ion relates to slider—suspension assembiies
information storage systems and-to- a
In particular, the
.es to an 1mproved suspension for a magnetic
and method for electricaily connecting the

h'of the Related Art:

yInformatiui storage devices, which include magnetic
ﬁﬁstorage dev1ce“1and optical data storage systems, utilize at

able disk with concentric data tracks

-;least “one - x¢

1_onta1n1ng th_ nformation, a transducer for reading data

ffrom - or . wrlt data to the various tracks, and a head

'pos1t10n1ng act tor connected to the head for moving it to

:;he de51red track and maintaining it over the track
¢ e ig read or write operations. The transducer

*slider) having an air bearing

air generated by the rotating disk.
on its back side (the side opposite

surface) to the suspension, and the

ucus 1on of
_attached to an actuator arm of +the head

ion provides dimensional stability between

Ybloar2-4 g



the slider and actuator arm, controlled flex1b111ty in pitch
and roll motlo of the slider relatlve to its direction of
motion on the rotatlng disk, and re31stance to yaw motion.
The suspen51on typlcally prov1des a load or force against
the slider: whlch is compensated by the force of the air
bearlng between ‘the slider’s a1r.?bear1ng surface and the
disk surface, Tbus, the slider i .
. close proxinltyjto, but out of
surface "of thf dlsk.-'—The suspen_?
load beam, whlg“

and a flexure ement which is attached to the other end of

the load beam and supports the slider. The load beam

x;prov1des the re5111ent spring action which biases the sllder.
: toward the surface of the disk, while the flexure provides

: flexibility fori.the slider as the slider rides on the

" ' etween the air bearing surface and the

Such a suspension.jls described in United

4, 167,765, which is assigned to the same

ipplication. An- example of a conventional

-slider is descrlbed in United States Patent No. 3,823, 416,

‘Which is a551gn d to the same assignee as this application.

;;rotating disk.
- States Patent .

-a base layer, - ,patterned conductlve ‘layer with patterned

electrical o1 formed thereon, and an insulating layer
formed in between B

éBulletln Vol. No. 4 (September 1979), Pp. 1602-1603.

In this lamlnated”suspen31on the slller is epoxy bonded to

ithe laminated ’Guspen51on and the transducer leads are
soldered to the C;

Another laminated structure  type of suspension

layer of stainless:steel, an insulating
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layer of polylmlde formed on the base layer, and a patterned
: conductlve layer .0f etched copper alloy formed on the
: 1nsulat1ng layer,; is descrlbed in- Uhlted States Patent No.

L4, 996, 623 _ Thew,etched copper layer provides a lead
structure elec cally connectlng *the thin-film magnetic

head transducer and the disk drive' s read/write electronics.
A method for -

tachlng a sllder ‘to a laminated/etched
. suspension in ‘data recording dlsk file has been described
if;;n United States, . Patent No: 4, 761-699 -and IBM. Pechnical
'; Dlsclosure Bulle 1n, Vol. 36, No. 2, February, 1993.

. The slider-suspen51on assembly (or *head-gimbal
nf”assembIY' (HGA)) ~is an 1ntegrated unit composed of the
-';sllder being electrlcally and mechanlcally attached to the
ﬂsuspenslon. All head—glmbal assemblies on the market today
-use discrete wrres_ to conduct a signal from the magnetic
. transducer on *tbé slider (or *"head") to the read/write
. electronics packaﬁe. These wires' are terminated to flex
itcables or electrohic component cards integral to the
&;actuator arm. In order to make thls termination, the wires
ﬂﬁare p051tloned over termination pads residing on the flex
]:cable or electronlcs Prackage and then electrically connected
”ﬁto the termlnatlon pads by elther a reflow soldering
;operatlon or an ultrasonlc wire bond process A majority of

_the disk drive 1ndustry uses a manual termination process
iilnvolv1ng skllled operators using mlcroscopes and tweezers
- to place these w1res 1nd1v1dually over ‘the termination pads.

“.'The disadvantages. to this type of manual Process are time,

tedium and inconsistent results ~1nherent in a manual
.| process. J .

IBM uses an automated process which involves stringing
ﬁthe wires onto a frame that holds the wires in alignment for
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placement over the pads. This eifminates the varlablllty

. due to a manual . process. However, there are still variables

in the frame in its
llthout these variables,
:e frame with its wires

to the actuator arm
~well-Ta§ component

: are located. Thls 1ncons1stency,

: conjunction with wire
location varlables occas1onall§£ require the robot
f;performlng the .electrical termlnatlons to make
-adjustments for each wire-pad termination.

small

Therefore, 1t would be desirable to provide an improved
- automated process for electrlcally connecting the head-
gfglmbal assembly w1th the actuator arm electronics package or
;flex cable whlch .eliminates the tolerances introduced by a

~wire frame and its attachment to the suspension. It would
- ;be further des1rable to provide such an

automated process
.Which can simply - and accurately allgn the conductor lines of
pthe head-gimbal assembly with the termlnatlon rads of the
ngelectronlcs package or flex cable.
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SUMMARY OF THE INVENTION
According to the Present 1nvent10n,

suspension is provided having a sl;

end and the suspension being

a multilayered
r end and a termination

information storage system sliderf

;structure is sultable

;.end for connection to
ftransducer

leads of a slider and on the termination end for

connection to arm-electronlcs termlnatlon pads. . The

uspension further comprises a flxture

ore layers, being substantially in the
‘termination end of the

formed from one or

Same plane as the

conductive lead structure and having
.one or more ancher tabs lamlnated to

:conductive lead structure.

lignindnthe conductor lines

a layer of <the
The fixture is suitable for

to the termination pads by

?rotating the termination end of the conductive lead

tructure in the plane of the termination end.

- The above as well as addltlonal features and advantages
of the present invention will become

apparent in the
follow1ng detailed written descrlptlon.




BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed Eharacteristic of the
"= invention are .set' forth in the_appended claims. The

i invention 1tsel however, as well rs a preferred mode of

use, further ob; c and advantages_thereof will best be

" understood by .reference to the  following detailed

description of .1llustrat1ve _e“ odlment when read in

'~~u~conjunEt19n with the T zmo— LI

Figure

Figure 2 de§i§ﬁs an exploded view of a disk drive;
Figure 3 lgghows a convéntional slider-suspension
. assembly;

Figure 4 gegfjﬁs a suspension, according to a preferred

':,embodiment of theﬂgresent invention;

Figure 5 deﬁié?s an actuator arm suspension assembly,
;according to a;  preferred embodiment of the present

“invention; and

_ Figure 6 deplcts an actuator arm assembly, according
“to an alternatlve ‘preferred embodiment of the present

-invention.
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DETAILED DESCRIPTION OF-PREFERRED EMBODIMENT

Although the present invention is descrlbed as embodled
:filn a magnetic disk storage system as shown in Figure 1, it
ﬁ;;w1ll be apparent that the-lnventlon is also applicable to
: _E;other information-storage systems such as an optical data
f_;{_storage system or a .magnetic tape recording éystem, for
-+ example. At least one rotatable magnetic disk 212 is
=" . supported-on a spindle 214"and rotated by -a disk drive .motor
"':ff218. The magnetic recording med1a on each disk is in the

“,t; form of an annular pattern of concentrlc data tracks (not
- shown) on disk 212.

At least one slider 213 is positioned on the disk 212,
::.Q_each sllder 213 is supporting one Oor more magnetic
1oﬁread/Wr1te. heads 221. As the disks rotate, the sliders 213
_ﬁiare moved radially in and out so that the heads 221 may
ffaccess different portlons of the disk surface 222 containing
+-'the data. Each slider 213 is attached to an actuator arm
"-19219 by means of a suspension 215. The suspension 215
‘provides a slight spring force which biases the slider 213
'iagainst the disk surface 222. Each actuator arm 219 is
_,-attached to an actuator means 227. The actuator means shown
'-ﬁfln Figure 1 is a voice coil motor (VCM). The VCM is a coil
fmoveable within a fixed magnetic field, and the direction
-and velocity of the coil movements is controlled by the

- current supplied.

Dﬁring operation of the disk storage system, the
rotation of the disk 212 generates an air bearing between
_the slider 213 and the disk surface 222. The air bearing

' thus counterbalances the slight spring force of the
) éuspension 215 and supports the slider 213 off the disk
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surface by a small, substantially constant spacing during

operation. Although an air bearing is described with the
preferred embodiment, any fluid Dbearing may be used
including an oil lubricant.

. The various components of the disk storage system are
“. controlled in operation by signals generated by control
' (read/write electronics) unit 229, such as access control

" control circuits, storage means and a microprocessor. The
: control wunit ;Zé generates control signals to control
i;various system operations such as motor control signals on
;‘1ine 223 and head position control signals on line 228. The
Eicontrol signals on line 228 provide the desired current
;%}profiles to optimally move and position a selected slider
';J5213 to the désired data track on the associated disk 212.
;*fRead and write signals are communicated to and from
read/write heads 221 by means of reéording channel 225,
-which includes conductor lines running along suspension 215
'l;fand actuator arm 219.

: The above description of a typical magnetic disk
Ufstorage system, and the accompanying illustration of it in
- ¢jEigure 1 are for representation pur?gSes only. The invention
| f described in this application is useful with all mechanical
';cdnfigurations of magnetic storage systems disk drives or
.'f;direct access storage devices ("DASD"). It should be
 3;pparent that disk storage systems may contain.a_ large
hf;humber of disks and actuators, and each actuator may support
”;%{a number of sliders. For example,_ﬁigure 2 is an exploded

“view of a disk drive 310. It should be noted that although
'”fia rotary actuator is shown, the ih%ention described herein
'ffis also applicable to linear actuators. The disk drive 310

signals and internal clock signals,” and which- includes logic -
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- - includes a housing'312, and a housing cover 314 which, after

assembly, is mountéd within a frame 316. Rotatably attached
within the housing 312 on an actuator shaft 318 is an
actuator arm assembly 320. One end of the actuator arm
assembly 320 inclﬁaés an E block or comb like structure 322
having a pluralitjiof actuator érms_323. Attached to the
separate arms .323“bn the comb or E block 322 are spring
suspensions 324. " Attached at the .end of each sprlng

'"f“suspengion is_ a- slider . 326 which warvies a magnetic
E transducer (not shown in Figure 2). On the other end of the

_;-éctuator arm assembly 320 opposite the spring suspensions
' 324 and the sliders 326 is a voice coil 328. '

Attached within the housing 312 is a pair of magnets
. 330. The pair of magnets 330 and the voice coil 328 are key
. parts of a vwoice céil motor which applies a force to the
- actuator assembly 320 to rotate it about the actuator shaft
.. 318. Also mounted within thq:housing 312 is a spindle shaft
332. Rotatably attached to the spindle shaft 332 are a
;_humber of disks 334. In Figure 2 eight disks are attached
" to the spindle shaft 332. The disks 334 are attached to the
fspindle shaft 332 in spaced apart relation.

For an example bf a prior art subassembly, see Figure

3. The prior art suspension comprises a load beam 100 and a
‘flexure 120 located at the end of 1load beam 100. The
ESuspension is attached to the disk file actuator arm (not
ishown) by means of a_mounting plate 140. The slider 160 is
“a conventional slider formed of ceramic material, such as a
.mixture of alumina (Al_Q) and titanium carbide (TiC). The
‘slider 160 has an air bearing surface 180, which includes
‘two rails 120, 122, a back side 124 opposite and generally

;parallel to air bearing surface 180, a leading edge 125 and
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a tralllng edge 126, both of which form end faces oriented
generally perpendlcular to air bearing surface 180 and back

side 124 Slider 160 is secured to flexure 120 by an epoxy
bond between back side 124 and flexure 120.

Located on the tralllng edge 126 of slider 160 are two
. thln-fllm _read/write transducers 128, 130. Typically,

:multiple thin-film transducers are formed on a 51ngle

7slider,:- even Tthough®only - one - transducer is active™ as a -
read/Wréte element, in order to improve the yield of the
slider iduring the thln—fllm fabrication process. The
;transducers 128, 130 have pole tips 129, 131, respectively,
1wh1ch extend toward the edge of respective rails 120, 122.

Transducer 128 has electrical leads 133, 135 and transducer

~130 has electrical leads 137, 139 for connection to the

‘read/write electronlcs of the disk drive.

In the prior art sSuspension shown in Figure 3, the
lectrieal.attachment to the - read/write electronics is made

by twisted wires 134 which extend from the read/write

electronlcs of the magnetic storage system, through a tube
136 on load beam 100 and out the end of tube 136. The ends

‘of wires 134 are ultrasonically bonded to the leads 133, 135

of active transducer 128. The electrical connection of the

transducer 128 by means of the twisted wires 134 is made by
manual fabrication.

Referring now to Figure 4, there is depicted a
Suspension according to a preferred embodiment of the

pPresent invention. Suspension 16 is a laminated suspension

éomprised of multiple layers of material etched using

photollthographlc techniques, as are well known in the

1ndustry, to create the Suspension. Suspension 16 comprises
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a base layer preferably of stainless steel, an insulating
layer preferably of polyimide, and ‘a patterned conductive
lavyer preferably of a copper alloy This multilayered
suspension is formed by laminating three very thin sheets of
different materials together. This multilayer sheet has two

| metal layers formed on either 51de_of:an 1nsulating layer of

polyimide that . are processed - using photolithographic

techniques. All. three layers are etched away to form the
outline ‘of the - suspenSion 16. " Then “both~sides. of -the
suspension are etched to remove des1red sections of the

3 steel, polyimide and copper 1ayers to produce the various

| featqres of the suspens1on. In particular, the copper layer
" is etched to produce the conductive lead structure which

‘' contains transmission wires and termination pads for
ft electrically connecting the slider’s_transducer leads with

" termination pads located on the - actuator arm.
f'Alternatively, suspension 16 may he-comprised of an etched
- flex cable bonded to a sturdy base layer.

Starting at the slider end 17, suspension 16 is

__'suitable for making connection to the transducer conductor
: :lead termination pads of an attached slider 27. A
';Econductive lead structure 13 is composed of four conductor
- lines that travel from slideér 27 to'test pads 14 located at
:itermination end 18. The conductive lead structure is etched

'fin the copper patterned conductive layer of suspension 16.

Referring now to Figure 5, 'there is depicted a

'fsuspension-actuator arm assembly haying a manipulator,
‘according to the present invention.ffSuspension 16 has been
.spot welded or epoxy bonded to adtuator arm 15. The

. conductor lines 7 transmit transducer signals from

"jtransducer_leads on the head to arm-electronics termination
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:pads 6 located on actuator'arm 15 as seen in magnified view
5A, where the 31gnals are transmltted to or processed by,
;the storage system read/wrlte electronlcs.

As conductlve lead structure 13 extends out beyond the
L 16 toward termination end 18,

onductlve lead structure 13 is formed from only two layers,
5the polylmlde layer and the etched copper layer wherein the

-Thus conductlve lead structure 13 extends out to the
:termlnatlon end 18 as seen in magnlfled view 5A, as a

'toph of an 1nsu1at1ng polyimide layer. However, near

base. layer of stainless steel.. The insulating layer under
the conductlve lead structure 13 ends just after the strain
relief tab 3, towards termination end 18, allowing conductor
lines 7 to extend out to hook 4 as single copper lines.

Conductor lines 7 connect with hook 4 -on copper test pads
14 as seen in magnified v1ew 5B. Conductor lines 7 have a
flxed and spaced relatlonshlp along hook 4 which allows them
to- be directly aligned over each of the termination pads 6.

'1nce both the termlnatlon pads and the conductor lines are
‘abricated u51ng photollthographlc processes the spacing
olerances between the termlnatlon pads to themselves and
the conductor llnes to themselves are on the order of 1 to 2

The present inventionlis a ;fiﬁture here called a
anipulator, that ‘is attached to bo

'uctlve lead structure
3f which allows for an accurate andﬁeff1c1ent pPositioning

f all the conductor lines 7 w1th respect to the termination
ads 6. The manlpulator 1 includes flexlble anchor tabs 2,

termination end 18, the strain relief tab 3 is formed from a !

:base —layer . .was removed TorT never-formed in" that- region. . -

1ngle5flex1b1e cable of four conductor lines 7 formed on .



fixture is connected to
lexible anchor tabs 2
Llief tab 3. Also, hook 4
tor lines 7. Manipulator
W an operator or robot
lane of conductor lead
fiinee 7 into alignment

::3§nd hook 4. Thi§
;  ustructure 13 by th

etal layers or a comp031te of multilayers
por deposition and - the features of the
_'.preated with photollthographlc etching
n the preferred embodlment manipulator 1 is
the suspension and is fabricated, at no
;'with the rest of the laminated suspension’ s
. In a preferred embodlment manipulator 1
all three layers. As.seen in Figure 4, it is
from a base layer of etainless steel 19 which
t énd rigidity to the manipulator structure,

layer 21 containing

itonductiveel_ formed on top insulating layer.

Thus, manlpulator 1 is formed ;Qf part of a

single
Jmultllayered lamlnated suspension 16; ‘ wherein the suspension

lso 1ncludes conductlve lead structure 13. Conductive

» eXcept
This is necessary to
from each other. It

mide is not a necessary
:the structure of the present invention, and




Thus, straln rellef tab 3 and base layer 19
24 connected However, both base layer 19 and
tab 3 are partlally lamlnated by a section of
ayer 21 formed on top. f The edges of the steel
'niin,;he figure as dashed lines under anchor
ough Eonductive layer 2; is formed at one end
f t?b 3, it is not connected to conductor

e underlylng polylmlde layer which comprise
structure 13.

ilari manner, flex1ble anchor tabs 2 are
conductlve .copper

layer 21 which extend out

Flexible
sections of the

lead structure 13,

) - These
, :figure at attachment
-° The dashed lln_sjlndlcate the hidden
:ieel layer hldden under the tips of anchor
_'?ioné}ly, a thin 1aye : of polyimide may be
formed under . exiﬁ;e anchor tabs 2 and/or the entire

conductive r Zli.to provide additional support to the

away or was



manlpulator structure. Addltlon ly; hook 4 is connected
'w1th _each of the conductor 1 HZT; . Although the
manlpulator of the preferred embodi e: .has been described
'fj _av:ng anchor tabs 2, 23 it shou '

manlpulator of the present 1nvent1
greater number or a fewer number
the. manlpulator to. the conductlve
in itsisimplest form, the manipula
an extended,hook arm_4 having as . ;
conductlve lead structure the 1nd1

of the ; conductlve lines wh1ch: ;ﬁriéé. part of the
conductlve lead structure. The: ‘e, as used in the
presenti 1nvent10n; the term “anc ‘tab™ is intended to

_ 8 an anchor point for
attachment to the conductzve lead st ucture

'J”idrive, the manipulator
tates the assembly of

_ specifically during
the allgnment of . conductor lines 7 w“th termination pads 6.

'rhe. 1ntegrated nature of the co
-Iloﬁé all four conductor
_1multaneously, thus requiring only

lead structure

_ to be aligned
e alignment pProcedure
. required with four
énment may be done
'hanually or robotically by manipu : ng manipulator 1.
Moreover, the addition of a hook
ixture and attached to the ends.b

ines maintains the conductor llnes

iscrete wires. This one time

nding out from the
h of the conductor
a fixed and spaced
paced relationship of
'rhng the alignment of
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embly, suspens”on 16 'is attached to
. swaged rlvets machine screws, laser

> the suspension.
nipulator 1 extend out

the

near termlnatlon end

Mbst of the rotation, or yaw m tlon, will originate in

“the area outll"ed by dashed circle 20, which is located to

anchor tabs 2 and to the
Yy of suapension 1e6.

_pr robotlc end effectuator to toollng holes
1n manlpulator 1.

The rotational moment is produced such
that manlpulator 1 rotates about an

_ax1s through the center

..€. in the plane of
/ise (CW) or counter-

otational moment is

(CCW) d1
applled hook arm 4J

lexible anchor
rmination end

otate. Condu;

dbs 2 and anchor tab

causing conductive

r lines 7 are moved

over termination




ecause ;lex1ble anchor tabs 2 are formed from a

.relatlvely thin conductor layer 21 (and possibly an

a rotatlonal moment will place one

anch'r tab and the. re31st1ve action of the
small .amount of angular dlsplacement between
”: rotation and torque to be:transmltted
,,i structure 13. ° Torque is transmitted
:{_tructure 13 through hook arm 4 and
Transmlttlng torque at both ends of

7 through hook arm 4 and anchor tab 23

7 . f“om any resisting forces that would
r 1ih s 7. One source of resisting force
¢4 outlined by dashed circle 20 as it
r tatlon, or yaw motion, of conductive

Another source of resisting force

onductor lines 7 moving in contact on

' 6, whlch pProduces frictional drag.

rantage to flexible anchor tabs 2 is
- degrees of .f%eedom for doing the
le anchor tabs . 32 provide a rotating
of the manlpulator 1 about an axis
the two flex1ble anchor tabs, while

ral translatlon cof .conductor lead

_ part;of an operator or demands on a rcbot

fd 1f translatlonal degrees of freedom were
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+ allowed. ;Ohﬁe the'conductor lines 7 have been aligned over

the terminetion pads 6, they:.are terminated (i.e.
electrically  connected) by either a reflow soldering
operation:or_en ultrasonic wire bond process.

Accordingité another feature of'the present invention,
once the conductor lines have been successfully terminated
to the termlnatlon pads, manipulator 1 may be detached from

conductrve—~£éad stricture 13 and dIscarded The layers of
. flexible anchor tabs 2 have a m1n1mal.amount of overlap with
' the base (or insulating layer) at the attachment points 30
"and 32 on_conductive lead structure 13. Similarly, there is

a minimum amount_df overlay between anchor tab 23 and the

"base layer 'thaf comprises the strain relief tab 3.
‘Therefore, a small interface of copper and steel act as

anchoring .points for the manipulator 1. These anchoring

points are strong for withstanding in-plane forces, such as
. those imposediduring the rotation and alignment procedure.
‘But when the ferces are out of the plane of the manipulator.
there is a feﬁdency for the conductive copper layer to
‘delaminate -or peel from the stainless steel base layer
because of _;he ‘'small interface between the layers.

;Alternatively,'-the anchor tabs could be torn in half or cut

along a region of reduced thickness.

Once the flexible anchor tabs 2 and anchor tab 23 have

been removed,.manipulator 1 continueﬁjfto be rotated out of

structure. Hook 4

the plane of the conductive- lead
continues to rotate at a right angle to conductor lines 7
mall notches 12 that

(fas seen in magnified

until the conductor lines break at .
have been etched in conductor lines 7:
view B) to create defined weak areas for breaking the

‘¢onductor lines from their anchor points on hook 4. The



. breaking of con

e vertical direction w1th an'éirjl__glc'-such that it has a sharp

s rotated, the knife-like ng___c_l_lts into conductor lines 7 at

1 the steel Wh1ch prov1de a weak :area for preferential b fdmg
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_abonfﬁifblding line A-A. The conductor llnes of the
‘ve lead structure in the area of the bend region 9
etrave se’ the bend region 9 perpendlcular to the bend axis A-
HAQ, Thls reduces the risk of fracturlng in the conductor
11nes, Addltlonally, if conductlve lead structure 13 was
.-”formed w1th a stalnless steel base layer the steel running
| under foldlng line A-A would be removed to allow the

.conductor 11nes ‘to assume a natural bend radius around the
fold 11ne._ ' '

Tacklng points 8, formed in stalnless steel, are also
1nclud d. for additional anchoring of the conductive lead
struct re 13 after termlnatlon is completed. The design
allo ; facklng with a drop of adhesive through holes in the
' center of these tacklng points 8. A .spot weld could also be
-used,tghattach tacking points 8. '

Once the manipulator has been folded into the correct
_ plane,

;whlch in this case is surface 11, the conductor lines
7 are.allgned to the termination pads 6 by rotating the
conduetlve lead structure 13 in the same plane as the
'termlnatlon end 18 through use of '

3 e manipulator 1. Note
that - now, termlnatlon end 18 is 1n5 he Plane of surface 11,

whlch is normal to the plane of th figure. The alignment
is now accomplished in the same mann T as was descrlbed with
'Flgure 5. ‘A tool or robotic end e fectuator is applied to
"~ the - tooling holes 5 and a rotationa
_conductor .lines 7 being anchored 't
manipulated;by the rotational momen
?'with 'termination pads 6. Once t

oment applied. With
hook 4, they can be
ntil they are aligned
nation is completed,
ted from the stainless
* layer of conductive lead structure 13 and

?qgnduc} rﬂ:l;nes 7 are broken fror ; hook 4 by rotating

'flexzble anchor tabs 2 are delami
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; _out of the plane of termination end 18. The
straln relmff: tab 3 may be secured to the actuator arm to
prov1de further support to the conductlve lead structure.

fabrieated
drlve

;erm;nated simultaneously. By fabricating the
'ad}'structure and the fixture as part of a
lamiﬁéted" uspeusion using photoiithography techniques, a
fized and hig

‘conductive -

hly toleranced p051t10n1ng of the conductor
'Ve; to each other can be maintained.

thus llmltlng the skill required of an
of a robot for performing the
After performlng the allgnment and termlnatlon

and
'descrlbed w1th'reference to a prefe red embodiment, it will

~ be underSto _Qy those skilled in the art that various
. changes in fferﬁ.and detail may be:  made +therein without
departing-from;the spirit and scope ef the invention.




CLAIMS: ‘

1. A multilayereﬁ suspension having a slider end and a

termlnatlon end th: suspension being suitable for use in an

torage system slider-suspension assembly,

1nformatlon
comprlslng;

a- conductlve lead structure having at least one

conductor 11ne c' tained in a patterned conductive layer

formed ovef one # more layers, the conductlve lead
i 2 :g suitable on the slider end for connection to
transducer_leads of-a slider, and on the termination end for

connectlon"t_ arm-electronics termination pads; and

formed from one or more layers, being
same plane as the termination end of
structure and having one or more anchor
tabs attached'to th conductive lead structure, the fixture
' allgnlng the conductor 1lines to the

terminéti&n ds by:.rotating the termination end of the

conductive - ture in the plane of the termination

end.

2. A multllayere uspension accordiﬁg to Claim 1, wherein
detachable from the conductive lead

the fixture is removably attached to the

an anchor - tab_ i

structure such tha
conductive lead st

3. A multllayer

an anchor tab
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4. .A #ultiiayered suspension according to Claim 1, wherein
an a@chof;eﬁab is detachable from the conductive lead
structure by tearing or cutting the tab in half along a
regioﬁ of reduced cross-sectional area.

5. A multllayered suspension according to Claim 1,
whereln at 1east one anchor tab is a flexible anchor tab
formed frpm:one or more layers near the termination end.

6. | A-multilayered suspension according to Claim 5, wherein
an_anehdr::gab has a reduced cross section to facilitate
bucklihg"dﬁ_the anchor tab when a rotational force in the
planeébf the'termination end is applied to the fixture.

7. A multllayered suspension according to Claim 5, wherein
.two anchor tabs are spaced such that a first tab will buckle
and a’ second tab will be in tension when a clockwise
rotatlonal force is applied to the fixture, and wherein the
first tab w1ll be in tension and the second tab will buckle
when a courter—clockw1se rotatlonal force is applied to +the

fixture.

8. A multileyered suspension according to Claim 1, wherein
the fixture?iﬁcludes a hook arm extending along the end of
the cohductiﬁe lead structure at the termination end, the
hook arﬁ being removably _attached to the end of each
conductor line, and further wherein each conductor line is
connected "fdﬁ the hook arm in a fixed and spaced

.relationship37

9. A multllayered suspension accordlng to Claim 8, wherein
the hook ‘arm has a test pad for each conductor line fixed to
ong the length of the hook arm, each test pad

and speced”
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sonnected to a céﬁducto; line.

'suspension according'td'Claim 1, wherein

tructure has a:bend reglon which allows
bend axis, the conductor lines running
. lead structurewsuchﬁ that they traverse
pproximately perbendicﬁlér to the bend

‘suspension according to Claim 1, wherein

14. A mult Iayei d suspension aecording to Claim 13,

wherein theﬂﬁ_ e

layer is stalnless steel, the insulating
and the patterned conductive layer is
copper. N

holes suitable:for manipulation by a
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15. An actuator arm assembly for an information storage

system, comprising:

. an actuator arm having arm-electronics termination

pads;

_ é mﬁltilayered suspension mechanically attached to
the actuator arm and having a termination end and a slider

end;

a éénductive lead structure formed as part of the
suspension apa:having at least one conductor line contained
in a pattérned conductive layer formed over one or more
layers, the conductive lead structure being suitable for
electrical_aﬁﬁéchment to transducer leads of a slider at one
end, beingiéigétrically attached to the actuator arm on the
terminatidn_éﬁa, the conductor lines being terminated to the

arm-electronics termination pads; and

a fixtﬁre, formed from one or more layers, being
substantiallyﬂin the same plane as the termination end of
the conducfiwé;lead structure and having one or more anchor
tabs attachéd:fo the conductive lead structure, the fixture
being suitable fér_aligning the _éonductor lines to the
termination paﬁs during the termination process by.rotétihg
the termination end of the conductive lead structure in the

plane of the termination end.

16. An actuator.arm assembly according to Claim 15, wherein
an anchor tab 1is detachable _frqﬁ . the conductive 1lead
structure such, that the fixture is fémovably attached to the
conductive lead structure.
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17. . arm assembly according to Claim 15, wherein
an anchor tasz
structure b,;delamlnatlng at least ‘one layer of the anchor

.0f the conductive’ lead structure.

is detachable fromﬂ the conductive lead

tab from a laye

18. An actu
an anchor -

arm assembly according to Claim 15, wherein
is detachable from the conductive lead

'earlng or cuttlng the tab in half along a

region of redu ed cross-sectlonal area.

19. An actui;or_arm assembly accordlng to Claim 15, wherein
at least one . anchor tab is a flexible anchor tab formed from

one or_more_layers near the termination end.

r:arm assembly-according to Claim 19, wherein
: : _ﬁas a reduced cross section to facilitate
buckling of’the anchor tab when a rotational force in the

plane of the termlnatlon end is applled to the fixture.

21. An-act@a or ;arm assembly according to Claim 19, wherein
two anchor tébs ére spaced such that a first tab will buckle
and a° second tab will be in tension when a clockwise
rotatiOnal'£° e 1s applied to the flxture, and wherein the
first tab w11" be in tension and the second tab will buckle

when a courter clockw1se rotatlonal force is applied to the

fixture.

22. An actuator:iarm assembly accordifig to Claim 15, wherein

lﬁdes a hook arm ex:

the fixture in ding along the end of

lead structure at th termination end, the
g removably attachedn to the end of each

snd further wherein each conductor line is

the conductive
hook arm bei
conductor line

connected tof ;tﬁe hook. arm in iﬁa fixed and spaced
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relationship.

23. BAn actuator arm assembly according to Claim 22, wherein
the hook arm has'a test pad for ea¢hjconductor line fixed to
and spaced along the length of the hook arm, each test pad
being electrically connected to a conductor line.

24. An actuator arm assembly according to Claim 15, wherein
the conductive lead structure has a bend region which allows
it to be bent along a bend axis, theiconductor lines running
over the conductive lead structure such that they traverse
the bend region approximafely perpendicular to the bend

axis.

'25. An actuator arm assembly-according to Claim 24, wherein

the bend region is of reduced cross-sectional area.

.26. An actuator arm assembly according to Claim 15, wherein
the fixture contains holes suitable for manipulation by a

robotic end effector.

27. An actuator arm assembly according to Claim 15, wherein
the conductive lead structure is cdﬁérised of a base layer,
an insulating layer and a patternedféonductive layer.

28. An actuator arm assembly according to Claim 27, wherein
the base layer is stainless _steeléithe insulating layer is
polyimide, and the patterned conduq:iVe layer is copper.
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 a storage medium having = a plurality of tracks for
recording of data; '

. a slider having a read ' and/or write transducer
formed therein and electrical leads terminating at

termination pads;

an actuator arm having arm-electronics termination

pads;

a multilayered suspension mechanically attached to
the aétuafor arm and having a termination end and a slidér
end, thé-suspension maintaining the transducer in a closely
spééed% prition. relative to the~ storage medium during
relative movement between the traﬁsducer and the storage
medium, and further the suspension including:

a conductive lead structure having a termination
end, wherein the conductive lead strpcture has at least one
conduc?or line contained in a patterned conductive layer

further the conductive

formed:over one or more layers, an
lead structure béing electrically éth ched to the transducer
leads of the slider at one end; ;énd being electrically
attached to the actuator arm on the:&ﬁher end, the conductor

lines being terminated to the arm-electronics termination

pads, and

a fixture, formed fi one or more layers,

being substantially in the same plah:gas the termination end
of the: conductive lead structure a@d having one or more

anchoritabs attached to the conducti#e lead structure, the
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fixture being suitable for aligning the conductor lines to
the termination_ pads during the -termination process by
rotatlng the termination end of the conductive lead
structure in the plane of the termlnatlon end~

actuator means coupled to the actuator arm for
mov1ng the transducer to selected,tracks' on the storage

medium; and

means coupled to the termination pads for reading
signals transmitted by the transduqer3repreSentative of data
bits recorded in the information storage medium.

30. An information storage —system accordlng to Claim 29,
whereln an anchor tab is detachable from the conductive lead
structure such that the fixture is removably attached to the

conductive lead structure.

31. A@_information storage system according to Claim 28,
wherein an anchor tab is detachable by delaminating at least
one lajer of the anchor tab from a layer of the conductive

lead structure.

32. An information storage system'adcording to Claim 29,
wherein at least one anchor tab 1s a flexible anchor tab

formed from one or more layers near the termination end.

ecording to Claim 32,
wherein two anchor tabs are spacec uch that a first tab
will buckle and a second +tab will: 5e in tension when a
clockwise rotational force is applled to the fixture, and
wherein the first tab will be in ten51on and the second tab

33. An information storage systen
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will buckle whé@ a courter-clockwise rotational force is

applied to the fixture.

34. An informayion storage system according to Claim 29,
wherein the fixtﬁ}e includes a hook arm extending along the
end of the condﬁative lead structure at the termination end,
the hook arm bging removably attached to the end of each
conductor 1ine;f2and further wherein each conductor line is
connected to iﬁhe hook arm in a fixed and spaced

rélationship.

35. An infqrmaﬁibﬁ storage system according to Claim 29,
wherein the coﬁayctive lead structure has a bend region
' which allows it to be bent along a bend axis, the conductor

lines running oﬁ?r the conductive lead structure such that
they traverse thg;bend'region approximately perpendicular to

the bend axis.

L4

36. An informaﬁfbn storage system according to Claim 29,

wherein the fixtﬁ%e contains holes suitable for manipulation

by a robotic enaﬁéffector.

37. An informat §n storage system according to Claim 29,
wherein the couﬁJgd means provides signals to the transducer
for writing datafbits in the storage medium.

38. An information storage system according to Claim 29,
wherein the coupled means receives signals from the
transducer that represent data bits recorded in the

information storage medium.

39. An informat%ﬁn_storaqe' system according to Claim 29,
wherein the information storage system is an optical data
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eﬁorage system and the transducer is an optical transducer.

4 An information storage system according to Claim 29,
B w;zgein the suspension is a multilayered laminated

~ suspension.

; 41, An information storage system according to Claim 29
) whereln the transducer is a magnetlc transducer and the
1ngormatlon storage system is a magnetic storage system.

"42g?_An informetion storage system according to Claim 41,
. whérein the maQnetic transducer is an inductive transducer.

'4§f " An information storage system according to Claim 41,
_wherein the transducer is an MR head.

}44}.v information storage system according to Claim 41,
thereln the coupled means detects resistance changes in a
fmagnetore51st1ve material residing in the transducer
;respon51ve to magnetic fields repfesentative of data bits
ired@ided_in the information storage medium intercepted by

'fthe?iayer of magnetoresistive material.
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45;_ A method for fabricating an actuator arm assembly, the

method comprising the steps of:

attaching a multilayered suspension to an actuator

arm;

‘aligning a termination end of a conductive lead
sﬁ:ucture extending from the suspension by manipulating a
fiﬁture attached to the conductive lead structure in the
plane of the termination end until the conductor lines
céﬁtained in +the conductive lead structure are properly
pléced over termination pads located on the actuator arm;

terminating the conductor lines to the termination

pads; and -

detaching the fixture from the conductive lead

structure.

.46, A method according to Claim 45, wherein the fixture has
~one or more anchor tabs laminated to a layer of the
iconﬁuctive lead structure, and further wherein the step of
-detéching includes delaminating at least one layer of the
'anChor tab from a léyer of the conductive lead structure.

47. A method according to Claim 46, wherein at least one
anchor tab is a flexible anchor'tab formed from one or more

layers near the termination end.

48. - A method according to Claim 47, wherein two anchor tabs
are spaced such that a first tab will buckle and a second

‘tab will be in tension when a clockwise rotational force is

appLied to the fixtufe, and wherein the first tab will be in
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tension and the second tab w1ll buckle when a courter-

clockwise rota :”nal force is applled to the fixture.

49, A method cordinq to Claimn'45 wherein the fixture
includes a hook' arm extending along the end of the

conductlve lea: structure at the term1nat10n end, the hook

arm being remOVthy attached to the,'end of each conductor

line, and fur ;wherein each conductor line is connected

to the hook arm nfé fixed and spaced relationship.




