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BA.ciKGR.oUNri •. o~?m INVENTION .... · . .. · ..... :... 

relates to slider-suspension assemblies 
i-mormation ·-:-storage systems and---to- a 

such assemblies. In particular, the ', inv~ntion :-:fe.i.at~s to an improved suspension for a magnetic ; disk drive:'_ sy~~Em and method for electrically connecting the · -·.'.·:suspehsion ta.· -~'ctuator arm leads or an electronic package. :·. :·~· 

·:i~£~~at~'qn storage devices, which include magnetic 
'storage de~:i.d~s'and optical data storage systems, utilize a:t lea~.t ·, .one.•-·-•· rb.~~table disk with concentric data tracks •··contaitiing ·.·fu~ .• ;·:··information, a transducer for reading data 
from or writifig data to the various tracks, and a head ·· '_ positioning abt~ator connected to the head 

··· · the desired tt'ack and maintaining it . . ·. ; . . . 

for moving it to 
over the track 

. ;. ~. ~uspeh~:rbiiri~:y . ~ttached 
>posi t~oriihq · J¢tµator. 

·->~~:_·,~1.-::.:: .:~-.. ·. ;~·.·:~:·::· 

to an actuator arm of the head 

dimensional stability between 

... :·:.:.:::_ .. 

' .. 
··.:: ·. 

:) I; I 
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the . slider and.'}-actuator arm, controlled fl~xibili ty in pitch and roll motiort<of the slider relative to its direction of motion on th~c·rotating disk, and :resistance to yaw motion. 
The suspensi~IiTtYl>ica11y provide~ :. a load or force against the slider w~fc:}i is compensated ):)y the force of the air bearing between :the slider's air ::'.·.b~aring surface and the disk sur.face. _.'..'.~us, · the slider i:s)maintained in extremely . close proxi~itynto, but out of·· >;~C,ntact with, the data ·· ..... sur£ace-·of th~'di-sk.-~---::.-'i'lle=-:S\Ulpens~~n: tyPicaliy c~priSlfS a--
load beam, whibh.is mounted at one·¢rid to the a~tuator • a.:....••.,- ·-

-~ •-• • arm, 
a flexure ]element which is attached to the other end of 
load beam'./~nd supports the slider. The load beam provides the resi.'lient spring action which biases the slider toward the suX:-tC!l.ce of the disk, while the flexure provides flexibility for .·.the slider as the slider rides on the 

of a:i'I-' between the air bearing surface and the rotating disk./"{·, Such a suspension is described in United 
Patent ,l~b. 4, 167, 765, which is assigned to the same =assignee as thi~.O'application. An· e_xample of a conventional •: .·,/·,.· . 

described in United States Patent No. 3,823,416, assign~ato the same assignee as this application . .'·_:··· .. :_· . ..:. 

One type. of··~omposite or laminated structure comprising a base layer. · -~::;~atterned conductive laye.;r with patterned electrical lead~· formed thereon, ·~Ad an insulating layer between:~ is described in ISM:.: Technical Disclosure :·.·=. letin, Vol. 2-?, No. 4 (September,; .1979), pp. 1602-1603. 
this laminate#<suspension, the sl4,(i~r is epoxy bonded to 

laminated ;~uspension and the·;:= transducer leads are ::·. _: '.;~ .. 
to the electrical leads formed on the suspension. '.<.. >'.;_.·:;, ·. ~ ·. 

Another laminated structure type of suspension ? : ·~-:};:>comprised of a ba~e layer of stainlef;s.-steel, an insulating . : ;: . . : .. · :-.-.:: .· _: __ ~(.:: '. ·:_ . : : 
.. ·~:· .. :_ .. •: 

i. .. . . · ...... '.: 
.·, .. 
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layer of polyim:];(i~ formed on the biiu~e layer·, and a patterned · .. ;·· conductive lay~r · .. of etched _copp¢r- · alloy formed on the insulating layer~ is described in<Uhited States Patent No . . . · .. :. . 
;· 4, ~96, 623. The_• : etched copper layer provides a lead structure elect.~¥-pally connectin~·: : the thin-film magnetic head transducer .. ~and the disk drive'·s read/write electronics . . · .. ·.;.... . 
. . 

~ A meth.od for· i~:taching a slider, ·to a laminated/etched ·::.·· ' 

suspel)..sion in a::4a::ta recording disk.file has been described _j.n -- United stat~~,.,: P-atent-. No; 4., 761:,;$9'- --ana-iBM - -Technica-1 Disclosure Bull~f.±n, Vol. 36, No. 2·~ :February, 1993 . . _'·"·< . 

·· ·· The slid~r7:fiSUspension asseJilb,ly (or • head-gimbal ··assembly" (HGA)l> is an integrate~ . unit composed of the slider being elect;~ically and mecha:ziically attached to the suspension. All:~~ad-gimbal assemblies on the market today .· .. '}use discrete wire$· .. to conduct a signal from the magnetic .. ·transducer on , tjle slider (or· "head") to the read/write .electronics packcig'e. These wires are terminated to flex cables or electr.onic component cards integral to the 
.···· .. 

. ··.; ·.<" 
actuator arm. l?l,:order to make this termination, the wires ·are positioned over termination pads residing on the flex cable or electroni,q.s package and then electrically connected · .: .. :to the termination pads by either a ref low soldering .,_.,· .. 

}>peration or an u:Ltrasonic wire bond process. A majority of ··the disk drive inc:iustry uses a manµal termination process . involving skilled .. operators using microscopes and tweezers to place these wir:es individually ove.r •the termination pads. ~he dis.advantages to this type of ma:.nual process are time, \tedium and inconsistent results . ~'.inherent in a manual process. 

IBM uses an automated process which involves stringing /the wires onto a frame that holds the wires in alignment for 

'. 

! ·. 
I: 

' 
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placement over the pads. This eliminates the variability 
due to a manual.process. However~-~ere are still variables : .;:-:' .. due to wire te.nsion and tolerances in the frame in its . ::: .. ~: 

attachment to rife· suspension. Everi.:t~::i thout these variables. 
there is still .'the need to align.. ·the frame with its wires 
over the termin~tion pads of the eIE!,~tronics package or flex 
cable. This · cl;Lignment is .. nec~s~kiry : because during the . :::1!..:~ :;~;;t~=~::an::;k~~ 0t:..~~~=ctu::0,,:,,r: 

·. · ·• tolerances that a,dd up to an incon~dl::st.ency of where the padi;; · -
... : 

........ • .. !- ~·.;·_,,.·; 
• ·-are located. Tl,lis inconsistency, ;fil conjunction with wire location vari,ables, occasiona.ily; require the robot 

': performing · the ··electrical terminations to make small ::::.:-· 
•adju~trnents for each wire-pad termination. 

Therefore, ~t would be desirable to provide an improved automated process for electrically connecting the head­
·. gimbal assembly with the actuator arm electronics package or : ··. flex cable which. eliminates the tolerances introduced by a .... 

·· wire frame and its attachment to the suspension. It would 
be further desirable to provide such an automated process 
which can simply:and accurately align the conductor lines of 
the head-girnbal assembly with the termination pads of the · ··electronics package or flex cable. 

i . 
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SUMMARY OF THE INv:F;NTION 

According to the present i~y~ntion, a multilayered 
suspension is provided having a slider end and a termination 
end and the su.spension being ~~ftable for . use in an ::;·:':;;,: · • information stor"1qe system slider;._...~~spension assembly. The .~ ·. · .. 'suspension compri.ses a conductive· ·J.,ead structure having at 
least one conductor line contained jJ a patterned conductive • 

..> .. •. ::;. . Jayer formed o:ver. one- or -more. lay~;Fs~. --Tli~ - c.ondustive ··1e·8d--
. structure is suitable on the slid~~ •. end ;or connec;:tion to ·· transduce~ leads of a slider and on the termination end for 
connection to arm-electronics termination pads. The 

(::suspension further comprises a fixture, formed from one or ;·: ·: .. ·:more layers, being substantially in the same plane as the ··:termination end of the conductive l.ead structure and having · .. ·.: ..• 
· ' .. ·.>··<one or more anchor tabs laminated to a layer of the 

·-···.:·:;· ... 

,.'.-' ':· •, conductive lead structure. 
. :·;· aligning the conductor lines .:,. . . . -'~- ·: ·, . 

. :.,_ ... >;(.rotating the termination 

The fixture is suitable 
to the termination pads 

for 

by 

. ;:-__· 

end of the conductive lead ·:.~_{structure in the plane of the termiz:i,ation end. 
~-:-_-.,,:. ·.)_::.~: 
\<~·:·:,:: :,· .. · 
·" >: . The above as well as additional ·.features and advantages 

:·:./' .. ···:~ .:. '.;· .. > 

· ·• >:"of the present invention will become apparent in the ; '.= '· 

<following detailed written descript~pli. 

·.. :~.: . 
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BRIEF DESCRIPTION OF .$ DRAWINGS 

novel features 

are . -~~t· forth 

believed characteristic 

in the appended claims. 

of the 

The 

-·· ·---conjuncti~n with ~e:_ ac.companyinq d.r~w1nqs7- -wherei:ii:- ~-·· - --~-

Figure 1 dep:~p;t;s a magnetic dis]t storage system; 
,"··."_:"· 

Figure 2 depi.¢1::,s an exploded view of a disk drive; 

Figure 

assembly; 

3 .,-~hows a conventional slider-suspension 

Figure 4 ~ep~:~;~s a suspen~ion, according to a preferred 

.embodiment of the present invention; 

Figure 5 depibts an actuator arm suspension assembly, 

< according to a.: pref erred embodiment of the present 

· invention; and 

Figure 6 depicts an actuator arm assembly, according 

.·to an alternative·. pref erred embodiment of the present 

••invention. 
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DETAILED DESCRIPTION OF PBEFERRED EMBODIMENT 

Although the present invention is described as embodied 
in a magnetic disk storage system as shown in Figure 1, it 
will be apparent that the invention is also applicable to 
other information storage systems such as an optical data 
storage system o:r; a magnetic tape: recording system, for 
example. At least one rotatable magnetic ·disk 212 is 

-- ..• - ':-.. supported'=-·<>~ a- ~i~~-ie 2l4-and_ rota:t;S:d by 11'- di.sk dr1ve --mo~or 
·· 218. The magnetic recording media on each disk is in the 

form of an annular pattern of concentric data tracks (not 
>shown) on disk 212. 

At least one slider 213 is positioned on the disk 212, 
each slider 213 is supporting one or more magnetic 

··read/write_ heads 221. As the disks rotate. the sliders 213 
are moved radially in and out so that the heads 221 may 
.access different portions 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 
agains_t the disk surface 222. Each actuator arm 219 is 
attached to an actuator means 227. The actuator means shown 
in Figure 1 is a voice coil motor (VCM). The VCM is a coil 

·moveable within a fixed magnetic field. and the direction 
and velocity of the coil movements is controlled by the 
current supplied. 

During operation of the disk storage system. the 
rotation of the disk 212 generates an air bearing between 
the slider 213 and th~ disk surface 222. The air bearing 
thus counterbalances the slight spring force of the 
suspension 215 and supports the slider 213 off the disk 
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surface by a small, substC!\Iltially constant spacing during 

operation. Although an air bearing is described with the 

pr~ferred embodiment, any fluid bearing may. be used 

including an oil lubricant . 

...... _.;_'_ 

The various componeµts of the disk storage system are 

controlled in operation. by signals generated by c~ntrol 

(read/write. electronics) unit 229, such as access control 

signals- ana int~ina1·· cfloek-=- s:-i.:gnat::s:, -·and. wliich- inclU:ies logic ..:. 

control circuits, ~torage means and a micr~pr~cessor. The 

control unit 229 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 

•··213 to the desired data track on the associated disk 212. 
··.,·Read and write signals 

221 by 

are communicated to and from 
. _.. -~· . ·read/write heads means 

.. · 
· · which includes conductor lines 

of recording channel 225, 

running along suspension 215 

··· . and actuator arm 219. 
: ~ . 

•.· The above description of a typical magnetic disk 

storage system, and the accompanying illustration of it in 

, Figure 1 are for representation purposes only. The invention 

described in this application is useful with all mechanical 

·:configurations of magnetic storage systems disk drives or 
.";."· 

: . direct access storage devices ( "DASD"). It should be 

<apparent that disk storage systems· may contain a large 

:: · number of disks and actuators, and each actuator may support 

>a number of sliders. For example •. F:tgure 2 is an exploded 

·.<.view of a disk drive 310. It should.: be noted that although 

· ·a rotary actuator is shown, the invention described herein 

·. is also ~pplicable to linear actuators. The disk ·drive 310 
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includes a housing 3·12, and a housing cover 314 which, after 

assembly, is mounted within a frame 316. Rotatably attached 

within the housing. 312 on an actuator shaft 318 is an 

actuator arm asseJ.D]:;>+y 320. One end of the actuator arm 

assembly 320 inci~d~s an E block or comb like struc·ture 322 
.• 

having a plurality·of actuator 

separate arms 323 on the comb 

suspe~sions 324. Attached 

. -·--SU.spe.n~i:on i.s.__ a - · sliae:r _ 326 

transducer {not shown in Figure 
::·: - M • • •:: 

arms 323. Attached to tlle 

or E block 322 are spring 

at the .end of each spring 

which :::Carries·· a - -magnetic 

~) . On the other end of the 

.. actuator 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 voice coil motor which applies a force to the 

· ·· actuator assembly 320 to rotate it about the actuator shaft 

318. Also mounted within the housing 312 is a spindle shaft 

332. Rotatably attached to the spindle shaft 332 are a 

number of disks 334. In Figure 2 eight disks are attached 

·.to the spindle shaft 332. The disks 334 are attached to the 

· spindle shaft 332 in spaced apart relation . 

. , For an example of a prior art subassembly, see Figure 

· .. ':i. 

· 3. The prior art suspension comprises a load beam 100 and a 

flexure 120 located at the end of load beam 100. The 

·•suspension is attached to the disk file actuator arm (not 

·_shown) by means of a mounting plate 140. The slider 160 is 

:a conventional slider formed of ceramic material, such as a 

mixtur~ 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 

paralle.l to air bearing surface 180, a leading edge 125 and 
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a tra~ling edge 126, both of which form end faces oriented 
generally perpendicular to air bearing surf ace 180 and back 
side 124. Slider 160 is secured to flexure 120 by an epoxy 
bondbE!tween-back side 124 and flexure 120. 

Located on the trailing edge 126 of slider 160 are two 
thi·n-film r.ead/write transducers. 128, 130. Typically, 

. multipl~ thin-film transducers are formed on a single 
slider.~= even -··-::thougli"~.only -·one - transducer is active""'----as· a 
read/wr~te ele_~ent, in order to improve the _yield of the 
slider · .. during the thin-film fabrication process. The 
transducers 128, 130 have pole tips 129, 131, respectively• 
which extend toward the edge of respective rails 120, 122. 

·Transdu6er 128 has electrical leads 133, 135 and ~ransducer 
· -130 ha$ electrical leads 137, 139 for connection to the 
read/write electronics of the disk drive. 

In the prior art suspension shown in Figure 3, the 
· < electrical attachment to the . read/write electronics is made 

: .. ·...... : 

.',,>' .. by twis~ed wires 134 which extend from the read/write . :·.;· ::t .' "'. 
, · .. :: ... .:.·electronics of the magnetic storage system, >< c\136 on load beam 100 and out the end of tube ... 

through a tube 
13 6. 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 ·. ·<O: ,.lnanual fabrication. 
,_.._ .. ·: 

•. ~-

.... ::·:- Refe+ring now to Figure 4, there is depicted a .. · ·,, ·:.suspension according to a preferred embodiment of the 

t,1E:;~::::::~ t~:~~;!:~s l::~s a::~~;t~::::;::: 
.-······ -

···= .-;~~;<indust~y ,: to create the suspension. Suspension 16 comprises "<.:···· . 

. · ~ : 

;_. 
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a base layer preferably of stainless steel. an insula_ting 

layer preferably of polyimide •. anQ: .. a patterned conductive 

layer preferably of a copper alloy. This multilayered 

suspension is formed by laminating t)U:ee very thin sheets of 

different materials together. This, ~ltilayer sheet has two 

metal layers formed on either side'.o"i. an insulating layer of 

polyimide that are processe.d · .::\lsing • _photolithographic 

techniques. All.thl;'ee layers are:etched away to form the 

outline - =.:0£ the --· suspension 16·. ·- ::·Tn:~n7 . =bo:th=-sides ~ of -·=Ehe 

s~spension.are etched to remove desired sections of _.:the 
_ _._... - ·-

steel, polyimide and copper layers ·.to produce the various 

featqres of the suspension. 

is etched to produce the 

In particular, the copper layer 

conductive lead structure which 

contains transmission wires and termination pads 

electrically connecting the 

termination pads located 

~lider's transducer leads 

on the · actuator 

for 

with 

arm. · 

· Alternatively, suspension 16 may be comprised of an etched 

flex cable bonded to a sturdy base layer. 

Starting at the slider 

suitable for making connection 

lead termination pads of an 

end 17, suspension 16 is 

to the transducer conductor 

attac;::hed slider 27. A 

·.··.conductive lead structure 13 is composed of four conductor 

· lines that travel from slider 27 to tf~st pads 14 located at 

:termination end 18. The conductive 1¢~d structure is etched 

in the copper patterned conductive la~er of suspension 16. 

Referring now to Figure 5, · t;.here is depicted a 

·.suspension-actuator arm assembly J;l.~ying a manipulator, 

according to the present invention .. ·suspension 16 has been 

.. spot welded or epoxy bonded to ac{~uator arm 15. The 

conductor lines 1 transmit transducer signals from 

'transducer .leads on the head to arm-electronics termination 
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. :' .. ; "·<>·'.;j:: pads ~- located on actuator ,arm lS:, as seen in magnified view '··;.··· ·::t····'"'· 

·· ··· SA, where the slgnals are transm:i.t:tec:i. to, or processed by, . (_ the· st:prage system read/write electronics . . ,-.. =.::·." 

···. __ .; ., . . ·' .. ~.'.;:~ ·,: :: 
. • · .· ... :: .·' ; . As conductive lead st.ru.cture 13 extends out beyond the .<.:L· '..-.:,:.;., s"iider· end 17 oi:.suspensiq#.16 toward termination end 18, ·-:_:.;::'.·:· .. hL <;;conductive lead st~cture l,3 is formeci. from only two layers, · :_. \: . . ~e polyimide layer and the etched c·opper layer, wherein the ·· ~:i.2.'. .-~.: •<• B~se·_· --layer .. was ·:.~oved···~sr·:- nev~r formed - in ... -:..that- region.·- -:-: ·:;:_··.· ·/~. ::_ : xhus. eonducti ve iead structure 13 extends out to the · /:· · '..· \\'< ·)t~rtllin~ti~n e~d 18, as s·een in magnified view SA, as a ""\ .:·:~:.· .\.'· .. · ;· f 

'.· .'•.' .· · ... _::sirigle flexible cable of four conqu~tor lines 7 formed on ·;:·· .:·.·.··· .... top of an insulating polyimide layer. However, near 
end 18, the strain relief tab 3 ·is formed from a' 
of st~:inless steel .. The insulating layer under 

)}; 7' :; i':::n;!~: 
· :; ;:·, >.the conductive leatj. structure 13 ends just after the strain .:· . .,··_:}relief :tab 3, towards termination end.18, allowing conductor ~ .;:._'· .. : •;:;Jines 7 to extend out to hook 4 as· single copper ~ines . . ·.··· ... : 

_;'::<. · :. Conductor lines 7 connect with hook 4 -on copper test pads · ':·~. ·~··:\:'.'/:'.:/14, as seen in ma911ified view SB. Conductor lines 7 have a 

.:.: >.· .. ·.· ; .. 

·. . :~;.: : :" . 

. ·~ . . . . . 

·;._•T '\\:fixed and spaced re..lationship along hook 4 which allows them · "' · to. be directly aligned over each of :1:lle termination pads 6. } · :?:since both the te.rmination pads and th~ conductor lines are . ·::·\">fabricated usin9 photoli th~graphic -p~ocesses, the spacing 
:{i-tolerances between the termination ~~~s to themselves and 

The present invention.is a f :liture . . . . ' , here called a '·<:~_anipulator, that is attach~d to cohductive lead structure •.·' >~3 ~ which allows for an accu,:rci.te and./e~ficient positioning '.'.b£ all the conductor :t.ines 7 with resp~ct to the termination . /_:,:.~~ds 6. The manipulator 1 includes :f:Iexible anchor tabs 2, 
,-:.· 

... 
-:.:...- .. 
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~nC::l:lor tab ... .2';3., ~nd hook 4. Thi~ fixture is connected to 

:;:;~~~~~~:ahs:;ic::r:t~:i:Yr:IAe!1::!1'~~ :::~ :::: ! 
~s a1:~~1~~t~nn:a~o~!s ~e ~:::~t :n~:~to~=u~:::: 

. · .: to . · rotate:{· / ini:lrti·p11lator l in the plane of· conductor lead -: -:. ........... ,·,.·,..-.:·.·· 

structq*-"e>~~.{i:p '1>Fing the conducto.¥-::Iines 7 into alignment with te~i#~¥i9ti. :pads 6 . .. . · ·:~ 

-· ·-· ··::·---- -. ---· - -· ,,_ 
,A:multilaYered laminated suspef!~ion.is g_enerally either fla~. ·~1~~J:h1~·:· sheet of material'}J;:~i-~~ted on both sides ... ; w:itl?. p:a;tter~~~····m~~al layers or a q~~posi te of multi layers . ~----: :.formed:·· by '.'-'jrapoJ; deposition and the features of the ·· ·sµsp·e:ne;~.Q.n . ;IJ:f~'. ¢reated with phcrtoli thographic etching · . :t~chni'g1.les~·:·:'· :'.:r;n the preferred embodiment, manipulator 1 is ... (d~si)gn~~ :f~i§:.:_>;the suspension and is fabricated, at no ·)additio~~i.:¢~$-6. with the rest of the laminated suspension' s :.:\;::multipl,~ l~y~~~:· In a preferred embodiment, manipulator 1 ::·is formed :;f,zj_9m'.:~ll three layers. As seen in Fiqure 4, it is .. >~=~:i=:~~~~t~~ro:.,: ::::d~:~e:o o~:t::~::~a:::e~t:c::~:~ 

ins4i~~i.~§··.;.~a¥~,r of polyimide f o.i-~ed on top of the steel 

'~:!:~t:::r~~t);c;::::n:ct~:: c:=~~e l:!:i~~i::nt;~~:~ 
•Thus, manipui:ator 1 is formed as part of a single ·.• .. \'~ultilayered ·:i,:alfiinated suspension 16 0.: _wherein the suspension :' :::;~lso includes:· ¢o:hducti ve lead struc;J:ure 13. Conductive · · \'iayer 21 cove'rs most of the body of . manipulator 1, except that it does riot extend out to hook 4:·.·. This is necessary to '' .Y ;#eep test pads: 14 electrically i~o1a.f:.¢·#'. from each other. It ; ·,. '(·' .~hould be noted, :that a layer of polyiJ:ri:i(ie is not a necessary 

· .. :".:-.·:> ·. ;·:\::~_. >;·. 
. ·.··· .'· ··: >.'col'llpoilen~ to •. the structure of the present invention, and ,t.herefor'c9, ',i~:"~~~ be eliminated in an' alternative embodiment ·.:·.,: 
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0£ the pJ::e.f,:3~#~ invention . 
. :~'.: : ... 

. . . : 

~s sh6\;m 'in 'Fi.gure SA, conduc~~ve layer 21 extends out . / b.eyC>nc:l.{ · :6:~~.~';-'.:?: layer 19 to attach<: ~with conductive lead 
>st±iict~~~. -~~)at three points. Fi~~'!:., .conductive layer 21 ·~ ~xt~nd:~ ·~ .. ~U:f ':iit anchor tab 23 to :.~ake a1i attachment with 
··.strain : ref1!~} tab 3. As can b~·. , s~en in Figure SA, 
·• uriderneath•::;i;hchor 'tab 23 there is a;:_tsmall channel where the .'C~ .•. ·.·.· ..... ··.·• stClin1~·ss.:. :i:~t~er-b~-ti~-la-yer .l9 h~s ~~en·.'.etclled··=~ .. :away-"~ was } :::;t:~~~y ~:.:e:~:~n =~::r:a:o~ ::e b;:;e~a~;r ~= 
".stra:in) ~~i~~t': tab "3 are partially laJllinated by a section of 

. c9nd\.ic1h.v~ >.;~:~yer 2'1 formed on top. The edges of the steel 
:,: laye~ ~r.e: :s~~n in the ~;gure as dashed lines under anchor 
tab . 23~ ;,A_~~ough ·conductive layer 21 is formed at one end 

. ·<:<,of str~~n· r~~·1~f t~ 3, it is not connected to conductor 
lines ·7 6b.:tthe un~erlying polyimid~. layer 

' .: ··c:o~ducti ve 1e~d structure 13 . ;\:.."':·.:.-:·.:> 

In. a'. ··,sfntilar·, 
·. -::. 

manner, flexible anchor 

which comprise 

tabs 2 are 
extensions (>_::(:-'.J,::··conducti ve . copper lay.er 21 which extend out 
beyond stai:iiJ.~-~s stE!el base layer 19 :a,:nd make the second and 
third atta:c:hlri~hts to conductive lead structure 13. Flexible 

·< >anchor tabs 'J are'·~ laminated to small sections of the 
/.insulating poi.~.imide layer of conduct.:f\i:e lead structure 13, 
'br alternatively, to small extensio~s' :.of a supporting base 

< ';:/~ ?iayer that doek> ex~end out to termi#.ation end 18. These 
· :. '.~'..~mall sections::;: can be seen in the' ... '.'figure at attachment 

, ':;points 30 a.nd }'32.·: The dashed ling_~: indicate the hidden 
. ; ':edges of the ~~~eL. layer hidden under;; the tips of anchor ·'~tabs 2. Adc:i~t:ion~lly, a thin laye_#·;: 0£ polyimide may be .· ,>:.formed under .· :fi~xib.le anchor tabs ·~, and/or the entire 

conducti;ve ' i~;;~:r 21'' to provide additional support to the : : . . . . . · .. ~-; ·.. . -:; 
... ·. ' ' . ·. :. ·, ~ ':. . ·. 

:.· .. ·. :·: . :_..: : :.·• .'.·:= .. ·_;~:;·. 
: .. -:::· :-: . 

·, · . .-·.": 
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n:i.ani.pul,a.t9r . ··.. . ... .. :· .. ··. 
st~c:;ture. Addi ti6n.~llY. hook 4 is connected 

· with ·• f;!ach. of the conductor id.he's . 7:~ :; .';t·,_..·.y Although the 
mapipU),;Cl:t:,Or of the preferred emboairtt~nt: has been described as .hav1n:9 anchor teibs 2,. 23 it sh6ul:~:i·~~:·,.4nderstood that the ~a~i~ulator of ~~· prese-nt invent~~~'.~,~~Y,·'p~· desiqned with a 

•·•: greater number o:r a fewer n'111tbe:t?()£ >~r1chor tabs connecting ; :.::_f:·~·:i>·:·\).:\ ::.':· -.~.: ; . . the manipulator to:. the conductive:·t.,~d>;st~c-ture. More?ver,. ·· in i·ts simplest fol:'Ill, the manipula:~d'#.:t1xi4fe may be merely 
.. ap. · -~X:te.rided-hoo~~{ ·~.#m- 4~· having as ~ .. i{~?if4on1y; ~~nn:ec"ffi)n t-o the co~~ucti:ve lead structure the jndivi:ci'{tal connections 
Of ·the conductive lines which :· ·:·J~~pri ~e part 

'. co~chict~ve lead structure. Th~~~'fo;rze ~ as used 

to -~~~h __ 

of 

in 

the 

the <'.;present. invention, the term "ant!~~}~ ·.tiiQ" is intended to ::~;inci.\lde a hook arm such as hook a~\'.4(as an anchor point for .:<~<attacfun~nt to the conductive lead .st~ticture . .-.:·.-·: .. 
. ,; . 

~--<. 

:)) · During the manufacture of a disk;,·.drive, the manipulator .. . : ·><of the p~.esent invention greatly. fad~-1'.a.tates the assembly of . '/.:/the actuator. arm with th~ suspens:i.'~:h. specifically during 
<the ali9ri.inent of .conductor lines 7 w#th termination pads 6. 

.. ·:·· 

··.;-:'" 

\',:The integrated nature of the con¢1.ti<=tive lead structure : ... :·."_<";'.::.: .. 

·· · > allow's all four conductor Li.rtes to be aliqned •:~~imµ·.J.tan:eo,usly, thus, requiring onl~'.I:'g:ri~ alignment procedure . ' rather than the four which wou1a'·:b~. required with four ·... 

~-~ ~- · .... f discrete 
. · ,~anually 

'· 
_Moreover, 

.:.· _.::·fixture 
·. '.;:. :: ..... ~ ; . 

wires . This one time :;~l}grunent may be done 
or robotically by 
the addition 

and attached to the 

manip~,f~;ting manipulator 1 . 
hook ---~~1;¢nding out from the .,.:".""<' 

ends df.E!ach of the conductor 

·.': .. : . 

... ;.·; .. : ... 

'~;·· .··:. ·_.-:.:::.:'.-·: l·ineS maintains the conductor line.e;):r:1.n~U:: ·a fixed and spaced ·· .. });feiationship that exactly matches the.-:~:~a.ced relationship of 
" _':~; ~: tlie termination pads, further faci~ki~t~hg the alignment of ·?~;il f'.qur: conductor lines simul taneou~l~~ ;·;·:.: ... 

:·._·:· . _., .··>~-.---. 

·. ·-.< --~ 

.:: . . :.·. 
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_To _ :Qeg~n as~embly, suspension -16 is attached to actµator arm .ts wd.~ swaqed ri vet~.2 -~ .. inac~ine screws. laser w~~~fli~~-·-·- < ~~ --epoxy ·J:>Q.ndinq. 
af"t~r-t.he- · 'siider h~s been 

This m~Y.°-be performed before or 
attaJ'i~~'.; : ~o the suspension. ·:--,._,·, .. i"·::.'. Cc>J1(i~¢tive. :._.~~~d stiA.lcture 13 and <manipulator 1 extend out b~tb~~- th~-:J:)pdy of __ :EJ.uspension 16 a~~~~ -the edge of actuator ar;m 15. coP:~#cti ve· l:"ead structure -i~_~\'~ _manipulator 1 have riot .-- yet b~~F att~C::~ed to actuat9¥1.::M~rin -- 15. Because the ----1!$'.~C:tion; ·'-qf_..,., conduetive --lead s-true·t-\:b:e· -13_ loc-a"te·a ·- -·near-termination ~rid 18 is composed prim~~ily of a th~n laye_~ of _ cd~~~{'.::-aii~Y;·_-~d a'. .. 4in layer of P~.!;~!rnicie, it is ex:tremely flexlbl~- and: ·~ay be.:'> rotated in, 6r pe:r:pendicular to, the b'.f .cotiducti ve ,iead structure {l.:i'·_ -near termination end 

·: .. . . . . . . .. . . -"'.~ .,·: ·:' . ·. . -... 

--1'()st of the rot."ation, or yaw mption, will originate in area outliried by-•.:._dashed circle -:20, which is located to slidf:!l;: ~rid 17 - -()f flexible anchor tabs 2 and to the tern,iinatiori ::~h~• 18 of-_the body of su~pension 16. ··· .. -'.:": 

_:: __ :· 
. '":?.: ). 

A f.o~f!l-tfon~l moitl~:nt is introduce,d to the manipulator by - applyin<£ a~todl\or rb~otic end effectµator to tooling holes s in. mctnipqi.a:tor 1.• -The rotational moment is produced such that maJipU:lato/ 1 rbtates about an axis through the center .of ~e ci:r¢u·1-~;:: tooli~~ hole 5 and rc:rt~tes manipulator 1 and 
. . . . .·. . ' 

-·.·:-·_;:''··· the terminati6n:.end 18 ;of conductor i·e:ad structure 13 in the 
. . . -.:·. . 

··:,_,.·· ... 
plane of conductor lead structure 130:((1. e. in the plane of ::'the page of Ficfere 5)-l.n either a cloc~ise (CW) or counter-:' 'clockwise {Ccwf dit·~-~_tion. -As th~JS ~otational moment is : apJ?lied, hook atlll 4,/::·>}flexible anchol:\2t~s 2 and anchor tab 

• ·1ea:pp~!ru::::<i~:~t~~:=~~:~ionc:::,,~~L ~:::~ng7c:::u::~:: 
.across until they afe';, accurately allgrled over termination . pads 6 on actua'toi-"''1frii 15. ·:'.' . . 

··-· .. : :-: ·.: · .. : ·: .. ~~-~:<.·.·: 
:· . ..-·. 
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>·:: . .;-­
T!le ·. ro:ta'.t.ionaf<moment causes tl:l~ flexible anchor tabs 2 al~¢rnatel.y bu~~le, depending :on the direction of 

to 

rotation. ~~cause\:f1exible anchor -tabs 2 are formed from a 

an 
: : ~: ·;::. :· ·. 

.rei,atively · \fhin cC:;nductor layer . .21 (and possibly underl~ye~ 6.~· polyin9-;de), a rotational moment will place one flexibl'.e anchor tab : in tension and the oth~r flexible anchor 
···:·:. ;::. : \"·.·.:·~·. ~-

<L? ->< tab in· com~;essiori}· 
. . ·'. :-, .. ·:.~·." 

u > 'flexi·bl'e ancli.cib tab d'.~ 
- -- :~~·,.: .:- L/:· in t~si-on wtti. :-resiJa~ . ;;) ... r ? ·.•of one. f lexihi~<· ancho~ 

Due to its ,. flexible nature, the 
compression will buckle while the one 
any-.de:Eo'rtnati:op. - The buckling.. .:action 
tab and the. resistive_ action of the 

:::<-:. -'-.> _ .. _., :;.. ~- .· . :'::>< '-.·; ;; other allows ·a:::· sma11 ·.::: amount of angular displacement between ':,\<.;>::< . ···the two~ . thus .)k11owiii.~ rotation and ;t9rque ~o be. transmitted ':: ;;{. ;: . ·· )to the condu~t~~e l~~d structure 13 .. > TorqUe is. transmitted :'··;\ .</: · .. J'to conductiv~·\::1ead:i.structure 13 through hook! arm 4 and :;·;''. J.:::::t6~ 11~~Z 1 ==~ tt~::k ::7: :~ ::or=::, ;: ·:.!f'. .} ' :. <<.isoicrtes :f:i.il~~ 7 f~om any resisting forces that would ·' .. )::·:·>. :··\'.distort ·bonqµ~:f-c:>r lilies 7. One source of resisting force > )'.? :}results :.f~,orri ~~· ar~a outlined by dashed circle 20 as it ·:' :.::: :/.' ;;::deflects· under;}'-the rotation, or yaw motion, of conductive < ;./:?: .. :'<•:'lead st:ruc~tit~·> 13. :.J.: Another source of resisting force O:': .. ·.;r:-::· ;:;i~esults from •. :<·~~ndu~t()r lines 7 moving in contact ·.\.<termination pad~ 6, which produces frictional drag . 
on . : :·~:{~· .... :.. <.{>. 

->~ :: . · .. ·,:: .... · ...... ·:.::'..:·.~ .. _ ... ·... .· :·':·>\.<;. .· :.---: -:->·:> .. :;. _,;_..... . .. ~ . :.: ·.<·;'. 

·:.:· .. ;;···_: ,-{~ An addi tio£~1 a#Vantage to flexible anchor tabs 2 is .:>'; .. :. ;':> : ·\\that they linif't th~"< degrees of . fteedom for doing the 
.<.:.::··~·: .. ,-:-: ... <": .: ··.: .-:·.~.. ._·. ··::-: :.:... \\ ;<:'·~ .. :·:~ligrunent. Thie\..::fl~Jcible anchor tab::;; 2 provide a rotating ·/:' :> :::·"' · .a\:tion in the)p1ari~~'..;,,;::of the maniplf~~:tor 1 about an axis ' ·~t; .···· :.)~pproximately · b~twEi~~(the two flexibl:e anchor tabs, while '·.:,f:.: \.'..;:. :/restraining a~~ i~:t,·~;ral translatiob, · of conductor lead <:: ·~tructure :i3. <.Th:i.s si·J3}plifies the ali:<;Jillllent procedure since ... :·. <tii~re ski 11 on tAe': part ··'of an operator or demands on a robot reqUfJ::-~d if translational degrees of freedom were 

,. 
! 
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allowed. .once the conductor lines 7 have been aligned over 

the -t:erm:Lnation pads 6, they are terminated (i.e . 
. -: 

electrically •.connected) by either a reflow soldering 

operation or an ultrasonic wire bond.process. 

According to. another feature of_the present invention, 

once the conducte>r lines have been t:1µccessfully terminated 

to the terminatio.n pads~ manipulator·. t may be detached from 

"co:hdU.cti:ve.: ·__:Biid structu~e i3 and d±t;carded. The- layer~· of:.-:= 

flexible ~nchor tabs 2 l;_ave_ a minimal amount of overl.ap with 

the base (or .ins'.\ilating layer) at ~e attachment points 30 

and 32 on conductive lead structure 13. Similarly, there is 

a minimum amo~nt 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. ~or withstanding in-plane forces, such as 

those imposed during the rotation and alignment procedure. 

But when the fo-rces are out of the plane of the manipulator .. 

there is a tendency for the conductive copper layer to 

delaminate or peel from 

because of the small 

the stainless steel base 

interface between the 

layer 

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 continue~· .. to be rotated out of 

the plane of the conductive lead: . · structure. Hook 4 
.. ·''.'.-;;·-. 

continues to rotate at a right angle'.;to conductor lines 7 

until the conductor lines break at .~wall notches 12 that 

have been etched in conductor lines 7'fas seen in magnified 

view B) to cr¢ate defined weak areas for breaking the 

conductor lines from their anchor points on hook 4. The 
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. ··. ·_/:~ ;"\ .. ~-.) .. ·_·:. 
·.<·:..·~·::.· .. : -·:·. -~> 

}?2_'·· .. ::". ·:~/:· breaking ()f ¢qtj4#~t~r lines·?/at notches 12 is furt.h~rp~pi.µo~d by the inside edge of 
::: > .. · .. ,:~_,;::· \ hook 4 wJii(;h: i~··¢~hed frorii':the vertical direction with an angle such that it has a sharp 
) ·' ·>.'..· ···::;.··, . knife-,l~e··~ge·.:.:::~~ hook 4)~}:rotated, the knife-like:~dge _cuts Into conductor lines 7 at 
· ··:· · .>: ... notC:h.J~, :flic!H't,3.tjri:g the b~ and reducing the c~c~ ~t removing the manipulator : ·> .. ~{; -:,<:· 

:: .>;~·>>. wiJl-~ge: lli~:J'b~tions, for example by lifting~~nclu¢tor"1ine from a termination 
. . .. ;._,: .. ·'.. . .. . _.. 

. : ~::. ,: . : .":. -: : .. ~ .... :·:: ... ':. ·. . .> ·,_:. :'.. :::> \'(>·tn;:.,.·pad. ···:·•· ; : 
, }-~/ :·.·._::.;··:):>:• O~ce tlie'·~pula~~'.bas been removed fronlthe co~uctive lead structure and ~f ?:i-r\· : :J;;.:~L me . timl~ted. ·sµ_~~~ioii, iti~: .. dis~cied. At lhis. {;~i~t,' ifraln relief tab 3 may- be : .;::·;· •. :. .. ·::.:·'· ... ~·;:• ": 

fi '/ : : · > >. '>secured to: 1h.~Jlc.hl41:0r arm -to ·prevent any deformati9n of the conductive lead structure ·.:·· ..... ,.~;/:: :·;. ~,=.:._'.-:)_~:'... .;:" :' :~·.-·.·:·:.·._-~'_'.::,'.~ . .-~:' __ ·= " <<'t.!•\·; }from traD.sriil~:an· unwanted;,force into the termination joint. This tab is attached to· 
·.· <:' . ,. . . ·. ""' .. .-· : . . ... . . . . '.:· . ~: 

. '/•> · ·::.;,,(the .actuatp:rai1P.;by':.:a spot of~dhesive. This provides the soldered connections relief ···:· ·:: .. .;.. :. , -~-.: .. :'·.: . . . ' _.. ... . <.',;:.~ .. 
>'\' '>. /fro~ stre$s'. and ~tr~in that ~ht be transferred along the laminated suspension after -·~·.:.: ·:~~'>. ·.:: ~:-::.. ~. :•.•, • · .. v. • ·• 

•• ··· ·: ... i,L: j_a,ssembly .. ·. · ... •.·.···.: .. ·.: . ... · .. ··:· . ·-~y: . :: .· 
·• <_."':· >.·."·.. With .r~fe~~µce now to Figure 6, there is shown an alternative preferred . :: ... >·····/'.; .. ·' -~i;nbodime~fof)li~ pfesent in~~~tion. Some actuator·~ designs require that the arm-,:=,,·:··' ,. ;_ .. ,_.·.·:-·=·: 

... 'O:° ,; ·:)~leqtronics ierriji#itj~n pads bg. mounted on a surfa,ce 11 (out of the plan~ of the 
.:::~~-} :.>·:·. :." ~.~_;; ~-. ,: ·'· .... ::. ··: ;: . 

<.'._i: ):~-.: .. Pi:>4rawing}, P~rP~P~~p~ar to the p~ane of the suspension 16 and actuator arm 15. In these 
: .. '.; .. \-.>ciesigns,' con.(11.ict~f-~iries 7 must?~ folded below the plane of the suspension 16 to align ... · .... : ::. ·-~·.: :: , , ,: . :~ · .. ·;i: ~-··:. 

r ·':. ... \ !:'.;·'with the termiIµlt'Q~:·pads 6 (sh~Wn in dashed lines b~f~Use they are not Visible in the ·u. >:" view shown). ThisJ61ding is adcomplished in bend region 9 by folding conductor lead 
. . . . . .:tructur~ 13 ·along foldiilg line·JA-A. This folding is ac;:~~mplished with notched areas 1 O .. ·: . . ,. . .- .. ··: 

'L.·\i~ the steel which provide a w~ak.area for preferential P¢hding 

::.:_ . .-·. 

·.; .... 
<· ... ::'·>··.·' 

... : -~_.:;· 
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. ~owt::·::. :folding line A-A. The qonductor lines of the . . . 

cqnd1ibt:ive_: lead structure in the area of the bend region 9 
trav~rs~the bend region 9 perpendicular to the bend axis A­
A •.. i'!iis reduces the risk of frac:turing in the conductor .lihe~i Additionally, if conductive lead structure 13 was 

.. formed witji a stainless steel base_ layer, the steel running .. :·. ···.· ·.· 

u:m:ier· folciing line A-A would be removed to allow the 
co:ndu¢i:or lines ·to assume a natural bend radius arou_nd the 
fold Line . 

. . . · 

'T'acking points 8, formed in stainless steel, are also 
in~ltiq~d .. :for additional anchoring of the conductive lead 
structµre :13 after termination is completed. The design 
allows·,·:.'ia~king with a drop of adhesive through holes in the 
center'. of ~ese tacking points 8. A-spot weld could also be 
us~d to attach tacking points 8. ;."' 

O~(:e the manipulator has been folded into the correct ··1·· · _;x:.h;. "·h · p ct.ne;·.·•w: _1c in 
7 are/aliqiled .. ··:,· ... · .... 

condlJ.ctive 1ead 

this case is surfac~ 11, 
to the termination pads 
structure 13 in the 

the conductor lines 
6 by rotating the 

same plane as the 
termiiiatiCin;end 18 through use of the manipulator 1. Note 
that ·n6~, t~rmination end 18 is in- --~~e plane of surface 11, 
which· is :normal to the plane of ~~'-'figure. The alignment 
is now accomplished in the same mann~r.as was described with 
Figure 5. ·A tool or robotic end ~'.~.f.'ectuator is applied to 
the tooling holes 5 and a rotationa:i::;:'moment applied. With 
conductor iines 7 being anchored ,·tb hook 4, they can be 
manipulated by the rotational momez}i::'.:'.until they are. aligned 
with termipation pads 
flexible anchor tabs 2 

. ' 1:?te·~t: :! hase \ layer of 
· conc:iucfbr( l'ines 7 are 

6. Once teifu;ination is completed, 
are delamirl~t~d from the stainless "'<.=-

conductive lead structure 13 and ·. ;· .. 

broken fron{. hook 4 by rotating 

·.· ·-~ .. 

f·. 
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: . . 

manfp:ulat9r·.:f: out of the plane of termination end 18. The 
straih J:'.elie~f: t~ 3 may be securec;l to the actuator arm to 
provic:ie fur:th~r .support to the conductive lead structure . 

. ~he pr~sk~~· invention provides a manipulator which is 
fabricated ·'.. :~·s :Part of a laminated suspension used in a disk 
drive:. Sy$tet11\· . This manipulator serves the purpose of 
aligning:co~~uc~or lines that transmit signals to and from a 
slider tr9.n.sducer with termination pads on an arm .: 0 •. •.: ::~·.;.): 

electtoriics·package or flex cable attached to an actuator . ··: :-· ···. . : <·. ,_· ·~ . 

arm. ·. :\~~ ·~Illa*l.puiator allows all these conductor lines to be 
align~d ;a~d:<\'-t:erininated simultaneously. By fabricating the 
co.ndµdt:ive · 'i~ad ·· structure and the fixture as part of a 
laminated 
fixed ·:and 

~\if:;pension using photolithography techniques, a ;.· .... 

liighly toleranced --positioning of the conductor 
lines .· .i-el~·tive to each other can be maintained. ·._:.·.: .. · .. 

)rurthe:;rniqre,'"::J:his spaced relationship is highly repeatable 
with· .. \' s~b.~~~entiy fabricated laminated 
MoreoverZth:~Lman:i.pulator limits the degrees of .. ': . . .. . ; -~·:: . ·:·~ ::. . 

suspensions. 

freedom to a 
mere r9tati<?h> ~us limiting the skill required of an 
oper:atp:r or.: ;the pomplexi ty of a robot for performing the 
termin~tion.>L:·_Aft~r performing the alignment and termination 
proced~res, ~~ ·manipulator is simpiy removed without the 
need for spe¢i'Ci1 ;.tools and then discarded . 

. , •. 

: · .. :/ ... 

While the invention has been <particularly shown and 
described wi:th'r~ference to a prefetfed embodiment, it will 
be understd.~4:. ~y those skilled iii< the art that various ·.<· ·._. 
changes in form and detail may be made therein without 
departing from.the spirit and scope of the invention. ;,_, .. 

::: ·'' 

,::·:. ·.·/."'. 

·i;. 

··: ;_ : .. ·, 

. :. 
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C~I?'IS: 

. . .. 

A multi:layereC,: suspension haying a slider end and a ·. ~ ' 
1. 

termination ~.nd, tii~ suspension being suitable for use in an 
informa,tion ; storage system slider-suspension assembly, 
comprising:• 

.·;~- -~.:· 

"'· .. ;._ .· 

. . 

a. ··c:ondu.dtive lead structure having at least one 
conductor.· · liri.e cC>~tained in a patterned conductive layer :: .;. ;=-. : ·.::: :· : ; .'~ ;: 

formed over /one. :~()r more layers, the conductive lead 
struc~u:re .P~:i}ig su~~·~1e on the slider end for connection to 
transduc~i{ i~ads o:f!'.··a slider, and on the termination end for 
connec:ti~»ri t~'/ arm-~i~ctronics termination pads; and 

;·:.- .. 
• ·-::·_. ·= •. 

a. f-:i.~tur~.!. formed from one or more layers, being 
substantia+_1y (in th~·, same plane as the termination end of 
the conductiV-E:! leaai)structure and having one or more anchor 
tabs a~t~ch.~J'.:•to th~··:' conductive lead structure, the fixture 
being \ s1l:iA:~~{e fo~~· aligning the conductor lines to the 

b~:rotating the termination end of the .: ·:·~ ;.' 

structure in ._,;.::· the plane of the termination 
end. . ·. ·.·· x.= ' ... ·:.· 

·--~. ·:· ·. ,. . . 
..... :~· 

. :; :_.:·: ~,_,: .··.,·: .. · .. 

·.-;.:-;: ..··'.".-:· .. ·.·.· 
··~ . 

2. A multil·a~ered ·•suspension accorc;iing to Claim 1, wherein 
an anchor ti:lb· 

;_:::.· 

... , is: ·detachable from the conductive lead 
structure such that<th.e fixture is removably attached to the 
conductive le~~ sttji~ture. 

.. ~ :.;:~'..:\' -~ ·.· .. 
. · ... : ... ~::i· ... ~ .. . '·· ; 

; ... . . ; .·.~. ·. 

3. A mul til~yer~4·. *uspension according to Claim 1, wherein . ·, ·::·· ,. ·::·.··· 

an anchor tab .fs' .getachable from. the conductive lead . .-v··. 

structure by ,·delalt1ina:ting at least one layer of the anchor 
tab frdm'a i~&er of'tli~ conductive l~ad structure. 
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4. -~ multilayered suspension according to Claim 1, wherein 
. . . 

an anchor ·· tab is detachable from the conductive lead :, . 

structure by tearing or cutting the tab in half along a 

region of reduced cross-sectional area. 

5. A mul~ilay_ered suspension according to Claim 1, 

wherein at· least one ·anchor tab is a flexible anchor tab 

formed from one or more layers near the termination end. 

6. A multi layered suspension according to Claim 5, wherein 

an anchor i;ab has a reduced cross ·section to facilitate 

buckli·ng o·f'. the anchor tab when a rotational force in the 

" plane bf the termination end is applied to the fixture. 

7. A mult~layered suspension according to Claim 5, wherein 

.two an<:hor 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 fixture, and wherein the 
. ·.. ': 

first :tab will be in tension 
<;: ... 

and the second tab will buckle 

when a:cour.ter-clockwise rotational force is applied to the 

fixture. 

8. A multilayered suspension according to Claim l, wherein 

the fixture .includes a hook arm extending along the. end of 

the conductive lead structure at the termination end, the 

hook arm being removably .attached to the end of each 

conductor lin~. and further wherein each conductor line is 

connected · to the 

.relationship. 

hook arm in a fixed and spaced 

9. A .,multLiayered suspension according to Claim 8, wherein 

the hoQk ~arnt\.:llas a test pad for each conductor line fixed to 

and spaced -~.i~nq the length of the hook arm. each test pad 



.. 
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being-electr.iball~c:onnected to a conductor line. 

> :::.': 

10. A multifS.yer~~>suspensipn acco~ding- to Claim 1, wherein 

the conductiye le~Cl;\structure has a ''.~end reg:ion which allows 

it to be be~t alori~-.a bend axis, the col).ductor 
: . · .. ~·~:·· .. ·. . ·.·. ; ..... •. · ... ·1 •. · ·. . : .. 

over the conductiv$ lead structure·su~h- that 

the bend :t~~ion :- )-~pproximately perpendicular 
· .•. ~:~·- : 

.. ".?/. axis. 
.-.:\:: 

. ·'<.: .. : 

lines running 

they traverse 

to the bend 

11. A multiiay~,~~d suspension ac:cording to Claim 10, 

wherein the i:;_~hd r~~ion is of reduced thickness. 
/\_·.·, . -~·:·:_.:; .·.· 

··;..~>·. ·<~>> .. 
12 . A mul t~Jayered;_'.:'suspension according to Claim 1, wherein 

the fixture ccintafi1~- holes suitable for manipulation by a 

robotic end e~tecto:r.(-. 
. . . . . . ... :.>;~=::~::y 

.: . . !·;·<:··. ·:". ··=·~·., .· 

13. A mul ti:Lci.~eredY"suspension according to Claim 1, wherein 
. . .-'."· . ..·.· :·-· 

the conductiv~ lead'"/ structure is comprised of a base layer, 

an insulatin~,};laye~>-and- a patterned conductive layer. 

14. A mu,l t:i.layef~_fl suspension according to Claim 13, 

wherein the ba~e l~yer is stainless steel, the insulating 

layer is p9t~:i.mide]<and the patterp~d conductive layer is 
.: .;>/_'.'.:. . .. :.:;.~:·:··' 

copper. .. -~:- : .. . / .· 

·-·•}:: 
. ;.>. ·~· . 

,· .. ··.···. 

···>: 
('/ .... 

·.··:··:·:·;.·. ,_, 
. . . . ~:-· . 

i_~-~:~ ~-;:~:-:-. 

. . ~. ' 
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15. An actuator arm assembly for an information storage 

system, comprising: 

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; 

a conductive lead Stl:'.\lCtUre formed as part of the 

suspension 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 ~~~achment to transducer leads of a slider at one 
: . . . . 

end, being E!lectrically attached to the actuator arm on the· 

termination e'Ii~, the conductor lines.being terminated to the 

arm-electronics termination pads; and 

a fixture, formed from one or more layers, being 

substantially in the s~e plane as the termination end of 

the conductiye.: lead structure and having one or more anchor 

tabs attached :to the conductive lead structure, the fixture 

being suitable for_ aligning the conductor lines to the 

termination pa4s during the terminatiqn process by rotating 

the termination end of the conductive lead structure in the 

plane of the termination end. 

16. An ac~uator arm assembly according to Claim 15, wherein 

an anchor tab is detachable from the conductive lead 

structure such.that the fixture is removably attached to the 

conductive leaq structure. 

. \", 
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An ac:t;:µ~i;:-or: arm assembly according to Claim 15, wherein 

anchor t#.b;·is detachable from the conductive lead 

structure· by··delaminating at least >·one layer of the anchor 

tab fro:m a"l~~~r<of the conductive lead structure . 

18. 

an 

... . . '· ~.-

.. 

An actuaf-<>r:arm assembly according to Claim 15, wherein 

anchor ·. tab t'-is detachable from the conductive lead 
." . .";·· 

structu+e l;>Y;fte,ring or cutting the tab in half along a 

region of redu~ed cross-sectional area. 
·>: 

19. An actu~#6rrarm assembly accorciing to Claim 15, wherein 

at ieast one.~hchor tab is a flexible anchor tab formed from 

one or more. lJ;ei·s near the termination end. 
·.· :.\··: 

20. ~ ·actuat~t:\arm assembly-according to Claim 19, wherein 

an anchor .taBhas a reduced cross section to facilitate 

buckling. of :.tb:e>anchor tab when a .rotational force in the 

plane of the tenrtination end is applied to the fixture . 
. ·:·-=:::·· 

·~ '.-:· . (: 

"<~ 
21. An actuat6r .'.arm assembly according to Claim 19, wherein 

two anchor 'tab:~ a~e spaced such that a first tab will buckle 

and a :sec:dh.d··· tab will be in tension when a clockwise 

rotational ~'c::flf.se 'is applied to the :;ei.~ture, and wherein the 

first tab wii:i:·:be' in tension and the:',i;econd tab will buckle 

when a courter.;.,;cl:ockwise rotational force is applied to the 
. ::~ '.": ~·. 

fixture. . .. :. 

22. An actuato:~··arm assembly accord;i.rig to Claim 15, wherein 

the fixture i~d£tides a hook arm extl~~ding along the end of 

the conductive:.i~ad structure at th~" termination end, the 

hook arm beiAg removably attach~_~:' to the end of each 
·' .: ...... -:• 

conduct'or l:in~i'. and further wherein ·each conductor line is 

c.onnect:ed 

. . ., · .. - '.< . -~ i_:" 

·::-
.·.: 

·.':· 

hook arm in ·a fixed and spaced 
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relationship. 

23. An actuator arm assembly according.to Claim 22, wherein 

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, the. conductor lines running 

over the conductive le~d structure such that they traverse 

the bend region approximately 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 accordj.ng to Claim 15, wherein 

the conductive lead structure is cdltli?rised of a base layer, 

an insulating layer and a patterned conductive layer. 

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

the base layer is stainless . steel_,·. :the insulating layer is 

polyimide, and the patterned conduc."t;ive layer is copper. 
::·:_:.·:. 
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29. An information storage system c9mprising: 

a storage medium having··· ~-·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 ~echanically attached to 

the actuator arm and having a termination end and a slider 

end, tjle suspension maintaining the transducer in a closely 

spaced· position. relative to the· storage medium during 

relative movement between the tr~n.sducer 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 

£ormed over one or more layers, anci/: further the conductive 

lead structure being electrically a"t.~"ached. to the transducer 

leads of the slider at one end,. · :'and being· electrically 

attached to the actuator arm on the other end, the conductor 

lines being terminated to the arm~electronics termination 

pads, and 

a fixture, £ormed £rpzn one .or more layers, 

being substantially in the same plan~'::;as the termination end 

of the' conductive lead structure and haying one or more 
·;·:·:. 

anchor :'tabs attached to the conducti,ye lead structure, the 
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fixture being suitable for aligning the conductor lines to 

the termination pads during the .. termination process by 

rotating the termination end Qf the conductive lead 

structure in the plane of the termination end; 

actuator means coupled to the actuator arm for 

moving the transducer to selected. tracks on the storage 

medium; and 

means coupled to the termiJ:lation pads for reading 

signals transmitted by the transducer representative of data 

bits recorded in the information storage medium. 

30. An information storage ·-system according to Claim 29, 

wherein an anchor tab is detachable from the conductive lead 

struct~re such that "tjle fixture _is removably attached to the 

conductive lead structure. 

31. Ari information storag~ system according to Claim 29, 

wherein an anchor tab is detachable by delaminating at least 

one la¥er of the anchor tab from a layer of the conductive 

lead structure. 

32. An information storage system. ci.ccording to Claim 29, 

wherein at least one anchor tab is a flexible anchor tab 

formed from one or more layers near t~e termination end. 

33. An information storage syste~h~.e;:cording to Claim 32, 

wherein two anchor tabs are spaced.::···~hch that a first tab 

will buckle and a second tab will'::: '~e in tension when a 

clockwi:se rotational force is appiie!f to the fixture, and, 

wherein the first tab will be in ten~don and the second tab 
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will buckle when a courter-clockwise rotational force is 
applied to the fixture. 

34. An informa~ion storage system according to Claim 29, .•. 
wherein the fixture includes a hook arm extending along the 

.·.'. :< 

end of the conductive lead structure at the termination end, 
the hook arm b~ing removably attached to the end of each 
conductor line, · ;and furth,er wherein each conductor line is 

<'. 

connected to the hook 

relationship. 

arm in a fixed and spaced 

35. An information storage system according to Claim 29, 
wherein the cori:ductive lead structure has a bend region 
which allows it,to be bent along a bend axis, the conductor 

.,_ 

lines running o~er the conductive lead structure such that 
they traverse the·.· bend region approximately perpendicular to ":::'.: .. 

the bend axis. 

._: .. 

36. An information storage system according to Claim 29, 
;·; 

wherein the fixtµre contains holes suitable for manipulation 
by a robotic end<effector. 

37. An informat,ion storage system accordl.ng to Claim 29, 
wherein the cou:Pi'tad 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~on storage system according to Claim· 29, 
wherein the inf~~ation storage system is an optical data 
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s£orage system and the transducer is an optical transducer. 

40::.' An 

w;tietein 

inf orm:ation storage system 

the suspension is a 

sµ~~ension. 

according to 

multilayered 

Claim 29, 

laminated 

41:~ . An information storage system according to Claim 29, 

wherein the transducer is a magnetic transducer and the 

information storage system is a magnetic storage system. 

42< · .. An information storage system according to Claim 41, 

wherein the magnetic transducer is an inductive transducer. 

43·~ An inf ormcttion storage system according to Claim 41, 

wherein the transducer is an-MR head. 
/.' 

, 44 .. ' : An information storage system according to Claim 41, 

. · wh~r~in the coupled means detects resistance 

·ma¢1.etoresistive material residing in 
•. 

changes in a 

the transducer 

·re$ponsive to magnetic fields 
·.. . . ~. 

representative of data bits 

storage medium intercepted by 

the'·· layer of magnetoresistive· material. 

recorded in the information 
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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 

al;1Il; 

aligning a termination end of a conductive lead 

structure extending from the suspension by manipulating a 

fixture attached to the conductive lead structure in the 

pl~e of the termination end until the conductor lines 

contained in the conductive lead structure are properly 

placed over termination pads locateq 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 

con~uctive lead structure, and further wherein the step of 

detaching includes delaminating at least one layer of the 

anc:h.or tab from a layer 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 fixture, and wherein the first tab will be in 

i.· 
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tension and :fhe second tab will buckle when a courter-
. . : ~ .. . 

clockwise rotati()nCl,l force is applied to the fixture. 
: ~~:'::::-: ... ·. 

49. A method :a&cordinq to Claim ·. 45, wherein the fixture 

includes a h.o~k'. arm extending alonq the end of the 
.;,:;y,'" 

conductive lead:;:> structure at the ter~ination end, the hook 
·.·'.-:·.;· 

arm beinq removal;>.i:Y attached to the. end of each conductor 

line, and fur~~r.wherein each conductor line is connected 
;·{· .. 

to the hook arm:'ih·a fixed and spaced relationship. 
: . :· 

-.-..... ·.-


