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A MULTI-PIECE INTEGRATED SUSPENSION ASSEMBLY
FOR A MAGNETIC STORAGE SYSTEM

Field of the Invention

The present invention relates to a slider-suspension assembly for a
magnetic storage system, and more particularly to a multi-piece integrated
suspension assembly for use in a magnetic disk storage system.

Description of the Related Art

Magnetic disk drives are information storage devices which utilize
at least one rotatable disk with concentric data tracks containing the
information, a head (or "transducer") for reading data from
data to the various tracks, and a head positioning actuator connected to
the head for moving it to the desired track and maintaining it over the
track centerline during read or write operations. The transducer is
attached to an air-bearing slider which is supported adjacent the data
surface of the disk by a cushion of air generated by the rotating disk.

The slider is mounted on a support arm of the head positioning actuator by
means of a suspension.

or writing

The suspension provides dimensional stability between the slider and
actuator arm, and controlled flexibility in slight vertical as well as
pitch and roll motions (giﬁbaled motions) of the slider during its
relative motion above the rotating magnetic disk surface. The suspension
generally comprises a load beam, which is mounted to an actuator arm of
the head positioning actuator, and a flexure element supported by the load
beam which supports the slider. The load beam provides a resilient spring
action which biases the slider toward the surface of the disk, while the
flexure provides flexibility for the slider as the slider rides a cushion
of air in close proximity against the rotating disk.
suspension structures have been proposed.

"In the past, various
For those suspensions having
flexures with integrated conductor leads for making electrical connections

to the sliders mounted thereon, they are sometimes referred to as trace
suspension assemblies or integrated suspension assemblies.

With the push for higher recording densities, it becomes a challenge
to format the disk surface with narrower data tracks and narrower
inter-track spacings in order to pack more data tracks on the disk
surface. To meet this challenge, the performance specification
requiremencs for the flexure is more stringent, in addition to the
reguirements of the other structural and mechanical components of the disk

drive system which are relatively easier to achieve and control.
example,

For
it is important that the integrated suspension be constructed of



magnetlc storage system and rmre partlcul arly to a nulti-piece integrated

suspengi on assenbly for Thnséheptnia di sk storage system 10
Description of the Relat Magnetic disk drives are

i nformati on storage devic ze at | east one rotatable disk
W|th concentric d_{s tracks conta| ning the I nf or mat i eer/eBtvemsed (or
"transducer” q‘8 a3 2ad| ng data fromor witing 15 data to the various

tracks, and a head positioning actuator connect ed to
nmoving it to the desired track and maintai®ning it over the
centerline during read or wite operations. The transducer is
attached to an air-bearing slider which is supported adjacent the data
surface of tireléghtkwiighn scoudtupn thet 4Fr GRensiadddybiFebife rBeatiemyrarsk. 20
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is desired to develop smaller integrated suspensions so as to meet the

requirement of disk drive systems of smaller physical size. Due to the

relatively small physical size and fragile structure of the suspension

assembly, it becomes a challenge to develop integrated suspension

10 structures that are designed for manufacturability while achieving the
desired performance specifications and yield requirement.

the head for
track

U.S. Patent No. 4,996,623 discloses a laminated suspension having a
flat flexible sheet of material bonded on both sides to patterned metal
15 layers. This suspension includes an arm portion for attachment to the
actuator support arm, a slider portion to which the slider is attached,
and a link portion interconnecting the arm and slider portions such that
the slider portion extends beyond the actuator support arm at its end.
The structure of this design is relatively complex.
20
Fig.1l depicts a prior art integrated suspension 20. This integrated
suspension 20 includes a load beam 22, a flexure 24 of reduced thickness
integrally extending from the load beam 22, conductive leads 26, and a
slider 30 mounted to the surface of the flexure 24. An intermediate layer
25 of dielectric material 27 separates the leads 26 from the load beam 22 and
the flexure material (see Fig. 2), and supports the leads 26 in a
suspended manner along some of its sections (see Fig. 3). The leads 26
terminate on the slider 30 in electrical connection to the read and write
sensors contained therein. It is noted that the terminations of the leads
30 26 are routed over the end of the flexure 24 to terminate on the end face
32 of the slider, which makes the leads 26 more prone to damage during
manufacturing and subsequent handling of the integrated suspension 20.
Also, it has been found that in a disk drive system which implements a
stack of integrated suspensions 20 for multiple disks, more vertical

35 height is needed in the actuator stack to accommodate interconnection of
the leads and a flex cable from the control electronics of the disk drive
system.

DISCLOSURE OF THE INVENTION

40
The .present invention presents a simplified integrated suspension
structure that is relatively easy to manufacture. The novel integrated
suspension may be assembled from separaté pieces, including a locad beam, a
flexure and a mounting plate. The load beam provides rigid structural
45 support of the flexure. The flexure includes a flexible member and leads
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25+« pitch and roll notions (ginbaled notions) of the slider during.its
rel at}ve motion above the rotating magnetic di sk surface. The suspension
general ly conprises a | oad beam which is nounted to an actuator arm of

t he head positioning actuator, and a flexure el enment supported by the | oad
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30  action which biases the slider toward the surface of the disk, while
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10 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of the slider region of a prior art
integrated suspension assembly:

Fig. 2 is a sectional view taken along line 2-2 in Fig. 1;

15 Fig. 3 is a sectional view taken along line 3-3 in Fig. 1;

Fig. 4 is a schematic/block diagram of a magnetic disk storage
system in which the integrated suspension of the present invention is
implemented;

Fig. 5 is a perspective view of an integrated suspension assembly in

20 accordance with one embodiment of the present invention;

Fig. 6 is an exploded perspective view of the integrated suspension
assembly shown in Fig. 5;

Fig. 7 is a perspective view of the slider region of the integrated
suspension assembly shown in Fig. 5:

25 Fig. 8(a) - (d) are top views of the load arm and the sequence of
' the different layers of the flexure of the integrated suspension assembly
shown in Fig. 5;
Fig. 9 is a sectional view taken along line 9-9 in Fig. 7;
Fig. 10 is a sectional view taken along line 10-10 in Fig.
30 Fig. 11 is a sectional view taken along line 11-1l1 in Fig.
Fig, 12 is a sectional view taken along line 12-12 in Fig. 7:
Fig. 13 is a sectional view taken along line 13-13 in Fig. 7:
Fig. 14 is a bottom perspective view of the slider region of an

integrated suspension assembly in accordance with another embodiment of
35 the present invention;
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Fig. 15 is a top perspective view of the slider region shown in Fig.
14;

Fig. 16(a) and (b) are top views of the load beam and flexure at the
slider region shown in Fig.. 15;
40 Fig. 17 is a sectional view taken along line 17-17 in Fig. 161(b);

Fig. 18 is a sectional view taken along line 18-18 in Fig, 16(b);
and

Fig. 19 is a sectional view taken along line 19-19 in Fig. 14.

45
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45 'exanplg, it is inportant that the integrated suspension be
constructed of 2

a light weight structure that is dinensionally stable. The flexure of
t he integrated suspension nust be durable in maintaining its flexibility

and reliable igaﬁgﬁy;ately and repeatedly positioning the spigeBoidosis -
respect to t WY surface such that the densely packed data tracks can

be accessed with tight tolerance in slider/track alignment. Further, it
is desired to devel op smaller integrated sdspensions so as to neet the
requi renment of disk drive systens of smaller physical size. Due to the 10
relatively small physical size and fragile structure of the suspension
assenbly, it beconmes a chal | BRYELER DEESRIFBION PR 8HE INEWTIOR pensi on

Fig. 4 illustrates a simplified schematic block diagram of a
magnetic disk storage system 40 embodying the present invention. The
magnetic disk storage system 40 comprises at least one rotatable magnetic
disk 42 which is supported on a spindle 44 and rotated by a disk drive
motor 46, and at least one slider 48 positioned in close proximity to the
magnetic recording media at the disk surface 43. Data is stored in the
magnetic recording media on each disk 42 in the form of an annular pattern
10 of concentric data tracks (not shown). Each slider 48 contains one or
more magnetoresistive MR sensaors and write transducers (not shown). . The
slider 48 is mounted to an integrated suspension 50 which is connected to
an actuator means 54 by way of an actuator arm 52. As the disk 42
rotates, the slider 48 is controlled to move across the disk surface 43 by
the actuator means 54 so that the slider 48 may access different portions
of the disk surface 43 where desired data is recorded or read. The
integrated suspension S0 provides a slight spring force which biases the
slider 48 against the disk surface 43 and controls flexibility in slight
vertical as well as roll and pitch movements of the slider 48 relative to
20 the rotating disk surface 43. The actuator means as shown in Fig. 4 may

be a voice coil motor (VCM), for example. The various components of the

magnetic disk storage system 40 are controlled in operation by control
signals generated by control unit 56, such as control of the actuator
means 54, drive motor 46 and reading/writing data.

15

25

Fig 5 is a perspeétive view of a multi-piece integrated suspension
50 in accordance with one embodiment of the present invention. Fig. 6 is
an exploded perspective view of the major components making up the
integrated suspension 50, and the actuator arm 52 to which the integrated
30 suspension 50 is attached. The actuator arm 52 pivotally supports the
integrated suspension 50 about the axis § of the spindle (not shown) of
the actuator means 54 in the disk drive system 40. The primary pieces of
this integrated suspension 50 include a load beam 58, a flexure 60 and a
mount plate 62. One end of the load beam 58 is fixedly attached to the
35 actuator arm 52 using the mount plate 62, and the other end supports on
its surface the flexure 60. The flexure 60 has integrated conductor leads
64 or traces on its surface. " The slider 48 is bonded to the tip end of
the flexure 60. The slider 48 may be of the type which contains an
integrated MR read sensor 65 and inductive write transducer 48. (The read

40 sensor and write transducer are schematically depicted by dotted lines in
the figures for illustrative purpose only. The actual sizes and locations
of these components differ from what are shown, which do not affect the
understanding of the present invention herein.) The mount plate 62
supports the ends of the leads 64. The leads terminate at one end at the

45

slider 48 and at the other end in a multiconnector 63 on the mount plate



structures that are designed for manufacturability while achieving the
desired performance specifications and yield requi renent. 15

Eur opean Pat ent Application 0 412 739 discloses a "wirel ess”

| ami nat ed suspension having a flat flexible sheet of material bonded on
both sides to wai¢RsRed metal layers. This suspension incl ud®ETGRIHES -~
portion for attachnment to the actuator support arm a slider portion to
which the slider is attached, and a link pordion interconnecting the arm 20
and slider portions such that the slider portion extends beyond the
actuator support armat its end. The structure of this design S

rel ativel y COI'Tpdf%or electrically cfgneéékkﬁ]&%%ep%teﬁ&onp@?'o'f &I}lt ol7qgirp§é
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head to the rest of thes stem &édeplcts a prior art
i nt egrat ed suspensi di#920. “‘Q’Fﬁ sleapivdriistgates the skidepigidh o3 0-he nicietidress 69

| oad beam 232, aThe dsadsetf demfinatedor alie tiphticepasis 78 on the end face of the
) slider 48; one pair of the leads 64 being in electrical connection with
the MR read sensor 65, and the other pair of leads 64 being in electrical
connection with the write transducer 66. The lead terminations may be
bonded to the slider pads 78 by conventional ultrasonic bonding processes
10 or soldering. It is noted that the leads 64 are bent at their ends so
that they can be positioned with a flat surface against the pads for
bonding thereto. The leads 64 may be bent before or after the flexure 60
has been attached to the load beam 58. If the latter, the aperture §0 in
the load beam 58 and apertures 82 in the flexure &0 provide access for
15 forming the bent lead terminations. Also, these apertures 80 and 82
provide access to the slider so that it can be rigidly held during bonding
(e.g., by ultrasonic bonding operation) of the leads to the slider pads.
More detail descriptions of the structure of the various components and
assembly thereof follow below.
20
Referring to Fig. 8(d), the load beam 58 is generally flat and
rigid, made of stainless steel or a ceramic material, for example. In the
illustrated embodiment, the load beam is stainless steel of about 0.04 to
0.05 mm thick. For faster slider positioning response in the disk drive
25 system 40, it is desirable to maintain the weight and inertia of the load
beam 58 as small as possible using thinner material without compromising
its structural rigidity. To improve torsional rigidity of the thin load
beam 58, it is stamped with surface features on its flat structure, such
as the triangular depression or well 68. As will be apparent from below,
30 this well 68 together with the flexure 60 attached thereon, form a box
' structure which is more rigid than an otherwise entirely £lat load beam 58
{see Fig. 9). Further, the edges along the length of the load beam are
curted to form flanges 70. These flanges 70 also facilitate handling of
the integrated suspension 50 to avoid handling damage during the
35 manufacturing process. In addition, a tongue 72 extends from the end of
the load beam 58 which also facilitates handling of the integrated
suspension 50 during its assembly in the disk drive system 40. The tongue
72 can also be used to load and unload the slider 48 on the disk 42.

40 The flexure 60 includes several layers of different materials in an
integral structure (see Fig. 9). Referring to Figs. 8 (a) - (c), the
various layers of the flexure 60 are indicated in a top down sequence in
plan views. The structure layer of the flexure 60 is a sheet of flexible
material (hereinafter referred to as the spring layer 74) which may be

45 stainless steel, or other suitable spring material, and of a thickness



30 " integrally extending fromthe | oad beam 22, conductive |eads 26, and

a, + slider 30 nounted to the surface of the flexure 24. An

i ntermedi ate | ayer of dielectric material 27 separates the | eads 26
fromthe | oad beam 22 and the flexure material (see Fig. 2), and
supports th&@ﬁﬁ‘ﬁ?ﬂ% in a suspended manner al ong sgiRGed00eS -
sections (s The | eads 26 35 term' nate on the slider 30 in

el ectrical connection to the read and wit sensors cont ai ned
therein. It is noted that the term nat|0n§ of the |eads 26 are

routed over the end of the flexure 24 to termnate on the end face
32 of the slider, which makes the | eads 26 nore prone to danmage duri ng
manuf act ur i ng2ReNE 18U BR SQuBIREORR AR thegi Grstrased srkRiinentd WRSpRISPEAYIS®. 40
Al so, it hastkrérsiredrlashin deflegtitngk AFimpy ke shaned\ihy efchinglognsyamping
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system 45 may be formed by using conventional photolithographic processes well know
in the art. The mount plate 62 may be of the same material as the spring
layer 74 and formed in the same process as the spring layer 74. It is
noted that the sections 84 of the leads 64 are positioned beyond the edges

10 of the spring layer 74. These sections 84 of the leads are maintained in
a fixed spaced apart relationship by the dielectric material at several
points 86 along these sections 84 (see also Figs. 10 and 11). This lead

configuration is intended to eliminate their contact with the spring layer
74. As will be understood from the discussion below, the spring layer 74

15 needs to maintain flexibility for gimbal support of the slider about its
roll and pitch axes.

The flexure 60 is structured and attached to the load beam 58 in a

manner as to provide the desired gimbal motioms. Specifically, the

20 section 88 of the spring layer 74 is rigidly attached to the load beam 58
by means of welding, rivets or epoxy, for example. As mentioned before,
the flexure spring layer 74 with the well 68 on the load beam 58 form a
rigid box structure (Fig. 9). The section 90 of the flexure 60 with the
slider 48 thereon is not fixedly attached to the load beam 58, but is

25 biased by the spring layer 74 to rest against a gimbal pivot 92 on the
load beam 58. The gimbal feature of the integrated suspension 50 is now
explained more clearly in reference to Figs. 12 and 13. The gimbal pivot
92 is located on the load beam 58 in the slider region against which the
spring layer 74 of the flexure 650 rests. The spring layer 74 with the

30 slider 48 attached thereon is free to elastically pivot about pitch (X)
and roll (Y) axes at this gimbal pivot 92, since the spring layer 74 at
the section 90 is not fixedly attached to the load beam S8. Due to the
flat laminated structure of the flexure 60, motion along the X axis is
restricted. To limit the extent of pitch and roll motions so as to

35 prevent damage to the flexure 60, tabs 94 are provided in the spring layer
74 of the flexure 60 which extend through the aperture 80 on the load beam
58 (see Fig. 13). One or both of the tabs 94 would interlock against the
edge 96 of the aperture 80 before pitch and/or roll motions exceed their
designed range, thereby limiting such motions.

40

A second embodiment of an integrated suspension 100 in accordance

with the present invention is illustrated in reference to Figs. 14 to 19.
For simplicity, only the slider end of the integrated suspension 100 is
shown in the figures, as the other end of the suspension 100 may be

45 similar to that of the previous embodiment. In this second embodiment,



2a DI SCLOSURE OF THE INVENTION 5

The present invention presents a sinplified integrated suspension
structure that is relatively easy to manufacture. The novel integrated
suspensi on may be assenbl ed from separate pieces, including a | oad beam a

flexure and a {upls#Re pl ate. The | oad beam provides rigid sRCTEIBRIFHNSO3 -
support of the flexure. The flexure includes a flexible nenber and | eads

7

the load beam 102 also has flanges 103 along its longitudinal edges. 1In
addition, at the end of the load beam 102 in the slider region, bumpers
104 are provided which further facilitates handling of the integrated
suspension. as in the previous embodiment, a tongue 106 extends from the

5 end of the load beam. A gimbal pivot 108 is provided on the load beam 102
for pivoting gimbal motions of the slider 48. The flexure 110 has a
spring layer 112 and integral leads 114 formed thereon with an
intermediate integral dielectric layer 116. Some sections of the leads
114 are suspended without support of the flexure spring layer 112 along

10 these sections (see Fig. 18). The slider 48 is bonded to the flexure
spring layer 112 by adhesive, for example. Like in the previous
embodiment., the lead terminations are bent for bonding to the slider pads
78. Apertures 118 and 120 in the load beam 102 and flexure 110
facilitates such bonding. The flexure 110 is fixedly atrtached to the load

15 beam 102 at the end not shown in the figures in a manner similar to the
previous embodiment. The slider end of the flexure 112 is biased by the
spring layer to rest against the gimbal pivot 108 on the load beam 102.

It is noted that in this embodiment, a tang 122 is etched in the
20 spring layer 112 which is looped to form an U-shaped clip 124. This clip
124 serves to limit excessive roll and pitch motions about the gimbal
pivot 108 (see Fig. 19). The clip 124 may be pre-formed on the flexure
110 prior to its attachment to the load beam 102. The flexure can then be
clipped onto the load beam 102 through the aperture 126.
25
As one can appreciate from the foregoing description of the present
invention in reference to the illustrated embodiments, the structure of
the novel integrated suspension assembly is less complex compared to those
in the prior art, while providing the desired gimbal characteristics. The
30 novel structure is relatively easy to manufacture, with separate pieces of

the suspension assembly (namely, the flexure and load beam) formed
separately and finally assembled.

although the present invention is described in reference to a
35 magnetic disk storage system and in particular one which implements a
slider containing a magnetoresistive (“"MR") sensor, it will be apparent
that the invention may be implemented in other magnetic storage systems
including recording systems such as a magnetic tape recording system or

other applications which could take advantage of an integrated head
40 suspension assembly.
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1. A multi-piece integrated suspension assembly (50, 100) for

supporting a slider (48) in a magnetic storage system (40), comprising:
a rigid locad member (58, 102):;

a_flexure (60,110) including a flexible member (74, 112) and
conductive leads (64) integrally formed thereon, said slider being mounted

10 on the flexible member at one end thereof in electrically connection to
the leads; and

pivoting means {108) between the flexible member and the load beam
for pivoting gimbal motions of the flexible member;
15
wherein a section of the flexible member is fixedly attached to the
load beam with another section of the flexible member free to pivot about
the pivoting means for gimbal motions.

20 2. A multi-piece suspension assembly (50, 100) as in claim 1 wherein:

the load member (58, 102) is generally flat, said load member
including first and second sections having first and second surfaces
spanning across the first and second sections of the load member,
25
the flexible member (74, 112) is generally flat which includes first
and second sections having first and second sides spanning across said
first and second sections of the flexible section, said leads integrally
formed on the first and second sections, said slider (48) being mounted on
30 the first surface at the first section of the flexible member,

said second section of the flexible member beirng fixedly attached to
the second section of the load member with the second surface of the
flexible member towards the first surface of the load member; and
35
said pivoting means (108) locating between the first surface of the
first section of the load member and the second surface of the first
section of the flexible member,

40 whereby the first section of the flexible member can pivot about
said pivoting means so as to gimbal the slider mounted thereon.

3. A multi-piece integrated suspension assembly (50) as claimed in
claim 2 wherein the pivoting means (108) is a projection on the first

45 surface at the first section of the load member which pivotally supports
_
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Fig. 1is a perspective view of the slider region of a prior art

I nt egr at ed suspensi on asserrhis mm}hstnRehmal Fig. 2 is a sectional view
taken along line 2-2 in Fig. Flg 3 is a sectional view
taken along line 3-3 |n Fig. Flg 4 is a schemati c/ bl ock
di agram of a n@Bldfsrdi sk stora emin which thedararegeed -
suspensi on of the present |nvent|on |nplenented

Fig. 5is a perspective view of an |ntegrat@d suspensi on assenbly in 20
accordance with one enbodi nent of the present invention; Fi g.

6 is an expl oded perspective view of the integrated suspensi on
assenbl y shown §u9£ egat %he f:. st section ofFl:l% I Sen%ep lix?r%e(:t ! \{:ellyl Swof t he

lid of ol nsi PR 6
S5 der redion dhel el Vel &l ke siorisie w@mrh%oamrsmsmcgeqfu o
of * the o‘i‘i‘f"erséﬁ"tml“a%fef%e Gfe’tlﬁée fEERATT &F §Fingh@9atAt e SRAPER SstidPensi on
assenbl y shown in Fig. 5; Fig. 9 is a sectional view

taken along |inrfe 9- & mrithigjecd integrated suspensiongassefblys () sectlainal i ew
taken al ong |i naaif-2l@hdreifitge 18ad3064) are formedFbrgcthd Fitsk aurF@6d iognede Vi ew
taken along |inArdd-ahd deBodd Gectfons of flexible member (74).

5. A multi-piece integrated suspension assembly (50) as claimed in
10 claim 4 wherein the flexure (60) further includes an integral intermediate

layer of dielectric material (76) between the leads (64) and the flexible
member (74).

6. A multi-piece integrated suspension assembly (50) as claimed in
15 claim 5 wherein the leads (64) terminate at one end on the slider (48),
the leads having its ends bent to have a flat side contacting the slider.

7. A multi-piece integrated suspension assembly (50) as claimed in
claim 4 wherein the leads are integrally formed on the flexible member
20 {74) by a photolithographic process.

8. A multi-piece integrated suspensioﬂ assembly (50) as claimed in
claim 4 wherein the leads (64) include a section which extends beyond the
edge of the first section of the flexible member (74).

25
9. A multi-piece integrated suspension assembly {(50) as claimed in
claim 4 wherein the leads (64) terminate on the slider (48) at a far end
of the slider (48) relative to the second section of the flexible member
(74).

30 .
10, A multi-piece integrated suspension assembly (50) as claimed in
claim 9 wherein the leads (64) are configured around the lateral sides of
the glider (48) and along the first and second sections of the flexible

- member (74).

35 B
11. A multi-piece integrated suspension assembly (50) as claimed in
claim 3 further comprising a mount plate (62) attached on the first
surface of the second section of the load member (58), wherein part of the
leads (64) are integrally formed on the mount plate.

40
12. A multi-piece integrated suspension assembly (50) as claimed in
claim 3 wherein the load member (58) has a tongue (72) extending from a
distal end of the first section of the load member.

-_
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Fig. 12 is a sectional viem(ss;&kteﬁsaéeﬁ debhe 12-12 in Fig. 7;

Fig. 13 is a sectional vie ine 13-13 in Fig. 7;
Fig. 14 is a bottom perspe he slider region of an

i ntegrated suspension asse nce with anot her enbodi nent of 35

the present | Flg. 15 is a top- perspeg@waibxwguw(ﬁ
the slider 3§¥ §ﬁomn in Fig. 14; Fig. 16(a) and (b)
are top views of the |oad beam and fl exure at the slider region
shown in Fig. 15; 40 Fig. 17 i s ' sectional view taken along line
17-17 in Fig. 16(b); Fig. 18 is-a sectional view taken al ong
line 18-18 in_Fig. 16£ b); and Fig. 19 is a sectiona

vi ew t aken al bi‘h EX) T991f§39| :thggif.teq_@usp%mn assembly (50) as claimed in

clalm 3 wherein the load member (58) has edges along its first and second
sections bent to add structural rigidity to the load member.

S 14. A multi-piece integrated suspension assembly (50) as claimed in
claim 4 wherein an aperture (B2) is provided in the first section of the
flexible member (74) in a position below the termination of the leads (64)

on the slider (48) to facilitate bending of the leads integrally formed on
the flexible member.
10

15. A multi-piece integrated suspension assembly (50) as claimed in
claim 2 wherein the flexure further includes limiting means for limiting
the gimbal motions of the first section of the flexible member (112} .

15 16. A multi-piece integrated suspension assembly (50) as claimed in
claim 15 wherein the limiting means include an aperture (126) provided on
the load member (102) and an integral tang (122) extending from the first
section of the flexible member (112) and through said aperture which
interacts with the edge of the aperture to limit gimbal motions of the

20 first section of the flexible member.

17. A multi-piece integrated suspensioh assembly (50) as claimed in
claim 16 wherein the integral tang (122) forms a U-shaped clip which clips
onto the load beam (102) through the aperture (126).

25

8. A magnetic storage system comprising:

a magnetic storage medium having a plurality of tracks for receiving
data;
30

drive means for moving the storage medium;

a slider including a read sensor and a write transducer maintained
in a closely spaced position relative to said magnetic storage medium
35 during relative motion between said slider and said storage medium;

actuator means coupled to said slider for moving said slider
relative to the magnetic storage medium to selected tracks on said
magnetic storage medium, said actuator means including an integrated
40 suspension assembly as claimed in any one of claims 1 to 17; and

control means for controlling the operations of drive means,

. actuator means and reading and writing of data with respect to the
magnetic storage mediun.
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4 : ' TI ON OF THE | NVENTI ON

Fig. 4 illustrates a sinplifj | ck diagram of a magneti c
di sk storage system 40 enbod“ ﬂ EIEL'@H!IL nvention. The 5 magneti c
di sk storage syg)HsAg conpr cdlL 0 rot at abl e magn&CTEGBIH0503 di~sk
42 which is supported on a spindle 44 and rotated by a disk drive

notor 46, and at | east one slider 48 positioqed in close proximty to the
magneti c recording nmedia at the disk surfacé'43. Data is stored in the
magnetic recording nedia on each disk 42 in thé formof an annular pattern

10 of concentric data tracks (not shown). Each slider 48 contains one
or 19. A method of making an integrated suspension assembly (50, 100) for

supporting a slider (48), comprising the steps of:

forming a rigid load member (58, 102);

5
forming an integral flexure (60, i10) including a flexible member
{74, 112) and conductive leads (64) thereon, said slider being mounted on
the flexible member at one end thereof in electrically connection to the
leads;
10

forming a pivoting means (108) between the flexible member and the
load beam for gimbal motions of the flexible member;

attaching a section of the flexible member to the load beam with
15 another section of the flexible member free to pivot about the pivoting
means for gimbal motions.

20. A method as claimed in claim 19 wherein:

20 the load member (58, 102) is formed to be generally flat, said load
member including first and second sections having first and second
surfaces spanning across the first and second sections of the locad member,

the flexible member (74, 112) is formed to be generally flat which

-25 includes first and second sections having first and second sides spanning
across said first and second sections of the flexible section, said leads
integrally formed on the first and second sections, said slider (48) being
mounted on the first surface at the first section of the flexible member,

30 said attaching of the flexible member to the load member includes
fixedly attaching the second section of the flexible member to the second
section of the load member with the sectond surface of the flexible member
towards the first surface of the load member, and

35 the pivét means (108) is located between the second surface of the
first section of the flexible member and the-first surface of the first
section of the load member, whereby the first section of the flexible
member can pivot about said pivoting means so as to gimbal the slider
mounted thereon.

40
21. A method as claimed in claim 20 wherein the pivoting means (108) is
a projection on the first surface at the first section of the load member
which pivotally supports the first section of the flexible member (74),
said second surface of the first section of the flexible member pressing
45 against the projection.
This Sheet Has Been Replaced THIS SHEET HAS BEEN




rmre"magnetoresi stive lumﬁm e transducers (not shown). The
slider .48 is nounted to i’ ”rr penS| on 50 which is connected to
an actuator neans 54 by vvay ‘of Lan® act Ua arm 52. As the disk 42

rotates, the slider 48 is controlled to rmve across the disk surface 43 by

15 t he a%aql,,g:{,s.{‘reans 54 so that the slider 48 may accesersbfiovs@nt -

portions he di sk surface 43 where desired data is recorded or
read. The i nt egrat ed suspensi on 50 frovides a slight spring force
whi ch bi ases the slider 48 against™the disk surface 43 and controls
flexibility in slight vertical as welt as roll and pitch novenents
of the slider 48 relative to 20 the rotating disk surface 43. The

actuat or nead$- asAJMeshRe A Fpipedqingyaim 20 wheypinthegleads c(§#} aryst Trrmed/cR) |
for exanpl e. tHHEivey sutface fpthieAtrstofnd pecond sectiopgpfeflexibiles kemitegr age
system 40 ard?®ontrolled in operation by control si gnal s generated
by control unit 56, such as control of the actuator nmeans 54, drive
not or 46 and 25 eadiNge¥bd bk NG afiadin 22aim 22 wherein theFEfkxord $s&FRRESRECE I Ve

view of a muly Lbl\@'e ﬁgiﬁ& e @L@e@m S4L3NE n.lSdErEP (76) of dlgpeétpléﬁgggrqu%gtwaeen

one enbodlnen r ve
per spective Vi ew ﬁg) ﬁﬁ?dz}‘ fg‘ g’h@n’f‘é‘mﬁﬁavﬂg up the i nt egr at ed

suspensi on 50, and the actuator arm52 to which the integrated 30
suspensi on 534 s AtmeshpRgds clyiedain FArR 2areSinpihroteadsy (64UmFsrt s t he
i nt egr at®ed suoparsibnfsredbmuthe fdexible m8mker (He bpRneHosoYinbograbbim) of

process.

25, A method as claimed in claim 20 wherein the flexure (110) is formed
to include a limiting means for interacting with the load member (102) to

15 limit the gimbal motions of the first section of the flexible member
(112).
26. A method as claimed in claim 25 wherein the limiting means include
an aperture (126) provided on the load member (102) and an integral tang
20 (122) extending from the first section of the flexible member (112) and

through said aperture which interacts with the edge of the aperture to
limiy gimbal motions of the first section of the flexible member.

27. A method as claimed in claim 26 wherein the integral tang (122) is
25 formed into a U-shaped clip which clips onto the load beam (102) through
the aperture (126).

— . THIS SHEET HAS BEE{\]
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the actuator nmeans 54 in the disk drive system 40. The prinmary pieces of
this integrdted suspension 50 include a | oad beam 58, a flexure 60 and a
nount plate 62. One end of the |oad beam 58 is fixedly attached to the 35
actuator arm 52 using the nount plate 62, and the other end supports on
its surface thewblsaxamse 60. The flexure 60 has integrated condariGmo7/Heseds -
64 or traces on its surface. The slider 48 is bonded to the tip end of

the flexure 60. The slider 48 nay be of the type which contains an
integrated MR read sensor 65 and inductiveppgjte transducer 48. (The read

40 sensor and wite transducer are schematically depicted by dotted
lines in the figures for illustrative purpose only. The actual
sizes and | ocations of these conponents differ fromwhat are shown,
whi ch do not affect the under standi ng of the present invention
herein.) The nount plate 62 supports the ends of the |eads 64. The
| eads term nate at one end at the 45 slider 48 and at the other end in

FIG. 1

(Prior Art)
26 26 o7
A\
i} e
FIG. 2
(Prior Art) 26
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FIG. 3

(Prior Art)
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5. ‘ 62 for electrically connecting to the electronics of the control
unit 56 (shown in Fig. 4) via a flex cable (not shown).
Fig. 7 nore clearly illustrates the slider region on the flexure 60. 5

The | eads 64 t ewoismad?rs7 on t he contact pads 78 on the end facerot/cBbmosos -
slider 48; one pair of the leads 64 being in electrical connection with
the MR read sensor 65, and the other pair of |eads 64 being in electrical
connection with the wite transducer 66. Phqql ead terminations may be
bonded to the slider padsa#8 by conventional ultrasqQic bondi ng processes

10 or soldering. It iS\noted that the | eads 64 afe bent at their ends
SO t hat they cangbe ési tioned with a flat @urf%e agai nst the pads
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bondi ng thereto. The |eads 64 may be bent before or after the flexure 60
has been attached to the |load beam58. If the latter, the aperture 80 in
the | oad beam 58 and apertures 82 in the flexure 60 provide access for 15
formng the bent |lead termnations. Al so, these apertures 80 and 82
provi de access wgobtMsysel i der so that it can be rigidly held deet/ggoimesmdi ng
(e.g., by ultrasonic bonding operation) of the |leads to the slider pads.
More detail descriptions of the structure of the various conmponents and

assenbly thereof follow below 20 Referring to Fig. 8(d), the
| oad beam 58 is generally flat and 3(&?dj made Qf stainless steel or
a ceramc material, for exanple. In the illustrafed e di nent, the
| oad beamis stainless steel of about 0.04 to 0. R4 i ck. For

faster slider positioning response in the di sk d&® ve
desirable to maintain the weight and inertia of ths
smal | as possible using thinner material wthout
structural rigidity. To inprove torsional rigidit
beam 58, it is stanped with surface features on N
as the triangul ar depression or well 68. As w ||
this well 68 together with the flexure 60 attachey
structure which is nore rigid than an othePwi s¢ g

{ ggstem 40, it is
EA ) beam 58 as
i ng its

tructure, such

& ent from bel ow, 30
fgon, forma box

iy flat | oad beam 58

FIG. 5



curled to formflanges 70. These flanges 70 also facilitate handling of the
i nt:egr at ed suspension 50 to avoid handling damage during the 35

manuf acturing process. In addition, a tongue 72 extends fromthe end of
the | oad beam 58 which also facilitates handling of the integrated

suspensi on 50 dwoepssrsrs assenbly in the disk drive system 40. pcfiEBI7RDGYE -
72 can also be used to |load and unload the slider 48 on the disk 42. 40
The fl exure 60 includes several |ayers of different materials in an
integral structure (see Fig. 9). Referring/tb Figs. 8 (a) - (c), the
various |ayers of the flexure 60 are indicated im a top dowmn sequence in
pl an views. The structure |layer of the flexure 60 is a sheet of flexible
material (hereinafter referred to as the spring |ayer 74) which may be 45
stainless steel, or other suitable spring material, and of a thickness

504

>
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6 ‘ '(about 18 to 20 mcrons in the illustrated enbodi ment) that can
provi de the desired elastic deflections. It may be shaped by etching
or stanping processes. The layer of dielectric material 76
(pol yi m de, for waxempTrse) I's an internedi ate | ayer separehicEd7bdses -
spring layer 74 and the |ayer of 5 | eads 64 (made of copper, for
exanple). The dielectric and |ead | ayers may be formed by using
conventional photolithographic processes wgjq{; know in the art. The
nmount plate 62 may be of the sane material as the s@i\ng « | ayer 74 and
formed in the sanme process as the spring layer 7& Jt \s not ed t hat
the sections 84 of.- the | eads 64 are positioned beyo‘o tRe egigs 10 of

£ K& ai ned in

A, severa
Yhis | ead

the spring layer 74. These sections 84 of the | eafiel
a fixed spaced apart relationship by the dlelect
points 86 al ong these sections 84 (see al&o

ol
~

70

FIG. 7




configuration is intended to elinnate their contact with the spring |ayer
74. As wi || -be understood fromthe di scussion below, the spring |ayer 74 15
needs to maintain flexibility for ginbal support of the slider about its
roll and pitch axes. The flexure 60 is structured and
attached to thedemgHeam58 in a manner as to provi dePQIEBIEE} ed
gi nbal notions. Specifically, the 20 section 88 of the spring |ayer 74
isrigidly attached to the | oad beam 58 by neans of welding, rivets
or epoxy, for exanple. As nentioned beforegfyy _ the flexure spring | ayer
74 with the well 68 on the | oad beam 58 form a rigid box structure
(Fig. 9). The section 90 of the flexure 60 with the slider 48
thereon is not fixedly attached to the | oad beam 58, but is 25 bi ased by
the spring layer 74 to rest against a ginbal pivot 92 on the | oad
beam 58. The gi nbal feature of the integrated suspensspn 50 is now

IR

expl ained nore clearly in reference e Lo/FTNS. K d . T nbal
g ——— R 1\ /-\ >

spring layer 74 of the flexu

slider 48 attached thereon;/
and roll (Y) axes at th|5/%‘nbal pi vot 92, since the spring |ayer 74 at
the section 90 is Aly attached tﬁ‘fd] éoad beam 58. Due to the

76




flat |am nated structure of the flexure 60, notion along the X axis is
restricted. To limt the extent of pitch and roll notions so as to 35
prevent damage to the flexure 60, tabs 94 are provided in the spring | ayer
74 of the flexure 60 which extend through the aperture 80 on the | oad beam
58 (see Fig. 13wodmeser both of the tabs 94 woul d interl ock agaigEetodsbe -
edge 96 of the aperture 80 before pitch and/or roll notions exceed their

desi gned range, thereby limting such notions. 40 A second
enbodi ment of an integrated suspension 100 j4 accordance with the
present invention is illustrated in reference to Figs. 14 to 19.

For sinplicity, only the slider end of the integrated suspension 100 is
shown in the figures, as the other end of the suspension 100 may be 45
simlar to that of the previous enbodinent. 1In this second enbodi nent,

64
76
/ / \\ ) N
N R NEN
P /L 7L TLTLVLTLILY R
--“)\\\\\\\\\\\\\\\\\“\\).\
VPP rIysd

FIG. 9
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FIG. 10
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7 - ’ the | oad beam 102 al so has flanges 103 along its | ongitudinal
edges. In addition, at the end of the |oad beam 102 in the slider
regi on, bunpers 104 are provided which further facilitates handling

of the integrat gbonasrs7 suspension. As in the previous enbodircanisereoses -
tongue 106 extends fromthe 5 end of the |oad beam A ginbal pivot 108

is provided on the | oad beam 102 for pivoting ginbal notions of the
slider 48. The flexure 110 has a sprigngql ayer 112 and integral |eads
114 fornmed thereon with an internediate integral dielectric |ayer

116. Sone sections of the |eads 114 are suspended wi t hout support of
the flexure spring.layer 112 along 10 t hese sections (see Fig. 18). The
slider 48 is bonded to the flexure spring layer 112 by adhesive, for
exanpl e. Like in the previous enbodi nent, the lead term nations are
bent for bonding to the slider pads 78. Apertures 118 and 120 in the

| oad beam 102 and fl exure 110
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facilitates such bondi ng. The flexure 110 is fixedly attached to the | oad

15. béam 102 at the end not shown in the figures in a manner simlar to

t he previ ous enbodi ment. The slider end of the flexure 112 is biased
by the spring layer to rest against the ginbal pivot 108 on the | oad
beam 102. wo97143757 It is noted that in this enbodi nent,  ect/eBgyodd3 i-s
etched in the 20 spring layer 112 which is | ooped to form an U shaped
clip 124. This clip 124 serves to limt excessive roll and pitch
not i ons about the gi nbal pivot 108 @yeg Fig. 19). The clip 124 may
be pre-fornmed on the flexure 110 prior to its attachnent to the | oad
beam 102. The fl exure can then be clipped onto the | oad beam 102

t hrough the aperture 126. 25 As one can appreciate fromthe
foregoi ng description of the present i nvention inlfleference to the
illustrated enbodi nents, the structure of t he qyﬂel i nt egrated
suspensi on assenbly is | ess conplex conpared to those in the prior

art, while providing the desired gi mhage cHaracteristics. The 30 novel

structure is relatively easy t manufacturle, W.th separate pieces of
t he suspension assenbly (napel'y, the/flexdre d | oad bean) forned
separately and finally ass€enbl ed, 108

19

126 103 l




Al t hough the present invention is described in reference to a 35

magneti< di sk storage systemand in particular one which inplenents a
slider containing a magnetoresistive ("MR') sensor, it will be apparent
that the invention nay be inplenented in other nmagnetic storage systens

I ncl udi ng recorglogazyyst ens such as a magneti c tape recordi ngPE/EBEMOSN3 -
ot her applications which could take advantage of an integrated head 40
suspensi on assenbly.
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5 1.

siider ® * (48) in a magnetic storage system (40),
arigid |oad nenber (58, 102);

a flexible nenber (74, 112)

sai d

10

fl exi bl e menber wadomnwszend t her eof ;
and the | oad beam

bet ween the fl exi bl e nenber

noti ons of the fl exible nenber;

and 15

a flexure (60, 110)
slider being nounted on the
pi voting NaffiscH?/eskba
pi voting gi nbal
a section of the
beam wi t h anot her

fl exi ble menber is fixedly attached to the4j¢
section of the flexible nmenber free to pivot about the
20

nmeans for ginbal notions;

114
e

ANANRRRRNRY

116

114

116—//

112

FIG. 18

FIG. 17

126

conpri si ng:

for

106

12

104

O O U L L W N .Y

Lol S SN

118

\\\\\l/,IOS 124 //122

AN S ST A S 4 ]

pi voti ng
. characterised in that:

FIG. 19

>

116

114

el 2 2 2 P2 & L 2 2 20

AN

. A4

48

102

HS’/ s

A mul ti-piece suspension assenbly (50, 100) for supporting a

108 78

i ncl udi ng



' . 26 ' S .
conductive | eads’ (%8if%%are integrally forned on said flexibl"® F8Fter? May 1998

and 25 an aperture (82) iis provided in the first section (74) of
t he fl exi ble menber in a position below the ternmination of the |eads
on the slider to facilitate bending off the | eads |ntegrallyforrred
on the fl exi bl e menber.- .30 2. A mul ti-piece suspension

assenbly (50, 400)ghaswd iahe | Aitrthreh€fa®i {6 dimensionally stabidle hRAG18%IHREH:
(58, 502) E geﬂ@rlaltge/rafcgatsusﬁaisdoﬁ %qtm§fable in maiftBlilNGes ff'lE:%fbl%Qg}h
second segt | Ongxaé]q:\élln%le It C?\h at?. %R oy eaéaecdgg pos:.tlonlngal:@xe n%.d?ecg)%st | e

first and”second sec
nenber (74, 11275qe§tg@1é‘f‘%1lql§kfﬁ“étfa%ﬁl‘}ﬁl itRRY (e sdqnsply packed da*én&"%‘é‘éoﬁ%f’

sections havi ngefdccessedinithetbght sehrenepdnnsyigenthresk ajagunent. Furfherstit
and second seciéorsipdd theddvkog bhelleecirtesratedi sudpeastonsnsegEadd Yeet the

) requirement of disk drive systems of smaller physical size. Due to the
10 relatlvely small physical size and fragile structure of the suspensxon
assembly, it becomes a challenge to develop integrated suspension
structures that are designed for manufacturability while achieving the
_desirea_performance specifications and yield reqnirement.'

15 European Patent Application 0 412 739 discloses a "wireless"
laminated suspension having a flat flexible sheet of material bonded on
both sides to patterned metal layers. This suspension includes an arm
portion for attachment to the actuator support arm, a slider portion to
which the slider is attached, and a link portion interconnecting the arm

20 ' and slider portions such that the slider portion extends beyond the
actuator support arm at its end. The structure of this design is’
relatively complex. ' '

European Patent Application 0 700 034 discloses a "wired" suspension
25 having a load beam and a flexure member on which a slider is mounted.
Wires are used to connect the head to the rest of the system.

Fig.l depicts a prior art integrated suspension 20. This integrated
suspension 20 includes a load beam 22, a flexure 24 of reduced thickness

30 integrally extending from the load beam 22, conductive leads 26, and a

' slider 30 mounted to the surface of the flexnre 24. Aan intermediate layer
of dielectric material 27 separates the leads 26 from the load beam 22 and
the flexure material (see Flg. 2), and supports the leads 26 in a
suspended manner aliong some of its sections (see Fig. 3). The leads 26

s terminate on the siider 30 in eleccrical connection to the read and write
sensofs ‘contained therein. It is noted that the terminations of the leads
26 are routed over the end of the flexure 24 to terminate on the end face
‘32 of the slider, which makes the leads 26 more prone to damage during

. manufacturing and subsequent handling of the integrated suspension 20.

40 Also, it has been found that in a disk drive system which implements a
stack of integrated suspensions 20 for multiple disks, more vertical
height is needed in the actuator stack to accommodate interconnection of
the leads and a flex cable from the control electronics of the disk drive
system. : '

45

—_—

This Sheet Has Been R

i e CEET



R SA9-96-027 " New, Page: 21 May 1998
formed on the @ rst and second sections, said slider (48) be| ng- nounted on

40 . the first surface at the first section of the flexible nmenber,

sai d second section of the flexible menber heing fixedly attached to

the second section of the |oad nmenber with the second surface of the
flexi ble menber towards the first surface of the |oad nenber; and 45

sai d pivoting neans (108) | ocati nQI$mOBRM OF HEHEf INEINTZON f ace of the
first section of the | oad menber and.the second surface of the first
section qf the fl exipfl & JeAPShvention presBfts a simplified integrated suspension

structure that is relatively easy to manufacture. The novel 1ntegrated _
suspension may be assembled from separate pieces, 1nclud1ng a load beam, a
flexure and a mounting plate. The load beam provides r:.gld structural

support of the flexure. The flexure includes a flexible member and leads

- - THIS SHEET HAS BEEN
s Sheet Has Been Replaced . : _ . REPLACED .
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wher eby the,fi¥2i?%8&ion of the flexible. menber can pivof' Yo’ 2t Mav J9p8

pi.voting me?ns so—as—to—ginbat—the stider nounted thereon. 5: -: 3. A
nul ti-pi ecedpt egrat ed susn i agsenbly (50) as claimed in- .- claim2
wherein the pivoti ?lltgljm’gm"eH§ as_ a projecdion on the first surface
at the first septloanm nber which pivotally supports '
9 the first fl exi blgagmeber (74), said second

surface of the first section of the flexiblte menber pressing against
t he proj get.i on. - o ' : '

. A multi-piece suspension assembly (50, 100) for supporting a slider
(48) in a magnetic storage system (40), comprising:

. . g
a rigid load member (58, 102); ‘ T : -

10 a flexure (60,110) including a flexible member (74, 112), said
K slider being mounted on the flexible member at one end thereof:

pivoting means (108) between the flexible member and -the load beam
for pivoting gimbal motions of the flexible member; and '

a section of the flexible member is fixedly attached to the load
beam with another section of the flexible member free to pivot about the
pivoting means for gimbal motions;

20 . characterised in that:

r conductive leads (64) are iﬂtegrally formed on Said‘flexible member}

and

25 an aperture (82) is provided in the first section (74) of the
" flexible member in a position below the termination of the leads on the
slider tb facilitate bending of the leads integrally formed on the
flexible member. : '

30 2. A multi-piece suspension assembly (50, 100) as in claim 1'wherein:

the load member (58, 102) is generally flat, said load member
including first and second sections having f£irst and second surfaces
spanning across the first and second sections of the load member,
35 ' oy ' o . _

““the. flexible member (74, 112) is generally flat which includes first
and second sections having first and second sides spanning across said
first and second sectioﬁs of the flexible section, said leads integrally
formed on the first and second sections, said slider (48) being mounted on
40 the first surface at the first section of the flexible member,

said second section of the fiexiblé member being fixedly attached to
the second section of the load member with the second surface of the
_ fiexible member towards the first surface of the load member: and
45 : ' _ '
said pivoting means (JOBX locating between the first surface of the
first section of the load member and the second surface of the first
section of the flexible member,

THIS SHEET HAS BEEN
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4. A multi-piece iptegrated suspension assenbly (50) as clai-nmed in o

cl.aim 2 wherein them?ads (64) are forned on the first surface of t he
first and second se ons of flexible nmenber, (74). : 5.7 A .
mul ti - pi ece integrated suspension assenbly (880) as claimed in claim4
wherein the flexure (60) further includes an integral internediate 10 -
| ayer of diel ectri ohepdtar thé £A76) sbetisweof tthe fleatlsle( Gepbeanchnt hievdt eldus e

menber (74). said pivofing méen¥lbé iaspt&eembdll €8¢ alleders nopeRai ererassenbl y (50)
as claimgd in claim5 wherein the | eads (64) term nate at one end on -

the slider (4 ) 1 mult1h81ec%ad§teg% {p%ngp&sapgé‘\% (SB? % @lélm%% SA de

contacting thé’sli e%ra e sus ensi on

assenbly (50) Cadim | 2arhgrgippthe pl"°t&’ll%umﬁf“&s V%E? leitf ¢ RECTEHI® QRethhifdEThal |y
formed on the shréadebhe thenbinst sectiof Pf) they leagmerlns vhisr u télbf SueRrerts20

i
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8. A nulti-pPec¥ PAfegrated suspension assenbly (50) as Vey fiaged 3lnMay 1998
claim4 wherein the_TeagE_TEZT‘TﬁETUde*a section which extends beyond the

edge of the first secmmu u L bl e menber (74). 25 -+ 9. A

mul ti-piece integrate mm ﬁmnblyq.SO) as claimed in - claim
4 wherein the leads (63) teryrimate on the slider (48) at a far end

Of jihe sLider 1448) Arﬁé%fav@& ) RSO0 SECLILAM S (d1e 1hh i ?'sugg%@ng a

(74). 30 i.a lece }t‘ g g suspensi on asse
claimed in  Strder (3 §°W’fe?’e hét (64) are configured around the
| at-eral Sides of t he sllder (48) and along the first and .second
sections of the fl| éximging a rigid lgadirembgr7458, 103b: 11, A multi-piece

i ntegrated suspension assenbly (50) as claimed in claim3 further

conprising a nount f@ﬁﬁhe éxﬁaht@,trta@chesiuw (kbe 1f1br§tnc1udmg - $ibiAGe rﬁ)éméilé
second secti O'??Pf 1&9)6 sgﬁg sﬁg%%ﬁ{:e ?un\Mesr thgafrltex:%le ltl]ember at one ee%

(64) are |nt e@ﬁgl Io¥ rmed on
forming a pivoting means (108) between the flexible member and the
load beam for gimbal motions of the flexible member;

15 characterised in that the method further comprises the steps of:
forming conductive leads (64) on said flexible member;

attaching a section of the flexible member to the load beam with
29 another section of the flexible member free to pivot about the pivoting
means for gimbal motions; and

forming an aperture (82) in the first section (74) of the flexible
member in a position below the termination of the leads on the slider to
25 facilitate bending of the leads integrally formed on the flexible member.

20. A method as claimed in claim 19 wherein:

_ the load member'(sa} 102) is formed to be generally flat, said load
30 member including first and second sections having first and second
- surfaces spanning across the first and second sections of the load member,

the flexlble member (74, 112} is formed to be generally flat whxch
includes first and second sections having first and second sides spannlng .

35 acrosegsaxd first and second sections of the flexible section, said leads
inteérglly formed on the first and second sections, said slider (48) being
mounted on the first surface at the first section of the flexible member,"

_ said attaching of the flexible member to the load member includes

40 ~ fixedly attaching the second section of the flexible member to the second
section of the load member w1th the second surface of the flexible member
towards the first surface of the load member, and

_ the pivot means (108) is located between the second surface of the
45 first section of the flexible member and the first surface of the first
section of the load member, whereby the first section of the flexible
member can pivot about said pivoting means so as to gimbal the slider.
mounted thereon. ' '
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40 12. A ﬁﬁ?‘[%- B??aeea—n%eg%&%e&—s*us*peﬂm on assenbly (5€§ aget|2di ¥ad 1998
claim3 wherein the | oad a tongue (72) extendi.ng froma
disstal end of the first Eiliﬂ iﬂﬂ"lg ad nenber. 10.* . - 13.
A multi-piece integrated IynéSO) as claimed in - claim
3 wherein the | oad nenber (58) has edges along its first and second
sections bent tp adgd pdphHEtA Blaikbi G EYait026 %eL&%dtﬁ‘éerS?%ting means (108) is
a projection on .J__;he first surface at the first section of the load member
5 which pivotally supports the first section of the flexible member (74),
said second surface of the first section of the flexible member pressing

against the projection. e
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;. - . ! P2 ey,
10 . 14/ A nulti-piece integrated suspension assenbly (50) as ' °
claimed in ~ = claim2 wherein' the flexure further includes Iinmn t7%§és -6.
means for limting the ginbal notions of the first section of the
flexible nmenber (112). 15 15. A mlti- pifc'e I nt egr at ed suspensi on
assenbly (50) as clained in claim 14 wherein the limting neans
i nclude an aperture (126) provided on ) the | oad nenber (102) and an
integral tang (#2dighéxvelhtnitiuctine heatf jipstdimensiongbly sbablel. tThe Flemids| of
menber (112) andhéhingegintedi shsppesionr uashbe Rurable inmtainagiming ids Ehexiddgety
?}‘ t 'h§| apershgr €ah@ ﬂélﬁhﬁlf%ﬁﬁ%g;uﬁﬁeﬁ?%dﬁeﬁé&%te@ﬁ( pos{tibfing @Ré iARa6F inQlﬁ

exi bl e menber ; 5 | assehh

(50) as clai medrf'.?lpec‘: £ Cfgfl:lm,15 vj\%%? éylu(rélﬁt Heala' %ﬁe{?&g l??ﬁ?Z%lafgrns ag?n
U shaped ol i p wiP ciPeeepgs ek Vst EpTestace oty hishiy L) SRR ( Rirther. ic

aperture (126). is desired to develop smaller integrated suspensions so as to meet the
. “"requirement of - disk drive systems of smaller physical size. - Due to the

10 = relatively small physical size and fragile structure of the suspension

assembly, it becomes a challenge to develop integrated suspension
structures that are designed for manufacturability while achieving the

desired performance specifications and yield requiremeﬁt.

15 European Patent Application 0 412 739 discloses a “wireless®
laminated suspension having a flat flexible sheet of material bonded on
both sides to patterned metal layers. This suspension includes an arm
portion for attachment to the actuator support arm, a slider portion to

- which the slider is attached, and a link portion interconnecting the arm

20 and slider portions such that the slider porﬁign extends beyond the
actuator support arm at its end. The structure of this design is
relatively complex. '

. European Patent Application 0 700 034 discloses a "“wired® suspensioh
25 having a load beam and a flexure member on which a slider is mounted.
Wires are used to connect the head to the rest of the system.

Fig.l depicts a prior art integrated suspension 20. This integrated
suspension 20 includes a load beam 22, a flexure 24 of reduced thickness
30 integrally extending from the.load'beamlzz, conductive leads 26, and a
slider 30 mounted to the surface of the flexure 24. An intermediate layer
of dielectric material 27 separates'the leads 26 from the load beam 22 and
the flexure material (see Fig. 2), and supports the leads 26 in a
_suspended manner atong some of its sections (see Fig. 3). The leads 26
s terminate on ine slider 30 in electrical connection to the read and write
sensors contained therein. 1t is noted that the terminations of the leads
26 are routed over the end of the flexure 24 to terminate on the end face
32 of the slider, which makes the leads 26 more prone to damage during
manufacturing and subsequent handling of the integrated suspension 20.
40 Also, it has been found that in a disk drive system which implements a
| stack of‘integrated'suspensions 20 for multiple disks, more vertical
_héight is needed in thé actuator stack to accommodate'intercqnnection of
the leads and a flex cable from the control electronics of the disk drive

system.’

45
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25 * | 17. A magnetic storage system conprising: . a

magnet i c storage medi um having a plurali ty of tracks for receiving

data; 30 drive nmeans for: noving the storage nedi um

a slider including a read sensor and a wite transducer mai nt ai ned

in a._closely spaced position relative to sai 3 magnetic storage nmedi um 35
during relative notion between said slider and said storage nmedium _
actuator neans coupled to said sl iPRECIPHRENSE | THE ENVEYTEIN der relative-
to the magnetic storage mediumto selected tracks on said magneti c

st orage mgdi um sal q\hacgrﬂéaéﬁ 1APaH oh HrkyEl H30a adi mbf @Al AdgdPted suspension
suspensi on assg g §1 ?' {?@e}'r]alwi/ ?qu:f ﬁ}rr?dgqét el 0 -.&1% o integrated
or con ro

control neans Ve nea

act uat or means SEFRFIEEIYMTY o oo ‘?r TER IFREEANG Pﬁe‘feésp’ét“'tlufib“% Reload beam, a

magnetl c st or aféexnrgi and a/mpunting plate The load beam provides rigid structural
- support of the flexure. The flexure includes a flexible member and leads

- REPLACEMENT SHEET

09 NOV 1998 |




1i ‘ thod of naklng a suspensi on assenily{50—+66)—*f
supporti ng sl i 48), conprising the steps df REPBACEMENT SHEET
”ﬂg[’#} (58, 102); _ florgrmg—am T nt egial

a flexible nenber - (74,1 1 :
/lﬂ S8nplchse

formng a
flexure (60

slider being mounted of t

10

15

20

25

30

as-

40

e flexible nenber a® one end 1P

CLAIMS

1. A multi-piece suspension assembly (50, 100) for supporting a slider
(48) in a magnetic storage system (40), comprising:

a rigid load member (58, 102):

a flexure (60,110) including a flexible member (74, 112), said
slider being mounted on the flexible member at one end thereof;

pivoting means (108) between the flexlble member and the load beam
for pivoting gimbal motions of the flexible member; and

a section of the flexible member is fixedly attached to ‘the load
beam with another section of the flexible member free to pivot about the

pivoting means for gimbal motions;

characterised in that:

conductive leads (64) are integrally formed on said flexible member;

and

an aperture (82) is provided'in the:first section (74) of the
flexible member in a position below the termination of the leads on the

~ slider to facilitate bending of the leads integrally formed on the

flexible member.
2. A multi-piece suspension assembly (50, 100) as in claim 1 wherein:

the load member (58, 102) is generally flat, said load member
including first- and second sections having first and second surfaces
spanning. across the first and second sections of the load member,

tie flexible member (74, 112) is generally flat which includes first
and second sections having first and second sides spanning across said
first and second sections of the flexible section, said leads integrally
formed on the first and second sections, said slider (48) being mounted on
the fxrst surface at the first section of the flexible member,

said second section of the flexible member being fxxedly attached to
the second section of the load member with the second surface of the

. fiexible member towards the first surface of the load member; and

~ said vaotlng means (108) locating between the first surface of the
first section of the load member and the second surface of the. first
section of the flexible member.




-

form rg—a—pi-vet+rg—eans-(108) :bet ween the fl exi bl e rrenber and the

| oad be ions of the flexible nenber; = 15 characteri sed
in that m Hi‘ter conpri ses ithe steps of: o form ng
conduct sai d flexibl-e menmber ' attaching a

section of the erX| bl e member to the |oad bedf with 20 anot her section
of the flexible nenber free to_pivot about the pivoting means -f or

gi mbal notions; and whereby the first seqtipmpfapheyfaexihle [@RPrqant hivdt abdut
section (74) ofsaifiepfyasing|meais so as rmenbbmbalntie pLdelri oounfied miekéish .
termnati g of the |leads on the slider to 25 facilitate bending of the

| eads integrally, fordagendibBee fi'n@ééﬁ.'t%dmgﬁsi_on assembly (50) as claimed in .
claim 2 wherein the pivoting means (108) is a projection on the first
surface at the first section of the load member which pivotally supports
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19. A rreWrr‘éd in claim 18 wherein: - the | oad menber
(58, 102) is for \“eneral ly flat, said | oad 30 menber i ncluding
first and m \i aving first and sgcond surfaces spanning
acr oss thef secorfd sections of the Toad nenber, t he
flexi ble mertber (74, 112) is fornmed to be generally flat which

includes first and second sections having first and second sides. spanni ng
35 across &ke FifpE Stechier SEcHhfd f3eeilgRemBer t HA) f |58k HesORG VT ERfe 94 Bhe
| eads Eitssgsattipnf of mbd Hrexihte friembér anessioe arwdissc themyrolsetiidn.
s:cidﬁr 1£I48)'Bﬁi ng . nounted on the first surface at the first section
of the exi be megbarc; o ; ' ¥=Tel o f i gEIREG At O
t he | oad manbei I ngl dleté.%bece m?j%gégjiggtg%}g%%?ﬁ%qyegﬁzdmsf%étio 11%'1 t he
f I exi bl e>menb&2¥o tﬁéergé%otr?& Leads (6800 @F ¢ iP5 Phe" 1oAY Trefber "W ?ﬂ t?‘ﬁe
second surfac&ifft epe Socend (Reetinifpef flexible pefperq&’4 he first surface of
the | oad nenber, and :

5. A multi-piece integrated suspension assembly (50) as claimed in
claim 4 wherein the flexure. (60) further includes an integral intermediate

10 layer of dielectric material (76) between the leads (64) and the flexible
member (74). '

6. A multi-piece integrated suspension assembly (50) as claimed in
claim 5 wherein the leads (64) terminate at one end on the slider (48),
15  the leads having its ends bent to have a flat side contacting the slider.

7. A multi-piece integrated suspension assembly (50) as claimed in
claim 4 wherein the leads are integrally formed on the flexible member
(74) by a photolithographic process.

20
8. 2 multi-piece integrated.suspension assembly (50) as claimed in
claim 4 wherein the leads (64) include a section which extends beyond the
edge of the first section of the flexible member (74).

25 9. A multi-piece integratea suspension assembly (50) as claimed in
claim 4 wherein the leads (64) terminate on the slider (48) at a far end
of the slider (48) .relative to the second section of the flexible member
(74) .

30 10. A multi-piece integrated suspension assembly (50) as claimed in
‘claim 9 wherein the leads (64) are configured around the lateral sides of
the slider (48) and along the first and second sections of the flexible
member (74).

35 11. A multi-piece integrated suspension assembly (50) as claimed in
claim 3 further comprising a mount plate (62) attached on the first
surface of the second section of the locad member (58), wherein part of the
leads (64) are integrally formed on the mount plate. '

40 12. A multi-piece integrated suspension assembly (50) as claimed in
claim 3 wherein the load member (58) ‘has a tongue (72) extending from a
distal end of the first section of the load member.
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t he pi \iUt—nEarrs—(—j:G&—'rs—kocat ed between the second surf acaEPMCEMENE§HEET

first se nlﬂf ﬂ[“ B |bIe menber and the first surfafejof the first
section m l!fl whereby the first section of|thegfg Rp

menber |d pi voting neans $o as to gi nbpl|the sl :Vgig?
nDunted t her eon. o Ita 20- A

met hod as claimed in claim19 wherein the pivoting neansL(108) is a
proj ection oa3t he af i 5ti -8 dAG Rt Afrat & shbperls i 6L GELQB19T (doead @adinayThAT

whi ch pi vot ally; SYPRRLISnt R QLIS heRES! 1(98) Qhs tdAGed l88AP!18s TBTRET add’ 4heona
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sections bent to add structural ricidity to the load member.

14, A-multi-piece_integrated suspension assembly (50) as claimed in
claim 2 wherein the flexure further includes limiting means for limiting
the gimbal motions of the first section of the flexible member (112).

15. A multi-piece integrated suspension assembly (50) as claimed in

claim 14 wherein the limiting means include an aperture (126) provided on
the load member (102) and an integral tang (122) extending from the flrst
section of the flexible member {112) and through said aperture which
interacts with the edge of the aperture to limit gimbal motions of the
first section of the flexible member.

i
16. 2 multi-piece integrated suspension assembly (50) as claimed in

‘claim 15 wherein the integral tang (122) forms a U-shaped clip which clips

onto the load beam (102) through the aperture (126).
17. A magnetic storage system comprising:

a magnetic storage medium having a plurality of tracks for réceiving
data; '

drive means for moving the storage medium;

a slider including a read sensor and a write transducer maintained
in a closely spaced position relative to said magnetic storaqe medium
durlng relatlve motion between said slider and said storage medium;

actuator means coupled to said slider for moving said slider
relative to the magnetic storage medium to selected tracks on said
magnetic storage medium, said actuator means including an integrated
suspension assembly as claimed in any one of claims 1 to 16; and

control means for controlling the operations of drive means,
actuator means and reading and writing of data with respect to the
magnetic storage medium.



sai d second surface of the first section of the flexible n‘E'nt?gﬁ?UBq‘%‘&EﬁTnaHEET

ﬁlmmmmllﬂmll{“m as claimed in ctaim 19 wherein thel | 88IN0V6HI8

agai nst th
12 -
are forned b

L M the first surface of the first and secpnd secti ons of

erX|.bIe rrenber (74). 5 22. A method as cl ai npd=rmerarm 21
wherein the flexure is fornmed to “include an integrallinternediate

| ayer (76) of géel € tﬁétﬁwgaotert.na%{ngbetsvt\gggnsmn a.ssemg'ley l(?@?ioﬁp@oraggppggging a

fl exi bl e menber
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[74

sl;de (48), comprising the steps of:
forming a rigid load member (58, 102);

forming an integral flexure (60, 110) including a flexible member
{74, 112), said slider being mounted on the flexible member at one end
thereof;

forming a pivoting means (108) between the flexible member and the
load beam for gimbal motions of the flexible member;

characterised in that the method further comprises the steps of:
forming conductive leads (64) on said flexible member;

attaching a section of the flexible member to the load beam with
anoeher section of the flexible member free to pivot about the pivoting
means for gimbal motions; and

forming an aperture (82) in the first section (74) of the flexible
member in a position below the termxnatzon of the leads on the slider to
facllitate bending of the leads 1ntegra11y formed on the flexible member.

19. A method as claimed in claim 18 wherein:

the load member (58, 102) is formed to be generally flat, said load
member including first and second sections having first and second
surfaces spanming across the first and second sections of the load member,

the flexible member (74, 112) is formed'to be generally flat which
includes first and second sections having first and second sides spanning
across said first and second sections of the flexible section, said leads
integrally formed -on the first and second sections, said slider (48) being
nounted on the first surface at the first section of the flexible member,

said attaching of the flexible member to the load member includes
fixedly attaching the second section of the flexible member to the second
section of the load member w1th the second surface of the flexible member
towards the flrst surface of the load member, and

the pivot means (108) is located between the second surface of the
flrst section of. the flexlble member and the first surface of the first
section of ‘the load member, whereby the first section of the flexible
member can pivot-about said pivoting meens.so as to gimbal the slider

‘mounted thereon.




! A mtm aim 21 wherein the |leads (64) are 10

|nt egral 'y |b| e menber (74) by a photolithographic
process. . \wmc“ﬁ“‘\\ od as clained in claim19 wherein the flexure
(110) is for " td include a limting neans for interacting with the
| oad nmenber (102) to 15 limt the ginbal makions of the first section of
the fl exi bl e nenber - (112). " 25. A nethod as clained in

cl ai n24 wher ei limgi mean rtu

provi ded on thgbqt ‘oad™ MERBY ‘{]% ”“3‘%&“ ﬁllaflﬁ‘tleggrwgfer?m %%(?W&m% lﬁi%ns (108) 1s.
ext endi ng. frorf PREIFGLASR ‘§’eé’[‘? {ret spRgrqe é‘}(l‘l?leefﬁﬁb%‘?c"(‘?ﬂ?)f SRRy 1oad member
through sed d apéritbreivehally swrersstthenfidstt sectddyeofothe fdexibdet membero (74) ,
limt ginbal nyadianseddhdtdigthitd Jr GRCFitst sbeditn 6f ake lexiErdaember pressing
26. A et hod ﬁgiﬁé@itggdmiogeg{@nm 25 wherein the integral tang (122) is
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formﬂ“l‘ djﬂ“!mm 1gl(il)p which clips onto the | oad beam (102)

through

12

21. A method as claimed in claim 19 wherein the leads (64) are formed on
the first surface of the first and second sections of flexible member
(74) .

5 22. A method as claimed in claim 21 wherein the flexure is formed to
include an integral intermediate layer (76) of dielectric material between
the leads (64) and the flexible member (74).

23. A method as claimed in claim 21 wherein the leads (64) are
10 .integrally formed on the flexible member (74) by a photolithographic
process.

24. A method as claimed in claim 19 wherein the flexure (110) is formed
to include a limiting means for interacting with the load member (102) to

15 limit the gimbal motions of the first section of the flexible member
(112) .

25. A method as claimed in claim24 wherein the limiting means include

an aperture (126) provided on the load member (102) and an integral tang
20 (122) extending from the first section of the flexible member (112) and
through said aperture which interacts with the edge of the aperture to
limit gimbal motions of the first section of the flexible member.

““36. A method as claimed in claim 25 wherein the integral tang (122).is
25 formed into a U-shaped clip which clips onto the load beam (102) through
the aperture (126).
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(57) Abstract

An integrated suspension (50) for a slider (48) in a
magnetic storage system (40) has a simplified structure that
is relatively easy to manufacture, The novel integrated
suspension (50) may be assembled from scparate pieces,
including a load beam (58), 2 flexure (60) and & mounting
plate (62). The load beam (58) provides rigid structural
support of the flexure (60). The flexure (60) includes
a flexible member (74) and leads (64) integrally formed
thereon. A section of the fiexible member (74) is fixedly
attached to the load member, and another section having
the slider (48) mounted thereon presses against a pivot
projection (92) in the load beam for gimbal motions. An
-nterlocking structure is provided to limit the cxtent of
gimbal motions of the flexible member (74), comprising a
tab (94) extending from the flexible member (74) into an
aperture in the Joad beam. Altemnatively, a tang (122) is
formed in the flexible member (112) which is used to form
a clip which serves to limit gimbal motions as it interacts
with the load beam,




