setting for rough lapping is made in Step 1 (ST1). The 
lank setting Will be described later With reference to Tables 
1, 2, and 3. Rough lapping using the lapping plate 21 is 
started in Step ST2, and the above-described DCR is read 
during lapping in Step ST3. When the DCR falls into a 
predetermined range, rough lapping is completed in Step 
ST4. In this rough lapping process, the slider bar 3 is lapped 
so that the DCR comes close to a ?nishing value in a short 
time. While it is Watched in Step ST4 Whether the DCR is 
Within the predetermined range, it is possible to convert the 
DCR to the height of the magnetoresistive sensor (multilayer 
?lm if) and to complete rough lapping When the converted 
value falls into a predetermined value. 

[0076] Next, ?nish lapping is performed, as shoWn in 
FIG. 1B. In ?nish lapping, a lubricant is supplied on the 
lapping plate 21. The timing for feeding the lubricant is 
based on the lapping rank shoWn in Table 1, as Will be 
described later. 

[0077] In the ?nish lapping process shoWn in FIG. 1B, the 
time is monitored from the beginning of ?nish lapping (ST6) 
in Step ST7. The time is obtained from the measurement 
result shoWn in FIG. 3, as Will be described beloW, and is, 
for example, more than tWo minutes, more preferably, more 
than three minutes. The time is thus preset, and a recess ?ag 
is set When the elapsed time exceeds the preset time. 

[0078] Next, the DCR is read in Step ST9, and is con 
verted to an MR height in Step ST10. In Step ST11, it is 
determined Whether the MR height falls into the ?nish 
tolerances. When the MR height is out of the ?nish toler 
ances, ?nish lapping is continued, and the determination is 
repeated. In this case, it may be determined in Step ST11 
only by monitoring the DCR, Without converting the DCR 
to the MR height, Whether ?nish lapping has been properly 
performed. 
[0079] When the MR height falls into the ?nish tolerances, 
it is determined in Step ST12 Whether the recess ?ag is set 
to be on or off. When the recess ?ag is set to be on, the 
elapsed time exceeds the preset time. Since both the condi 
tions are satis?ed, that is, the preset time has elapsed and the 
MR height is Within the ?nish tolerances, ?nish lapping is 
completed (Step ST13). 
[0080] When the recess ?ag is not on in Step ST12, the 
MR height is Within the ?nish tolerance, Whereas-the ABS 
3a of the slider bar 3 has not been sufficiently lapped and 
there is a high probability that the a substantial recession 
remains. In this case, lapping is continued, the elapsed time 
is checked again in Step ST7, and it is determined in Step 
ST11 Whether the MR height is Within the ?nish tolerance 
range. In a case in Which the MR height is out of the ?nish 
tolerance range even When the above operations are 
repeated, the slider bar 3 is judged defective. 

[0081] By alWays continuing ?nish lapping for more than 
the preset time, the ABS 3a of the slider bar 3, Which is 
lapped at a loW rate, can be suf?ciently lapped, and the 
recession R betWeen the ABS 3a and an opposing surface 1a 
of the thin-?lm magnetic element 1 (see FIG. 11B) can be 
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minimiZed. In a case in Which too large a recession R 
remains at the completion of rough lapping, both the con 
ditions are not satis?ed, that is, the ?nish lapping time does 
not exceed the preset time and the MR height is out of the 
?nish tolerance range, and therefore, the slider bar 3 is 
judged defective. 

[0082] FIG. 3 shoWs an example of result of measurement 
taken to determine the preset time in Step ST7. In this graph, 
the horiZontal axis represents the elapsed ?nish lapping 
time, and the vertical axis represents the recession betWeen 
the ABS 3a of the slider bar 3 and the opposing surface 1a 
of the thin-?lm magnetic element 1. The recession is Zero 
When the opposing surface 1a of the thin-?lm magnetic 
element 1 is ?ush With the ABS 3a of the slider bar 3, and 
the direction in Which the recession increases is designated 
the “positive direction”. 

[0083] The slider bar 3 is made of Al2O3-TiC, and the 
thin-?lm magnetic element 1 is multilayer element made of 
A1203, NiFe, Cu, and so on. 

[0084] According to the measurement result shoWn in 
FIG. 3, the recession decreases to 10 nm tWo minutes after 
the beginning of ?nish lapping, and decreases approximately 
Zero three minutes after and remains stably. Therefore, a 
preferable ?nish lapping time is more than tWo minutes, 
more preferably, more than three minutes. 

[0085] When the elapsed time is preset at more than tWo 
or three minutes as described above, the recession can fall 
Within a range of 0 nm to 10 nm. Since the recession 
conventionally ranges from 0 nm to 30 nm, it is possible to 
substantially reduce the increase and variations in recessions 
by performing ?nish lapping While measuring the elapsed 
time. This improves the quality of the thin-?lm magnetic 
elements, in particular, to reduce the spacing loss and to 
thereby improve Writing/reading characteristics. 

[0086] In the ?nish lapping process shoWn in FIG. 1B, 
Steps ST17 and ST18 shoWn in FIG. 2B may be added 
before the MR height (or the DCR) falls into the ?nish 
tolerance in Step ST11. 

[0087] When ?nish lapping comes close to the end and the 
MR height falls beloW a reference value in Step ST17 of 
FIG. 2B, the rotation rate of the lapping plate 21 is sWitched 
to a loWer rate at least once (ST 18). When the MR height 
falls into the ?nish tolerance range in Step ST11 after 
sWitching, the lapping plate 21 is stopped to complete ?nish 
lapping. 

[0088] In this embodiment, the rotation rate of the lapping 
plate 21 is set at approximately 100 rpm before the sWitching 
to a loWer rate in Step ST18. While the DCR is converted to 
the MR height and it is determined in Step ST17 Whether the 
MR height falls beloW the reference value, for example, the 
rotation rate of the lapping plate 21 is sWitched to approxi 
mately 20 rpm When the MR height falls beloW the sum of 
the ?nishing value +0.5 pm to 1 pm. 

[0089] FIG. 4 is a graph shoWing the relationship betWeen 
the rotation rate of the lapping plate 21 immediately before 
the lapping machine is stopped and the depth of ?aWs 
produced on the slider bar 3 and the thin-?lm magnetic 
element 1 after the lapping machine is stopped. When the 
lapping plate 21 of the lapping machine, Which is rotating at, 
for example, approximately 100 rpm, is stopped by trap 
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eZoidal driving control, the depth of ?aWs produced on the 
slider bar 3 and the thin-?lm magnetic element 1 ranges 
from 5 nm to 20 nm. In contrast, When the lapping plate 
rotating at, for example, approximately 20 rpm is stopped by 
trapeZoidal driving control, the depth of ?aWs falls into the 
range of 1 nm to 2 nm. 

[0090] While the rotation rate of the lapping plate is 
sWitched only once in this embodiment, it may be sWitched 
any number of times. 

[0091] The ?oWchart shoWn in FIG. 1B need not alWays 
include the step of sWitching the rotation rate of the lapping 
plate shoWn in FIG. 2B. Furthermore, only the step of 
sWitching the rotation rate of the plate in FIG. 2B may be 
performed Without performing the step of checking the 
elapsed time in FIG. 1B. 

[0092] The step of checking the elapsed time in FIG. 1B 
and/or the step of sWitching the rotation rate of the plate in 
FIG. 2B may be performed in a single lapping stage, instead 
of tWo stages of rough lapping and ?nish lapping. 

[0093] In the lapping process, a table may be formed to 
include ranked lapping conditions necessary for lapping 
settings, and the lapping conditions may be changed step 
Wise based on actual lapping circumstances for individual 
lapping machines. 

[0094] For example, in the process shoWn in FIG. 1B, 
even When the MR height or the DCR of the magnetoresis 
tive sensor is Within the ?nish tolerances, the elapsed time 
sometimes does not exceed the predetermined time in Step 
ST7. This is because the thin-?lm magnetic element 1 is 
subjected to a greater degree of lapping than the ABS 3A of 
the slider bar 3 in rough lapping shoWn in FIG. 1A, and a 
substantially large recession R has been formed When rough 
lapping is shifted to ?nish lapping. 

[0095] Furthermore, if the DCR set in Step ST4 in the 
rough lapping process shoWn in FIG. 1A is too great, that is, 
if the height of the thin-?lm magnetic element 1 is reduced 
excessively (lapping is performed excessively) in rough 
lapping, too large a recession R is similarly produced, and 
the DCR sometimes falls into the ?nish tolerance range 
before the predetermined time elapses in ?nish lapping 
shoWn in FIG. 1B. 

[0096] The ?nish lapping process shoWn in FIG. 1B is 
also in?uenced by the timing for feeding a lubricant onto the 
lapping plate 21. In ?nish lapping, the recession betWeen the 
ABS 3a of the slider bar 3 and the thin-?lm magnetic 
element 1 must be reduced by lapping the ABS 3a for more 
than the predetermined time. The recession is in?uenced by 
the timing for feeding the lubricant. 

[0097] Therefore, if the recess ?ag is not set to be on even 
When the MR height is Within the ?nish tolerance range in 
Step ST11 shoWn in FIG. 1B, 21 rank-changing ?ag is set in 
Step ST14. Then, as shoWn in FIG. 2A, it is determined in 
Step ST15 Whether the rank-changing ?ag is set to be on at 
the completion of ?nish lapping. When the rank-changing 
?ag is set to be on, a rank for the next rough lapping process 
is changed in Step ST16 (ST1). Moreover, the timing for 
feeding the lubricant in ?nish lapping is changed. 
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[0098] The folloWing Table 1 shoWs examples of the 
above-described lapping conditions (lapping ranks). 

TABLE 1 

MR Height in Rough DCR in Feeding 

Rank Lapping Lubricant 1 0.9 a 

2 0.8 b 
3 0.7 c 

4 0.6 d 
5 0.5 e 

[0099] In Table 1, the MR height in rough lapping and the 
timing for feeding a lubricant for ?nish lapping are set in 
combination as lapping conditions (lapping ranks). The 
lubricant feeding timing is represented as the DCR of the 
magnetoresistive sensor. Furthermore, ranks are set accord 
ing to the MR height after rough lapping. Acase in Which the 
MR height after rough lapping is 0.9 pm, a case in Which the 
MR height is 0.8 pm, a case in Which the MR height in 0.7 
pm, etc., are respectively set as ranks 1, 2, 3, etc. While the 
DCR When feeding the lubricant for ?nish lapping is rep 
resented by a, b, c, d, and e in Table 1, it is actually set at 
an optimal value for each lapping machine 32. 

[0100] For example, in a case in Which Rank 1 is set in 
Step ST1 in FIG. 1A, When the rank-changing ?ag is set to 
be on in Step ST15 in FIG. 2A, the rank is changed in the 
next lapping process (the next slider bar 3 or the next lot). 
In this case, it is preferable to create a table of ranks, for 
example, based on the excess amount of DCR (the amount 
of deviation from the ?nishing height) in ?nish lapping, as 
shoWn in Table 3. 

[0101] The change in lapping ranks makes it possible to 
decrease the probability that slider bars Will be defective in 
Step ST12 in the ?nish lapping process shoWn in FIG. 1B, 
and to reduce the overall lapping time. Furthermore, it is 
possible to reduce the in?uence of differences in character 
istics of lapping machines, and to achieve uniform quality. 
Table 2 shoWs comparisons of recessions, DCRs, and ?nish 
lapping times among sample slider bars having thin-?lm 
magnetic elements subjected to rough lapping and ?nish 
lapping performed by three lapping machines. 

TABLE 2 

Machine 1 Machine 2 Machine 3 

Rank 3 3 3 
Lapping time 3:10 2:00 2:00 

(mm:sec) 
Recession —1.5 —1.3 —0.7 

(nrn) 
Excess DCR Within +2 +5 
(9) Tolerances 

[0102] The above Table 2 shoWs the lapping results of the 
three lapping machines 1, 2, and 3 When all the lapping ranks 
of the lapping machines are set at Rank 3 shoWn in Table 1, 
and When the reference time in Step ST7 in the ?nish lapping 
process shoWn in FIG. 1B is set at 2 minutes. 

[0103] Referring to Machine 1, the DCR is Within the 
tolerances, and the ?nish lapping time is 3 minutes and 10 
seconds. In contrast, in Machines 2 and 3, the DCR values 
thereof exceed the tolerances by 2 Q and 5 Q, respectively, 
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When the predetermined ?nish lapping time, tWo minutes, 
has elapsed. These are not desirable as ?nish lapping results. 
In Step ST14, the rank-changing ?ag is turned on. 

[0104] Accordingly, the lapping ranks of Machines 2 and 
3 are changed. In this case, the lapping ranks are changed 
based on the following rank-changing table 3 set according 
to the excess DCR values in ?nish lapping. 

[0105] While the rank is selected based on the DCR value 
in Table 3, it may be based on the MR height calculated from 
the DCR value. 

TABLE 3 

Rank 

Excess DCR Within tolerances Rank 3 
(Q) 1 Rank 3 

2 Rank 2 
3 Rank 2 
4 Rank 1 
5 Rank 1 

[0106] DCR values of samples lapped by Machines 2 and 
3 exceed the tolerances by 2 Q and 5 Q, respectively. That 
is, the height of the thin-?lm magnetic element is exces 
sively reduced in rough lapping. Accordingly, the ranks of 
machines 2 and 3 are respectively changed to rank 2 and 
rank 3. That is, the amount of the height of the thin-?lm 
magnetic element to be reduced in rough lapping is reduced. 
Table 4 shoWs the results of rough lapping and ?nish lapping 
after this change. 

TABLE 4 

Machine 2 Machine 3 

Rank 2 13 
Lapping time 2:15 3:52 
(mm:sec) 
Recession —2.4 —3.1 

(mm) 
Excess DCR Within tolerances Within tolerances 

(Q) 

[0107] The ?nish lapping results in Table 4 shoW that the 
DCR values of Machines 2 and 3 fall into the tolerances after 
the rank change. 

[0108] When the ?nish lapping time is long, it can be 
shortened by changing rough lapping conditions. 
[0109] For example, it is possible to shorten the ?nish 
lapping time according to a lapping rank changing table 
shoWn in Table 5. 

TABLE 5 

Finish lapping time mm 

2 to 3 3 to 4 4 to 5 

Excess DCR Within rank 3 rank 4 rank 5 
(Q) tolerances 

1 rank 3 rank 4 rank 5 
2 rank 2 rank 3 rank 4 
3 rank 2 rank 3 rank 4 
4 rank 1 rank 2 rank 3 
5 rank 1 rank 2 rank 3 
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[0110] Table 5 shoWs a rank-changing table for use in 
setting a rank for the next lapping process based on the ?nish 
lapping time and the DCR values of the samples in the 
previous lapping process performed in Rank 3. When the 
DCR value is Within the tolerances and the ?nish lapping 
time is equal to more than 2 minutes and less than 3 minutes 
in the previous lapping process in Rank 3, the rank need not 
be changed, and therefore, the next lapping process is 
performed in Rank 3. If the DCR value is Within the 
tolerances and the ?nish lapping time is equal to or more 
than 4 minutes and less than 5 minutes in the lapping process 
in Rank 3, the MR height is insuf?ciently reduced in rough 
lapping in Rank 3, as shoWn in Table 1, and too much time 
is taken for the MR height to fall into the ?nish tolerance 
range in ?nish lapping. Accordingly, in this case, ?nish 
lapping time can be shortened by changing the rank to Rank 
5. 

[0111] FIG. 10 is a block diagram of a thin-?lm magnetic 
head manufacturing apparatus according to an embodiment 
of the present invention. 

[0112] In the thin-?lm magnetic head manufacturing appa 
ratus shoWn in FIG. 10, the resistance values of the mag 
netoresistive sensors of the thin-?lm magnetic elements 1 
formed on the slider bar 3 shoWn in FIG. 6 are measured by 
a resistance measuring device 31 serving as a resistance 
measuring means of the present invention, and the ABS 3a 
of the slider bar 3 and the thin-?lm magnetic elements 1 in 
the thin-?lm magnetic head are lapped by the lapping 
machine 32 in the direction of the height, thereby adjusting 
the MR height. 

[0113] A computer 35 constructs a control means of the 
present invention. The computer 35 controls the resistance 
measuring device 31 and the lapping machine 32, receives 
data therefrom, converts the resistances of the magnetore 
sistive sensors to MR heights, refers to the lapping condition 
tables in a memory device 34, displays data, such as mea 
sured resistance values, and gives instructions to the opera 
tor. 

[0114] The time in Which the thin-?lm magnetic elements 
1 are lapped by the lapping machine 32 is measured by a 
timer 33 connected to the lapping machine 32. Furthermore, 
the computer 35 controls the lapping machine 32 so that the 
lapping machine 32 continues lapping until the lapping time 
exceeds a predetermined time and the resistance value or the 
MR height converted from the resistance value falls into the 
?nish tolerances. 

[0115] The lapping machine 32 has also a speed change 
gear 32b serving as a speed changing means for changing the 
rotation rate of the lapping plate 32a in a stepWise manner. 
The computer 35 controls the speed change gear 32b so that 
the rotation rate of the lapping plate 32a is sWitched to a 
loWer rate at least once to complete lapping When the 
resistance of the thin-?lm magnetic element 1 or the MR 
height converted from the resistance value falls beloW the 
reference value. 

[0116] In the block diagram of FIG. 10, the speed change 
gear 32b may be omitted, or the timer 33 may be omitted. 

[0117] In the thin-?lm magnetic head manufacturing appa 
ratus of this embodiment, the lapping machine performs 
lapping in tWo stages, rough lapping and ?nish lapping, 
Whereas the lapping machine may perform a single-stage 
lapping. 
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[0118] The tables, as in Tables 3 and 5, showing a plurality 
of different rough and ?nish lapping condition ranks may be 
stored as a database in the memory device 34, and be read 
When the rank change is required. The memory device 34 
may be connected to the computer 35 connected to the 
lapping machine directly or via a netWork. 

[0119] While the present invention has been described 
With reference to What are presently considered to be the 
preferred embodiments, it is to be understood that the 
invention is not limited to the disclosed embodiments. On 
the contrary, the invention is intended to cover various 
modi?cations and equivalent arrangements included Within 
the spirit and scope of the appended claims. The scope of the 
folloWing claims is to be accorded the broadest interpreta 
tion so as to encompass all such modi?cations and equiva 
lent structures and functions. 

What is claimed is: 
1. A thin-?lm magnetic head manufacturing method for 

forming a thin-?lm magnetic element including a magne 
toresistive sensor by stacking thin-?lm layers, such as an 
insulating layer, a magnetic layer, and a conductive layer, on 
a substrate, and for adjusting the MR height by lapping said 
substrate and said thin-?lm magnetic element in the height 
direction While measuring the resistance value of said mag 
netoresistive sensor, Wherein lapping is continued until the 
lapping time eXceeds a predetermined time and the resis 
tance value or the MR height converted from the resistance 
value falls into the ?nish tolerances. 

2. A thin-?lm magnetic head manufacturing method for 
forming a thin-?lm magnetic element including a magne 
toresistive sensor by stacking thin-?lm layers, such as an 
insulating layer, a magnetic layer, and a conductive layer, on 
a substrate, and for adjusting the MR height by lapping said 
substrate and said thin-?lm magnetic element in the height 
direction While measuring the resistance value of said mag 
netoresistive sensor, Wherein the rotation rate of a lapping 
plate in a lapping machine for use in lapping is sWitched to 
a loWer rate at least once to complete lapping When the 
resistance value or the MR height converted from the 
resistance value falls beloW a reference value. 

3. A thin-?lm magnetic head manufacturing method for 
forming a thin-?lm magnetic element including a magne 
toresistive sensor by stacking thin-?lm layers, such as an 
insulating layer, a magnetic layer, and a conductive layer, on 
a substrate, and for adjusting the MR height by lapping said 
substrate and said thin-?lm magnetic element in the height 
direction While measuring the resistance value of said mag 
netoresistive sensor, Wherein the rotation rate of a lapping 
plate in a lapping machine for use in lapping is sWitched to 
a loWer rate at least once to complete lapping When the 
resistance value or the MR height converted from the 
resistance value falls beloW a reference value, and Wherein 
lapping is continued until the lapping time eXceeds a pre 
determined time and the resistance value or the MR height 
converted from the resistance value falls into the ?nish 
tolerances. 

4. A thin-?lm magnetic head manufacturing method 
according to claim 3, Wherein lapping includes tWo lapping 
stages of rough lapping and ?nish lapping, and the prede 
termined time corresponds to the time that has elapsed from 
the beginning of ?nish lapping. 
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5. A thin-?lm magnetic head manufacturing method 
according to claim 4, Wherein the predetermined time is set 
at more than tWo minutes. 

6. A thin-?lm magnetic head manufacturing method 
according to claim 4, Wherein a recession from said thin-?lm 
magnetic element to a surface of said substrate opposing a 
recording medium is measured after the completion of 
lapping, a lapping condition of the neXt lapping is changed 
so that the recession, or the MR height or resistance value of 
said magnetoresistive sensor, is appropriate, the lapping 
condition includes the MR height in rough lapping, a plu 
rality of different lapping conditions are ranked, listed in a 
table and stored in a memory device, and selected from said 
table, and the lapping conditions are ranked, listed in a table, 
stored, and selected from said table by selecting the rank. 

7. A thin-?lm magnetic head manufacturing method 
according to claim 4, Wherein a recession from said thin-?lm 
magnetic element to a surface of said substrate opposing a 
recording medium is measured after the completion of 
lapping, a lapping condition of the neXt lapping is changed 
so that the recession, or the MR height or resistance value of 
said magnetoresistive sensor, is appropriate, the lapping 
condition includes the timing for feeding a lubricant in ?nish 
lapping, a plurality of different lapping conditions are 
ranked, listed in a table and stored in a memory device, and 
selected from said table, and the lapping conditions are 
ranked, listed in a table, stored, and selected from said table 
by selecting the rank. 

8. A thin-?lm magnetic head manufacturing method 
according to claim 4, Wherein the time from the beginning 
of ?nish lapping to the completion of ?nish lapping is 
measured, a lapping condition of the neXt lapping is changed 
so that the lapping time is Within a predetermined range, the 
lapping condition includes the MR height in the rough 
lapping, a plurality of different lapping conditions are 
ranked, listed in a table and stored in a memory device, and 
selected from said table, and the lapping conditions are 
ranked, listed in a table, stored, and selected from said table 
by selecting the rank. 

9. A thin-?lm magnetic head manufacturing method 
according to claim 4, Wherein the time from the beginning 
of ?nish lapping to the completion of ?nish lapping is 
measured, a lapping condition of the neXt lapping is changed 
so that the lapping time is Within a predetermined range, the 
lapping condition includes the time for feeding a lubricant in 
?nish lapping, a plurality of different lapping conditions are 
ranked, listed in a table and stored in a memory device, and 
selected from said table, and the lapping conditions are 
ranked, listed in a table, stored, and selected from said table 
by selecting the rank. 

10. A thin-?lm magnetic head manufacturing method 
according to claim 4, Wherein the time from the beginning 
of ?nish lapping to the completion of ?nish lapping is 
measured, a lapping condition of the neXt lapping is changed 
so that the lapping time is Within a predetermined range, a 
plurality of different lapping conditions are ranked, listed in 
a table and stored in a memory device, and selected from 
said table, and the lapping conditions are ranked, listed in a 
table, stored, and selected from said table by selecting the 
rank. 

11. A thin-?lm magnetic head manufacturing method 
according to claim 3, Wherein lapping includes tWo lapping 
stages of rough lapping and ?nish lapping, and the rotation 
rate is sWitched during ?nish lapping. 
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12. A thin-?lm magnetic head manufacturing method 
according to claim 11, Wherein the rotation rate of said 
lapping plate is 70 to 100 rpm before switching, and is 5 to 
20 rpm after sWitching. 

13. A thin-?lm magnetic head manufacturing method 
according to claim 11, Wherein a recession from said thin 
?lm magnetic element to a surface of said substrate of 
opposing a recording medium is measured after the comple 
tion of lapping, a lapping condition of the neXt lapping is 
changed so that the recession, or the MR height or resistance 
value of said magnetoresistive sensor, is appropriate, the 
lapping condition includes the MR height in rough lapping, 
a plurality of different lapping conditions are ranked, listed 
in a table and stored in a memory device, and selected from 
said table, and the lapping conditions are ranked, listed in a 
table, stored, and selected from said table by selecting the 
rank. 

14. A thin-?lm magnetic head manufacturing method 
according to claim 11, Wherein a recession from said thin 
?lm magnetic element to a surface of said substrate of 
opposing a recording medium is measured after the comple 
tion of lapping, a lapping condition of the neXt lapping is 
changed so that the recession, or the MR height or resistance 
value of said magnetoresistive sensor, is appropriate, the 
lapping condition includes the timing for feeding a lubricant 
in ?nish lapping, a plurality of different lapping conditions 
are ranked, listed in a table and stored in a memory device, 
and selected from said table, and the lapping conditions are 
ranked, listed in a table, stored, and selected from said table 
by selecting the rank. 

15. A thin-?lm magnetic head manufacturing method 
according to claim 11, Wherein the time from the beginning 
of ?nish lapping to the completion of ?nish lapping is 
measured, a lapping condition of the neXt lapping is changed 
so that the lapping time is Within a predetermined range, the 
lapping condition includes the MR height in rough lapping, 
a plurality of different lapping conditions are ranked, listed 
in a table and stored in a memory device, and selected from 
said table, and the lapping conditions are ranked, listed in a 
table, stored, and selected from said table by selecting the 
rank. 

16. A thin-?lm magnetic head manufacturing method 
according to claim 11, Wherein the time from the beginning 
of ?nish lapping to the completion of ?nish lapping is 
measured, a lapping condition of the neXt lapping is changed 
so that the lapping time is Within a predetermined range, the 
lapping condition includes the time for feeding a lubricant in 
?nish lapping, a plurality of different lapping conditions are 
ranked, listed in a table and stored in a memory device, and 
selected from said table, and the lapping conditions are 
ranked, listed in a table, stored, and selected from said table 
by selecting the rank. 

17. A thin-?lm magnetic head manufacturing method 
according to claim 11, Wherein the time from the beginning 
of ?nish lapping to the completion of ?nish lapping is 
measured, a lapping condition of the neXt lapping is changed 
so that the lapping time is Within a predetermined range, a 
plurality of different lapping conditions are ranked, listed in 
a table and stored in a memory device, and selected from 
said table, and the lapping conditions are ranked, listed in a 
table, stored, and selected from said table by selecting the 
rank. 
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18. A thin-?lm magnetic head manufacturing method 
according to claim 3, Wherein the predetermined time is set 
at more than tWo minutes. 

19. A thin-?lm magnetic head manufacturing method 
according to claim 3, Wherein the rotation rate of said 
lapping plate is 70 to 100 rpm before sWitching, and is 5 to 
20 rpm after sWitching. 

20. A thin-?lm magnetic head manufacturing apparatus 
comprising: 

holding means for holding a thin-?lm magnetic head in 
Which a thin-?lm magnetic element including a mag 
netoresistive sensor is formed on a substrate; 

a lapping machine for lapping said substrate and said 
thin-?lm magnetic element in said thin-?lm magnetic 
head held by said holding means; 

resistance measuring means for measuring the resistance 
value of said magnetoresistive sensor during lapping; 
and 

control means for monitoring the resistance value mea 
sured by said resistance measuring means or the MR 
height converted from the resistance value, determining 
Whether the lapping time eXceeds a predetermined 
time, and controlling said lapping machine so that 
lapping is continued until the lapping time exceeds the 
predetermined time and the resistance value or the MR 
height falls into ?nish tolerances. 

21. A thin-?lm magnetic head manufacturing apparatus 
according to claim 20, Wherein said lapping machine per 
forms lapping in tWo stages of rough lapping and ?nish 
lapping, and said control means measures the lapping time 
from the beginning of ?nish lapping. 

22. A thin-?lm magnetic head manufacturing apparatus 
according to claim 21, further comprising a memory device 
for storing a table containing a plurality of ranked lapping 
conditions, Wherein said control means sets, as a lapping 
condition of the neXt lapping, a lapping condition read from 
said table according to the ?nishing result of ?nish lapping. 

23. A thin-?lm magnetic head manufacturing apparatus 
comprising: 

holding means for holding a thin-?lm magnetic head in 
Which a thin-?lm magnetic element including a mag 
netoresistive sensor is formed on a substrate; 

a lapping machine for lapping said substrate and said 
thin-?lm magnetic element in said thin-?lm magnetic 
head held by said holding means; 

resistance measuring means for measuring the resistance 
value of said magnetoresistive sensor during lapping; 

speed changing means for changing the rotation rate of a 
lapping plate in said lapping machine; and 

control means for monitoring the resistance value mea 
sured by said resistance measuring means or the MR 
height converted from the resistance value, and con 
trolling said speed changing means so that the rotation 
rate of said lapping plate in said lapping machine is 
sWitched to a loWer rate at least once When the resis 
tance value or the MR height converted from the 
resistance value falls beloW a reference value. 

24. A thin-?lm magnetic head manufacturing apparatus 
according to claim 23, Wherein said lapping machine per 
forms lapping in tWo stages of rough lapping and ?nish 
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lapping, and said control means measures the lapping time 
from the beginning of ?nish lapping. 

25. A thin-?lm magnetic head manufacturing apparatus 
according to claim 24, further comprising a memory device 
for storing a table containing a plurality of ranked lapping 
conditions, Wherein said control means sets, as a lapping 
condition of the neXt lapping, a lapping condition read from 
said table according to the ?nishing result of ?nish lapping. 

26. A thin-?lm magnetic head manufacturing apparatus 
according to claim 23, Wherein said lapping machine per 
forms lapping in tWo stages of rough lapping and ?nish 
lapping, and is controlled by said control means so that the 
rotation rate of said lapping plate is sWitched during ?nish 
lapping. 

27. A thin-?lm magnetic head manufacturing apparatus 
according to claim 26, further comprising a memory device 
for storing a table containing a plurality of ranked lapping 
conditions, Wherein said control means sets, as a lapping 
condition of the neXt lapping, a lapping condition read from 
said table according to the ?nishing result of ?nish lapping. 

28. A thin-?lm magnetic head manufacturing apparatus 
comprising: 

holding means for holding a thin-?lm magnetic head in 
Which a thin-?lm magnetic element including a mag 
netoresistive sensor is formed on a substrate; 

a lapping machine for lapping said substrate and said 
thin-?lm magnetic element in said thin-?lm magnetic 
head held by said holding means; 

resistance measuring means for measuring the resistance 
value of said magnetoresistive sensor during lapping; 
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speed changing means for changing the rotation rate of a 
lapping plate in said lapping machine; and 

control means for monitoring the resistance value mea 
sured by said resistance measuring means or the MR 
height converted from the resistance value, determining 
Whether the lapping time eXceeds a predetermined 
time, controlling said lapping machine so that lapping 
is continued until the lapping time eXceeds the prede 
termined time and the resistance value or the MR 
height falls into ?nish tolerances, and controlling said 
speed changing means so that the rotation rate of said 
lapping plate in said lapping machine is sWitched to a 
loWer rate at least once When the resistance value or the 
MR height converted from the resistance value falls 
beloW a reference value. 

29. A thin-?lm magnetic head manufacturing apparatus 
according to claim 28, Wherein said lapping machine per 
forms lapping in tWo stages of rough lapping and ?nish 
lapping, and is controlled by said control means so that the 
rotation rate of said lapping plate is sWitched during ?nish 
lapping. 

30. A thin-?lm magnetic head manufacturing apparatus 
according to claim 29, further comprising a memory device 
for storing a table containing a plurality of ranked lapping 
conditions, Wherein said control means sets, as a lapping 
condition of the neXt lapping, a lapping condition read from 
said table according to the ?nishing result of ?nish lapping. 


