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E BACK? 0 Cilrggﬁﬁyxgpen5|on assenbl i es for data recording #ﬁpﬁi fon
€ met-hod for making such assenblles
“invention relates to an | mproved suspensi on for ﬁ
i system and nethod for electrically connecting the
arm | eads or an el ectroni c package. 2.

ted Art: ~ Information storage devices,
e . storage devices and optical data storage
least one rotatabl di sk with concentric data

information, a transducer for " readi ng data
Jto the various tracks, and a head he
H%TI?IE over {% t %cﬁ&l centerl i ne
) STSPENSTON  IN A RATA STORAGE SYSTEM

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 electrlcally connectlng the

“Inf°rmati¥; storage devices, which include magnetic
Storage devlce__ i

and optical data storage systems, utilize at

-sleast one r' able disk with concentric data tracks

:_ontalnlng th_ nformation, a transducer for reading data
:from - or . wrlt ng data to the various tracks, and a head

'pos1t10n1ng actuator 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
zgttached to an actuator arm of the head

ion provides dimensional stability between



ac "slide" i ir bearing surface
a head (or slide") having an air _ _
C-'-hggptpgrted adjagent t he datﬁ sur;ﬁce ?fdeﬁh?s a?%gghgg gﬁsrignbgik
[ _
rated by the rotating di sk. . es f ched ¢
‘ [ osite - the air bearing surface)
h'e'n slgﬁdopfhe Ispension is attached to an actuator arm of
a posi tioni'ng -t uat or . The suspensi on provides
5N bet.ween
oral St?ﬁe|;}Yder ‘and actuator arm controlled fleX|$llh;¥|b2 pg;ch
[ direction o
. ion of the slider relative to_ihts (
"P?;g di sk, and [esistance to yaw notion. . The sysEen?;on
provides a | oad:*or force against the slider whic

edtheysihderfan _btuatbe arm controé?gérfﬂgfégéfe$ﬁuigepgﬁ€h

' 3 sar
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: ?fi g{ h clﬁsﬂe the gukidem i 'hﬁalntalned in extremely

: d - ~The- suspens1on typlcally cemprlses a-
f’load beam, whlchfls mounted at one- end to the actuator arm,

:éthe load beam i'd supports the sllder. The load beam
Qprovides the r :llent spring action which biases the sllder.
. toward the su face of the disk, while the flexure provides
:flexibiiity fori.the slider as the slider rides on the
;cushion of aln between the air bearlng surface and the
-rotating disk Such a suspension 'is described in United
States Patent 4, 167,765, which is assigned to the same
fa531gnee as this application. An- example of a conventional
slider is descr bed in United States Patent No. 3,823, 416,
‘Which is assigned to the same assignee as this application.

One type of comp051te or lamlnated structure comprising

a base layer,: a patterned conductlve ‘layer with patterned
electrical leads; formed thereon,

a’d an insulating layer

No. 4 (September .1979), pp. 1602-1603.
.suspension, the sllder is epoxy bonded to
‘spen51on and the’ transducer leads are
- soldered to the ehectrlcal leads formed on the suspension.

Another  laminated structure = type of suspension

layer of stainless:steel, an insulating
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N i f air between the air bearing surf a

n Cuzréﬁn guch a suspension is described in United F.i néesggtes
“gb 4, 167 765, which is assigned to theée sane assig
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ap An exanple of a conventi onal sli _ - aned
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| o o e structuredconprgfgggriCala nggs a¥orﬁed t her eon, '
i th atterne _ _ _
lnsu:g¥FLgm1;yerp *-tt" *forned .in_Retween, is dezcrgge?ehger
nical Di'sclosure ;-; *-Bulletin, Vol. 22, No (Sep e , .
njc 1602-1603. In this |aninated suspension, the slider
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S nagnetlc K L; g a sllder ‘to a lamlnated/etched

-, suspension in a data recording dlsk file has been described
. _in" United States  Patent No: 4,761,699 -and IBM. Technical -
f_Dlsclosure Bullel‘n, Vol. 3@_ No. Zg;Eebruarg, 1993.

t he

. The slider?suspension assembly (or *head-gimbal
f”assemblY' (HGA)f*fis an 1ntegrated unit composed of the
L;sllder being electrlcally and mechanlcally attached to the
Esuspens1on. All : ead-glmbal assemblies on the market today
?use discrete w1res; to conduct a signal from the magnetic
;;transducer on *the slider (or’ "head") to the read/write
- electronics packaﬁe. These wires are terminated to flex
itcables or elecﬁrohic component cards integral +to the
-factuator arm. In order to make thls termination, the wires
c{are p051tloned over termination pads residing on the flex
:cable or electronlcs Prackage and then electrically connected
ito the termlnatlon pads by e1ther a reflow soldering

Ooperation or an ultrasonlc wire bond process A majority of

'fthe disk drive 1ndustry uses a manual termination process

.glnvolv1ng skllled operators using mlcroscopes and tweezers
- to place these w1res 1nd1v1dually over ‘the termination pads.
‘' The disadvantages to this type of manual pProcess are time,

‘tedium and inconsistent results <‘inherent in a manual
.. process. ) .

IBM uses an automated process which involves stringing
fthe wires onto a frame that holds the wires in alignment for
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r and the disk drive's read/wite el ectronics. _
.szgucgttachlng a slider to a I|amnated/ etched : suspgnflo?s
ina dafa recording disk file has been described in United Stiateg6 ahgn
- No; 4,761 ,699 -and I BM Techni cal Di scl osure Bulletin, Vol. , .
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jdfﬂeagegrﬁggr1 assenbly" (HGA))is an integrated unit conmposed of the

S ider'béing electrically and nmnechanically attached to the
spension. Al head-ginbal assenblies on Lhe narke%_éoday trgﬁgducer
res to conduct a signal fromyhe nagneti -
: fhgtgerer (or "head") to the read/wite - electronics _package.nt
flThese wires are termnated to flex cables or electronic conpone
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res in akhgpEenthor assemny ~tolerances weli -Zas component' =

'“:tolerances that add up to an 1ncon tency of where the pads-
‘are located. Thls 1ncons1stency, ;f: conjunction with wire

:locatlon varlables occas1onall§£ require the robot
performlng the .electrical termlnatlons

to make small
‘adjustments for each wire-pad termination.

Therefore, 1t would be desirable to provide an improved

. automated process for electrlcally

connecting the head-
1{;;g1mbal assembly w1th the actuator arm electronics package or

flex cable wh1ch eliminates the tolerances

introduced by a
?,ﬁcw1re frame and 1ts attachment to the suspension. It would

_5£be further des1rable to provide such an automated process
:;;whlch can simply and accurately allgn the conductor lines of

the head-gimbal assembly with the termlnatlon pads
}_Qelectronlcs package or flex cable.

of the



zulacenent over the pads. This elimnates the varlablllty_dge to
process. However, there are still variables due tothmﬁr

and tolerances in the frame inits. attachnment to 3 eneed O
n. Even without these variables, - there is still the

e frane with its wres over the term nation pads of the

CS package or flex cabl e. Thi s allgnnent S neceSfﬁry
hring t he assenbly of the electrqnlcs package to ﬁt
arm  there are assenbl y tolerances as well as Conponﬁocated
s that add up to an inconsistency_of where the pads b?re .
nsistency, in conjunction with wire -location vari al ef,

Iy require t he r obot perforn1ng the electrica

ons to rmake snmsUMMEkaﬁpQﬂg§ ﬁﬁg&hvmre pad term nation.

d aut omat ed
it woul d be desirable to provide an" |nprove
:br electrically connecting the head- :ginbal assenbly with the

arm el &ecpydicg paokihe Opresdritx (i"i‘we@!tl\gﬂ chhel lﬂ{H]t tes the
'Ssué EﬁQﬂHﬁeg by By ng% lLaTE an [ts. attgéﬁgE xnnmmmanaknd
e TC gl Bo FENEAES REYLAGR: ald do: ede asck e
heRA caRdsi Bpey susPepedoat ebeing gail qumen?%‘g@r&s'eegfﬁom Cém
nbainfﬁﬁﬁﬂﬂbbﬂ “bfbra&ges§§Eghn§iaa rE‘u%pen31on assembly. The
'suépéngfbn comprises a conductive f_ead_structure having at
‘least one conductor line contained:in a patterned conductive
-dayer forniéd over. one or -more laye '

.. '~ The - conductive -léad - -
' structure is sultable on the sllde;f.end for connection to

;transducer leads of a slider and on the termination end for
-connection to arm-electronlcs termlnatlon pads. . The
‘suspension further comprises a flxture formed from one or
ore layers, being substantially in the Same plane as the
‘termination end of the conductive lead structure and having
one or more anchor tabs laminated to a layer of the
;conductive lead structure. The flxture is suitable for
5alignin§—the conductor lines to the termination pads by
rotating the termination end of the conductive lead
etructure 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 descript:_n.;n:_T
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;”j18UNNARY OF THE | NENTI ON According to the present invention,
- sazmul til ayer ed suspension is provided having a slider end and a
© termination end and the suspension being suitable for use in
- an information storage system slider-suspension assenbly. The
- suspensi on conprises a: conductive |ead structure having at | east one
onductor |line contained in'a patterned conductive - layer formed over
ne or nore |ayers. The conduct -lead - -~ structure is suitable on
he slider end for connection to transducer |eads of a slider and on
-he ternmination end for . .-connection tog_armelectronics termnation
ads.- . The suspensiOn further conprises a fixture, formed from one
: . hore layers, being :substantially in the same plane as the
: ?ernlnatlon end of the ggyghuﬁggcnipfmbﬁt@pofggepﬁnﬁlﬁ@glng one or nore
. ‘anchor ‘tabs laminated to- a |ayer .conductive |ead
«Structure. The fixture is suitable for allgnlng the conductor |ines
the ternm natHeon npasts fuatided | Melidged! etharaétoriseld of the

onductive | ead structure.in the, pl ane of the,t rn1 afion en
'he above FYSHHIO™s ki (3halte %%Hur’ég ﬁﬁea%ﬁ%?ﬁ F8i%%e  pred®nt

‘nvention 1méﬂt1d&ecamse} sowenterj N as heell’ aé oliqwe@eflﬂéml Imeldevof t en
escrlptuﬂge’ furthefiob Tc;_ and advantages_thereof will best be
. " understood by i réference . to the

_ follow1ng - detailed
.1llustrat1ve _e“ odlment when read 1n

descrlptlon of

e - —

Figure 1 depicts a magnetic diSk storage system;
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 dépicts an actuator arm assembly, according
"to an alternative preferred embodiment of the present
-invention.



BRI EF DESCRI PTI ON OF THE DRAW NGS The novel -

i i i tion are set forth
elieved characteristic of rhe _inven
b cl ai ns. The invention itself however, as well as a

; preferred node of use, further objects and advantages theae?;ilegnll
:-bést be’ understood by  reference to “the follgmnng oﬁ'unction
g'-5'-"(:1'”"scri-IOti'on of -an illustrative enbodrnent when rea Hndg iéts L

“with t he: acconpanyi ng drawi ngs, wherein _ Figure pI LS 2 ew of
gnetic di sk storage systeny- Figure 2 depicts an explo
diskfdrive; Figure 3 -shows a.;.conventional on

i der - suspensi on assenbl y; Figure 4 depicts a syspens ,
cording to a preferred enbodinent of the present :nventlon, ding to a
gure 5 depicts aPETARLEDN QESORIEIEN OF PREFGSEHTY Rivp CPDﬁ.ﬁﬁ?f

ef-erred enbodinent of the present- invention; an

el

ﬂln “the appended

_ Although the present invention is descrlbed as embodled
:f-ln a magnetic disk storage system as shown in Figure 1, it
'fﬁ;w1ll be apparent that the 1nventlon is also applicable to
“_:“;other information-storage systems such as an optical data
f_ﬁﬁ_storage system or a .magnetic tape recording éystem, for
-+ example. At least one rotatable magnetic disk 212 is
f*f;;supporteaLOﬁ-a;spindie 2147and rotated by -2 disk drive -motor
ffff218. The magnetic recording media 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,
.. each sllder 213 is supporting one Or more magnetic
1eﬁread/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
"-};219 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
emoveable within a fixed magnetic field, and the direction
-and velocity of the coil movements is controlled by the

- ourrent 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




depicts an actuator arm assenbly, according to an

i, ive preferred enbodinent of .the present i nventi on.
b ' DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI MENT
| ,Although the present invention is described as enbodied in a magnetic

-di sk storage systemas ‘shown in Figure 1, it wi |l be apparent that the
nvention 1is also applicable to other information storage systens such
s an. Optical data storage systemor a nmagnetic tape recording
ystem:: for exanple. At l|east one rotatable mgnetic disk 212 is
upportgd on a spindle 214-and rotated by _g_di-sk-drive notor 218. The
magneti ¢ recording nedia on each disk is in the formof an annul ar
attern of concentric data tracks (not shown) on disk 212. t

east' ohe gljdgte21Byi 8 paﬁauongabg@ah*&@adwkcaaatan%acané&hggauﬁgkél ks

upporting one or magnetic_ read/wite. heads
‘ot at e, ;t h@PSFREAPB- 21§1tQPthn09§daFﬁdP&PF9n9|n1§n3356F1b§§ whkh

ieads 221pﬁ8feﬁﬁ6685 émbédmahtporhngnsmﬁ;ahe Beakiad' f nag 284 caebal ni ng
‘he data attached to an actuator arm 219 by neans

S h sli
f a %pﬁﬂg 1n§1§n °* luéﬁ%ﬁ@ﬂ fon 215 provides a slight spring force
whi ch blases the slider 213 against the disk surface 222. Each actuator

rm _219 's attaghed 19,80 ELHBLRENTEABE 2R a1l 8EbPALAT sPERLR shawn
) controlled in operation by s1gnals generated by control
({read/write electronics) unit 229, such as access control

signals and internal  clock signals,” and which- includes logic -
control circuits, storage means and a microprocessor. The
control unit ;29 generates control signals to control
various system operations such as motor control signals on
line 223 and head position control signals on line 228. The
“: control signals on line 228 provide the desired current
profiles to optimally move and position a selected slider
jj‘213 to the desired data track on the associated disk 212.
:deead and write signals are communicated to and from
.read/write heads 221 by means of reeording channel 225,
‘which includes conductor lines running along suspension 215

7+ and actuator arm 219.

P The above description of a typical magnetic disk
Uistorage system, and the accompanying illustration of it in
 ngigure 1 are for representation pur?gSes only. The invention
i_f described in this application is useful with all mechanical
;i;;cenfigurations of magnetic storage systems disk drives or
. f;direct access storage devices ("DASD"). It should be
;i;pparent that disk storage systems may contain.a_ large
hféhumber of disks and actuators, and each actuator may support
”;%{a number of sliders. For example, Elgure 2 is an exploded
-;;Vlew of a disk drive 310. It should be noted that although
'”fia rotary actuator is shown, the 1nvent10n described herein
'ffis also applicable to linear actuators. The disk drive 310



Co.in Flgure 1l is a-voice coil notor (VCM. The VCMis a coil noveable within
sasfixed magnetic field, and the direction and velocity of the coi

‘novenents is control | ed by the current suppli ed. During 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

" pearing thus counterbal ances the -slight spring force of the
'suspension 215 and supports the slider 213 off the disk

-gurface by a smll, substantial l'y constant spacing during oper ati on.

:Al'though an air bearlng i s described with the preferred enbodi nent ,

~any fluid bearing .may be “used ~including an oil [lubricant.

The various conponents of the disk storage systemare controlled in

‘gperati. anl{%@&ﬂa& oS8Ry Hes, Qaa cmw@ém% (E&PEH- %14 ewhféﬁcté%f8>

- odnit 229, suc access control signals arid Internal

~and whi ch 3sfEmRigs I’(Fgll'%Punfcﬁﬂf]t‘f’(ichJé? reuixame 3G, g RotrEARI v mthached
... CroprocegsSiin Wi h@idg! 31@i ton 229 W@éﬁs mr:vis sighadg to

-fcontrol vari Qus systen1 operatiq such_as not or ntrol nal s on

ine 223 fr‘r%' |ﬁﬁ§€§'§?ﬁ¥ olézq'gnalg"%rf*‘? ne°§2 R ofrm
SI gnal s Qﬁ‘.édttﬂﬂy 22&0 ﬁrxmmuﬁest e Elésiddit o Wonihtlike structure 322
' - having a plurallty_of actuator arms_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

8 @;5 ¥jnf“suspen51on is. a-'slidef 326 which carries a magnetic
o ' ; 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




to optimally nove and position a selected slider 213 to the
ata track on the associated disk 212. Read and mgéaeb

‘are comunicated to and from read/wite heads x y
recording ‘channel 225, whi ch i ncludes conductor |ines

of.

unni'ng nd actuator arm 219. The above

;unnlng alongofusgenfLBPC235 nagnetic disk  storage system and the
'|ng illTustration of it in Figure 1 are for re_prese_ntatlo]pu|
only. The invention described in this application is usgiSk
mechani cal configurations of etic st or age SyStﬁnEId <
' direct access storage device (" DASD") . It shou

~that disk storage systens nmay contain a Iarggr O?ungﬁrngS
wmﬂxr @m@ LACTHIALOT o FRM, o)

"I e rlglg | :eal%expl oded Vi e%v&gffgmbl %Iffi dri’de AFriented

]% af? ém’?%‘(ﬁ‘l‘ a5, 13y beaning Guifach @80 4fe back The

" @eger 124d heddider T6v ia) sRcild 93P\ dRuld A 35 U2l £ Lpoxy

-VsﬁéégPﬁ§“§f5 25 £i05udR% o8l Elexwredizth, after assenbly, ;s

thin a frame 316. Rotatably attached wthin the housing 31

d
aciyatorocened 88 £h8 <13g1ike Bude s¥erod sinder a6M arecave

C%Egngﬁaipggrggggwggge|tyransdubeasorlzarﬁ51363 fypachgq Lo the
anabtip2a Oﬂhlﬁhﬁlﬁﬂ”btrgﬁsgugeggk $82 %ormeapr n a 51ngle -
"slider,:- even- ‘thougﬁ“only - one - transducer is = oo

actlve as a -
;read/Write element in order to improve the yield of the
:s8lider : durlng the thln—

film fabrication process. The
"transducers 128, 130 have pole tips 129, 131,

respectively,"
which 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 suspension shown in Figure 3, the
felectridal.attachment to the  read/write electronics is made
by twisted 7wires 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 Flgure 4, there
suspen31on according to

is depicted a
a preferred embodiment of +the
iresent invention. Suspension 16 is a laminated suspension
'omprised of multiple layers of material etched using
;hotolitnographic techniques, as are well known in the

_ndustry; to create the Suspension. Suspension 16 comprises
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suspensi ons 324, Attached at the end of each spring suspension

5Tgis-ﬁa slider 326 which carries a magnetic transducer (not shown in

" Fi gUre 2) On the other end of the actuator armassenbly 320 opposite
he :spring suspensions 324 and the sliders 326 is a voice coil 328.
ttached within the housing 312 is a pair of nmagnets 330. The pair of
magnet s 330 and the voice coil 328 are key parts of a voice coil notor
which applies a force to the actuator assenbly 320 to rotate it about the
ctuator shaft 318. Also nounted within the housing 312 is a spindle
“shaft 332. Rotatably attached to the spjndle shaft 332 -are a number
f-di sks 334. In Figure 2 eight disks are attached to the spindle shaft
32. .. The disks 334 are attached to the spindle shaft 332 in spaced apart
el ation.  page Tilfer Fr&FHW By Ofof sﬁ%iﬂes"’ét wsseﬁplfﬁﬁ B figure

. The prlor art suspen5|on ‘conpri ses. a | oad. beam 100 ‘and a exure ~ 120
ocat ed atla¥ei RERFEXALLY o RFf RMimide, ange 2 Raeamnesh iconduckivsl to

he di sk fldyélac'fpﬁﬁréﬂf?(f&ﬂ asWﬁelby émys Of P8 Ui 18 T 1fed 40.

he 'slider 160 is a convent sIJder for._ of cera qgggrlal such
s a m O SIAREnSKon iy r]] fhree wary it The

| der l6@ipferent anatémaslmg:owac.e I&QLs MMlay&:} Eirse t (s rwd S

20, 122 &}efq:aaté‘a% ﬁlngi!&?cgpo Si tetll%gd J%enerflal IR ;rpse}.{f‘atieng fé)yeazL Mof

polyimide that . are processed sing photolithographic

technlques All'three layers are etched away to form the
outline ‘of the - suspen51on 16. " Then “both~sides. of -the =
_ suspension. are etched to remove des1red sections of the
:-;f steel, polyimide and copper 1ayers to produce the various
| featqres of the suspens1on. In partlcular, 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
:itermlnatlon end 18. The conductive lead structure is etched

'fln 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.f%Suspension 16 has been
.spot welded or epoxy bonded to aétuator arm 15. The
.:iconductor lines 7 transmit transducer signals from

"jtransducer_leads on the head to arm-electronics termination



L _ _ - ont ed
126, both of which formend faces orien
9pg(rjggndicular to air bearing surface 180 and Eacg betmeZhdgagi4
0 is secured to flexure 120 by an epoxy on e ack
4 and flexure 120. Located” on the trailing e ge0
‘ 60 ‘are two - thin-film read/ wite transducers, 128, '13Ié
mul-tiple th|n film transducere ar.e .forned on a Sh?aﬁite
véh t hough only one transducer is active as a - readurin
i'n order to inprove the yield of the le Eg i 138
iIm fabrication process. Thﬁﬁ%" : t ransduce : , =
3tips 129, 131, respectively, I ch extend toward tleI dg
five railé 120, 122. Transducer 128 has g;ect;ggaforea
a”"“‘"rG”Q"“aeé“d?"la?t“a%gf%%%% 185 0ks, BB 45 Respdtied View
| e
?i%é ar% sus%ﬁﬁs?%&na Rofhei frapsgitged3tot heor proebggbalﬁgg
Fbﬁtﬁboregd/aystﬁmefeaagﬁaﬁf?eé§eg§ggP Ffoﬁycgmg?tethemhagnetic
from the rea :
} tgﬁ:en?hroL h a tube 136.0n | oad heam 100 and out the end of

_The AhEenducivey tesd 13ﬂrﬁéﬁu:blét rﬂﬁoékﬁéﬁéiéf Qﬁ@dﬁg¥{> d g‘ﬁ? t he

; éiia qﬁﬁM§ The- electrlcal conné
élfo é}fr?ealrg E)‘]S i et e?i %re Wapd tempiration end naayal

rf;on uctive leaqqéié'q’qq:mgrenmvls afoFthi€Hlr rom, onif‘etv?o 1svers

F .
the pokyﬁﬁﬂﬁeﬂlﬁyefﬂaﬂﬁ %ﬁils a<%§%§r;ﬁﬁﬁnfngﬁﬁgggp@ﬁugg

%%&Jg -Suspensi on
' rr:J egllonﬁsa eF rﬁi‘fern%?eletfﬁmEEd usimg-that- region. - -

dystry,
hashi ¢onductbiiveuedeadis sttt | 19Ot drfls L hE 4 a Ndyst
g@&m&hﬁé&%ﬂ ORng Sti§oen5|son 16 conprises S

Seen in magnlfled view 5A, as a

s1ngle flexible cable of four conductor lines 7 formed on .
op of an 1nsu1at1ng polyimide layer. However,
ermlnatlon end 18, the straln relief
ase. layer of stainless steel.. The insulating layer under
the conductlve lead structure 13 ends just after the strain
elief tab 3, towards termination end 18, allowing conductor
ines 7 to extend out to hook 4 as

near
tab 3 is formed from a'

'single copper lines.
jConductor lines 7 connect with hook 4 -on copper test pads

4, as Seen in magnified v1ew 5B. COnductor lines 7 have a
1xed and spaced relatlonshlp along hook 4 which allows them
o be directly aligned over each of the termination pads 6.

ince both the termlnatlon pads and the conductor lines
fabricated u51ng photollthographlc processes
”olerances between the termlnatlon pads

are
the spacing

to themselves and
the conductor llnes to themselves are. on the order of 1 to 2

The present inventionhis a flxture
ﬁanipulator that is attached to
13,

here called a
co ductlve lead structure

which allows for an accurate

and?eff1c1ent pPositioning
of all the conductor lines 7 w1th respect to the termination

ads 6. The manlpulator 1 includes flexlble anchor tabs 2,



' I an insul ating
: e layer preferably of stainless steel,
'TeerFss .of pglylglde and a patterned CogdUCtlveuspens:gﬁe{s
' copper alloy. This nmultilayered Sus _
'yyfagIngtlngthree very thin sheets of : different materials

r.-sheet has two netal | ayers formed on either
n |nsulat|ng Laﬁer of - pol yi m de- Ny “t hat are pLogezagd Ufgng
'ographlc .- - techniques. Al three-llayers are etche f thg
outline of the suspension 16. Then both S|ﬂes 0 the,
in-are etched to renove desired._ gctions of t ? opooteel -
- and copper ilayers to produce t e various . de? roduce
~In particular, the copper |ayer - is etche o p

n. . : - psnission Wi
yCngbot?bab' ucaudehmbkfgg £|cg§?g}g%%§%c i g tﬁ%nnE?Fﬁgrtg
ST RSP o

* flexible anchor tébs 2
fetaiatz&elglt strsamsr@I? ef 6L 4BYy3 be CRIRS | sgd lér{;l ng

dvy base;{ aye
Wgaspens, iﬁnﬁ" nquc °ry1¥Eﬁ$ abl e Napipwkator

g hokemch othat a) 211 (5880084 Oy PAS, e ©f
-l ead ‘st ructur

lpuﬁfcor. 2P Bl G sfichaton gous,
2. b RN toXTHA reenduC it |Badmatduct ur e
HQNIth tive Iayer of suspension 16.
-there _depicted . -

metal layers or a comp031te of multilayers
por deposition and - the features of the
treated with photolithographic etching
1n3the preferred embodiment, manipulator 1 is
the suspension and:.is fabricated, at no
_.with the rest of the laminated suspension’ s
In a preferred embodlment manipulator 1
ll three layers. As.seen in Figure 4, it is
rom a base layer of stainless steel 19 which
' and rigidity to the manipulator structure,

yer of polyimide formed on top of the steel
tched conductive copp

layer 21 containing
e insulating layer.
1 is formed ;sf part of a single
"ultllayered lamlnated suspension 16; ‘ wherein the suspension
lso 1ncludes conductlve lead structure 13.

formed on top of’

Conductive
layer 21 cove's most of the body of hmanlpulator 1,

except
that 1t does n t extend out to hook 4

This is necessary to
from each other. It

;de is not a necessary
'e structure of the present invention, and

be eliminated in an_alternatlve embodiment

Maneammpmmor = T according to T



The conduct or

epoxy bonded to actuator arm 15.

P tyansducer signals from, transducer | eads on the
"mnatlon

or processed by, " the

As conductive | ead
'“T e slider end 17 of suspension 16
8be¥ond th conductive l'ead structure 13 is forned
’ . the pon|n1delhayer and the etched copper
se :Iayer was renoved or- never formed in that
.lead structure 13 extends out to the

3=£nn§ntibnnegn|f|ed view bA, as a single
onductor lines 7 forned on ‘top of an
: " However, near - termnation end 18, the

, condl&S@ivé%’ szft% Gé §u€

f duct,ive .l'ead structure

& et A e h naﬁ‘?‘dﬁlceiﬁ'dl'Q8 Jeﬁtad:)vm ng

t%otQMﬁempomnnSJ() Enrétg1dvhddﬁﬁﬂﬂé*Q%§§§

per_te
. BW Oonduct of |nes 33‘%5\7’2 ttachment ﬁ%&%’d and
'%gtﬁgbk 34 whi &% aldadwns h

el base_layer 19 has been etched """ away or was -
Thﬁs, strain relief tab 3 and base layer 19
iy connected However, both base layer 19 and
. tab 3 are partlally lamlnated by a section of
yer 21 formed on top. f The edges of the steel
n in the figure as dashed lines under anchor
ough conductlve layer 21 is formed at one end
ef tab 3, it is not connected to conductor

\e underlylng polylmlde layer which comprise
u'structure 13.

rn1nat|on end
- two Iayers

im larf manner, flex1ble anchor tabs 2 are
'conductlve .copper

layer 21 which extend out

_ ird attacnm :ts té conductive lead_etructure 13. Flexible
2" - m sections of the

lead structure 13,
a supporting base
ation end 18. These
figure at attachment
"”e:indicate the hidden
or: the tips of anchor
of polyimide may be
anchor tabs 2 and/or the entire

7conduct1ve'fl yer 21 to provide additional support +to the

thin laye
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ot over each of the term nation pads 6. ~Since
RGIO o qlrsgﬁhyngl:ggegads and the conductor lines are I fabg;gated
tolithographic processes, the spacing _ Lo erag o

e termnation pads to thenselves -and ~ the condu

hensel ves are on the order of 1 to:-2 _ m crons. - Cul ator
nt. invention is ‘a fixture, her alled -a . nar:pu tor.
ttached to conductive |ead structure 13, which a ?ms '
e and efficient Positioning ?of all the CﬁndUCtirinLPﬁZes
ect to the ternination pads_lgé-.The mani pul at or

é or tabs 2,

gnChanchor t ab 23, and hook 4. T
maambu]satwt L@@r&@t@yet he A4gx a%{)éﬁ

ab 2 at tr inrelief t
he” conducﬁ s e NEPRIF e B :-"!L

@%iﬂé%%ﬁg ancqqfs #B #g

s@fixture is connected éob
yichor taps 2 and by
g?sgg°ﬁ% E 417 scepnaetedd to
50 has. t 0cAltigoligh estRet hat

| t he Iane
*éﬁ%ondﬁé?d$e?
understooid thdtltmgered

dy Yo addspldd Grfiget, Of

- of -anchor tabs connecting

_trﬁcture. Moreover,

conductlve lines

conductlve lead structure.

whlch= qériéé- part of the
refore, as used in the
‘tab"™ is intended to

8 an anchor point for
_ttachment to the conductzve lead st ucture

rive, the manipulator
tates the assembly of
specifically during
h termination pads 6.
tive lead structure
to be aligned
ne alignment pProcedure
. required with four
11 énment may be done
Eing manipulator 1.
:nding out from the
h of the conductor
a fixed and spaced
‘spaced relationship of
further fac1l" ,;hg the alignment of

rather than the-fgur which woui
discrete wires. This one timé
@ahually or robotically by manij
Moreover, the addition of a hook
fixture and attached to the ends ;
.nes maintains the conductor llne;
relatlonshlp that exactly matches th
the termlnatlon pads,




i}mgthﬁpatterned netal layers or a conposite of nmultilayers - fornmed
- ) dep05|t|0n .and th features of the ~ suspension are
0).i0.t hig etching . techni ques. In the _

tor 1is designed into the suspension
yddi tional cost, with the rest of the
~layers. In a preferred enbodi ment,
three | ayers.: As seen in Figure 4 it is
' of stainless steel 19 which provi des
*and r|g|d|ty to the "_ | pul at or stiﬁeture, an insulating
“ayer .of: polylnlde f ormed: on tiap of the stee | ayer, and an etched

) ‘ve copper Iayer 21. cont ai ni ng condyctlve I|nes forned on

the” sembly, TH@SpendB&HhPU{&t0Of %g rmed as
- ti.l ayered. I am nate ‘suspen%?on § ref® the
*t‘féﬂ Srm as M LS

fabrlcated
=suspensmn s_

datvetksy ue@%ﬁleln6$cre®ﬁdlmasg§
epaie Hmﬂ;a.mj nm'hmlneglprbel (il’bg |t does
xFit 200k 74 gelhi ¢ a %ecess te : eep es
isolat ed from each 1gtt _-hc'ﬁﬂ d e ntﬁtm:be:rtm‘tom
| a@m@maﬂ& 1 heaRldlie gl of

be ellnrnate n an
&ft aghuatoion.

S 1 "f'*‘@dof
Vsrﬁ”?lgd' "EBhauc

et or perpendlcular to,
of: co’ductlve lead structure

_ kTO whlch is located to
;_?f flexible anchor tabs 2 and to the
-the body of sugpen51on 16.

A rotatlonal mo_ent is 1ntroduced to the manipulator by

applylng a- tool}or robotic end effectuator to toollng holes
5 1n manlpulator 1

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

‘axis through the center
tates manipulator 1 and
d structure 13 in the
..e. in the plane of
vise (CW) or counter-

rotational moment is

abs 2 and anchor tab
. causing conductive

r lines 7 are moved

;across untll they:a

ed over termination

ads 6 on actuator arm 15.




"L:-in Figure 5A, conductive |ayer 21 extends out biﬁongt b?ﬁsegayer
'ttach with conductlve | ead structure
First, conductl'

strain relief tab 3. - As can be

se layer 19 has been etched away or was

stal il ess I ef tab 3 and base |ayer 19 are not

tnd. Thus, stra

e steel | ayer are seen in the

1 which
'ﬁecaésaeer@mm HIE Ak tfhe S Lant

19 and make
to co ductlve I g ru@%’\}’ eF 121 Kpagd bIP@SSlblY arxhor
?Ezﬁngea P@ Y@W&ﬂ?’sS@bﬂM@ﬁ&lO@hl mdfent w111'?¥§ t'

Fagnibue anctivet bus AP SrSOHC b her  sagkiBlecna
énagﬂziﬁnscgk : tlngggngO égéflﬁmexihMebenataQa |thhe

jlele harchonchbab aAaRSthe. r@8f{ve L L1 SN of the
SHOV{ deam@lgl(iq: tyPng) ngxp Ocﬁ s;gl(.) aéement between
rotation and torque to be transmltted
structure 13. ° Torque is transmitted
-ead”structure 13 through hook arm 4 and
' Transmlttlng torque at both ends of
7sthrough hook arm 4 and anchor tab 23

_ 7 _f“om any resisting forces that would
dlstort conductor 11

7. One source of resisting force
ea outllned by dashed circle 20 as it
o1 Or yaw motion, of conductive
Another source of resisting force

: lines 7 moving in contact on
ermination pad':6 whlch pProduces frictional drag.

antage to flexlble anchor tabs 2 is
degrees of freedom for doing the
lexible anchor tabs . 2 Provide a rotating
: of the manlpulator 1 about an axis
two flex1ble anchor tabs, while
ral translatlon of conductor lead
lifies the allgnment Procedure since

j part of an operator or demands on a robot

fd 1f translatlonal degrees of freedom were

21 extends out at anchor tab 23 to
ichor tab 23 there is a small channel where
' i ef

se | ayer 19 and strain re
bytg ggctlony9§ : conductive layer 21

| ayer 21

anchor tab 23. Although conductlve

imcrherat I’k:é@éé@fthé caiﬁ% I s .not . connected
ayer

' i%e
T;g §§d5ﬁ¥¥l3”é5¥eﬁﬁig' QFEHﬁhQEHdEEEE£;;; flexi bl e

rnatlvely,

_ tabpbngbgﬁpgesg_mg?egﬁ‘ ayer ﬁgas hﬁlﬁﬁldl‘éﬂgts RBe tips
ifreggg?t?8%ah?§°rﬁat%ﬁnn | Bher boékpbhyi-at€€onmay - =



-

.7 mani pul ator structure. Addi tionally, hook 4 is connected W th
~ieach of the conductor lines 7 Although the mani pul at or  of

‘the preferred enbodinents been described as havi ng anchor tabs 2,

~-23 1t shoul d be ‘understood that the mani pul at or of the present

‘. invention may be designed with a greater nunber or a fewer
nupber - of anchor tabs connecting t he mani pulator to the conductive
| ead structure. ‘Moreover, inits sinplest form the mani pul ator
fixture may be nerely an extended hook arm4 having as its only

. connection to the ' conductive | ead_structure the individual

.- connection to t he individual connections™To each of the

- canductive lines which conprise part of the conductive | ead

¢ structure. ,?&Er ef Bfce e 5EQuctdr i%ﬁ 7 havl °5E0h %ig‘gﬁﬁoio Fma

-term. "ancahor s Intended to Inclu arm suc k arm4
as-an anchgre poitrrmipation padsachn@nt tﬁhﬂﬁe gbfducterminabedst ficture.

- During they@dusacding %xﬁz&@&)ﬂrlw, t&penapi pall ai—@flow sol&¥rfRgf the
present invention great| facr itates the assenbly of t he actuator

armw th PRFREGIE R ‘b’é%?‘??’c‘él‘l"%/rﬁtﬁ’?ﬂ - PrOCcess. t ne alignment of

-~ conductor lines 7 vmth term nation pads 6. The integrated nature of the
... conductive | eazg .uct L%_e al | conduct or
cco

Cbe - aligned § Sy Peinarl ol (ROl ISR cn !0
procedure once thef aidmiuctdmrﬂ.lmé\s flsave béenhsuscessifbkRlyr egermimatedt h

< fouf, i I t e e
“ manually OF. robo | ca%éféb aJQ Sma %ulé{g?na%&l%??g deﬁ?éfhe& ££6R

7 Mor-eover, “candnckidte | Oﬁans'%\ru%'@eRe efi@ e@@‘gngdimrdﬁwom'ﬂm layers ¢fxture -
and attacfﬁh:&ibwean&mks SpE£EMatd 4 NRiROREYCIRSUnt bf NGPerBiPtwiar the -

““conductor- lines in a fixed.and . spaced rel ationship that exactly
“ matches t RS RAKY (@minslat Tayer) ?Fe@%rn?ﬁ%??%’b’éc%mn?ﬁr?ﬂer
f:faCl|Itallénﬁtjﬁidﬂldﬁﬁﬂu&tiﬁe lead structure 13. Similarly, there is

a minimum amount of overlay between anchor tab 23 and the

"base layer that 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 3oplzpeel from the stainless steel base layer
because of _the 'small interface bétween the layers.
;Alternativeiy,::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

the plane of the conductive lead . structure. Hook 4

o conductor lines 7
mall notches 12 that

have been etched in conductor lines 7. (as seen in magnified

eontinues to rotate at a right angle

until the conductor lines break at z

view B) to create defined weak areas for breaking the
‘¢onductor lines from their anchor points on hook 4. The



al 1. fiour. conduct or lines simultaneously. To
i ' ' | ' 16 is attached to actuator arm 15

crews, |aser o wel di ng, or epoxy
. before or after the slider has
si on. Conductive, lead structure
ut beyond t he body of suspension
arm 15._ fenductive | ead structure 13 and
~been attached - to actuator arm 15.
structure 13 located near
yosed. primarily of a thin'layer of copper alloy
“Iijat notches 2 amﬂn!her rom y
i cular ta, the piagé o?wdggn ctlve%ﬁggéga
0 ghegvertical directich withtantangfe such @hdt G Blsi £,
: the .area outlined by dashed cir Ie

rotafed, the knifsrlikecodge Tutsaitof bondinétbe 1ing g "

ﬂrﬁ1n tion end 18:0f the body of suspension
- ‘P‘Rﬁf@"ﬁlf‘c‘i“g ‘hf’h%edbai removing themhaignditor by

s | holes 5
Jﬁ?%%%@ﬂ?%y bﬁ%%ggnlngﬁlugtginalbgghmﬁon

jthe edge of actuato
or 1 have  no
:he sectlon

in that mlght be transferred along the laminated suspens10n after

1 the steel Wh1ch prov1de a weak :area for preferential b fdmg
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; [ h the center of the
; .hat mani pul ator 1 rotates about an axis throug _ :
?--t ar- ?oollng hole 5 and rotates manipulator | and t he terntn?tlgn
%-e d. 18 of conductOr |l ead structure 13 in the pl ane of conductor hea
'hcture 13 (|;ri in.the plane of the page of Figure 5) in either a

a ounter- clockwise (CCW direction. As the
;fggggkmnse (W or cou applied, hook arm:4, flexible anchor tabs 2

onal nnnent is ; : .
S and anchor tab - 23 apply torque to termnation end 18, causing
%conducttve Iead structure 13 to rotate. Conductor lines 7 are
anved across until they are accurately aligned over termnation
L 6 on actuator arm 15. -20- .
?5-1$?dSJ& The rotational noment causes the flexible anchor tabs 2

i f
o ‘al ternat el buckl e, depending on the direction 0
' 't"gt ati-on. %@%&sefolfdm bl rencl#era.t abs Ther Q:cfrmd’&?éi:zf rcl@rﬁes of the

o 2 possi bl under | ayer
’2: 3;[ |mve_le§/ 'éa%%hcﬁﬂgg noneﬂnzti:yc\?\cﬁruﬁe Jllr};tcg-ﬂ’t?n@rea é‘ﬂ%l@%cmﬂgm 9n
t nd ¥RV SGisferthe beng é’%@lmﬁ perpendizinlam to UHY SeidPaxis RIE

| eXi.bl erhirat li-re@,ucetgt?;gneSI g% h(e)gfblrfgs%r‘l‘t% Qr tab | R olrrpGr'?%sm on WI |
' I n
_n\g,)m:alct 13‘]?% -One'Aéfh&’ré’narltlé'xu Bife cendmrtlvmlieanﬁ Sttllﬁcltﬁ&'les'[ I1\3€w&%t ion

 folvhed #itD\a 2 sTERL eREDYREeS b%%%“'l% < SRLACETRAY DotNToy
h dallo rota Lon and torque to bet
Ty Ve ﬁ%a ?%@ﬁapg 1310e THrfuevpPel érah§nr§meaed to t ellowndthei ve
”{;eadis'fuctgpadutsorthnnagh ook ssume 4 ﬁadural beﬁaChQEdlﬁébaround the

ok 'Transnttgb@g 1gﬂgque at both ends of

Tacklng points 8, formed in stalnless steel, are also
1nclu”"d; for additional anchoring of the conductive lead
struc ure 13 after termlnatlon is completed. The design

ftacklng with a drop of adhesive through holes in the

center of'these tacklng points 8. A .spot weld could also be
used to attach tacking points 8. '

Oﬁce 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
conductlve lead structure 13 in the same plane as the

'termlfitlon end 18 through use of the manipulator 1. Note

that - now, termlnatlon end 18 is in he plane of surface 11,

which is normal to the plane of th figure. The alignment
is now accomplished in the same mann r.as was descrlbed with
'Flgure 5. ‘A tool or robotic end e fectuator is applled to

the tooling holes 5 and a rotationa
~conductor ;ines 7 being anchored

.With 'termiﬁation pads 6. Once teérmination is completed,
'flexzble anchor tabs 2 are delaminated from the stainless

; * layer of conductive ;éed structure 13 and
-conduc_or llnes 7 are broken froﬁ; hook 4 by rotating



e d

conductor lines 7 through hook arm 4 and anchor tab 23 isolates lines
E ‘om’ - any reS|st|ng forces that would distort conductor lines 7.
source of - re5|st|ng +force results fromthe area outlined by dashed

' 20 as. it- - .ects under the rotation, or yaw notion, of
Iead ucture 13. Another source of resisting force

:ééults from conductor nes 7 noving in contact on  termnation
ads 6, whi ch produces f tional drag. _ An addi tional ]
dvantage to flexible anchor tabs 2 is ~that they limit the )
EQFGES- of freedom fo . doing the alignnment. The flexible anchor

s i i pul ator |
abs 2 provide -a rotati:pg action in the plane of the manipu
~about, aﬁ axi s approx' atel y between th leo fl exi bl e anchor tabs,
white rest raining .any - lateral translation conductor | ead

i | |
e e mellbaLatan L1dGe e ald WR GF%‘*SGP“I 2t epde 16 cqihed

) h art of an .o erator Qar
P %rgngl at |%?Féﬂl%le’§$h.' dkalf reaukyn e esecured  to the actldtd¥ethrm Qise

v ds 6
“t he’ conduct Qrdyites ﬁfw&%&lﬂw Y Horddife 1L 1T t'o a :

‘hey are ?g;m nated (i e. €l ectrlcadﬁ coonnecftlcf) e[ﬂ;ia urea'
'éfrom/] sol deri ng opera on or an uItrasonlc W re bond process.

.id| ng to anotftss ﬁz%’ﬁdiﬁﬁ' i9fveritd ol BYidey SN WaMipulator which is
fabrlcated '
drlve syst

part of a laminated suspension used in a disk

]f This manipulator serves the purpose of
allgnlng co: uctor lines that transmit signals to and from a

sllder t'ansducer with termination pads on an arm

electronlcs ckage or flex cable attached to an actuator

arm.._The~m_

allgned_:n_ erminated simultaneously. By fabricating the

-conductlve 'eadr'structure and the fixture as part of a
lamlnated 8 spen51on using photollthography techniques, a
flxed and h ghly toleranced p051t10n1ng of the conductor
llnesff to each other can be maintained.

fabricated laminated suspensions.
Moreoverm th anlpulator limits the degrees of freedom to a
'-mere rotaﬁlo _#hus limiting the skill required of an
operator or the complex1ty of a robot for performing the

termlnatlon. fter performing the allgnment and termination

procedures,fth_ manlpulator is s1mp1y removed without the

need for spec1alrtools and then dlscarded

While 1nvent10n has been partlcularly shown and
'described W“ reference to a prefe ed embodiment, it will
by those skilled

be underét_“ art that wvarious

i:.changes in _rm and detail may be made therein without

departing from?the spirit and scope of the invention.
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opnce the conductor |lines have been successfully termnated to the
m nati on pads,: mani pul.ator 1 may be detached from conductive |ead
ructure 13 and | di scardéd: The layers of flexible anchor tabs 2 have a
mi-ni mal arount of overlap 1:.the base (or insulating |ayer) at the

i nd: conductive lead structure 13. Sinilarly,
: verlay between anchor tab 23 and the base
‘layer that conprises strain relief tab 3. —'Fheiee#elee— a—s—nﬂH

“interface of copper and;{ act as anchoring points for:

.mani pul ator 1. ichoring points are strong forJ"ﬂﬂHM‘
hése i nposed duri the rota

“in-plane forces, such as
_procedure. But when the.forces are out of tHe plane of the ‘mani pul-ator

<théere is a tendency for the conductive copper layer to delaninate or
speel from tdrearmdainl ess: s "base | ayer because of the smal |
interface between the Alternatively, the anchor tabs could be

~there is a mni me arfDun

torn in half.or cut along a'reglon of reduced thickness. Once the
Fflexible anc:lh.or Wbmﬂm&ﬁﬁwrsd@ér?si&ﬁvﬁéﬁ% T M 8‘1‘1’1 fmeerDUI %d'f)r
ccontinues to0 be rq}ated oyt f the plane _of conducti ve

Cstructure. CHERBAM, Sy tsélﬁﬁinétlé’nap%ngr |sgﬁ¢taé;ﬁg4 don elsazc;nmm't or
“1ines 7 unt mnﬁdmamxmﬁ :c-ts_d:roﬂagases syHtRaK ats]_la@l_lsug?eqﬁq%nlz stgy({blp,ave
| : €

“been etched d ?1‘?0 7 (as seen in magnified view B)to crea
~defined meak afEas : } the conduct or Ilnes from their anchor

points on hook 4. The: i
- 19 - breaklngapfgggaﬁg ¢i%%e h%gﬁs ;tgthﬁ&%h %v%%& %ﬁf”E%Q%% one
%alned in a patterned conductive layer

) onDted by the inside_e
_ conductor 14

more layers, the conductlve lead

formed from one or more layers, being

same plane as the termination end of

_ Structure and having one or more anchor
: o_the conductive lead structure, the fixture
_allgnlng the conductor 1lines to the

;rotating the termination end of the

cture in the plane of the termination

2. A multllayered suspen51on accordlng to Claim 1, whereln
an anchor tab_ is letachable from the conductive lead
structure such that the fixture is removably attached to the

conductive le' cture.

3. A multilaye
an anchor tab is

“uspen51on accordlng to Claim 1, wherein
_detachable from the conductive lead
structure byihelamlnatlng at least one layer of the anchor
tab from a l
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hook .4 which is etched fromthe vertical direction with an angle such that
~has a sharp knife Iike edge. As hook 4 is rotated, the knife-Ilike
dge cuts into conductor lines 7 at notch 12 facilitating the break
nd reducing the:chance that renoving the mani pul at or wi || damage the
‘term nati.ons, for exanple by lifting a conductor line T?Bﬁﬁaeﬁ_- Aat

‘pad. Once the naini pul ator has been rennved -0yl Ui¢
ead structure and the |aninated suspension, it discar 'ﬂ] 'ﬁ
train relief tab 3 nmay be secured to it the actuator-arns

eformation of the conductive |ead structure fron1transn1tt|ng'an 2
nwanted force into the termnation joint._Jhis tab is attached to the
“‘actuator arm by a spot of adhesive. This provides the sol dered connections
corelioef fromstress and strain that might be transferred along the
"1 ami nated syspengi g ﬁiiﬁgered 8aspehkYon a gcording ¥%talé§ﬁeienﬁ§e9%fhto
~.:Figure 6, there I's n alternative erre | men
" present |nvéﬁtlBﬂchSEHEtabtuaﬁordaFﬁFhébfgnsfFQEU|FbethﬁPnﬂﬁﬁtaVﬂ} lead
”ﬁe|eCtrO”'CSsEEﬁEtﬂéé'OBypﬁéﬁrbﬁg”DHPt@Qteﬂné sthéaggpllihonh16f Liengl ane
..of the draw ng) endi cylar to the plang of the suspension 16 and
actwuat or arﬁ?ig°nlﬂ E@che dEEPEfsSecbhaBRt oRT®Rnes 7 nust be fol ded bel ow
“the plane of the suspen5|on 16 to align with the termnation pads 6 (shomm
in dashed |jnes becau are not visible in_the oy
“#sfoldi'ng is Aaccof ITgigﬁi Fefd reﬁ?ﬁﬁeﬁsbﬁnfo?ﬁ?%ﬁd%%ﬂdug?o %%ﬁﬁ I,
“Istructure 1ﬁhei-ei]g &0l tleagt| | ore farchdhi stébl iisng | flexibhel asdikorwi tab
otched ar e@érﬁgd fpoﬁ\hgnét&?lm LoPa LRy 822 YEEKC BRI LIoR Eh! ENti Al

endlng

6. | A-multilayered suspension according to Claim 5, wherein
an_anchdr::gab has a reduced cross section to facilitate
bucklihg"dﬁ_the anchor tab when a rotational force in the
planeébf the'cermination 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 multilayered 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 “£¢? the hook arm in a fixed and spaced

.relationship37

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

and spaced _



onductive | ead structure.:in
end regi on 9 per pendi-cul
isk of fracturing in t}
onductive | ead structuré
' t he Steel"running

old line.
ncluded for additional
' termnation is

f adhe5|ve t hrough hol

fls ‘surface 11,
. pads .
. pl ane -
“Not e
S nor mal
n the sanelﬁaﬁﬁe

that R, cbﬁ&ﬁb%% 200 el
to the geane

about folding line A-A The conductor lines of the
the area of the bend region 9 traverse the

.the bend axis A~ A This reduces the
onduct or lines.  Additio

was formed with a stal 3 stee;;y,l___“
er folding |ine~ A-A iy ed: it
conduct or {0 assune a natural bend

Tacki:iig -poi:n 8, formed in stalnless stéel Ee S
nch ng of the conductive |ead tructure

Cnce the

the cond 7 are, 1aI|gned to the termnation
rotating th ;-con bctive lead structure 13 in the same
Re femmiltidaysre dsmapens@gghacgeedbngthe Ganaipulat wherein

f th“m gure he al i'gnnment ~I's- now acconpl i shed
a?eﬂﬁsaae§€p?b ﬁnﬁn?ﬁlsFlEG?eC°EﬁUC%PF06FnSF FuBBing

lead structure such that they traverse

the pend

axis.

*fglon approximately perpendlcular to the bend

11. suspension eéco:ding to Claim 10,
on is of reduced thickness.
12. uspension according to Claim 1, wherein
' holes suitable for manipulation by a
13. uspen51on accordlng to Claim 1, wherein

the conductii structure is comprlsed of a base layer,

an insulatin' nd a patterned conductive layer.
suspension adcording to Claim 13,
er is stalnless steel, the insulating

layer is pr fand the patterned conductive layer is

copper.

The despgn allows tacking with a drop
center of these tackLng points 8. A spot

s%@ub%uré”h&geapbéﬁ& PégiHﬁfﬁﬁQcﬂlalloWQ'Ch
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..the tooling holes 5 and a rotationala noment applied. Wth conductor
I:ines 7 being anchored to hook 4, they can be nmanipul ated by the ,
© Fotational noment until they are aligned with ternination pads 6. Once
i Jtermination is conpleted, flexible anchor tabs 2 are delam nated from
ithe stainless steel " base layer of conductive lead structure 13 and
- conductor lines 7 are. broken from hook 4 by rota

21 mani pul ator 1 out of the plane of term nation tl 4“
~istrainrelief tab 3 may be secured to the actuator ar nﬁ‘ﬂl“ “IIE ﬂ(u et
. further support to the conductive |ead structure. The p#esént i
invention provides a mani-pulator which is fabrlcated ‘as’ part of a
| am nat ed suspension used in a disk drinde” system This nanipul at or
.serves the purpose of al i gni ng conductor lines that transmt signals
“..to and fron1 Sl ansdu er i n n
arm el ect ronlAéls af);ac aécgg o?ﬁq\‘ I%g?ec e zftotgcac %qufgﬂénr? tﬁ% uas'(t%' %rr agd
“flarm  The neyshemat congriiedsngal | these conductor lines to be al i gned
~and term nated sinultaneously. By fabricating the conductive | ead
.structure and the fixture as part _of a | am nated . suspensi on using
““‘phot ol i t hogr aphy - t ecRf gGéyater arm haydngharmhedecFrosissafeggination
=‘posi tioni ngpaefs;t he . conduct or lines relative to each ot her
~.can be nalntalned Furthernore, this spaced relationship is highly
“irepeatable  with  subsequently fabricated | am nat ed suspensi ons.
s ' a multilayered suspension mechanically attached to

the actuator arm and having a termination end and a slider

end;

a conductlve lead structure formed as part of the

suspen51on and having at least one conductor line contained
in a patterned conductive layer formed over one or more
layers, the conductive lead structure being suitable for
electrical afﬁéchment to transducer leads of a slider at one
end, being electrlcally attached to the actuator arm on the
termlnatlon end the conductor lines. belng terminated to the

arm-electronics termination pads; and

a fixtﬁre, formed from one or more layers, being
substantiéilY”in the same plane as the termination end of
the conductlve lead structure and having one or more anchor
tabs attached to the conductive lead structure, the fixture
being suitable for aligning the éonductor 11nes to the
termination pads during the termlnatlon process by rotatlng
the termination end of the conductive lead structure in the

plane of the termination end.

16. An ackuator arm assembly according to Claim 15, wherein
an anchor tab is detachable _frqﬁ . the conductive lead
structure such, that the fixture is removably attached to the

conductive lead structure.



»

~a conduct i
ﬁ}contalned

the mani pulator limts the degrees of freedomto a mer e

van| eadchetr utélr eibavdetachableastr ne thendochductivee lead
gEruétBPLtQE ?&elgﬁﬂggfing taygast_ﬁone layer of the anchor

tab from a’ laker_of the conductive' lead structure.

18. An actua_or arm assembly accordlng to Clalm 15, wherein
an anchor - tab 1s detachable from the conductive lead
‘structure by tearlng or cuttlng the tab in half along a

region of reduced cross-sectlonal area.

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

one or more layers near the termination end.

20. An actua. ¥iarm assembly-according to Claim 19, wherein
an anchor tab_has 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.

or arm assembly accordlng to Claim 19, wherein
5. are spaced such that a first tab will buckle
| tab will be in tens1on when a clockwise
rotatlonal'f rce is applied to the flxture, and wherein the
first tab wil betln tension and the second tab will buckle
lockw1se rotatlonal force is applied to the

when a courter-

fixture.

22. An actuat? arm assembly according to Claim 15, wherein

the fixture inc des a hook arm exi ding along the end of

the conductiv slead structure at thé = termination end, the
hook arm being removably attachedn to the end of each
and further whereln each conductor line is

the hook arm in ~a fixed and spaced

conductor 11”
connected t:

Mor eover,
fotation thus limting the skill required of an operator or the
onpl exity of a. .robot perform ng the term nation. After
erformng the allgnnent d term nation procedures, the nmanipul ator
s sinmply . reaned mn,. t he need for SpECIaL_LLEﬂjLJ¥u¥44Kﬁt—‘”'
:di scar ded. Wi the invention has:beenparti cular]
“described with réf ef ence 3. a preferred embodinent, lm‘ \“‘! !“E ﬁm
“under st ood by. those sKki d in the art that varlo
formand detail may be“irade therein mnt?g_ departlng ﬁron1the
'spirit and scope of the. tent i on. -
-22- CLAI MS: . Asnultilayered suspension having a slider end and
s:a. termnatign pensi on_b suitable f
ot or mat oni‘?St03393°92§§?§n?mﬁ?ﬁ%&@ﬁ@%ﬁ%’r@hﬂg LR SR o bexetn:
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formed over one or nore layers, the conductive | ead structure being
sui-t able on the slider end for connection to transducer |eads of a slider,
and on the termnation end for connection to armelectronics termnation
pads; and a fixture, formed fromone or nore | ayers, being
substantially in the sane plane as the termnation end of the conductive
“ lead structure and having one or nore anchor tabs attached to the

-~ conductive lead structure, the fixture being suitable for aligning the
. conductor lines to the termination pads by rotatlng—~the-*teLnLnatLQﬂ

“end of the conductive lead structure in he pl ane of; ne term nati-on

end. 2. A mltilayered suspension accor af g to d ai mHu ,j’ "ﬂﬂl‘"’
anchor tab is detachable from the conductive |ead
- t.hat -t he fiXt;é%& ennvably attached to the conductive’ Iead structure

3. AmltifF§ qn&d %Bén5|on according to Caim1, wherein an anchor tab
- 1s detachable from the <conductive |ead structure by delam nating at

| east one |gyer g bREaRBENQkn! %Qs&ﬁnﬁﬁ&aahéwﬁl% EQ%EQE@UEE' VEnb£atin

. structure.
' the hook arm has a test pad for each conductor 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 patterned?éonductive layer.

28. An actuator arm assembly according to Claim 27, wherein

the base layer is stainless _steel;7the insulating layer is

polyimide, and the patterned conduq:iVe layer is copper.




4: A nmultilayered suspension according to Caim1, wherein an anchor tab
+ s detachable from the conductive |lead structure by tearing or cutting
he tab in half along a region of reduced cross-sectional area. 5. A
mul til ayered suspension according to Caim 1, ein at |least one
‘anchor tab is a. flexible anchor tab formed from one:or more rayersTnear;
2.the term nation end. 6. A nmultilayered suspen5| on acgﬁ'm
“=wherein an anchor tab has a reduced cross sectlon t mmw, o@”
-“ buckling of the-anchor tab when a rotational force i.n thé: prane of-'(He
.-termnation end is applied to the fixture. - A nultilayered suspénsi on
:raccording to Caimb5, wherein two anchor taag are spaced such that a first
“tab will buckle and a, second tab will be in tension when a cl ockw se
= rotational rce,is | (o] [ .the first tab will
“be in ten5|o ) aﬁa % gggéggg Ltg%g%F% %gcgﬁm mgmﬁggsgg ter-clockmﬁse
:'rotational force is applied to the fixture. -8 A nultilayered
“.suspensi on according to 1m e X udes Kk m
~~extending al ang the - e%d g%?hﬁg &gﬁétPegaﬁgeaa é??gg?S? Q% t?ﬁgﬂg £8k
ﬁ?tern1nat|onreéﬁédlpﬁeOﬁoéRt§5n1be|ng removabl y -attached to the end of each
“~conductor line, and further wherein each conductor line is connected to
< the hook arm in a . _fixed and spaced relatlonshlg 9. A
s mul tilayered -suspensi &n S&éeﬁalhBV%BgCIﬁlﬁ?Bd WRBHEPE VR tRookTapAdHESTa
.itest pad foFogmell conteekdn |iaadfi sedctpianl Spaéedsal Oﬁgrinhlﬁaltﬁﬁgt haef

fthe hook arn1r%§%gtgggtpaaad

an actuator arm having arm-electronics termination

pads;

a multilayered suspension mechanically attached to
the actuator arm and having a termination end and a slider
end, the suspens1on maintaining the transducer in a closely
spaced position relative +to the- storage medium during
relative movement between the trausducer and the storage

medium, and further the suspension including:

a conductive lead structure having a termination
end, wherein the conductive lead structure has at least one
conductor line contained in a patterned conductive layer

formed over one or more layers, an further the conductive

lead structure be1ng electrically at_ ched to the transducer

leads of the slider at one end; nd being electrically
attached to the actuator arm on the:other end, the conductor
lines being terminated to the arméelectronics termination
pads, and - '

a fixture, formed from one or more layers,
being substantially in the same plane‘as the termination end
of the: conductive lead structure agd having one or more

anchoritabs attached to the conducti#e lead structure, the
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- 24- being electrically connected to a conductor |ine. 10. A

frul til ayere suspension according to Claim1l, wherein the conductive |ead
Structure has a bend region which allows it to be bent' along a bend axis,
t he conductor |ihnes running over the conductive |ead structur

they traverse the bend region approximately perpend|c ' ST ORI
axi s. 11. A nmultilayered suspension accordl ng Hmlaﬂmgm

the ‘bl end region is of reduced thickness. 12+ A nultlfayEre SPETST 0
according to Claim1, wherein the fixture contains hol es suitabl'e for
mani pul ation by a robotic end effector &3 A mul tilayered suspension
according to Claiml, wherein the conductlv% Tead structure is conprised of
a base | ayer, an |nsulat|ng | ayer and a patterned conductive | ayer. 14.

A multilaygre |on [ ( ai ereln he ba

Cayer is ot Sihruss SRR PwsPERieLrar altmind' he el 4

patterned cﬁhductenm1n$Ey@m_|§adapp@mr1ng the tepmlnatlon process by
rotating the <termination end '.gfL ﬁhe conductive lead

strucﬁure in the_plane of the terminatiQn éﬁd;

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'édcording to Claim 29,
wherein at least one anchor tab 1s a flexible anchor tab

formed from one or more layers near the termination end.

6cording to Claim 32,
uch that a first tab
will buckle and a second +tab willi'be in tension when a

33. An information storage syste

wherein two anchor tabs are space

clockwise rotational force 1is applied to the fixture, and
wherein the first tab will be in teﬁ?ion and the second tab
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. - 25- 15. An actuator armassenbly for an information storage system
="'-:ccmm:)rlsrng an actuator arm having armel ectronics term nation
yads; a mul tilayered suspension mechanically attached to the
ctuator armand having a termination end and a slider end;

onductive lead structure formed as part of the suspension. and. having. at
‘east one conductor |line contained in a patterned condu¢ m “ ru“
verone or nore layers, the conductive |ead structure “mm nmu m
for electrical attachment to transducer |eads of | i der *at:c onle- t rng
zelectrically attached to the actuator arm on,the term nat ion- end';' the .
[.conductor |ines being ternminated to the armelectronics termnation pads;

. and a fixture, :formed fromone or nore |layers, being

?ﬂsubstantlallwllﬂ Lﬁgkfénewﬂ£ﬁ”§ Aol PEeL CLIOIRII 00 PGcflional force is
: applied to the f}xture.

34. An information 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 being removably attached to the end of each
conductor 1ine,“ ;and further wherein each conductor line is
connected to the hook arm in a fixed and spaced

relationship.

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

lines running over the conductive lead structure such that
they traverse the bend region approximately perpendicular to

the bend axis.

L4

36. An informatfbn storage system according to Claim 29,

wherein the fixtﬁ%e contains holes suitable for manipulation

by a robotic enaﬁeffector.

37. An informat en storage system according to Claim 29,
wherein the couﬁJgd means provides signals to the transducer
for writing data bits 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




-aligning .the conductor lines to the termnation pads durf

structure inthe plane of the termnation end.

“ @ ai m 15, wherei

k3 -
Py . a

thé conductive |ead structure and having one or rore anchor tabs attached
~fe the conductive |lead structure, the fixture being itable for

assenbly according to Claim15, wherein an anchor tab isc. M”’/

T_front thes conductive |ead structure such that the fixture - i's" reanabe'

. attached to the conductive |ead structure.

: -26- - 17. An actuator ‘arm assenbly accordttjﬁg to Caim15, wherein an

. anchor tab is detachable from the conduc | ead structure- by

; del am-nating.at |east one layer of the anchor tab fronta | ayer of the

i condugti ve | . 1 I

: s%%Qaﬁga%gg and %h égagg? % bﬁe %?gghx %%%% Qﬁ |ve

¢ lead structure by tearlng cuttlng the tab in half al ong a reglon of
reduced crogpy.seqtl 0halodhation Lloragl g%leatnor pEEBLASAGTRLY 2920ndb0 O

CI ai m 15, ‘wher ei n- at st one anchor ta nchor f or red
f_fron] __j wherein the  suspension - multilayered lamlnated

"-'-"-: term.nation process by rotating the ternination end of : rﬁ”m

f_sg{pen31on.

; 411. 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 information storage system according to Claim 41,

wheérein the magnetic 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 representative of data bits
iredérded_in the information storage medium intercepted by

'fthe?iayer of magnetoresistive material.
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oné or nore layers near the ternination end. 20. An actuator arm
3_éassenbly according to Caim19, wherein an anchor tab has a reduced
“cross:section to facilitate buckling of the anchor tab=— —rotational
: force in the plane of the ternination end is applied t
< “An actuat or arm assenbly according to Oaim19, wherei m‘) ”W! lﬁgﬂware
¢ spaced such that a first tab will buckle and a secondita
" tensiion Wwhen a clockw se rotational force is applied to the- fixture, “and
© wherein the first tab will be in tension and the second tab will buckle

© when a courter-clockw se rotational force |§ applied to the fixture. 22.
: An actuator arm assenbly according to Caim f5 wherein the fixture

i ncludes a hook arm extending along the end of the conductive |ead

strusitre g 411 GEVHLIRLON s c e 1onk SLELAELI0 LaRLARlY, 3l { Apled

“to the end 0 conducftor erein-each” conddctor
~line i.s conmethed coppriisimgolthe steps 9f:a flxed and spaced

© -27-  relationship. _
) 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 wuntil the conductor 1lines

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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287 An actuator arm assenbly according to Caim 22, wherein the hook arm
‘has a test pad for each conductor line fixed to and spaced al ong the

| engt h of the hook arm each test pad being electfically connected to a
conductor line. 24. An actuator arm assenbly acco mmumﬂclnlﬁmwml
wherein the conductive | ead structure has a bend reJ |t to
be bent along a bend axis,:the conductor |ines runnlng dVeﬁ t.Ae *cohdictive
| ead structure such that- they traverse the bend régi on approxi mately

per pendi cul ar to the bend axis: 25.  An actuator arm assenbly according
to Claim 24, wherein the bend region is of duced cross-sectional area.

26. "An actuator arm assenbly according to Uaim15, wherein the fixture
contains hol es suitable for :manipulation by a robotic end effector.

An actuat or gy agsegihy #hEoLERGa! Orlhai M 1P, ibRIE! Nuhbs cgnéaﬁ&gg (e
structure i S _conpri base lTayer, an 1nsu Ing |ayer and er ned
conducti ve Cé?GRWISeZSOtaPhoaéiué@ﬁ?ea;ﬁ1aBBbh%@ytacbbﬁdfhgtuneCIaln127
wherein the base layer i'sistainless steel, the insulating |layer is

pol yi mi de, and t he patternéd conductive- Iayer 1s_copper.
- 49 A meth d ccordlng to Claim 45, wherein the fixture

includes a h ~arm extending _along_ the end of the

conductive led tructure at the téfmination end, the hook

arm being remoﬁéﬁly: attached to thé,'end of each conductor

line, and further wherein each conductor line is connected
to the hook arm

‘a fixed and spaced relationship.
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;,_-2§' 29, "An information storage system conpri sing: a storage
fredium having a plurality of tracks for recording of data; a

1F'sllder having @ read and/or wite transducer formed therein and
. electrical leads termnating at term nation pads; an
“actuator arm havi.ng armel ectronics term nation pads; a

-»Mnultllayered suspensi on mechanically attached.to the actuator arm and
havi'fig a terminati-on end and a slider end, the suspension maintaining the
transducer in a closely spaced position relative to the storage nedium
during rel ative novenent between the trangggcer and the storage nmedium and
further the suspension including: a conductive lead structure
~having a - termnation end, wherein the conductive | ead structure has at

| east -one conduct gr. L. ot iL.ve |ayer

formed over one- C@WNE ayers, W&“‘?ﬁ“ ﬁ%e‘g WT | ead structure

being el ectrically atthiQN]eIN rpamamm SYSTEM he slider at

one end, and  being electrically attached to: the actuator armon the other

end, the conductoer lines being term nated to the arm el ectronics

~ternination pads; and - Abstra¢iture, formed fromone .or nore
" layers, being ;u%tla:atraéyéﬁéd %dsifemqoi@ € Jvidle 4 it | ehfoy pf the

'conductlve | ead-*structure and havin one of*- nore
and a termlnatlon end(18), e suspension being suitable for

use ,1n an ;nformatlon storage: :tem. slider-suspension
, assembly is provided. The s
© 2z -Z7 conductive 1ead—structure(13) hav:ng’i

:llne(7) contained in a. patterned conductlve layer  formed

>ension comprlslng a
t least—dne ~conductor

over one or more layers. The conductlve lead structure
'belng ;sultable on the slider end for connection to
'transducer leads of a slider(27), an' on the termination end
for cofjectlon to arm-electronics t  mination pads(6). The
suspension further comprises—a flxtﬁre(z, 23, 4), formed
from oge or more layers, being subsfantially in the same
plane as the termination end of the conductive lead
structure and having one or more anchor tabs laminated to a
layer Qf'the conductive lead structﬁﬁe. The fixture being
suitable for aligning the conductor Lihes to the termination
pads bf rotating the termination end:ef the conductive lead

structure in the plane of the termination end.

Figure 4




.anch r L;bs attached to the conductive | ead. structure t he
@7 fixture being suitable for aligning the conductor lines to the
Stermnation pads durrng ‘the termnation process by rotating the
termnation end of . the -conductive lead structure in the plane of the
term nation end; : ::}actuator means coupled to the actuator arm
for moving:the transducer to:selected fracks on the storage nedium and
nmeans coupled to the terninati on pads f%r readi ng signals transmtted by
- the transducer representa e of data bits recorded in the information
~storage nmedium-  30; :An ‘¥nformation storage system according to O aim 29,
wherei n an. anchor tab.is de'achable fromthe conductive |lead structure such
that the fixture is reanab_y attached to the conductive |ead structure.
31. An information s$torage:system according to Caim29, wherein an

anchor tab s det achablke by delantnatrng at | east

225
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one’l.dyer of the anchor tab froma layer of the conductive |ead

“’styacture. . 32, An information storage system according to d aim 29,

Swher'ein at |east one anchor tab is a flexible anchor tab fornmed from
one or nore |layers'near the termination end. 33. An information storage
system according to:- Caim32, wherein tw anchor tabs are spaced such

“ that a first tab.will buckle and a second tab will be in tension when

" a cl ockw rotatioral force is applied/6o the fixture, and wherein the

~first

i nformati on storage system according to C aim 29,

ncl udes a hook arm extending along the end of the

' g at the term nation end, the hook arm being

ye tor line, and further wherein
hook arm in a fixed and




35 An 1nfornat|on storage systemaccording to Caim29, wherein the
wfcanductlve | ead structure has a bend region which allows it to be bent
~~along a bend axis, the conductor |ines running over the conductive |ead
structure-such that they t aver se t he bend regi on approxi mately

perpendi cul'ar to the bend S. 36. An information storage system
accordi ngto Claim29, wherein the figveare contains holes suitable for

~ mani pul at’i by a robotic .effector. 37. "An |nfornqglon st orage

* system according  to O ai 9, wherein the coupled neans_prggldes-3|gnals
~to the transducer for wi. ~data bits in the'storage med{u& $8. An

i nformati gn. storage syste according to Caim29, wherei coupl ed
nmeans receives signals i from the transducer that ﬁﬁgpr q3t a
bits recarded in the i Tmation storage nedlunt ' @tion
st or age systentaccordlng 3 i beage

systentls -an opti cal data
- 31- _

—

(Prior Arl)

Fig. 3




storagesystem and the transducer is an optical transducer. 40. An

information storage system according to C aim 29, wherein the

. 'suspension- is a multilayered |am nated suspension. 41. An
i nformat -6 storage system according to caim 29, wherein the
transducetr-1s a magnetic transducer and he I nformati on storage. system
IS a magnetic storage system 42. An i*{formation st orage system

[ ClaimA4l, wher ¢ he magnetic transducer is an inductive
43. AN i nforrati Op—=sbar age system according to Claim
41, erein the transducer is ﬁﬁ%§§§%§$v. - 44. An information storage
system acgording to Claim4l, ‘ﬂ&‘? i -e .coupl ed neans detects
resi stancée:changes in a magnetpre \§ material = residing in t he
 responsive to mafpe i

representative of data bits
Wi ntercepted by the | ayer of

the information stoyk W




45.7. K'method for fabricating an actuator arm assenbly, the method
.‘canprising the steps of: attaching a nultilayered suspension to
san actuator arm ~ aligning a termnation end of a conductive

| ead structure extending fromthe suspension by manipulating a fixture

attached to the conductive lead structure in the plane of the termnation

end until- the conductor - lines contaigzg in the conductive |ead
structure. are properly placed over te nation pads |ocated on the
act uat or arm term nating the conductor lines to the

term nati
conduct i ve. )
‘the fixture has ong
the conduttive | ead
i ncl udes. del am nating a

n pads; and detaching the fixture from .the

ucture. 46. A nethod according to C ai m45, wherein

Qr nore anchor tabs lamnated to a |layer of

ure, and further wherein the step of detaching
st one layer of the-anchor tab froma |ayer of
the conductive |ead struct) to Caim 46, :
wherein at. | east one anchd el nmed from one
or nore [-ayers near the ternm ' A 48, S A\ae taccorfding to Caim

47, wherei'n two anchor tab ::-,- w | gbuckle
| Db 461 dd i s
“___-cc,:.ﬁ

tab will
he fixture,




-33-- " tension and the second tab will buckle when a courter- clockw se
retational i force is applied to the fixture. 49. A nmethod according to

.~ Cl ai m 45, wherein the fixture includes a hook arm extending along the
end of ‘the conductive lead structure at the termnation end, the hook arm
bei ng removably attached to the end of each conductor line, and further
wherei n each conductor line is conneq&gg to the hook armin a fixed and
spaced rel ati onshi p. ' : :




