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METHCD FOR'CONTROLLI NG MA NG PROCESS OF WORKPI ECE FI ELD OF THE
| NVENTI ON The present inv relates to a nmethod for controlling a
machini ng process of a workpiece, particularly to a machining process
control nethod in a height control processiof a thin- filmmagnetic head.

. : S i ¢ head.
wafor with alarge NGHAEP 0% RPNTRPEHEgEeH ENERG GPRO AR AT 8P Ko Be TR o
rows so that a plurality of magnetic head sliders are sequentially coupled
or aligned therein, and then each bar is processed for variousworks; For

exanpl e, cont f HLap [es-determ ning hei ght of a magnetoresistive
effggt (MR eg%L I%ﬁeﬁég(iéﬁhﬁfﬁﬁf) i's executed by |apping an air bearing
surface (ABS) of qgﬁh bar. During the |apping of the ABS. the MR height is

monitored by an el ¢ rPEeFeRt ghayert 1R £ ¢kt figt@ ohtpethed nter centrelhing

[ ' Qui de) or ELG (Electric Lapping Guide
RLG (RESIStangmégw ﬂ{ﬁ% procéss of a workpiece, pégkiéhlarly)to a machining

process control method in a height control proéess of a thin-

film magnetic head.

DESCRIPTION OF THE RELATED ART

In fabricating a thin—film magnetic head, a wafer with a
large number of thin-film magnetic head elements is cut into
rows so that a plurality of magnetic head sliders are
sequentia}ly coupl?d or aligned therein, and then each bar is
proceséedffor V%?iéﬁéjwérk§;

For example, control of a properties-determining height of
a magnetoresistive effect (MR) head element (MR height) is
executed by lapping an air bearing surface (ABS) of each bar.
During the lapping of the ABS, the MR height is monitored by an
electrical signal from a lapping control sensor called as a RLG
(Resistance Lapping duide) or ELG (Electric Lapping Guide)
sensor to correct the bending of the bar and to control the
stop position of the lapping, so as to obtain optimum
properties of the MR head element. Such RLG machining process
is described in for example U.S. patent No. 4,689,877.

However, according to the RLG machining process in which



sensor to correct the bending of the bar and to control the stop position
of the lapping, so as to obtain optinmum properties of the MR head el enent.
Such RLG nmachi ning process is described in for exanple U S. patent No.
4,689, 877. However, according to the RLG ngchi ni ng process in which 2

t he machi ning _anount is controll ed based upaon the detection signals from
the RLG sensdm® mahiming 49Pr ot SAttaPldediPasadunan the deterdion i on
dignals include a signal having an abnornal val ue, the nmachining anmount may
Become an extSi&®adishair ot TeNEVTor £he FRIINEDE AFAD L BAVR Qi -

el ement may be suffered excess |apping causing the good element to fail.
SUMVARY OF THRatnwesnTIIEN the jde terdriar sd gt 16hj Il wke oh & igndsle Raviifge A on

to provide a nmethod for controlling a nmachi ning process of a
abnormal value, the machining amount may become an extraordinal

amount and therefore a workpiece such as a MR head element may

be suffered excess lapping causing the good element to fail.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide a method for controlling a machining process of a
workpiece, whereby correct machining control of the workpiece
can be expected even if detected values of sensors include an
abnormal value.

According to the present invention, a method for
controlling a machining process of a workpiece includes a step
of measuring amounts of machining of the workpiece by a
plurality of sensors located at different positions on the
workpiece, the sensors providing detection signals which
represent the respective measured amounts,-a step of removing
the detection signal Qhen the detection signal has an abnormal
value which is extremely different in comparison with values of
the other detection signals by using a smoothing method, and a
step of controlling the machining of the workpiece depending
upon the remaining detection signals from the Sensors.

The machining of the workpiece is controlled depending



wor kpi ece, whereby correct machining control of the workpiece can be
expected even if detected val ues of sensors include an abnormal val ue.
According to the present invention, a nmethod for controlling a nachining
process of a workpiece includes a step of zeasuring anmounts of nachini ng of
t he workpiece by a plurality of sensors located at different positions on ‘
t he wor kpi ecalPQhet k@ nspaining i ¢e Fec bRt sRe LS ghht oL vl chPReprak e lug eof
respective nmeasured anounts, a step of renoving the detection signal when

t he det ecti orthg gieteqbionns hpadlt KRMQEL R H1§ isnéxw%n%m‘yoahgm@r%thw\-
conparison with values of the other detection signals by using a snoothing
met hod, and &hargfere cobe oprchining ¢RRIT rRABDIDE 1LY & pp ee oY@ ntR ng
upon the renmai ning detection signals fromthe sensors. The machi ning of the
wor kpi ece i s asgardaned whbenthegcorrect data causing decrease in magnetic

head yields to prevent.

it is preferred that the removing step includes a step of
calculating each rate of change between values of the detection
sigﬂals of adjacent two sensors with respect to a distance
between the adjacent two sensors, and a step of determining
removal of the detection signal of each sensor depending upon a
difference in the rates of change of the each sensor with
respect to two sensors adjacent to the each sensor.

It is also preferred that the removing step further
includes a step of omitting the detection signal with either
the maximum value or the minimum value when a positive square
root of sum of squares of differences of the rates of change
exceeds a predetermined value.

It is preferred that the removing step includes a step of
calculating an average value, a standard deviation and a
regression line of values of the detection signals,'a step of
determining removal of the detection signal when a value of the
detection signal is out of a range from the calculated
regression line, the range being predetermined in acéordance
with a required precision for machining the workpiece, and a

step of omitting the detection signal when the determining step



3 upon the renai ning detection signals after an abnormal val ue of the
detection signal is remved by using the snoothing nethod. Therefore, the
machi ni ng control can be always performed in accordance wth the correct
dat d causi ng decrease in magnetic head yiehds to prevent. It is p;efﬁrred
that the remoying step includes a step of cal culating each rate of change
bet ween val uéjsettﬂ‘gr“ljfﬂfp%e‘iq&tliwvsar]gr?ﬁsﬂlﬁ defesddinn tﬁ/kgr?elgsor'lgl% t hf
respect to a distance between the adjacent two sensors, and a step o

det er ni ni ng ISEMGPIBOE FEedet G SIEtSgHAInG sdedh %W EHdrtdingy afgan a
difference in the rates of change of the each sensor with respect to two
Sensors adjae@ﬁi%ﬁaﬁQR?%£%97sensor. It is also preferred that the renoving

step further includes a st%P of omtting the detection signal with either
the maxi num val ue Idr Ih@r@fgirRed Fhate t\%l‘?eﬁoéltp”@é-ihiﬂge sd@Pari@clygiesofa sihep

of squares of differences of the rates of change exceeds a predeterni ned
val ue. of calculating a quaternary regression curve depending upon the

remaining detection signals from the sensors, and a step of
executing the machining control of the workpiece so that the
calculated quaternary regression curve approaches to a straight
line.

The workpiece may be a bar on which a plurality of thin-
film magnetic head elements are éiigned. This bar is obtained
by cutting a wafer.

In this case, it is preferred that the controlling step
includes a step of controlling a properties-determining height
of the thin-film magnetic head elements on the bar by lapping
an air bearing surface of the bar and by correcting bending of
the bar, and that the values of the detection signals are
machining amount values of the properties-determining height
obtained from sensed signals of a plurality of sensors located
at different position; on the bar.

The properties-determining height controlling step may
include a step of measuring resistance values of the sensors,
the resistance values being varied in accordance with the
lapping and the correction of bending, and a step of

calculating the machining amount values in acc¢ordance with the



It i-s preferred that the renpoving step includes a step of cal culating an
average val ue, a standard deviation and a regression line of values of the
detection signals, a step of determ ning renoval of the detection signal
when a yaIuF_of thﬁ detection signal is o of a range fromthe cal cul ated
regression line, the range being predeterm ned in accordance with a

requi r ed pre@ﬁ@ﬁ@ﬁeﬂoﬁﬁéiﬁﬁ%ﬂQﬁ;Wﬂ%@eﬁorkpiece, and a step of omtting the
detection signal when the determ ning step 4 determ nes the renoval of
the detection sigAdl .1STWé"eé‘eﬂr@mdatﬁhﬁ8 dhep cope oddi@enistieRy 1ncdpdesy & gdep
omtting step may be repeated. It is preferred that the controlling step

i ncl udes a sbdp isterpod@tdmigng whegudher Fempviedydedeicdd oy Si&nddpditdien § 18vét

the remai ning detection signals fromthe sensors, and a step of
- from the sensor located nearest to one end of the bar, the

values of the detection signals from the sensor adjacent to the
end located sensor to provide a substitute detection signal.
The properties-determining height control step is executed by
using the remaining detection signals and the substitute
detection signal. |

The present invention can be used in various bar machining
'control using detection signals from sensors other than the
properties-determining height control. Furthermore, the
present invention can be applied to various machining control
of workpieces other tham the bar with a plurality of magnetic
head elements.

Further 6bjects and advantages of fhe 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 view schematically illustrating a part of
constitution of a RLG machininé system used in manufacturing of
a thin-film magnetic head slider with a MR head element

according to a preferred embodiment of the present invention;



executing the machining control of the workpiece so that the calcul ated
gquat'ernary regression curve approaches to a straight |line. The workpiece
may be a bar on which a plurality of thin- filmmagnetic head el enents are
aligned. This bar is obtained by cutting gwafer. In this case, it is

preferred that the _contrqlling._step .includes_a step of controlling a
broperties-detern%ﬁﬁhgzh ﬁgﬁtgépcghglﬁﬁrﬁmfPﬂ%P§§§ﬁéﬂP§ Rd&GLELERENt s On

the bar by lapping. an . air hearing surface of the bar_and by correcting
bendi ng o¥ tﬁBPl gt“&ﬁ&“tﬁ%tt&ﬁe%WQPGégeBF fhevBedBcFi8n ditgnals are

machi ni ng anount yval ues qof the properties-determning height obtained from
sensed signal s ofF&gbI%r&?iPyVGPws§ﬁ§8P§tF6@&ﬂ¥di&@uéﬁrﬁé BAt 8pBIANRENS on
the bar. The roperties-deternining hei ght controlling step nmay include a
step of neas8FFHGTHES 8faRBE @4 BEG 8ENFAESsensors, the resistance val ues

being varied in accordance with the Iagping and the correction of bending,
and a step of Fig. 4 is a flow chart schematically illustrating a flow

of a RLG machining process;

Fig. 5 1s a view illustrating arrangement and pattern of
MR head elements and RLG sensors on a bar;

Fig. 6 1s a flow chart illustrating in detail a flow of a
MR height control process and a bending correction process in
the RLG machining process shown in Fig. 4;

Fig. 7 is a graph for illustrating a smoothing method; and

Figs. 8a to 8e are views illustrating a flow of abnormal

value removing steps in the process shown in Fig. 6.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 schematically illustrates a part of constitution of
a RLG machining system for carrying out a MR height machining
process according to a preferred embodiment of the present
invention, and Fig. é illustrates electrical constitution of
the embodiment in Fig..l.

In Figs. 1 and 2, reference numeral 10 denotes a bar in
which a plurality of thin-film magnetic head sliders formed by
cutting a wafer (not shown) are aligned, 11 denotes a jig for

the RLG machining to which the bar 10 is attached, 12 denotes a



cal cul ating the machi ni ng anount val ues in accordance wth the 5
measured resistance values. It is preferred that the controlling step
includes a step of interpolating, when the renoved detection signal is a
sighal fromthe sensor |ocated nearest to-one end of the bar, the values of
the detection signals fromthe sensor adjacent to the end | ocated sensor to
provi de a substri code deeder dPrsirgasingTige bgrogede d. @aoarided o Réyeglile
control step is executed by using the remai ning detection signals and the
substitute déilectlidodegiofes a Ri& maehdminigndenilicen foan cga ryda® om by dhieo MR
bar machi ning control using detection signals fromsensors other than the
properti es- dbedghitnimaghligiigt rowaess!,. 15udenetesr @ Dersopads &emputeant i on
can be applied to various machining control
electrically connected to this RLG machining device 14 and the
bar code reader 12, 16 denotes a plurality of RLG sensors
(lapping control sensors) provided on the bar 10 and connected
to the computer 15, 17 denotes a RLG database having a jig
number database (JIGNODB) table 18 and a wafer database
(WAFERDB) table 19, and 20 denotes an optical measuring device
of RLG sensor height. The computer 15, the RLG database 17 and
the sensor height optical measuring device 20 can transmit and
receive data through a network such as LAN 21. Although not
shown in Fig. 2, a plurality of sets each composed of the
computer 15 and the RLG machining device 14 can be connected to
the LAN 21.
In this embodiment, the jig 11 is formed by a white
ceramic material, and a black colored bar code which represents
a jig number for identifying this jig itself (identification
sign) is formed on a side surface of the jig 11 by laser
processing.
The RLG machining device 14 conducts control of stopping
position for MR height (or throat height) machining of the bar
10, and correction of bending of the bar in control of the

computer 15. The structure of this type of machining device is

known from, for example, US Patent No. 5,620,356.



of workpieces other than the bar with a plurality of nagnetic head

el ements. Further objects and advantages of the present invention wll be
bpparent fromthe foll ow ng description of the preferred enbodi nents of the
invention as illustrated in the acconpanyigng draw ngs. BRI EF DESCRI PTI ON OF

e o O, 8 HORUR TSR e ELABM L Pl obener. ween

s U T RN IR e R i

Lt o LR bt BRSOt HAETRER, BB TR TR . P i
illustrates a plan view of MR head element'portions and a RLG
sensor portion of the bar 10. In this figure, although all the
MR head element portions and the RLG sensor portion cannot be
seen from outside due to an inductive head element multi-
layered on this structure, a part of these layers on the bar 10
is tfansparently viewed.

In Fig. 3, reference numeral 10 denotes the bar, 10a
denotes an ABS of the bar 10, which is to be lapped, 30 and 31
denote two of a plurality of MR head elements formed in one row
along this bar 10, 32 denotes one of the RLG sensors formed in
a space area between the MR head elements 30 and 31 in parallel
with these MR head elements, 30a and 3la denote MR layers Qf
the respective MR head elements 30 and 31, 30b and 31b, and 30c
and 31c denote lead conductors connected to both ends of the MR
layers 30a and 3la, 32a denotes a resistor layer of the RLG
sensor 32, and 32b and 32c denote lead conductors connected to
both ends of the'resistor layer 32a. The MR layers 30a and 31a
and the resistor layer 32a run in parallel with the ABS 10a.
The JIGNODB table 18 is a reference table in which

relationships of a wafef nﬁmber for identifying the wafer, a
bar number for identifying the bar 10 and a jig number of the

Jig 11 to which the bar 11 is attached are stored. The jig



lustrating a flow of a RLG machining process; Fig. 5is a view

lustrating arrangenent and pattern of MR head el ements and RLG sensors on
a bar; Fig. 6 is a flowchart illustrating@in detail a flow of a MR hei ght
pontrol process_and a bendin correctlon process th n|n
process shomﬂuPHeFlds Eseﬁl % retyigvalnkey, PIFB%FrinﬁgD aﬁg
net hod; and Fi gs. are V|ems illustrating a flow of abnornal val ue
r enovi ng steE@elwAFﬁgDBrG@€§§ dfods Pndptgbage B%SERFP?IéNwéﬁeTHEuPhEFERﬁED
EMBODI MENTS Fig.. 1 schematically illustrates a part of constitution of a
RLG nachln|nBS§95ﬁ§nﬁf§Pr§§rF§FH638&ﬂ §eMRaHQ|3hPaHaEHPHPﬁglﬁrB§§§sas a
according to a preferred enbodi ment of the present invention, and Fi
i|lustrates §P§@ﬂﬂ|€§Wré8N§#|FGF|onIBftpﬁetéﬁﬁédFﬁEnYarhopﬁgmaﬁhiPﬁnglQﬁtal

and 2, reference nuneral 10 denotes a bar in
inherent to each bar are stored so that the data can be taken

structure of one of RLG sensors; Fig. 4 is a flow chart schematically
i
il

out in a unit of bar.

The RLG sensor height optical measuring device 20
optically measures non-lapped RLG sensor'height in the wafer
processing stage. The optically measured data with respect to
RLG sensor height hereinafter referred to as MSI data is
transferred to the WAFERDB table 19 through the LAN 21 during
the wafer processing stage.

Fig. 4 schematically iliustrates a flow of the RLG
machining process in this embodiment.

Before starting the RLG machining process, data are
prepared in the RLG database 17 (step SO0). That is, during the
wafer processing stage, parameters inherent to each bar, which
are necessary for calculation of MR height and calculated from
measured resistance data from the RLG sensors 16 and MSI data
from the optical measuring device 20, machining target values
of the MR height and méchining standards (errors) are stored in
the WAFERDB table 19 for each bar in a unit of wafer.
Furthermore, each bar 10 separated from the wafer by cutting is
adhered to the machining jig 11, and relationships of the wafer

number for identifying the wafer, the bar number for



which a plurality of thin-fil mmagnetic head sliders fornmed by cutting a
waf er (not shown) are aligned, 11 denotes a jig for the RLG nmachining to
which the bar 10 is attached, 12 denotes a 7 bar code reader for reading
a bar code 13 provided on the jig 11, 14 denotes a RLG machi ning devi ce for

carrying out the MR height machini ng progcess, 15 denotes erson

co(rjrput er deI edidemdl XA nep e (RAF 11 tBrTF %Jﬂfﬁ:tﬂ"rﬂeqf’gr el i e 1341%?11|d1 %2 bar

code reader 12, 16 denotes a plurality of RLG sensors (l.appj tr

Zensor s) prowhdedh gha hana0 115 AthadthadieF Y ahdtd tﬁ}g‘i@%‘fﬁ%le 18.
enotes a RLG database having a jig nunber datahase (Jl table 18 and

a waf er database (ERSFEFBBN{LRND 11‘8?3% HP cf‘éirfgl Z’aa‘éiﬁv © MUy

devi ce of RLG sensor height. The conputer 15, the RLG database 17 and the
ensor hei ghtfcaptaadgukadakon il e MR el eghdn andyrihRgednkp the WAFERDB

table 19 are calculated as follows.

w

As shown in Fig. 5, a marker 50, a plurality of MR head
elements 51, 52, 53,..., and RLG sensors 54, 55, 56,... are
formed on the single bar 10 in rows. The MR head elements 51,

52 and 53 and the first, second and third RLG sensors 54, 55

and 56 are alternately aligned. These RLG sensors 54, 55 and
56 have patterns different from each other. A plurality of
sets, for example, 12 sets of the first, second and third RLG
sensors 54, 55 and 56 are formed on the single bar 10. This 12
sets case corresponds to a case of 30 % shrink magnetic head.
Edges 57 opposite to the ABSs 10a of the MR head elements andl
the RLG sensors are aligned on the same line which is parallel
to the ABS 10a. Although omitted in Fig. 5, to these MR head
elements and RLG sensors are connected lead conductors as shown
in Fig. 3.

Width and height of the first RLG éenso; 54 are defined as
W, and H; (xm), width and height of the second RLG sensor 55
are defined as W; and.Hl—lo, width and height of the third RLG
sensor 56 are defined as W;+10 and H;-10.

In order to correct a difference between a designed

pattérn size on a mask used for making these pattern and an



recei ve data through a network such as LAN 21. Although not shown in Fig.

2, a plurality of sets each conposed of the conputer 15 and the RLG
machi ni ng device 14 can be connected to the LAN 21. In this enbodiment, the
jigill is fornmed by a white ceramic materyml, and a bl ack colored bar code
which represents a jig nunber for identifying this jig itse
(identificatachuslgnptternosied of &heil érsugiaﬁénﬁﬁ ?%%IP BeEWGQQ thgepdge
processing. The RLG nmachi ni ng devi ce 14 conducts control of sto

position for58Rphelghonedr onhibat ARSI ghdy efichhai Rarkert @ aad Ege afdges 57
correction of bending of the bar in control of the conmputer 15. The
structure ofophositgpsoothansREnshdedeli thei¥Rkhead eiorpntsravdakbfe, US
Pat ent No. 5, 620, 356. 8

5 sensors is measured by the optical measuring device 20. Then,

the difference between the measured MSI data and the designed
value of 13 um for example is added to or subtracted from H;.
The designed value of Hy is 20 pm, and the designed value of
Wi is also 20 pm.

A resistance value R; of the first RLG sensor 54, a
resistance value Ry of the second RLG sensor 55, and a
resistance value Rg of the third RLG sensor 56 are given by the

following expressions;

Ry = Ry +(C+SX Wy )/(H{-10)

where R represents a resistance value of lead conductors, S
represents a sheet resistance value defined by the material and
thickness of a resistor layer, and C represents other
resistance (resistance value per a unit of height) such as
crowding resistance.-

(C+SxX W,) and Ry can be calculated using R; and Ry in
these expressions as follows.

C+SX Wy = -H;y X (Hy-10) X (R;-Rg)/10

Ry = Ry+(H;-10) X (R1-Ry)/10

Thus,; (C+S><W1) and Ry, are calculated with Hy corrected by



The RLG sensors 16 are simultaneously forned together with MR head el enents
i n the wafer processing stage. The planar structure of one of the RLG
sensors is shown in Fig. 3 which illustrates a plan view of MR head el enent
porfions and a RLG sensor portion of the fmr 10. In this figure, although
all the MR h | ement portions and the RLG sensor portion cannot be seen
fron1outsideﬁggeg?gaaﬁnpnﬁﬁéﬁ?§€nﬁ§aﬂaéﬁeﬁtn?nﬂu32i@°F39éi¥dm8ﬁSPﬁP§ by the
structure, a_part of these layers on the bar 10.is transparently viewed. In
Fig. 3, refefgﬁﬁE abfefgrongd é&ﬁo?@gs?ﬁﬁ p4randBSdechding LHeABROBE-t he bar
10, which is_ to be | pged, 30.and 31 denote two of a plurality of MR head
el enent s forﬁ%ﬂc¥ﬁbﬁae ¥BheaP4ABESt hi Thery the abtainedc¥ajussoprenstered in
sensors forned in a space area between the MR head el enments 30 and 31 in
paral | el wit WAFRRRR h8ad®el enents, 30a and 31a denote MR | ayers of the
respective MR head el enents 30 and 31, 30b and 31b, and 30c and 31c denote
| ead conductors cdrRcBREIRINGPROGRES bF apBUARLY a5kiEtedal kol Step SPain

denotes a resjstor Iaggr of the RLG
Fig. 4. irst, the jig 11 to which the bar 10 to be lapped is

adhered is placed on the RLG machining device 14 (step S1).
After the placement, with respect to all the RLG sensors 16,
whether they are in open state (resistance value is infinite)
or in short state (resistance value is substantially zero) is
checked (step S2). The RLG sensor in open state or in short
state is treated as invalid RLG sensor and the detection signal
from the invalid RLG sensor is not used for the RLG machining
process. Then, the bar code 13 described on the jig 11 is read
outlby the bar code reader 12 (step S3).

Thus, the computer 15 obtains a jig number from input bar
code data, and retrieves the JIGNODB table 18 of the RLG
database 17 by referring to the obtained jig number, and
extracts a wafer number and a bar number (step S4).

Then, the WAFERﬁb table 19 of the RLG database 17 is
retrieved by referring to these wafer number and bar number,
and parameters inherent to the bar, a target value of MR height
machining, and machining standards (errors) thereof are
extracted from the table 19 (step S5).

" Then, lapping of the ABS or MR height control is executed



sensor 32, and 32b and 32c denote | ead conductors connected to both ends of
the resistor layer 32a. The MR | ayers 30a and 3la and the resistor |ayer
32a run in parallel with the ABS 10a. The JIGNODB table 18 is a reference
tabl'e in which relationships of a wafer ngmgber for identifying the wafer, a
bar nunber for ldentifying the bar 10 an nunber of the jig 11 to

whi ch the baWith Q?ﬁﬂﬁﬁ%é%@dbﬁpg §§bP§dtg?hQaFPBas uHBHbEB 'ébgggd as a
retrieval key in this JI GNODB t-able 18. The WAFERDB table 19 is a database
in which a WBeBtiemete eXtEagded §§t& PWr§Per8PF|@§§P1Eé9gaﬁﬂoﬁeﬁﬁrSHuﬁB@F
Is used as a second retrieval key. In_the table 19, variqus. m hlnln%gdata

i nherent to &henMBahedghts: dlted §é“€ﬁ&ﬂtyh8fd895i@éﬁnﬁeofaﬁéﬁ gr bRTLmSHA:

of bar. The RLG sensor hei ght optlcal measuri ng device 20
target value (step S6). _

Fig. 6 illustrates this MR height control process with
bending correction at the step S6. The following processes at
steps S60 to S65 are repeatedly executed at a predetermined
interval of for example 10 seconds.

First, resistance values of the normal RLG sensors 16
which are not treated as the invalid sensor at the step S2 are
detected (step S60), and MR heights HyR at that time are
calculated based upon the detected resistance values (step
S61).

In this embodiment, the resistance values R; and Ry of
the first and second RLG sensors 54 and 55 are detected and MR
height is calculated from the detected resistance values with
respect to each set. The MR height Hyp is calculated by
parameters RL and (C+ SxW;) inherent to the bar and by
detected resistance data Ry or Ry, using the fcllowing

expression;

HMR (C+S X Wl)/(Rl-—RL) or

Then, the RLG sensor which causes an abnormal value (an
extremely different value in comparison with other values) of

the calculated MR height is treated invalid, that is, the



optically measures non-| apped RLG sensor height in the wafer processing
stage. The optically measured data with respect to RLG sensor hei ght
herei nafter referred to as Msl data is transferred to the WAFERDB table 19
through the LAN 21 during the wafer procesgjng stage. Fig. 4 schematically
illustrates a flow of the RLG machining process in this enbodi nent. Before
starting the R€3 seaiceei wglpe ofeas, thihs aRlaG esguemar ksl removhed RLGY das bbgsa
17 (step SO . That is, during the wafer processing stage, paraneters
i nherent to esmdotiaing wiethodr éstepesé2)yy for cal cul ati on of MR hei ght and
cal cul ated from neasured resi stance data fromthe RLG sensors 16 and M5
data fromthe optileateimafter hgthevsmeo Aingacdthodgri Bl gee descretbed ime
MR hei ght and machi ni ng standards (errors) are stored in the WAFERDB t abl e
19 for each bhdgtania unig. of stabwes . a Fschidma e egr epit hobatwd-0d begas boresll f r om
the wafer by cutting is adhered to the machining jig 11, and rel ati onshi ps
of the wafer dovieindtds iaentidyd ng, thiseraferis tdepdstt tombef édoch RLG
sensor and y is a MR height calculated from the resistance
value of this RLG sensor. According to the smoothing method,
first, an inclination Keii-1)i between adjacent two points xj;_q
and xj (i=2,...,n) shown in this figure is calculated;
k19=(y9-¥1)/(x%9-%3),

kog=(y3-¥g)/(X3-X5),

K(n-1)n"Yn¥(n-1))/(Xn~X(n-1)) -

These inclinations k(i—l)i represent a rate of change between
the resistance values of adjacent two RLG sensors with respect
to a distance between these two RLG sensors.

Then, a pnsitive square root of sum of squares of
differences between two sequential inclinations k(i—l)i and
k(i-2)(i—1) is calculated. This calculated value represents
Smooth &S follows. In other words, it represents a positive
square.root of sum of squares of differences between the rates
of change of a certain RLG sensor with respect to two RLG

sensors adjacent to the certain RLG sensor.



10 identifying the bar 10 and the jig nunber of the jig 11 to which the bar
10 i's adhered are stored in the JIGNODB table 18. The paraneters i nherent
to each bar which are necessary for calculation of the MR height and stored
in the WAFERDB tabl e 19 are cal cul ated asiboll ows. As shown in Fig. 5, a
marker 50, a plurality of MR head el gments 51, 52, 53,..., and G sensors
54, 55, 56,... ar8mbormed dhkpseXgpAgré balkia-wnnrSum-2Ta-wR)hdad

el ements 51, 52 and 53 and the first, second and third RLG sensors 54, 55
and 56 are alterndfetheacpdsadatedeSpnobir $6n85LELSY, tH8NaAdSKHGoAVE
patterns different fromeach other. A plurality of sets, for example, 12
sets of the repfsrensec¥adugn@ft ferderampdendBrswhichsisaAgtsgmipeds dpned on

the single bar 10. This 12 sets case corresponds to a case of 30 % shrink
magneti c heasiccordance with the required accuracy of the MR height

(Smooth>1o)' it is judged that there is an abnormal value in
the calculated MR heights and thus either the maximum value or
the minimum value of the MR heights is removed. Which value
should be removed is determined as follows. First, among the
MR heights y used in the calculation of Sy ,5¢p Values yy
greater than an average value <y> of the MR heights y and
values YL smaller than the average value <y> are extracted.
When the number of the extracted values ypy is smaller than the
number of the extracted values yp, the maximum value is
removed. Contrary to this, when the number of the extracted
values yp, is émaller than the number of the extracted values
Yy the minimum value is removed.

After the removal of the maximum or minimum value of the
MR height, namely after the removal of the resistance value of
the invalid RLG sensor, S;,,tp 1s calculated again with respect
to the MR heights obtained from the resistance values of the
remaining RLG sensors and the maximum or minimum value is
removed if the calculated Sp,,tn is greater than 10. These
processes are repeated until the calculated Smootnh Pbecomes 10
or less. Fig. 8a illustrates the above-mentioned first

abnormal value removing processes using the smoothing method.



Edges 57 opposite to the ABSs 10a of the MR head elenents and the RLG
sensors are aligned on the same line which is parallel to the ABS 10a.
Al though onmitted in Fig. 5 to these MR head el ements and RLG sensors are
connected | ead conductors as shown in Fig.ijg8. Wdth and hei ght of the first
RLG sensor 54 are defined as Werr] and Herr] ([err]m, wdth and hei ght
of the second RLG Feesorabbaueraglef vatde asa\$tanfandddéytatiofpeand, awi dth
and height of the third RLG sensor 56 are defined as Werr]+l 0 and
Herr]-10. | nregrlessioncbinecvithdréspeeticto bthecdR hetightgnebitpiheér firsmze
on a mask used for making these pattern and an actual pattern size of
the bar, di sttineerédBshanet weahuesecordgire SBepaining nRCG osender #Baxrsi de of
the marker 50 and the edges 57 opposite to the ABS side of the MR head
el enents and ddIesksntseds i Bf nehe MRMhbightel ophépend neasangegofiew 265 20imes
Then,
of the standard deviation from the calculated regression line,
the resistance value of the RLG sensor with respect to this MR
height is omitted (step S63). In stead of the range of +2.5
times of the standard deviation from the regression line, a
range of +30 % of the average value from the regression line
may be used. Namely, if the MR height is beyond the range of
+ 30 % of the average value from the calculated regression
line, the resistance value of the RLG sensor with respect to
this MR height is omitted. This range is not of course limited
to the value of + 2.5 times of the standard deviation nor to
the value of +30 % of the average value. Fig. 8b illustrates
this second abnormal value removing process.
Then, similar to the above-mentioned second abnormal value
removing process, an average value, a standard deviation and a
regression line with respect to the MR heights obtained from
the resistance values of the remaining RLG sensors are
calculated. I1If the MR height 1s beyond a range of + 2.5 times
of the standard deviation from the calculated regréssion line,
the resistance value of the RLG sensor with respect to this MR

height is omitted (step S64). In stead of the range of +2.5

times of the standard deviation from the regression line, a



the "di fference between the neasured MSI data and the designed val ue of 13
[err] mfor exanple is added to or subtracted fromHerr]. The designed
valye of Herr] is 20 [err] m and the designed value of Werr] is also 20
[err]m A resistance value Rlerr] of the §4rst RLG sensor 54, a resistance
value R2 of the second RLG sensor 55, and a resistance value R err] of the
third RLG sendege568fade3fi $eafbyhenhavevhgewaguexpfremsthasregression line
RL+(C+SX Werr])/Herr] Rerr] = Rerr]+(C+SXWerr])/(Herr]-10) Rerr] =
R err] +{ C+Sxagyyleerpsed) } / Thiier ringe) isheot &f ecoyirsepléméned nor thesvahue
val ue of |ead conductors, S represents a sheet resistance val ue defined by
the materialofind 2hdckhees of theestsndardagev]athdnmoreptesthesvalherof
resi stance (resistance value per a unit of height) such as crowdi ng
resi stance. &@A®x%\VPErthe averifecwalbe. caltgl aSediltusgrifesrthbsdtRiedr |
I n these expressions as foll ows.

abnormal value removing process.

During the first to third abnormal value removing
processes, if the MR height calculated from the resistance
value of the RLG sensor located nearest to one end of the bar
10 is abnormal and the resistance value of this RLG sensor is
omitted, a substitute MR height which is obtained by
interpolation from the MR height calculated from the resistance
value of the adjacent RLG sensor is used.

Thereafter, a quaternary regression curve with respect to
the MR heights obtained from the resistance values of the
remaining RLG sensors is calculated, and the lapping of the MR
height is executed with driving linear DC motors (not shown) in
the RLG machining device 14 to correct the bending of the bar
10 so that the quaternary regression curve approaches to a
straight line (ster S65). Fig. 8d illustrates this process.

The aforementioned RLG machining contrbl at steps S60 to
S65 are repeated at a prédetermined interval such as for
example 10 seconds until the average value of the MR heights
calculated from the resistance values of the RLG sensors

reaches its standard value or its target value. The RLG

machining control is finished when the average MR height



C+Sx Werr] = -Herr]X (Herr]-10) x (Rerr]-Rerr])/I0 RL =
Rlerr]+(Herr]-10) x (Rerr]-Rerr])/10 Thus, (C+Sx Werr]) and R err] are
¢alculated with Herr] corrected by 12 MBI data and resistance data
Rlerr] and Rlerr] actually neasured by thepgirst and second RLG sensors 54
and 55, using the above- described expressions. Then, the obtained val ues
are stored i nteaFEseBthabptandarg vakdehi nAhgthabcbine; sthet gusryesparyed
fromstep Si in Fig. 4. First, the jig 11 to which the bar 10 to be | apped
i s adhered isregresdion chévezL@ilrhc{aeﬁmg gebsteantial iy eptupighing i tnet hs

pl acement, with respect to all the RLG sensors 16, whether they are in open
state (resistsieenyvinyBigs BAfinite) or in short state (resistance value is

substantially zero) is checked (step S2). The RLG sensor in open state or
in short After the RLG machining process is completed, finally

measured resistance data R; and R, are stored in thé WAFERDB
table 19 (step S7 of Fig. 4).

As aforementioned, according to this embodiment, MR height
control and correction of bending of the bar are executed after
an abnormal value of the MR heights calculated from the
resistance values of the respective RLG sensors 16 is omitted.
Therefore, the machining control can be always performed in
accordance with the correct data causing decrease in magnetic
head yields to prevent.

Although in the above-mentioned embodiment, the RLG
machining process according to the present invention is applied
to the MR height control of the bar, it is apparent that the
present invention can be used in various bar machining control
using detection signals from sensors other than the MR height
control. Furthermore, the present invention can be applied to
various machining control of workpieces other than the bar with
a plurality of magnetic head sliders.

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



state is treated as invalid RLG sensor and the detection signal fromthe
invalid RLG sensor is not used for the RLG nmachining process. Then, the bar
code 13 described on the jig 11 is read out by the bar code reader 12 (step
S3). Thus, the conputer 15 obtains a jig agnber frominput bar code data,
and retrieves the JIGNODB table 18 of the RLG dat abase 1% bé r§feﬁbing to
the obtai nedd¢sgrhbedein she sreciéisahions epxAgRbefSaABTAVESr IAULIBEr (step
S4). Then, the WAFERDB table 19 of the RLG database 17 is retrieved by
referring toapbeséedatéaimgnber and bar nunber, and paraneters inherent to
the bar, a target value of MR hei'ght machining, and machini ng standards
(errors) thereof are extracted fromthe table 19 (step S5). Then, | apping
of the ABS or MR height control is executed 13



~

Wi th correcting bending of the bar based upon the above- nentioned
extracted data by the RLG nmachi ning process so that the MR hei ght
plurality of positions of the bar becone a target vaIue*t§f€5~%§YS~aL~&~’
illustrates this MR height control processagith bending ““mmﬂm]
step S6. The follow ng processes at steps S60 to S65 arg

execut ed at WHARJES CIARMED i Fierval of for exanple 10 Secomds:t Pirst,

resi stance val ues of the normal RLG sensors 16 which are not treated as the
invalid sensor at the step S2 are detected (step S60), and MR hei ghts HWR
at that tine are cal cul ated based upon the detected resistance values (step
S61). In thislenbodimethod t fer reenttacdg A4 mRaclHEing rederdl] &f the
first and second RLG sensors 54 and 55 are detected and MR height is

cal cul at ed f vounkpecketconplsing sthmcxtens @h: with respect to each set.

The MR height HVR is cal cul ated by paraneters RL and (C+ Sx Werr])
i nherent to the bameasuriyg amounts of machining of the workpiece by a

blurality of sensors located at different positions on the
workpiece, said sensors providing detection signals which
represent said respective measured amounts;

removing the detection signal when the detection signal
has an abnormal value which is extremely different in
comparison with values of the other detection signals by using
a smoothing method; and

controlling the machining of the workpiece depending upon

the remaining detection signals from said sensors.

2. The method as claimed in claim 1, wherein said removing
step includes a step of calculating each rate of change between
values of the detection signals of adjacent two sensors with
respect to a distance between said adjacent two sensors, and a
step of determining removal of the detection signal of each
sensor depending upon a difference in the rates of change of
said each sensor with respect to'two sensors adjacent to said

each sensor.

3. The method as claimed in claim 2, wherein said removing



detetted resistance data Rlerr] or Rerr], using the f ' jon;
HWR = (C+SxWerr])/(Rerr]-Rerr]) or HWR = (C+Sx Werﬂiﬂmmmﬂﬂa 1).
Then, the RLG sensor which causes an abnormal val ue (anhs my @lfrerent
val ue in conparison with other values) of 2ihe cal cul ated MR height is

treated invalid, that is, the 14 resistance value fromthis RLG sensor
i s removed, HfaRiy Behothiieset ey QePmdting g (f81estiemsignal
snmoot hing nmethod wi |l be described in detail. Fig. 7 shows a schematic

graph of two-Witfersidiy pormaxdius wlue My fhe hdgHaum jsalng,gden gh of
each RLG sensor and y is a MR height calculated fromthe resistance val ue
of this RLG PaFrivarntBHihred e S athistparah@f, differences of said

rates of change exceeds a predetermined value.

4. The method as claimed in claim 1, wherein said removing
step includes a step of calculating an average value, a
standard deviation and a regression line of values of the
detection signals, a step of determining removal of the
detection signal when a value of said detection signal is out
of a range from the calculated regression line, said range
‘being predetermined in accordance with a required preéision for
machining the workpiece, and a step of omitting the detection
signal when said determining step determines the removal of the

detection signal.

5. The method as claimed in claim 4, wherein said calculating
step, said determining step and said omitting step are

repeated.

6. The method as claimed in claim 4, wherein said controlling
step includes a step of calculating a quaternary regression

curve depending upon the remaining detection signals from said
sensors, and a step of executing the machining control of said

workpiece so that the calculated quaternary regression curve



first, an inclination k(i.-)i between adjacent two points xi _ and xi

(i=2,...,n).

shown in this figure is cal cul ated,;

k[err]=-(y[err]-y[err])/(x[err]-x[err]) k[err]=( y[err]-y[err] )

[ (X[err]-Xerr]) k(n[err])n=(y[err]-y([er2d) )/ (x[err "u TH e
inclinations k([err])i represent a rate of change bet!/mmmi" mu mCe
val ues of adtRREPRCHGE RPRsehsaighiy Lhneespect to a df stQnde Wet feeh these
two RLG sensors. Then, a positive square root of sum of squares of

di f ferences

bet ween two sequential inclinations k([err])[er] and

k([err])([err]) is calculated. This calcul ated value represents Snooth as
foll ows. Inf ot heFh@opgthodtasecplatmedsin ebalmni e wheretn sdidovorkpiete
squares of differences between the rates of change of a certain RLG sensor
with respectis @ th@r R ¥ehehra Blpprbhty tof t tHeiref i b magee b shead

elements are aligned, said bar being formed by cutting a wafer.

8. The method as claimed in claim 7, wherein said controlling
step includes a step of controlling a properties-determining
height of the thin-film magnetic head elements on the bar by
lapping an air bearing surface of the bar and by correcting
bending of the bar, and wherein the values of the detection
signals are machining amount values of said properties-
determining height obtained from sensed signals of a plurality

of sensors located at different positions on the bar.

9. The method as claimed in claim 8, wherein said properties-
determining height controlling step includes a step of
measuring resistance values of said sensors, said resistance
values being varied in accordance with the lapping and the
correction of bendiné, and a step of calculating said machining

amount values in accordance with said measured resistance

values.

10. The method as claimed in claim 8, wherein said controlling

step includes a step of interpolating, when said removed



15 Snooth-[err]{(k[err]-k[err]) 2+ +(k([err])nk([err] | f the
cal cul ated Snooth is greater than a Smooth reference vbiﬂm&fi’w ”wnﬁ | e
10, which is determ ned in accordance with the require

hei ght (Snooth>10), it is judged that thez® is an abnornal value in the
cal cul ated MR heights and thus either the maxi mum value or the m ni num

val ue of thed&@@héightsiggaieﬁﬁvédsiwnﬁéhfvamuéhQhéﬂpﬁoﬁelPéﬁﬁﬁgan§reSt to
determined as follows. First, anpng the MR heights used in the

cal cul ati on ofieSendt bf theubsryutheesedneshaf gheaQ@F§§§19§lﬁégﬁ?isofrPHe
MR heights y and values YL snmaller than the average val ue <y> are
extracted. \Wee seesaunBéjaoenthéoegaidcend lapﬁégdyﬁep§°§n%PlEFOYﬁQﬁ ghe
nunber of the extracted values YL, the maxi mnum value is renoved. Contrary
to this, whesubstibutbedetbctheonesignsledseifiupzorertiesndpterniningt height
nunber of the extracted values YU, the mninmumvalue is renoved. After the
renoval of téentmainatreprbeingnerecuted by uhéng the remaining detection

signals and the substitute detection signal.



MR hei ght, nanely after the renoval of the resistance value of the invalid
RLG sensor, Snmooth is calculated again with respect to the MR heights
obtained fromthe resistance values of the renmaining RLG sensors and the
maxi mum or mnimumvalue is renoved if thegal cul ated Smooth is greater
than 10. These processes are repeated until the cal cul ated Snooth becones
LOor less. Fig. 8a illustrates the above-nentioned first abnornal val ue
renovi ng processes using the s ' _ﬂEthOd 16 Then, an average

val ue, a stand&ﬁﬂ@ﬁﬁ&%éh %#éEEHJaa E8sion line with respect to the MR
hei ghts obtained fromthe resistance values of the remaining RLG sensors
are cal cul at eqypiion HORRAOPEROKL NG MANNING asCEds GF WORKErECHE t he
standard deviation fromthe cal cul ated regression |line, the resistance
val ue of the RLG sensor with respect to this M

A method for controlling a machining process of a
workpiece includes a sfep of measuring amounts of machining of
the workpiece by a plurality of sensors located at different
positions on the workpiece, the sensors providing detection
signals which represent the respective measured amounts, a step
of removing the detection signal when the detection signal has
an abnormal value which is extremely different in comparison
with values of the other detection signals by using a smoothing
method, and a step of controlling the machining of the

workpiece depending upon the remaining detection signals from

the sensors.
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hei ght is omtted (step S63). In stead of the range of 2.5 tines of the
standard deviation fromthe regression line, a range of 30 % of the average
value fromthe regression line may be used. Nanely, if the MR height is
beyond the range of 30 % of the average Wydnafron1the cal cul at ed
regression line, the resistance value of t'he RLG sensor with respect to
this MR height is onmitted. This range is not of course linmited to the val ue
of 2.5 tines of the standard deviation nor to the value of 30 %of the
average value. Fig. 8b illustrates this second abnormal val ue renoving
process. Then, simlar to the above-nentioned second abnormal val ue
renovi ng process, an average value, a standard deviation and a regression
line with respect to the MR heights obtained fromthe resistance val ues of
the remaining RLG sensors are calculated. If the MR height is beyond a
range of 2.5 tinmes of the standard deviation fromthe cal cul at ed
regression line, the resistance value of the RLG sensor with respect to
this MR height is onmtted (step S64). In stead of the range of 2.5

-—
o~

Va 24

o

.

A

Fig. 1




times of the standard deviation fromthe regression line, a 17 range of
30 % of the average value fromthe regression |ine may be used. This range
is not of course limted to the value of 2.5 tinmes of the standard
deviation nor to the value of 30 % of tiygg average value. Fig. 8c
illustrates this third abnormal val ue renoving process. During the first to
third abnornmal val ue renoving processes, if the MR height cal culated from
t he resistance value of the RLG sensor | ocated nearest to one end of the
bar 10 is abnormal and the resistance value of this RLG sensor is omtted,
a substitute MR height which is obtained by interpolation fromthe M

hei ght cal cul ated from the resistance value of the adjacent RLG sensor is
used. Thereafter, a qu?ternargregressi?_h curve with spect to
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the*MR hei ghts obtained fromthe resistance values of the remaining RLG
sensors is calculated, and the [ apping of the MR height is executed with
driving linear DC nmotors (not shown) in the RLG machi ning device 14 to
correct the bending of the bar 10 so thagléhe guaternary regression curve
approaches to a straight line (step S65). "Fig. 8d illustrates this process.
The af orenenti oned RLG nachining control at steps S60 to S65 are repeated
at a predeterm ned interval such as for exanple 10 seconds until the
average value of the MR heights calculated fromthe resistance val ues of
the RLG sensors reaches its standard value or its target value. The RLG
machi ning control is finished when the average MR hei ght 18 reaches the
standard value. At that time, the quarternary regression curve will becone
substantially straight line as

3

1g.

<
30b



shown in Fig. 8e. After the RLG machining process is conpleted, finally
nmeasured resistance data Rlerr] and R err] are stored in the WAFERDB t abl e
19 (step S7 of Fig. 4). As aforenentioned, according to this enbodi ment, M
hei ght control and correction of bending gjgthe bar are executed after an
abnormal val ue of the MR heights calculated fromthe resistance val ues of
the respective RLG sensors 16 is omtted. Therefore, the machining control
can be always performed in accordance with the correct data causing
decrease in magnetic head yields to prevent. Al though in the
above-nenti oned enbodi nent, the RLG machi ning process according to the
present invention is applied to the MR height control of the bar, it is
apparent that the present invention Caﬂ:? sedg n various bar machining
control using detection signals from sgn o‘ﬂLr than the MR hei ght
control. Furthernore, the present invention can be applied to various
machi ni ng control of workpieces other than the bar with
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a pllurality of nagnetic head sliders. Many widely different enbodi nents of
the present invention may be constructed wi thout departing fromthe spirit
and scope of the present invention. It should be understood that the
present invention is not limted to the sgggific enbodinents 19
described in the specification, except as defined in the appended cl ai ns.
20 WVHAT | S CLAIMED I S: 1. A nethod for controlling a machi ning process of

a wor kpi ece conprising the steps of:
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measuring anounts of machining of the workpiece by a plurality of sensors
| ocated at different positions on the workpiece, said sensors providing
detection signals which represent said respective neasured anounts;
removi ng the detection signal when the dﬁ%gction si gnal has an abnorm
value which is extrenely different in conparison wth values of the other
‘detection signals by using a snoothing nethod; and controlling the
machi ni ng of the workpi ece dependi ng upon the renmining detection signals
fromsaid sensors. 2. The method as clainmed in claim11, wherein said
renoving step includes a step of cal culating each rate of change between
val ues of the detection signals of adjacent two sensors with respect to a
di stance between sai d adjacent two sengeflss, ange=a step of determ ning
renoval of the detection signal of eadﬁ? 304€hepending upon a difference
in the rates of change of said each sensof with respect to two sensors
adj acent to said each sensor

DETECTION OF RESISTANCE }._S60
VALUES BY RLG SENSORS

1
CALCULATION OF ]._S61
MR HEIGHT

!

REMOVAL OF ABNORMAL
VALUE BY SMOOTHING | 562
METHOD

| |
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VALUE USING F\«S63
REGRESSION LINE

1

REMOVAL OF ABNORMAL
VALUE USING | _S64
REGRESSION LINE

i

BENDING CORRECTION S65
AND MR HEIGHT CONTROL [~




3. * The nmethod as clained in claim2, wherein said renoving 21 step
further includes a step of omtting the detection signal with either the
maxi mum val ue or the m ni num val ue when a positive square root of sum of
squares of differences of said rates of ge exceeds a predeterm ned
val ue. 4. The nethod as clainmed in clai , Wherein said renoving step
i ncludes a step of calculating an average value, a standard deviation and a
regression |ine of values of the detection signals, a step of determning
renoval of the detection signal when a value of said detection signal is
out of a range fromthe cal cul ated regression |ine, said range being
predeterm ned in accordance with a required precision for nmachining the
wor kpi ece, and a step of omtting the detection signal when said

determ ning step determ nes the renoval of the .
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detection signal. 5. The nethod as clained in claim4, wherein said
calculating step, said determning step and said omtting step are
repeated. 6. The nethod as claimed in claim4, wherein said controlling
step includes a step of calculating a quatgr nary regression curve dependi ng
upon the remaining detection signals fromsaid sensors, and a step of
executing the machi ning control of said workpiece so that the cal cul ated
quaternary regression curve 22 approaches to a straight line. 7. The
method as clained in claim1, wherein said workpiece is a bar on which a
plurality of thin-film magnetic head el enents are aligned, said bar being
formed by cutting a wafer. 8. The nmethod as clainmed in claim?7, wherein

said controlling REMOVED BY
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step includes a step of controlling a properties-determ ning height of the
thin-fil mmagnetic head el enents on .the bar by | apping an air bearing.

- surface of the bar and by correcting bending of the bar, and wherein the

- val ues of the detection signals are machining amount val ues of said

- properties- determ ning hei ght obtained 5&0n1sensed signals of a plurality
of sensors located at different positions on the bar. 9. The net hod as
claimed in claim8, wherein said properties- determ ning height controlling
step includes a step of neasuring resistance val ues of said sensors, said

resi stance VABRERA THE | BESCHOSUREr dance with the | apping and the

correction of bending, and a step of cal culating said nachi ning anount

e oraimod IRERROFol! ChP ok SRR G ARG L AOCHY Dh omRaCR o o

I nt er pol ati ng, when said renoved

A method for controlling a machining process of a
workpiece includes a sfep of measuring amounts of machining of
the workpiece by a plurality of sensors located at different
positions on the workpiece, the sensors providing detection
signals which represent the respective measured amounts, a step
of removing the detection signal when the detection signal has
an abnormal value which is extremely different in comparison
with values of the.other detection signals by using a smoothing
method, and a step of controlling the machining of the
workpiece depending upon the-remaining detection signals from

the  sensors.
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A method for controlling a machining process of a workpiece includes a step of measuring amounts of machining of
the workpiece by a plurality of sensors (12,16) located at different positions on the workpiece, the sensors (12,16)
providing detection signals which represent the respective measured amounts, a step of removing the detection signal

~ when the detection signal has an abnormal value which is extremely different in comparison with values of the other

detection signals by using a smoothing method, and a step of controlling the machining of the workpiece depending
TUpon the remaining detection signals from the sensors (12,16)
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