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,4_CCNDUCTCRS TECH FCAL FI ELD The present inventi gA—+elat-es—t-o—a—head—grbat

' or-.qa, magnetic disk file and e%ﬁféﬁ@ﬁ%aﬁﬁ@m{% a h%%ld
EHGWPW Ciprsed] ette Peged . T

. [BACKIBROUND pxgad Mhgriepagsd A1......

fes that utilize a't ransduc HT] Powingés) omegedh...sl.itdpagedf.or....

ting data on at |east oné-rot {@akbstradi sk: paged Wel.lte pkaeawn......

- '- n such systems, the slider isipypEceFiweekimched. 1o an . ..

:fsactu“tor arn1by ‘A4’ suspensi on system Many suspeRSTOMTSyStens (atso—Taftted

-+ head”gi nbal ~assenblies) include a flexure that js S|t|oned I n_sone

" manner. betmeen HEaD SF}HEALanﬁsﬁﬁ@BLgusﬂEFglonINESP ELEQTRIGAROUS,
in U.S Pat. :NocoRpBeToR85, discloses a flexure ‘that is added onto a
stlffened nenbe Bl aeser et. al, in U S. Pat. No. 5,198,945,

TECHNICAL EIELD ,
" The present 1nvent10n relates to a head gimbal

ssembly for a magnetic dlsk file and more
éecifically to a head gimbal assembly formed from a
ahinated material in which the electrical lines are
formed in one layer of the lamihate.

| BACKGROUND ART
Magnetic recording disk files that utilize a
-trahsducer mounted on a slidet” for reading and/or
"ftlng data on at least one rotatable disk are well-
'known in the art. In such systems, the slider is
yplcally attached to an actuator arm by a suspension

Many suspension systems (also called head gimbal
=':mb].ies) include a flexure:that is positioned in
'e manner between the sllde_wand the suspension.

For example, R. Watrous, in U.S. Pat. No. 4,167,765,
d: tloses a-flexure that is added onto a stiffened
' .Pat. No. 5,198,945,

zes the material of

| yﬁ'ﬁber Blaeser et. al, in U:
_‘a.gsclose another design that ut
ffathe suspension as the flexure. .
Systems are known in which the slider is
' positioned in an open space :ermed between two
flexure arms. For example,
gi@bal assembly = described by Johnson et al. in U.S.

Pat. No. 5,331,489, in which the s ider - is positioned

;llustrates a head

between two flexure arms the electrical
attachment to the slider is

':s. The discrete wires -are te rmlnated to the back

.by four discrete

“of !'the slider "and four wires  arve’ utlllzed to -




esi g hat utilizes the material of the suspension as the

é?égﬂngmﬁ in which the slider is positioned in an

between two flexure arns. For exanple, Fig.-6

=g|nbal assenbly descri bed by Johnson et —-al, -in U S. _

in which the slider is positioned between. two

1 electrical attachnent to the slider is nmade by

“The discrete wires a~@-termnated to the back of the
i i:res are utilized to 2 accommpdat e magnet or esi stive

(hFQ head technology The use of solder balls for attaching the slider to a

t al., in

e R ot e tancha 1

e nechaﬁhenuaetafhsBmHeﬁfbhh@ssEbgeﬁtigg%bﬁgsgﬁ§g§§#m?rﬁgd
GEENE kL PRef shBSo bt HERHE ST 1 L nOuncin Kbe arfoo. omar
Ca soIde?*ﬁgpléchhiQ%bléoetnaktnglﬁHUGSeCPatCaNoatt@CﬁganQQf a
- a transdyg@[ogg th€ use of reflowed solder balls for making
g both'the mechanical attachment of the slider to the
ension and the electrical connection of the
transducer to the disk flle read/write electronics.
?Addltlonally, Ainslie et al., in U.S. Pat. No.

1,789,914, disclose a soldering technique for making
hpaiéctrical attachment of a cable to a transducer
_p;tﬁé backside of a slider.

The use of laminated materials for constructlng
:s;lder suspension systems is also known in the art.
For example, Erpelding et al. in U.s. Pat. No.
"995;623, disclose a ~suspen51on system comprised of
.”'ét“of polylmlde material sandwiched between two
U.S. Pat. No. 4,996,623 also discloses

layer of the suspension for providing
Additionally,

: i layers for constructing‘the
'ﬁSﬁapagsion is also known. For example, G. Oberg, in

_.'wPat. No. 4,819,094, discloses a suspension
_;ﬁsyﬁfem in which flexible copper conductors are
'“_}Zsahdwiched between a pair of polyimide films.

SUMMARY OF THE PRESENT INVENTION
_ Briefly, the preferred embodiment of the present
_inVentioh is a head gimbal assembly comprising a
5 fslider support member for holding a slider, a load
'eam 'for applying a 1load to the. slider and an
J"electrlcal cable extending along the back51de of the
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‘der. The use of laminated materials for constructing:
| systens is also known in the art. For exanple, Erpelding
“U. S ' No. 4,996, 623, disclose a suspension system conpri sed
of a Sheet;o _p0|ylﬁ1de mat eri al sandw ched between two nmetal |ayers. U.S.
Pat. No. 4,996,623 al so discloses that a plurality of conduct.ors can be
formed:in ‘the’ opper layer of the suspension for providing el'ectrical
connect.i ons to.the.slider. Addi tionally, thé-use of discrete | ayers for
constructlng t'he isuspension is al so known.. For exanmple, G Qverg, in US.
Pat. "No. 4,819, 094, dlscloses a suspen5|on systemin which flexible copper

conductors are sandw gfe {3 L ir_of polyimde films. SUMVARY OF THE
PRESENT | NVENI. ON Accordl ng 10 on% ct ?ﬁelﬂ:‘hJerr&em |$mamle qmédf@re S
_provided a ‘suspeiRRYruskac firam sdrqmirrlatféh anshd P 47 '5”9 a

sli der-support:. resHRictdy QOJZ}%IB T‘%r er having an alr earlng % ace
eam

and a backsi de ‘surf ace; NiShg RrYHaind tanesuppdetr an:
el ectrical cable3&

Tendi r%leammglwqt@n daj(etzearmsﬁmtnmsté nad fon
: connectl on:to-

high
tsa:z{mxdtsj @ el ectical. cable Bei gq
" conpri.sed of: a i e%ﬁtztll&lg? ?ofnay C% VEh&aterdad IsmEdy pesia i oned

fhr nd a s
on the first. layeF 8ﬁ§$1§PR§eataﬂé9§L aTherﬁheﬂb@&QQEeda?EE pief a
hi gh- strength ebempmuseﬂlpfcanduggbfg 422} a_second elgngated strip
of the: hlghvstr ggh ghggérlcall¥ g néuc??ge na? F&P RRAtRTiRd pucht
. e| nS FSfed FPEAPRhETsEPOMY - el ofhet edppbitplRyed Space
-t hat prevents thé fFPEprGSedgabﬁd strmarérogisigct&égggkxlshorthng t he:

suc
second, eleCtrICQtaiﬁiéQsaEgeefe titanlum or beryllium copper.

SR _ The e;ectrlcal cable is
_connection to the backside of a slider and is

comprlsed of. the conductor and dielectric layers of
the lamlnated material. The

positioned for

conductor layer is
:p081t10ned on the dielectric layer and a plurality of

,elongated strlps are formed in the conductor layer,

separating each of the elongated
The dlelectrlc layer is p051tloned between
;the back51de surface of the slider and the conductor
‘layer and between the back31de surface
-beam and the . _conductor layer,
shortlng

:with a space
kstrlps

of the load
to prevent electricai

In other embodlments, the electrical llnes
extend along the backside or front51de of the 1load

beam and are termlnated to the trailing edge of the
sllder

BRIEE'DESCRIPTION OF THE DRAWIﬁéS

Fig. 1 is a schematlc side view of a
Suspension system;

" Fig. 2

slider

o 1s a4 Cross-sectional view of the slider
';;suSpen81on system taken along the line 2-2 of Flg 1;

; Fig. 3 fis an isometric view of

Ecn : . a ,sllder
.- Suspension system; |
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tioned between the backside surface of the slider and the
-ein the second | ayer has a thickness |ess than or equal
1S, -and wherein the first layer conprises a polyimde.

ler aspect of the present invention there-is provided a
for supporting a data transducer conprising: a data

I ng and/or witing data or%a data storage nedium a

the data transducer, the §lider having a backside
0sitioned anay fromthe data storage nedium a slider

)t hol ding. the slider; a | oad beam f or applying aload to

oxur e FBAl 40RO £rdde uRed faGAT Vel ot the" eI AR

ur.e _conprisi n%§a first arman a secon FI cal

BPERETEHE SYREPRe taliera@d on the dlinded-andfcEupri Sed of a

a secm‘né | yeis Bhechesardcd aughoRas! Btonﬁd ﬁt h?}g'ﬁrf}]
g

g% hgast a f; a el ongated Strip of a
ctl £&Pi 8 sjhgex §B§Bﬁ&sépén§¥§§§mstrlp of the high
| | yFEgndﬁCtlSEafTHtQBbﬁgtcht bikhe bErat ﬁgﬁagaiﬁgait rip
a stri a space that “prevents
teggg%?ﬁré ??gﬁﬁg g%t%ﬁ&aPF§°ghB¥Frng t he second
p,~ andFige erss | apeisbmetgiposiiewned hetnesa ?fﬁbQﬁCKSide
shkdenb 8902t 861§ ng. | r n the second layer has a
or eyug o Eﬁ&h?%egM§1EF§ﬂ§ngahﬂ VERETSRh the first
a pol 1% de8 hﬂd a ¢ress-sechional orvpew ofii cthé Shead
n@fmbeﬁ iﬁséﬁﬁiy taken along the line 8-8 of Fig. 7;
Fig. 9 is a cross-sectional view of the head
fimbal assembly taken along the line 9-9 of Fig. 7;

- - Fig. 10 is a cross-sectional view of the head
glmbal assembly taken along the line 10-10 of Fig. 7;

nenber
cabl e exte;
first Fayer a
| ayer {and <conp
el ectrically
strength electr
bei ng:separat ed
the first-elo
el ectfica
surface o
t hi ckess Les”,
| ayer «“conpr
el ectt.i:

o Fig. '11 is a cross-sectional v1ew of an
:1ternat1ve embodiment of the head glmbal assembly
hownlln Flg. 10;

'"fFlg. 12 is a. top view of a head gimbal assembly
cordlng to the prior art;

. Flg. 13 is a top view of a head gimbal assembly
cordlng to the present invention;

) Fig. 14 is an isometric view of the head gimbal
ssembly shown in Fig. 13;

Flg 15 is a cross-sectional view of the head

mbal assembly taken along the line 15-15 of Fig.
14; '

Flg 16 ‘is a .cross- sectlonal view of the head
glmbal assembly taken along the line 16- 16 of Fig.
14; :

Fig. 17 is a side view of the head gimbal
assembly shown in Fig. 13;
Fig. 18 is a top view of a frame used in

: anufacturlng a head gimbal assembly accordlng to the
sent 1nvent10n
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conpri sing
conductive
el ectricall

separated f
first ‘el ong
strip and t

menber . and

t han or equ

pol yi mi de.

I's provided
there is pr

id strip being electrically connected to the first

i-der suppoft nenber for boling a slide having an air

ying a l-oad to the slider?-the | oad beam having a

*jthe el
he second,_

el sett 1@;@_{&3 g el q_{lgat ed strip of t he

onductive materi al,
the $d&n

gitnbiall fsEmMBISC! iaGdl %

AFE __!_‘. PREFERREDD

ded a Flg- =
transducer suspen81on 10 and a
suspen51on |

. second transducer
_Jflattached to an actuator arm 1s. The
suspens1ons a_and 14 are also referred to as head

suspens1on 14 'distally to. the
lider 22 includes one or more data
for reading and/or writing data en a
‘such as a hard magnetic disk 30.

slider 26 includes one or more data
for reading and/or writing data.on a’
Jeuch as a hard magnetic disk 34.

a Cross-sectional view of the first

_ nsion .10 1llustrat1ng that the

s a multilayered laminate 39 comprised

of a first ; yer 40, a second layer 44 .and a third

layer 48, The first layer 40 is Positioned adjacent

to one surface of the second layer 44, The

-suSpension 1_=

third
p051t10ned adjacent to a different

offr”e second layer 44 so that the second
yer 44 sepa ates the first layer .40 and the third
yer 48, w1th the layers 40, 44 and 48 all lylng in
es that are parallel to each other.  The

.layers

FMS$wa I

: d is positioned on the backside surface of the slider,

ccoding to still another aspect of the present. invention
a suspensjon system for supporting a data-transducer

backsi de suface, a |eading edge and a trailing edge;.

e;i.and an efFectrical cable extending along the backside
Ioad bean1and .posi tioned for connection to the trailing edge

; Ie bein co rised of a first layer and a
yer posaftl Hhe of san| r%ltéayeu:nﬁéld

ERodingnts iofs | & s dyistbd aése’mm hacsd iﬁd‘%@t eté%rlcally
ren

the first elongated strip being

isngat @dTOQSﬂaadnicmaipaﬁl@ﬁ haje g.ﬁ.f'eve (S d Ihe
rica

: t.he second

fiQSt | ayer bel'ng p05|t|o%%%£% ort 1e 49291 ofuBpar-t
N r, - 'wherein the second | ayer has a thickness |ess

icrons, and wherein the first |ayer conprises a

of the present invention there
EMBODIMERYeNt i on

is a schematic diagram of a first

aced

| lllllll i Iill



t ransducer
slider for |
surtace whi
support ne
the slider;
cabl e extend
for connecti:

em for supporting a data transducer conprising: a data
reading and/or witing data on a data storage nedium a
ing the data transducer, the slider having a backside
IS positioned away fron1the data storage nedi-unt_ a slider

-] oad beam havi ng a back5|de surface; and an €l ectri cal

bei ng conprised of a first Iayer and a second Iayer t he second | ayer

posi ti oned on: thg

Ir d [of0)
strip of a high: s?fen%%h ec% ﬁﬁ?ly faetils
el ongated strip §hlnhedhe§hvetlemgrhaﬁﬁbtédlB@t&éeﬁoﬂgyéfévgongﬁgr'éﬁ Wi th

the first elanga e ate om the second elongated sStri
i 0n9aked BLLyLeR®l I PEPR i A8 g P

by a space t prevents t
cond eR%E¥¢$Qn¢at:ver)dambﬂ*mnﬁsraﬁdlaa&mp$§a{5bﬁg) s¢d 4 oned

dgm SUppe{ d t ayer,_Wwhergin the second
e s Iessuthan o?ﬁl:e%ua{ﬁ[o EIA]ﬂ?% MTIPns? #KE @erein
WR%es a Il e rrefexxedii rfgnha:dastexht arlﬂiélm’lwtpect of

shorting the
bet ween t he:.
has a:
the first

rising at least a first elongated
1y geqared; ipgetben seyoad

"strip fromelectrically

| a

t he present. |'-nve1ﬂyehﬂ 4(her1ﬁs Y pr-@-)ﬁcg&gi,_@s m;;'h %{%{%
assenbl y corrpr [ et st ep a}s%:ﬁf for m ea a ass ]and

frane fron1a con

(ﬂ° rl:'asrﬁ% Wd fang i301.cod02 saad 3@‘4 a

for holding the slider; a |oad beam for applylng a | oad to

al ong the backside surface=8f the | oad beam and positioned
mto the trailing edge of the slider, the electrical cable

a mmldﬁ/esteﬂld a tiu r%dx%’@’ene@alp%% Lnj<LNi r{%‘ afsil dcer at
t he

an apprOX|nateI t e le to A |.ane cont ai ni ng reAd gi nba
assenbl y and M}}éle 40 (i:eagsr % U ?:n of approx:.mately .076

millimeters, or less, and comprises a rigid material
“épch as stainless steel. Typically, the first layer
40 comprises 300 series stainless steel, but other
je_stalnless steels and other rigid materials could also
ﬂ”'be used (e. g. beryllium copper or titanium).

In the preferred embodiment, the second layer 44
comprlses a polyimide that has Properties similar to
the propertles of Kapton® E brand polyimide
manufactured by E.I. Du Pont de Nemours and Company
(“Dupont"), including a dielectric constant in the
;ange of approximately 3.0 to 3.5. Additionally, the
cqefficient of. thermal expansion (CTE) of the
polyimide should be such that the laminate 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 481are etched.
1?@Furthermore the adhesive used to secure the layers
=}140 44 and 48 together should be sufficiently robust
1-to keep the laminate 39 intact up to a temperature of
- approximately 350°C. )
_ In the preferred embodiment, the second layer 44.
as a thickness "x" ef- ‘approximetely:_ .0165 .




Ieadlng edge’

slider, the-T0admigaAmaaeray aTLEEn
extendlng atong he front3|de surface 0

connection
conpri-sed o
on the:firs

| ess than o
conprises a:po

firane fromthe head gi mbal assenbly. According to stil

t he*¥FEi | fhgisdgeetedhetsl kdep, the ekeskrheal pzbl %h?

f suspehayen . mod ec ¥e he s cond | ayer posi
Dows B?Eaé? aﬁfl &t 8 Yéﬂléerfplms

yep s and conE%13|ng at
Iec%FFSﬁIIy MRducPie namellameaeﬂsa $scon§ elQﬁﬂé{ﬁg
edghhideratiogal |y conductive material, with the firs

the firs

tk@éé&ﬁ@ rein the second
qugl to 2% tegn r%a&oﬁé %m&&#%#m’fﬂm | laysetred
TR | bt iendesrinei it Jantheated ecdg)i aale | gy dg%
e

al ong- t he backsmkﬁtémaflr @’st"lﬂ'x% Q:fhl%gcd]%g% O%fﬁa:and are termna

tralllng edge of the sI| BRI EF

BRAMNGS of the

) escrlbed below, is Pprovided to Rogers
ijorporatlonﬁyalong with the specifications for the
f;first layeE;go, the .second layer 44 and the third
_:layer 48. '° Rogers Corporation then Prepares a
. suitable lamlnate using proprletary methods.

In the .Rogers laminate, the Second layer 44
comprlses s_; 0165 millimeter polylmlde layer (laver

44) which is thought to be the same polyimide (or a

: : thﬁeKool Base polylmlde a thin layer of
dhesive is: applled to each s;de of the polyimide
:yer for bondlng the laver 44 ﬁp the layers 40 and
| A substltute for the ngers laminate is a
O lamlnate custom manufactured by
?eé_mllllmeter layer of Dupont.= EKJ self-adhering
. polyimide cg?pos1te (Kapton® R brand pPolyimide
manufactured'”by Dupont) and_~ﬁeeting the other
spec1f1catlons listed above for “e second layer 44.
Stated more generally, the:

cond layer 44 has a
thlckness "x" of approx1mate1y '18 millimeters or

less, and comprlses a dlelectrlc:materlal such as a
polylmlde hav_;g a dlelectrlc- cqnstant in the

pont having a .0165

. range .

ling the slider to a plurality of electrical |ines extending
ure in the frame; d) partially separating the frane fromthe
senbly; e) changing the relative position of the slider to
al “assenbly by approximately ninety degrees; and f)_ conpletely

I nvention there is provided a suspension
Qrtlng a data transducer conﬁﬁ|5|ng a slider support nenber
slider having-an air bearing surface, a backside surface, a
nd a.trailing.edge; a | oad beam for applying a load to the

ls urface; .and an electrical cable
Eﬁ&ggn?ﬁg F5a3h8§&H|§ﬁ§aH§§|ﬁl¢heu f or
ei ng
I oned

a
strip

‘bein ed fromthe second eIongated strip by a space
QR§&Q$%6% RRRY D (rorrelediatenias shmitpg she

cafhardler antiwora ), stuppslids beéwé Qf?d be\%#e%enﬁt he
er ‘ha

ess

end
o the



3

erati c side view of a slider suspension system Fig 2 is a
cross-sectional-view of the slider suspension systemtaken along the line
2-2 of Fig.#1;i-Fi'g. 3 is an isonetric view of 'a slider suspension system
-6- 40, 44:and. 48 are generally secured together by a thi-n ad233|ve

| ayer applled betmeen | ayers 40 and 44 and between | ayers 44|and t
Representativ :di‘mensi ons and conposi tions éor the various e enents e
illustrated:i g. 2 are as follows: In th preferred enbod!PFn ’t and
first 1ayer: tas a thickness "w' of approximately .051 mlline ersI
conprises fuali}: hard 301, 302 or 304 stalnless steel . In nore genera

M1 et erss or Lpse Pang mete Ry O A Eo g 3 haf e  oF ReRPAE ek rpsss

mllinmeters;,::or. Lﬁ fn d R S
teel . Typically REHBa ?§?a?%¥%¥ ﬁ@ﬁ%bﬂﬁh#@bsa Bows stheeslaminatbess
gtggl, but etosthenlfﬁs st aebstaag Ogiﬁésé'9&&n&?£f$ﬁajéfﬁe“'dtﬁéso

aminate 39 is manufactured.

Polyimides of the types. descrlbed in U.S. Pat.
ds, 4,839,232, 4,543,295  ;and 5,298,331 are
potentlally useful as the secohd layer 44, although
nthe suitability of a spec1f1c polyimide for a
“Pparticular purpose should be verlfled Additionally,
..Teflon compounds of the formula F(CE, )F are also
sultable for use in the second layer 44, as are
nonconductlve epoxies and other dielectric materials.
In the preferred embodlment, the third layer 48
‘has a thickness "y" of approximately .0178
fﬁillimeters and comprises a ébpper-nickel—silicon—
‘magnesium alloy such as the copper alloy C7025 with a
: TMO3 temper (full hard heat temper) manufactured by
in Brass (composition 96. 24 Cu- 3% Ni; 0.65% sSi;
rand 0 15% Mg).
- Examples of other spec1flc materials that can
functlon as the third layer 48 1nclude the following:
ﬂlﬂ: a high strength berylllum copper alloy
l(comp031t10n~ 87.2 - 98.4% Cu; o. 2 - 0.6% Be; and 1.4
':2 2% Ni, such as Brush Wel;man beryllium copper
alloy 3 (C17510) with an HT :temper); 2. a high
o st?ength brass alloy (compos 'bﬁ& 97.5% Cu; 2.35%
-H-Fe; 0.03% P; and 0.12% 2n, such'as Olin Brass copper
alloy C194 with an ex. spring: emper){ 3. a high
strength titanium copper allofg o 86.1 -
96.6% Cu; and 2.9 - '

omp051tlon-

Stated more generally, . ithe
comprises a high strength electrlcally conducting
?rial and has a thickness Jy" of approximqtely_



~eryl I'ium copper or titanium. In the preferred enmbodinment,
r-44 conprises a polyimde that has properties simlar to
“ties " of Kapt on[ err] E brand polyimde manufactured by
E. I Du Pont:“de < Nemours and Conpany ("Dupont"), i ncluding-a . dielectric
const ant 'i' t‘he range of approximately 3.0 to. 3.5. Addi tionally, the
coefficient:" of . thermal expansion (CTE) of the polyn)dg shoul d be
such t hat the laminate 39 will be in a neu?ral stress condition after the
| ami nate 3 “manuf act ur ed. A neutral stress condition neans that the
| am nat e wi'tl  remain flat after nanufacturlng and will not curl

up after elt er tb@gflﬁ§1liﬁ¥€é 40opr 1Lhg thi 48 ar che
Fﬁrthernor -the adhesiye usedrfo osecure i he eréggéosﬁﬁ aﬂg 4§lg

t oget her s d B§e§ﬁ?F|%F¥ﬁPF§°F0bE§? F%rme%blghestaﬁmméhé Befénsatd up to
a tenperat ”fgamatétiantﬁith350téﬁéiiélyiglahgtfg§6@ﬁ[§€ ?qgg%i nt, the

y "x" T of approxim
second Iayq{ Eﬁgn 78‘ks£hlf§1f pounds per squaég inch) and which

oesn’t soften by more than 10% when exposed to a

besused (e.
t he second
the -prop

emperature of 300°C for one hour.

_ Fig. 3 is a top view of the first transducer

éuspen51on 10. The suspension 10 has a slider
_portlon 54, an arm portion 58 and a link portion 62

(also referred to as a load beam). A plurality of
__electrical lines 66 are present on a surface 70 of
_;ﬁﬁe system 10. Each electrical line 66 has a space
74 positioned along each of its sides so as to
.pgevent the electrical line 66 from shorting out with
ﬁaé adjacent electrical line 66.

E A plurality of hinges 78 are also shown in the -

'surface 70. The hlnges 78 are regions in which the
chlrd layer 48 has been removed to form channels in
£ e thlrd layer 48. The hinges 78 increase the

>imilarly, hinges can also be formed by etching
-cﬁannels in the first layer 40.
Lon The portions 54, 58 and 62 designate regions of
;thé suspension 10, but the suspension 10 is
preferably formed from one continuous piece of
; laminated material as is explained herein with
J:reSpect to Figs. 2 and 4. -

The slider portion 54 is the part of the
-suspension 10 on which the read/write slider 22 is
mounted. The electrical lines 66 form the electrical
connections for connecting the slider 22 and the

;§nsducer 27 to an external system as is explained

ter with respect to Fig. 5.
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Q.7"" nillinééé éfﬁIThis t hi ckness is chosen because a thin layer 44 is

' I ce

ded to kéep the stiffness of the suspension 10 [|ow, b;t frﬁiﬁ{ng
of eI imide-films thinner than .0165 millineters s a limtinc
Soney yln%'o Rogers Corporation (Circuit Materials .Unlt);H § -Chand tﬁé
X?Pigggrashp es a lamnate 39 having a Sefﬁnd|;§¥ﬁ;tg4 gga  eets the
’ : 1.i sted above. I n orderlng t he , pest

ial for héLthird layer 48, such as oA of the QLLOthedescrlPe

nafer "is ‘provided to Rogers Cor poration ‘al ong wi he e
Soect ¢ ions-for the first | ayer 40, the-second |ayer _ I
TPt | ooor 2" g prepares a suitable

) CLS tiQn, then . nd
| am nat o usi ng i apr | o o et heato| 38 hs BhG jekEt Phnthateuspensiagoond
I ggler 44 conpr |i§s {é\h‘?‘ElGS??_r_ri Formeced potyi n‘ll:lde %?H?%éiié) Y%_Esmi . {é\gd N
thought ~to be (TypiedElepl ik derm (Yo pli | 15 ‘AFtachedcte suthe

| Bas ercl_ lp nd n’&-’-t}-el"l al nu aC. Ure. ) . .
t he KOOI -vé_t L E00 -arm 18 by bonding, welding, swaging or
s, - L
Chem ca 8Crewing the arm portion 18 to the actuator arm along
the first layer 40 shown in Fig. 2

The 1ipﬁ;portion 62 connects the arm portion 58
to the slidér portion 54. The suspension 14 is
identical té;jthe Suspension 10 and includes all of

 the elementéﬁ#hown 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_lQ_illustrating that the electrical lines
. 66 are regioﬁ$ of the third layer 48 that are roughly

' rectangular;iﬁ'cross section, and that are separated
‘f.from each adiabent electrical 1line 66 by one of the
'ﬂspaces 74&. -Tﬁp spaces 74 extend down to the second
_ _layer 44 50 ?£hat the second Iayer- 44 is exposed
‘l'through the.éhéce 74.

‘The electrical lines 66 are formed by etching

.+ the surfa¢e§“70 using standard metal etching
techniqueé. if_'}_i‘or example, when the third layér 48
comprises one of the copper alloys described above,
'__thé layer 48 is etched with ferri§ chloride or other
suitable etch?gts, The.etching pfocess removes metal

. from specifiéé?ﬁegions, thereby férming the spaces 74
-that define'tﬁé'electrical lines éﬁ. In practice, a

typical chemical etching proceséi will not form a
;groove having the perfect - ; ectangular shape
:illustrated in Fig. 4 for the ‘spaces 74. Actual
}fgrooves forméd by a chemical éibhing process are

ffslightly rounded or tapered as ié”iwell—known in the
_:grt. In general, features such as the elgctfical
Fwiines 66, thé?ébabes 74 and the Qinges 78 aré_formed-




i | | Base polyimde, a thin layer of adhesive is applied
Lgéeachn Fhe KOO : the pO|5In¥de layer for bonding the layer 44 to the

| ayers. ' ute for the Rogers lami nate is- a f
d by Dupont having a .0165.nillimeter layer_ o
) polyimde conposite (Kapton[err] E brand
Dupont) and neeting the other

or the second~Radyer 44. Stated nore generally,
ckness "x" of approximately .018 mllineters
| ectric material -'such as a pon|n1de havi ng a

' ly 3.0 to 3.5 and a
| ectric cons, ang of roxi frat e
gl)gh?l cient .of %ﬁfer e Si on E) V\ﬁﬁgg dal | b%%e¥he 48ni naesing to

be in a neit raphogqugbogg@mhumpnoceﬁses oi‘hebjra!i%ﬂ?ée zﬁﬁnéﬁcally
oo =@ ind§fnd VRGN I8 LLEY dlcnitiinig T2

; preferred embodimeht, the first, second

:nd third la ers 40, 44 and 48 initially comprise a

of stainless

. Dupont' s EKJ
pol yi m de na ag;ured by-
specificatio isted abov
the second |&yer* 44 has a-
or less, and. conprlses a

A plurality

':?'metal-polylmlde laminated: materlal is described by
. St. Clair in U.S. Pat. No. 4,543,295 (issued
-Sept. 24,

Fig. a schematic diagram of a magnetic

-recording

. ;pﬁrec1ated that the suspens1on system 14
to the suspension system 10 so that the
;ents apply equally to either the

suspenéion
could be used with other data
isk drlves, optical

84 comprlses a plurality of
dlng disks 88 sultable for use in hard
% disks 88 are_m‘unted on a spindle
;.shaft 92 Wﬁiéh is connected t spindle motor 96.
ﬁ-Motor 96 1s=mounted to a chassis*100.

The plurallty of read/wrlte sliders 22 and 26
.. are p051t10n“d_over the disks 88 such that each disk
_ ssed by one of the sllders 22 or'26.
of the siiders 22 and 26 1nc1udes a transducere




¢ 97232, 4,543,295 and 5,298,331 are potentially useful as
h?ﬁzlsebgthaner 44, although the suitability of a speC|f|cf|pon|n1de
for a particular purpose should be verifi ed. Addltlona!lyblTe fOP ce
coifpounds of .the formula F(CF[err])[err]F are also SUIPS 'Sh o] {
in the secofd layer 44, as are nonconductive epoxies an dol er 28 has
dielectric naterials. In the preferred enbodi ment, the thir ayer 48 has
a thickness:"y" of appr oxi mat el y .01782nillineters and cggg;g es a
copper - ni ckel -si | i con- magnesi um al i oy such as the copper alloy
a TMX3 t enper (fuII har d heat_tenpegg nanuf:ﬁéugegSQgNéglnEfgﬁgfes of

c . A

(()fﬁrerPOSISEJIeng ic gjf/erl a?éln? hat® ‘tQ,anw?hmﬁor@%Eat% téhi reluyzalatys ofcl ude

| m p 0y,
the fol | owi ng: 1corapentnr:9¢1 da‘eareu:ngatdfks 63(;%82 ﬂgélnd diSaPPes Zﬁé, are ..

conposi tion:: e

(Brugﬁ Vel | man bery?cfl um copper ’12I'8§F S{SReNSAOn) ) SYsheme éwz (Kﬂt'/;]émper% 03%
2. a high strerﬁﬁ‘?h m%sst}galcsps;(ermﬂ;msltsmﬂ%? T Qor 203% Bg.e

P; and O. 12% Zn,aﬁﬂ-&éhﬁ d 'ﬂleBrd%St%a%p 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 8s. 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
 f'connected to the actuator 104. This allows the
7?: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
7g;which in turn is electrically connected to the
;fjsliders 22 and 26. This allows the controller 112 to
* send and receive data from the disks 88. The
controller 112 is 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 dlsks 88,
O may request that digital data be read from the
-ifdlsks 88 and sent +to the _system 128. Tﬁe.pasic :



salloy Cl94  with an ex. spring tenper); 3. a high strength titanium
copper alloy :(conposition: 96.1 - 96.6% Cu; and 2.9 - 3.4%Ti, such as

Ni ppon M ning titaniumcopper alloy with a Ti CuURL-EHM tenper). Stated nore
generally, the third |ayer 48 conprises a high strength electrically

conducting material and has a thickness "y“ of approxinately . -9-
.018 mllinmeters or |ess. For purposig the present invention,
the term"high strength" refers to a materrar mnth atensile yield strength

(S[err]) greater than 70 ksi (kil opounds per 'square inch) and which
doesn't soften by nore than 10% when exposed to a tenperature of

300Ler(1C for ogplguion"hily sfrhSryfol 98 afbg"sBl,LlE SlLEshe!  agescer

suspensi on 10. suspensi on por A an arm
portion 58 and asl the gmsku6m1628éa(wmthoutertba suspengiohoadsbens) . A

plurality of elggtrpgahghingg w@@lﬁﬁﬁoﬁﬁe§ﬁ”£he02r€ SHET 2683ed0rPhea
in more detail in Magnetic Recorg__g Handbook, C.

Dennis Mee., and Eric D. Danlel - McGraw - Hill Book
Company (1990).

Fig. 6 is an isometric view of a head gimbal
assembly 130 (HCA 130) accordihé to the prior art.
The HGA 130 includes a load 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 portion 142. The slider
146 is a conventional magnetore31st1ve (MR) slider
having an air bearing surface and a backside surface
which is on the opposite side of the slider 146 from
the air bearing surface. A plufality of read/write
termination pads 150 are positioned on the backside
of the slider 146 and a plurality of discrete wires
154 are connected to the termlnatlon pads 150 for
electrically connecting a palr of head transducers
(such as the transducers 27 and 28 shown in Fig. 1)
to a read/write channel (such as the read/write
channel 120 shown in Fig. 5). i

The slider 146 is positicned in a cavity 158
that is formed between the fie ‘e arms 136 and 138.
The backside of the slider 14 s attached to the
slider portioh 142 and res on a dimple 161

is an end of the
ﬁhg slider 146. The
ﬁsions of the load
than the lcad beam
of the HGA 130 can

positioned on a support 162 W
load beam 134 that extends unde
flexure arms 136 and 138 are
beam 134 which have less thic
134. A more thorough descripf
be found in U.S. Pat. No. 5,331, 489.

Fig. 7 is .an isometric . v1ew of .a head glmbal_




2 ical line 66 has a space 74 positioned along
dEgchsgle;gr{gaprevent the electrical line 66 fron1short:ng
cent electrlcal line 66. A plurality of hinges 78 arﬁ_adso
rrface 70. The hinges 78 are regions-in whi-ch-the t I%h
en removed to formchannels in the third layer 48. _te
ase the flexibility of th suspension 10 and/or peLnL

0 to be bent at some predef #ﬁlned angl e. Slmlarly,h i nges
r:med by - etching channels inthe first layer 40. The

f the suspension 10, but
ortions 54, 58 and 62 desngnate regions O cce
(he, susoensi on sedbaiy 28 SO0, 98T ackbling i o %&Lé‘ﬁé’#&t%s 2

d ‘materia
ngl 2m ?ﬁtee ski BFVeRbtPRon Tae @‘E 1Te npaludesfalldsﬁ WI llnﬂh,%(g orm
e S T ok e

1 hie system 10.
each of its-:
out_wi th an adj
shown in the:
. layer 48 has
hi nges 78

whi ch the rea for onnectlng Sli
the electrical aﬁr%yﬁqlé}ﬁ datia %kqsﬂ@r mekrtion 182. The

t ransducer 27
_ A slider 186
';cally by a layer of
:wge_slider 186 and the
r slider 186 is a
e A slider having an
? a1r bearlng-surface 190 and a - back51de surface 194
'??WhICh is on the opposite side of the slider 186 from

':the air bearlng surface 190.

A plurallty of read/wrlte termlnatlon pads 198

;“are p031t bned on the back31de surface 194. A
fgplurallty of electrical 11nes 202 are connected to
:;the termlnatlon pads 198 for electrlcally connecting

air of head transducers (such as the transducers
and 28 shown in Flg 1) to "a read/wrlte channel

termln tlon pads 198 by ultrasonlc bonding. A
of spaces 206 are p051t10ned between the
:_nes 202 to prevent the electrical lines

- . The is p051t10ned in a cavity 210
fthat is fof_ed between the fle_'fe arms 176 and 178.
The back51de surface 194 is _t ched to the slider
fportlon 182 and rests on a dim d:area 213 formed on

. .a. support. 214 (i.e. the dimpl rea 213 is a raised
-jarea pos1t10ned between the back 1de surface 194 and
-fthé support 214). The support. 14

1oad beam 174 The flexure .:

'ten51ons; of the load beam

is an end of the
3. 176 and 178 are
¢ which have less
%ckness_: gn the load beam -17 In the -pfeferred.
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Rlater with respect to Fig. 5. -10- The armportion 58 is the part of the
suspension 10 that 1is connected to the actuator arm 18. Typically,
the arm portion 58 is-:iattached to the actuator arm 18 by bonding,
wetdi ng, swagi.ng or screw ng the armportion 18 to-the actuator arm al ong
the first layer 40 shownin Fig. 2. The link portion 62 connects.the arm
portion 58 to::-the slider portion 54, The suspension 14 is identical
to the suspension 10 and includes all of3he el enents shown in Fig. 3,
including the portions 54, 58 and 62 and the €lectrical lines 66. Fig. 4
is a cross-sectional -view of the suspension 10 illustrating that the
electrical lines 66 gre . s of t hird l.ayer .48 that are roughly
rectangul ar in &REOSIZEDS, n%gﬁ lpﬁgt &F@m s&% % at®d FPBRFaser adFébent

el ectrical |ine sifaibyewss stheellhe andgathe 74£lextirtes spades akd eizendrdown to
t he second ' RSN '

. chemically etching the stainless steel to
' ﬁhickness. ; '

8:is a cross-sectional view of the HGA 170
né' that where theieléctrical lines 202
> load beam 174, » the HGA 170 is a
ed~structure comprlsed of a first layer 220
tp the first layer 40 a. second layer 224

_;apalogouswtql the second layer- 44 and a third layer

228 analoép@s to the third 1ayer 48 The dimensions

and compfsftions of the layers 220, 224 and 228 are
_ ‘to those prev1ously described for the
layers 40,: 44 and 48 with respect to Fig. 2.
However, .in the HGA 170, the layers 220, 224 and 228
are orienﬁé@ so that the third layer 228 is facing

' away froﬁ;ﬁhe side of the aisk 88 over which the
slider 1867is flying.
} also illustrates that the electrical

i;llnes 202;a,“
roughly" r'ctangular in cross section, and that are

regions of the third layer 228 that are

fseparated'fﬂ'm each adjacent electrical line 202 by

one of the spaces 206. The spaces 206 extend down to

the secohd: ayer 224 so that t”e second layer 224 is
igh the space 206. One of the spaces 206
an electrical line

exposed th

is positie along each side

202 so as’to prevent the electrical line 202 from
ical line 202. The
nes 202 are formed n.the same manner as

shorting w-tﬁ an adjacent elec
electrical.
. was prev1ously described for th electrlcal lines 66.

Fig. is a cross- sectlon 1 _v1ew 111ustrat1ng.

that where;the electrical llnes 202 cross the slider
186, the £ rs; layer 220 has been;pompletely removed;



s layer 44 so that the second layer 44 is exposed through the space 74.
The electrical lines 66 are fornmed by etching the surface 70 usi ng
standard. netal et chi ng techni ques. For exanple, when the third
| ayer 48 conprises one of the copper alloys described above, -the | ayer 48
is etched with ferric chloride or other suitable etchants. - The etching
process renoves netal from specified regions, thereby formng the spaces 74

that define the electrical lines 66. |In-lfractice, a typical chenica
etching process wll not form a groove havi ng t he per f ect
rect angul ar shape illustrated in Fig. 4 for the spaces 74. Act ual

grooves fornmed_ by a _chem cal _etching Erocess are slightly_rounded or
tapered as is WePP- RRGRFRDPAthLLhs, pecond,layerefaft lea¥idgenl¥ytR®as the

electrical linesayBés Rhe apaceas(4 angphbe DPBRUSEepdBates tRe&NBIider
directly on theies EMRRS enk®YShona 8yer 43479 BHSLELY! IPRLGPALCRLOCCSSeS
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 ahd 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, preferébly by ultrasonic
bonding. The termination pads 198 are regions where
a plurality of electrical leéds 236 terminate on the
backside surface 194, with each electrical 1lead 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 1lines 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. Spédifically, the slider
portion 182 is analogous to the slider portion 54 and
the load beam 174 is analogous to the 1link portion
62. In use, the load beam 174 includes an arm

portion (not shown) analogous to the arm portion - 58.
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: controll ed i magi ng such as | aser

machining. In the preferred enmbodi nent,

the first, second and third layers 40, 44 and 48 initially conprlse a

continuous sheet of |anminated material of stainless

steel / pol yi m de/ copper athy | am nat e. A plurality of SFider suspension
systens 10 are then manufactured fromthe sheet of |anminate using the

t echni ques descri bed aboveﬂgA gener al procedure for t
the netal -polyimde |amnated material i3 7descr|bed
in US Pat. No. 4,543,295 (issued Sept. 24,; 1985).

he preparation of
by St. Clair et al.
Fig. 5is a

schemati c di agram of a nagnetlc recordi ng dlsk file 84 that utilizes the

t ransducer Susp‘?ﬂ?Lg?%%éSt

appreci ated tha

I8 e fudes ohe o5 hehe, Gar= Trenricdioonc: on

system 10 so thabrtheaamh qndgorcwﬁﬂemng daphyon &gmaghytie mediMmr t he

suspensi on syst n&%o or rhg:'s
appreciated th PYEYRE: gﬁ-*
ot her data stoeagendyal:

-away from.
slider 186

reading or writihg data.

BREREL NS el IR R, i

thechide ofophy ﬂp§ﬂ beamet74 ophhatafaces
disk 88 (shown in Fig. 5) on which the

The flexures 176 and 1781%?e regions of reduced

stiffness

separate
174 and w

5).
lamlnate 39 shown

xures

eliminates. . g need to add dlscrete
read/write.
Fig.
électricalifl
236 by a
technlquesff*
- 4,789,914,
ball 240 15
second layé

es

. Nos.

ded to each term
224 is extended
pads 198 and an aperture 244

second layer 224. A solder :ball

mpared to the 'ibad beam 174) that
slider portion 1§2 from the load beam

function to allow the slider 186 to
and fly over, the recording disk 88

preferred embodiment, the HGA 170 is
from a laminated mater1a1 such as the

in Flg. 2.

arious features oiﬁthe HGA 170, such as

176 and 178

similar to the

4,761,699 or

éﬁbodiment, a solder
ion pad 198. The
er the termination
etched through the

‘248  on the

electrical line 202 is then refl wed to the solder

ball 240 th
hot tip to
balls 240 a

t the solder. ?'
48 comprise tin-]

igh the aperture 244 u51ng a laser or a
erably, the solder
;?d (SnEb) or_;tlnf 



> drlves or conpact disk players. The disk file 84 conprises a plurality
of magnetic recording disks 88 suitable for use in hard disk drives. The
di sks 88 are nounted on “a spindle shaft 92 which is connected to a
spindle notor 96. Motor-96 is nounted to a chassis 100. The plurality -of
read/ wite sliders 22 and 26 are positioned over the disks 88 .such that
each disk 88 can be accessed by one of the sliders 22 or 26. Each of the
sliders 22 or 26 includes a transduer 1381 or reading and witing data on
a plurality of concentric data tracks on the disks 88 and are attached to
one of the suspen5|on systens 10 (or 14). Each of the suspensi on

systens. .14 € af ached to. t he t uat.or 18 which
at t ached to a &Eﬂ%ﬁ‘ cf )t g %e

Ceqhe 2R ac‘?‘b‘ét FEHE THRRR 9

act uat or arn118sox®mﬁ ¢Enuhetﬂse¢uspen3|on systen110 or 14 and the sliders
22 or 26) in a radlaéefe*

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

the laminated structure 39 can be explained. The

trend within the hard disk drive industry towards

es has created a demand for very small
t) head gimbal assemblies. The laminated
f the transducer suspension 10 permits

smaller d:

structure.
very smal_ head gimbal assemblies to be designed

especialirh hen the third layer 48 is comprised of a

high strength electrical conductor.

The three layers of the suspension 10 function
as follows; The first layer 40 (or 162) is a
stiffener léyer that gives rigidity to the sysfem 10.
The secondrflayer 44 (or 164) is comprised of a
dielectriégﬁaterial that functions as an electrical
insulator*bétween the first Iayer 40 (or 162) and the
third layeﬁ'48 (or 166). For some applications, it
is useful f the second laYer 44 (or 164) is a

dielectric. .material that also has viscoelastic

préperties;J;(like a polyimide) which increases
damping. '?iscoelastic means that the stress in a
deformed material | is proportional to both the

deformatioﬁJf and the rate of deformation.

Vlscoelastlcﬁ materials also exhibit creep and
relaxation behav1or Creep means that under constant
stress the deformatlon increases in time. Relaxation
means that under constant flxed deformatlon the
stress decreases steadily in time.

The thmrd layer 48 (or 166) is comprised of a
high strengtﬁ electrically conducting material, such
as one of tﬁe high strength copper alloys described
previouély,ﬁij The third layer 48 (or 156)' is
preferably 'épmprised of a high ponductivity _aIloy.
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sdirection across the disk 88. An encl osure 108 (shown by a das
line in Fig. 5) seals the disk file 84 and -provides protection fr
particul ate contam nation. A controller wunit 112 provides overall c
te~the system84. The controller unit 112 contains a cenfral- process
unit (CPU), nenory unit and other digital circuitry and i connect
an actuator control/drive unit 116 which in turn is electrically connected
to the actuator 104. This allows thel@ontroller 112 to control
novenent of the sliders 22 and 26 over the disks 88. The controlle
Is electrically connected to a read/wite channel 120 which in turn
electrically

controll er

112

hed
om
ontr ol
ing
ed to
t he

r 112
i's

ted to _th | id 22 26. Thi I th
"8 Sond cahBer; BLLPY) Bagelisel foR, LR rareks 1185 66T,

controller 112 isrellsaldri nekldy tonfaantedoho asspifffdcéentnt ebbetdrivalunit
124 which in turn S glgctrically connected to the spindle notor 96. i
This" all ows the 88ﬁPF PF&8 112 to control the rotation of the disks 88. A
host system 128, whi Ehei susgppfal hjgh stmpnoth spidfieys in thecthirdl |y

connected to tﬁﬁy@?”hé°'k8§ 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 egqual to eighteen microns (as shown
in Example 1 below, thickness wvaries 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 1lines 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 iayer 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 during the manufacturing
process.

Examgle 1l - The reason use of a high strengfh
alloy reduces the thickness of the third layer 48
(or 166) is illustrated by the following discussion:

The thickness "t" of a rectangular metal strip
haVing a width "w" and a length "L" is related to the
yield strength of the material “Q{" by equation 1:

R S
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~ynit 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 system 128. The basic - 13- operation
and structure of data st'orage systenms, such as the disk filTe 84 (wthout
the suspension systens 10 or 14), is well-known in the art and is described
in nore detail in Magnetic Recording Handbook, C. Dennis Mee. and Eric
D. Daniel, MGaw - Hill Book Conpany (198@r. Fig. 6 is an isonetric view
of a head gi nbal assenbl y-130 (HGA 130) according to the prior art. The HGA
130 includes a | oad beam 34 and a pair of flexure arns 136 and 138. The
flexure arns 136_and 138 are joined at a _slider portion 142. A slider 146
is attached to%PR&es| Cddr’ cpBALABR T42(6PLIHA*2| pREr F48Si sthecdA@enti onal
”agPetoreSiSthﬁpbWdeStb.Qhehﬁétam afrapr tbeaause sur tacbeadd a backside
surface _

The

illustrate . that if the metal  strip must carry the

ollowing calculation uses Equation 1 to

same load: and is comprised of a second material
having a y ld strength which is three times greater
than the yleld strength of a first material, then the
4 omprised of the second material can be

nd still have the same strength: If S,
: = 30 ksi; and S,_ = high
strength co per alloy vield strength 90 ksi; then
g (a 42% reduction in

166) is ilI J'rated by the follow1ng discussion:
The stiffness "k" of a rectangular metal strip

having a widt] "w" and length "L" is related +to the
thickness . -:of the material by equation 2:

' k = Dt (2)
where D = ¢ nstant = = Ew/6I# and E is Young s modulus

The
the result
metal stri

£ 1low1ng calculation  uses Equation 2 and
Example 1 to illustrate that if the
ust carry the same load (P) and is

comprised o©f. a second material having a yield

strength whiéh is three times'éreater than a first
material, then the metal str1p comprised of the
second materlal has an 819 reductlon in stiffness: If
S, = soft _opper vield strength = 30 ksi; and S5 =
high strengfn copper alloy yleld strength = 90 ksi;
then k, /k '](¥ /t)s = (.58) 19 (an 81% reduction

in stiffness)ﬂ
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*which is on the
. surface. A plur
t he backsi de of

opposite side of the slider 146 fromthe air bearing
ality of read/wite term nation pads 150 are positioned on

the slider 146 and a plurality of discrete wires 154

ar e

connected to the termnation pads 150 for electrically connécting a pair of

head transducer
a read/wite

s (such as the transducers 27 and 28 shown in Fig.
channel (such as the read/wite channel 120 shown

1) to
in"Fig.

5). The slider 146 is positioned in a cavir@¢-158 that is formed between the
6 and 138. The backside of the slider 146 is attached to

flexure arnms 13
the slider por
support 162 wh

tion 142 and rests on a dinple 161 positioned
ich is an end of the | oad beam 134 t hat extends unde

on a
r the

slider 146. The fle¥dfe 1Zrniliugtiagesss headoxgdpbrdnassembh¥ £68d beam

134 whi ch have
description of
is an isonetric

l(eea QBO()kBES!&héhﬁy?bhﬁsbaadnb%ﬁ@ p2dor adtlOr ehthpeA

52§i8§§8F§gegﬁgag bpgggﬁzba Uasloagtbeam 228331 489

portion 272 and a plurality of electrical wires 276.

ugh
Flg

The electrical wires 276 are discrete wires which are '

routed over the back of the slider 264 apd are tacked
in . place with epoxy. The resulting epoxy "bump"
takes up space in the vertical direction (called "z-
height") and 1limits how closely a pair of magnetic
disks can be stacked adjacent to each other in the
disk file.

A swage joint 2B0 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 magnetlc 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 plurélity

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 1in Fig. 12., for connecting the

load beam 296 to an actuator 'arm. The load beam 296 -

7
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»-14- assenbly 170 (HGA 170) according to the present invention. The
HGA 170 includes a | oad beam 174 and a pair of flexure arns 176 and 178.
The flexure arnms 176 and 178 are joined at a slider portion 182: The
sl+der portion 182 includes a tab 184. A slider 186 is attached to the
tab 184, typically by a |layer of epoxy 188 positioned between the slider
186 and the tab 184 (see Fig. 10). The slider 186 is a
conventional magnetoresistive (MR) slider2Baving an air bearing surface
190 and a backside surface 194 which is on the opposite side of the
slider 186 fromthe air bearing surface 190. A plurality of read/wite

termnation pads i S are g a é ned on the backside surface 194.
A.plurality of 1BFSBEPECER PPfe are connected to the termination

pads: 198 for electrtﬁalhyadonﬁeshlngga pahd 6@lieRagd t agmsdeogr satguch as
e e s R hriig PoSh R Aonfif (Rhaf el Sk LbecEhapgy! (such
| ines 202 are cenohcthdttthe 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 4is oriented approximately parallel to the
longitudinal axis of the flexure arm 300 but rests in
the same plane as the flexure arm 300. Similafly,
the flexure arm 304 includes a beam portion 336 which
is oriented approximately parallel to the
longitudinal axis of the flexuré arm 304 but rests in
the same plane as the flexure arm 304. The length of
the beam portions 332 and 336 can be sized 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 1is a continuous part of the flexure arm 300 that
is- connected to the flexure arm 300 by a ufshéped
curve section 337. Similarly, the beam porfiop-336_



sithe termination pads 198 by ultrasoni c bonding. A plurality of spaces
206 are positioned between the electrical lines 202 to prevent the

el ectrical lines 202 fromcontacting each other. The slider 186 is
pesitioned in a cavity 210 that is forned between the flrexure arns 176
and 178. The backside surface 194 is attached to the slider portion 182
and rests on a dinpled area 213 forned on a support 214 (i.e. the dinpled
area 213 is a raised area positioned betwed-t he backsi de surface 194 and
the support 214). The support 214 is an end of the |load beam 174. The
flexure arns 176 and 178 are extensions of the | oad beam 174 which
have |ess thickness than the |load beam 174. In the preferred

enbodi nent, thels| Bagonbianeugmarts ofohpei fiexurefasm 3Pt esthateds and

the flexures céﬁﬁeaaéd 448tne erf oxnpd Bymchgoncayl ¥ uetRibed dbsve

stainless steel to edggs Its thickness. Fig. 8 is a cross-sectional view
of the HGA 170 Section '
The slider portion 308 is an "I-shaped" member

that includes 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 fbrmed by some of thé
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 flange 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 illustrates that a pair of read
termination pads 368 and a pair of write termination
pa&s 372 are located on 'a trailing edge 376 of the
slider 312. One electrical line 316 is attaéhea to .
each termination pad 368 and to each terminationi-pad :
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silllustrating that where the electrical lines 202 overlap the 174, the
HGA 170 is a multilayered structure conprised of a first |ayer 220
anal ogous to the first |ayer 40, a second |ayer 224 anal ogous to the
seeond layer 44 and a third |layer 228 anal ogous to -the thirtd - | ayer 48.
The di mensions and conpositions of the layers 220, 224 and-228 are
identical to those  previously described_ for the layers 40, 44 and
48 with respect to Fig. 2. However, -—i¥#the HGA 170, the layers 220,
224 and 228 are oriented so that the thlrd | ayer 228 is facing away
fromthe side of the disk: 88 over mhich t he slider 186 is flying. Fig. 8
also illustrat that el e tr| | i nes re regions of .the third
| ayer 228 that @'r§ﬁ' %fabﬂébtﬁwgw gEENi& ?‘ i on.TREnd S1AAEE are
separated from 3@acli=ad ammtve@lm@mllcaiagnleuwe%ﬁ%ﬁiweommbrt havipaces
206. The spaces _206 ex% end:.down_t

% t he econq %% hat t he
- second | ayer 22&“tsaé%b §@§lPﬁtSH§ athé pa@b n@hg gP EEQCES 206
i s positioned a:{amh;lmch surfacef 385¢| poitdaned neppodite atot otheevent

the electrical 'f%%égyégfgﬂ??ace 380. The slider 312 also includes
one or mor§= data transducers for reading and/or
writing dgﬁa on a magnetic medium, and these are
usually poSitioned on the trailing edge 376.

The léad beam 296 has a backside surface 387
that faces away from a disk 388 on which the slider
312 is readlng and/or wr1t1ng data.

Flg. 15 is a cross-sectional view of the HGA 292
illustrating that where the electrical lines 316
overlap tﬁé_ load beam 296, the HGA 292 1is a
multllayered structure comprised of a first layer 390
analogous tp_the first layer 40, a second layer 394
analogous t§3 the second layef 44 and a third layer
398 analogo#é to the third layer 48. Thé.dimensions
and compdsi#ﬁons,of the layers 390, 394 and 398 are
identical 'tb those previously described for the
layers 40, ;44 and 48 with respect to Fig. 2.
However, intthe HGA 292, the layers 390, 394 and'398
are orlented ~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 and the third layer 398.

Fig. 15 also illustrates that the electrical
lines 316 are regions of the third layer 398 that are
roughly recténgular 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 spaces 320

is p051tloneQ- along each side of an electrical .line -
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tshorting wth an adjacent electrical Iine 202. The electrical, |ines 202
are.-fornmed in the sane manner as was previously described for the
electrical lines 66. Fig. 9 is a cross-sectional viewillustrating that
where the electrical lines 202 cross the slider 186; the first |ayer 220
has been conpletely renoved -16- fromunderneath the second |.ayer 224
| eaving only the | ayers 224 and 228. A space 232 separates the slider 186
fromthe second |ayer 224, thereby allowim@Pthe slider 186 to gi nbal (nove)
nmore or less unrestricted fromthe electrical lines 202. Fig. 10 is a .
cross-sectional viewillustrating that the electrical lines 202 and the
second | ayer 224 are positioned on a first side of the tab 184. The tab 184
supports the el 2t®ridalasink’ BYevent tHhe selertriegbriing 5P pFe¥m des

strain relief fghotteng Withi Cah adjdesn®O@lectdiCal | Biee 0§16 PORYe 188 s
positioned on a fecond sfdf,of t;f tab 184 fqé . X
_ electrical 'lines 316 are formed in the same manner as

was previoﬁély described for the electrical lines 66.

Fig. 16 is a cross-sectional view illustrating
that wheréﬂﬁhe electrical lines 316 cross the opening
344, the fiﬁst layer 390 has been completély removed
from underpéath the second layer 394 leaving only the
layers 394 and 398. The combination of the
electrical . lines 316 and the second layer 394 is
referred té;és an integrated electrical cable 399.

In tgéi:preferred embodiment, the HGA 292 is
manufactuféd} from a laminated material such as the
multilayereé; laminate 33 shown in Fig. 2.
Photolithodfﬁphy and chemical etching are then used
to form tﬁé;various features of the HGA 292, such as
the electrical lines 316, the flexure arms 300 and
304 and théfépening 344. _

Fig. 17 is a side view of the HGA -292
illustratin@ﬁthat the deflection "d" due to the load
"L" takes piéce in the space "T" between the disk 388
(shown in Fig. 14) and a back surface 407 of the HGA
292, and dogé not require additional z-height. Z-
height is &éfined as -height in the direction "z"
illustrated;ﬁy the coordinate system shown in Fig.
17. The logﬁ "L" is a force applied in the direction
indicated by:;the arrow 402 which arises from a
preformed aréa near the arm attach area of the load
beam 296. ' '

The design of the HGA 292 is chosen so that the
total z—heighf of the HGA 292 is equal to thickness.
" of the slide£;312 plus the thickness of the load beam
296 and théfiayér of epoxy that bonds the Slider*Slz_
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. bondlng the slider 186 to the tab 184. Each electrical line 202 is bonded
: :to one of the termnation pads 198, preferably by ul trasoni ¢ bondi ng.

The term nation
236 termnate o

pads 198 are regions where a plurality of electrical
n the backside surface 194, with each-el ectfricat |ead

| eads
236

termnating in one of the pads 198. The electrical |leads 236 pr.ovide
nection to the transducers on the slider 186. As can be

el ectri cal con

seen in Fig. 10,

the second | ayer 224 is -[2@sitioned between the

‘electrical leads 236 and the electrical lines 202, thereby preventing
| i nes. 202 fromshorting the | eads 236. The construction and

the electrica
use of the HGA

170 is analogous to the construction and use of

t he

suspensi on 10 shewthen mljdes, poxticme 306 Pi@scahebﬁhssbypﬁﬁupédth@r t he

suspensi ons 10 %ﬂe@%fl%ahh%d%f§k3§bl?o%&ti%ﬂ@a bR tbbJofOthe SQ%E

the slider port

ion 182 i s anal ogous the slider portion 54 and the

aIIy,
| oad

beam 174 i s anaPSF3d®™ 308nhe ik ther Prefesred ephodiment, kel §a%adeam
174 includes ap-hRiGROGE @he( oA 20WAks deal0gbus be BhHRadr BoparBion - 58.

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 Fig. 5)
to be spaced 1.0 mm to 1.3 mm apart, depending on the
size of the slider 312. _

Fig. 17 also shows that a region 406 of the
flexure arm 300 has a thickness which is 1less 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 layer
390 and form continuocus extensions of the load.beam
296. '

Fig. 18 dllustrates a frame 410  used in
manufacturing the HGA 292. The frame 410 is formed
as an extension of the HGA 292 when the laminated
material, such as the multllayered laminate 39 shown
in Fig. 2, is etched to yield the HGA 292. The frame
410 abuts the slider portion 308_and the flexure arms
‘300 and 304 at the shear llnes 422. All of the
elements of the HGA 292 shown 1n Figs. 13 and 14 are
formed approximately szmultanegpsly with the frame

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

300 and 304 the slider portion 30$, the plurality of

electrical lines 316, the plurality of spaqes,j320,'
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+-17- The slider 186 includes one or nore data transducers for reading
and/or witing data on a nagnetic nedium However, wth the HGA 170, the
el ectrical lines 202 extend along the side of the |oad beam 174 that faces
away fromthe disk 88 (shown in Fig. 5) on which the-slidéer-186 is reading
or witing data. The flexures 176 and 178 are regions of reduced. stiffness
(conmpared to the |oad beam 174) that separate the slider portion 182
fromthe |oad beam 174 and which functi-®¥to allowthe slider 186 to
conform to, -and fly over, the recording disk 88 (shown in Fig. 5). In

"the preferred enbodinent, the HGA 170 i's manufactured froma |aminated
material such as the nultllayered | am nate .. -39 shown I n Fig. 2.

Phot ol i t hogr aphythén & Llideahi PRrtdoshi3 and thee baafe pord-ionsr #32hangar i ous
features of . the 34@A 17@neswali ey Bhe qlsectzfdtcaiaﬂﬁ RS thD2 £l fiexur es
176 and 178 but is attached later as is explalned below. ‘

The frame 410 also 1ncludes an aperture 414, a
plurality r of electrical 1inefextensions 418 and a
plurality of shear lines 422.' The slider 312 is
positioned at a ninety degree angle to the frame 410
with the termination pads 368 and 372 positioned
along a line 426 and underneath the electrical lines
316. )

An ultrasonic bonding head is then positioned
above the termination pads 3@8 and 372 with the
electrical lines 316 between tﬁe ultrasonic bonding
head and the termination pads 368 and 372, and the
electrical lines 316 are ultrasonically bonded to the
termination pads 368 and 372" In the preferred

embodiment, the electrical 11nesp316 are plated with
gold before the bondlng process takes place in order
to facilitate the ultrasonic bondlng process.

After the electrlcal_' lines 316 are
ultrasonically bonded to the ter@ination pads 368 and
372, the frame 410 is sheared away from the HGA 292
at the shear lines 422. The HQA-ZQZ is then rotated
sllder 312 fixed so
that the slider 312 becomes pos tloned in a position

ninety degrees while holding th

430 indicated by phantom -lines in Fig. i8.
Alternatively, the slider 312 : ﬁld be rotated into
the position 430 while holding’’ the HGA 292 fixed.
When the HGA 292 is rotated, the
off at a plurality of breaf

tensions 418 break
points 434, thereby
completely freeing +the HGA 2: from the frame 410.
The slider 312 is then bondedf_o_ the slider portion
308 with epoxy to secure it to éhé HGA 292.

Fig. 189 is an alternatlve .embodlment of the -
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+and the space 210. This manufacturing process elimnates the need
to add discrete twisted pair read/ wite cables to the HGA 170 by hand.
Fig. 11 is an alternative enbodi mrent showi ng the electrical |ines 202
at+ached to the electrical leads 236 by a solderi-ng techni-ques -
simlar to the'techniques disclosed in US. Pat: Nos. 4,761,699 or
4,789,914. In this alternative enbodi nent, a solder ball 240 is added to
each term nation pad 198. The second Iayé?8224 is extended over the
term nation pads 198 and .an aperture 244 is etched through the second

| ayer 224. A sol der baII 248 on the electrical line 202 is then
reflowed to the_saold 240 t.hrou he apetture 244 aser

Lot tip to nEFERRE divemion plafstiat] e’ R hegtainbaly sa9eBbl T3 D 5
conprise tin-|edd0 ((HERD)E4O) .t The HGA- 380 kiomputilses( 8nBiopd betmciidd,sol der,

but other typeg ¢f 30h4e" 53" B98YSd 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 beéring
surface 476 and a ' backside surface 480. The
electrical 1lines 464 run across a space 484 and
include a pair of s-shaped loops 488 and 492 (other
shapes are possible). A stiffening flange 494 is
positioned élong each edge of the load beam 444. The
load beam 444 has a frontside surface 495 which faces
in the same direction as the airbearing surface 476.
The dielectric layer- 472 is positioned on the
frontside surface 4S5.

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 surface 476 is on the
same side of the HGA 440 as the electrical lines 464.
Additionally, in the HGA 440, ﬁhe sllder 460 is.
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. “Referring now t
i can be explain
smal | er drives

gi-abal assenbl i
10 permts ver

when the third

conductor. The
The first |aye
to the system1
dielectric mate
first layer 40

dielectric mate
pol yi m de)
stress in a de
deformati on

o Figs. 1 and 2, the utility of the laminated structure

39

ed. The trend within the hard disk drive industry towards

has created a demand for very snmall (and | ow cost) hea

d

es. The lam nated structure of the -transddcer suspension
y small head ginbal assenblies to be designed espeC|aIIy

| ayer 48 is conprised of a glgh strength el ectrical
three | ayers of the suspen§?

n 10 function as foll ows:

r 40 (or 162) is a stiffener layer that gives rigidity

0. The second | ayer 44 (or 164) is conprised of

a

Fofaihd)" HOT| 80RAR *'o8 P OHhREC, = poptAERLLES TREN 1°

appl.i cati ons, |tem1na§ebnl pafis €86 avecprditigued myoximallipsyo tbe a

Eb%hertﬁﬁﬁ ps §bé°onhﬁﬁe e!é§€9§E§§t1§nQEO@€4t'es (I'ike

| ncreases danpi ng. Vi scoelastic neans that th
f or ne§inaat ‘éhﬁaﬁlecnlcﬁiopéwﬁsnaﬂ g8 nebthaveneto

a8Rflend bYer that81idesf 46@?f€h€38188tr1ca1 lines 464
can be attached +to the termihation pads 496 by a

plurality of solder bumps 500, fdr example by using
the soldering technique disclosed in U.S. Pat. No.

4,761,699. Because of the orignﬁation of the slider

460, a magnetic disk 504 rotateg'in the direction of

an arrow 508, which is oppositelfblthe 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 between the electrical lines 464 and the
space 484 and slider portion -456. The electrical
lines 464 and thé spaces 468 havgythe same shapes and
compositions as was 'describeafpreviously for the

. electrical 1lines 316 and the.gpaces 320 shown in

Figs. 15 and 16. ' :

Fig. 20 also illustrates that the slider 460 is
bonded to the slider portion 456 (preferably with
epoxy) and that the flange 494 is bent upward (in the
direction of the air bearing suffa¢e 476) to minimize
z-height. The HGA 440'exhibit§#£he same reduced z-
y as was described

height and side space Clearax__:i:_"":"
\ 292.

invention has been

previously with respect to the H

Although  the present
described in terms of the _fétesently preferred
embodiment, it is to be q;s§rstood that such

disclosure is not to be intéi eted as limiting.
ons will no doubt

become apparent to those Skilf.d“ in the art after_

Various alterations and modific

having read the above dlsclosure Accordlngly, it-is.

e

a.
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Viscoelastic materials al so exhibit creep and rel axation behavior.
Creep neans that under constant stress the deformation increases in tine.
Relaxation neans that under constant fixed deformation the stress decreases
steadily in time. The third |l|ayer 48 (or 166) is conprised- of- a high_

‘ strength electrically conducting material, such as one of the high

strength copper alloys descri bed previousI% -The third layer 48..
(or 166) is preferably conprised of a Ri ‘conductivity alloy -19-
(e.g. a copper alloy) because the electrical Ilnes 66 (or 154) need to

function as efficient electrical conductors. The use of high strength

al loys in the thihtehagar tA8+( 0knrl6 ortant for several reasons
First, the use of a hlﬂh st [ engt ?%géﬁ Rt fe a&@ﬁdugFoPnteF§yétedraduces

the stiffness C8VeTihd saébeﬁéteﬁamoper 486) molii €hica®ibRBOT haNkayhen the
within the; strue spirit and scope of the invention.
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ssl.ider 22 (or 152) is small (See Exanple 2 below). Second, the use of a
hi'gh strength alloy pernits the thickness of the third layer 48 (or 166)
to be kept less than or equal to eighteen mcrons (as shown in Exanple 1
betow, thickness varies inversely with the square root of yleld strength).
Third, the use of a high strength alloy permts nore i@est ptions such
as the integration of the electrical lines 66 (or 154) he' hlnges"78*‘
directly into the third layer 48 -Gdr  166). m}a[ M"g” =
of a high strength alloy pernmts the use of  the flex ﬂ 8
because the third layer 166 carries nost of the |oad once’ the flest: hayer
162 has been renmoved. Fourth, the high_ strength copper alloy adds
robustness to the suspension and reduce ' ‘] osses due to handling
damage during t hmapiy adladmed ig:.0ocess. Exanple 1 - The reason use of a
hi gh strength al,l oy reduces the thlckggss f the thl&p ée % (or
166) is i | Tustradted by t FESPEN &angﬁgs S|8ﬁ fH@pFﬁ]&§ﬁ%s

rect angul ar netdransdq@er comprising:

a slider support member. for holdlng a slider
having an air bearing surface and a backside surface;

a load beam for applying g-load to the slider;

an electrical cable exteﬁding 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 of the high strength electrically
conductlve material, with the first elongated strip
belng separated from the second elongated strip by a
space ‘that prevents the flrst.elongated strip from
electrically shorfing the second electrical strip and
the first layer being positioned between the backside

surface of the slider and the sebond layer.

2. The suspension of claim 1 wherein the second
layer has a thickness less thanﬁpr equal to eighteen

microns.

3. The suspension of claim 1 .wherein the second
layer comprises a high strength electrically

conductive material selecte . from the group

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

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

4. The suspension of claim 1 whérein the first layer .

comprises a polyimide.

Ihs&muﬂ

LT !ll ﬁll



ihaving a width "w' and a length "L" is related to the yield strength of the
material "S " by equation 1: t =C/ S[err] (D - 20-
where C = constant = (6PL/w)[err] and P is* the |oad applied'to t he
metal strip to cause it to bend. The follow ng cal cul atiion uses” Equati-on:—
1 toillustrate that if the netal strip nust carry the :
and is conprised of a second material having:a yield str “’mmﬂ ,ﬁmmel,
three tines greater than the yield stremﬁ&ﬂﬂf a first materi -
metal strip conprised of the second material f¢an be 42% thinner and”stil:
have the same strength: [|f S[err] = soft copper yield strength = 30 ksi;
and S[err] = hl%? strength copper alloy yield-strength = 90 ksi; then
tlerr]/t[err] { S[ erk | /2ysRenSicn r |sy¥sten 5oy 5 suppRTiaic oatian

t hi ckness). Exargllaqls&cerﬂ&n&ﬁq%qlétse of a hi’ gh strength al |l oy reduces

the stiffness of the th|rd Iqéler 48
data ransducer for - readlng and/or writing

data on a data storage medlum -

a slider for holding uété transducer, the

slider having a backside surface which is positioned

away from the data storage medfum,

;jholding the slider;
a load beam for applylng'aﬁload to the slider;

a flexure that connects the load beam to the

a slider support member f_

slider support member, the flexgre comprising a first
arm and a second arm; o

an electrical cable extendlng along the backside
surface of the slider and comprlsed of a first layer
and a second layer, the second_;aygr positioned on

the first layer and compris: at least a first

elongated strip of a high”:'trength electrically
conductive material and a seci elongated strip of
the high strength electricall:
with the first elongated strlp belng separated from
the second elongated strip by a__Space that prevents

the first elongated strip from electrically shorting

conductive material,

the second electrical strip, and the first layer
belng ‘positioned between the back51de surface of the

slider and the second layer- ar

a first termination pa'iw h 1is electrically
1d is positioned on
slider, the first

. connected to the

connected to the data transduc;
the backside surface of ;h
elongated strip being electrica
first .termination pad.
6.' The suspension of claim5 __hefein the second.
_‘equal to elghteen.

—t

layer has a thickness less tha

microns.
Bet*.nReﬁa‘:‘-"d
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‘166) is illustrated by the follow ng discussion: The stiffness "k" of a
rectangular netal strip having a wwdth "w' and length "L" is related to
‘the thickness "t" of the material by equation 2: k =Dt[err]
(2 where D = constant --EwW 6L[err] and E is Young's-nmodul Us..F
fol'l owi ng cal cul ation wuses Equation 2 and the result , of. Ex
“iflustrate that if the Aetal strip nust carry thes W
‘is conprised of a secohd mat eri al h&@lﬁg a y|eId sC
‘three times greater than:“a first material, then the rnetaf cstrip
conprised of the second ‘materi al has an 8196reduct|on in stiffness:
S[err] = soft copper yleld stren 0 .ksi d Slerr hi gh strength
copper alloy yid-d s ensge st Fﬁéﬁmk[érrr%ﬁ[ég the sécond

(tlerr]/tlerr]) heyel = (:o'i@):h%bls] a . 19ichn . St¥%enkaliuct ieQRcitrighilifness) .
-21- Flg 12 'llusE{%&FSé he %eglngal Eo) n%l 26(%rom the group '
L Cu-Ni-Si-Mg allqy, Be-Cu-Ni alloy, Cu-
Fe-Zn-P alloy and Cu-Ti alloy.

conslstln

8. The sﬁ”égnsion of claim 5 ﬁhgrein the first layer

comprises olyimide.

9. The suspension of claim 5 wherein the first layer
dielectric materlal selected from the

comprlses'

group coﬁ_‘stlng of a polyimide, an epoxy and a

Teflon.
10. The spension of claim 5 wherein the first
elongated "ﬁrip is electrlcally connected to the

first term: tion pad by an ultrasonlc weld.

11. The suspension of claim'is' wherein the first
elongatedrf rip is electrlcally connected to the
first term;'atlon pad by solder.

12. The rguspension of claim 5. further comprising a

support -t positioned on e backside surface

Sllder and . the flr

between the . layer, the support
tab providi? f mechanical suppo for the electrical
cable. w

13. The su pen51on of claim. vherein the flexure

means .comprises a dielectric’ ayer comprised of a

dielectri terial-and a cond ve layer comprised
of a high ¢

positioned:é er the dielectric Léyer,

?ength electricali onductive material

eet Has Been Replaced
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#(HGA 260) of the type used in the prior art. The HGA 260 conprises a sl i der
264, a |oad beam 268, an armportion 272 and a plurality of electric

wires 276. The electrical wires 276 are discrete wires whi - 4r0utedfg=
over the back of the slider 264 and are tacked in pl ace Wit \l“'he
resultl ng epoxy "bunp" takes up space in the vertical: N

"z- heirght") and limts how closely a pair of magnetic: d e §tacked

adj acent to each other in the disk file. A3%wage joint 286 connects ‘the arm
portion 272 to an actuator arm such as the arm 18 illustrated in Fig. b5.
A region 284 and a region 288 indicate portions of the | oad beam 268

whi ch extend beyond the slider 264, thereb takln up, disk area at the ID
track of the maghetic di'e pfupPersion | r ff he]a% g}ﬁﬁ%ﬁlnas%bly

292 (HGA 292) ascibi#isd O Ié’_@:pfe&ﬁﬂiptﬁ@tl@ 1h HGAs B %ehpEipr i ses

a | oad beam 296, a fl exur arm3 a flexure arm 3 I d ortion

308, a slider 31LeMFLa aI‘f‘Erﬁig{ﬁtJe‘feect‘?"’ffc%ﬁl r'O‘r rﬁél%‘%beé A@e’iﬂ'{irqf?ty of

spaces 320 are masiup ornazhsaftEioent diH eaciNsisie-Md alloy, Be-Cu-Ni
alloy, Cu~Fe-Zn-P alloy and Cu-Ti alloy.

15. A suspension system for supporting a data
transducer comprisihg: |
a slider support member for holding a slider
having an air bearing sﬁrface, 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 positicned 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 élongated
'strip of a high strength elecﬁrically conductive
material and a second elongated strip of the high
strength electriéally conductive material, with -the
first elongated strip being separated from the second
elongated strip by a space that prevehts the first
elongated strip from electricaLly shorting the second
electrical strip and the first:layer being positioned
between the slider support meémber and the second

layer.

16. .The suspension of claim 15 wherein the second
layer has a thickness less than or equal to eighteen

microns.

17. The suspension of cla}m 15 wherein thé_second-

This Sheet Has Been RTilaced
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A

sthe 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 Iayer 3227 -

prevents the electrical lines fromcontacting -other elect r| tive .
materials. In the preferred enbodinent, the |oad beam 29 ﬂm&m I”m
| i ke the | oad beam 268 of the HGA 260, and the HGA 292 incl utles a L

portion, like the armportion 272 shown 'ﬁﬁ'Flg 12., for connecting the .
| oad beam 296 to an actuator arm The | oad beam 296 -22- includes an
end 326. The | oad beam 296 and flexure arm 304 .are contoured to fit tightly

agai nst a di sk spacer 324 such that the_ HGA 292 contacts the spacer, ring
324 at a cornersl§2’§ Tof RWEPILSES 372 ﬁ?é’bspf&;rerﬁtﬁ'b 3Bdect Yt tion

of the spindl e kuwhdiztibel sepAeriel {heeldictien 88 fivonti g.tHe  gioud I ow
330 indicates t%%n51st1ng of Cu-Ni-Si-Mg alloy, Be-Cu-Ni alloy, Cu-

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

i8. The suspension of c1aimfi§ wherein the first

layer comprises a polyimide.

19. The suspen51on of claim 15 whereln the z-height
of the suspension is less than or equal to 1.3 mm.

20. The suspénsion of claim 15 further comprising:
an aperture positioned betﬁeen the load beam and
the slider support member; andf"'
a free portion of the electrical cable
positioned over the aperture._.v

21. The suspension of claih ;20 vherein the free
portion includes a section of the electrical cable
that forms a curve.

22. A suspension system for supporting a data

transducer comprising:

a data transducer for .i ding and/or writing

data on a data storage medium

a slider for holding thé éta transducer, the

slider having a backside surfg ‘which is positioned
away from the data storage medi
holding the slider;
oad to the slider,

_rface, and

a slider support member fo
a load beam for applyin
the load beam having a backsi

an electrical cable exte ng along the back51de

surface of the load beamuignd p051t10ned for

connection to the trailing edge of the sllder,;_th —

Replaced

“\\iifi\i\\\\\\\\\\\\\\\\\




~

dfrection of rotation of the spacer ring 324 (and the attached nmagnetic
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 nore data tracks on the disk to be-utidi-zed for .
storing dat a. Typically, the design of the HGA 292:allows side: . . =7

cl earances between the slider corner 328 and the readIV\” wmnmlimgw
as .45 mmto .80 nm, depending on the slidéf-size and,r2_ it L

| ocation.. The flexure arm 300 includes a beam portion 33 i:ch I's bri‘ent ed
approximately parallel to the |ongitudinal ‘axis of the flexure arm 300 but
rests in the sane, pl.ane as %gg | exure arm 300. Sintlarlé, the flexure
arm 304 includese&eﬁgﬁﬁFﬁng_ ©38810Ai CR™PE1seg, Pénpedirsipprysrmand) y
parallel to atbecbadgilayedirpal tRsi seeiﬁnalhea&bﬁxu esaltrngaeé Bﬂtt!tﬁéts?)l?)g
t he sane plane ag.th Lexure_arm 304. The ngt t he beam portions _
and 336 can be s?igg%tgagﬁguﬁggtﬁg?pfﬁ§1§giﬁgrqgfﬁgtFa2§F§§e§l?ﬂFFFSGt
pitch and roll rstafiponpfwhen hiighl shdedgfh( skdentiriicklliy lépnductive
material and a sSecond 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 suspension 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 compriSés a polyimide.

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_fu;ther‘comprising:

This Sheet_Haé. Been RT
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¥s applied. In the preferred enbodi nent, 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. Simlarly, the beam portion-336

-23= is a continuous part of the flexure arm 304 that—i ected to the

- flexure arm 304 by ‘a u-shaped curve section 338. The st

_ _ er: porti on::368~is
. an "l-shaped" menber that includes a |ongitudinal sect m M’m W’*-ross

menbers 341 and 342. The beam portions 33233nd 336
- menber 342 near an edge 343 of the cross nenber 342./ An. open?ng'B
. formed in the region bounded by the end 326, the flexure arns 300 and 304,
. the beam portions 332 and 336 and the edge 343. The electrical l i nes

* 316 extend over the longitudinal section 340, the cross nmenber 342 and

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 suppert 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 oﬁza first 1layer, a second layer and a
third layer: |

b. positioning a slidér 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. partially 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.

e
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.across the

openi ng 344. An "S-shaped" loop 348 is formed by sonme of the

¥ electrical lines 316 in the opening 344 near the end 326. Simlarly, a
reverse "S-shaped” loop 352 is formed by some of _the electrical
lines 316 in the opening 344 near the end 326. The ttre

| Gops 348 and 352 is to create sone "play" in the esectrlcalhl :
as to mnimze the contribution of the electrlcal ﬁ&“ﬁl

and roll stiffness of the HGA 292. Fig. 1 S an |so._m “mm/

292 illustrating that the edges of the | o

(i.e. in the direction away-fromthe electrical |ines" 316) to forma
stiffening flange 360 and a stiffening flange 364. The downwar d

the flanges 36
Fig. 14 also

pair of wite tla‘mamat icompEgEe 372 aar e Higlnt extmematt r aidlewdmdmpd 1376 of -

the slider

312.¢

curl

316 SO
tch
e: HGA
beam 296 dre curved downwar ds

of

UStrgﬁl e palrQ§¥ reéggiern1 rﬁdﬁggg%%oggg_é%helght

PRRAER || el 1IN Y P ol egBRg T on pad

368 and to each term nati on

consisting of Cu-Nl-Sl-Mg alloy, Be-Cu-Ni alloy, Cu-
Fe-Zn-P alloy.gnd Cu-Ti alloy.

32. The suspension of claim 29 wherein the second
layer comprises a polyimide.

33. The suééension of claim 29 wherein the first

layef compriseﬁfstainless steel.

34. A suspénsion system for supporting a data
transducer comprising:

a slider éupport member for holding a slider
having an air bearlng surface, a backside surface, a
leading edge anf5a trailing edge; '

a load beam for applying a load to the slider,
the load beam hav1ng a frontside surface; and

an elecﬁfidal cable extending along the
frontside surf&ce 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
fifst layer and comprisiné at least a first elongated
strip of a high strength electrically conductive
material and a second elongatéd__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 eigthically shorting the second

electrical strip and the first layer being positioned :

_between the load beam and the second layer. _TW”*“~~

Thm
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«-24- 372, preferably by ultrasonic bondi ng. The slider 312 is a
conventional magnetoresistive slider having an air bearing surface 380, a
| eadi ng edge 381 and a backside surface 385 positioned _opposite to

t he airbearing surface 380. The slider 312 al so i ncl udes—onre—or- -
transducers for reading and/or witing data on a magnef
these are usually positioned on the tralllgg edge 376, iHl“
has a backsi de surface 387 that faces away om a di ski 388 ~a
slider 312 is reading and/or witing data. Fig. 15 is a cross- sectlonal E
view of the EGA 292 illustrating that where the electrical lines 316
overlap the |oa bea 2 : ] r ucture’
conprised of a f??st IghgrggsBe%%g %gggﬁ f%ggﬂeégl ?P?ééer % § %%ond

| ayer 394 anal ogbayerohashe thickdesaydess44thad or eqguad taye:g-‘@'@@en

anal ogous to themi@kég | ayer 48. The di nensions and conpositions of the.
Iayers 390, 394 and § are

36. The suspension of claim 34 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.

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.

38. 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.

i
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€ dentical to those previously descrilbed for the layers 40, 44 and
48 with respect to Fig. 2. However, in the HGA 292, the layers 390,
394 and 398 are oriented so that the third |ayer 398 is facihg away from
the air bearing surface 380. The second |layer 394-is po6Siti oned between
the slider support portion 308 and the third |ayer 398. Fig.- 15 also
illustrates that the electrical lines 316 are regions of the third |ayer
398 that are roughly rectangular in cross4®ection, 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 | ayer 394 is exgosed througg t he sggce 320. One of the sgaces 320 is
posi ti oned al onHEABRchGEMBALof ASERMBLE ct P | ENEEGRATER. BEECEBIGAL{t o

prevent the el egppbgéirorsne 316 fromshorting with an adjacent electrical
line 316. The electrical lines 316 . are forned in the sane manner as

ABSTRACT

A single piece head gimbal assembly(170)
comprised of a load beam(174), a pair of flexure
arms(176, 178), a slider support member(182, 184) and
a plurality of electrical 1lines(202). The head
gimbal assembly is formed from a laminated material
.comprised of a support layer, a dielectric layer and
a high strength electrically conductive layer. The
electrical 1lines are formed in the high strength
electrically conductive layer and extend along the
backside of the load beam. The backside surface(194)
of " a slider(186) is accessible through an
aperture(210) formed between the flexure arms and the
electrical lines are_'terminated to the backside of
the slider. Alternatively, the electrical lines
extend along the backside or frontside of the load
beam and are terminated to the trailing edge of the

slider.

Figure 7
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s preV|oust described for the electrical |ines 66. Fig. 16 is a-
~cr oss-sect i onal view illustrating that where the electrical |lines 316 cross

t he.opening 344, the first layer 390 has been conpletely renoved from

under'ne‘at'-h-the-sec_ond | ayer 394 | eavi ng onIy the | ayers 394 and 398.
The conbi nation . of the electrical es 316 and he second |ayer 394
is referred to-as an integrated el ectrl cable 399. th the preferred
enbodi nent, the. HGA 292pi s nmanufacture . i al such
ras the rrultilayered 18Ia.2nate 3232 Ewn Frg. 2. /

Phot ol i t hogr aphy ar{d/ e used to formthe various
features of the HA3A 292, such as t‘he'l el ectri cal l.ines” 316, the flexure

arns 300 and 304 /and S 55 a side view of
the HGA 292 illustrati gthat t he def2IB ' ! e to the lgad "L"
takes place in the spact4"T" between the ; )
back surface 407 of the HGA 292, and does not requir
z- hei ght . Z- height is defined as height in the
illustrated by the coordinate system shm ip Fig..

. l 4 74 74
44-4W - 1‘ ~44
UGN - | ~ 40

o | F 1G. 4

U
ddi ti onal
lrection "z"

FIG. 2
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A

&% The load "L" is a force applied in the direction indicated by the
arrow 402 which arises froma preforned area near the armattach area of

t he 1 oad beam 296. The design of the HGA 292 is chosen so that the total

z- hei ght ‘of the:HGA 292 is equal to thickness of the slider 312 plus the

t hi ckness of the | oad beam 296 and the | gyer of epoxy that bonds the
slider 312 -26- to the slider portionzz%S, plus the tH¥ckpess of the
electrical cable 399 positioned on top of the @% 308. In the
preferred enbodi nent, the total z-height R Xs than or

equal to 1.3. mMm The thickness of the is less
than or equal to .035 mm Typically, al | ows t he
di sks 88 =dependi ng

on the size of the slider 312. Fig. 17 also sh¥é {EPIN 406 of the
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filiexure arm 300 has-a " thickness which is |less than the thickness of the
| oad beam 296. The flexure arm 304 has a simlar thickness to the flexure
arm  300.  The flexure arms 300 and 304 are regions of reduced stiffness
(conpared to the -l oad beam 296) that separate the slider portion 308 from
the | oad beam 296 and which function to agAfow the slider 312 to conformto,
and fly over, a magnetic disk (like the recording disk 88 shown in Fig. 5).
The flexure arns 300 and 304 are conprised entirely of the first layer 390
and form continuous extensions of the | oad beam 296. Fig. 18 illustrates
a frame 410 wused in manufacturing the HGA 292. The frame 410 is
formed as an extension of the HGA 292 when the |amnated material, such
as the multilayered | anpls 39 sipwwn in Fig. 2, is etched to yield the HGA
292. The franme 410 abuts S Ndg ortiog 08 and the flexure arns 300
and 304 at the shear \ the el enents of the EGA 292

- shown in Figs. 13 and_14 are foRsEhappr oy mately si

: frame 410, including fﬁe y&__&~___l£z

PRIOR_ART
FIG. 6
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- 300 and 304 the slider portion 308, the plurality of electrical |ines
" 316, the plurality of spaces 320, -27- the slider portion 308 and the
beam portians 332 and 336. The slider 312 is not part of the frame 410;
but is attached |later as is explained below. The frame 410 also includes
an aperture 414, a pluralit ‘gf eIectfigyﬁ i ne extensions 418 and a
plurality- of shear . 8 mﬁvé ) The slider .312 is positioned at a
t&anme 410 ypgpth the termination pads 368 and
J angr underneath the electrical |ines 316.
¥en positioned above the term nation
al lines 316 between the wultrasonic
5 68 and 372, and the electrical lines
316 are ultrasonifcal ly 9 AE NRSCRET i nati pads 368 and 372. In
the preferred S\ ~ e :

<

pads 368 and 378M AT
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£enbodi nent, the-electrical lines 316 are plated with gold before the
bondi ng process takes place, in order to facilitate the ultrasonic bondi ng
process.. After t he el ectri cal l i nes 316 are ultrasonically
bonded to the termination pads 368 and 372, the frane 410 is sheared away
fromthe HGA 292 at the shear lines 42§Y The HGA 292 is then rotated
ni nety ‘degrees while-holdi-ng the slider 5 fixed so that the slider 312
beconmes positioned in a position 430 i ndi cated by phantom |ines in
- Fig. 18. Alternatively, thegyslider 312 coul daﬁ rotated into the
position 430 while hol ding the HGA 292 fi xed. en the HGA 292 is
rotated, the extensions 418 brea —at & prU[dIILy of—preak points
434, thereby conpl eTe Greerng the HGA 292 fromthe frame 410. The slider

312 is then bonded to theé<s 2 Q)gggure it to the
HGA 292. Fig. 19 is ; - 28-

260 -
PRIOR _ART
FIG. 12
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Hresent invention illustrating a head gi mbal assenbly 440 (HGA 440).- The

HGA 440 conprises a | oad beam 444, a flexure arm 448, a flexure arm 452,
of electrical

slider porticon 4

56, a

sl i der

460 and

a plurality

a

lines 464. A plurality of spaces 468 are positioned adjacent to each side

of the electrical
contactihng each
The el ectri cal
prevents the el
el ongat ed,
an arm portion,

sl i der

480. The el ect

the | oad beam 444 to ag
312 and has an a
I

| ines 464 to. prevent the, el ectrical

ot her -
| i nes 464 are posotioned on a dielectric |ayer 472 that

okher el &%

m
Hea 4{32ﬁncludes
or nnecti ng

\

S sim

ectri cal

ri |

of s-shaped | oopsC488 an

flange 494 is

S’J‘\

pe

or

i ne

]
g

:

29

ot her

from
conductive materials. In thdgpre erred enbodi nent, the | oa® bea

|i ke the | oad beam 268\ of .t he HGA 260, and the
li ke the arm%ot
a

& 2
N
F eh

72 shown in Fi
The slider 460

ur f ace
HJross a spacé®484

<}
m

i nes 464 from

ﬁi/IBect ri.cally conductive material.

contacting

12.,

476 and f “ba

n

a

trically
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.spositioned al ong each. edge of the | oad beam 444. The | oad beam 444 ‘has a
‘frontside surface 495 which faces in the sane direction as the alrbearlng
surface. 476. The dielectric |layer 472 is positioned on the
frontsi de surface 495. The  shape and conposition of the HGA 440 is
similar to the shape and conposition of; ghe HGA 292,  except as fol |l ows:

- The slider 460-is nounted on the opposité side of the HGA 440 as conpared
to the HGA 292, so that the airbearing surface 476 is on the sage side of
the HGA 440 as the electrical lines 464. Additionally, in theAHGQ 440,
the slider 460 is -29-"rotated 180 degrees SO t hat ?;
plurality of termnation pads 496 are positioned proximlly sol der
bunmps 500 on the electrical lines 464. Since the electrical |inés 464 do

not have to extend over the slider 460, the electrical |ines 464 can be
attached to the ternlnatlon pads 486 by a 3gp 308 407
29\6 \ \ / I
f | 406 3\
292 - _ spy 312

FG. 17

Jo4

FIG. 18



Plurality of solder bunps 500, for exanple by using the soldering technique
disclosed in U S Pat. No. 4,761,699. Because of the orientation 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-secti-onal view of the EGA 440 illustrating that t he
dielectric |ayer 472 is. positioned B%@meen the electrical lines 464
and the space 484 and "slider portion 456. ~ The electrical |ines 464 and

. the spaces 468 have the sanme shapes and conpositions as was described
previously for the ectrical lines 316 and the spaces 320 shown in
Figs. 15 and 16. Fig. 28,also illustrates that the slider 460 is bonded to
the slider portion 456 (preferably with epoxy)wand that the flange 494 is

bent upward (in the ddgécti of the air bearin 08t ace 4,76) to minimze
'z-height. The HGA 440 sexhi bi t's\t he sane reduced z- height and side space
cl earance as was o f revj ously 2&th respect to the HGA 292
Al t hough t he pr&selt 479 f h een
454 f 484 . 500
495 — S04
20 492 ) == ——— Z .4
. . =500, e
: <200
sad 488 496 | 460
500 ——=> Y
b= 480
456
468 484_448
/ 494
440 ' :
| FIG. 19

494 -

- 460
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Acdordi naly, it—is. - 30- iptended

%vmthlnthetrue SpPifi-t—aire owpe f" the inventi on. 31 CLCAIMS 1. A

suspensi on smmwisﬁgm&cmycer DATH OB IRECEIRTS I ........

support menber for holding-a slider having an air bearrng surface amd a

back5|de sur f ace;

56

'Wh@fmlﬂ?m(iﬂmwmmmkmwn
in the art. Forexample_mnslieetal in U.S. Pat. No. 4,761,699, disciose the use of
mﬂowedwmmmrmmbomummlammmofﬂnslmwme
K cmmnmmaxofﬂu:ummﬁbuu-u:du=wmkiﬂe:emyvnne
itionally, Ainslie et al., in U.S. Pat. No. 4,789,914, disclose a
soldering technique for making an electrical attachment of a cable 10 a transducer on the
backside of a slider.

Thcuseoflmmtedmmmhforeomcﬁngslmermmmsym:salso
known in the art. For éxample, Espelding ct al., in U.S. Pax. No. 4,996,623, disclose 2
suspension system comptised of a sheet of polyimide material sandwiched between two
metal layers. U.S. Pat. No. 4,996,623 also discloses that a piurality of conductors can
beformedmﬂ:eoopper;hyerofthzsuspemionforpmvxdmgehctmaloomﬂomm
the slider. Andmomny the use of discrete layers for constructing the suspension is also
known. For example,GOberg, in U.S. Pat. No. 4,819,094, discloses a suspension
symmmwmchﬂmﬁhwppetmmmnﬂwmhedMemapmofpolyimide
films. ) .

summvwmmssmmvmnorz
Aecordingtoom-aspedofthepmmavemonthereispmvxdedampemon
symfommnng mmmpmmg ashdampponmemlmforho!duu
ring surfuce and & backside surface; » load beam for spplyig 8
load to-the slider; mehcuicﬂwblemﬂingalongtheloadbumandpomiomdfm
conmctmntothebaeksid;oftheskder tlnelecuml__cablebmgcmnpmedofaﬁm
uye:am;mmhyu'ﬁnmuyupmm;“tneﬁrsmyamcompmmm
lemaﬁmelongatedsmpofahighsuwgmmnymndumwmnﬂanda
secondelongmdstnp ﬁwhighsﬂengﬂxelacumﬂyeondncnnmnﬁ with the first
&qmdwmdmgq@dsupryaspmthnprevm
rheﬁmexmsmdsm om leciiclly shorting the scoond electical strip and th firs
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REPLACEMER] Saai;
[POST T né‘d“rm |

n electrical cable extending along the | oad beam and

onnegtion to the backside of the slider, the_electrlcal19 |n

onprised of a first layer and a second | ayer, the geqond Iayer p05|t oned

n the first layer and conprising at leasg a first gld fia
high strength electrically conductive material. and § second elongated strip

of the high streng‘th el ectically conductive mat er i al'"—wrtt—tte—frrst
el ongat ed st r ilgyen beingpesitinaed, besween: therbackeide aurfiaaei of theraljdercand sher seporidylayers pace

that prevents e first elon at ed strlp fromelectrically shorting the
second el ectlm ‘Pl%é Me?"bm s&4l to eighteen,micpns, andh e

backsi de surf of o t d S cond | ayer, wherein the second

| ayer has a t%&%%@%w ‘0 eighteen m crons, and wherein
the first |ayer cggﬁ.‘t% %&gﬁﬁe

wherein the secon corrpl ses ‘a MWW{‘%@? %ﬂlve
mat eri al sel e?ﬁ ng( ottt erSdomnsizind Haﬂﬁiﬁ ocU- N
all oy, Cu-Fe-Zn-P alloy and Cu-Ti" aIon' "A suspensi on syste @

supporting a WMMHMWQMWW&EW

and/ or wr|t|n data on a data storage nedi um a sllder for hol di ng the data
transducer, ving p deckside surface:) ' cfrqin ithehdats storage tmediumy &vay

fromthe data orage nedium asl

slider; a loa WMB"% *t‘h %rﬂ"'f&’ﬂhogl the '

connect s (e Ly Q%%Wﬁm%@%ﬁ#ﬁm% sing

backsi de Surf g fipriking!d 'firsPrt 42t a38bnd 2/ an Hikirical cable extending along the backside
mfaceofﬂushdetandeompmedofaﬁmhyumdamhyer.ﬂnmondhyer
wmmmtheﬂrstkyerandmpmmgatlemaﬁmelmudmofamgh
mmmmmammmammm&
electrically conductive material, muﬂmehmdmwmmm&omthe
mmmwammwmﬁmdmmm
elemuﬂyshornngﬂxencmﬂeleculcalstrxp,mdﬂnﬁmhyubemgpommd
mmmm&m«umwwmhmwmmmuw
Msamnmuhnﬂnnuequﬁmmmmmm,mdwhemnmﬂmhyu
comprises 2 polyimide; mdaﬁmmmuonpadwbmhuelemicmymnmdwme
dmm@maﬂhpwmomdmﬂnbachmmeofmm the first clongated
mmmymmmmmm

Amoﬁmgmsﬁumﬂumofmememmmthmhpmﬁeda

baé&sidesnrface,alending_edgemﬂ-
¢ slider, the load beam Baving &

formmingammmmmwmg
3 trailing " edge; ﬂoadbeamfo:apply
backside sucface; and an electrical cable ¢ the backside surface of the load
beam and positioned for connection to the of the slider, the electrical cable
being comprised of & first layer a8d & second layer. the second layer positioned on the

{N:\LIBSG\CLAIMS]0020%:vip



of a first layer and a second | ayer, the second | ayer|REFEACEMENT SHEER

first <l ayer and 32 conprising at least a first el dng
strength electrically conductive materia and a secon
the high strength electrically conductive material, W

that prevents the first elongated strip fromelectri
second electrical strip, and the first layer being poSt
backsi de dirstrlayes agd compriaing 2icleast a dirstieiongated stip | afiyachigh wthengthi electtallgecond

he

| ayer has a hi.ckness,?ises than or equal to eighteen mcrons, and wherin
Ve, il aad

the first ¥
el ectri cal

@ pRsPYd plongated; s@ipaof {thes high cstienstht eleatrigsly whi ch i s

backsi de sur ‘%gg&gﬁkﬁglét‘gﬁ?@gr ﬁ&i %&%ﬁl‘éggxﬁle%fd?ﬁl S“?B;)%i?}y ?ﬁg""% the
e ect 1] ca cidnghidh ALY shite ki plevidtd ik AR bt flom Clecthidflly HSRS

claim 3 wherein the Second |ayer conprise
conduct i vethersscond electriaal ereipad thectirsd liyer Géiag Bosiivasd BétiveG 196 slidér MippSit- M

gt streng

si on of
cally

alloy, Be-Cu-N alloy, Cu-Fe-Zn-P alloy and Cu-Ti alloy. 5.  The suspension
of cl ai m 3megher andithe besopd layer, whsrein theoseponddaysr hasai thiclesy Yess than arregadl sel ect ed

fromthe

suspensi on

connected to the & LSk &ﬁr%%p on, P%P mbcypan_ i”ixgv,regxso%ntihgremgl grbvided .

suspension system for mppomng a data trassducer comprising: a data transducer for
reading and/or writing data on a data storage medium; a slider for holding the data
transducer, the slider having a backside surface which is positioned away from the data
storage medium; a slidejflsupport mahber for holding the slider; a load beam for
applying 2 losd to the slider, the load beam having  backside surface; and an electrical
cable extending along the backside surface of the load besm and positioned for
connection to the trzuhngedge of the slider, the electrical cable being comprised of a
first layer and 2 second fayer, the second layer posmoned on the first layer and
comprising at least a first elongated strip of a high strength electrically éonductive
material and a second -é!;wngawd strip of the high sucngth electrically conductive
material, with the first elongated strip being separated from the second elongated strip by
a space that prevents theﬁrst elongated strip from electrically shorting the second
electrical strip and the first layer being positioned betwsen the slider support member
and the second layer, whemn the second layer has 2 ﬂuckness less than or equal to
eighteen microns, and wherein the first layer comprises 2 polyzmxde

According to still ‘another aspect of the present 'iﬁyemion there is provided a
method for forming a head gimbal assembly comprisiag the steps of: 2) forming a head
gimbal assembly and frame from a continuous portion qf alammatcd material comprised
of a first layer, a second layer and a2 third layer: b) positioning a slider at an
approXimately nin_ety degree angle to a plane containing the head gimbal assembly and

{N:\LIBSG\CLAIMS]0020%: vip

roup. consi sting of a polyimde, an epoxy and a Teflon. 6. The
&@W&m@w&wm ﬁvé é?‘rl%’ QOmpRises apelyimide

p is electrically



REPLAUEMENT 0illd
7. The suspension of claim3 wherein the first eljofjgated strip i$
electrically connected to the first ternination pad Hy $9IJUN1998. |The
suspensi on of claim3 further conprising a support ltdb positioned énithe
backsi de surface between the slider asd the first ljayer—tte—support tab
provi di ng nmechani cal support for-the electrical cabje. 9. The suspension
of claim3_where{n the fllgﬁure means conprjses a dierectric layer conprised

of a di el eFHFG:E) the slider to2 RIBTRHIYCR ciFstricallibes eXATAGIIBACTPSHIN FPCHIREN

0 S SR il T WO R W e ©

conpri ses bigd it tddei ' ﬁgpé [ £ d from

t he group ?Sﬁgsﬂgﬁs]%h?rfég@%\? %‘EBNIFS{S# l%gkgl%ltgemggﬁ&é? | a‘?fggf""%%ﬁi?g{‘ n-P al |l oy
and Cu-Ti ainkg)degrees; i f) Sompleply retovingsthe frame fom the Ao girnbad astesily a
transducer conprising: a slider support nmenber for holding a slider having
an air beari ngAsording-en stil anotheri abpeat Lof fthe @resent| inviintion dittge ispbvidedrai | i ng
edge; a load beamfor applying a load to the slider, the | oad beam having a
backsi de s&¢SPension sysiem for SuPROsEng tdata Eansducersamprising g2 slidsh SPPPRRE MEARL | de .

surface of _the, J.oad beam and positi.oned for cqnnection to Lhe trailing edge
o the s | GEOUHA SRE gD SE ISP BATAT. 8 SAFPOE SHTGE. %etREctost B9 r and o
second | aygry,tiiCedi€ s Rld et For plylg® s ' ke VRadr! tR'ioad beam having 2

frontside surface; and an electrical cable extending along.the frontside surface of the load

beam and positioned for_..-t%onnection to the trailing edge of the slider, the electrical cable
being comprised of a flfslz'layer and 3 second layer, the second layer positioned on the
first layer and compnsmg at least a first elongated smp of a high strength electrically
conductive material and a second elongated strip éf-; the high strength electrically
conductive material, wxmthe first elongated strip bemg separated from the second
clongated strip by a space that prevents the first elonga_geé s_n_-ip from electrically shorting
the second electrical strip and the first layer being posmoned between the load beam and
the second layer, whercié thc second layer has 2 thmkntss less than or equal 1o sighteen
microns, and wherein theﬁm layer comprises a polyimide.

In other embodiments, the electrical lines extend along the backside or frontside of
the load beam and are crmmatcd to the trailing edge of the slider.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is 2 schematic sxde view of a slider suspex_:si

0 system;
Fig 2 is a cross-sectional view of the slider suspensmn system taken along the line
22 of Fig. 1; - -

Pig. 3 is an isometric view of a slider suspension system;
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| ayer and co ,.,;r;sﬁ ng at I' east“a first elongated strip of a high strength
electricallyic nductlve mate;l al and a second el ongated strip of the high

strehgth el egt |C‘B9U]Umﬁgguct| e matgrial, with the first el ongated strip
bei ng separate

the first el nga‘];(ra\o'msgfp-sjign elelagtn?flfsgldl ;tglhgr??/ng fﬁiﬂ“ﬂﬂﬂﬂllﬂ"ﬁ“ﬂﬂm

strip and t h@ufitSlml-2y8 p&LiAIM$ed between the sl dér Supbort
menber and the second ﬁhereln t he second | ayer has a thickness |ess
t han or équa mxwm @th URnsduserconipeising:r st | ayer conprises a
pol yi m de. he susp en |o wheiei n_the, second | gyer

conpri ses a ?n §WPQH ni%‘fn‘i‘am N?Wiﬂf‘g‘%‘eﬂg& ed from

t he gr oup, a&gﬁ%g of Cu- N|-S|-l\/g aIon, Be-Cu-Ni all oy, Cu-Fe-2Zn-P alloy
and Cu-Ti oy The suspension of clim 1l wherein the z-hei ght of the

suspensi on 'ﬁldﬂmhﬁyﬂh%ﬁ@w The suspension of claim 11

further conpri sing: ure positi oned between the | oad beam and the

slider suppoat elmmbmmmrmwmwmmswm combectiob ke
posi tioned over the aperture. 15. The suspensi;on of claim 14 wherein the

free por ttheobackside ofithe slideredhel electeical cahle being comprised ofiis) first haer #ndrars a cur ve.
%?an?dagml on s s%ngga&r%suw { &Bgfsé%% tr ansducer %?{T'g% E?n a data
clongated strip of a high strength electrically conductwc materzal and a second elongated
strip of the high strength electrically conductive material wzth the first elongated strip
bcmgscpanwd&omtheseconddonmdsmpbyaf-fapacemmvmmeﬁrst
elongated strip from electrically shorting the second electrical strip and the first layer
being positioned between the backside surface of the slider and the second layer, wherein
the second layer has 2 thickness lessthanorequalmcxgmenmzctons. and wherein the
first layer comprises a polyimide.
2. The suspension of claim 1 wherein the second layercompnsesahxghstrength
electrically conductive material selected from the group Qqqg{gxging of Cu-Ni-Si-Mg alloy,
Bo-CuNialloy, CuFe-Zu-P alloy and Cu-Tialloy.
3. A suspension system for supporting 2 data transducer compnsmg
a data transducer for reading and/or writing data on ada:a storage medium;
a slidec for bolding the data transducer, the slider having a backside surface which
is positioned away from the data storage medium;
a slider support member for holding the stider;
a Joad beam for applying a load to the slider; _
aﬂexmethatconmmeloadbeamtothcshder.wpponmember the flexure
,compnsmgaﬁmarmm:secondarm, ”
: anelectncalcab!eemndmgalmtbebackswemrface thcshdzra:ﬂcompnsed
ofaﬁrstlayerandaseeondlayer, the second hyaposmonedontheﬁrstlayer and

[N:\Ilbq\cmm:vjé



34 a slider for holding the data transducer, the sl il_fld ing a backside
surface which is positioned away fromthe data storagg' I . W r
support menber for hol ding the slider;3% | oad beam for* apg! ¥ Jf to
the slider, the I'oad beam having a backside surface; and an el ecttica
cabl e ext epnding:.g! e cé@s%@d t gdlﬁf.i | tioned
for conne%ﬁg@ @%askpalﬁﬁ?ng gew %fﬁe&gpi%gﬁﬂiﬂ% el'e '?dral ca %abl e
bei ng COW’ gfd @.5cchid elohiaed 30T df IBE High |savih cdoRicify WdddcAVE"
positioned on the first x?‘ayer and conprising at |€ast a first g?dongat ed

strip of omiveddl, #ith GRdfive abgatedistip Beingoepatated from the kbndbloggatedstdebpnd

el ongated strip of the high strength electrically conductive material, with
the first =lspacgathatd preventy thecifirs) elongated tstrip fromnelebizically ehatting dieeyatcond st ri p
by a space that prevents the first elongated strip fromelectrically
shorting telecteient atrip, and ther ficshlayen being positioned: between the do sthe i oned
bet ween the slider support nenper, and the second | yer,%%rei n the, second

| ayer has Siderandthe second Jayer.Wherein the,segend lgyerihas 2 than o 4 er ei n

the first

05 ol i e M 0
: . ! B au- N

gﬁ oy, amiﬁe?%ﬁ%‘ IR et SO Horieci iV Shia Saghiste w3 ;
[ s i o0 11 : 19.

Thgrghgpteng?%[}\dﬁg‘?ggkﬁ;r% vﬁereiear? egge c’)fdtae %: |kgerrs‘|r§ thg %%éé%&mﬂ

contact pOgginected to the first termination pad.

4. The suspension of claim 3 wherein the second layer comprises & 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.

5.  The suspepsion of claim 3 wherein the first layer comprises 2 dielectric material
selected from the group consisting of a polyimide, an epoxy and a Teflon.

6.  The suspension of claim 3 wherein the first elongated strip is electrically connected
to the first termination pad by an ultrasonic weld. |

7.  The suspension of claim 3 wherein the first elongated strip is electrically connected
to the first termination pad by solder.

8. The suspension of claim 3 further comprising 4 support tab positioned on the
backside surface between the slider and the first layer, the support tab providing
mechanical support for the electrical cable. :

9. The suspension of claim 3 wherein the flexure means comprises a dielectric layer
comprised of a dielectrié_ material and a conductive layer comprised of a high strength
electrically conductive material positioned over the dielectric layer.

10. The suspension of claim 13 wherein the conductiv; layer comprises a high strength
clectrically conductive material selected from the group :consisting of Cu-Ni-Si-Mg alloy,
Be-Cu-Ni alloy, Cu-Fe-Za-P alloy and Cu-Ti alloy.

REPLACEMENT SHEET
19 JUN 1998
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between the suspension and a disk spacer ring. 20. The suspen5| on - of cl
16-further conprising: a first flexure armfor connecting. tnﬂulﬂnul ﬁlﬂﬁ ﬁ“‘
the slider support nenber; a second fl¥xure armfor connect

beamto the slider support menber; a first beam portion connéct ed to the
first flexyge ar t ond beam portion
connect ed 'fio tﬁ%onﬁ?@x%’?%ﬁﬁfwwwgﬂgsecuon 35 21. A
met hod for formsnaerambp&ﬁummator%m@hysua&nm | 40 gi £

form ng a head gi nbal asserrbly and franme froma Conti nuous p r |dn of a

| am nat ed rbatkside surface,q Jedgé ami 4 irsiling ¢dgyier; a second layer and a third

|l ayer: b) positioning a a slider at-an approximately ninety degree angle to
a pl ane contai mwghmsheamlmdm@tpsmmaﬂu loadabesm keving Hbavitside) t he

slider to a Iural ity of electrical lines extending-across an aperture in
t he frane; |aIIy separatlng the franme fromthe head gi nbal

assenbly; e) g m@p@g%@go%&?%qﬂ‘ io t he, head

. AT _
gi nbal assenbl y by appr oxi mate
removing t hesitimdHol Eoifkdtion ﬁ%ﬂm@e&;@wm the electrical cable bemg

comprised of a first layer and a second layer, the sccond layer positioned on the first
layer and comprising at least a first e!ongated smp cf a high strength electrically
conductive material and’ 5 second elongated strip of the high strength electrically
conductive material, thh the first elongated strip bemg separated from the second
elongaedsmpbyaspacethatpmentsﬂnﬁmtelongatedsmpfmmelecmcany shorting
the second electrical stnp and the first layer being posmoned between the slider support
member and the second lqu_,_,.wherexq the second layc:,_has a thickness less than or equa.l
to cighteen microns, and wherein the first ayer comprises 2 polyimide.

D

12. The suspension of claxm 11 wherem the seccnd layet comprises 2 high strength
electrically conductive mterial selecmd from the group. conszsung of Cu-Ni-Si-Mg alloy,
Be-Cu-Ni alloy, Cque-Zn-P alloy and Cu-Ti alloy. '
13, The suspension of claun 11 wherein the z-hezght ot‘the suspension is Jess than or
| equal to 1.3 mm.
14. The suspension of claim. 11 ﬁmhcr comprising:
anapermmposmonedbetweenﬂwloadbeamandtheshdersupponmmbex and

: cablc pocmonedovertheapme

18. Thesuspensionofcla:m14wheremtbefreepomonmcludesasecnonofthe

elecu'xcalcablethatfomsacurve _' "_

16. Asuspemmnsysnemformppprnngadmmmdumcompmuxg
adatatransducerformdmgand/orwnungdauonadatastomgemdm,

- [REPLACEMENT SHEET
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22. The suspension of claim21 wherein the third Iayer has

_less
than or equal to eighteen mcrons. 23. The suspensi on ‘%

ein

the third | ayer conprises a high strength electrically /e snateria
selected fromthe group consisting of agu-Ni -Si - My aIon, e- Cu- Ni al | oy,
Cu-Fe-Zn-P alloy and Cu-Ti alloy, and wherein the second |ayer conprises a
polyi m de. 24. The suspension of claim2l wherein the first |ayer conprises

stai nl ess st edlshidersior holdiog eristadransducere thefstider Jayipg & backside surface whichnsducer

conprising, a sli er s ort nenber for holding a slider having an air
beari ng su!‘ﬁ’ﬁ%" m%ﬁi‘%adl ng.-edge and a trailing edge; a

| oad beam f or ., the | oad beam having a
frontside suf agsg‘% Mfé’%@ﬁ% e éxt endi ng al ong the frontside
surface of the loadYedwt #6F GPPHIOS Idall % Rk {ider, TR ARG e hiving 4 babilsiile! | N0 €dge

of the sider, the el ectrl?al cabl e being corrprlsed of a fitst layer and a
second Iayanface.hadsecond | ayer positioned on the first |ayer and conprising

at least a first elongated strip of a hi gh strength electrically conductive
materi al and aunsdmm?m;mg gﬁck%dﬁ 1of dheylad diesmt andcal | y

tcggdggggin\ée [rate[ifgl , W|th thﬁlafl rst eJ og,?a'ﬁd str be| régggeg,tgggt 1;(rjom
stripf ro”lo%peiﬁg SFL lﬁ\fst‘clge; tah&‘ﬂ second layer, the second hyer posmoned on the first

layer and comprising at least a first elongated strip of a high strength electrically

conductive material and 2 second elongated strip of the high strength electrically
conductive material, with the first clongated strip being separated from the second

ciongated strip by a space that prevents the first elongated swrip from electrically shorting

the second electrical strip and the first layer being positioned between the slider support

member and the second layer, wherein the second layer has a tﬁickness less than or equal

to eighteen microns, and wherein the first layer compnscs a polyimide.

17. The suspension of claim 16 wherein the second layer comprises a high strength

electrically conductive material selected froms the group consisting of Cu-Ni-Si-Mg alloy,

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

18. The suspension of claim 16 wherein the z-height of the suspension is less than or

equal to 1.3 mm, '

19, The suspension of claim 16 wherein edge of the slider is the closest contact point

between the mpensionandadisk-spaq:r ring.

20. The suspension of claim 16 further comprising: E
aﬁrstﬂexurearmforconmcﬁngtlmloadbumtotheshdcrsupportmember
asecondﬂexurearmforwnnecﬁngtheloadbeamtotheshderswponmembcr
aﬁrstbeampomMcomecmd:otheﬁmﬂemembyaﬁmmesemn,and
asecondbeampmﬁonmmiqcbd&:he&condfiéﬁmambyamoﬁmed

section.
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i -

t he second el ectrR@ﬁLﬁaﬁm‘ﬁgﬁ“{ggg%A first |layer being positioned between
t he' | oad beam and tgre~5€cond | aydr,| wherein the- second.J_ayer— -has—a——
thickness | ess than oygeauhdBo gi ghteen microns, and _y\h:ere

| ayer conprises a} pplyimde. 26. {THe suspension _of cl aii:';‘_; % ‘ ‘L‘ |\
second | ayer conp{i bes—a—htgirstTengt hagl ectrically coﬁ* X

sel ected fromthe group consi sti ng_bf %u-Ni -Si-My alloy, Be Cu N al |l oy,
Cu-Fe-Zn-P all oy am€o=TrallToy. 27. The suspension of claim 25 wherein the

z- hei ght 021.t h& metisxiefors formirigsa head gimbahussembly qomapriding the Stepyof; 28.  The

suspensi on of claim25 further conprising: an aperture posi ti oned between
the | oad beamand forming ai head M@smmmr&m&omacmnpmmmmbfahe

g A RN T DM
b) positioning a slider at an approximately mnzty degree angle to a plane
contammg the head gimbal assembly and frame;
¢) bonding the slider to a plurality of elecmcal lines extending across an
aperture in the frame;

d) partially separat’iizg the frame from the headgnnbal assembly; _
e} changing the relative position of the slider to the head gimbal assembly by
approximatel§ ninety degmes and | '

f) completely removmg the frame from the head gxmbal assembly.
22. The suspension of claim 21 wherein the third lgycr has a thickness less than or
equal to eighteen microns. '
23. The suspension of claim 21 Wherein the mird’xayer comprises 8 high strength
electrically conductive material sclected from the gmup consxstmg of Cu-Ni-Si-Mg alloy,
Be-Cu-Ni alloy, Cu-Fe-Zn-P alloy and Cu-Ti alloy, and wherein the second layer
comprises a polyimide. | :
24. The suspension of claim 21 wherein the first layer comprises staicless steel.
25. A suspension systexh for supporting a data transducer comprising;

a slider support member for holding a stider’ havmg an air bearing surface, a
backside surface, a leadmg sedge and a trailing edge;

a load beam for applying a load to the slider, the load beam having a frontside
surface; and |

an electrical cable extending along the fronmde 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 fayer, the d layer positioned on the first
layer and comprising at least a first elongated st:xp _of a high strength elecmcany
conductive matetial and a second elongated stnp ot' the high strength electrically
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conductive material, with the first elongated strip being separated from the second
clongated strip by a space that prevenis the first elongatedsmp from electrically shorting
themondelectrmlstnpandmeﬁm!ayerbemgposmomd between the load beam and
the second layer, whereintheucondhyerhasathxch:ess%sthanorequaltoexghxeen
microns, and wherein the first layer comprises a polyxmde

26. Thesuspens:onofclamxzs whexemme momhyetcompnsesahxghstrengm
electrically conductive nmmal sclected from the gtoup consxstmg of Cu-Nz—Sx-Mg alloy,
Be-Cu-Ni alloy, Cu-Fe-Zn—P auoy and Cu-Ti alloy.

36

27. The suspension of claim 25 wherein the z-height .'at';:?lw suspension is less than or
equal t0 1.3 mm. |
28. The suspension of claim 25 further comprising:-
an aperture positioned between the load beam and theshder support member; and
a free portion of the electrical cable positioped overtheaperture wherein the free
' portion includes a section of the electrical cable that forms .az;i;une.
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HEAD GIMBAL ASSEMBLY WITH INTEGRATED ELECTRICAL
CONDUCTORS

ABSTRACT

A single piece head gzmbal assembly(170)
comprised of a load beam(174), a pair of flexure
arms(176, 178), a slider support menher{lsz 184) and
a plurality of electr;cal lines(ZOZ) The head
gimbal assembly is formed from a laminated material
.comprised of a support layer, a dieiéctric layer and
a high strength electrically conductive layer. The
electrical 1lines are formed in the high . strength
electrically conductive layer and oxtend . along the
backside of the load beam. The backside surface(194)
of a slider(186) is accessible . through an
aperture(210) formed between the £1exure arms and the
electrical lines are terminated to the backside of
the slider. Alternatively, the ‘electrical lines
extend along the backside or fronﬁ#ido of the load
bean and are terminated to the trag;ing edge of the
slider. .

Figure 7




