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. ' HEAD GIMBAL ASSEMBLY WITH :IN'?EqRATED · ELECTRICAL 

'CQNDUCTORS 

TECHNICAL FIELD 
The present invention rel.ates to a head gimbal · 

·iassembly for a magnetic disk file and more 
... :·,.·:·· .. 

:: · eipecifically to a head gimbal assembly formed from a 

;-~<laminated material in which the. ·.ele.ctrical lines are 
::---... ·:::·, ... :.:"' 

.: ; formed in one layer of the laminate. 

BACKGROUND.ART 
. ··: 

Magnetic recording disk f~les that utilize a 

·; transducer mounted on a slider, for reading and/or 
.. ;:; . 

. ·· <'.>litriting data on at least one re>tatable disk are well-

.·. · .. kzi6wn in the art. In such systems, the slider is 

'· :typically attached to an actua1:or arm by a suspension 
.. ·.,. ;. ~ 

< sy.~tem. 

:' •• Many suspension systems ( a~~o called head gimbal 

· ~s,~emblies} include a flexure; that is positioned in 

. sC>rrte manner between the slidef<iand tlie suspension. 

' ~·· 

· .. ·· 

F~:t'. example, R. Watrous, in U.S~ Pat. No. 4,167,765, 

.•. dl~closes a· flexure that is added onto a stiffened 

>m~~er. Blaeser et. al, iri U ~·. $. o:-Pat. No. 5 , 198, 945, 
. .. ·. ·.· ... : .· i.:_.:,,·.::..· 

di.sclose another design that uti'.J,Ji.zes the material of 

the suspension as the flexure. 

Systems are known in which the slider is 

positioned in an open space:·.· 'formed .between two 

fl¢xure arms. For example, Fig:~: ~i· illustrates a head 

· qiltlbal assembly . described by J(>hn$.on et al. in U.S. 

Pat.. No. 5,331,489, in which th~; siiider· is positioned 

'between two flexure arms 

attachment to the slider is 

;:·~ri.d.' the 

~~~~:.:.by 
electrical 

four discrete 

The discrete wires.are terminated to tjle back 
.. ' .. 

of.·<the slider ·and four wires · are· utilized" to · 
: · .. ~ : ~ · . 
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accommodate magnetoresistive (MR) head technology. 
The use of solder balls for attaching the slider 

'.to :a>slider support means is known in the art. For 

;=~~:: ::s~~= =~ a~~~l~:e~-:~l:::·b=~~s ::;6~:=~=~ 
· bC>tii: the mechanical attachment of the ·slider to the 

. ___ ·~us~'Ilsion and the electrical connection of the 
:tran~ducer to the disk file read/write electronics. 

--. ~ddit;ionally, Ainslie et al., in U.S. Pat. No . 
. ' ~-~789, 914, disclose a soldering technique for making 
<an electrical attachment of a cable to a transducer _dri·th~ backside of a slider . 

T~e use of laminated materials for constructing 
e;l:iqer suspension systems is also known in the art. 

f _ ~6r ·~xample, Erpelding et al. , in U. s. Pat. No. 
>- 4~.996;623, disclos~ a - suspension system comprised of ... ·' .... -:: ... 

:i:1/Slieet of polyl.mide material sandwiched between two "'·" ... :·. 

'~~tJ~+;:::iit;·:~ p==~=:~o:~9::~6~: :~:e:1::10:: 
', coppet · layer of the suspension 
:~i'ect~ical connections to the slider. 

.use of for 

for providing 

Additionally, 
)/·:··· layers constructing the 

suspension is also known. For example, G. Oberg, in 
<li~s. · Pat. No. 4,819,094, discloses a suspension 
-'sys-tein in which flexible copper conductors are 
:sa,P.dwiched between a pair of polyimide films . 

SUMMARY OF THE PRESENT INVENTION 
Briefly, the preferred embodiment of the_ present 

invention is a head ginibal assembly comprising a 
slider support member for holding a slider, a load 

;l-beani for applying a load to the. slider and an 
,;·, 

"electrical c~le extending along the backside_ of the 
loacf:b~a.m. ~- -- ------· .--------

Thi1ii~i1nf ,. 
·:\ • •i 

- -· 
,: .... :·.:.-.. ·_;:·,:: 

> ·. 

-· 

' -

i. 
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The head gimbal assembly is a single piece constructed .·from a laminated material comprised of a . . conductor ],.ayer. a dielectric layer and a support lc:tyer. The conductor layer is comprised of a high /' !3trength electrically conductive material such as a 'high strenqtb copper alloy. The dielectric layer is 
· c(?,mprised of •. an electrically insulating material such as a polyimide, Teflon or epoxy. The support layer ,, is comprise~ of a more rigid material such as stainless steel, titanium or beryllium copper. 

The electrical cable is positioned for connection to the backside of a slider and is comprised of.tl'le conductor 
the laminated :material. 

and dielectric layers 
The conductor layer 

of 

is , . ·. po151i tioned on the dielectric layer ant! a plurality of 
< el~:mgated strips are f orm~d .in the conductor layer, · • with a spa.ce separating each of the elongated 

·> .· <Strips. ~e.. :dielectric layer is positioned between \:~~ backside;.'surface of the slider and· the conductor ~ ·>-:· ·:·,:> : ., ' 
:layer, and between the backside surface of the load ... be~ and the conductor layer, to prevent electrical 
· .. ;·-''._ .. i .. 

· 's;he>rting . 
_, 

In other . . .. ' 

'extend along the 

embodiments, the electrical 
backside or frontside 

lines 

load . be~ and are -t:erminated- to the trailing edge of the . ~--·. ···slider. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic side view of a slider . t;1uspensi on system; 
Fig. 2 is a cross-sectional view of the slider suspension syst~m taken along the li·ne 2-2 of Fig. 1; . 
Fig. 3 ,is an 

sti~pensi on sys,tem; 

.. :· ;· 

isometric view of a slider 

·--------C--·········· - ~------- -
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Fig. 4 is a cross-sectional view of the slider 
:-~uspension; ·system taken along the line 4-4 of Fig. 3; 

Fig. 5 is a schematic diagram of a disk file 
/·that utilizes a slider suspension system; 
(:j~)G. Fig .. 6 is an isometric view of a head gimbal ··. ··<>"· 

:a.·sseiObly according to the prior art; 
.Fj_g. 7 is an isometric view of a head gimbal 

a:~sembly accordi~g to the present invention; .. ·: . .. :·.,_:·:.,.; 

· ·<,,= Fig. · 8 is a cross-sectional view of the head :. ;.·;.> 

< .,,: :gimbal asse.ltlbly taken along the line 8-8 of Fig. 7; .. ·.".:;::.····.:: 

"· Fig. ·\ 9 is a cross-sectional view of the head 
·<: ~im.bal assembly taken along the line 9-9 of Fig. 7; 

Fig. ~O is a cross-sectional view of the head . . 

g:::i;mbal asel~mbly taken along the line 10-10 of Fig. 7; .: ·;; 

Fig. 11 is a cross-sectional view of an 
: __ ::. : .. :, c:ilternativ~· embodiment of the head gimbal assembly 

··. ·.. ·. /:/~~own in Fig,. 10; 

·• : '} • ·.Fig. ·.·'12 is a. top view of a head gilnbal assembly 
. ·· .• ·:cl.~p6rdinq t.o' the prior art; 

... ~ 

· .:.>. Fig. 13 is a top view of a head gimbal assembly 
-~~ct>rding ·to the present invention; :.; .. 

~ · · Fig. 14 is an isometric view of the head gimbal 
.···• :-.::cis.s~mbly shown in Fig. 13; 

.,, .. :.) . Fig. i:S. is a cross-sectional view of the head .;·:.:.·:·:: . 

. g~mbal assembly tak~n ~long the line 15-15 of Fig . 
.. 14; 

Fig. 16 is a .cross-sectional view of the head 
giinbal asseinbly taken along the line 16-16 of Fig. 
14; 

]fig. 17 is a side view of the head gimbal 
·< .=-;·'-as·sembly shown in Fj,g. 13; .. :.,.-. ; .·· 

r~: '. . ._uf:~:~ri~: a i:ea: :::a:i::se:ly a ac:::~n:s:: :,: 
.!:);~sent inv~ntion; 

-------··--· ----- -·--·-----···-
. ____________ _: ________ . 

-:. 
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Fig. <ig''. is a top view of an alternative ·. ~Inbodiment '.·6£ a head gimbal assembly according to the p*'es~nt inv~tj;tion; and 
Fig. ~QC.is ·a cross-sectional view of the head gimbal ass¢~iy taken along the line 20-20 of Fig. 

19. 

' 
. 

DETAILED:bF:scRIPTION OF THE PREFERRED EMBODIMENT 
Fig. l>·is a schematic diagram of a first . .·, 

transducer·• ':: lau,.spension 10 and a second transducer sl;ispen.sion 1~: attached to an actuator arm 18. The . s~'.spension~ :+·o and 14 are also referred to as head . ·.· ..... g'.;i~al ass~t.~es. 

A first;. slider .· ··.·.·· .. : . 22 is positioned at an end of the . ··.):first trans(iti¢:~r suspension 10 distally to the arm <·A:'.·18:~ A secdHa?slider 26 is positioned at an end of -the second ·,:~t~risducer suspension 14 "distally to. the : ' :· ~ . '- . : · ... , . 

. >\a~ 18. \Th:~- slider 22 includes one or 
·· .· :: .• ti:ansducers :.;'.~'1fr.~ /for reading and/or writing . ~~t~::~Y ~e~~. s::r a;6 a in:;:e:a::t~: 
>, tr~nsducers .2:a.. for reading and/or writing 

more data 
data on a 
disk 30. 
more data 
data on a · < ~~~etic med~:~; such as a hard magnetic disk 34. ·,.:;··.·· · Fig. 2 :f:S.:< a cross-sectional view of the first ·<<transducer · :~u~pension . 10 illustrating that the · suspension 1h/·i.t:i a m~ltilayered laminate 39 comprised :~: ; .. :· .. : ·r-. ."of· a first :(ay¢r 40, a second layer 44 and a third :' • ;layer 48. Tlle first layer 40 is positioned adjacent .to one surfac.~ of the second layer 44. The third · <}:~ayer. 48 i~ ... ·positioned adjacent to a different ;·;:O':;~~:t'f ace of ·the second layer 44 so that the second :•-.>~ayer 44 sep~kates the· first layer .40 and the third ':,: •. ].C1yer 48·, witJi>;.'.t;he layers 40 ~ 44 and 48 all I:ying in 

·that are ,parallel to each other.· The . layeri;:; · 
·---~---- ------·-- ··- -------- --·---~~-- ------

. ·, ~! 

. .;,., . :·., .) 
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40, 44 and 48 are generally secured together by a 
thin adhesive layer applied between layers 40 and 44 

-and between layers 44 and 48. ',.'";<': 

Representative dimensions and compositions for 
'.the various elements illustrated in Fig. 2 are as 

· .. 'follows: ·In the preferred embodiment, the first 

·: .. ·. 

layer 40 has a thickness "w" of approximately .051 
millimeters and comprises full· hard 301, 302 or 304 
stainless steel. In more general te~s. the first 
layer 40 has a thickness "w" of approximately .076 .< ,lll;llimeters, or less, and comprises a rigid material 

:<.' such as stainless steel: Typically, the first layer 
.·. 40 comprises 300 series stainless steel, but other 

·.: .. st:,ainless steels and other rigid materials could also 
·be used (e.9. beryllium copper or titanium). 

In the preferred embodiment, the second layer 44 
. C()mprises a polyimide that has properties similar to 
·_··the properties of Kapton• E brand polyimide 

l'!le:µiufactured by E. I .. Du Pont <;le Nemours and Company 
·("Dupont''), including a dielectric constant in the 

.. ~ange of approximately 3.0 to. 3.5. Additionally, the 
.\::,:co.efficient of thermal expansion (CTE) of the ,··.·.:.·-· .. 

<"/~.:potyimide should· be such that the laminat~ 39 will be . .• . "-:=-~·. . 
..-::.- ... · .. · 

in a neutral stress condition after the laminate 39 
is manufactured. A neutral stress condition means 
that the laminate 39 will remain flat after 
manufacturing and will not curl up after either the 
first layer 40 or the third layer 48 are etched . 

. Furthermore, the adhesive used to secure the layers .=:·_:. • 

· · .. 40, 44 and 48 together should be sufficiently robust 

·;. 

". 

to keep the laminate 39 intact up to a temperature of 
approximately 350°C. 

In the preferred embodiment, the second layer 44 
a thickness "x" of 'approximately .. 0165 . 
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. : .... -::: :: -::: 

millimeters. This thickness is chosen because a thin 
layer 44 is needed to keep :the stiffness of the 
~uspension,lO low, but the price of polyimide films 

.... :_,,·.·. 

·thinner than .0165 millimeters is a limiting 
:..;.-

Roger.~~ Corporation {Circuit Materials Unit), of 
cyiandler, ~rizona, supplies a· laminate 39 having a 
second layef 44 that meets the s,pecifications listed 
~ove. I~ ordering the laminate 39, the desired 
material for the third layer 48, such as one of the 
alloys des~Z:ibed below, is provided to Rogers 

· Corporation ·: ·along with the specifications for the ·first layer .:40, the .second layer 44 and the third ·.·.c .. _ 

.. layer 48. · · Rogers Corporation then prepares a 
suitabl.e lam~nate using proprietary methods. : ... ~ :·.: 

In the }.~ogers laminate, the second layer 44 
comprises a .·•· ~0165 millimeter polyimide layer (layer <: ·, '44J which is.·/thou~ht to be the -.~ame polyimide (or a \/.simil:.ar po1y~_~ide) as is used in.- the Kool Base• brand ::~•.· ·,:::inaterial niariufactured by Mi t~tii Toatsu Chemicals, ·'···· 

.·. Inc. ·- ... 
In th~.Kool Base polyimide, a 

is applied to each side of 

thin layer of 
the polyimide .·:\··<-,iayer for boiiding the layer 44 to the layers 40 and ., ... 

>,_ 48 . 
. ·.-::: 

: .-.· ~. :· 

A subst:itute for the laminate is a ... ~·:- . 

laminate custom manufactured by:tfu.pont having a .0165 
millimeter layer of Dupont~~}.: ::EKJ self-adhering ·.·' polyimide composite (Kapton• >E brand . ; ':.·=· __ ,. polyimide 
manufactured, by Dupont) and ·Jt\eeting the other speci~ications listed above for -tile second layer 44. 

Stated more gen,erally, thE( ~·e'.eond layer 44 has a 
... "tiil.ckness "x" of approximately·(:::Jp1_8 millimeters or ... · less, and comprises a dielectrJ.d'Jhaterial such ·as a .:··:, 

havitj.g. a dielectric constant in the r.ange . .. ·: . ...;· ;··:.<< 

. ..;.~ -

........ 
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·pf approximately 3.0 to 3.5,~d. a coe££icient 0£ 
t;hermal expansion (CTE) which cil:llows the laminate 39 .. _.; 

· i:O be in a neutral stres.s . c;ondi tion· after the 
l

1

aminate 39 is manufactured. 
Polyimides 0£ the types. described in u.s. Pat. 

4,543,295 .and 5,298,331 are 
Nos. 4,839,232, 

: \})otentially use£ul 
· · the sui tabi li ty 

as the sec.011d 1 ayer 44, al though 
0£ a speci~:ic polyimide £or a 

·,.:. 

/p~rticular purpose should be v~.:t'.'.ified. Additionally, 
Teflon compounds 0£ the forni:(ila F(CF

2 
l,F are also 

stli table for use in the second layer 44, as are 
n()nconductive epoxies and otherdielectric materials. 

In the preferred embodimen.t, the third layer 48 
a thickness "y" of approximately .0178 

....... · .. m~ilimeters and comprises a copper-nickel-silicon­
, · mcignesium. alloy such as the copper alloy C7025 with a 

:' .).~03 temper (full hard heat temper) manufactured by 
9~·in Brass (composition 96.2% Cu; 3% Ni; 0. 65% Si; 
ajlq. .. 0 . 15% Mg) . . . .. 

... ,:c · Examples of other specific materials that can 
£unction as the third layer 48 i°iiclude the following: 
1 .. : a high strength beryl'].ium copper alloy 

·Cc:.(:)mpo.sition: 97 .2 - 98.4% Cu; o .. ~ - 0.6% Be; and 1.4 
.. · ·· 2. 2% Ni, such as Brush Wellman beryllium copper 

::::·· . .. alloy 3 (Cl 7510) with an HT; ·;,temper); 2. a high 
st~ength brass alloy (composiifo:n: 97.5% Cu; 2.35% 
Fe; 0. 03% P; and 0.12% Zn, sud~~~:~s Olin Brass copper 
alloy Cl94 with an ex. sprincf:·.~):i.emper); 3. a high 
strength titanium copper alloy ·.fC:~mposition: 96.1 -

. '. 96. 6% . Cu; and 2 . 9 - 3 . 4% Ti • sM'.ch as Nippon Mining 

.'.titanium copper alloy with a TiC~Rl::-EHM temper). 
Stated more generally, .. ;the third layer 48 

·comprises a high strength el~bt~ically condudting 
.µi'~f.:~rial and has a thickness ''y" of approxima.tely . 
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.018 millimeters or less. For purposes of the 
present invention, the term "high strength" refers to 

·• ~· material with a tensile yield strength ( S ) greater ~ .~· ,. ~.::::: .,, 
· .than 70 ksi ( ki lopounds per square inch) and which 
>J6esn't soften by more than 10% when exposed to a 
· .. ~~mperature of 300°C for one hour. 

Fig. 3 is a top view of the first transducer .. 
suspension 10. The suspension 10 has a slider 
pprtion 54, an arm portion 58 and a link portion 62 
(also referred to as a load beam). A plurality of 
e~ectrical lines 66 are present on a surface 70 of 
the system 10. Each electrical line 66 has a space 
74 positioned along each of its sides so as to 
p*event the electrical line 66 from shorting out with 

.. ~ adjacent electrical line 66. 
A plurality of hinges 78 are also shown in the 

s:µrface 70. The hinges 78 are regions in which the 
.third layer 48 has been removed to form channels in 
~e third layer 48. The hinges 78 increase the 
·f'~exibility of the suspension 10 and/or permit the 

··. sU;spension 10 to be bent at some predetermined angle. 
• :;-<:$imilarly, hinges can also be formed by .etching 

.. · ·.channels in the first layer 40. 
The portions 54, 58 and 62 designate regions of 

t4e suspension 10, but the suspension 10 is 
preferably formed from one continuous piece of 

. •.. . laminated material as is explained herein with 

1 •... 

re.spect to Figs. 2 and 4. 
The slider portion 54 is the part of the 

,suspe~sion 10 on which the read/write slider 22 is 
mounted. The electr.ical lines 66 form the electrical 
connections for connecting the slider 22 and the 
transducer 27 to an external system as is explained .··,,; :-:: 

>,1:~'±.er with respect to Fig. 5. 
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The arm portion 58 is the part of the suspension 1,Q that i~' connected to the actuator arm 18. 
~ypically~ :the arm portion 58 is attached to the a.ctuator arm 18 by bonding, welding, swaging or screwing the .arm portion 18 to the actuator arm along the first la:,yer 40 shown in Fig.· 2. 

The li1*:portion 62 connects the arm portion 58 to the slicie.r portion 54. The suspension 14 is identical to. the suspension 10 and includes all of the elements'.shown in Fig. 3, including the portions 54, 58 and 62 and the electrical· lines 66. 
Fig. 4 is a cross-sectional view of the ·suspension 10 illustrating that the electrical lines 66 are regions of the third layer 48 that are roughly . '·, 

rectangular i~ cross section, and that are separated · .. · .. from each acij'acent electrical line 66 by one of the ·· spaces 74. TP,:e spaces 74 extend down to the second · .. layer 44 so · that the second layer 44 is exposed . 
. . 

through the s,p,ace 74. 
The electrical lines 66 are formed by etching · ·the surf ace.: · 70 using standard metal etching > ·techniques. ·. :For example, when the third layer 48 ·coll\prises one of the copper alloys described above, the layer 48 is etched with ferri9 chloride or other suitable etchants. The.etching process removes metal from specified. regions, thereby forming the spaces 74 '.}... 

. •that define the electrical lines p6. In practice·, a typical chemi,cal etching procese · will not form a groove having the perfect · tr,ectangular shape . ~ :" <illustrated in Fig. 4 ·for the :.spaces 74. Actual grooves formed by .a chemical ~-tf=hing process are . slightly rounded or tapered as is:· .well-known in the ; art. 

>::lines 

In genel:'al, features such as the electrical 
66, the-:: ~~aces 74 and the h.inges 78 are .formed . 
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directly >·:.on the third layer 
~hotoli th#~:~~phic processes o~ ·· by using 

48 using 

numerically 
·cbntrollecf :imaging such as laser machining. 

.. In tlii~:;_·preferred embodim~ht, the first, second 
>: ~pd third~:·\t~fers 40, 44 and 48f initially comprise a 

•.... cbntinuous .. sheet of laminated material of stainless 
steel/polyft?d.4e/copper alloy laihinate. A plurality 
c;,~ slider s:G~pension systems io·are then manufactured 
from th~i ..... sb'~et of laminate ; using the techniques 

·' . described ai>6ve . 
. '· ~ 

Fig ... ·:~·f's a schematic diagram of a magnetic ··:·;:···· 

recording ·disk file 84 that utilizes the transducer ~itspension-::~y~tem 10 of the. pr~sent invention. It 
Jbuld be :app!c-eciated that the ~uspension system 14 

. ·< :i·~·· identic~J. >'.to the suspension _eystem 10 so that the 
··. · · £~i1owing Y:gg~ents apply · equally to either the 

sii$pension'',;;ystem 10 or the susp~nsion system 14. "It 
·· $9uld al$J: .·he appreciated that the suspension 

··· .. :·Systems 10<~rid 14 could be ~sed with other data ~-. ·:: ·.\. . 
": ·~ .. ·: 

: ·.: ;. . ·.storage sysi:~ih~. such as floppy .:disk drives, optical 
drives or cb~~~-ct disk players. 

The cti:5]i' file 84 compri~es a plurality of _._, .. ,: 

:::e:~~V::14f::g :::: :: a:i~=~:~o:~us: ~:i:~: 
shaft 92 which is connected to·.·a spindle motor 96. •': ... : .. · 

Motor .96 is mounted to a ·chassis:·1:00. 
The plurality of read/wri ~.~'.{'.sliders 22 and 26 

.. are position~d over the disks aa."such that each disk 
.. · · 88 -can be ~66essed by one of ~~- sliders 22 or 26 . 
. \,:,iiCi~h of the;:~liders 22 and 26 inbludes a transducer < .. 
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for reading and writing data on a plurality of 
concentric data· tracks on the disks 88 and are 
attached to one of the suspension systems 10 (or 14). 
Each of the suspension systems. 10 (or 14) are 
attached to the actuator arm 18 which is attached to 
a rotary actuator 104. The rotary actuator 104 moves 
the actuator arm 18 (and hence the suspension system 
10 or 14 and the sliders 22 or 26) in a radial 
direction across the disk 88. An enclosure 108 
{shown by a dashed line in Fig. 5) seals the disk 
file 84 and provides protection from particulate 
contamination. 

A controller unit 112 provides overall control 
to the system 84. The controller unit 112 contains a 

. central processing unit (CPU), memory unit and other 
digital circuitry and is connected to an actuator 
control/drive unit 116 which in turn is electrically 
connected to the actuator 104. This allows the 
controller 112 to control the movement of the sliders 
22 and 26 over the disks 88. The controller 112 is 
electrically connected to a read/write channel 120 
which in turn is electrically connected to the 

-sliders 22 and 26. This allows the controller 112 to 
send and receive data from the disks 88. The 
controller 112 i·s electrically connected to a spindle 
control/drive unit 124 which in turn is electrically 
connected to the spindle motor 96. This allows the 
controller 112 to control the rotation of the disks 
88. A host system 128, which is typically a computer 
system, is electrically ·connected to the controller 
unit 112. The host. system 128 may send digital data 
to the controller 112 to be stored on .the disks 88, 
or may request that digital data be read from the 
disks 88 and sent to the syste~ 128. The basic 
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operation and structure of d~ta ·. ~torage systems, such 

as the disk file 84 (without tjie suspension systems 

10 or 14), is well-known in tlieart and is described 

in more detail in Magnetic Re-c:ording Handbook, c. 
Dennis Mee. and Eric D. Daniel, . McGraw - Hill Book 

Company ( 1990) . 

Fig. 6 is an isometric :v~ew of a head gimbal 

assembly 130 (HGA 130) according to the prior art. 

The HGA 130 includes a ioad beam 134 and a pair of 

flexure arms 136 and 138. The flexure arms 136 and 

138 are joined at a slider portion 142. A slider 146 

is attached to the slider por~i~n 142. The slider 

146 is a conventio_nal maqnetol;~sistive (MR) slider 

having an air bearing surface a~d a backside surface 

which is on the opposite side o·f the slider 146 from 

the air bearing surface. A P:3'urali ty of read/write 

termination pads 150 are positioned on the backside 

of the slider 146 and a plurafi.ty of discrete wires 

154 are connected to the te~ination pads 150 for 

electrically connecting a pai'f .·~f head transducers 

(such as the transducers 27 and 28 shown in Fig. 1) 
to a read/write channel (such as the read/w.ri te 

channel 120 shown in·Fig. 5). 

The slider 146 is positi¢~ed in a cavity 158 

that is formed between the fle~:f.e .arms 136 and 138. 

The backside of the slider 146:Hfis attached to the ..... ;<. ::.:~· 
slider portion 142 and rests· on a dimple 161 

positioned on a support 162 w~i4h is an end of the 

load beam 134 that extends und.~i::~;.fhe slider 146. The 

flexure arms 136 and 138 are ~*'tknsions of the load 

beam ~34 which have _less thic~~:$~:: •. han the load beam 
,., . : ~;:. :·<: ·. 

134. A more thorough descript£9ii'~: of the HGA 130 can 

be found in u.s. Pat. No. 5,33i:·:4s~~-
Fig. 7 is .an isometric view of .a 

:~ : .. ~- head giJn]::>al . 

.:.:· '. 
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' 'ssembly :· : 170 {HGA 170) ac~ording to the present 
-invention..-: The HGA 170 includes a load beam 174 and ·:_·:::·. '. 

/ :,:_,:i;l pair of flexure arms 176 and 178. The flexure arms 
:=· = , .. :176 and 17$ are joined at a sl~.Cler portion 182. The 

·' ~iider poftion 182 includes a·;,~ab 184. A slider 186 
o;:i"s attach$~ to the tab 184, t~ically by a layer of ·..:;·::--_-_ · ·/:,··~poxy 188 ·.f positioned between the slider 186 and the 

tab 184 :fsee Fig. 10). f~e slider 186 is a 
: ~onventiori~l magnetoresistive (MR) slider having an .' ~ :". 

air bearin:~ surface 190 and a backside surface 194 
: ·':which is ?n the opposite side pf the slider 186 from 

the air b~aring surface 190. 
A plu¥ality of read/write:termination pads 198 

. a:re posit'ioned on the backsiCI~ surface 194. A 
··.· J>~urali ty: ~'£ electrical lines .202 are connected to 
.. :the terminat:ion pads 198 for·. ~l~ctric~lly connecting 

.• -.~~0-pair ot"{.head transducers (such as the transducers >2i7 and 2$·~·>shown in Fig. 1) to a read/write channel .-·:;·. 

/.<Y.~:uch as -th:e read/write channel 120 shown in Fig. 5) . ··~ically;: :.-hie electrical lines 202 are connected to :- ;·· .. 

. 'the termination pads 198 by ultrasonic bonding. A >~tjirality .bl spaces 206 are pqsitioned between the 
>electrical :biines 202 to prevent .. :~e electrical lines ·-,.-·.:-.·,., ... ' ..... . 

/-~02 from co?itacting each other. 
. . The ~:~.ider 186 i~ posi t:ioned in a cavity 210 
that is fo9tied between the fl·e~ll:re arms 176 and 178. 
The backsiC1.e surface 194 is ~ttiiched to the slider 
·portion 182.and rests on a dimp!~ci:area 213 formed on 
.a .· support 2l4 ( i . e. the dimple(i;_:·.'~rea 213 is a raised 
area positiohed between the bac}t~·ide surface 194 and th~ supp or( 214) . .The support '_2•.j_4 is an . end of the ld~d beam J.'74_ The flexure '.:a;rni:~ 176 and 178 are 
extensions 'of . :- ... ~- . . . . . .--: 

the load beam 174 ... :,·; . which have less 
1:hickness th~n the load . . . :· ~: beam ·174·~ In· the ·preferred . 

. . ·: ~ 
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. · eml>odime?l.£~ the load beam 174 is comprised of 

stainless· steel and the fle~ures 176 and 178 are 
·· . .-:·:=· .. ' ·.··:.· 

. formed by,::. ~hemically etching the··. stainless steel to 
:::..:·· ·:;: 

·reduce its thickness. 
•.··.· :-·: 

Fig~ 'e:.is a cross-sectional view of the HGA 170 
' .. ··. :·:" 

'illustrating:, that where the·electrical lines 202 
:;:·:. 

overlap :>:~hE!l load beam 174,,, the HGA 170 is a 

multilaye~e4· structure compris~(l·of a first layer 220 

analogous .· .. to the first layer 46, a. second layer 224 

a:palogous;tb the second layer· 44 and a third layer 

228 analog6J.s to the third layer 48. The dimensions 

and comp~~itions of the layer~ 220, 224 and 228 are 

identical /to those previously described for the 

layers .4¢,;,>' 44 and 48 with respect -to Fig. 2. 

However, .fli. the HGA 170, the layers 220, 224 and 228 

are orierit~d so that the third layer 228 is facing 
:; -~~ . . ·. 

away froni'1::he side of the disk 88 over which the 
. ·~ . :::. 

slider 186:'.i·s flying. 
·,:.,:·· 

Fi9. > 8 also illustrates that the electrical 

lines 202'iar~ regions of the th~rd layer 228 that are 

roughly· r~ctangular in cross section, and that are 
.···; .. ···. . 

separated frbm each adjacent el:.~ctrical line 202 by 
.·.·:·:··:..:· 

one of thEi;-/spaces 206. The spac::es 206 extend down to 

the seco~d~iayer 224 so that t~e second layer 224 is 

exposed th;o~gh the space 206.: :'.Q.pe of the spaces 206 

is positiori~d along each side (>f. an electrical line 

202 so as_.'."to prevent the elec~·~ical. line 202 from 

shorting wi.th an· adjacent elec,'t·rical line 202. The 

electrical.·,;·jjines 202 are formed•':."i'n ·the same manner as 

was previ6ti~ly described for th.~<etectrical lines 66 . 
. .. ~ : . . . 

:•·.· 

Fig. :.JJ is a cross-sectiop.~l :view illustrating 

that where.the electrical lines202 cross the_ slider 

;186, the fir,s,t layer 220 has been _completely removed . 
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from underneath the second layer 224 leaving only the 

layers 224 and 228. A space 232 separates the slider 

186 from the second layer 224, thereby allowing the 

slider 186 to gimbal (move) more or less unrestricted 

.from the electrical lines 202. 

Fig. 10 is a cross-sectional view illustrating 

that the electrical lines 202 and the second layer 

224 are positioned on a first side of the tab 184. 

The tab 184 supports the electrical lines 202 and the 

second layer 224 and provides strain relief for the 

electrical lines 202. The layer of epoxy 188 is 

positioned on a second side of the tab 184 for 

bonding the slider 186 to the tab 184. 

Each electrical line 202 is bonded to one of the 

termination pads 198, preferably by ultrasonic 

bonding. The termination pads 198 are regions where 

a plurality of electrical leads 236 terminate on the 

backside surface 194, with each electrical lead 236 

terminating in one of the pads. 198. The electrical 

leads 236 provide electrical connection to the 

transducers on the slider 186. 

As can be seen in Fig. 10, the second layer 224 

is positioned between the electrical leads 236 and 

the· electrical lines 202, thereby preventing the 

electrical lines. 202 from shorting the leads 236. 

The construction and use of the HGA 170 is 

analogous to the construction and use of the 

suspension 10 shown in Fig. 3, and the HGA 170 can be 

substituted for the suspensions 10 or 14 in the disk 

file 84 shown in Fig. 5 .· Specifically, the slider 

portion 182 is analogous to the slider portion 54 and 

the load beam 174 is analogous to the link portion 

62. In use, the load beam 174 includes an arm 

portion (not shown) analogous to the arm portion.· 58. 
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The slider"<ia6 includes one orfmore data transducers 

for readin~:('_ELnd/or writing dat~.;p;n a magnetic medium. 

However, with the HGA 170, the' electrical lines 202 
: -:-_ .... : . ·. ~-: . . : ·. . . :.-

ext end a!Onq:.~e side of the lo~d .beam 174 that faces 

away from/~~( disk 88 (shown ih E'ig. 5) on which the 
: . : :· ~.. . . . . . . . 

slider 186i'sreading or writirig data. 

The fl~~tlres 176 and 178. .• a:re regions of reduced 
:, .. _,. •·: 

stiffness .(iqqmpared to the 
:·.,:.': 

separate th~·;: slider po;-.tion . ; '.· > .. :"'::-~ 

174 and wiiidh function to 

conform t~,;:;·;;.::;and fly over, 

(shown in ~i'«J. 5) . 
• ·· .. ·'·.:v .. :" ·-

load beam 174) that 
·'·· 

182 from the load beam 

allow the slider 186 to 

recording disk 88 

In tli~:.· :preferred embodim~nt, the HGA 170 is 

manufactur~C'i::\. :;:from a laminated :material such as the 

mul tilayer~~x\< laminate 39 shown in Fig. 2. 

Photolitho~t~~hy and chemical et:ching are then used 
' ~ ;'·," ·' : 

to form thef.various features of(the HGA 170, such as 

the electri~~~·:· lines 202, the f}exures 176 and 178 

and the ~l?~pe 210. This m~ufacturing process 

eliminates· Yth~ need to add discrete twisted pair 

read/write .9·~'.~es to the HGA 170/by hand. 

Fig. .ij{:'f~s an alternative embodiment showing the 

electrical £ih~s 202 attached t~·t,·the electrical leads 

:::,,,:~e: • ~~$~:::~nq in t;~:.i~:r, N=~~il:~ 76~ 699 ~= 
4, 789,914. }~?}··this· a~ternativW ~inbodiment, a solder 

ball 240 is ,~dc:ied to each term:i.~~i:ion p~d 198. The 

second laye;•< :224 is extended '';C,ker ·the termination 

pads 198 a?l~':·~n aperture 244 :i'.~;'..~tehed through the 

second laye& 224. A · solderY'.: Ball · 248 on the 
.;v' 

electrical line 202 is then r~f:£6wed to the solder 

ball 240 thl:-¢.µgh the aperture ~44;.>h~ing a laser or a 

hot tip to:~~it the solder. :Pffi~erably, the solder 

balls 240 arid.:·'/'248 comprise tin-'t.~ad ( SnPb l or ... tin-
... :·:'.···:.\::. . . ·:,-·-· 
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bismuth f(SnBi) eutectic solder, but other types of 

solder can:,,l:>e used. 

Refei:ring now to Figs. 1 and 2, the utility of 

the lami.~'.~ted structure 39 can be explained. The 

trend within the hard disk drive industry towards 

smaller dr~ves has created a demand for very small 

(and low c.cl"st) head gimbal assemblies. The laminated 
• ... ! 

structure '·of the transducer suspension 10 permits 

very smal~ head gimbal assemblies to be designed 

espec;ially :'.when the third layer 48 is comprised of a 

high strength electrical conductor. 

The tli~ee layers of the suspension 10 function 

as follows: The first layer 40 (or 162) is a 

stiffener lc:i.yer that gives rigidity to the system 10. 

The second. layer 44 (or 164) is comprised of a 

dielectric )naterial that functions as an electrical 

insulator~b~tween the first layer 40 (or 162) and the 

third layer" 48 (or 166). For some applications,· it 

is useful'~t the second layer 44 (or 164) is a 

dielectric,· \naterial that also has viscoelastic 

prqperties 

damping. 

(like a 

Viscoelastic 

polyimide) 

means that 

which increases 

the stress in a 

deformed ma~erial is proportional to both the 

deformation and the rate of deformation. 

Viscoelastic: m~terial~ also exhibit creep and 

relaxation ~~havior. Creep means that under constant 

stress the deformation increases in time. Relaxation 

means that · under constant fixed deformation the 

stress decre,ases steadily in time. 

The thftd layer 48.(or 166) is comprised of a 

high strength electrically conducting material, such 

as one of the high strength copper alloys described 

prey-iously, . The third layer 48 (or 166) is 

preferably ·comprised of a high conductivity alloy . 
. '., 
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(e.g. a copper alloy)· because the electrical lines 66 

(or 154) need to function as efficient electrical 

conductors. 

The use of high strength alloys in the third 

layer 48 (or 166) is important for several reasons: 

First, the use of a high strength alloy in the 

conductor layer reduces the stiffness of the 

suspension 10 (or 130) which is important when the 

slider 22 (or 152) is small {See Example 2 below). 

Second, the use of a high strength alloy permits 

the thickness of the third layer 48 (or 166) to be 

kept less than or equal to eighteen microns (as shown 

in Example 1 below, thickness varies inversely with 

the square root of yield strength). 

Third, the use of a high strength alloy permits 

more design options such as the integration of the 

electrical lines 66 {or 154) and the hinges 78 

directly into the third layer 48 (or 166). 

Similarly, the use of a high strength alloy permits 

the use of the flexures 134 and 138, because the 

third layer 166 carries most of the load once the 

first layer 162 has been removed. 

Fourth, the high strength copper alloy adds 

robustness to the suspension and reduces yield losses 

due to handling damage durin~ the manufacturing 

process. 

Example 1 - The reason use of a high strength 

alloy reduces the thickness of the third layer 48 

(or 166) is illustrated by the following discussion: 

The thickness ".t" of a rec~angular metal strip 

having a width "w" and a length ·~t" js related to the 

yield strength of the material "Sy " by eguatio:n 1: 

t = C/ S,.. (lJ . 

': 
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where C -=.': -constant = ·.·:· 
( 6PL/w) '-/2 and P is the load 

applied tdX'"t:he metal strip to cause it to bend. 

The <¥c:>~lowing calculation. uses Equation 1 to 
·'v", ,\• 

illustrate,>:that if the metal. strip must carry the 

same load (~J and is comprised of a second material 

having a y£:~ld strength which is three times greater 

than the yi~1d strength of a first material, then the 
,. " ~ ,:·: .·. 

metal str:ip ·'._:. comprised of the second material can be 

42% thinne,r_'><)and still have the same strength: If s 
)'1 

= soft cop~~r yield strength = 30 ksi; and S,.
2 

= high 

strength ~opper alloy yield strength = 90 ksi; then 

t,. /\ = (~-~~/S ,.,. )112 = . 58 (a 42% reduction in 

thickness) ·:. : 

Example>2 - The reason use of a high strength 

alloy reduce13: the stiffness.of the third layer 48 (or 

166) is illtj1:1trated by the following discussion: 
·'·.··:.' 

The st~ffness "k" of a rectangular metal strip 

having a wid.fb "w" and length "L" is related to the 

thickness ·~-~ti of the material by equation 2: 
<'.-.... 

<-\ k = Dt> (2) 

where D = co,iistant = Ew/6Ir andE is Young's modulus. 

The following calculation , uses Equation 2 and 
. ~- . ~ 

the result \qf Example 1 to illustrate that if the 

the same load (P) and is metal strip.:inust carry 

comprised d:f' . a second 

strength whi'?li is three 

material having a yield 

times-~reater than a first 
·,; . 

material~ tJ?,.en the metal strip· comprised of the 

second mater~al has an 81% reduction in stiffness: If 
··.'.:1 ... 

s .. 1 = .soft ~()pper yield strength::: = 30 ksi; 

high strength. copper alloy yield' strength 
.. <'.' .. · ..... :;. 

then k
2
/lf = (t

2
/1!) 3 = (.58) 3 =.:,lg .(an 81% 

in stiffnesf>J:·~ 

~'. .. ' : . 
.. 

and S = 
y2 

= 90 ksi; 

reduction 
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Fig. 12 illustrates a head gimbal assembly 260 

(HGA 260) of the type used in the prior art. The HGA 

260 comprises a slider 264, a load beam 268, an arm 

portion 272 and a plurality of electrical wires 276. 

The electrical wires 276 are discrete wires which are 

routed over the back of the slider 264 and are tacked 

in. place with epoxy. The re~ulting_epoxy "bump" 

takes up space in the vertical.direction (called "z­

height") and limits how closely a pair of magnetic 

disks can be stacked adjacent to each other in the 

disk file. 

A swage joint 280 connects the arm portion 272 

to an actuator arm, such as the arm 18 illustrated in 

Fig. 5. A region 284 and a region · 288 indicate 

portions of the load beam 268 which extend beyond the 

slider 264, thereby taking up disk area at the ID 

track of the magnetic disk. 

Fig. 13 illustrates a head gimbal assembly 292 

(HGA 292) according to the present· invention. The 

HGA 292 comprises a load beam 296, a flexure arm 300, 

a flexure arm 304, a slider portion 308, a slider.312 

and a plurality of electrical lines 316. A plurality 

of spaces 320 are positioned adjacent to each side of 

the electrical lines 316 to prevent the electrical 

lines 316 from contacting each other or other 

electrically conductive material. The electrical 

lines 316 are positioned on a dielectric layer 322 

that prevents the electrical lines from contacting 

other electrically conductive materials. 

In the preferred embodiment, the load beam 296 

is elongated, like the load beam 268 of the HGA 260, 

and the HGA 292 includes an arm portion, like the arm 

portion 272 shown in Fig. 12., for connect_ing the 

load beam 296 to an actuator ·arm. The load beam 296 
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includes an end 326. 

The load beam 296 and flexure arm 304 are 

contoured to fit tightly against a disk spacer 324 

such that the HGA 292 contacts the spacer ring 324 at 

a corner 328 of the slider 312. The spacer ring 324 

is the portion of the spindle hub 92 that separates 

the disks 88 in Fig. 5. An arrow 330 indicates the 

direction of rotation of the spacer ring 324 (and the 

attached magnetic disk). 

The Slider portion 308 and flexure arm 304 are 

contoured so that the HGA 292 does not take up 

additional disk space at the disk ID track. This 

allows more data tracks on the disk to be utilized 

for storing data. Typically, the design of the HGA· 

292 allows side clearances between the slider corner 

328 and the read/write element as low as .45 mm to 

.80 mm., depending on the slider size and. read/write 

element location. 

The flexure arm 300 includes a beam portion 332 

which is oriented approximately parallel to the 

longitudinal axis of the flexure arm 300 but rests in 

the same plane as the flexure arm 300. Similarly, 

the flexure arm 304 includes a beam portion 336 which 

is oriented approximately parallel to the 

longitudinal axis of the flexure arm 304 but rests in 

the same plane as the flexure arm 304. The length of 

the beam portions 332 and 336 can be siz~d to ensure 

that the slider 312 translates (without pitch and 

roll rotation) when the load 402 (shown in Fig. 17) 

is applied. 

In the preferred embodiment, the beam portion 

332 is a continuous part of the flexure arm 300 that 

is· connected to the flexure arm 300 by a u~shaped 

curve section 337. Similarly, the beam portion· 336 

': 
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is a continuous part of the flexure arm 304 that is 

connected to the flexure arm 304 by a u-shaped curve 

section 338. 

The slider portion 308 is an "I-shaped" 'member 

that incl~des a longitudinal section 340 and two 

cross members 341 and 342. The beam portions 332 and 

336 intersect the cross member 342 near an edge 343 

of the cross member 342. An opening 344 is formed in 

the region bounded by the end 326, the flexure arms 

300 and 304, the beam portions 332 and 336 and the 

edge 343. 

The electrical lines 316 extend over the 

longitudinal section 340, the cross member 342 and 

across the opening 344. An "S-shaped" loop 348 is 

formed by some of the electrical lines 316 in the 

opening 344.near the end 326. Similarly, a reverse 

"S-shaped" loop 352 is formed by some of the 

electrical lines 316 in the opening 344 near the end 

326. The purpose of the loops 348 and 352 is to 

create some "play" in the electrical lines 316 so as 

to minimize the contribution of the electrical lines 

316 to the pitch and roll stiffness of the HGA 292. 

Fig. 14 is an isometric view of the HGA 292 

illustrating that the edges of the load beam 296 are 

curved downwards (i.e. in the direction away from the 

electrical lines 316) to form a stiffening flanqe 360 

and a stiffening flange 364. The downward curl of 

the flanges 360 and 364 means that they do not 

require additional z height. 

Fig. 14 also illus.trates that a pair of read 

termination pads 368. and a pair of write termination 

pads 372 are located on ·a trailing.edge 376 of the 

slider 312. One electrical line 316 is attached to 

each termination·pad 368 and to each termination ·pad 
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372. prefercibly by ultrasonic bonding. The slider 

312 is a cpnventional magnetoresistive slider having 

an air beaping surface 380, a leading edge 381 and a 

backside !5~.rface 385 positioned opposite to the 

airbearing:· laurface 380. The slider 312 also includes 

one or more. data transducers for reading and/or 

writing d~~a on a magnetic medium, and these are 

usually pos_~tioned on the trailing edge 376. 

The lqad beam 296 has a backside surface 387 

that faces ~way from a disk 388 on which the slider 

312 is read:i.~g and/or writing data. 

Fig. 15 is a cross-sectional view of the HGA 292 

illustrating. that where the electrical lines 316 

overlap the .load beam 296, the HGA 292 is a 

multilayereq.structure comprised of a first layer 390 

analogous to the first layer 40, a second· layer 394 

analogous to the second layer ·44 and a third layer 

398 analogoµs to the third layer 48. The dimensions 

and composit~ons_of the lay~rs 390, 394 and 398 are 

identical to those previously described for the 

layers 40, 44 and 48 with respect to Fig. 2. 

However, in.the HGA 292, the layers 390, 394 and 398 

are oriente.4:, so that the third layer 398 is facing 

away from the air bearing surface 380. The second 

layer 394 is positioned between the slider support 

portion 308-~nd the third layer 398. 

Fig. 15 also illustrates that the electrical 

lines 316 are regions of the third layer 398 that are 

roughly rectCUlgular in cross section, and that are 

separated from each adjacent electrical line 398 by 

one of the spaces 320. The spaces 320 extend down to 

the second layer.394 so that the second layer 394 is 

exposed through the space 320. One of the spa~es 320 

is positioned; along each side of an electrical .lin~ 
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316 so as ,to prevent the electrical line 316 from 

shorting with an adjacent electrical line 316. The 

electrical.'lines 316 are formed in the same manner as 

was previously described for the electrical lines 66. 

Fig. 16 is a cross-sectional view illustrating 

that where·:tµle electrical lines 316 cross the opening 

344, the fi:rst layer 390 has been completely removed 

from underne·ath the second layer 394 leaving only the · ..... , 

layers 394· and 398. The combination of the 
·' ·: 

electrical lines 316 and the second layer 394 is 

ref erred to: as an integrated electrical cable 399. 
.. 

In tile: pref erred embodiment, the HGA 292 is 
···. 

' 
manufactured f.rom a laminated material such as the 

multi layered laminate 39 shown in 

Photolithog~aphy and chemical etching are 

Fig. 2. 

then used 

to form th:oe'.various features of the HGA 292, such as 

the electr:f.'cal lines 316, the flexure arms 300 and 
304 and the· >;opening 344. 

Fig. 17 is a side view of ·the HGA 292 

illustrating_ :that the deflection "d" due to the load 

"L" takes place in the space "T" between the disk 388 

(shown in E'~g. 14) and a back surface 407-of the HGA 

292, and doe~ not require additional z-height. Z­

height is defined as ·height in the direction "z" 

illustrated.by the coordinate system shown in Fig. 

17. The loa!:f "L" is a force applied in the direction 

indicated by , the arrow 402 which arises from a 

preformed area near the arm attach area of the load 

beam 296. 
The de~ign of the HGA 292 is chosen so that the 

total z-heiqht of the HGA 292 is equal to thic~ess. 

· of the slide~ 312 plus the thickness of 1;he load beam 

296 and the :'iayer of epoxy :that b.onds the slide~· 312 
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to the slider portion 308, plus the thickness of the 

electrical cable 399 positioned on top of the slider 

portion 308. In the preferred embodiment, the total 

z-heiqht of the HGA 292 is less than or equal to 1.3. 

mm. The thickness of the electrical cable 399 is 

less than or equal to .035 mm. Typically, the design 

of the HGA 292 allows the disks 88 (shown in Fiq. 5) 

to be spaced 1.0 mm to 1.3 mm apart, depending on the 

size of the slider 312. 

Fiq. 17 also shows that a region 406 of the 

flexure arm 300 has a thickness which is less than 

the thickness of the load beam 296. The flexure arm 

304 has a similar thickness to the flexure arm 300. 

The flexure arms 300 and 304 are regions of reduced 

stiffness (compared to the load beam 296) that 

separate the slider portion 308 from the load beam 

296 and which function to allow the slider 312 to 

conform to, and fly over, a magnetic disk (like the 

recording disk 88 shown in Fig. 5). The flexure arms 

300 and 304 are comprised entirely of the first lay~r 

390 and form continuous extensions of the load beam 

296. 

Fiq. 18 ·illustrates a frame 410 used in 

manufacturing the BGA 292. The frame 410 is formed 

as an extension of the HGA 292 when the laminated 
.• ·. 

material, such as the. mul tilayer.ed laminate 39 shown 

in Fig. 2, is etched to yield th~ HGA 2Q2. The frame 

410 abuts the slider portion 3o~r'.and the·flexure arms 

·300 and 304 at the shec;i.r lin~s 422. All of the 

elements of the HGA 292 shown inE'igs. 13 and 14 are 

formed approximately simultane9~sly with the frame 

410, including the load beam 296; -the flexure arms . 

300 and 304 the slider portion 308, the _plurality of 

electrical lines· 316, the _plural,.ity of spaces. ··320, · 
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the slider portion 308 and the beam portions 332 and 

336. The slider 312 is, not part of the frame 410, 

but is attached later as is exp·~·ained below. 

The frame 410 also inclµd~s an aperture 414, a 

plurality 'Of electrical line extensions 418 and a 

plurality of shear line~ 422. · The slider 312 is 

positioned at a ninety degree angle to the frame- 410 

with the termination pads 3,68 and 372 positioned 

along a line 426 and underneath the electrical lines 

316. 

An ultrasonic bonding he~d is then positioned 

above the termination pads 3~8 and 372 with the 

electrical lines 316 between the ultrasonic bonding 

head and the termination pads ·368 ~nd 372, and the 

electrical lines 316 are ultrasonically bonded to the 

termination pads 368 and 372. In.the preferred 

embodiment, the electrical linef!i::·316 are plated with 

gold before the bonding process: .takes place, in order 

to facilitate the ultrasonic bon4ing process. 

After the electrical · lines 316 are 

ultrasonically bonded to the termination pads 368 and 

372, the frame 410 is sheared·away from the HG~ 292 

at the shear lines 422. The HGA 292 is then rotated 

ninety degrees while holding the:}slider 312 fixed so 

that the slider 312 becomes p~~:i.;~ioned in a position 
:. ·~ ~\> 

430 indicated by phantom ·!±~es in Fig. 18. 

Alternatively, the slider 312 : 'C:'oiild be r:otated into 

the position 430 while holdirtJo:-/!"the HGA 292 fixed. 
:·. : .. : -~ ('. 

When the HGA 292 is rotated, tl)E!~xtensions 418 break 

off at a plurality of brea~: ··.points 434, thereby 

completely freeing ·the HGA 2$;~ fj·:om the frame 410. 

The slider 312 is then bonded',[~~.{ the slider portion. 

308 with epoxy to secure it to the HGA 292 . 
. : . :~ .. 

E'ig. 19 is an alternative embodiment of· the 

:< 
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present invention illustrating a head gimbal assembly 

440 (HGA 440). The HGA 440 comprises a load beam 444, 

a flexure arm 448, a flexure arm 452, a slider 

portion 456, a slider 460 and a plurality of 

electrical-lines 464. A plurality of spaces 468 are 

positioned adjacent to each side of the electrical 

lines 464 to prevent the electrical lines 464 from 

contacting each other or other electrically 

conductive material. The electrical lines 464 are 

positioned on a dielectric layer 472 that prevents 

the electrical lines from contacting other 

electrically conductive materials. 

In the preferred embodiment, the load beam 444 

is elongated, like the load beam 268 of the HGA 260, 

and the. HGA 440 includes an arm portion, like the arm 

portion 272 shown in Fig. 12., for connecting the 

load beam 444 to an actuator arm. The slider 460 is 

similar to the slider 312 and -has an air bearing 

surface 476 and a backside surface 480. The 

electrical lines 464 run across a space 484 and 

include a pair of s-shaped loops 488 and 492 (other 

shapes are possible). A stiffening flange 49·4 is 

positioned along each edge of the load beam 444. The 

load beam 444 has a frontside surface 495 which faces 

in the same direction ~s the airbearing surface 476. 

The dielectric layer 472 is positioned on the 

frontside-surface 495. 

The shape and composition of the HGA 440 is 

similar to the shape and composition of the HGA 292, 

except as follows: The.slider 460 is mounted on the 

opposite side of the HGA 440 as compared to the HGA 

292, so that the airbearing surfac.e 476 is on the 

same side of the HGA 440 as the electrical lines 464. 

Additionally, in the HGA 440, the -slider 460 is 
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rotated 180 degrees so that a plurality of 

termination pads 496 are positioned proximally to the 

solder bumps 500 on the electrical lines 464. 

Since the electrical lines464 do not have to 

extend ove~ the slider 460, t.lle electrical lines 464 

can be attached to the term:i.11a::tion pads 496 ·by a 

plurality of solder bumps 500 ~,<·.~or example by using 

the soldering technique disclo.s.~d in U.S. Pat. No. 

4,761,699. Because of the orf~~tation of the slider 

460, a magnetic disk 504 rotates in the direction of 

an arrow 508, which is opposite to the rotation shown· 

in Fig. 13 by the arrow 330. 

Fig. 20 is a cross-sectional view of the HGA 440 

illustrating that the dielectric layer 472 is. 

positioned betwe~n the electrical lines 464 and the 

space 484 and slider portion 456. The electrical 

lines 464 and the spaces 468 hav~ the same shape_s and 

compositions 

. electrical 

as was · described·previously for 

lines 316 and the spaces 320 shown 

the 

in 

Figs. 15 and 16. 

Fig. 20 also illustrates tµat the slider 460 is 

bonded to the slider portion ~56 (preferably with 

epoxy) and that the flange 494 iEJ bent upward (in the 

direction of the. air bearing surface 4.76) to minimize 
·;.• .... : .. 

z-height. The HGA 440.exhibit~·the same reduced z-
. ~;·,.· 

height and side 

previously with 

Although 

described in 

embod:i,ment, it 

space clearance as was 

respect to the 

the present 

terms of the 

HdA 292. . : -~'; ; .•:. 

*11vention 

,. presently 
';·· 

is to be understood 
: : ' :' '~ ~ 

described 

has been 

pref erred 

that such 

disclosure is not .to be int~tj;reted as limiting. 

Various alterations and modific~f.ions will no doubt 

become apparent to those skill~.g in the art after 

having read the above disclosure ... Accordingly, i.t is 
.. 
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intended tjl:at the appended cb~.ims be interpreted as 
covering Cill alterations and_,~odifications as fall 
within the., true spirit and sc0,p~ of the invention. 

·' '.' 

. ···~ 
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CLAIMS 

What is claimed is: 

1. A suspension system f o-r supporting a data 

transducer comprising: 

a slider support member '!or holding a slider 

having an air bearing surface ~nd a backside surface; 

a load beam for applying a:load to the slider; 

an electrical cable extending along the load 

beam and positioned for connection to the backside of 

the slider, the electrical cable being comprised of a 

first layer and a second layer, the second layer 

positioned on the first layer and comprising at least 

a first elongated strip of a high strength 

electrically conductive material and a second 

elongated strip ~f the high strength electrically 

Gonductive material, with the first elongated strip 

being separated from ·the second elongated strip by a 

space that prevents the first elongated strip f~om 

electrically shorting the seconCI,_ electrical strip and 

the first layer being positioned between the backside 

surface of the slider and the second layer. 

2. The suspension of claim 1 wherein the second 

layer has a thickness less than.or equal to eighteen 

microns. 

3. The suspension of claim 1 wherein_ the second 

layer comprises a high s~~ength electrically 

conductive material selected,_/. from the group 

consisting of cu...:Ni-Si-Mg allo~> Be-Cu-Ni alloy. Cu­

Fe-Zn-P alloy and Cu-Ti alloy. 

. . .. ' ~-.; . . 

4. The suspensipn of claim 1 wherein the first I:ayer . 

comprises a polyimide. :---·-------.-=--· ----=-------..: ________ -
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5. A suspension system fqr _supporting a data 

transducer comprising: 

a data transducer for . ~.eading and/or writing 

data on a data storage medium~ 

a slider 

slider having 

for holding th~'data transducer, the . . _,.:. ·. ' 

a backside surfa.c:e which is positioned 

away from the data storage med.J'..1.lrn; 

a slider support.member £~~·holding the slider; 
;: . .-·. 

a load beam for applying 'a; .. load to the slider; 

a flexure that connects.the load beam to the 

slider support member, the flexure comprising a first 

arm and a second arm; 

an electrical cable extending along the backside 
·.··:: 

surface of the slider and comp~ised of a first layer 

and a second layer. the second:· 1ayer positioned on 
·-.. : :;· .. . 

the first layer and compris$.~q· at least a first 

elongated strip of a high /s-trength electrically 

conductive material and a secciria elongated 

the high strength electricaliy>6onductive 

strip of 

material. 

with the first elongated strip·being separated from 

the second elongated strip by 'a . space that prevents 

the first elongated strip from electrically· shorting 

the second electrical strip, . _a:n;g the first layer 

being.positioned between the b~6kside surface of the 
.... 

slider and the second layer; and : 
a first termination pad?wh.ij:h is electrically 

connected to the data transdudEh< .''a:lld is positioned on 
;_.·._,:··. 

the backside surface of tlie .'.,slider. the first 

elongated strip being electr*~all;y copnected to the 

first -termination pad. ": ·.·:I:;, 
-.. :·'.>~>-.:.~ .. : ~:~\-. 

:·, .·.::· 
.:·•:,; 

6. The suspension of clai~·:S <;herein the second. 

layer has a thickness less than>~r · equal to e_ighteen 
.·;. ,:::.~~-': :.. ---·-·----··- .... ---~ ----------

microns. 
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7. The.i:;~spension of claim 5 wherein the second . .· . 
. ···:.·;,- -: . 

high · .. strength electrically layer cpmprises a 

conducti vf!:.' > material selected from the group 

consistinq·;.·:~:e cu-Ni-Si-Mg all~_y, Be-Cu-Ni alloy, cu­

Fe-Zn-P al~~y and Cu-Ti alloy. · 

8. The su~~~nsion of claim 5 wh,~rein the first layer 

comprises a::polyimide. 

9. The su$~~nsion of claim 5 wherein the first layer 

comprises <a:_dielectric materia.l selected from the 

group co:q.~{~ting of a polyimide, an epoxy and a 

Teflon. 
::.·.::: 

. .. ;_ . .-:· 
~ : : . 

10. The . :*-4spension 

elongated :5-trip is 

of claim 5 wherein the first 

electrically connected to the 

first term4~~tion pad by an ultr~sonic weld. 

11. The :stkpension 
· .. !··: .• • 

of claim ·5 wherein the first 

elongated <strip is electrically connected to the 

first termiri.~tion pad by solder . 
. ".':-";:_.:·: 

. ,. 

12. The ~~}~pension of claim s .. further comprising a 

support t~:;:·. positioned on :1:-he backside surf ace 

between the;'.H;··slider and. the fir_~·( layer, the support 

tab providi:rig mechanical suppo#tfor the electrical 
:·.;;·:.· 

cable. ·'·· .. · 

~: ·.-, :·_: 

13 . The sti:~pension of claim B: .. ~herein the flexure 

means .comp~~~ks a dielectric'fayer comprised of a 

dielectric fua'.terial .and a con(}tldfive layer comprised 

of a high·::~k~ength electrica11¥.f'-~'.honductive material 

positione<;l, d~er the dielectric lciyer. 
--.;~:.:: .. =:: 

.· ... · 

." : ~::. 
. '· ~: ... 

i .·· 

------·- --·­p-- --···--- - -----· 
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14. The suspension of claim 13 wherein the 

conductive layer comprises a high strength 

electrically conductive material selected from the 

group consisting of Cu-Ni-Si-Mg alloy, Be-Cu-Ni 

alloy, Cu-Fe-Zn-P alloy and Cu-Ti alloy. 

15. A suspension system f.or supporting a data 

transducer comprising: 

a slider support member for holding a slider 

having an air bearing surface, a backside surface, a 

leading edge and a trailing edge; 

a load beam for applying a load to the slider, 

the load beam having a backside surface; and 

an electrical cable extending along the backside 

surface of the load beam and positioned for 

connection to the trailing edge of the slider, the 

electrical cable being comprised of a first layer and 

a second layer, the second layer positioned on the 

first layer and comprising at least a first elongated 

strip of a high strength electrically conductive 

material and a second elongated strip of the high 

strength electrically conductive material, with the 

first elongated strip being separated from the second 

elongated strip by a space that prevents the first 

elongated strip from electrically shorting the second 

electrical strip and the first layer being positioned 

between the slider support member and the second 

layer. 

16. .The suspension of claim 1.5 wherein the second 

layer has a thickness less tha~ or equal to eighteen 

microns. 

17. The suspens~on of claim 15 wherein the second 
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layer comprises a 

conductive material 

high .. s~rength 
··.::·' 

selected from 

electrically 

the group 

consisting of Cu-Ni-Si-Mg al,l;oy, ae-Cu-Ni alloy, Cu­

Fe-Zn-P alloy and CU-Ti alloy. · 

18. The suspension of claim . :].5 wherein the first 

layer comprises a polyimide. 

19. The suspension of claim 15 wherein the z-height 

of the suspension is less tha:ri or equal to 1.3 mm. 

20. The suspension of claim 15 further comprising: 

an aperture positioned between the load beam and 

the slider support member; and 

a free portion of the electrical cable 

positioned over the aperture. 

21. The suspension of claim ·. 20 wherein the free 

portion includes a s~ction of the electrical cable 

that forms a curve. 

22. A suspension system for supporting a data 

transducer comprising: 

a data transducer for #.~~ping and/or writing 
.:::···:.:::· .. 

data on a data storage medium; . , . 
. ··.··o··.·. 

a slider for holding the data transducer, the 
. '·' .. ·.· 

slider having a backside surfa:c~,which is positioned 
, .... :,,· .. :~ . 

away from the data storage medilJ,nf; 

a slider support member fh~:-:liolding the slider; 

a load beam for applyincjji~·.'.s'1oad to the slider, 

the load beam having a backsid~:.~~iirface; 
an electrical cable exten~t~J along 

and 

the backside 
, : .:;: .:~·:. 

suJ;"f ace of the load beam and position~d for 

the slider, -. ~-.:-------

liiii nr 
connection to the trailing edg~ .?.f 

·_, .. ·. 
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electrical cable being comprised of a first layer and 
a second layer, the second layer positioned on the 
first layer and comprising at least a first elongated 
strip of a high strength electrically conductive 
m~terial and a second elongated strip of the high 
strength electrically conductive material, with the 
first elongated strip being separated from the second 
elongated strip by a space that prevents the first 
elongated strip from electrically shorting the second 
electrical strip and the first layer being positioned 
between the slider support member and the second 
layer. 

23. The su$pension of claim 22 wherein the second 
layer has a thickness less than or equal to eighteen 
microns. 

24. The suspension of claim 22 wherein the second 
layer comprises a high strength electrically 
conductive material selected from the group 
consisting of Cu-Ni-si~Mg alloy, Be-Cu-Ni alloy, Cu­
Fe-Zn-P alloy and Cu-Ti alloy. 

25. The suspension of claim 22 wherein the first 
layer comprises a polyirnide. 

26. The suspension of claim 22 wherein the z-height 
of the suspension is less than or equal to 1.3 mm. 

27. The suspension of claim 22 wherein edge of the 
slider is the closest contact point between the 
suspension and a disk spacer ring. 

28. The suspension of claim 22 further· comprising: 
---- ---------------------
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a first flexure arm for connecting the load beam 

to the slider support member; 

a second flexure arm for connecting the load 

beam to the slider support member; 

a first beam portion connected to the first 

flexure arm by a first curved section; and 

a second beam portion connected to the second 

flexure arm by a second curved section. 

29. A method for forming a head gimbal assembly 

comprising the steps of: 

a. forming a head gimbal assembly and frame from 

a continuous portion of a laminated material 

comprised of a first layers a second layer and a 

third layer: 

b. positioning a slider at an approximately 

ninety degree angle to a plane containing the head 

gimbal assembly and frame; 

c. bonding the slider to a plurality of 
electrical lines extending across an aperture in the 

frame; 

d. partiC!._lly separating the frame from the head 

gimbal assembly; 

e. changing the relative position of the slider 

to the head gimbal assembly by approximately ninety 

degrees; and 

f. completely removing the frame from the head 

gimbal assembly. 

30. The suspension of claim 29 wherein the third 

layer has a thickness less than or equal to eighteen 

microns. 
.. ... -.. ·-- ------- ------=-·-·- ------



-·· -

-38-

~-~--~-:· 

'2mll111ll!I ~~~ ,1 
"'.·.·.. * C L. . ... .. ..... 

31. The suspension of ·claim 29 wherein the third 

layer compriE;es a 

conductive nu1.terial 

high strength 

selected from 

electrically 

the group 

consisting of ·Cu-Ni-Si-Mg alloy, Be-Cu-Ni alloy, Cu­

Fe-Zn-P ali'oy ~nd Cu-Ti alloy. 

32. The susp~nsion of claim 29 wherein the second 

layer comprises a polyimide. 

33. The suspension o; claim 29 wherein the first 

layer comprises stainless steel. 

34. A suspension system for supporting a data 

transducer comprising: 

a slider _sµpport member for holding a slider 

having an air be~ring surface, ·a backside surface, a 
· ... ::._: .. :: 

leading edge ari~:a trailing edge; 

a load b~.cim for applying a load to the slider, 

the load beam h~ving a frontside surface; and 

an electrical cable extending along the 

f rontside surf ace of the load beam and positioned for 

connection to the trailing edge of the slider, the 

electrical cable being comprised of a first layer and 

a second layer, the second layer positioned on the 

first layer and comprising at least a first elongated 

strip of a high strength electrically conductive 

material and a second elongated strip of the high 

strength electrically conductive material, with the 

first elongated strip being separated from the second 

elongated strip by a space that prevents the first 

elongated strip from ele<:;:tricallY shorting the second 
. . . 

electrical strip and the first iayer being positioned 
between the load: beam and the second layer. -·-----.. : .. __ . __ ____ 

:This Sheet Has B: ----··-·----------··-

I lllUfillr 
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35. The suspension of claim 34 wherein· · the second 

layer has a thickness less than or equal to ei9hteen 

microns. 

36. The suspension of 

layer comprises a 

conductive material 

claim 34 wherein the second 

high strength electrically 

selected from the group 

consisting of Cu-Ni-Si-Mg alloy, Be-Cu-Ni alloy, Cu­

Fe-Zn-P alloy and Cu-Ti alloy. 

37. The suspension of claim 34 wherein the first 

layer comprises a polyimide. 

38. The.suspension of claim 34 wherein the z-height 

of the suspension is less than or equal to 1.3 mm. 

39. The suspension of claim 34 further comprising: 

an aperture positioned between the load beam and 

the slider support member; and 

a free portion of the electrical cable 

positioned over the aperture. 

40. The suspension of claim 39 wherein the free 

portion includes .. a section of the electrical cable 

that forms a curve. 


