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TITLE OF THE INVENTION 

200005529-3 
2 7 SEP 2000 

Method for Manufacturing Magnetic Head Suspensions and 

Method for Inspecting Metal Substrates for Magnetic Head 

Suspensions 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a method for 

manufacturing magnetic head suspensions used in magnetic disk 

10 devices and to a method for inspecting metal substrates used 

for the magnetic head suspensions. 

Description of the Background Art 

A plate-like support called magnetic head suspension is 

15 used in a magnetic disk device to position the magnetic head 

to a desired track on a rotating magnetic disk. The magnetic 

head suspension has a plurality of wiring patterns formed 

thereon, and it also has a magnetic head supporting portion 

(which is hereinafter referred to as tongue) formed near an 

20 end. In manufacture of the magnetic head suspension, an 

insulating layer, wiring patterns. and cover layer are formed 

in order on a metal substrate. 

Recently. a method for mass production of the magnetic 

head suspensions is suggested, where the processes for 

25 formation of the insulating layer, wiring patterns. and cover 
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layer are sequentially applied to a long-sized substrate in 

roll form which is continuously or intermittently transported 

(Japanese Patent Laying-Open No.10-320736). 

Fig .12 is a plane view showing the long-sized substrate 

5 used in the aforementioned conventional manufacturing method. 

As shown in Fig.12, a plurality of rectangular regions 110, 

each defining a unit in exposure process, are formed in two 

lines along the length direction of the long-sized substrate 

100. Each region 110 contains a plurality of magnetic head 

10 suspensions 101-formed in 6 columns and 16 rows. 

15 

Given processes are sequentially applied to each region 

110 on the long-sized substrate 100 continuously or 

intermittently transported, whereby a number of magnetic head· 

suspensions are formed at once on the long-sized substrate 100. 

In order to attach a magnetic head on the tongue of the 

magnetic head suspension, the tongue is bent so that it forms 

a given angle with respect to the body of the-suspension (the 

part of the magnetic head suspension except the tongue). In 

this process, the tongues of a plurality of magnetic head 

20 suspensions must be bent at a constant angle. 

However, the long-sized substrate wound in a roll has 

a certain amount of warp. The tongues of a plurality of magnetic 

head suspensions formed on such a substrate therefore have warp. 

In the process of bending the tongues, it is desired that 

25 the tongues of a plurality of magnetic head suspensions have 
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a constant amount of warp so that the tongues of the magnetic 

head suspensions can be bent at a constant angle. Accordingly 
. -

it is demanded that the variation in the warp is small among 

the individual regions on the long-sized substrate. 

5 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a method 

for manufacturing magnetic head suspensions in which the 

variation in warp of the tongues of a plurality of magnetic 

10 head suspensions formed on a long-sized metal substrate can 

be reduced to increase the rate of acceptable pieces. 

Another object of the present invention is to provide 

a method for inspecting metal substrates for magnetic head 

suspensions in which the variation in the warp of the tongues 

15 of a plurality of magnetic head · suspensions formed on a 

long-sized metal substrate can be reduced to increase the rate 

of acceptable pieces. 

The inventors of the present invention have carried out 

various experiments and considerations to find that there is 

20 a mutual relation between the variation in curvature of a 

long-sized metal substrate in its width direction and the 

variation in warp of the magnetic head supporting portions of 

a plurality of magnetic head suspensions formed on the metal 

substrate, and that using a long-sized metal substrate where 

25 the curvature variation in the width direction measured in its 
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partial region is equal to or smaller than a given value reduces 

the variation among warps of the magnetic head. supporting 

portions of a plurality of magnetic head suspensions formed 

on the metal substrate. The invention shown below has been made 

5 on the basis of the findings. 

According to an aspect of the invention, a method for 

manufacturing magnetic head suspensions comprises the steps 

of: measuring a variation in curvature in a width direction 

of a long-sized metal. substrate in its partial. region; selecting 

10 a metal. substrate where the variation in the curvature is not 

more than a given value; and forming a plurality of magnetic 

head suspensions by sequentially forming an insulating layer 

and a conductor layer on the selected metal. substrate while 

conveying the metal. substrate in its length direction. 

15 When the variation in the curvature along the width 

direction of a long-sized metal. substrate measured in its 

partial. region is equal. to or small.er than a given value, the 

variation in the warp is equal. to or small.er than a certain 

value in areas along al.most the whole length of the metal. 

20 substrate. Accordingly the variation in the warp of the magnetic 

head supporting portions of a pl.ural.i ty of magnetic head 

suspensions can be small in al.most the whole length of the metal. 

substrate by selecting a metal. substrate where the curvature 

variation along the width· direction measured in its partial. 

25 region is not more than a given value, and stacking an insulating 
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layer and a conductor layer on the selected metal substrate 

to form a plurality of magnetic head suspensions. This increases 

the rate of acceptable pieces of the magnetic head suspensions 

and improves the precision in the process of bending the 

5 magnetic head supporting portions. 

It is preferred that the given value is 2. OX 10-3 mm 

1 or less. In this case, the variation in the warp of the magnetic 

head supporting portions can be sufficiently reduced among the 

plurality of magnetic head suspensions formed on the long-

10 sized metal substrate. Accordingly the rate of acceptable 

pieces of the magnetic head suspensions is further increased 

and the precision of the process of bending the magnetic head 

supporting portions is further enhanced. 

It is preferred that the given value is 1.0Xl0-3 mm 

15 1 or less. In this case, the variation in the warp of the magnetic 

head supporting portions can be sufficiently reduced among the 

plurality of magnetic head suspensions formed on the long­

sized metal substrate. Accordingly the rate of acceptable 

pieces of the magnetic head suspensions is further increased 

20 and the precision of the process of bending the magnetic head 

supporting portions is further enhanced. 

The step of forming the plurality of magnetic head 

suspensions may comprise a step of forming the plurality of 

magnetic head suspensions on the metal substrate in such a 

25 manner that the length direction of the plurality of magnetic 
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head suspensions is parallel to the width direction of the metal 

substrate. 

In this case, in the plurality of magnetic head 

suspensions formed on the metal substrate, the direction in 

5 which their magnetic head supporting portions are bent 

coincides with the direction of the warp of the metal substrate. 

Since the variation in the warp in the width direction is equal 

to or smaller than a certain value in almost the whole length 

of the metal substrate, the variation among the warps of the 

10 magnetic head supporting portions can be sufficiently reduced 

in the plurality of magnetic head suspensions formed on the 

metal substrate. 

The metal substrate may be made of a stainless steel 

having a thickness of not less than 15µm nor more than.50 

15 µm. The metal substrate may be made of a stainless steel having 

a width of not less than 100 mm nor more than 500 mm. In these 

cases, by selecting a metal substrate where the curvature 

variation along the width direction measured in a partial region 

is not more than a given value, the variation in the warp of 

20 the magnetic head supporting portions of the plurality of 

magnetic head suspensions can be sufficiently reduced' in almost 

the whole length of the metal substrate. 

The step of measuring the variation in the curvature may 

comprise the steps of; extracting a plurality of stripe-like 

25 test pieces extended and arranged along the width direction 
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of the partial region of the long-sized metal substrate. setting 

three or more measuring points on each of the extracted test 

pieces along their length direction, measuring heights of the 

three or more measuring points set on each test piece. obtaining 

5 a curvature of each test piece on the basis of the heights of 

the three or more measuring points measured for each test piece. 

and calculating the variation in the curvature from the 

curvatures of the plurality of test pieces. 

The step of calculating the variation in the curvature 

10 may comprise a step of obtaining a difference between maximum 

and minimum values of the curvatures of the plurality of test 

pieces as the variation in the curvature. 

The step of extracting the plurality of test pieces may 

comprise a step of etching the partial region of the long-

15 sized metal substrate to remove the partial region except the 

plurality of test pieces. 

The step of measuring the heights of tbe three or more 

measuring points may comprise a step of measuring the heights 

of the three or more measuring points set on each test piece 

20 by using a laser microscope. 

According to another aspect of the present invention. 

a method for inspecting metal substrates for magnetic head 

suspensions comprises the steps of: measuring a variation in 

curvature in a width direction of a long-sized metal substrate 

25 in its partial region: and selecting a metal substrate where 
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the variation in the curvature is not more than a given value 

as a metal substrate for the magnetic head suspensions. 

When the variation in the curvature along the width 

direction of a long-sized metal substrate measured in its 

5 partial region is equal to or smaller than a given value, the -

variation in the warp is equal to or smaller than a certain 

value in areas along almost the whole length of the metal 

substrate. Accordingly the variation in the warp of the magnetic 

head supporting portions of a plurality of magnetic head 

10 suspensions formed on the metal substrate can be reduced by 

selecting a metal substrate where the curvature variation in 

the ·width direction measured in its partial. region is not more 

than a given value as a metal substrate for the magnetic head 

suspensions. This increases the rate of acceptable pieces of 

15 the magnetic head suspensions and improves the precision in 

the process of bending the magnetic head supporting portions. 

It is preferred that the given value _is 2.o_X10-3 mm-

1 or less. In this case, the variation in the warp of the magnetic 

head supporting portions can be sufficiently reduced among the 

20 plurality of magnetic head suspensions formed on the long­

sized metal substrate. Accordingly the rate of acceptable 

pieces of the magnetic head suspensions is further increased 

and the precision of the process of bending the magnetic head 

supporting portions is further enhanced. 

25 It is preferred that the given value is 1. o X 10- 3 mm 
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1 or less. In this case. the variation in the warp of the magnetic 

head supporting portions can be sufficiently reduced among the 

plurality of magnetic head suspensions formed on the long­

sized metal substrate. Accordingly the rate of acceptable 

5 pieces of the magnetic head suspensions is further increased 

and the precision of the process of bending the magnetic head 

supporting portions is further enhanced. 

The metal substrate may be made of a stainless steel 

having a thickness of not less than 15µm nor more than 50 

10 µm. The metal substrate may be made of a stainless steel having 

a width of not less than 100 mm nor more than 500 mm. In these 

cases,_ by selecting a metal substrate where the curvature 

variation along the width direction measured in its partial 

region is not more than a given value. the variation in the 

15 warp of the magnetic head supporting portions of the plurality 

of magnetic head suspensions can be sufficiently reduced in 

almost the whole length of the metal substrate. 

The step of measuring the variation in the curvature may 

comprise the steps of; extracting a plurality of stripe-like 

20 test pieces extended and arranged along the width direction 

of the partial region of the long-sized metal substrate. setting 

three or more measuring points on each of the extracted test 

pieces along their length di;rection. measuring heights of the 

three or more measuring points set on each test piece, obtaining 

25 a curvature of each test piece on the basis of the heights of 
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the three or more measuring points measured for each test piece, 

and calculating the variation in the curvature from the 

curvatures of the plurality of test pieces. 

The step of calculating the variation in the curvature 

5 may comprise a step of obtaining a difference between maximum 

and minimum values of the curvatures of the plurality of test 

pieces as the variation in the curvature. 

The step of extracting the plurality of test pieces may 

comprise a step of etching the partial region of the long-

10 sized metal substrate to remove the partial region except the 

plurality of test pieces . 
.. ,:. .. ~ 

The step of measuring the heights of the .three 'or· more 

measuring points may comprise a step of measuring the heights 

of the three or more measuring points set on each test piece 

15 by using a laser microscope. 

These and other objects, features, aspects and 

advantages of the present invention will become more apparent 

from the following detailed description of the present 

invention when taken in conjunction with the accompanying 

20 drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l is a plane view used to explain a method for 

inspecting a substrate used in manufacture of magnetic head 

25 suspensions according to an embodiment of the invention. 
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Fig. 2 is a diagram used to explain a method for measuring 

a variation in curvature in the width direction of the substrate 

shown in Fig.1. 

Fig. 3 is a plane view showing a magnetic head suspension 

-
5 manufactured by a manufacturing method of the embodiment of 

the invention. 

Fig.4 shows the cross-sectional views taken along the 

line A-A and the line B-B of the magnetic head suspension of 

Fig.3. 

10 Figs.5 to 7 show schematic process sections showing a 

process of manufacturing the magnetic head suspension of Fig. 3 . 

. Fig.8 is a plane view showing a long-sized substrate i.n 

the manufacturing method of the embodiment of the invention. 

Fig. 9 is a plane view showing one region on the 

15 long-sized substrate of Fig.8. 

Fig.10 is a plane view showing part of one section in 

the subregion of Fig.9. 

Fig.11 is a diagram showing measurements about the 

relation between the variation in the curvatµre of test pieces 

20 and the variation in the warp of the tongues. 

Fig.12 is a plane view showing a long-sized substrate 

in a conventional manufacturing method. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 A method for manufacturing magnetic head suspensions 
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according to an embodiment o:f the invention will now be 

described. 

In the magnetic head suspension manufacturi.ng method of 

this embodi.ment, first, · long-si.zed substrates made of 

5 stainless steel are i.nspected by the method shown below and 

substrates whose curvature vari.ations i.n the wi.dth di.recti.on 

are equal to or smaller than a gi.ven value are selected. Next 

a plurali.ty of magneti.c head suspensi.ons are formed on the 

selected substrates by the method explai.ned later. 

10 Fi.rst, the method for i.nspecti.ng magneti.c head 

susp~nsion substrates wi.11 be. descri.bed. Fig .1 is a plane view 

used to explain the method for inspecting substrates used in 

the manufacture of magnetic head suspensions of this embodiment. 

Fig.2 is a diagram used to explain a method for measuring the 

15 variation in curvature in the width direction of the substrate 

of Fig.1. 

In Fig.l, the substrate 10 has a thic~ness of 15 to·50 

JLm, a width of 100 to 500 mm, and a length of about 25 m, for 

example. In the area near the forward end of the substrate 10. 

20 ten test pieces 70 defined in parallel to the wi.dth direction 

TD of the substrate 10 are taken by etching. In this case, a 

pattern of etching resist is formed in the region near the 

forward end of the substrate 10 to cover only the areas of the 

test pieces 70 and the remaining part of the substrate 10 is 

25 removed by etching. The test pieces 70 each have a width of 
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2.5 mm in the length direction MD of the substrate 10 and a 

length of 30 mm in the width direction TD of the substrate 10. 

The ten test pieces 70 are arranged in positions shifted by 

a given distance dl from each other in the entire length of 

5 the width direction TD of the substrate 10. 

Next, as shown in Fig. 2, the extracted test piece 70 is 

set on the stage 80 of a laser microscope. Three measuring points 

Pl, P2 and P3 are set at intervals of 10 mm in the length 

direction of the test piece 70 and the heights h 1 , h 2 and h 3 of 

10 the test piece 70 are measured from the stage 80 to the measuring 

points Pl, P2 and P3, respectively. In this measurement, the 

heights of the test pi,ece 70 are measured at the three measuring 

points Pl, P2 and P3 in the center area in the width direction 

of the test piece 70. Next, by using the measurements at the 

15 three measuring points Pl, P2 and P3, the height hat the middle 

measuring point P2 is obtained by the equation below where the 

heights at the two measuring points Pl and B3 on both sides 

are taken as zero. 

20 

h = h2 - ( h1 + h3 ) / 2 ( 1 ) 

Ne~t, the curvature k [l/mm] of the test piece 70 is 

obtained by the equation below by using the height h at the 

middle measuring point P2 obtained by the equation (1). 

k = 2h/ ( h 2 + 100 ) ( 2) 

The curvatures k of the ten test pieces 70 in the width 

25 direction TD of the substrate 10 are thus obtained through the 
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equation (2), and then a difference between the maximum and 

minimum is obtained as a variation in the curvature k in the 

width direction TD. 

On the basis of the variation in the curvature kin the 

-
5 width direction TD of the substrate 10, substrates 10 having 

variations not more than O. 002 [ 1/mm] are selected as acceptable 

pieces and substrates 10 having variations larger than 0.002 

[ l/mm] are rejected as defective pieces. A plurality of magnetic 

head suspensions are then formed on the selected substrates 

10 10 by the method explained below. 

As stated above, it is preferable to select substrates 

10 where the variation in the curvature kin the width direction 

TD is not greater than 0.002 [l/mm] as acceptable pieces: it 

is more preferable, as will be explained later, to select 

15 substrates 10 where the variation in the curvature k in the 

width direction TD is not greater than 0.001 [1/mm] as 

acceptable pieces. 

Next, the method for manufacturing the magnetic head 

suspensions will be described. Fig.3 is a plane view showing 

20 a magnetic head suspension manufactured by the method of the 

embodiment of the invention. Fig.4(a) is the sectional view 

taken along the line A-A of the magnetic head suspension of 

Fig.3 and Fig.4(b} is the sectional view taken along the line 

B-B thereof. 

25 As shown in Fig.3, the magnetic head suspension 1 has 
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the body 20 formed from the long-sized substrate 10 of stainless 

steel. Wiring pattern 25 is formed on the body 20 of the 

suspension. AU-shaped opening 26 is formed near an end of the 

body 20 of the suspension, which forms a magnetic head 

5 supporting portion 24 (which part is called tongue hereinafter). 

The tongue 24 is bent along the broken line R to form a given 

angle with respect to the body 20 of the suspension. 

Four electrode pads 22 are formed along an end of the 

tongue 24. Four electrode pads 27 are formed at the other end 

10 of the body 20 of the suspension. The electrode pads 22 on the 

tongue 24 and the electrode pads 27 at the other end of the 

suspension body 20 are electrically connected through the 

wiring pattern 25. A plurality of holes 28 are formed in the 

body 20 of the suspension. Fig. 3 does not show the cover layer. 

15 As shown in Fig. 4 (a) , an insulating layer 11 of polyimide 

is formed on the substrate 10. A film of chromium 12, conductor 

layer pattern 16 made of copper, and film o~ nickel 17 are 

sequentially stacked in four positions on the insulating layer 

11, and an electrode pad 27 of gold is formed on·each part of 

20 the nickel film 17. The top surface of the insulating layer 

11 is covered with a cover layer 18 of polyimide, with the top 

surfaces of the electrode pads 27 uncovered. 

As shown in Fig.4(b), the film of chromium 12, conductor 

layer pattern 16 of copper, and film of nickel 17 are 

25 sequentially laid on the insulating layer 11 in two positions 
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on each side. The two sets of chromium film 12, conductor layer 

pattern 16, and nickel film 17 on each side are covered with 

the cover layer 18 of polyimide. .The wiring pattern 25 is thus 

formed. 

Now, a process for manufacturing the magnetic head 

suspension of Fig. 3 is described. Figs. 5, 6 and 7 are schematic 

process sections showing the process for manufacturing the 

magnetic head suspension of Fig.3. 

First, as shown in Fig.5(a), photosensitive polyimide 

10 resin precursor lla is applied to a thickness of 5 to 25 #m 

on the substrate 10 made of 15- to 50- #m-thick stainless steel. 

Next, in an exposure device, ultraviolet radiation at 200 to 

700 mJ/cm2 is applied to the photosensitive polyimide resin 

precursor lla on the substrate 10 through a given mask to form 

15 the polyimide insulating layer 11, as shown in Fig.5(b). 

Subsequently, as shown in Fig. 5 ( c) , chromium and copper 

sputtering is continuously applied onto the~ubstrate 10 and 

the insulating layer 11 to form the chromium film 12 having 

a thickness of 100 to 600A and a copper plating base 13 having 

20 a thickness of 500 to 2000A and a sheet resistance of o. 6Q 

/0 or lower. 

Next, as shown in Fig.5(d), a given pattern of plating 

resist 14 is formed on the copper plating base 13. Next, as 

shown in Fig. 5 ( e) , a copper plating layer 15 having a thickness 

25 of 2 to 15 JJ.m is formed in the openings of the resist 14 through 
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electroplating of copper. The thickness of the copper plating 

layer 15 is about lO~m in this embodiment. 

Next, after removal of the resist 14, the copper plating 

base 13 is removed by etching using an alkaline treatment 

5 solution to form the conductor l.ayer pattern 16 of copper, as 

shown in Fig. 6 ( f) • Further, as shown in Fig. 6 ( g) , part of the 

chromium film 12 exposed on the substrate 10 and on the 

insulating layer 11 is removed by etching using an alkaline 

treatment solution (a solution of potassium ferricyanide). 

10 Next, as shown in Fig.6(h), the nickel film 17 having 

a thickness of O. 05 to O .1 ~m is formed on the substrate 10 and 

the conductor .J.ayer pattern 16 through electroless plating of 

nickel. This nickel film 17 is formed to enhance the adhesion 

between the conductor layer pattern 16 and the cover l.ayer 18 

15 and to prevent migration of copper. 

Next, as shown in Fig.6(i), photosensitive polyimide 

resin precursor is applied onto the nickel.film 17 and the 

insulating layer 11, which is fol.lowed by exposure, heating, 

developing, and curing with heat, so as to form a given pattern 

20 of polyimide coating film 18 having a thickness of 3 to 5~ 

m on the insulating layer 11 and the nickel film 17. In this 

case, an opening 19 for formation of an elect:i;-ode pad is formed 

in a given position in the cover layer 18. Part of the nickel 

film 17 is exposed as a lead 29 used in electroplating for 

25 formation of the electrode pad. 
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Next. as shown in Fig.7(j). the exposed nickel film 17 

is stripped off and electroplating is performed to form a nickel 

film 21 with a thickness of 1 to 5 t£.m and a gold electrode pad 

2 2 with a thickness of 1 to 5 µ. m in the opening 19 in the cover 

5 layer 18. Subsequently. as shown in Fig. 7 (k). the lead 29 for 

the electroplating of electrode pad is removed by etching. 

Next, as shown in Fig.7(1). a given pattern of 

photoresist 23 is formed on the substrate 10 and on the cover 

layer 18. Next, as shown in Fig. 7 (m). the substrate 10 is etched 

10 by using a solution of ferric chloride and a solution of cupric 

chloride to form an opening 26, which is followed by removal 

of the photoresist 23 and, finally, ·by water cleaning. The 

magnetic head suspension 1 shown in Fig.3 is manufactured in 

this way. 

15 Next. a method for forming a plurality of magnetic head 

suspensions on a long-sized substrate is described referring 

to Figs.a, 9 and 10. Fig.8 is a plane view_of a long-sized 

substrate used in the manufacturing method of the embodiment 

of the invention. Fig.9 is a plane view showing one region on 

20 the long-sized substrate of Fig. 8. and Fig .10 is a plane view 

showing part of one.section in the subregion of Fig.9. 

As shown in Fig.8. the long-sized substrate 10 made of 

stainless steel is conveyed in its length direction MD. A 

plurality of rectangular regions 30 are formed along the length 

25 direction MD on the substrate 10. Each region 30 is sectioned 
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into four subregions 31 arranged in two columns along the length 

direction MD of the substrate 10 and two rows along the width 

direction TD. Each subregion 31 defines a unit in exposure 

process performed in an exposure device and each region 30 

-
5 defines a unit in batch process performed after the electrode 

pad plating process shown in Fig.7(j}. 

The width W of the substrate 10 is 50 to 500 mm, preferably 

125 to 300 mm; it is 250 mm in this embodiment. The thickness 

of the substrate 10 is 10 to 60Jlm, preferably 10 to 30Jlm to 

10 prevent vibration; it is 25Jlm in this embodiment. 

The area of the region 30 is 25 to 2500 cm2
• In this 

embodiment, the region 30 has a width Dl of about 200 mm an,d 

a length Ll of about 235 mm. The area of the subregion 31 

corresponds to the area of the region 30 divided by the number 

15 of the subregions. While four subregions 31 are provided in 

this embodiment. three or two subregions 31 may be provided. 

It is not essential to form the subregions 31. In this embodiment. 

each subregion 31 has a width D2 of about 100 mm and a length 

L2 of about 110 mm. 

20 Further, the intervals Sl between the regions 30 in the 

length direction MD are 5 to 50 mm; they are about 20 mm in 

this embodiment. The widths S2 outside of the regions 30 in 

the width direction TD are 10 to 50 nun; they are about 25 mm 

in this embodiment. 

25 In each subregion 31, 2 to 200 magnetic head suspensions 
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are arranged along the length direction MD and 1 to 30 in the 

width direction TD; 2 to 6000 magnetic head suspensions are 

thus arranged in total. The area of the subregion 31 and the 

number of magnetic head suspensions formed in th~ subregion 

-
5 31 are preferably set as large as possible to obtain acceptable 

pieces at a higher rate. 

· As shown in Fig. 9. each subregion 31 is sectioned into 

a plurality of sections 32. In this embodiment. each subregion 

31 is sectioned into three sections 32 extending along the 

10 length direction MD. In this embodiment, the interval S3 between 

subregions 31 adjoining in the length direction MD is 14 mm 

·and the interval S4 between subregions 31 adjoining in the width 

direction TD is 4 mm. 

As shown in Fig .10, each section 32 includes a plurality 

15 of magnetic head suspensions 1 extended in parallel to the width 

direction TD. Herein. a range of a plurality of magnetic head 

suspensions 1 placed side by side along the Length direction 

MD is called "a column" and a range of a plurality of magnetic 

head suspensions l lined along the width direction TD is called 

20 "a row.· In this embodiment. a plurality of magnetic head 

suspensions 1 are arranged in 2 columns and 24 rows in each 

section 32. Accordingly each subregion 31 includes magnetic 

head sus.pensions 1 in 6 columns and 24 rows and each region 

30 includes magnetic head suspensions 1 in 12 columns and ~8 

25 rows. 
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[Examples] 

We measured the variations in the curvature k of test 

pieces 70 using three substrates 10 by the inspecting method 

-
5 shown in the embodiment above and manufactured a plurality of 

magnetic head suspensions 1 on the three substrates 10 by the. 

manufacturing method shown in Figs.3 to 10; we then examined 

variations in warp of the tongues 24. The three substrates 10 

are referred to as an inventive example l, an inventive example 

10 2, and a comparative example. 

Long-sized substrates 10 made of stainless steel were 

used •in the inventive examples 1 and 2 and the comparative 

example. The substrates 10 had a width W of 250 mm and a thickness 

of 25 JLm. 

15 First, photosensitive resist was applied to the region 

near the forward end of each substrate 10 and exposed and 

developed to form a pattern of plating res~st in the areas 

corresponding to the ten test pieces 70 shown in Fig. 1. Next, 

the end region of the substrate 10 was etched with a solution 

20 of ferric chloride to extract ten test pieces 70. 

Subsequently, the curvature k of each test piece 70 was 

obtained by the method shown in Fig. 2 using the equations ( 1) 

and ( 2) above and a difference bet.ween the maximum and minimum 

of the curvatures k of the ten test pieces 70 was obtained as 

25 the variation in the curvature k of the test pieces 70. 
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Next. a plurality of magnetic head suspensions 1 were 

manufactured on the substrates 10 of the inventive examples 

1 and 2 and the comparative example by the manufacturing method 

shown in Figs. 3 to 10. Each subregion 31 had a width D2 of 100 

5 mm and a length L2 of 110 mm. The intervals Sl between regions 

30 adjoining in the length direction MD were about 20 mm and 

the intervals S2 outside the regions 30 in the width direction 

TD were about 25 mm. 

Each region 30 includes subregions 31 each containing 

10 the magnetic.head suspensions 1 arranged in 6 columns and 24 

rows. That is to say. a plurality of magnetic head suspensions 

1 are arranged in 12 columns and 24 ·:cows in two subregions 31 

extending along the whole length of the width direction TD of 

the substrate 10. 

15 The warps of the tongues 24 of the magnetic head 

suspensions 1in12 columns and 24 rows were measured according 

to the following measuring principle by using an HGA/ suspension 

angle measuring device SAM-8000 produced by Takeshiba Denki 

kabushiki kaisha (Takeshiba Electric Corporation). XYZ 

20 coordinates of each tongue 24 are measured with a laser 

microscope at eight points including four points in the four 

corners of the tongue 24 and four points in the central area 

thereof• Next. a plane is calculated from the XYZ coordinates 

at the eight points by using least squares method, and the angle 

25 which the plane forms in the vertical direction with respect 
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to the reference horizontal plane (the body 20 of the 

suspension) is.obtained as the warp. In this case, the warp 

may be obtained from measurements at more than eight points. 

A mean value of the warps of 24 tongues 24 arranged along 

-
5 the length direction MD was calculated in each column of the 

magneti9 head suspensions 1. The mean values of the warps of 

the tongues 24 were thus obtained for 12 columns of the magnetic 

head suspensions 1 and a difference between the maximum and 

minimum was then obtained as the variation in the warp of the 

10 tongues 24. 

Table 1 and Fig.11 show the measurements about the 

relation between the variation in the curvature k of the test 

p'ieces 70 and the variation in the warp of tp.e tongues 24 of 

the magnetic head suspensions 1 in the inventive examples 1 

15 and 2 and the comparative example. 

Table 1 

Variation in Variation in warp of 
curvature of test tongues (0 ) 

pieces (l/mm) 
Comparative example 0.0033 0.68 

.-·~ Inventive example 1 0.00038 0.136 
Inventive example 2 0.000605 0.32 . ; ..... · .. 

.... . . .. 

As shown in Table 1 and Fig.11, there is a good mutual 

:~ . 20 relation between the variation in the curvature k of the test 

pieces 70 taken from the end region of the substrate 10 and 
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the variation in the warp of the tongues 24 of a plurality of 

magnetic head suspensions 1 ~ormed on the substrate 10. That 

is to say, as the variation in the curvature k of the test pieces 

70 taken from the end region of the substrate 10 becomes smaller, 

-
5 the variation in the warp of the tongues 24 of a plurality of 

magnetic head suspensions 1 formed on the substrate 10 becomes 

smaller. 

When the variation in the curvature k of the test pieces 

70 is 0.002 [1/mm], the variation in the warp of the tongues 

10 24 is about 0. 6 ° • When the variation in the curvature k of the 

test pieces 70 is 0.001 [1/mm], the variation in the warp of 

the tongues 24 is about 0.5° . 

Accordingly, it is preferable to select substrates 10 

where the variation in the curvature k of the test pieces 70 

15 is 0.002 [1/mm] or less as substrates for the magnetic head 

suspensions 1, and it is more preferable to select substrates 

10 where the variation i.n the curvature k of_ the test piec.es 

70 is O. 001 [ l/mm] or less as substrates for the magnetic head 

suspensions 1. 

20 This reduces the vari.ation in the warp of the tongues 

24 of the magnetic head suspensions l and thus increases the 

rate of acceptable pieces. As a result, the precision in the 

process of bending the tongues 24 of the magnetic head 

suspensions 1 is improved. 

25 While the i.nvention has been described in detail, the 

.. 
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foregoing description is in all aspects illustrative and not 

restrictive. It is understood that numerous other 

modifications and variations can be devised without departing 

from the scope of the invention. 
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What is claimed is: 

1. A method for manufacturing magnetic head 

suspensions# comprising the steps of: 

5 measuring a variation in curvature in a width direction 

of a long-sized metal substrate in its partial region; 

selecting a metal substrate where said variation in the 

curvature is not more than a given value; and 

forming a plurality of magnetic head suspensions ·by 

10 sequentially forming ~n insulating layer and a conductor layer 

on said selected metal substrate while conveying said metal 

substrate in its length direction. 

2. The magnetic head suspension manufacturing method 

15 according to claim 1# wherein said given va1ue is 2.0X 10-3 mm-1
. 

20 

3. The magnetic head suspension manufacturi.ng method 

accordi.ng to claim 1 # wherei.n said given value is 1.0 X 10-3 mm-1
. 

4. The magnetic head suspension manufacturing method 

according to any one of the preceding cJaims, wherein said step of forming said 

plurality of magnetic head suspensions comprises a step of 

25 forming said plurality of magnetic head suspensions on said 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \\I\ 
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metal substrate in such a manner that the length direction of 

said plurality of magn~tic head suspensions is parallel to the 

width direction of said metal substrate. 

-
5. The magnetic head suspension manufacturing method 

acC9rding to any one of the preceding claims, wherein said metal substrate is made of 

a stainless steel having a thickness of not less than lSJLm nor 

more than 50 JLm. 

6. The magnetic head suspension manufacturing method 

_ according to any one of the preceding claims, whereiin said metal substrate is made of 

a stainless steel having a width of not less than 100 mm nor 

more than 500 mm. 

7. The magnetic head suspension manufacturing method 

according to any one of the preceding claims, wherein said step of measuring said 

variation in the curvature comprises the steps of: 

extracting a plurality of stripe-1.ike test pieces 

extended and arranged along the width direction of said partial 

20 region of said long-sized metal substrate, 

setting three or more measuring points on each of said 

extracted test pieces along their length direction, 

measuring heights of said three or more measuring points 

set on each said test piece, 

25 obtaining a curvature of each said test piece on the 

1111\lll llllll lllll 111\l \l lll\ 
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basis of the heights of said three or more measuring points 

measured for each said test piece, and 

calculating said variation in the curvature from the 

curvatures of said plurality of test pieces. 

5 

8. The magnetic _head suspension manufacturing method 

according to claim 7, wherein said step of calculating said 

variation in the curvature comprises a step of obtaining a 

difference between maximum and minimum values of the curvatures 

10 of said plurality of test pieces as said variation in the 

curvature. 

9. The magnetic head suspension manufacturing method 

according to claim 7or8, wherein said step of extracting said 

15 plurality of test pieces comprises a step of etching said 

partial region of said long-sized metal substrate to remove 

.said partial region except said plurality of_ test pieces .. 

10. The magnetic head suspension manufacturing method 

20 according to any one of claims 7 to 9, wherein said step of measuring the heights 

of said three or more measuring points comprises a step of 

measuring the heights of said three or more measuring points 

set on each said test piece by using a laser microscope. 

25 11. A method for inspecting metal substrates for 

11111111111111 111111111111 1111 
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magnetic head su_spensions. comprising the steps of: 

measuring a variation in curvature in a width direction 

of a long-si·zed metal substrate in its partial region: and 

selecting a metal substrate where said variation in the 

5 curvature- is not more than a given value as a metal substrate 

for the magnetic head suspensions. 

12. The magnetic head suspension metal substrate 

inspecting method according to claim 11, wherein said given 

13. The magnetic head suspension metal substrate 

inspecting method according to claim 11, wherein said given 

15 

14. The magnetic head suspension metal substrate 

inspecting method accordirig to any one of claims 11to13, wherein said metal 

substrate is made of a stainless steel having a thickness of 

not less than 15.Um nor more than so.um. 

20 

15. The magnetic head suspension metal substrate 

inspecting method according to any one of claims 11to14, wherein said metal 

substrate is made of a stainless steel having a width of not 

less than 100 mm nor more than 500 mm. 

25 

11111111111111 11111 1111111 1111 
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16. The magnetic head suspension metal substrate 

inspecting method according to a_ny one of claims 11 to 15, wherein said step of · 

measuring said variation in the curvature comprises the steps 

of; 

5 extracting a plurality of stripe-like test pieces 

extended and arranged along the width direction of said partial 

region of said long-sized metal substrate, 

setting three or more measuring points on each of said 

extracted test pieces along their length direction, 

10 measuring heights of said three or more measuring points 

set on each said test piece, 

obtaining a curvature of each said test piece on the 

basis of the heights of said three or more measuring points 

measured for each said test piece, and 

15 calculating said variation in the curvature from the 

curvatures of said plurality of test pieces. 

17. The magnetic head suspension metal substrate 

inspecting method according to claim 16, wherein said step of 

20 calculating said variation in the curvature comprises a step 

of obtaining a difference between maximum and minimum values 

of the curvatures of said plurality of test pieces as said· 

variation in the curvature. 

25 18. The magnetic head suspension metal substrate 

111111111111111111111111111111 
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inspecting method according. to claim 16or17,- wherein said step of 

extra~ting said plurality of test pieces comprises a step of 

etching said partial region of said long-sized metal substrate 

to remove said partial region except said plurality of test 

5 pieces. 

19. The magnetic head suspension metal substrate 

inspecting method according to any one of claims 16 to 18, wherein said step of 

measuring the heights of said three or more measuring points 

10 comprises a step of measuring the hei.ghts of said three or more 

measuring points set on each said test piece by usi.ng a laser 

microscope. 
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