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LAPPI NG CONTROL SENSOR FOR MAGNETORESI STI VE EFFECT HEAD, LAPPI NG CONTROL ¢ -
METHOD USI NG THE SENSOR AND MANUFACTURI NG METHOD OF THE SENSOR FI ELD OF
THE 1 NVENTI ON The present invention relates to a | apping control
sensar -:used i-n controlling a height of a magnetoresistive effect. (MR

head (MR h ht) wh t he MR head f t ed I
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Surface) of each bar obtained by cutting each row froma wafer so that the
| METHOD OF THE SENSOR

FIELD OF THE INVENTION

The present invention relates to a lapping control sensor
used in controlling a height of a magnetoresistive effect (MR)
head (MR height) when the MR head is fabricated, to a lapping

control method using the sensor and to.a manufacturing method

of the sensor.

DESCRIPTION OF THE RELATED ART

The MR height of a plurality of MR heads is collectiveiy
controlled by lapping one surface (ABS, Air Bearing Surface) of
each bar obtained by cutting each row from a wafer so. that the
plurality of MR heads are aliened in one row. To control the
mutual MR.height of the plurality of MR heads of a bar and the
mutual MR height of the MR heads of a plurality of bars to a
corrective value, there are usually provided a plurality of
lapping control sensors called as an electric lapping guide
(ELG) or a resistance lapping guide (RLG) which detects the -
height of a lapped ABS surface, in each bar. The lapping of
the ABS surface can be controlled in response to electric
signals from the ELGs or RLGs.

Each of the ELGs or RLGs is mainly composed of a resister
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pFfurality of MR heads are aliened in one row. To control the nmutual M

hei ght of the plurality of MR heads of a bar and the nutual MR hei ght of
the MR heads of a plurality of bars to a corrective value, there are
usual Iy provided a plurality of |appingacontrol sensors called as an
electric lapping guide (ELG or a resistance |la ing ui de (

detects thewhheh ght adjacenppba hBe 4BPfsuEfacs gg bgﬁpp?ﬂeap pﬁﬁﬁ§n8§
the ABS surface can be controlled in_response to electric nals fromthe
ELGs or RLGn parallgheh Bhet ReGEPEsREE E&%hﬁg ARi ﬁ!'l9u86n98sgap8ﬁn§ by
resister 2 which is adjacent to the
ABS surf acechanptng appedtan@inalefastagh phr AFFeFeSTRE2REE GHORLE TBEches
an anount of |apping by changing its termnal vol t age or its resistance
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of the MR height. Such ELGwith respect to the throat hejght .
of the MR height. Such ELG with respect to the throat height

of a magnetic pole gap in an inductive head, not to the MR
height, is known by, for example, U.S. Patent No.4,689,877 and
Japanese Unexamined Patent Publication No. 63(1988)-191570.

In manufacturing the MR head, the ELG or RLG is generally
formed in the same process of manufacturing the MR head so as
to have the same layered structure as that of the MR head.

Fig. 1 shows a multi-layered structure of a conventional ELG or
RLG. As shown in the figure, the conventional ELG or RLG haé a
multi-layered structure consisting of a metallic 1a§er (shield
layer) 10, an insulation layer (shield gap layer) 11, a
resister layer (MR layer) 12 and lead conductors 13 and 14,
which are made of the same material and layer thickness as
those of the MR head.

Recently, in order to increase the bit density in a
magnetic disk unit, narrower gap of the MR shield has been
demanded. In érder to make the shield gap narrower, it is
necessary to decrease the thickness of the MR layer and/or the
thickness of the shield gap insulation layer. However, there
is a 1limit in decreasing the layer thibkness'of the MR layer

because the characteristics of the head will be deteriorate.



of  a magnetic pole gap in an inductive head, not to the MR height, is
known by, for exanple, U S. Patent No. 4,689,877 and Japanese Unexam ned
Pat ent Publication No. 63(1988)-191570. I n manufacturing the MR head,
the ELG or RLGis generally forned in t§e same process of manufacturing
the MR head so as to have the sane |ayered structure as that of ‘the MR
head. Fi g.Thusshdike smgknesnyef cthetFhteld s2p neplRbHeR oh&YCELG or

~ RLG As shown in the figure, the conventional ELG or RLG has a

mul ti - | ayersedstiaicng £hebh MR 11 aLorhas kR B¢ i tetesased shi ¥ren thger) 10,
an insulation |ayer (shield gap |ayer) 11, a resister layer (MR layer) 12
and | ead cdldednmss 1 die 1&,‘13%i3ﬂ¥’ abesyhafelon 1a¥esal Hae MR aheaddis

| ayer thickness as those of the MR head. Recently, in order to
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shield has been demanded. In order to make the shield gap narrower, it is
necessary R&LGlde @dso tdrenen9theds WIllhe MR | ayer and/or the thickness

of the shield gap insulation |ayer. However, there
When the thickness of the insulation layer 11 of the ELG

or RLG is decreased as mentioned above, a short circuit may be
formed temporarily between the lead conductors 13 and 14 via
the metallic layer 10 and smears 15 (burrs) which may be
protruded from the metallic layer 10 during the lapping control
of the MR height. The smear metals 15 produced on the lapped
surface of the metallic layer 10 are extended across the
insulation layer 11 to contact the lead conductors 13 and 14
when the lapping direction is a direction of an arrow shown in
Fig. 1, fesulting in forming the electric short circuit between
the metallic layer 11 and the lead conductors 13 and 14. When
the short circuit is formed, resistance between the terminals
of lead conductors 13 and 14, which is an ELG or RLG detecting
output, is temporarily decreased and generates many noises in
signals, resulting in that lapping for controlling of the MR
height cannot be carried out.

In order to prevent the production of metallic smears when
lapping the metallic layer, it may be considered to provide no
metallic layer as an under layer of the ELG or RLG. However,

if the resistor layer of the ELG or RLG has no under layer, it



i'§ alimt in decreasing the layer thickness of the MR | ayer because the
characteristics of the head will be deteriorate.

3 Thus, the thickness of the shield gap insulation |ayer sandw ching this
MR | ayer has to be decreased. Wien the 4hickness of the shield gap

insul ation layer in the MR head is decreased, thickness £ t he |nsulat|on
layer 11 ircanmoEllGive the Game arediseltye change gharacteristigsjagpghe MR
t hi ckness of the insulation layer 11 of the ELG or RLG is decreased as
nent i oned alANex QfsthﬂtM%ih%@gtd%%yt%ed1f%@ﬁ%@c?%nB%F%??FySBEfﬁE%n t he

| ead conductors 13 and 14 via the netallic |layer 10 and snears 15 %burrs)
whi ch may eharaetenteties ofehcasraing YeRNESS f f 1@h%u'f“i‘ﬂ§rtﬁ%y?’épp| 3
control ~of the MR height. The snear netals 15 produced on the |app

surface of ardemetal¢nkanesetha oconerellanbbitycphsthe MR hﬁ%&hﬁu 6ﬁ Layer

11 to contact the | ead conductors 13 and 14
desirable that the resistor layer of the ELG or RLG and the MR

layer of the MR element have the same resistive change
characteristics.

In order to prevent the production of metallic smears when
lapping the metallic layer, it is also considered that a |
lapping direction is set in the opposite direction to the
direction of the arrow in Fig. 1. However, when the lapping
direction is reversed, a recession between a substrate (slider)
and an under film formed thereon becomes remarkably lafge
causing the characteristics of the MR head itself to greatly

deteriorate.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide a lapping control sensor which can securely and stably
control a MR height of a MR head to a correct value.

It is another object of the present invention to provide a
lapping control method using the sensor and a manufacturing
method of the sensor.

According to the present invention, a lapping control

sensor for a MR head, including a multi-layered structure of a



when the lapping direction is a direction of an arrow shown in Fig. 1,
resulting in formng the electric short circuit between the netallic |ayer
11 and the | ead conductors 13 and 14. Wen the short circuit is -forned,
rési stance between the termnals of |eagl conductors 13 and 14, which is an
ELG or RLG detecting output, is tenporarjly decreased and genéerates many
noi ses in Melal5C Faxerti &g %ﬂsﬂﬁggl?%pbﬁﬁﬁrfoﬁ ESﬁ?FBFFigGYSF fRE AR

hei ght cannot be carried out. In order to_prevent the production of
netal | i c sread eprRGuctapplayer heaidt Being PrgEided; 1Hfa9a53158ﬁswa§l‘le&hﬁo
provide no netallic |ayer as an under |ayer of the ELG gr RLG However,

i f the resiMi dreadyehiol hae TURblRLEYREQINBLOHAERIPaPESr atj feast a lower
4 cannot have the sane resistive change characteristics as the MR |ayer
of the MR rduieliclavewi faeplohetd &P weepulgfigeelayer, a MR layer and a

lead conductor layer is provided. The insulation layer of the
lapping control sensor has a thickness larger than that of the
shield gap insulation layer of the MR head. The thickness of
the insulation layer of the sensor is 0.1 g m or more.

Also, according to the present iInvention, a lapping
control sensor for a MR head, including a multi-layered
structure of a metallic layer, an insulation layer, a resister
layef and a lead conductor layer, and being provided in
parallel with the MR head which has a multi-layered structure
of at least a lower shield layer, a shield gap insulation
layer, a MR layer and a lead conductor layer. The metallic
layer, the insulation layer, the resister layer and the lead
conductor layer of the sensor are made of the same material as
that of the lower shield layer, the shield gap insulation
layer, the MR layer and the lead conductor layer of the MR
head, respectively. The insulation layer of the lapping
control sensor has a thickness larger than that of the shield
gap insulation layer. The thickness of the insulation layer of
the sensor is 0.1 g m or more.

Since an insulation layer of the lapping control sensor is

formed so as to have a thickness of 0.1 gz m or more which is



characteristics such as unevenness of the under layer. In order to enhance
the controllability of the MR height, it is desirable that the resistor

| ayer of the ELG or RLG and the MR layer of the MR el enent have - the sane
resi stive change characteristics 6!n order to prevent t he production
of netallic smears when qﬂthe mejal lic, | ayer, i{ atfc éfnsidered
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direction of the arrowin Fig. 1. However, when the |la 9 direction is
reversed, ahedidend be“Wr?e%‘h gengration ed‘(%l‘??ie'?l)‘e & g‘ﬁaﬂ GndBfars| gan be
formed t hereon becomes remarkably |arge . causjng the characteristics of the
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It is therefore an object of the present invention to provide a |apping
control serif@blhieonermlied be@1§ eretabY§iu@ontrol a MR height of a MR

head to a correct val ue:
According to the present invention, furthermore, a lapping

control method using the above-mentioned sensor is provided.

In this method, the lapping control of a height of the MR layer
of the MR head is executed in response to a signal from the
lapping control sensor.

According to the present invention, also, a method for
manufacturing a lapping control sensor is provided. This
method includes the steps of sequentially depositing a metallic
layer and an insulation layer at a position in parallel with a
MR head during depositing steps of a lower shield layer and a
shield gap insulation layer of the MR head, in which the
insulation layer of the sensor has a thickness larger than that
of the shield gap insulation layer and the thickness of the
insulation layer of the sensor is 0.1 gm or more, and
sequentially depositing a resistor layer and a lead conductor
layer on the insulation layer during depositing steps of a MR
layer and a lead conductor layer of the MR head.

It is preferred that each of a plurality of lapping
control sensors is located near the respective MR heads.

It is also preferred that the metallic layer, the

insulation layer, the resister layer and the lead conductor



IT is another object of the present invention to provide a |apping control
net hod usi ng the sensor and a manufacturing nethod of the sensor.
According to the present invention, a |lapping control sensor for a MR
head, including a nulti-Iayered structurg of a L

5. nmetallic layer, an insulation Ig‘}lleré a reﬁister | ayer ?%g a_ Fﬁad :
conduct or |B¥8T QAhdthe| FeRPPhvREediate paf aF e sare nng her ABalaki €6 has
a multi-layered structure of at least a |ower shield Iager, a shield gap

i nsul at i on theekover \hieldrlarer a theagtehdue®Br 1N8YERLiQ0 1 By edthene
insul ation | ayer of the |apping control sensor Rgf a thickness | arger than

that of thdR SH¥ET i theuledd otordyetrobr Larer v nele. MEnReRfi ckness of

the insulation |ayer of the sensor is 0.1 [err] mor nore. Al so,
accordi ng teeSERCHIE®BAt i nvention, a | apping

Further objects and advantages of the present invention

will be apparent from the following description of the

preferred embodiments of the invention as illustrated in the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross-sectional view schematically showing a
multilayered structure of a conventional lapping control
sensor;

Fig. 2 is a view schematically showing a plane structure
of a lapping control sensor of a preferred embodiment of the
present invention;

Fig. 3 is a cross-sectional view schematically showing the
multi—layered structure of a lapping control sensor of Fig. 2;

Figs. 4a to 4d are cross—éectional views explaining the
manufacturing method of the lapping control sensor;

Fig. 5 is a characteristic diagram illustrating the -
relationship between a thickness of an insulation layer of the
lapping control sensor and an error ratio of resistance

measurement;

Figs. 6a to 6c are characteristic diagrams of the change
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sensor for a MR head, including a nulti-layered structure of a
netallic layer, an insulation |ayer, a resister |layer and a | ead conductor
: and being provided in parallel with the MR head which has a

mul ti-layered structure of at least a Igwer shield |ayer, a shiéld gap
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formed so as to have a thickness of 0.1 [err] mor nore which is
when the thickness of the insulation layer is large.

DESCRIPTIQN OF THE PREFERRED EMBODIMENTS

Fig. 2 illustrates a plan view of MR heads and a lapping
control sensor in a part of a bar obtained by cutting each of
rows of a wafer in which numeroué MR heads were arranged in a
matrix. Fig. 2 is, howeVer, a transparent view because an
inductive head and the like have actually been mounted on the
bar and thus these MR heads and the lapping control sensor
cannot be directly seen from ocutside.

In the figure, reference numerals 20 and 20a dénote the
bar and the ABS surface to be lapped of the bar 20. Also,
reference numerals 21 and 22 denote two of a plurality of MR
heads formed in one row along the bar 20, 23 denotes one of
lapping control sensors formed in a space between the MR heads
in parallel therewith. In this case, it is desirable that
another lapping control sensors are provided at both end
portions of the bar 20.

In Fig. 2, furthermore, reference numerals 21la and 22a
denote MR layers of the respective MR heads 21 and 22 formed on

a shield gap insulation layer, 21b and 21c, and 22b and 22c



6 thicker than the thickness of a shield gap insulation |ayer of the MR
head, noise generation due to the metallic smears can be prevented.
Accordi ngly, the MR height can be securely and stably controlled to a

cérrect val ue. According to the present invention, furtherrore, a
| appi ng control nethod using the above-nentioned sensor is g(pvfded. In
this met hodlendte |lgasd Mmprbit TS dFonnefetefhiaHothet MR Te8SRECLHYC tMR MR

head is executed in response to a signal fromthe IagPin control sensor.
Accordi ng tlayers Rlesamnd j3Raent i D0 al B CELRRR HYS G} ?\%Lﬁ%‘é‘?%$ ng a

| appi ng control sensor is provided. This nethod includes the stegs of
sequent i al Inesdeyiegi thaxpm afet'dle i E2PR G ICHNF @h IR AtFdHn 1Y ef3Rrand
position in parallel with a MR head during depositing steps of a | ower
shiel d | ay@3canigentesHiedd qriplugizanr sait¢amned FrQge Wre ekl stor whitrar
the insulation |layer of the sensor has a thickness |arger than that of
the shiel d2§mp i Msulsitavon imydre afigutfe, tHeieskaXgrs rela and 22a and the

resister layer 23a are disposed in parallel with the ABS
surface 20a so that one sides of the layers are adjacent to the
ABS surface 20a.

Fig. 3 illustrates the multi-layered structure of the
lapping control sensor 23 shown in Fig. 2. In Fig. 3,
reference numeral 30 denotes a metallic layer made of the same
material and provided with the same layer thickness as those of
the lower shield layer of the MR head, and 31 denotes an -
insulation layer made of the same material as that of the
shield gap insulation layer of the MR head but provided with a
layer thickness of for example 0.1 g m which is larger than
that of the lower shield layer of the MR head. Also reference
numeral 32 (23a) denotes a resister layer made of the same
material and provided with the same layer thickhess as those of
the MR layer of the MR head, and 33 and 34 (23b and 23c) denote
lead conductors made of the same material and provided with the
same layer thickness as those of the lead conductor of the MR
head.

Figs. 4a to 4d are cross-sectional views explaining a

manufacturing method of the lapping control sensor of the



iI‘hsul ation | ayer of the sensor is 0.1 [err] mor nore, and sequentially
depositing a resistor layer and a | ead conductor |ayer on the insulation
| ayer during depositing steps of a MR |ayer and a | ead conductor |ayer of
t he MR head. It is preferred thatygach of a plurality of |apping
control sensors is |ocated near_the respﬁﬁéive_wg%Pea€%¥ Lt £s al so
preferred amRodimeHeshVE 1hEIE- the FeEdbhi¢ bayer (32 iesfirsf
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advant ages of the present invention wll be apparent fromthe foll ow ng
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in the
made of the same material and provided with the same thickness

as those of the lower shield layer.

Then, as shown in Fig. 4b, an insulation layer 31' is
formed on the layer 30 and on the under 1ay¢r._ This'insulation
layer 31' is formed by the same processes as the formation of
the shield gap insulatioﬂ layer of the MR head. Therefore, the
layer 31' is made of the same material and provided with the
same thickness as those of the shield gap insulation layer.
Then, as shown in Fig. 4c, on the insulation layer 31' of only
the lapping control sensor, an insulation material is further
deposited by using a 1lift off process or the like so as to form
an insulation layer 31 having a thickness of for example 0.1
um or more, which is greater than that of the insulation layer
in other areas. The insulation layer 31 having such a greater
thickness may be formed on only the lapping control sensor as
mentioned above, or on any area other than the MR head area.

Then, as shown in Fig. 4d, the resister layer 32 (23a) is
formed on the insulation layer 31. This resister layer 32
(23a) is also formed by the same processes as the formation of
the MR layer of the MR head. Therefore, the resister layer 32

(23a) 1is made of the same material and provided with the same
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acconpanyi ng dr aw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1is
a cross-sectional view schematically showing a nultilayered structure of a
conventional |apping control sensor; Fig. 2 is a view schematically
showi ng a plane structure of a Iapplngldontrol sensor of a preferred
enbodi mrent of the present invention; s a cross seCtlona

vi ew scherrﬁh@&ﬂ%%ﬁ‘@w%%%é’f e MR é;i’é’r"é”d st'I'rl\f‘é’c'uraeg Sther afgpifiks - 3.
control sensor of Fig ; 4a to 4d are cross-sectional views
expl ai ni ng thke 1eﬁdn@p@<§1ﬂ@rﬁ%g3 et h&?bdf ade I dFdeg contettekmeoss the
Fig. 5is a characteristic diagramillustrating the relationship between a
thi ckness &esidstensdiayeirod? dyeie lofanend onmeshi ndhed risiad GRuGhRr B3
error ratio of resistance neasurenent; Fi gs. 6a to 6¢C are

char act er i §28b)deadr 3rs (@B a)harehHiFe 'formed by the same processes as the

formation of lead conductors of the MR head. Therefore, the
lead conductors 33 (23b) and 34 (23c) are made of the same
material and provided with the same thickness as those of the
lead conductors of the MR head.

In this embodiment of the present invention, the
insuiation layer of the lapping control sensor is formed to
have a thickness of 0.1 um or more which is greater than the
thickness of the shield gap insulation layer of the MR head.
Therefore, when the bar 20 is lapped from the ABS surface 20a
side to control the MR height using this sensor, the formation
of short circuits between the lead conductors 33 (23b) and 34
(230) due to smears produced can be prevented. Therefore, the
generation of noises in detecting outputs can be also securely
prevented.

Fig. 5 illustrates relationships between a thickness of
the insulation layer of the lapping control sensor and an error
ratio of the resistance measurement. Marks O and X represent
characteristics of lapping control sensors with the metallic
layers 30 made of different materials, respectively. the error
ratio of the resistance measurement is'given from the number of

continuous abnormal measurements divided by the total number of



8" 1n neasured values of resistance with respect to |lapping tine when the
t hi ckness of the insulation layer is small; and Figs. 7a to 7c are
characteristic diagrans of the change in neasured val ues of resi-stance
Wth respect to lapping tinme when the 1dickness of the insulation layer is
| ar ge. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Fi 2 |IIustrates
a plan vi emesfs WRNIRIHES: ak@ W%Ftﬁ{ﬁfﬁ“e'b%rﬁ?'b’ro%e‘hgo’fthﬁa eft19f0albar
obtained by cutting each of rows of a wafer in which numerous MR heads
were arrang®s-i-n Fhargunber M cont ugi\earornpa t (ReAYAF ReNLF e dRe atiBe
an inductive head and the |ike have actually been nounted on the bar and
t hus thesemwmqﬂﬁuﬁfzﬂﬁﬁ&uﬁ?mQﬂﬁﬁrﬁf(ﬂRRQQﬂm%ﬁﬁﬂﬁﬁ Yahet Bk BeFEstanceeen

from out si de.
did not continuously indicate normal resistance values during

lapping process of the same bar. The normal resistance value
means that the measured valug of resistance is larger than the
last measured value (the value measured at 0.1 sec..before) and
that the measured value of resistance is larger than the
maximum measured value of resistance measured during the
lapping process of the same bar.

It has been found from experience that when the error
ratio of resistance measurement is larger than 1.5 %, a lapping
control using a lapping control sensor becomes impossible.
Thus, it is necessary from Fig. 5 that the thickness 6f the
insulation layer of a lapping control sensor is 0.1 g m or
more.

Figs. 6a to 6c¢ indicate change in measured values of
resistance with respect to lapping time for various samples of
the lapping control senscr with a thin insulation layer having
a thickness of 0.08 um. Whereas Figs. 7a to 7c indicate
change in measured values of resistance with respect to lapping
time for various samples of the lapping control sensor with a
thick insulation layer having a thickness of 0.1 g m or more.

As apparent from Figs. 6a to 6¢ and Figs. 7a to 7c, when

the insulation layer is thin as 0.08 g m, a large amount of
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I'n the figure, reference nunerals 20 and 20a denote the bar and the ABS
surface to be | apped of the bar 20. Also, reference nunerals 21 and 22
denote two of a plurality of MR heads formed in one row al ong the bar 20,
23 denotes one of |apping control sensd3 fornmed in a space betmeen the MR
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using the latter lapping control sensor, it can be securely and
stably control an MR height of the MR head to a corrective
value.

Since the MR head has a thin shield gap insulation layer,
smears may be produced during controlling the MR height,
resulting that the smears may produce short circuits between
lead conductors of the MR head. However, since the method of
manufacturing the MR head includes the steps of controlling the
MR height without using lead conductors and removing such
smears, no problems occur.

Many widely different embodiments of the present invention
may be constructed without departing from the spirit and scope
of the present invention. It should be understood that the
present invention is not limited to the specific embodiments
described in the specification, except as defined in the

appended claims.



23c denote | ead conductors connected across the resistor layer 23a. As
shown in the figure, the MR layers 2la and 22a and the resister |ayer 23a
are disposed in parallel with the ABS surface 20a so that one sides of the
| ayers are adjacent to the ABS surfacel20a. Fig. 3 |IIustrates t he

mul ti-Ilayer t r e | appi ng control sensor 23 shown in Fig. 2.
In Fig. 3, “&&Qfé#§g§ :ﬁﬂ%%r 30 denotes a netallic |ayer nade of the sane

?Etee!sgnLay f-e‘” W%ﬁ%&gﬁn : h??}j Aﬁo[%ép;%mf%ﬁ’ifﬁéﬁ%re* iﬁtmwe
Pgaﬁafgér%n etfha&(ﬁq i‘ea{'lt hqe Iomzlhliilﬁ;egsi SL o; ggierpl y ?y‘g{lfeélri; nhi e
e, O A VARG o T i
lm%:ro?ftﬁle :fsecr?natertlaqaid andea%(rjoa\:;;%fid(e%?\n{?r%t(g@(? denot conglﬁc%ﬁ?s
made of the sane mterdal,and Arovideds Wit led "as Sanmeui@y_e][a}&g&ness as

structure of at least a lower shield layer, a shield gap
insulation layer, a magnetoresistive effect layer and a lead
conductor layer, said insulation layer of said lapping control
sensor having a thickness larger than that of said shield gap
insulation layer of said magnetoresistive effect head, the
thickness of said insulation layer of said sensor being 0.1 ;;m

or more.

2. The sensor as claimed in claim 1, wherein said sensor is

located near said magnetoresistive effect head.

3. A lapping control sensor for a magnetoresistive effect
head, said sensor including a multi-layered structure of a
metallic layer, an insulation layer, a resister layer and a
lead conductor layer, and being provided in parallel with the
magnetoresistive effect head which has a multi-layered
structure of at least a lower shield layer, a shield gap
insulation layer, a magnetoresistive effect layer and a lead

conductor layer, said metallic layer, said insulation layer,
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head. Figs. 4a to 4d are cross-sectional views explaining a

manuf acturing nmethod of the |apping control sensor of the

10 enbodi ment shown in Fig. 2. The netallic layer 30 is first formed on
an under layer (not shown). This netall a6 layer 30 is formed by the sane

processes as the formation of the | owe shield layer of the head.
Ther ef or e, Sae | E82HSGRY | LaY¥ G AR %’o‘i& ]offa‘i h%"%‘i\‘h%t%tjfeﬂ%'f (Igﬁds%f’(gvi ded
with the sane thickness as th_s%%of the | ower, shield Iagerf . Then, as
shown in FiSERSRY, ReinHJIAGR i oh ThE Tama materig) iy Bt el 1534 59¥&hd on
t he under l|ayer. This insul atiagn, yer 31' is formed by the sanme processes
as the forrgtioH ofayehe %“h’r‘il%h i%l’a&?‘bﬁ??’a%r,%’f%fhes?&ﬁ?head. .
e el Or e, et 1 Five “ed PSS Laydl? SETAP L8 E0SaREES OPL 2L S
said magnetoresistive effect head, respectively, said
insulation layer of said lapping control sensor having a
thickness larger than that of said shield gap insulation layer,

the thickness of said insulation'layer of said sensor being 0.1

ym or more.

4. The sensor as claimed in claim 3, wherein said sensor is

located near said magnetoresistive effect head.

5. A lapping control method using the sensor as claimed in
‘claim 1, wherein the lapping control of a heighﬁ of said
magnetoresistive effect layer of said magnetoresistive effect
head is executed in response to a signal from said lapping

control sensor.

6. A lapping control method using the sensor as claimed in
claim 3, wherein the lapping control of a height of said
magnetoresistive effect layer of said magnetoresistive effect
head is executed in résponse tq a signal frqm said lapping

control sensor.

A



13

sanme thickness as those of the shield gap insulation |ayer. Then, as shown
in Fig. 4c, on the insulation |ayer 31' of only the |apping control

sensor, an insulation material is further deposited by using a lI'ift off
process or the like so as to form an indsulation |ayer 31 having a

thickness of T or Si&(fed £ %mgnmgéta%ﬁg.M@giﬁggf@ﬁ%%ﬂB@HsbPat of

the insul ati'on l'ayer ar eas e insulation [ayer 31 having such a

greater thickness. may, do,pn only the lapping control sensor as
ment i oned eﬁ?qprlS]jﬁgﬁigﬁy ar%% ofher than the MR head area. Then, as

shoun in Fig. 4dcd E@? %égyfgéﬁg élalty cfiwsg 8fa! Bf &HéHhQE&BH

| ayer 31. ThIS res 'S a so ftorned

processes 4, the for mat(§ 81y Bl 1R% MR LB PO DM DERMo o TUPTGLOLR e

resister | fbéﬁ I'S"made o e Sane nateri and provi
sane head during depositing steps of a lower shield layer and a

shield gap insulation layer of said magnetoresistive effect
head, said insulation layer of said sensor having a thickness
larger than that of said shield gap insulation layer, the
thickness of said insulation layer of said sensor being 0.1 um
or more; and

sequentially depositing a resistor layer and a lead
conductor layer on said insulation layer during depositing
steps of a magnetoresistive effect layer and a lead conductor

layer of said magnetoresistive effect head.

8. The method as claimed in claim 7, wherein said metallic
layer, said insulation layer, said resister layer and said lead
conductor layer of said sensor are made of the same material as
that of said lower shield layer, said shield gap insulation
layer, said magnetoresistive effect layer and said lead
conductor layer of said magnetoresistive effect head,

respectively.

9. The method as claimed in claim 7, wherein said sensor is

formed to locate near said magnetoresistive effect head.
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t hi ckness as those of the MR layer. Then, as shown in Fig. 3, the |ead
conductors 33 (23b) and 34 (23c) connected across the resister |ayer 32
(23a) are fornmed. These | ead conductors 33 (23b) and 34 (23c) are also
formed by the same processes as the fork@tion of |ead conductors of the MR
head. Therefore, the |ead conductors 33 (23b) and 34 (23c) are nade of the
sane naterggﬁﬁﬁﬁg Erﬁéigﬁg %&égLéhg sanme thickness as those of the |ead
conductors S : i s enbodi nent of the present
invention, the insulation |ayer of the | apping control sensor is fornmed to
have a thi cknappInG GONTREL'$ENSOR POREMABNETORES 86 PRVE EFPROT! BRAD

t hi ckness of LAPPINGI @ONTROD METHOB! USING aYEE SENSOR A 'MANUFACRERENE' €
when the barM2PHOB ORpPRE $ENSORhe ABS surface 20a side to control the MR
hei ght using this sensor, the formation of short circuits between the |ead
conductors 33 (23b) and 34 (23c) due to snears produced can be prevented.
Therefore, the derdamtinn afntmkesensoniciactd MR dweqsutinalarddse almolti-
securely prevented. Fig. 5 illustrates relationships between a

t hi ckness oflayered structure of a metallic layer, an insulation layer, a

[

resister layer and a lead conductor layer, and being provided

in parallel with the MR head which has a multi-layered
st;ucture of at least a lower shield layer, a shield gap
insulation layer, a MR layer and a lead conductor layer is
provided. The insulation layer of the lapping control sensor
has a thickness larger than that of the shield gap insulation
layer of the MR head. The thickness of the insulation layer of

the sensor is 0.1 g m Or more.
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the insulation | ayer of the | apping control sensor and an error ratio of
the resistance neasurenent. Marks [err] and x represent characteristics of
| appi ng control sensors with the netallic |ayers 30 made of different
materials, respectively. the error ratjo of the resistance neasurenent is
given fromthe nunber of continuous abihormal neasurenents divided by the
total nunber of 6 12 measurenents. The
measur enent period of resistance is 0.1 sec.. The nunber of continuous
abnormal measurenments neans the nunber of neasurenents in which nmeasured
val ues of resistance did not continuously indicate normal resistance
val ues during |apping process of the sanme bar. The normal resistance val ue
means that the neasured value of resistance is larger than the |ast
measured val ue (the value ne ed a?,o.l sec. before) and that the
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maxi mum neasur ed val ue of resistance neasured during the |apping process
of the sane bar. It has been found from experience that when the
error ratio of resistance neasurenent is larger than 1.5 % a | apping
control using a | apping control sensor,becones inpossible. Thus, it is
necessary fromFig. 5 that the thickné%é of the insulation |ayer of a

| appi ng control sensor is 0.1 [err] m4y nore. Figs. 6a to 6¢

i ndi cate change in neasured values of resistance with respect to | apping
time for various sanples of the lapping control sensor with a thin
insulation layer having a thickness of 0.08 [err]m Wereas Figs. 7a to 7c
i ndicate change in neasured val ues of resistance with respect to | apping
time for various sanples of the | apping control sensor with-a thick

i nsul ation | ayer having a thickness of 0.1 [err] mor nore. As
apparent fromFigs. 6a to 6¢c and Figs. 7a to 7c, when the insulation |ayer
is thin as 0.08 [err] m a |arge anount of

Fig. 3

33 23b 34 23c

] |




13 noise is found in measured val ues of resistance. However, when the
insulation layer is thick as 0.1 [err] m no noise is found and neasured
val ues of resistance are increased in accordance with passage of tine.
Therefore, by executing the | apping confrol wusing the latter |apping
control sensor, it can be securely and tably control an MR height of the
MR head to a corrective value. 6ce the MR head has a thin shield
gap insulation layer, snmears may be produced during controlling the M

hei ght, resulting that the smears may produce short circuits between |ead
conductors of the MR head. Fbmever since the nmethod of manufacturing the

MR head i ncludes the st #Of rolllng the MR height w thout using |Iead
conductors and renoving7§§%87 S, no probl ens occur. Many wi dely
di fferent enbodi nents o present invention
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may be constructed w thout departing fromthe spirit and scope of the
present invention. It should be understood that the present invention is

not limted to the specific enbodinentzéggescribed in the specification,

except as defined in the appended claing.

14 WHAT IS CLAIMED.IS: 1. A lapping coftrol sensor for a magnetoresistive
effect head, said sensor including a nulti-layered structure of a :
netallic layer, an insulation |layer, a resister layer and a |ead conductor
| ayer, and being provided in parallel with the nmagnetoresistive effect
head which has a nmulti-layered structure of at least a |l ower shield |ayer,
a shield gap insulation |ayer, a magnetoresistive effect layer and a | ead
conductor |ayer, said insulation |ayer of said | apping control sensor

having a thickness larger than that of said shield gap o
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insul ation | ayer of said magnetoresistive effect head, the thickness of
said insulation | ayer of said sensor being 0.1 [err]m or nore. 2. The
sensor as claimed in claim1l, wherein said sensor is |ocated near said

magnet or esi stive effect head. 3. E%Lapping control sensor for a

magnet or esi stive effect
structure of a netallic layer, an ins

| ead conduct or and being provided in parallel with the

| ayer,

head, said sen%or including a multi-|ayered

Gtion | ayer, a resister |ayer and a

magnet oresi stive effect head which has a nmulti-Ilayered structure of at
| east a | ower shield |ayer,

magnet or esi stive

| ayer, said insula

RESISTANCE Q

a shield gap insulation |ayer,

eff g‘z/iyﬁ'gnd a |l ead conduct (F}?er 6Sﬁ d netallic
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15 said resister |layer and said | ead conductor |ayer of said sensor being
made of the sanme material as that of said |ower shield |ayer, said shield
gap insulation layer, said magnetoresistive effect |ayer and said | ead
conductor layer of said magnetoresistiye effect head, respectively, said

i nsul ation |ayer of said | apping contré;/sensor having a thickness |arger
than that of said shield gap insulatiof@ayer, the thickness of said

i nsul ation | ayer of said sensor being 0.1 [err]mor nore. 4. - The
sensor as claimed in claim 3, mherein said sensor is [located near said

magnet or esi stive eff ct head. : A | apping control nethod using the
sensor as clainedgéﬁ 972? mhereln t he IapphéEZEgp ?7 f a hei ght of
said magnetoresi | ayer of said mag ®s effect head
s executed in response to a signal fromsaid | apping
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Co w .
control sensor. 6. A | appi ng control nethod using the sensor as
claimed in claim3, wherein the |apping control of a height of said
-magnetoresi stive effect |ayer of said magnetoresistive effect head is
executed in response to a signal fromsaid |apping control sensor.
16 7. A nethod for nanufacturing a | applng control sensor conprising the
steps of:  LERPUENG | GON'DRGle (RISNIORJFER MAGNETRRESLETF I WA dEBRECHSHEADI on
| ayer at a position in parallel with a magnetoresistive effect head during
deposi t i ng [APFIN@CENTROEMETHED dUS BY@r TIASENSGRi AR MANUFASTVRINGN | ayer
of said magnetoresistive effect head, said insulation |ayer of said sensor
hﬂ.VI ng a tIMEIHDES OF 'EHEeSENSGI that of said shield gap insulation |ayer,
t he '
FIELD OF THE INVENTION
The present invention relates to a lapping control sensor
used in controlling a height of a magnetoresistive effect (MR)
head (MR height) when the MR head is fabricated, to a lapping

control method using the sensor and to.a manufacturing method

of the sensor.

DESCRIPTION OF THE RELATED ART
The MR height of a plurality of MR heads is collectively
controlled by lapping one surface (ABS, Air Bearing Surface) of
each bar obtained by cutting each row from a wafer so that the
plurality of MR heads are aliened in one row. To control the
) mutual MR height of the plurality of MR heads of a bar and the
mutual MR height of the MR heads of a plurality of bars to a
corrective value, there are usually provided a plurality of
Llapping control sensors called as an electric lapping guide
(ELG) or a resistance lapping guide (RLG) which detects the
height of a lapped ABS surface, in each bar. The lapping of
the ABS surface can be controlled in response to electric
signals from the ELGs or RLGs.

Each of the ELGs or RLGs is mainly composed of a resister
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t hi ckness of said insulation |ayer of said sensor being 0.1 [err]m or
nor.e; and sequentially depositing a resistor |ayer and a | ead
-conductor layer on said insulation |ayer during depositing steps of a
magnet oresi stive effect layer and a | eaq.,conductor |ayer of said

-magnet oresi stive effect head. 8. The nethod as claimed in claim?7,
wherein said netallic layer, said insulation |ayer, said resister Iayer
and sai d | eaBSTRACIUOFOTHEAPASCRLOSYRED sensor are nade of the sane materia
as that of said |lower shield layer, said shield gap insulation | ayer,

sai d nagnetore5|st|ve effec%EI% er _and_sai TO%%% scTcI)nductor er of sai d
nmagnet or esi g Mggggt xﬁ giﬁggg alned
in claim?7, gégﬁgrgghg Tgopsgg SENSOR: g

magnet or esi h85

A lapping control sensor for a MR head includes a multi-
layered structure of a metallic layer, an insulation layer, a
reéister layer and a 1eéd conductor layer, and being provided
in parallel with the MR head which has a multi-layered
st;ucture.of at least a lower shield layer, a shield gap
insulation layer, a MR layer and a lead conductor layer is
provided. The insulation layer of the lapping control sensor
has a thickness larger than that of the shield gap insulation

layer of the MR head. The thickness of the insulation layer of

the sensor is 0.1 uxum Or more.

FIG. 3
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