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t he Invenﬁion: The present invention relates to a depth Q d%?LL
det ecti ng gepth anount when nmanufacturing a magnetic head etail ¥ the
depth sensor in accordance with the present invention can detect the depth
anount accurately by conprising both an lanal og sensor and a digital sensor.
Description of the Related Arts: In a field of a magnetic recording
equi prment SUEBEAQFATHEr ANHENRIGHuUi pnent and the like, it is required to
make the equipnent snaller and to nake its capacity larger. Accordingly, it
i s desired ?88Hasﬁﬁ§93tic head to make a line recording density higher and
to make a track narrower. Recent attention has been directed to a nmagnetic
resi stance effect type magnetic head (hereafter, referred to as an MR
head). Eac 8 i8«h ‘ & 'R t ageous in making the |ine recording
density hi k narrower. The MR head detects a

resi stancepghangg of nLhe, IR ({5 due to
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The present invention relates to a depth sensor for
detecting depth amount when manufacturing a magnetic head. In
detail, the depth sensor in accordance with the present

invention can detect the depth amount accurately by comprising

both an analog sensor and a digital sensor.

Description of the Related Arts:

In a field of a magnetic recording equipment such as a
hard disk equipment and the like, it is required to make the
equipment smaller and to make its capacity larger.
Accordingly, it is de;ired for a magnetic head to make a line
recording density higher and to make a track narrower. Recent
attention has been directed to a magnetic resistance effect
type magnetic head (hereafter, referréd to és_an MR head).
Each a magnetic head is advantageous in making the.line
recording density higher and in making the track narrower.
The MR head detects a resistancg change of the MR film due to
a signal magnetic field from a recording medium as a
réproducing.output by using a magnetic resisﬂance effect film

{hereafter, referred to as an MR film) whose resistance is



a signal magnetic field froma recording mediumas a reproduci ng output by
using a magnetic resistance effect film (hereafter, referred to as an MR
film whose resistance is 2 changed based -on a strength of a magnetic
field. In the MR filmused in such an MR head, when the resistance is
smal |, changi ng amount of the resistance associated with the change of an
outer magnetic field becomes small. Thus, when the resistance of the M
filmis snﬁma“aﬁﬂaW%ﬁ%%dﬁb@n@tdﬁﬁﬁﬁﬁ pEom PRETRRiReddeld reduced. As a
result, it is necessarx t 0. make the resistance of the MR filmlarger in a

case of the MR Héadhe A dénfamsgd dickush RR HBaders. CW5§§|FP%d into a
transverse etNR and and q | Ion tgdlnaL Re %RNE I gransverse
type MR heéﬁfy T sHAwy 13 pi §PegE é’&cﬁ"toﬁé 8 ffFﬁ]f 3"f& arranged
ligrza' '18'3 t%s%o QaQi % %ftt'h%” c"r4an e Jheq “1,' ”%a%ﬁgkg? ?291?' E&E%BQ?S
are |xe In I'g £ Sidés o . At "thrs ne, a
small. Thus, when the resistance of the MR film is small, the
reproducing output from the MR head is reduced. As a resuilt,
it is necessary to make the resistance of the MR film larger-
in a case of the MR head.
Incidentally, such an MR head is ciassified into a
transverse type MR head and a longitudinal type MR head.
The transverse type MR head is, as shown in Fig. 6, such
that an MR film 101 is arraﬁged parallel to a moving direction
Ml of the recording medium and electrodes 102, 103 are f;xed
in left and right sides of this MR 101. At this time, a
resistance R of the MR film 101 is represented by R = (p x T)
/ (W x t), where p, W, T, t are a specific resistance, a
width, a length and a thickness of the MR film 101
respectively. Thus, in the transverse type MR head, when the
track is made narrower, the length T of the MR film 101
becomes short. Then, if the width W and thickness T of the MR
film 101 are unchanged, the resistance of the MR film 101 is
reduced, and thereby the reproducing output is reduced.
Specifically, for example, the width W of the MR film 101 must
be set equal to or more than 1.5 pm in order to.obtain the

reproducing output having the same level as the fransverse

"



resistance R of the MRfilm101l is represented by R = (p xT) I (Wxt),
where p, W T, t are a specific resistance, a width, a length and a

t hi ckness of the MR film 101 respectively. Thus, in the transverse type M
head, when the track is nmade narrower, the Iength T of the MR film 101
becones short. Then, if the width Wand thickness T of the MR film 101 are
unchanged, the resistance of the MR film 101 is reduced, and thereby the
reproduci ngtymet MR Hexad doucied aSpecief itaalclky wifthr aeXanglte, Tt hé Wi divhadd of
the MR film 101 nust be set equal to or nore than 1.5 [err] in order to
obt ai n t he wighrlodudhg ot put  thevitmgnisive rsgnd Yipev ¥R hsaghbavingseenpserow 3
type MR head having a wide track with a length T of 4 [err] and a width W
of 3 [err] iTpdhe' ’hr?s@eer‘géht Yp@ VMR Wdad Hé‘\/ltr“ﬂgsawﬁé(rvréw fragrewpfhthe

IengthTof 2 err In this way, in a case of th nsverset e MR head,

in order td¥ IR Mr?ar”ﬁ?ﬁer 1\Nh|°|" er’r'altﬁtﬁ‘l |n(fj Fhérf"&brﬁ%gﬁ?‘ﬁ%r

output, it is. necessr to f rmthe eshap th%l\/RfiImlOl re
while main 1n1ng he repro uc1ng ou , 1t 1s necessary to

m nut e. -
form the whole shape of the MR film 101 more minute.

On the othér hand, the longitudinal type MR head is, as
shown in Fig. 7, composed of the MR film 101 arranged
vertically in the moving direction M1 of the recor;ing medium
and the electrodes 102, 103 fixed iﬁ upper and lower portions
of this MR 101. Accordingly, it is possibfe to make the
reproducing output higher and make the track narrower without
forming the whole shape-of the MR film 101 minutely. That is,
in a case of the longitudinal type MR head, if the ﬁidth W of
the MR film 101 is made narrower in order to make the track |
narrower, the resistance R of the MR film 101 is increased.
This enables the reproducing output to be larger.

In such a longitudinal type MR head, an end of the MR
film 101 on a side closer to the recording medium, that is, an
MR film tip portion 111 is covered with the electrode, and
further an end of the MR film 101 on a side fgrther from the .
recording medium, that is, an MR-film tail portion 112 is
covered with the electrode. A portion between thé MR film tip
portion 111 and the MR film tail portion 112, that is, a

portion which is not covered with the electrode is a magnetic



On the other hand, the |ongitudinal type MR head is, as showm in Fig. 7,
conposed of the MR film 101 arranged vertically in the noving direction M
of the recording nmedium and the el ectrodes 102, 103 fixed in upper and

| ower portions of this MR 101. Accordingky, it is possible to make the
reproduci ng out put hi gher and make the track narrower w thout formng the
whol e shape of the MR film 101l mnutely. That is, in a case of the

| ongi t udi nadedypeg M heash of the ME di il ofS trdve MR IMRMELQMR it pmardetion
narrower in order to make the track narrower, the resistance R of the MR
film 101 istihcardsthe MhiEllamais ek ndtel grepklodagiang anense wiidhbdhlearger. 1 n
such a longitudinal type MR head, an end of the MR film 101 on a side
closer to thke¢eeateli nfhaediamot antsibyie MR fihen 1ens oserctingn ort puts
covered with the electrode, and further an end of the MR film 101 on_a side

farther f _ro'Wi“E?]e YRR r i hﬁ’%i%ﬁn?_’?%a@oﬁ’gfo%ﬁ”w}f i’_‘lsmctoé’iqr_eﬁol"’tlité’_n e s
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with the e'thIQQE,ié &ﬁgqgﬁg%iéétween the recording medium and the
magnetic sensing portion becomes long whereby the reproducing
output is reduced. For this reason, in the longitudinal type
MR head, it is necessary to make the depth dp as short as
possible. In current situation, it is required to make the
depth approximafe 0.5 + and - 0.2 um. Further, It is
anticipated that the depth will be required to be more shorter
in fu;ure.

Incidentally, in a case of the above mentioned
longitudinal type MR head, at first, the longitudinal type MR
head is ménufactured while the depth is set longer than a
desired depth length. After that, it is manufactured such
that a portion of a side of the recording medium is ground
until the depth reaches the desired length. When grinding the
portion of the side of thé recording medium of the
longitudinal type MR head as mentioned above, naturally it is
necessary to grind while detecting a degree of the dépth in a
grinding process.
However, as mentioned above, since the depth is very

short, it is very difficult to detect the depth in the



4 sensing portion of the MRfilm Since the MRfilmtip portion 111 and the
MR filmtail- potion 112 are covered with the el ectrode, they do not
contribute to the reproducing output. Thus, when a length of the portion
which is covered with the electrode of the MRfilmtip portion 111, that

is, a depth dp is long, a distance between the recordi ng nmedi um and the
magneti c sensing portion becones | ong whereby the reproducing output is
reduced. Fqrirding gasorgss.n then orgidepdinslensppewhiRcheadn detestnelkessary
to make the depth dp as short as possible. In current situation, it is
requi red tolemide adrunptstly dpprmeduiaied @hsnt ggiading, Shpepprtiparefethe |t
is anticipated that the depth will be required to be nore shorter in
future. |nctidkntad |§he iGpeprdidd Feding fhovdendriigdhed indAgity 88 MBI PEgPe MR
head, at first, the |ongitudinal type MR head is nanutactureg while the
depth is set |ongd RERFEH ddbi&d Hegtth AT@RGEKY APt &7 °th&f, *PE i s

manuf act ured such that, a portiaon of a si.de .of .the r.ecording,nmedum.i
ground unt i FOTHE HEHH c%‘ﬁ%sottaﬁiece(fe’si rIceLd et S TR EN 2 gﬁdfﬁé e§he

present invention to provide a depth sensor which can a depth

accurately when manufacturing a longitudinal type MR head.

SUMMARY OF THE INVENTION

A depth sensor according to the present invention
designed to attain the above mentioned object is for detecting
a depth length, when grinding a magnetic head in order to set
the depth of the magnetic head to a predetermined length. The
depth sensor is characterized by comprising analog sensor
having a resistor whose resistance is changed continuocusly by
ground with the magnetic head when grinding the magnetﬁc head
and for detect{ng the depth from the continuously changed
resistance as mentioned above, and a digital sensor having a
resistor whose resistance is changed non-continuously by
ground with the magnetic head when grinding the magnetic head
and for detecting the depth from the non—continuously changed

resistance as mentioned above.



portion of the side of the recording nediumof the |ongitudinal type MR
head as nenti oned above, naturally it is necessary to grind while detecting
a degree of the depth in a grinding process. However, as mentioned above,
since the depth is very short, it is very difficult to detect the depth in
t he 5 grinding process. Then, a depth &ensor which can detect the depth
accurately is required when grinding the portion of the side of the
recordi ng rregionoef the | ongitudinal type MR head. The present invention is
proposed in view of the conventional circunstances. It is therefore an
obj ect of the pldsenteptivermnsor tio peovirdengedepth §basprespREhivwen bl eept h
accurately when manufacturing a Ionqitudinal type MR head. SUMVARY OF THE -
| NVENTI ON' Aled@sttis ddves sepddc 8raidng 1ty end |5Pé§gﬁnﬁ’ PHvERINBnt RS yREtEt o
attain the above nmentioned object is for detectin% a deBth IengEh m@en

ly an ely by

grindi ng a St @ dlf tie tor §&e F§Psdy continuou aceur

using the analog sensor.

That is, the digital sensor can know the depth in each of
stages in which the resistance of the digital sensor is-
changed non-continuously, by relating in advance the depth to
a case when the resistance of the digital sensor is changed
non—continuously. However, since the digital sensor can get
only the depth in each of the stages in which the resistance
of the digitél sensor is changed non—-continuously, the depth
is detected gradually and roughly as a result.

On the other hand, in the analog sensor, at first, a
relation between a change of the resistance of the analog
sensor and a change of the depth is investigated based on a
result detected by the digital sensor. That is, it is
possible to find out the relation between the change of the
resistance of the analog sensor and the change of the dep;h,-
based on the resistance of the analog sensor in each of the
stages in which the resistance of the digital sensor is
changed, and the depfh detected at that time by the digital
sensor. If the relation between the change of the resistance
of the analog sensor and the change of the depth.becomes clegr

in this way, the depth can be detected continuously and



the depth of the magnetic head to a predetermnined |length. The depth sensor
is characterized by conprising anal og sensor having a resistor whose

resi stance i s changed continuously by ground with the magnetic head when
grinding the magnetic head and for detecting the depth fromthe

conti nuously changed resistance as nenti ched above, and a digital sensor
having a resistor whose resistance i s changed non-continuously by ground
wi t h t he nmegretradenead rwhivert hgr irediing anlke wHgheei enbéad amdsdor detecting
the depth fromthe non-continuously changed resi stance as nenti oned above.
6 FUNCTI ON The deptthegermdoedts ascordaned ageshothéhpr esepent nvenen oien
detects the depth gradual ly and roughly by using the dlgltal sensor, and

det ect s tfu?%ﬂﬁ)q? qqﬁﬂ&ugﬁfmaﬁ@eaéedﬂéﬁépﬁ 8§SG§HH§ Re %ﬁaf%@ sensor.

That is, the sQr can t he de th in h of* st ages whi ch
t he re5|stéﬂb§l Fw% 5 jﬁﬂﬁl%sgﬁ 3% |§“Ve” 160 8536008818950 ' the

accompanying drawings.

- BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a main portion diagram view showing one example

N

of a conventional transverse type MR head;

Fig. 2 is a main portion diagram view showing one example
of a conventional longitudinal type MR head.

Fig. 3 is a top plan view showing one example of a depth
sensor in accordance with the present invention;

Fig. 4 is a main portion diagram view showing a wiring
block of an MR head and the depth sensor;

Fig. 5 is a transverse section view taken along a line
X~-X in the wiring block shown in Fig. 4;

Fig. 6 is an enlarged main portion plan view showing in
an enlarged form the depth sensor shown in Fig. 3;

Fig. 7 is a transverse section view showing a digital
sensor portion of the depth sensor, cut in a plane along a
line Y-Y, shown in Fig. 6;

Fig. 8 is an equivalent circuit diagram of the depth
sensor. shown in Fig. 6; and

Fig. 9 is a top plan view showing one example of an end



changed non-continuously, by relating in advance the depth to a case when
the resistance of the digital sensor is changed non-continuously. However,
since the digital sensor can get only the depth in each of the stages in
whi ch the resistance of the digital sensor is changed non-continuously, the
depth is detected gradually and roughlygas a result. On the other hand, in
the anal og sensor, at first, a relation between a change of the resistance
of the analodfg sserigdrtaandeasolrange of the depth is investigated based on a
result detected by the digital sensor. That is, it is possible to find out
the rel ati on between the change of the resistance of the anal og sensor and
t he change of the depth based on the reS|stance of the anal og sensor in
each of th&bsiddat A & EFdd i tiyd di gital sensor is
changed, and the depth detected at that tlne by the digital sensor. If the
rel ati on betweerf?t FPeSidrige et Om@er"ésﬂé‘t éﬁ&@"&?“tcﬁewégél 6§esBRe®ENEind t he

change of the depth beco cle i n th|s t he dept h_can, pbe detected
Cont?nuouslﬁpv lJlon WIIfH%e exp axned herea ter Qn g Qa11 WltR re?erence

to the drawings. Since the embodiment described below is a
preferred embodiment of the present invention, various
limitations which are technically preferred are imposed on the
embodiments. However, the range of the present invention is
not lihiied to the embodiment, unless there are descriptions
in which the present invention is limited especially in the
following explanatioh.

A depth sensor in this embodiment detects a‘depth of a
longitudinal type MR head formed on a board.in a thin film
process. As shown in Fig. 3, the depth sensor is formed with
MR heads 10 in the thin film process, when the MR heads 10 are
formed on a base 20 which is identieal with the MR heads 10.
Now, a plueality of MR heads 10 are formed unitedly on the
base 20, as shown in Fig. 3. A depth sensor 30 is formed
between these MR heads 10. When the depth sensor 30 is formed
on the base 20 which is identical with the MR heads 10 as
mentioned above, the depth sensor 30 can be formed with the MR
heads 10, and thereby the depth sensor 30 can be formed
without nearly adding a new process. Further, the depth

sensor 30 is formed between the MR head 10 and the MR head 10



7 accurately fromthe resistance of the anal og sensor. Further objects and-
advant ages of the present invention will be apparent fromthe foll ow ng
descriptions of the preferred enbodi ment of the invention as illustrated in
t he acconpanyi ng drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
mai n portion di agram vi ew showi ng one exanple of a conventional transverse
type MR head; Fig. 2 is a nmain portion diagramview show ng one exanpl e of
a conventi onhal thomgrvendi mavitype R teaddefily.shser 8a op ploamevitew show ng
one exanple of a depth sensor in accordance with the present invention;

Fig. 4 is athaPh pérthenMau hgran 1P et show P el wWiatiely BInstic egPeart VR head
and t he depth sensor; Fig. 5.is a transverse section view taken along a

line X-X in Fﬁ@lﬁf}Fnﬁrﬁl BERISHBOWROTROE g AUCO R iNely 4 ?'hr?cé’h‘lpdte&e&rﬁﬁl n
portion plan A in_an,enl ar t.he deths sor

Fo. o Figorrthe 3pFhndoarel afceforie: it ShaRTsE it Haltos ddder more
portion of F«Eehggﬁghlﬁegéﬂrbecés'ﬂtil{‘nédp%%‘x%? MO A4 20.

When the MR heads are facilitated, the MR heads 10 formed
on the board 20 and-the dépth sensor 30 are ground gradually
from an end plane 21 of the board 20 such that the depth
becomes shorter, while detecting the depth of the ;R head 10
by means of the depth sensor 30. And, the depth of the MR
head 10 is set io a préedetermined length. (Hereafter, this
process is_reférred to as a grinding process. Aftér the depth
is sgt to the predetermined length, a plurality of MR heads 10
formed on the board are cut out respectively, and the MR heads
are completed.

fhe depth sensor 30 for detecting the depth of the MR
head 10 in this way, as shown in Fig. 3, comprises an analog
sensor 40 for detecting the depth continuously and a digital
sensor 50 for detecting the depth non-continuously. The
analog sensor 40 and the digital sensor 50 are formed on the
board 20 so as to be adjacent to each other. This analog
sensor 40 is ground with the MR heads 10 in the grinding
.process, and has a resistor whose resistance is changed
continuously. The depth is detected from the continuously

changed resistance. The digital sensor 50 is ground with the



line Y-Y, shown in Fig. 6, Fig. 8 is an-equivalent circuit diagramof the
depth sensor shown in Fig. 6; and Fig. 9 is a top plan view show ng one
exanpl e of an end 8 of a digital sensor. DESCRIPTION OF THE PREFERRED
EMBODI MENT An specific enbodi ment in accordance with the present invention
w Il be explained hereafter in detail wig reference to the draw ngs. Since
t he enbodi nent described below is a preferred enbodi nent of the present

i nventi on, MRahieads liomithathengrihuchgapeoteebni salil ¥apref &£ ede @ avidgwsed

on the enbodi nents. However, the range of the present invention is not .
limted torekesérmpodi nennontnbessntheseyarbadgsdri pThendephhwhs cdietereted
present invention is limted especially in the follow ng explanation. A
dept h sensdromn thigi goamsoatipnpudéyechengedepehistanctongWi ntmesl 61 yp&2 MR
head formed on a board in a thin film
63 and 64 intended to detect the respective resistances are
supplied from the analog sensor 40 and the digital sensor 50.
Now, one wiring 61 of the wirings from the aﬁalog sensor
40, as shown in Fig. 4, is connected to a wiring 12 from an MR
film 11 of the MR head 10 through a thin film conductor 65.
The thin film conductor 65 is formed simultaneously Qith the
other wiring 13 supplied from the MR film 11, connected to a
wiring 61 from the analog sensor in a connecting hole 65a, and
connected to the wiring 12 from the MR film 11 in a connecting
hole 655. That is,- as shown in Fig. 5, an insulation layer
65c is -formed on the thin film conductdr 65. The connecting
holes 65a, 65b are formed in two positions on the insulation
layer 65¢c. The thin film conductor 65, and the wiring 61
formed as a different layer from the thin film conductor 85
are connected to each other in the connecting hole 65a. The
thin film conductor 65, and the wiring 12 formed as a
different layer from the thin film conductor 65 are connected
to each other in the connecting hole 65b.
As mentioned above, since the wiring 61 from the analog
sensor 40 is connected to the wiring 12 from the MR film 11

of the MR head 10 through the thin film conductor 65, the

terminal intended to pick up a signal from the analog sensor



process. As shown in Fig. 3, the depth sensor is formed with MR heads 10 in
the thin fil mprocess, when the MR heads 10 are fornmed on a base 20 which
is identical with the MR heads 10. Now, a plurality of MR heads 10 are
formed unitedly on the base 20, as showg_.in Fig. 3.. A depth sensor 30 is
formed between these MR heads 10. Wen tfle depth sensor 30 is fornmed on the
base 20 which is identical with the MR heads 10 as nenti oned above, the
dept h sensdf® Iy dhehd efrarimed Wwift fheh&RVRehdad8 ¢on hadirhegedbyed hintgept h
sensor 30 can be formed w thout nearly adding a_new process, Further, the
depth sensde™®n derdrifgd Hdt-weén shR¥DVRPhELE - 18 - and™t ABIVRI HRadS4%Fe 9 in

this way, wiring of. the depth sensor 30 is _connected to, those of the MR
heads 10 agth(festé’rﬁg'be;d lI"htcé’t“,d“§E8rr gépeé FvECeP R ﬁgl rg?'et{}%e%l"? °&onmon.
Accordingly, n .occupi ed area of th pt h .sensqr n_t boar d, becomes
smal | so that® r(r)DI‘re4 Oﬁlélae ste Oantr%h%qu’l%{naif%gg ?ngnggggrbggf dgrg%.t en the

MR heads ang fafd lid ateth e MR +19309118rk0%8RAea as the different

layers, it is possible to simultaneocusly form the thin film
conductor 65 and the other wiring 13 from the MR film 11, as

mentioned above. As a result, the thin film conductor 65 can

MY

be formed without adding a new.pfocess to the thin film
process.

Incidentally, only the wiring with respect to the MR head
10 is shown as ihat of.a magnetic head in Figs. 4 and 5.
However, it is allowable that the magnetic head is a laminated
type magnetic head in which the magnetic head for re;ording is
laminated on the MR head. 1In a case where the magnetic head
for recording is laminatea in this way, a wiring of the
magnetic head fdr recording is formed additionally on the
wiring shown in Figs. 4 and 5.

On the other hand, the other wiring 62 fgom the anﬁlog
sensor 40 is connected to the wiring 63 f}om the digital
sensor 50, as shown in Fig. 3. Thus, the terminal from this
wiring 62 is used as a terminal 72 common to the terminal of
the digital sensor 50.

The one wiring 83 of the wirings 63, 64 from the:digital

sensor 50 is connected to the wiring 62 from the analog sensor



on the board 20 and the depth sensor 30 are ground gradually froman end

pl ane 21 of the board 20 such that the depth becones shorter, while
detecting the depth of the MR head 10 by neans of the depth sensor 30. And,
the depth of the MR head 10'is set to a predeterm ned | ength. (Hereafter,
this process is referred to as a grindi ng2process. After the depth is set
to the predetermned length, a plurality of MR heads 10 forned on the board

are cut out 46esaeqliyebhoqaldoLie MinDepdsy arer coRph elRtls Jhe demid sensor

30 for detecting the depth o e In this way, as shown in Fig.

'3, conprisegsdd_alakngd $8PRChat07h0ECRRLARCEENINE NEe ARPEA; CONTEMIOUN Yo and a
digital sensor 50 for detecting the depth non-continuously. The anal og

sensor 40 agdnkbe digit ahesenser @Qrahg 6or Meds@ppl hea boat kb2 Shris gty be
adj acent to each other. This anal og sensor 40 is ground with the MR heads

10 in the gtiondihegapndoessenand Kas andesi stoninmhdSe3r esi Bbamnek dts ahanged
continuously. The depth is detected fromthe continuously changed

resi st ance. tTieeedifgi t dowegrsor t50si segmdund WAt heedenot be an independent
terminal. For example, it is allowable that the teiminal 73

is used in c¢ommon with the terminal of the magnetic head for
recording laminated on the MR head, és shown in Fig. 3.

The analog sensor 40 and digital sensor 50 of the depth
sensof 30 as mentioned above will be exﬁlained hereinafter in
more detail.

A resistor portion of the analog sénsor 40 is formed iﬁ
the same film thickness as that of the MR film 11 by means of
a NiFe thin film which has the same material as that of the MR
film 11. In this way, assuming that the resistor portion of |
the analog sensor 40 has the same material and the same film
thickness as those of phe MR film 11, since the analog sensor
40 and the MR head 10 are ground similarly in the grinding
process, this improves an accuracy of the analog sensor 40.

This NiFé thin film is arranged approximately parallel to
the end plane 21 in the vicinity of the end plane 21 of the
board 20, as shown in Fig. 6. The wirings 61, 62 are supplied
from the both ends thereof. The portion between these wirings
61, 682 is a resistor R. These wirings 61, 62 are intended to

pick up the signal from the analog sensor 40, and composed of



10 MR heads 10 in the grinding process, and has a resistor whose resistance
s non-continuously changed. The depth is detected fromthe

non- conti nuously changed resistance. Wrings 61, 62, 63 and 64 intended to
detect the respective resistances are supplied fromthe anal og sensor 40
and the digital sensor 50. Now, one mﬁrigg 61 of the mﬁrings fromthe

anal og sensor 40, as sho in Fig. IS connected to 12 f
MR film11 bl Th’élmz ARG AP T ou‘tﬁn meqtHoped | °"8nd6r§‘t oP"65 Th%gzﬁp]nan

film conduct or A@t%wﬁdﬁé T Afeols| & i dhel %gfhﬁ{ lwrh;zgeﬂféfos

suppl i ed fron1??Fn I'm 11, conne to a wri om’t ana

sensor in ag Omgctt,éﬂgg&ﬁioﬁzeﬁg@% .@J}ﬂ tCoOIrU}?eCWQ HeQd N® W frhegglggtmmmg MR

film21l1l in a connectin as shown in

insul ation §ayes 6Snéstd@T B heiddign fidom detaqtgqrtafiSsersr 50,
connecting holes 65a, 65b are formed in two positions on the i nsul ati on

| ayer 65c. dhgehdimgfid MEonciict Dia 652 awhidie tW rineg dikitannmednasraso.
different layer fromthe thin filmconductor 65 are connected to each ot her

i n the conneké i ngs hot €r Bbaar ddregddi apgd i dxnearediyciparra@le land the whidi ng 12
formed as a
plane-21 in the vicinity of the end plane 21 of the board 20
is gradually narrow in a width W1 as the grinding proceeds in
the grinding process and thereby the resistance tﬂéreof is
increased gradually. Thus, in the analog sensor 40, if a
relation between a change of this resistance and the grinding
progress is clear, it is.possible to find out the degree of
the grinding progress by heasuring this resistance.
On the other hand, a resistor portion of the digital
sensor 50 is formed in the same film thickness as the MR film
11 by means of the NiFe thin film which has the same material
as the MR filﬁ 11, similarly to the analog sensor 40. In this
way, assuming that the resistor portion of the digital sensor
50 has the same material and the same film tﬁickness as those
of the MR film 11, the digital sensor 50 and the MR head 11
are ground similarly in the grindihg procéss so that this
improves an accuracy of the digital sensor 50.
' This NiFe thin film is patterned such that a first end

51, a second end 52, a third end 53 and a fourth end 54 are

formed in the vicinity of the end plane 21 of the board 20, as



different layer fromthe thin filmconductor 65 are connected to each other
I'n the connecting hole 65b. As nentioned above, since the wiring 61 from
t he anal og sensor 40 is connected to the wiring 12 fromthe MR film 11 of
the MR head 10 through the thin film conductor 65, the termnal intended to
pick up a signal fromthe anal og sensor 14 40 and the term nal of the MR
head 10 can be integrated into a common termnal 71, as shown in Fig. 3. In

addi tion, sipce.the #iin dil mcoandusiay $H5, e 84 ring 561 afrleom the anal og
sensor 40 connected to the thin filmconductor 65, ‘and the wiring 12 from

the MR il nddpéceidoryechmsedted did fiatentidiayeres . i tTHis pdssinlgl 63t os

si mul t aneously formthe thin filmconductor 65 and the other wiring 13 from

the MR fil mAfdenasd nentp betecdumbovei grisl of raes e digs tahi rsefnislom @@nduct or 65

can be fornmed w thout adding a new process to the thin film process.

| nci dent al | yompo$gd t he Mheih@imﬁfhlme%qnﬁncﬁqrqJN?SWWQﬂﬁiynf@pP§°§ﬁomn as

that of a magnetic head in Figs. 4 and 5. '
connected to the wiring 62 of the analog sensor 40, and
extended to the terminal 72 common to the analog sensor 40.

The NiFe thin film is patterned so as to link between the
first end 51 and the wiring 62, between the first end 51 and
the seconé end 52, between the second end 52 and the third end
53, between the third end 53 and the wiring 64 and between the
fourth end 54 and the wiring 64. The wiring 64 connected to
the third end 53 and the fourth end 54 is intended to pick up
the signal from the digital sensor 50, composed of the thin
film conductors, and exﬁended to the terminal 73 for the
digital sensor, as mentioned above. Thus, the NiFe thin film
between the first end 51 and the wiring 62 is a first resistor
Rl, the NiFe thin film between the first end 51 and the second
end 52 is a second resistor'RZ, the NiFe thin film between the
second end 52 and the thira end 53 is a third resistor R3, the
NiFe thin film between the third end 53 and the wiring 64 is a
fourth resistor R4, and the NiFe thin film between the fourth
end 54 and the wiring 64 is a fifth resistor RS5. _
The first to fourth ends 51, 52, 53 and 54 are formed

when the depth portion of the MR head 10 is formed, similarly

to the depth portion of the MR.head 10. That is, when these



However, it is allowable that the nmagnetic head is a |am nated type
nmagneti c head in which the magnetic head for recording is |lam nated on the
MR head. In a case where the magnetic head for recording is lamnated in
this way, a wiring of the magnetic head for recording is forned
additionally on the wiring shown in Figs.l®™ and 5. On the other hand, the
other wiring 62 fromthe anal og sensor 40 is connected to the wiring 63
fromthe dignddalssemsnr $),ams Shewe ifddredl, 3imihuslyt ke taenmRahefsom
this wiring 62 is used as a termnal 72 common,to the term nal of the
digital sensby &9.shdven cive Riig.i g G3 dfirtsite Wi mNifgs tG3n G4 1far 6 the digital
sensor 50 is connected to the wiring 62 fromthe anal og sensor = 12 40 as
ment i oned aboseed THeexter ramaln Sulerh itdn dawier ¢ 63 iformeddoasthhe NéFei nal
72 common to the term nal of the anal og sensor 40. The other wiring 64 is
suppl i ed wi thbutf tohnetted tlol R e @0 @ fsdidér iagulgddos devarnab 78 is
formed at an end o . .

removed. Then, the wiring 63 composed of the thin film

conductors is formed on the NiFe thin film 55 and the

insulation layer 56. In the thus—formed ends 51, 52, 53 and

54, the NiFe thin film 55 and the wiring 63 are connected

"

electrically to each otﬂer before the grinding process, but
disconnected from each other, when the grinding proceeds to a
tip portion 56a on the insulation layer 56, as the grinding is
;arried out gradually as shown in an arrow M2 of Fig. 7 in the
grinding process. Thus, in the digital sensor 50, it is
possible to judge whether or not the grinding is carried out
up to a position of the ﬁip porticn 56a of the insulation
layer 56, based on a change of a conductive state between the
NiFe thin film 55 and the wiring 63. In the digital sensor
50, each of the ends 51, 52, 53 and 54 is formed such that the
tip portion 56a on the ihsulation layer 586 is_located
differently in each of-the ends 51, 52, 53 and 54 so as to
make such a judgment gradually.

Fig. 8 shows an equivalent circuit diagram of the analog
sensor 40 and the digital éensor 50, as mentioned above. That
is, the analog sensor 40 comprises a variable resistance r

corresponding to the resistor R, and terminals tl1, t2



t hereof . However, this termnal 73 need not be an independent term nal. For
exanple, it is allowable that the termnal 73 is used in comon wth the
term nal of the magnetic head for recording |am nated on the MR head, as
shown in Fig. 3. The anal og sensor 40 and digital sensor 50 of the depth
sensor 30 as nentioned above will be explggned hereinafter in nore detail.
A resistor portion of the anal og sensor 40 is fornmed in the sane film
thi ckness asedgwdt Dfe IhecdRr ddgandihhtdreans tefrrd nhille 70hi f2Li | m whi ch has
the sane material as that of the MRfilm11l. In this way, assum ng that the
resistor pordsiosteaicd hef arted o sientslor o o1t hre isanwcrgesedakraddad hg same
filmthickness as those of the MR film 11, since the anal og sensor 40 and
the MR headke 40tk eggioling shrddenads im thee grintdingg PFO6EESs, this i nproves
an accuracy of the anal og sensor '40. This NNFe thin filmis arranged
appr oxi mat ASCORE S LY v t P thee P &GO f Gnd NG &Y "8f PrAEYERT pl ane
21 of the boar 20(:1 as shown in Fig. 6. The w ruirnl%‘s .68.1’1:'(365213(’%%% SUHE| io§d
from the bot?r st hat ot . Corhel HETYS oh Petiesi TRk & JiSTiiRGE"6T, "82°% s a
resistor R _These wirings 61, 62 are intended t.o pi,ck up the i l, from
\ £ PlHah P ' a3988

t he anal og ts}éhio‘Faﬁb?bg‘%dr%% v&ed of Ok The™o e Pl &

sensor 50 comprises five resistors rl, r2, r3, r4 and rb

respectively corresponding to the resistors R1, R2, R3, R4 and

R5, four switches sl1, s2, s3 and s4 respectively corresponding

to the first to fourth ends 51, 52, 53 and 54, and terminals

t2, t3 respectively corresponding to the terminals 72, 73.

These switches sl, s2, s3 and s4 are turn off sequentially as

the gfinding proceeds in the grinding process. Accordingly,

in the digital sensor 50, it is possible to detect the

grinding progress gradually by measuring a resistance Rd of

such a whole circuit.

Detecting of the depth by means of the depth sensor 40 as
mentioned above will be hereinafter explained more
specifically.
When the depth is detected in the grinding process, the

signal from the analog sensor 40 is picked up from the

terminals 71, 72. Then, the resistance Ra of the resistor R

in the analog sensor 40 is monitored. Further, the signal

from the digital sensor 50 is picked up from the terminals 72,

73. Then, the resistance Rd of the whole circuit in the



13 thin fil mconductors. As nentioned above, the one wiring 61 is connected
tothe wiring 12 fromthe MR film 11, extending to the termnal 71 common
to the MR head 10. The other wiring 62 is connected to the-wiring 63 from
the digital sensor 50, extending to the termnal 72 common to the digital
sensor 50. The resistor R arranged approxlfately parallel to the end pl ane
21 in the vicinity of the end plane 21 of the board 20 is gradually narrow
in a width Wgaéai/h%e’g??hd?%gli)r%é’etd%*ﬁ% the grinding process and thereby
the resi-stance thereof is increased gradually. Thus, in the anal ogdser_lsor

40, if a relatiofY bbRGetdY a tharfbes vfet Mans¥sidd dicd °4M§ Y héSgFPRUMngD
[ | , 1t ble to find t..t d f .th I ndi
prog oot [SELSaE, 1L P R Ul S50 es gl g ot
ti f Lgi 1.8, f ' AN hi 5S .
Phe VR 11 S Ee, one SERRGE AR (i P ThddLagt SUER o TnbloCbOgaE 88,
as the MR fplmilensi g1pagdytish tde @fdl 0% SeNSYn 4Qyel ihhithe first end

51 is 0.25 pm. A length 52t between the position PO having a
desired depth dp and a positioﬁ P2 at the.tip portion of the
insulétion layer in the second end 52 is 0.75 pm. A length
53t between the position PO having the desiréd dep%b dp and a
position P3 at the tip portion of the insulation layer in the
third end 53 is 1.5 um. And, a length 54t between the
position PO having a desired depth 2dp and a pos}tion P4 at
the tip portion of the insulétion layer in the fourth end 54
is 3.0 pm. Further, the first to fifth resistors R1, R2, R3,
R4 and R5 in the digital sensor 80 are formed such that they
have sufficiently large resistances so as to detect the
resistances with high sensitivity.

At this time, assuming that d0 is the desired depth, D1
is a resistance of the first resistor Rl in the digital sensor
50, D2 is a resistance of the second resistor R2 in the
digital sensor 50, D3 is a resistance of the third resistor R3
in the digital sensor 50, D4 is a resistance of the fourth
resistor R4 in the digital sensor 50 and D5 is a resistance of
the fifth resistor RS in the digital sensor 50, then a

relation between the depth d in the grinding progessing and



way, assumng that the resistor portion of the digital sensor 50 has the
same material and the same filmthickness as those of the MR film1l, the
digital sensor 50 and the MR head 11 are ground simlarly in the grinding
process so that this inproves an accuracy of the digital sensor 50. This
NiFe thin filmis patterned such that a fgrst end 51, a second end 52, a
third end 53 and a fourth end 54 are fornmed in the vicinity of the end

pl ane 21 oftHeheesoartchri2@, Rais of thé sihowe icirEugt 6n Thesdigntisl5iensRr 53
and 54 are respectively connected to the wiring 63. This wiring 63 is

i ntended t dPiagle uerresiegridld fimomhehd odilgialg $exeyd 250, conposed of the
thin fil mconductors, as nentioned above, connected _to the wiring 62 of the
anal og sgnso[1 40hegddext e®ded to the -t &nitndl- 972P8dmfofAit o t he anal og
sensor 40. The NiFe thin filmis patterned so_as tq link betwee he first
end 51 and the WHshd%e2: Metween the G &t ler?diﬂgaﬁdgt ﬁesgeéog Beﬁﬂmgé,

between the secqnd end 52 and the thirdend, 75 ¢ 4 ¢ g0 + 1.5 [pm);

When Rd = D2 + D3 + D4, d0 + 0.25 < d < d0 + 0.75 [pm];

r

and °

When Rd s D1 + D2 + D3 + D4, d < d0 + 0.25 [um].

Thus, if monitoring the resistance Rd of the whole
circuit in the digital sensor 50 in the grinding process, it
is possible to detect the depth d gradually in the grinding
processing, until the state of d = d0 + 0.25 [um].

In this way, when gradually detecting the depth d in the
grinding processing by u;ing the.digital sensor 50, the
resistance Ra of theeresistor R in the analog sensor 40 is
also simultaneously monitored. Then, the relation between the
change of the resistance Ra of the resistor R in the analog
sensor 40 and the change of the depth d is determined, based
on the resistance Ra of the analog sensor 40 in each of stages
in which the.resistance Rd of the digital sensor 50 is changed
and the depth d detected at that time by the digital sensor.
50.

In the grinding process when the depth d in the grinding
processing is equal fo or less than d0 + 0.25 [um], the depth

d in the grinding processing is monitored, by using the analog



53, between the third end 53 and the wiring 64 and between the fourth end
54 and the wiring 64. The wiring 64 connected to the third end 53 and the
fourth end 54 is intended to pick up the signal fromthe digital sensor 50,
conposed of the thin filmconductors, and extended to the termnal 73 for
the digital sensor, as nentioned above. ™us, the NiFe thin fil.m between
the first end 51 and the wiring 62 is a first resistor RlL, the NNFe thin
film bet weetPRIRr f4¢ sitn eid o taved neré tdedoh@ teRens52hpschaggeonll ki stor
R2, the NiFe thin fi] mbetween the second end 52 and the third end 53 is a
third resi SO RET e N F&% HisF FiteRcSetwédt the CAFPESeRE 53¢ aftPthed
wring 64 is a fourth resjstor..R4, and the N EFe.thin film between the
fourth end 54 ea\);lldluetrhte S r(#er?é:réfelds aLaOfVief'th‘”‘rtest;%‘% ortlﬂg.’ ?ﬁgc?}l\fg? to fourth
ends 51, 5 f.qr n _th e - L.angyof th head 10
Is forned, 21‘selfrsna?ﬁ1::jtdrﬂl]dybsetéltc‘)"aeieﬁle tg‘éagt%ﬁlap %t iotgn%gg ?Eﬁgl%&?hgng%oﬁTﬁgﬂi s, when

these 138005 LR Wnd ThRParke?oT @ dptdl @ bRELKeEO 1 Ber MR hgad

analog sensor 40 can detect the depth d continucusly and
accurately from the resistance Ra of the'resistor R in the
analog senso} 40. Thus, while detecting the depth
continuously and accurately by means of the analog"sensor 40,
the grinding process is carried out until the depth reaches
the desired length.

In this way, in the grinding process, at first, the
digital sensor 50 detects the depth d gradually and roughly.
Next, thé anélog sensor 40 detects the depth d continuously
and minutely. Thus, the depth d can be detected accurately.
As a result, it is possible to accurately set the depth to a
desired length by using the depth sensor in accordance with
the present invention in the grinding process.

Incidentally, although the four ends 51, 52, 53 and 54
are provided in the digital sensor as the ends corresponding
to the switches in the above mentioned embodiments, it is
allowable that these ends are more or less than the above
mentioned case. For example, in a case where it is desirable
to measure the depth easier, the ends corresponding to such

switches are provided less. In a case where it is desirable



11, as shown in Fig. 7, at first, a NNFe thin film55 is forned, next, an
tnsul ation layer 56 is formed on this NiFe thin film and a tip portion of
this insulation |ayer 56 is renoved. Then, the wiring 63 conposed of the
thin filmconductors is formed on the NNFe thin filmb55 and the insulation
| ayer 56. In the thus-fornmed ends 51, 522953 and 54, the NiFe thin film55
and the wiring 63 are connected electrically to each other before the
grinding presessasbut dhscespent pdrérammeachy pt ties , endienc d thee grdmidingg to
proceeds to a tip portion 56a on the insulation |ayer 56, as the grinding
is carried suthgsadtiahky aseshowmidadamoaerow M2 of Fig. 7 in the grinding
process. Thus, in the digital sensor 50, it is possible to judge whether or
not the grinding is carried out up to a position of the tip portion 56a of
the insulation | ayer 56, based on a change of a conductive state between
the Ni Fe thﬁBVﬁNT&GEQﬂﬁnﬂ_EEﬁImQELEﬁEBQE_EE_lﬁﬁ digital sensor 50, each of
the ends 51, 52, 53 and 54 is faornmed such that the tlg portjon 56a on the
i nsul ation | ayer AS6CP8 PEcAPER dFPPefBAt FYOYR BERAIBPCE ne*RIHR BLY 520 53

and 54 so as.to nak such a j.udgnent gradual shpows_an .equi val.ent
circuit dlaépﬁ tghéeaﬁgrogn gccordgnce W1¥X tﬁe preseng 1n5%ntfh i%

digital sensor detects the depth gradually and roughly, and

the analog sensor detects the depth continuously and minutely.
The depth can be accurately detected as a result.

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
embodiment described in the specification, except as defined

in the appended claims.



sensor 40 and theé digital" sensor 50, as nentioned above. That is, the

anal og senp " a variable resistance r corresponding to the
resi stor mnmg@”mwgﬂt 1, t2 16 respectively corresponding to the
termnals #1,¢72 resi stance of the variable resistor r is increased

gradually as the grinding proceeds in thelgrinding process. Accordingly, .in

t he anal og sensor 40; t he grinding progress can be detected continuously by
measuring a EIS4LShis variable resistor r. On the other hand,
the digital senspr 50, c rises five resjstors rl, r2 .r3, r4 and.rs.
respectively cor ESpo[?'na‘?%g”iosetrhseorr &8st erstsethx’ll,nng, dﬁ?,t%m“éﬁa R f“?b?ﬁ

switches sl, s2 %%f;gl (g‘ggea%l %12,30[)%%%)1 Vteol ¥ & Ortrh%sgﬁ%sgxn%ft Qh&ahﬁag}\%ﬁgct Read

4 mag .
fourth ends®*5t and termnals t?2, respectiv
corr espondi 0 t&Lm S W3- colilfiS& g, tches s1, s2, s3 and s4 are
turn off segge%t?%?ﬁ/_ as t'ﬂ%1 gr%?ngdti ng cp?_r ocee ngi n the grinding process.
Accordingly, in jhe.sh ghd eSS Havihg id deSiRADT MR sleO rdetigehntbeis
changed continuously since ground together with the magnetic

head when grinding the magnetic head in a depth direction and

for detecting the depth from said continuously changed

Y

resistance; and

a digital sensor having a resistor whose resistance is
changed non—continuously by ground together with the magnetic
head when grinding the magnetic head in the depth direction
and for detecting'the depth from said non-continuously changed

resistance.

2. A depth sensof as defined in claim 1, characterized
by that said magnetic head is a thin film magnetic Head formed

in a thin film process.

3. A depth sensor as defined in claim 2, characterized
by that said analog sensor and said digital sensor are formed
on the same plane as a board formed on said thin film magnetic

head.

4. A depth sensor as defined in claim 2, characterized



grinding progress gradually by neasuring a resistance Rd of such a whole

ci r'cylt.um i he depth by means of the depth sensor 40 as
mentione l{”y” threrei nafter explained nore specifically. Wen the
depth is Het%ectiedsl Mg grinding process, the signal fromthe anal og
sensor 40 is picked up fromthe term nal s;71, 72. Then, the resistance Ra
of the resistor Rin the -anal og sensor 40 is nonitored. Further, the signal
fromthe diw tthatsensoreddt | oneiak ek nupi rfarlom itrtee ntderdnitivalps ck2 up73. sThenl
the resistance Rd of the whole circuit in the 17 digital sensor 50 is
moni t ored. Byor herivhyanales digisat ayehswri GOlisst Hadr medsods ishowsdi APFi g, 9,
in the follow ng manner. That is, a length 51t between a position PO having
a desired deprrorioy il ozt tiommipaky ehesaidh HENE i deache i nsul ation

layer in the first end 51 is 0.2 . iti
POyhavi ng a 5. A depth sen5501[efrorx] débfécetng;[gh a52c}epbtq‘:[ Véﬁere]x ttr?lelnp(%sllltml on

magnetic head, when grinding the thin film magnetic head in
order to set the depth of tﬁe thin film magnetic head formed
on a board to a predetermined length, comprising;

an analog sensor having a resistor whose resistance is
changed continuously by ground together with the thin film
magnetic head when grinding the thin film magnetic head and
for detecting the depth from said continuously changed
resistance; and

a digital sensor having a resistor whose resistance is
changed non—-continuously by ground together with the thin film
magnetic head when_grinding the thin film magnetic head and .
for.detecting the'depth from said non—-continuously changed
resistance, |

wherein said analog sensor and said digital sensor are
formed on said board in fhe same thin film process as the thin

film magnetic head.

6. A depth sensor as defined in claim 5, characterized
by that said thin film magnetic head is a magnetic resistance

effect type head.



desired d and a position P2 at the tip portion of the insulation

I ayer in T@&@% amm is 0.75 [err]. Alength 53t between the position
PO havi ng e : Hmh dp and a position P3 at the tip portion of the
insulation layer in tfie third end 53 is 1.5 [err]. And, a |length 54t

bet ween the position PO having a desired xpepth 2dp and a position P4 at the
tip portion of the insulati-on layer in the fourth end 54 is 3.0 [err].
Further, the firdt to\ fddith resistrores RefiR2d R3, cR4ignd.R5henatherdrgit al
sensor 60 are formed such that they have sufficiently |arge resistances so
as to detedwy ttHeat esstisd ke s sfgnsesiid Willitad: seRS8Tt AFE, assumi ng
that dO is the desired depth, D1 is a resistance of the first resistor Rl
in the di gitePPeesdtf e mene MifedidmAce et pd S&dond2BaEtifor R2 in
the digital sensor 50, D3 is a resistance of the third resistor R3 in the
digital senstFiBEnts $5MeCh SoiRg Mof the fourth resistor R4 in the
digital sensor 50 and D5 is a resistance of the fifth resistor R5 in the
digital sensor 50, then a relation between the depth d in the grinding

processing and 8. A depth sensor as defined in claim 5, characterized

by that at least one of wirings from said analog sensor and
said digital sensor is used in common with one of wirings from
the thin film'magnetic head and connected through a thin

film conductor formed on another layer of these wirings. -



18 the resistance Rd of the whole circuit in the digital sensor 50 are

represented in the following formulas. When Rd = D5, . dO+ 3.0
[err] < d; When Rd = D4, dO + 1.5 [err] <d [err] dO + 3.0 [err];
Wen Rd = D3 + D4, dO+ 0.75 <d <d0 + 1.5 J[err]; Wien Rd = D2 + D3

+ D4, dO+ 0.25 <d < d0 + 0.75 [err]; &hd Wen Rd = DL + D2 + D3 + D4, d
< d0 + 0.23ER¥H . sHN&QR if nonitoring the resistance Rd of the whole
circuit in g té& P s@bdiukg he grinding process, it is possible to

detect t he dep rinding processing, until the state of
d do + 0.25 [Q(rdep!!m 4 & o e c INEL PraAuald %r%este‘:ﬁcit '1rﬁg'ethQOgteEtalﬂ din
the grinding processing by using the digital sensor 50, the resistance Ra

of the resigdtasctR d Nidgteh anml g MrensEn A0 d aqe@té%&lmw th@%‘?@'d%'c)&r@f@ﬁ}' tored.
Then, the relation between the change of the resistance Ra of the resistor

R in the atiogiagerisarerdbmntb it Rie tahatnga: of ddia ilepttend girS ndeher kheed,

based on the resistance Ra of the anal og sensor 40 in-each of stages
magnetic head in order to set the depth of the magnetic head
.to a predetermined length includes an analog sensor having a
resistor whose resistance ié'changed continuously since ground
together wiéh the magnetic head when grinding the magnetic
head in a depth direction and for detecting the depth from
said continuously changed resistance, and a digital sensor
having a resistor whose reeistance is changed non-continuously
since ground together with the magnetic head when grinding the

magnetic head in the depth direction and for detecting the

depth from the non-continuously changed resistance.

FIGURE 3



in which the resistance Rd of the digital sensor 50 is changed and the

depth d detected at that tinme by the digital

sensor 50.

process when the depth d in the grinding processing is equal

than dO + 0.25 [err],
by using the anal og

In the grinding

to or

the depth d in the grinding processing is nonitored,
19 sensor 40 in which the relation between the

| ess

change of the resistor Ra of the resisthhte R and the change of the depth d

i s evident as described above.
change of the resistance Ra of the resistor

becones cl ear,

40. Thus,
t he anal og sensor 40, the
reaches the desired | ength

At t

W

his tinme,
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since the rel ati on between the

R and the change of the depth d

t he anal og sensor 40 -can detect the depth d continuously and

accurately fromthe resistance Ra of the resistor

whil e detecting the depth continuously and accurately by neans of

process is carried out until
S TN

R in the anal og sensor

t he depth



In this way, in the grinding process, at first, the digital sensor 50
detects the depth d gradually and roughly. Next, the anal og sensor 40
detects the depth d continuously and mnutely. Thus; the depth d can be
detected accurately. As a result, it is possible to accurately set the
depth to a desired length by using the depth sensor in accordance with the
present invention in the grinding procd42. Incidentally, although the four
ends 51, 52, 53 and 54 are provi } eldigital sensor as the ends
corresponding to the switchds in the abole| mentiohed enbodi nents, it is

al l owabl e that these ends arle mjre or Jedsl{han the above nentioned case.
For exanple, in a case wherg it |is defirablp to nE@sure the depth easier,

t he ends corresponding to sych 9\ es dre|provifed less. In a case where
it is desirable 20 to negsure|the deptih! € nutely, the ends
correspondi ng to such switches 3ne rovi ded{mone. ADVANTACGEQUS EFFECT OF
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As can be seen fromthe above nentioned explanation, in the depth sensor in
accordance with the present invention, the digital sensor detects the depth
gradual ly and roughly, and the anal og sensor detects the depth continuously
and mnutely. The depth can be accurately detected as a result. Many w dely
di fferent enbodi nents of the present invention nmay be constructed w thout
departing fromthe spirit and scope of tyg present invention. It should be
understood that the present invention is not limted to the specific

enbodi nent described in the specification, except as defined in the
appended cl ai ns. 21 WHAT | S CLAIMED I S: 1. A depth sensor for
detecting a depth, when grinding a nmagnetic head in order to set the depth
of the magnetic head to a predeternined | ength? conprising; an anal og

sensor having a resistor whose resistance is clfanged conti nuously since
ground together with the nagnetic '
"
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head when grinding the magnetic head in a depth direction and for detecting
the depth from said continuously changed resistance; and a digital sensor
having a resi stor whose resistance is changed non-conti nuously by ground
together with the magnetic head when grinding the nagnetic head in the
depth direction and for detecting the depth from said non-continuously

changed’resi stance.” 2. A depth sensor ggzdefined in claiml,

characterized by that said nagnetic head is a thin filmmagnetic head
formed in a thin film process. 3. A depth sensor as defined in claim 2,
characterized by that said anal og sensor and said digital sensor are forned
on the sane plane as a board forned on said thin filmmagnetic head. 4. A
depth sensor as defined in claim2, characterized _ by that at |east one

of termnals intended to pick up a signal from said anal og sensor and said
digital sensor is used in

N
NG

65a

4

65

FIG.5




common with one of termnals of said magnetic head. 5. A depth sensor for
detecting a depth of a thin filmmagnetic head, when grinding the thin film
magneti c head in order to set the depth of the thin filmnagnetic head
formed on a board to a predeterm ned | ength, conprising; an anal og sensor
having a resi stor whose resistance is changed conti nuously by ground
together with the thin filmnmagnetic hedd7when grinding the thin film
magneti ¢ head and for detecting the depth fromsaid continuously changed
resistance; and a digital sensor having a resistor mhoakééesistance IS
changed non-continuously by ground together with the t filmmagnetic
head when grinding the thin fil mnmagnetic head and for)ﬁetecting the depth

fromsaid non- contlnuouséigfhanged resi stance, wherei nfsakd anal og sensor
and said digital sepsor formed on salg3boa%§ &5 the sq ézdn film
process as the thinifilmnmagnetic héhd. 67 8 soads efined in
claimb5, characterized by 5Pat sayﬁ thin ﬁllnvhagn tic hea gnetic
resi stance effedi _type hea , ——+— ﬂﬁ—ﬂ J
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23 7. A depth sensor as defined in claim6, characterized by that said
anal og sensor and said digital sensor are conposed of the sane NiFe filmas-
that of said magnetic resistance effect type head. 8. A depth sensor as
defined in claim5, characterized by that at |east one of wirings fromsaid
anal og sensor and said digital sensor is used in conmmon with one of wrings
fromthe thin filmmagnetic head and con®étted through a thin film
conductor formed on anot her |ayer of these wirings.
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