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WIRED CIRCUIT BOARD AND PRODUCING
METHOD THEREOF

top surface thereof, the reference hole 53 is formed in an

CROSS-REFERENCE TO RELATED
APPLICATION

inclined shape Which gradually tapers in Width from the back
surface of the metal supporting layer 17 toWard the top sur
face thereof. Accordingly, the accuracy of positioning of the
reference hole 53 is determined by the inner circumferential

[0001] The present application claims the bene?t of Us.
ProvisionalApplication No. 61/272,237 ?led on Sep. 3, 2009,
and claims priority from Japanese Patent Application No.

surface of the upper end portion of the reference hole 53
having a minimum diameter d.
[0011] HoWever, in such etching, an etchant may enter the

2009-195840 ?led on Aug. 26, 2009, the contents of Which

interface betWeen the top-side etching resist 52 and the metal
supporting layer 51 to cause the delamination of the etching
resist 52 from the metal supporting layer 51 around the pre
determined hole formation region 54. Consequently, as
shoWn in FIG. 16(b'), a gap is formed therebetWeen, and the
etching further advances to remove the metal supporting layer
51 around the upper end portion of the reference hole 53. As

are herein incorporated by reference into this application.
BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention
[0003] The present invention relates to a Wired circuit board
and a producing method thereof and, more particularly, to a
Wired circuit board used appropriately for a suspension board
With circuit Which is mounted in a hard disk drive and a

producing method thereof.
[0004] 2. Description of the Related Art
[0005] A suspension board With circuit is obtained by suc
cessively laminating an insulating base layer, a conductive
layer having terminal portions, and an insulating cover layer
on a metal supporting layer, and then trimming the metal

supporting layer.
[0006]

Such a suspension board With circuit is typically

mounted in a hard disk drive after a magnetic head is posi
tioned using a reference hole formed in a metal supporting
layer as a reference, and mounted in the suspension board
With circuit.
[0007] In recent years, the terminals of a magnetic head and
the terminal portions of a suspension board With circuit have
been con?gured at a ?ner pitch, so that it is necessary to

increase the reliability of connection therebetWeen. There
fore, it is needed to form the reference hole With high accu
racy to improve the accuracy of positioning of the magnetic
head.
[0008] To satisfy the need, a method has been proposed in
Which, e. g., a material more resistant to etching than stainless
steel, such as Zirconium or palladium, is stuck to a surface of

a result, the minimum diameter d' of the reference hole 53 is
increased, and the minimum diameter d' of the reference hole
53 is likely to vary, so that the accuracy of positioning of the
reference hole 53 is insu?icient. Accordingly, the accuracy of
positioning of the magnetic head decreases to result in the

problem of degraded connection reliability.
[0012]

It is therefore an object of the present invention to

provide a Wired circuit board in Which a reference hole is

uniformly formed With excellent accuracy and a producing
method thereof.
[0013] A Wired circuit board of the present invention

includes a metal supporting layer, an insulating layer formed
on the metal supporting layer, and a conductive layer formed
on the insulating layer, Wherein a reference hole for position
ing is formed in the metal supporting layer, and a stepped
portion is formed so as to surround the reference hole.

[0014] In the Wired circuit board of the present invention, it
is preferable that the stepped portion is formed in the same
layer as the insulating layer and/or the conductive layer.
[0015] In the Wired circuit board of the present invention, it
is preferable that a distance betWeen the stepped portion and
the reference hole is not more than 100 pm.

[0016] In the Wired circuit board of the present invention, it
is preferable that the stepped portion has a thickness of not

a suspension board made of stainless steel, and then the
suspension board is etched to form reference holes (see, e.g.,
Japanese Unexamined Patent No. 2005-217250). In the etch

less than 5 pm.

ing step of Japanese Unexamined Patent No. 2005-217250,

is preferable that the insulating layer is formed of polyimide.

the reference holes are bored such that the inner end surfaces

[0018] In the Wired circuit board of the present invention, it
is preferable that the conductive layer is formed of copper.
[0019] It is preferable that the Wired circuit board of the

of the suspension board (the inner circumferential surfaces of
the reference holes) are uniformly etched due to the above
mentioned material stuck to the suspension board to improve
the accuracy of processing of the reference holes.
SUMMARY OF THE INVENTION

[0009] HoWever, in conventional etching steps including
the etching step of Japanese Unexamined Patent No. 2005
217250, as shoWn in FIG. 16(a), an etching resist 52 is lami
nated ?rst on each of the top and back surfaces of a metal

supporting layer 51, and subsequently opened so as to expose
a predetermined hole formation region 54 for a reference hole

53 (see FIG. 16(b)) at the back surface of the metal supporting
layer 51. Then, as shoWn in FIG. 16(b), the predetermined
hole formation region 54 exposed from the etching resist 52 is
removed through contact With an etchant to bore the reference
hole 53.

[0010] Since the etching for the reference hole 53 advances
from the back surface of the metal support layer 51 toWard the

[0017]

In the Wired circuit board of the present invention, it

present invention is used as a suspension board With circuit.

[0020] A producing method of the Wired circuit board of
the present invention includes the step of forming a metal

supporting layer, forming an insulating layer on the metal
supporting layer, and forming a conductive layer on the insu
lating layer, the step of forming a stepped portion such that a
to-be-removed region for boring a reference hole used for
positioning is surrounded thereby, and a reference hole form

ing step of etching the to-be-removed region of the metal
supporting layer to form the reference hole, Wherein the ref
erence hole forming step includes the steps of forming an
etching resist so as to cover the stepped portion thereWith on

one side of the metal supporting layer in a thickness direction
and expose the to-be-removed region on the other side of the

metal supporting layer in the thickness direction, removing
the to-be-removed region exposed from the etching resist by
etching, and removing the etching resist.
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[0021]

In the Wired circuit board of the present invention,

the stepped portion is formed so as to surround the reference
hole.

[0022] Accordingly, in the producing method of the Wired
circuit board of the present invention, the stepped portion

[0039] (g) shoWing the step of removing a ?rst to-be
removed region by etching to form the ?rst reference
hole, and

[0040] (h) shoWing the step of removing the ?rst etching
resist and the second etching resist;

described above is formed, and then the etching resist is

[0041]

formed in the reference hole forming step so as to cover the

reference hole and a ?rst stepped portion (bi-level implemen

stepped portion on the one side of the metal supporting layer

be ensured betWeen the etching resist, and the metal support

tation formed of a stepped based layer and a stepped conduc
tive layer) in a suspension board With circuit Which is another
embodiment of the Wired circuit board of the present inven

ing layer and the stepped portion around the reference hole,

tion;

and alloWs an improvement in the adherence therebetWeen.
[0023] In addition, since the stepped portion can ensure

reference hole and a ?rst stepped portion (bi-level implemen

in the thickness direction. This alloWs a larger contact area to

[0042]

FIG. 7 is an enlarged cross-sectional vieW ofa ?rst

FIG. 8 is an enlarged cross-sectional vieW of a ?rst

hook-like engagement With the etching resist, the adherence
betWeen the stepped portion and the etching resist can further

tation formed of a stepped base layer and a stepped cover

be improved.

a suspension board With circuit Which is still another embodi
ment of the Wired circuit board of the present invention;
[0043] FIG. 9 is an enlarged cross-sectional vieW ofa ?rst

[0024]

Therefore, even When the etching resist is formed so

as to expose the to-be-removed region on the other side of the

metal supporting layer in the thickness direction, and then the
to-be-removed region is removed by etching, it is possible to
prevent an etchant from entering the interface betWeen the

etching resist and the metal supporting layer around the to -be
removed region, and prevent the etching resist from being
delaminated from the metal supporting layer.

layer in Which a stepped conductive layer is not embedded) in

reference hole and a ?rst stepped portion (bi-level implemen
tation formed of a stepped conductive layer and a stepped
cover layer) in a suspension board With circuit Which is yet
another embodiment of the Wired circuit board of the present

invention;
[0044]

FIG. 10 is an enlarged cross-sectional vieW of a ?rst

[0025] This prevents an increase in the minimum diameter
of the reference hole resulting from the entrance of the
etchant, and alloWs the reference hole to be uniformly formed
With excellent accuracy.

reference hole and a ?rst stepped portion (mono-level imple

[0026] As a result, it is possible to improve positioning
accuracy, and thereby improve connection reliability.

tion;

mentation formed of a stepped base layer or a stepped cover

layer) in a suspension board With circuit Which is still another
embodiment of the Wired circuit board of the present inven
[0045]

FIG. 11 is an enlarged cross-sectional vieW of a ?rst

reference hole and a ?rst stepped portion (tri-level implemen
BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

FIG. 1 is a plan vieW of a suspension-board-With

circuit assembly sheet including suspension boards With cir
cuit Which are an embodiment of a Wired circuit board of the

present invention;
[0028]

FIG. 2 is a an enlarged plan vieW of a principal

portion of the suspension-board-With-circuit assembly sheet
shoWn in FIG. 1;
[0029] FIG. 3 is a cross-sectional vieW of the suspension
board With circuit along the line A-A of FIG. 2;
[0030]

FIG. 4 is a plan vieW ofa ?rst reference hole and a

?rst stepped portion of the suspension board With circuit
shoWn in FIG. 2;
[0031] FIG. 5 is a production process vieW for illustrating a

producing method of the suspension-board-With-circuit
assembly sheet shoWn in FIG. 1, Which corresponds to FIG. 3,
[0032] (a) shoWing the step of preparing a metal support

ing board,
[0033] (b) shoWing the step of forming an insulating base
layer and a stepped base layer,
[0034] (c) shoWing the step of forming a conductive
layer and a stepped conductive layer, and
[0035] (d) shoWing the step of forming an insulating
cover layer and a stepped cover layer;

[0036] FIG. 6 is a production process vieW for illustrating,
subsequently to FIG. 5, the producing method of the suspen
sion-board-With-circuit assembly sheet shoWn in FIG. 1,
Which corresponds to FIG. 3,

[0037]

(e) shoWing the step of forming a ?rst etching

resist on the metal supporting board,

[0038] (f) shoWing the step of forming a second etching
resist under the metal supporting board,

tation formed of a stepped base layer, a stepped conductive
layer, and a stepped cover layer) in a suspension board With
circuit Which is yet another embodiment of the Wired circuit

board of the present invention;
[0046]

FIG. 12 is an enlarged cross-sectional vieW of a ?rst

reference hole and a ?rst stepped portion (implementation
formed of a stepped metal portion Which rises in level from a

radially inner loWer position to a radially outer higher posi
tion) in a suspension board With circuit Which is still another
embodiment of the Wired circuit board of the present inven

tion;
[0047]

FIG. 13 is an enlarged cross-sectional vieW of a ?rst

reference hole and a ?rst stepped portion (implementation
formed of a stepped metal portion Which drops in level from
a radially inner higher position to a radially outer loWer posi
tion) in a suspension board With circuit Which is yet another
embodiment of the Wired circuit board of the present inven

tion;
[0048] FIG. 14 is a graph shoWing a measurement value of
the minimum diameter of the ?rst reference hole of

EXAMPLE 1;
[0049] FIG. 15 is a graph shoWing a measurement value of
the minimum diameter of the ?rst reference hole of COM
PARATIVE EXAMPLE 1; and
[0050] FIG. 16 is a cross-sectional vieW (production pro
cess vieW) for illustrating a method of forming a reference
hole in a conventional suspension board With circuit,

[0051]

(a) shoWing the step of laminating an etching

resist on each of the top and back surfaces of a metal

supporting layer,
[0052] (b) shoWing the step of removing a predetermined
hole formation region by etching to bore the reference
hole, and
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[0053] (b') showing the state Where the metal supporting
layer around the upper end portion of the reference hole
is removed.

stepped portion described later in detail are provided around
the respective ?rst reference holes 12. The slits 39 are each
bored in a generally U-shape in plan vieW to have the head

side terminals 28 interposed therebetWeen in the longitudinal
DETAILED DESCRIPTION OF THE INVENTION

[0054]

FIG. 1 is a plan vieW of a suspension-board-With

circuit assembly sheet including suspension boards With cir

direction.

[0063]

As shoWn in FIG. 3, the insulating base layer 5 is

present invention. FIG. 2 is a an enlarged plan vieW of a

formed on the upper surface of the metal supporting board 4
into a pattern corresponding to a portion Where the conductive
layer 6 is formed. Examples of an insulating material used to

principal portion of the suspension-board-With-circuit

form the insulating base layer 5 include synthetic resins such

assembly sheet shoWn in FIG. 1. FIG. 3 is a cross-sectional

vieW of the suspension board With circuit along the line A-A

as polyimide, acryl, polyether nitrile, polyether sulfone, poly
ethylene terephthalate, polyethylene naphthalate, and poly

ofFIG. 2. FIG. 4 is a plan vieW ofa ?rst reference hole and a

vinyl chloride. Among them, a photosensitive synthetic resin

?rst stepped portion of the suspension board With circuit

is used preferably for forming the insulating base layer 5 in an
accurate pattern and, more preferably, photosensitive poly

cuit Which are an embodiment of a Wired circuit board of the

shoWn in FIG. 2. FIGS. 5 and 6 are production process vieWs

each for illustrating a producing method of the suspension
board-With-circuit assembly sheet shoWn in FIG. 1, Which
correspond to FIG. 3.
[0055] Note that, in FIGS. 1 and 2, an insulating base layer

imide is used. The thickness of the insulating base layer 5 is in
a range of, e.g., 3 to 30 pm, or preferably 5 to 15 um.

[0064] As shoWn in FIG. 2, the conductive layer 6 integrally
includes the plurality of Wires 27 arranged in parallel and
mutually spaced-apart relation, and the head-side terminals

5 and an insulating cover layer 7, each described later, are
omitted.
[0056] In FIG. 1, a suspension-board-With-circuit assem
bly sheet 1 as the Wired circuit board includes a plurality of
suspension boards With circuit 2, and a support frame 3

both WidthWise end portions in a region rearWard of the

removably supporting each of the suspension boards With

front-side slit 39. Speci?cally, the Wires 27 are formed so as to

circuit 2.
[0057] The suspension boards With circuit 2 extend in a

ensure a region Where the ?rst stepped portion 8 described
later is provided at a WidthWise midpoint (a center portion) in

longitudinal direction (front-to-rear direction), and are dis
posed in the support frame 3 to be aligned and spaced apart

a region rearWard of the rear-side slit 39.
[0065] Examples of a conductive material used to form the

from each other in the longitudinal direction and a WidthWise

direction (direction perpendicular to the longitudinal direc
tion). The suspension boards With circuit 2 are each supported

by the support frame 3 via joint portions 38 (described later;
see FIG. 2) that can be cut.

[0058]

In each of the suspension boards With circuit 2, a

conductive layer 6 for electrically connecting a magnetic
head (not shoWn) and a read/Write board (not shoWn) is
formed, as shoWn in FIG. 2.

[0059]

The conductive layer 6 is formed in a pattern inte

grally including head-side terminals 28 for connecting to the
terminals of the magnetic head, external terminals 29 for
connecting to the terminals of the read/Write board, and Wires
27 for connecting the head-side terminals 28 and the external
terminals 29, Which is described later.
[0060] As shoWn in FIG. 3, the suspension board With
circuit 2 includes a metal supporting board 4, the insulating
base layer 5 as an insulating layer formed on the metal sup

porting board 4, the conductive layer 6 formed on the insu
lating base layer 5, and the insulating cover layer 7 formed on
the insulating base layer 5 so as to cover the conductive layer
6.

[0061]

As shoWn in FIGS. 1 and 2, the metal supporting

board 4 is formed together With the support frame 3 from a

metal supporting layer 17, and formed in a generally rectan
gular ?at-plate shape in plan vieW. Examples of a metal used
to form the metal supporting layer 17 including the metal
supporting board 4 include stainless steel and a 42-alloy.
Preferably, stainless steel is used. The thickness of the metal
supporting layer 17 is in a range of, e.g., 10 to 100 um, or
preferably 18 to 30 pm.

28 and the external terminals 29 Which are continued from the

respective front end portions and rear end portions of the
individual Wires 27. Note that the Wires 27 are disposed on the

conductive layer 6 include metal foils of copper, nickel, gold,
a solder, and alloys thereof. In terms of conductivity and
Workability, a copper foil is preferably used. The thickness of
the conductive layer 6 is in a range of, e,g., 3 to 20 pm, or
preferably 7 to 15 pm. The Width of each of the Wires 27 is in
a range of, e.g., 5 to 500 gm, or preferably 10 to 200 pm. The
spacing betWeen the individual Wires 27 is in a range of, e. g.,
5 to 500 pm, or preferably 10 to 200 pm.

[0066] As shoWn in FIG. 3, the insulating cover layer 7 is
formed on the insulating base layer 5 into a pattern covering
the Wires 27 and exposing the head-side terminals 28 and the
external terminals 29. As an insulating material for forming
the insulating cover layer 7, the same insulating material as
that of the insulating base layer 5 shoWn above is used and,

preferably, photo sensitive polyimide is used. The thickness of
the insulating cover layer 7 is in a range of, e.g., 3 to 20 pm,
or preferably 4 to 15 pm.
[0067] As shoWn in FIGS. 1 and 2, the support frame 3 is

formed together With the joint portions 38 and the metal

supporting board 4 by partially trimming (cutting out) the
metal supporting layer 17 correspondingly to the outer shape
of each of the suspension boards With circuit 2 in a producing

method (see FIGS. 5 and 6) of the suspension-board-With
circuit assembly sheet 1 described later.
[0068] In the support frame 3, gap grooves 19 having a
generally frame-like shape in plan vieW are formed betWeen
the inner peripheral edge portions of the support frame 3
surrounding the suspension boards With circuit 2 and the

outer peripheral edge portions of the suspension boards With

reference holes 12 each as a reference hole described later in

circuit 2 so as to surround the suspension boards With circuit
2.
[0069] In addition, the joint portions 38 are formed so as to

detail are formed by partially cutting out (opening) the metal
supporting layer 17, and ?rst stepped portions 8 each as a

tions 38 are formed so as to extend from the inner peripheral

[0062]

In the metal supporting board 4, slits 39 and ?rst

traverse the gap grooves 19 described above. The joint por

Mar. 3, 2011

US 2011/0048785 A1

edge portions of the support frame 3 through the gap grooves
19 and reach the outer peripheral edge portions of the suspen
sion boards With circuit 2.

[0070]

In the peripheral end portion of the support frame 3,

[0080]

The distance L1 mentioned above is substantially

the same as the distance L betWeen the ?rst stepped portion 8
and the ?rst reference hole 12. When the distance L betWeen

second reference holes 13 each as the reference hole are

the ?rst stepped portion 8 and the ?rst reference hole 12
exceeds the range shoWn above, it may be impossible to

formed and, around the second reference holes 13, second
stepped portions 9 each as the stepped portion are provided.

ensure a su?icient contact area betWeen a ?rst etching resist

[0071] Thus, the suspension-board-With-circuit assembly
sheet 1 is formed of the plurality of suspension boards With
circuit 2 Which are disposed to be aligned and spaced apart
from each other in the WidthWise direction and the longitudi
nal direction, and supported by the support frame 3 via the

joint portions 38.
[0072] The ?rst reference holes 12 and the second reference
holes 13 each described above are used for positioning the

magnetic head (not shoWn) and positioning each of the sus
pension boards With circuit 2 With respect to a load beam (not

shoWn).
[0073] Speci?cally, When the magnetic head is mounted on
the suspension board With circuit 2 or When the suspension

board With circuit 2 is spot-Welded to the load beam, pins (not
shoWn) are inserted into the ?rst reference holes 12 and the
second reference holes 13 to be positioned.
[0074] In FIGS. 3 and 4, the ?rst reference hole 12 is
formed in a generally circular shape in plan vieW so as to

extend through the metal supporting board 4 in the thickness
direction thereof. The ?rst reference hole 12 is also formed in

a generally trapezoidal cross-sectional shape Which gradually
inclinedly tapers in Width from the loWer surface of the metal
supporting board 4 toWard the upper surface thereof.
[0075] Accordingly, the minimum diameter D of the ?rst

14 and each of the metal supporting layer 17 and the stepped
portion 8 in a reference hole forming step, and improve the
adherence therebetWeen.

[0081]

The Width (radial length, i.e., the distance betWeen

the inner circumferential surface and the outer circumferen
tial surface) of the stepped base layer 31 is in a range of, e. g.,
50 to 1000 pm, or preferably 80 to 500 pm.

[0082] The stepped conductive layer 32 is disposed at a
radial midpoint at the upper surface of the stepped base layer
31, and formed in a generally annular shape in plan vieW.
[0083] Also, the stepped conductive layer 32 is formed as
the same layer as the conductive layer 6 described above.
[0084] The distance L2 betWeen the inner circumferential

surface of the stepped conductive layer 32 and the inner
circumferential surface of the stepped base layer 31 is in a
range of, e.g., 5 to 100 um, or preferably 20 to 80 pm. The

Width (radial length, i.e., the distance betWeen the inner cir
cumferential surface and the outer circumferential surface) of
the stepped conductive layer 32 is in a range of, e.g., 10 to 900
pm, or preferably 30 to 400 pm.

[0085] The stepped cover layer 33 covers the upper surface
and both side surfaces (inner side surface and outer side

upper end portion of the ?rst reference hole 12, and set cor

surface) of the stepped conductive layer 32 and the upper
surface of the stepped base layer 31 exposed from the stepped
conductive layer 32. Speci?cally, the stepped cover layer 33 is

respondingly to the outer diameter (maximum diameter) of

formed such that the inner circumferential surface thereof

reference hole 12 is the same as the inner diameter d1 of the

each of the pins (not shoWn) used for positioning.
[0076]

The minimum diameter D of the ?rst reference hole

12 is set in a range of, e.g., 200 to 1200 pm, or preferably 400
to 1000 um. Note that the inner diameter d2 of the loWer end
portion ofthe ?rst reference hole 12 is in a range of, e.g., 220
to 1220 um, or preferably 420 to 1020 pm.

[0077]

The ?rst stepped portion 8 is formed on the metal

supporting board 4 so as to surround the ?rst reference hole

12. More speci?cally, each of the ?rst stepped portions 8 is
formed in a generally annular shape in plan vieW concentri
cally surrounding the ?rst reference hole 12. The ?rst stepped
portion 8 includes a stepped base layer 31 formed on the metal
supporting board 4, a stepped conductive layer 32 formed on

exposes the inner end portion of the stepped base layer 31 and
the outer circumferential surface thereof is located at the same
position as that of the outer circumferential surface of the

stepped base layer 31 When vieWed in plan vieW.
[0086] The stepped cover layer 33 is formed in a generally
annular shape in plan vieW in Which the stepped conductive
layer 32 is embedded in the thickness direction. The stepped
cover layer 33 is formed as the same layer as the insulating
cover layer 7 described above.

[0087] The distance L3 betWeen the inner circumferential
surface of the stepped cover layer 33 and the inner circum
ferential surface of the stepped base layer 31 is in a range of,
e.g., not more than 100 pm, or preferably 10 to 50 um. The

the stepped base layer 31, and a stepped insulating cover layer

Width (radial length, i.e., the distance betWeen the inner cir

33 formed on the stepped base layer 3 so as to cover the

cumferential surface and the outer circumferential surface) of
the stepped cover layer 33 is in a range of, e.g., 50 to 1000 pm,
or preferably 80 to 500 pm.

stepped conductive layer 32.
[0078]

The stepped base layer 31 is formed so as to corre

spond to the outer shape of the ?rst stepped portion 8, and

[0088]

formed in a generally annular shape in plan vieW at the upper
surface of the metal supporting board 4.
[0079] The stepped base layer 31 is formed as the same
layer as the insulating base layer 5 described above. The inner
diameter d3 of the stepped base layer 31 is in a range of, e.g.,

inner circumferential surface of the inner end portion of the

230 to 1230 pm, or preferably 430 to 1030 pm. The distance

L1 betWeen the inner circumferential surface of the stepped
base layer 31 and the inner circumferential surface (upper end
edge) of the ?rst reference hole 12 is in a range of, e.g., not
more than 100 pm, or preferably not more than 60 um, and

generally not less than 5 pm, or more preferably not less than
10 um.

In the ?rst stepped portion 8, the upper surface and

stepped base layer 31 protruding from the inner circumferen
tial surface of the stepped cover layer 33 in a radially inWard
direction form a ?rst stepped part 10, and the upper surface
and inner circumferential surface of the inner end portion of
the stepped cover layer 33 form a second stepped part 11. That

is, the ?rst stepped portion 8 includes the ?rst stepped part 10
and the second stepped part 11, and formed in a bi-level

stepped shape in Which each of the ?rst stepped part 10 and
the second stepped part 11 stepWise rises in level from a

radially inner loWer position to a radially outer higher posi
tion.
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The thickness T1 of the ?rst stepped portion 8 is in

such as an additive method or a subtractive method is used.

a range of, e. g., not less than 5 um, or preferably not less than
10 um, and generally not more than 100 pm, or preferably not
more than 30 pm.

[0089]

Preferably, the additive method is used.
[0101] Next, as shoWn in FIG. 5(d), the insulating cover

[0090] When the thickness T1 of the ?rst stepped portion 8
is under the range shoWn above, it may be impossible to

the conductive layer 6, While the stepped cover layer 33 is

ensure a suf?cient contact area betWeen the ?rst etching resist

cover the stepped conductive layer 32.
[0102] To simultaneously form the insulating cover layer 7
and the stepped cover layer 33, for example, a solution of the
synthetic resin shoWn above is coated on the entire upper
surface of the metal supporting layer 17 including the insu

14 (described later) and each of the metal supporting layer 17
and the ?rst stepped portion 8 in the reference hole forming
step, and improve the adherence therebetWeen.
[0091] As shoWn in FIG. 1, the plurality of second refer

layer 7 is formed on the insulating base layer 5 so as to cover

simultaneously formed on the stepped base layer 31 so as to

relation. The second reference holes 13 are formed in the

lating base layer 5, the conductive layer 6, the stepped base
layer 31, and the stepped conductive layer 32, and then dried.
Subsequently, the coating is cured by heating as necessary,
and then formed into the foregoing pattern by etching or the

same manner as the ?rst reference holes 12.

like. In the case of using a photosensitive synthetic resin, a

ence holes 13 are formed in the upper end portion and loWer

end portion of the support frame 3. The individual second
reference holes 13 are formed in WidthWise spaced-apart

[0092] The second stepped portions 9 are provided corre
spondingly to the second reference holes 13. As shoWn in
FIG. 2, the second stepped portions 9 are formed to individu
ally surround the respective second reference holes 13. The
second stepped portions 9 are formed in the same manner as

the ?rst stepped portions 8 described above.
[0093] Next, the producing method of the suspension
board-With-circuit assembly sheet 1 of the present invention
is described With reference to FIGS. 5 and 6.

[0094] In the method, as shoWn in FIG. 5(a), the metal
supporting layer 17 is prepared ?rst. As shoWn in FIG. 1, the
metal supporting layer 17 is formed in a generally rectangular

solution (varnish) of the photosensitive synthetic resin is
coated on the entire upper surface of the metal supporting

layer 17 including the insulating base layer 5, the conductive
layer 6, the stepped base layer 31, and the stepped conductive
layer 32, dried, exposed to light, and then developed. There
after, the coating is cured by heating as necessary to alloW the
insulating cover layer 7 and the stepped cover layer 33 to be
formed simultaneously in the foregoing pattern. To simulta
neously form the insulating cover layer 7 and the stepped
cover layer 33, it is also possible to preliminarily form a ?lm
from a synthetic resin into the foregoing pattern, and stick the
?lm onto each of the conductive layer 6, the insulating base

?at-plate shape in plan vieW.

layer 5, the stepped conductive layer 32, and the stepped base

[0095] Next, as shoWn in FIG. 5(b), the insulating base
layer 5 is formed on the metal supporting layer 17, While the
stepped base layer 31 is simultaneously formed on the metal

layer 31 via a knoWn adhesive layer.

supporting layer 17.
[0096] To simultaneously form the insulating base layer 5
and the stepped base layer 31, for example, a solution (var
nish) of a synthetic resin is coated on the entire upper surface

[0103] Note that the insulating cover layer 7 is formed so as
to expose the head-side terminals 28 and the external termi
nals 29.

[0104]

In this manner, the ?rst stepped portions 8 and the

second stepped portions 9 (see FIG. 2) each including the
stepped base layer 31, the stepped conductive layer 32, and

of the metal supporting layer 17, and then dried.
[0097] Subsequently, the coating is cured by heating as
necessary, and then formed into the foregoing pattern by

the stepped cover layer 33 are simultaneously formed so as to

etching or the like. In the case of using a photosensitive

[0105] Next, as shoWn in FIGS. 2 and 6(e) to 6(h), the
suspension boards With circuit 2 and the support frame 3 are

synthetic resin, a solution (varnish) of the photosensitive syn
thetic resin is coated, dried, exposed to light, and then devel
oped. Thereafter, the coating is cured by heating as necessary
to alloW the insulating base layer 5 and the stepped base layer
31 to be simultaneously formed in the foregoing pattem. To
simultaneously form the insulating base layer 5 and the
stepped base layer 31, it is also possible to preliminarily form
a ?lm from a synthetic resin into the foregoing pattern, and
then stick the ?lm onto the upper surface of the metal sup

porting layer 17 via a knoWn adhesive layer.
[0098]

Note that the steppedbase layer 31 is formed so as to

surround ?rst to-be-removed regions 21 of the metal support
ing layer 17 each as a to-be-removed region corresponding to
the positions Where the ?rst reference holes 12 are to be bored,

and surround second to-be-removed regions (not shoWn) of

respectively surround the ?rst to-be-removed regions 21 and

the second to-be-removed regions (not shoWn).
simultaneously formed, While the ?rst reference holes 12 and
the second reference holes 13 are simultaneously formed

(reference hole forming step).
[0106] To simultaneously form the suspension boards With
circuit 2, the support frame 3, the ?rst reference holes 12, and
the second reference holes 13, the respective portions of the
metal supporting layer 17 corresponding to the slits 39 and the
gap grooves 19 and the respective portions (i.e., the ?rst
to-be-removed regions 21 and the second to-be-removed
regions not shoWn) of the metal supporting layer 17 corre
sponding to the ?rst reference holes 12 and the second refer
ence holes 13 are etched.

[0107]

That is, a shoWn in FIG. 6(e), the ?rst etching resist

the meal supporting layer 17 each as the to-be-removed

14 as an etching resist is ?rst formed on the metal supporting
layer 17 so as to cover the ?rst stepped portions 8 and the

region corresponding to the positions Where the second ref

second stepped portions (see FIG. 2).

erence holes 13 are to be bored.

[0108] The ?rst etching resist 14 is formed as folloWs. For
example, a dry ?lm resist is laminated on the entire upper

[0099] Next, as shoWn in FIG. 5(c), the conductive layer 6
is formed on the insulating base layer 5, While the stepped
conductive layer 32 is simultaneously formed on the stepped
base layer 31.
[0100] To simultaneously form the conductive layer 6 and
the stepped conductive layer 32, a knoWn patterning method

surface of the metal supporting layer 17 including the insu
lating base layer 5, the conductive layer 6, the insulating cover
layer 7, the ?rst stepped portions 8, and the second stepped
portions 9 (see FIG. 2), exposed to light, and then developed
to be formed into a pattern covering the metal supporting
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layer 17 including the insulating base layer 5, the conductive
layer 6, the insulating cover layer 7, the ?rst stepped portions
8, and the second stepped portions 9.
[0109] The thickness of the ?rst etching resist 14 is in a
range of, e.g., 5 to 40 pm, or preferably 10 to 25 um.
[0110] On the other hand, as shoWn in FIG. 60‘), a second
etching resist 15 as the etching resist is formed on the loWer
surface of the metal supporting layer 17 such that ?rst open
ings 16 and second openings 18 are formed therein.

[0111] In the second etching resist 15, the ?rst openings 16
correspond to the ?rst to-be-removed regions 21 and the
second to-be-removed regions not shoWn, and are formed so
as to expose the ?rst to-be-removed regions 21 and the second

to-be-removed regions not shoWn. Each of the ?rst openings
16 is formed in a generally circular shape in bottom vieW
concentric With the ?rst stepped portion 8. Speci?cally, the

portions 38 coupling the suspension boards With circuit 2 to
the support frame 3 . At the same time, the ?rst reference holes

12 are formed in the metal supporting layer 17 in each of the
suspension boards With circuit 2, While the second reference
holes 13 are simultaneously formed in the support frame 3.
[0120] Thereafter, as shoWn in FIG. 6(h), the ?rst etching
resist 14 and the second etching resist 15 are removed. The
?rst etching resist 14 and the second etching resist 15 are

removed by, e.g., stripping, etching, or the like.
[0121] Then, in this method, the ?rst stepped portions 8 and
the second stepped portions 9 each described above are
formed. Subsequently, in the reference hole forming step, the
?rst etching resist 14 is formed on the metal supporting layer
17 so as to cover the ?rst stepped portions 8 and the second
stepped portions 9. This can ensure a larger contact area

betWeen the ?rst etching resist 14 and each of the metal

?rst openings 16 are formed to have the same diameter as that

supporting layer 17, the ?rst stepped portions 8, and the

of the ?rst to-be-removed regions 21 and the second to-be
removed regions in the thickness direction of the second

second stepped portions 9 around the ?rst reference holes 12
and the second reference holes 13, and improve the adherence

etching resist 15.
[0112] The inner diameter d4 of the ?rst opening 16 is

therebetWeen.

slightly smaller than the inner diameter d1 of the upper end
portion of each of the ?rst reference holes 12, and is in a range
of, e.g., 170 to 1170 pm, or preferably 370 to 970 pm.

[0113] The distance L4 betWeen the inner circumferential
surface of the ?rst opening 16 and the inner circumferential
surface of the stepped base layer 31 is in a range of, e. g., 20 to
120 um, or preferably 25 to 50 um.

[0114] In the second etching resist 15, the second openings
18 correspond to the portions of the metal supporting layer 17
Where the slits 39 and the gap grooves 19 (see FIG. 2) are to
be formed, and are formed so as to individually expose the
slits 39 and the gap grooves 19.

[0115] The second etching resist 15 is formed into a pattern
in Which the ?rst openings 16 and the second openings 18
each described above are formed by, e.g., laminating a dry

[0122] Further, With the ?rst stepped part 10 and the second
stepped part 11, it is possible to ensure hook-like engagement
With the ?rst etching resist 14, and therefore further improve
the adherence betWeen the ?rst etching resist 14 and each of
the ?rst stepped part 10 and the second stepped part 11.
[0123] As a result, even When the second etching resist 15
is formed on the loWer surface of the metal supporting board
4 formed from the metal supporting layer 17 so as to expose

the ?rst to-be-removed regions 21, and then the ?rst to-be
removed regions 21 are removed by etching, it is possible to
prevent the etchant from entering the interface betWeen the
?rst etching resist 14 and the metal supporting board 4 around
the ?rst to -be-removed regions 21, and prevent the ?rst etch
ing resist 14 from being delaminated from the metal support
ing board 4 and the ?rst stepped portions 8.
[0124] In addition, even When the second etching resist 15

?lm resist on the entire loWer surface of the metal supporting

is formed on the loWer surface of the support frame 3 so as to

layer 17, exposing the dry ?lm resist to light, and then devel
oping the dry ?lm resist.

expose the second to-be-removed regions, and then the sec

[0116] The thickness of the second etching resist 15 is in a
range of, e.g., 5 to 40 pm, or preferably 10 to 25 um.
[0117] Next, as shoWn in FIG. 6(g), the portions of the

metal supporting layer 17 exposed from the second openings
18 of the second etching resist 15 are removed by etching,
While the ?rst to-be-removed regions 21 and the second to-be

removed regions (not shoWn) Which are exposed from the ?rst
openings 16 of the second etching resist 15 are simulta

ond to-be-removed regions are removed by etching, it is pos
sible to prevent the etchant from entering the interface
betWeen the ?rst etching resist 14 and the support frame 3
around the second to-be-removed regions, and prevent the
?rst etching resist 14 from being delaminated from the sup
port frame 3 and the second stepped portions 9.
[0125] Therefore, it is possible to prevent an increase in the
minimum diameter D of each of the ?rst reference holes 12
and the second reference holes 13 resulting from the entrance

neously removed by etching.

of the etchant, and uniformly form the ?rst reference holes 12

[0118]

and the second reference holes 13 With excellent accuracy.

In the etching of the metal supporting layer 17 (in

cluding the ?rst to-be-removed regions 21 and the second
to-be-removed regions) described above, a knoWn etchant

[0126] As a result, by improving the accuracy of position
ing of the magnetic head and the accuracy of positioning of

such as an acidic solution is used. Examples of the acidic
solution include an aqueous ferric chloride solution, a hydro

each of the suspension boards With circuit 2 With respect to
the load beam, the reliability of connection With the suspen

gen peroxide/ sulfuric acid solution mixture, an aqueous
ammonium persulfate solution, and an aqueous sodium per
sulfate solution. In a process using the etchant, a knoWn
method (Wet etching method) such as a dipping method or a

sion board With circuit 2 can be improved.

spraying method is used.

[0127] In the description given above, the ?rst etching resist
14 and the second etching resist 15 are successively formed.

HoWever, it is also possible to, e.g., simultaneously form the
?rst etching resist 14 and the second etching resist 15, though

[0119] In this manner, the slits 39 (see FIG. 2) are formed to
form a gimbal 22, and the gap grooves 19 are simultaneously

not shoWn.

formed to form, from the metal supporting layer 17, the
suspension boards With circuit 2 each including the metal
supporting board 4, the support frame 3 supporting the sus
pension boards With circuit 2 in an aligned state, and the joint

?rst reference holes and ?rst stepped portions in suspension

[0128]

FIGS. 7 to 13 are enlarged cross-sectional vieWs of

boards With circuit Which are other embodiments of the Wired
circuit of the present invention. FIG. 7 shoWs a bi-level imple

mentation in Which the ?rst stepped portion is formed of a
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stepped based layer and a stepped conductive layer. FIG. 8
shows a bi-level implementation in Which the ?rst stepped
portion is formed of a stepped base layer and a stepped cover
layer in Which a stepped conductive layer is not embedded.
FIG. 9 shoWs a bi-level implementation in Which the ?rst
stepped portion is formed of a stepped conductive layer and a
stepped cover layer. FIG. 10 shoWs a mono-level implemen
tation in Which the ?rst stepped portion is formed of a stepped
base layer or a stepped cover layer. FIG. 11 shoWs a tri-level

implementation in Which the ?rst stepped portion is formed of
a steppedbase layer, a stepped conductive layer, and a stepped
cover layer. FIG. 12 shoWs an implementation in Which the

?rst stepped portion is formed of a stepped metal portion
Which rises in level from a radially inner loWer position to a

radially outer higher position. FIG. 13 shoWs an implemen
tation in Which the ?rst stepped portion is formed of a stepped
metal portion Which drops in level from a radially inner
higher position to a radially outer loWer position.
[0129] Note that, in each of the drawings described herein
beloW, the members corresponding to the individual compo
nents described above are provided With the same reference

numerals, and a detailed description thereof is omitted.

[0130] In the description of FIG. 3 given above, the ?rst
stepped part 10 of each of the ?rst stepped portions 8 is
formed from the stepped base layer 31, and the second
steppedpart 11 thereof is formed from the stepped cover layer
33. HoWever, the ?rst stepped part 10 and the second stepped
part 11 are not limited to a combination of the individual

layers shoWn above. For example, as shoWn in FIG. 7, the ?rst
stepped part 10 can be formed from the stepped base layer 31,
and the second stepped part 11 can be formed from the
stepped conductive layer 32. Alternatively, as shoWn in FIG.
8, the ?rst stepped part 10 can be formed from the stepped
base layer 31, and the second stepped part 11 can be formed
from the stepped cover layer 33 in Which the stepped conduc
tive layer 32 is not embedded. OtherWise, as shoWn in FIG. 9,
the ?rst stepped part 10 can also be formed from the stepped
conductive layer 32, and the second stepped part 11 can also
be formed from the stepped cover layer 33.

[0131] In FIG. 7, the ?rst stepped portion 8 does not include
the stepped cover layer 33, but includes the stepped base layer
31 and the stepped conductive layer 32.
[0132] In the ?rst stepped portion 8, the upper surface and
inner circumferential surface of the inner end portion of the

stepped base layer 31 protruding from the inner circumferen
tial surface of the stepped conductive layer 32 in a radially
inWard direction form the ?rst stepped part 10, and the upper
surface and inner circumferential surface of the inner end
portion of the stepped conductive layer 32 form the second

stepped part 11.
[0133] In FIG. 8, the ?rst stepped portion 8 does not include
the stepped conductive layer 32, but includes the stepped base
layer 31 and the stepped cover layer 33.
[0134] In the ?rst stepped portion 8, the upper surface and
inner circumferential surface of the inner end portion of the

stepped base layer 31 protruding from the inner circumferen
tial surface of the stepped cover layer 33 in a radially inWard
direction form the ?rst stepped part 10, and the upper surface
and inner circumferential surface of the inner end portion of
the stepped cover layer 33 form the second stepped part 11.
[0135] In FIG. 9, the ?rst stepped portion 8 does not include

[0136]

In the ?rst stepped portion 8, the upper surface and

inner circumferential surface of the inner end portion of the

stepped conductive layer 32 protruding from the inner cir
cumferential surface of the stepped cover layer 33 in a radially
inWard direction form the ?rst stepped part 10, and the upper
surface and inner circumferential surface of the inner end

portion of the stepped conductive layer 32 form the second
stepped part 11.
[0137] In the description given above, the number of levels
in the ?rst stepped portion 8 is set to 2 (levels). HoWever, the
number of levels is not limited thereto. For example, the
number of levels can be set to 1 (level) as shoWn in FIG. 10,
or set to 3 (levels) as shoWn in FIG. 11. It is also possible to
provide a plurality of levels Which are not less than four

(levels), though not shoWn.
[0138] In FIG. 10, the ?rst stepped portion 8 includes only
the stepped base layer 31 or the stepped cover layer 33, and
the upper surface and inner circumferential surface of the

inner end portion of the stepped base layer 31 or the stepped
cover layer 33 form the ?rst stepped part 10.
[0139] HoWever, it is also possible that the ?rst stepped
portion 8 is formed only from the stepped conductive layer
32, and the upper surface and inner circumferential surface of

the inner end portion of the stepped conductive layer 32 form
the ?rst stepped part 10, though not shoWn.
[0140] In FIG. 11, in the ?rst stepped portion 8, the inner
end portion and outer end portion of the stepped base layer 31
are exposed from the stepped conductive layer 32, and the
inner end portion and outer end portion of the stepped con
ductive layer 32 are exposed from the stepped cover layer 33.
[0141] In the ?rst stepped portion 8, the upper surface and
inner circumferential surface of the inner end portion of the
stepped base layer 31 protruding from the inner circumferen
tial surface of the stepped conductive layer 32 in a radially
inWard direction form the ?rst stepped part 10, the upper
surface and inner circumferential surface of the inner end

portion of the stepped conductive layer 32 protruding from
the inner circumferential surface of the stepped cover layer 33
in a radially inWard direction form the second steppedpart 11,
and the upper surface and inner circumferential surface of the
inner end portion of the stepped cover layer 33 form a third

stepped part 30.
[0142] The ?rst stepped portion 8 includes the ?rst stepped
part 10, the second stepped part 11, and the third stepped part
30, and is formed in a tri-level stepped shape in Which each of

the ?rst stepped part 10, the second stepped part 11, and the
third stepped part 30 stepWise rises in level from a radially
inner loWer position to a radially outer higher. position.
[0143] Also in the description give above, the ?rst stepped
portion 8 is formed any of the stepped base layer 31, the
stepped conductive layer 32, and the stepped cover layer 33.
HoWever, it is also possible to, e.g., form the ?rst stepped
portion 8 from a stepped metal portion 26 of the metal sup

porting layer 17 Without forming the ?rst stepped portion 8
from any of the layers shoWn above, as shoWn in FIGS. 12 and
13.
[0144] In FIG. 12, the stepped metal portion 26 is formed as

the steppedbase layer 31, but includes the stepped conductive

a remaining portion 42 of the metal supporting layer 17
remaining in the region other than the ?rst to-be-removed
region 21 and the periphery thereof after the ?rst to-be-re
moved region 21 of the metal supporting layer 17 prior to the
reference hole forming step and the upper portion of the

layer 32 and the stepped cover layer 33.

periphery thereof are removed.
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[0145] The upper surface and inner circumferential surface
of the inner end portion of the stepped metal portion 26 form
the ?rst stepped part 10. That is, the ?rst stepped portion 8

boards With circuit 2 is shoWn as an example of the Wired

includes the ?rst stepped part 10, and is formed in a mono

a ?exible-Wired-circuit-board assembly sheet including ?ex
ible Wired circuit boards each including the metal supporting

level stepped shape Which stepWise rises in level from a
radially inner loWer position to a radially outer higher posi
tion.
[0146]

circuit board of the present invention. HoWever, the Wired
circuit board of the present invention can also be used as, e. g.,

layer 17 as a reinforcement layer.

In FIG. 13, the stepped metal portion 26 is formed as

the remaining portion 42 of the metal supporting layer 17
remaining in the vicinity of the ?rst to -be-removed region 21
after the upper portion of the metal supporting layer 17 prior
to the reference hole forming step is uniformly removed
except in the ?rst to -be-removed region 21 and the periphery
thereof.
[0147] The upper surface and outer circumferential surface
of the outer end portion of the stepped metal portion 26 form
the ?rst stepped part 10. That is, the ?rst stepped portion 8
includes the ?rst stepped part 10, and is formed in a mono

level stepped shape Which stepWise drops in level from a
radially inner higher position to a radially outer loWer posi

EXAMPLES

[0153]

HereinbeloW, the present invention is described

more speci?cally by shoWing the example and comparative
example thereof. HoWever, the present invention is by no
means limited thereto.

Example 1
[0154] First, a metal supporting layer made of stainless
steel in a rectangular ?at-plate shape in plan vieW Was pre

pared (see FIG. 5(a)). The thickness of the metal supporting
layer Was 20 pm.

tion.

[0155]

[0148] In the description given above, the magnetic head is

resin Was coated on the entire upper surface of the metal

positioned or each of the suspension boards 2 With circuit is
positioned With respect to the load beam using the tWo dif
ferent kinds of reference holes, i.e., the ?rst reference holes 12
and the second reference holes 13. HoWever, it is also possible

mask, and then developed With an alkaline developer. There
after, the coating Was cured by heating to form an insulating
base layer and a stepped base layer each made of polyimide in

to perform positioning using, e.g., either the ?rst reference

Then, a varnish of a photosensitive polyamic acid

supporting board, heated, dried, exposed to light via a photo

the foregoing pattern (see FIG. 5(b)).

holes 12 or the second reference holes 13.

[0156]

[0149] In the description given above, the ?rst stepped por

The thickness of each of the insulating base layer

tions 8 (and the second stepped portions 9) are formed over

and the stepped base layer Was 10 pm. The Width of the
stepped base layer Was 300 um, and the inner diameter (d3)

the metal supporting layer 17 (and the metal supporting board

thereof Was 840 pm.

4). HoWever, it is also possible to, e. g., form the ?rst stepped

[0157] Then, over the metal supporting board, the insulat
ing base layer, and the stepped base layer, a chromium thin

portions 8 (and the second stepped portions 9) under the metal
supporting layer 17 (and the metal supporting board 4),
though not shoWn. In that case, the ?rst etching resist 14 and
the second etching resist 15 are formed in vertically inverted
relation, and the ?rst openings 16 are formed in the upper

?lm and a copper thin ?lm Were successively formed by a
sputtering method to form a metal thin ?lm. Thereafter, on the
surface of the metal thin ?lm, a plating resist Was formed from
a dry ?lm resist into a pattern reverse to that of a conductive

portion of the metal supporting layer 17.
[0150] Preferably, the ?rst stepped portions 8 (and the sec

layer and a stepped conductive layer. Then, the conductive
layer and the stepped conductive layer Were simultaneously

ond stepped portions 9) are formed on the metal supporting
layer 17 (and the metal supporting board 4). This alloWs the
stepped base layer 31, the stepped conductive layer 32, and

resist Was stripped, and the metal thin ?lm exposed from a

formed by electrolytic copper plating. Thereafter, the plating
conductive pattern and the stepped conductive layer Was

the stepped cover layer 33 to be formed on the same side of the

removed by etching (see FIG. 5(0)).

metal supporting layer 17 as the insulating base layer 5, the
conductive layer 6, and the insulating cover layer 7, i.e., on the
upper side. In addition, the stepped base layer 31, the stepped

[0158] The thickness of each of the conductive layer and
the stepped conductive layer Was 12 pm. The Width of the
stepped conductive layer Was 215 pm. The distance (L2)
betWeen the inner circumferential surface of the stepped con
ductive layer and the inner circumferential surface of the
stepped base layer Was 30 um.
[0159] Then, a varnish of a photosensitive polyamic acid

conductive layer 32, and the stepped cover layer 33 can be
formed as the same layers as the insulating base layer 5, the
conductive layer 6, and the insulating cover layer 7. As a
result, the production process can be simpli?ed, and the ?rst
stepped portions 8 and the second stepped portions 9 can be

resin Was coated on the entire upper surface of the metal

formed With more excellent accuracy to alloW the ?rst refer
ence holes 12 and the second reference holes 13 to be formed
more uniformly With more excellent accuracy.

supporting layer including the insulating base layer, the
stepped base layer, the conductive layer, and the stepped
conductive layer, heated, dried, exposed to light via a photo

[0151] In the description given above, the ?rst stepped por

mask, and then developed With an alkaline developer. There
after, the coating Was cured by heating to form an insulating
cover layer and a stepped cover layer each made of polyimide

tions 8 and the second stepped portions 9 are each formed in

a generally annular plan vieW shape, but the plan vieW shape
thereof is not particularly limited. For example, the ?rst
stepped portions 8 and the second stepped portions 9 can be

in the foregoing pattern (see FIG. 5(d)).

each formed into an appropriate shape such as, e. g., a gener

and the stepped cover layer Was 5 pm. The Width of the
stepped cover layer Was 290 pm. The distance (L3) betWeen
the inner circumferential surface of the stepped cover layer

ally triangular frame-like shape or a generally rectangular
frame-like shape.
[0152] In the description given above, the suspension
board-With-circuit assembly sheet 1 including the suspension

[0160]

The thickness of each of the insulating cover layer

and the inner circumferential surface of the stepped base layer
Was 5 pm.
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[0161]

In this manner, ?rst stepped portions and second

stepped portions each including the stepped base layer, the

[0173] In this manner, a suspension-board-With-circuit
assembly sheet Was obtained (see FIGS. 1 and 2).

stepped conductive layer, and the stepped cover layer and
having a thickness of 27 um Were simultaneously formed.

Comparative Example 1

Note that each of the ?rst stepped portions and the second
stepped portions had a bi-level stepped shape, and Was

[0174] A suspension-board-With-circuit assembly sheet

formed to have the same siZe.

[0162]

Then, slits and gap grooves Were formed by etching,

While ?rst reference holes and second reference holes Were

simultaneously formed by etching (see FIGS. 6(e) to 6(h)).
[0163]

That is, a dry ?lm resist Was laminated ?rst on the

entire upper surface of the metal supporting layer including
the insulating base layer, the conductive layer, the insulating
cover layer, the ?rst stepped portions, and the second stepped
portions. Then, the dry ?lm resist Was exposed to light, and
developed to form a ?rst etching resist in a pattern covering

the metal supporting layer including the insulating base layer,
the conductive layer, the insulating cover layer, the ?rst

stepped portions, and the second stepped portions (see FIG.
6(e)). Note that the thickness of the ?rst etching resist Was 40
pm.
[0164]

Then, the dry ?lm resist Was laminated on the entire

loWer surface of the metal supporting layer, exposed to light
via a photomask, and developed to form a second etching

resist in the foregoing pattern formed With ?rst openings and

second openings (see FIG. 6(f)).

Was obtained in the same manner as in EXAMPLE 1 except

that the ?rst stepped portions and the second stepped portions
(the stepped base layer, the stepped conductive layer, and the
stepped cover layer) Were not provided in COMPARATIVE
EXAMPLE 1.

(Evaluation)
[0175]

The minimum diameter (D) of the plurality of ?rst

reference holes of the suspension-board-With-circuit assem
bly sheet of EXAMPLE 1 Was measured using a measuring
device. The result of the measurement is shoWn in FIG. 14.
The standard deviation (a) of the measurement values of the
minimum diameter (D) of EXAMPLE 1 Was 0.0012.
[0176]

Additionally, in the same manner as described

above, the minimum diameter (D) of the ?rst reference holes
of the suspension-board-With-circuit assembly sheet of
COMPARATIVE EXAMPLE 1 Was also measured. The
result of the measurement is shoWn in FIG. 15. The standard
deviation (a) of the measurement values of the minimum
diameter (D) of COMPARATIVE EXAMPLE 1 Was 0.0049.

[0177] While the illustrative embodiments of the present
invention are provided in the above description, such is for

The inner diameter (d4) of each of the ?rst openings

illustrative purpose only and it is not to be construed as

Was 770 um, and the distance (L4) betWeen the inner circum
ferential surface of the ?rst opening and the inner circumfer
ential surface of the stepped base layer Was 20 pm. The
thickness of the second etching resist Was 25 pm.

limiting the scope of the present invention. Modi?cation and
variation of the present invention that Will be obvious to those
skilled in the art is to be covered by the folloWing claims.
What is claimed is:
1. A Wired circuit board, comprising:
a metal supporting layer;
an insulating layer formed on the metal supporting layer;
and
a conductive layer formed on the insulating layer, Wherein
a reference hole for positioning is formed in the metal

[0165]

[0166] Thereafter, the portions of the metal supporting
layer exposed from the second openings of the second etching
resist Were removed by etching, While ?rst to-be-removed
regions and second to-be-removed regions Which Were

exposed from the ?rst openings of the second etching resist
Were simultaneously removed by etching (see FIG. 6(g)).
[0167]

In the etching, a dipping method using an aqueous

ferric chloride solution as an etchant Was implemented.

[0168]

In this manner, the slits Were formed to form a

gimbal, and the gap grooves Were simultaneously formed,

Whereby the suspension boards With circuit each including
the metal supporting board, a support frame, and joint por
tions Were formed from the metal supporting layer.
[0169]

At the same time, the ?rst reference holes Were

formed in the metal supporting layer in the suspension boards
With circuit, While the second reference holes Were simulta

neously formed in the support frame.
[0170] The ?rst reference holes and the second reference
holes Were each formed in a trapeZoidal cross-sectional shape

supporting layer, and
a stepped portion is formed so as to surround the reference

hole.
2. The Wired circuit board according to claim 1, Wherein
the stepped portion is formed in the same layer as the insu

lating layer and/or the conductive layer.
3. The Wired circuit board according to claim 1, Wherein a

distance betWeen the stepped portion and the reference hole is
not more than 100 um.

4. The Wired circuit board according to claim 1, Wherein
the stepped portion has a thickness of not less than 5 pm.
5. The Wired circuit board according to claim 1, Wherein

the insulating layer is formed of polyimide.

Which gradually upWardly tapered in Width in inclined rela
tion, and the minimum diameter (D), i.e., the inner diameter

6. The Wired circuit board according to claim 1, Wherein
the conductive layer is formed of copper.
7. The Wired circuit board according to claim 1, Which is

(d1) of the upper end portion thereof Was about 800 um. Note
that the inner diameter (d2) of the loWer end portion of each of

used as a suspension board With circuit.

the ?rst reference holes and the second reference holes Was
820 pm.

ing:

[0171] The distance (L1) betWeen the inner circumferential
surface of the stepped base layer and the inner circumferential
surface (upper end edge) of the ?rst reference hole Was 50 pm.
[0172] Thereafter, the ?rst etching resist and the second

etching resist Were removed by stripping (see FIG. 6(h)).

8. A producing method of a Wired circuit board, compris

the step of forming a metal supporting layer, forming an
insulating layer on the metal supporting layer, and form
ing a conductive layer on the insulating layer;
the step of forming a stepped portion such that a to-be
removed region for boring a reference hole used for

positioning is surrounded thereby; and

