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iﬁ?an GIMBAL ASSEMBLY WITH . INTEGRATED -ELECTRICAL

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

ssembly for a magnetic dlsk file and more
:pecifically to a head gimbal assembly formed from a
i;nated material in which the electrical lines are
rmed in one layer of the lamihate.

| BACKGROUND ART
Magnetic recording disk files that utilize a
:apeducer mounted on a slidef; for reading and/or
w iting data on at least one rotatable disk are well-
i'newn in the art. In such sygtems, the slider is
:1cally attached to an actuator arm by a suspension

Many suspension systems (also called head gimbal

as mblies) include a flexure:that is positioned in

some manner between the slidér-and the suspension.
Fﬁt example, R. Watrous, in U.S. Pat. No. 4,167,765,
'dw§ploses a-flexure that is added onto a stiffened
: at. No. 5,198,945,
zes the material of

.'Tméﬁber. Blaeser et. al, .in U.

jfidlsclose another design that ut
"fathe suspension as the flexure. .

Systems are known in ch the slider is

positioned in an open space ormed between two

flexure arms. For example, Fig
gi@bal assembly . described by Johnson et al. in U.S.
Pat. No. 5,331,489, in which th
between two flexure arms
i'a’ctachment to the slider is

illustrates a head

‘slider is positioned

the electrical

;by four discrete




%

_accommodate magnetore51st1ve (MR) head technology.

. -The use of solder balls for attaching the slider
ahsllder support means is known in the art. For
{examﬁle, Ainslie et al., in U.S. Pat. No. 4,761,699,
;;dlsc°ose the use of reflowed solder balls for making
oth'.the mechanical attachment of the slider to the
:uspen81on and the electrical connection of the
¢jtfansducer to the disk flle read/write electronics.
fAddltlonally, Ainslie et al., in U.S. Pat. No.

89,914, dlsclbse a soldering technique for making
Llan: Iéctrical attachment of a cable to a transducer
,thé backside of a slider.

The use of laminated materials for constructlng
'fﬁsllder suspension systems is also known in the art.
EEdr example, Erpelding et al. in U.Ss. Pat. No.
o 996*623 disclose a ~suspen51on system comprised of
':ét_of polyimide material sandwiched between two
ayers. U.S. Pat. No. 4,996,623 also discloses
iplurallty of conductors can be formed in the
. : layer of the suspension for providing
lé¢§iical connections to the slider. Additionally,

- of discrete layers for constructing‘the
1 uspen51on is also known. For example, G. Oberg, in
.S. ‘Pat. No. 4,819,094, discloses a suspension
i y%tem in which flexible copper conductors are
sandw1ched between a pair of polyimide films.

SUMMARY OF THE PRESENT INVENTION
Briefly, the preferred embodiment of the present
invention is a head gimbal assembly comprising a
ffslider support member for holding a slider, a load
heém 'for applying a 1load to the. slider and an
':electrlcal cable extending along the back51de of the
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. The head gimbal assembly is a single piece
constructed from a laminated material comprised of g
conductor layer a dielectric layer and 2 support
iayer The conductor layer is comprised of a high
ttrength eléctrically conductive material such as a
_ “high strength copper alloy. The dielectric layer is
-'“_rcomprlsed of an electrically insulating material such
f as a polylmlde, Teflon or epoxy. The support layer
. is comprlsed of a more rigid material such as
stainless steel, titanium or beryllium copper.

o The electrlcal cable is positioned for
‘. connection +to the backside of a slider and is
;'comprlsed of. the conductor and dielectric layers of
}.the lamlnated material. The conductor layer is
T'pos1tloned on the dielectric layer and a plurality of
?]elongated strips are formed in the conductor layer,
;iwith a space separating each of the elongated
'Lstrips The dlelectrlc layer is pos1tloned between
the backs1de surface of the slider and the conductor
layer and between the backs1de surface of the load

to prevent electricai

: the electrical llnes
iﬂxtend along the backside or frontside of the load

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematlc side view of a slider

suspenslon system;

: - Fig. 2 1s a4 Cross-sectional view of the slider
Jifsuspen81on system taken along the line 2- 2 of Flg. 1;
% Fig. 3 ,is an isometric view of a  slider

suspens1on system;
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Fig.i4 is a cross-sectional view of the slider

uspen51on 'system taken along the line 4-4 of Fig. 3;
. _ Elg._S is a schematic diagram of a disk file
“at utilizes a slider suspension system;

-Fig.;ﬁ is an isometric view of a head gimbal
ssembly according to the prior art;

' Fig. -7 is an isometric view of a head gimbal
ssembly-;tcording to the present invention;

. Fig.'ls is a cross-sectional view of the head
gimbal aségmbly taken along the line 8-8 of Fig. 7;
"Fig.'ig is a cross-sectional view of the head
imbal assembly taken along the line 9-9 of Fig. 7;

- Fig. 10 is a cross-sectional view of the head
vmbal assgmbly taken along the line 10-10 of Fig. 7;
R Eig.'ﬁll is a cross-sectional view of an
'ternativé- embodiment of the head gimbal assembly
lown in Eig, 10;

"%'fig. 12 is a.top view of a head gimbal assembly

ordlng to the prior art;
_Fig. 13 is a top view of a head gimbal assembly

@piding'ﬁp 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;-

O 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

~nufactur1ng a head gimbal assembly accordlng to the'
'sent 1nvent10n-
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< ¥ is a top view of an alternative
embodlment of a head gimbal assembly according to the
'present 1nven'1on, and

‘& cross-sectional view of the head
Y taken along the line 20-20 of Fig.

DETAILED } DESCRIPTION OF THE PREFERRED EMBODIMENT
Fig. 'i is a schematic diagram of a first

tfansducer :suspen81on 10 and a second transducer

suspen51on 14 attached to an actuator arm 18. The

suspens1ons ,Qs and 14 are also referred to as head
glmbal assemb= es

A flrst 'llder 22 is p051tloned at an end of the
‘flrst trans r suspension 10 distally +to the arm
1 sllder 26 is p031t10ned at an end of
_psducer Suspension 14 distally to. the
sllder 22 includes one or more data
or reading and/or writing data on a
~such as a herd magnetic disk 30.

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

.e Cross-sectional view of the first
;Jesion .10 illustrating that the

a multilayered laminate 39 comprised

'_ayer 40, a second layer 44 .and a third

giayer 48, The first layer 40 is Positioned adjacent

-to_one surface of the second layer 44. The third

p051t10ned adjacent to a different
of the second layer 44 so that the second
ayer 44 sep Uates the  first layer .40 and the thlrd_
2y ' 'the layers 40, 44 and 48 all 1lying in

Th _layers~
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'flfgo, 44 and 48 are generally secured together by a
thin adhesive layer applied between layers 40 and 44

:apd between layers 44 and 48.

i Representative dimensions and compositions for
the -various elements illustrated in Fig. 2 are as
,ollows~ "In the preferred embodiment, the first
layer 40 has a thickness "w" of approximately .051
_ _mllllmeters and comprises full hard 301, 302 or 304
_;t stainless steel. In more general terms, the first
_i"’layer 40 has a thickness "w" of approximately .076
:ﬁ'ﬂmillimeters, or less, and comprises a rigid material
such as stainless steel. Typically, the first layer
-40 comprises 300 series’ stainless steel, but other

;- stainless steels and other rigid materials could also
f;'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
:(lDupont"),' including a dielectric constant in the
jfange of approximately 3.0 to 3.5. Additionally, the
’loefficient of thermal expansion (CTE) of the
‘polyimide should be such that the laminate 39 will be
lln_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
f-first layer 40 or the third layer 48 are etched.
B Furthermore the adhesive used to secure the layers
B 40, 44 and 48 together should be sufficiently robust
" to keep the laminate 39 intact up to a temperature of

';-approximately 350°c. . _
In the preferred embodiment, the second layer 44

has a thickness "x" of - ‘approximately'_.rOlss.



millimeters. This thickness is chosen because a thin
layer 44 1s- needed to keep the stiffness of the
suspension. 10 low, but the prlce of polyimide films
thinner than -0165 millimeters is a
jconslderatlon.

limiting

Rogers Corporatlon (Clrcult Materials Unit), of
Chandler, Arlzona supplies " a laminate 39 having a
second layer 44 that meets the spec1f1catlons listed
" above. In: .orderlng the 1am1nate 39, the desired
~material for the third layer 48, such as one of the
:alloys descrlbed below, is Pprovided to Rogers
lCorporationﬂ?along with the specifications for the
fflrst layer 40 the .second layer 44 and the third
. layer 48.”?- Rogers Corporation then Prepares a
suitable lamanate using proprietary methods.
In the :Rogers laminate, the Second layer 44
fcomprlses a_g 0165 millimeter polylmlde layer (laver
244) which islthought to be the same polyimide (or a
mlde) as is used in- ‘the Kool Base® brand
"ufactured by M1tsu1 Toatsu Chemicals,
?Inc. In thejKool Base polylmlde a thin layer of
;adhesive is: applled to each s;de of the polyimide
ilayer for bepd;ng the layer 44 to the layers 40 and

;materlal

A substltute for the Rokers laminate is 2

;T laminate custom manufactured by pont having a .0165

7 millimeter layer of  Dupont’s.'EKJ self-adhering
jvpolynmlde cgmpos1te (Kapton® : brand pPolyimide
fmanufactured'?by Dupont) and 'meetlng the other

spec1f1catlons listed above for .
Stated more generally, the:

zthlckness "x" of approx1mately

second layer 44.
ond layer 44 has a

18 millimeters or
less and comprises a dlelectrlzgmaterial such as a

'olylmlde hav_;g a dielectric. constant in‘the-_rapge.



-df approximately 3.0 to 3. 5 and a coefficient of
'thermal expansion (CTE) which allows the laminate 39
to be in a neutral stress condition after the

Polyimides of the types. descrlbed in U.S. Pat.
4,839,232, 4,543,295 and 5,298,331 are
: 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 éepper-nickel—silicon-
‘magnesium alloy such as the copper alloy C7025 with a
fEMO3 temper (full hard heat temper) manufactured by
in Brass (composition 96. 24 Cu- 3% Ni; 0.65% sSi;
‘and 0.15% Mg).

o Examples of other spec1flc materlals that can
functlon as the third layer 48 1nclude the following:
ﬂln: a high strength berylllum copper alloy
l(comp031tlon~ 87.2 - 98.4% Cu; o. 2 - 0.6% Be; and 1.4
:2 2/ N1 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%

. Fe; 0.03% P; and 0.12% 2n, such’ a;
alloy C194 with an ex. spring:

s 3. a high
- 86.1 -

strength titanium copper allofg emp051tlon-
96.6% Cu; and 2.9 - suct

Stated more generally, - -e; thlrd layer 48
comprises a high strength electrlcally conducting

erial and has a thickness Jy" of approximetely_



.018 millimeters or less. For purposes of the
present invention, the term "high strength"” refers to
”fmaterial with a tensile yield strength (S, ) greater

han 70 ksi (kilopounds per sguare inch) and which

emperature of 300°C for one hour.
Fig. 3 is a top view of the first transducer

éﬁspension 10. The suspension 10 has a slider
_§§rtion 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 -
'sgrface 70. The hinges 78 are regions in which the
Qﬁ@itd layer 48 has been removed to form channels in
"th fhird 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
::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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The ar@_portion 58 is the part of the suspension
10 that is' comnected to the actuator arm  1s.
_iypically;'iﬁhe arm portion 58 is attached to the
éhtuator ;gfh. 18 by bonding,_'Welding, swaging or
-éﬁrewing thé:arm portion 18 to the actuator arm along
the first layer 40 shown in Fig. 2.

The 1iﬁﬁ;portion 62 conneéts 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

" from each adiabent electrical 1line 66 by one of the

' tspaces 74&. -Tﬁp spaces 74 extend down to the second
_ _layer 44 50 ?£hat the second Iayer- 44 is exposed
’;'through the_éhéce 74. _

© The eledfrical lines 66 are formed by etching
'ﬂﬁthe 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 §5. In practice, a

typical chemical etching proceséi will not form a

;groove having the perfect -
~illustrated in Fig. 4 for the ‘spaces 74. Actual
}fgrooves forméd by a chemical éibhing process are
“slightly rounded or tapered as is well-known in the
u:art. In general, features suchgas the elgctfical

‘rectangular shape

' iines 66, thefébices 74 and the hinges 78 aré_formed-
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the thlrd layer 48 u51ng

second
40, 44 and 48 1n1t1ally comprise a
'h“et of laminated. materlal of stainless
le/copper alloy lamlnate. A plurality
_ ension systems loﬁare then manufactured
_ “f sheet of lamlnate_ .using the techniques
descrlbed abo#e.

_ A gen ral pProcedure for the preparation of the
';e'metal-pol'e de laminated- material is described by
. St. Clair et al. in U.S. Pat. No. 4,543,295 (issued
. Sept. 24, 1985).

. Fig."

]

a schematic dlagram of a magnetic
_1sk file 84 that utlllzes the transducer
ystem 10 of the present invention. It
_pprec1ated that the. suspens1on system 14
0 the suspension system 10 so that the
ments apply ‘equally to either the
"suspens1on yﬁ;em 10 or the suspen31on system 14. It
he appreciated that the suspension
xd 14 could be used with other data
s, such as floppy'":

recording :

:"~ffilowing

isk drlves, optical

The -d sET file 84 comprlves a plurality of
-magnetic re ording disks 88 sultable for use in hard

disks 88 are mQunted on a spindle

38: such that each disk
_cessed by one of the sllders 22 or 26.

22 and 26 1nc1udes a transducers

s,
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for reading and writing data on a plurality of
concentric data tracks on the disks 88 and are
attached to one of the suspension systems 10 (or 14).

:j; Each of the suspension systems. 10 (or 14) are

attached to the actuator arm 18 which is attached to
a rotary actuator 104. The rotary actuator 104 moves

- the actuator arm 18 (and hence the suspension system

10 or 14 and the sliders 22 or 26) in a radial

- direction across the disk 88. An enclosure 108

(shown by a dashed line in Fig. 5) seals the disk
file 84 and provides protection from particulate
contamination. .

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

- central processing unit (CPU), memory unit and other

digital circuitry and is connected to an actuator

" control/drive unit 116 which in turn is electrically
 f'connected to the actuator 104. This allows the
#:controller 112 to control the movement of the sliders
- 22 and 26 over the disks 88. The controller 112 is
.. electrically connected to a read/write channel 120
7g;which in turn is electrically connected to the
;;jsliders 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 disks 88,

O may request that digital data be read from .the
' disks 88 and sent to the system 128. The basic -
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operation and structure of daﬁgl?torage systems, such
as the disk file 84 (without the suspension systems
10 or 14), is well-known in thé;art and is described

in more detail in Magnetic ﬁé¢or§;gg Handbook, C.
Dennis Mee. and Eric D. Daniéi;f McGraw - Hill Book
Company (1990). o

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 magneto?@sistive (MR) slider
having an air bearing surface aﬂa'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 pluragity of discrete wires
154 are connected to the teg@ination pads 150 for
electrically connecting a péi?féf 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 positi

that is formed between the fie
The backside of the slider 14
slider portioh 142 and res

d in a cavity 158
ie arms 136 and 138.
-:s attached to the
on a dimple 161
rh is an end of the
e slider 146. The
nsions of the load

positioned on a support 162 W
load beam 134 that extends unde
flexure arms 136 and 138 are
beam 134 which have less thickhn than the load beam
134. A more thorough descript éf the HGA 130 can
be found in U.S. Pat. No. 5,331,489. S

Fig. 7 is  an isometric . viéw of .a headigimbal_
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:tlgséemblyj¢}170 (HGA 170) acéofding to the present
’nvention'? The HGA 170 1ncludes a load beam 174 and
pair of . flexure arms 176 and 178. The flexure arms
76 and 178 are joined at a slider portion 182. The
lider 'péftion 182 includes_aj'ab 184. A slider 186
d ically by a layer of
the slider 186 and the
THe slider 186 is a
conventlonml magnetoresistive (MR) slider having an

?_alr bearlng surface 190 and a backside surface 194
'?ﬂWhICh 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;1ned on the backside surface 194. A
fjplurallty of electrical 11nes 202 are connected to
f;the termlnatlon pads 198 for electrically connecting

_ ead transducers (such as the transducers
and 28 shown in Fig. 1) to a read/wrlte channel
uch as the read/write channel 120 shown in Fig. 5).

yplcally_ electrlcal 11nes 202 are connected to
: A

. ider 186 is p051t10ned in a cavity 210
fthat is formed between the flex re arms 176 and 178.
The back51d the slider
fportlon 182 and rests on a dimj area 213 formed on

surface 194 is

. .a. support. 214 (i.e. the dlmpl; ea 213 is a raised

-garea pos1tloned between the bac le surface 194 and
-fthé support 214). The support . ! is an _end of the
load beam 174 The flexure. rms . 176 and 178 are
2 74 which have less
In the -pfeferred.

« en51ons; of the load beam




i;llnes 202;a,“

-15-

the load beam 174 is comprised of
s steel and the flexures =176 and 178 are
7. chemically etching“ﬁheistainless steel to

8.is a cross—sectional view of the HGA 170
nQ' that where theielectrical lines 202
load beam 174 : the HGA 170 is a

third 1ayer.48,_ The dimensions
the layer§;220;' 224 and 228 are
previously' described for the
1éyers 44 and 48 with respect to Fig. 2.
However, .in the HGA 170, the layers 220, 224 and 228
are orienﬁéd_ so that the third layer 228 is facing

- away froﬁ;ﬁhe side of the disk 88 over which the

illustrates that the electrical
regions of the third layer 228 that are

also

roughly r'ctangular in c¢ross section, and 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 positio along each side
202 so as’to prevent the electrical line 202 from

ical line 202. The

shorting w-tﬁ an adjacent elec

electrical.

. was previqggly described for th éﬁecfrical 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;
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from underneath the second layer 224 leaving only the
layers 224 and 228. A space 232 separates the slider
186 from the second layer 224, thereby allowing the
slider 186 to gimbal (move) more or less unrestricted

from the electrical lines 202.

. Fig. 10 is a cross-sectional view illustrating
that the electrical lines 202 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) analogou§ to”tpe arm portion - 58.
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-away from .th

- conform tf

The slide 6 includes one or mbre data transducers

for reading and/or writing data on a magnetic medium.
However, with +the HGA 170, theﬂ'eléctrical lines 202
extend alongithe side of the load beam 174 that faces
disk 88 (shown 1n Fig. 5) on which the
slider 186 is: reading or wr1t1ng data.
The f£! '

stiffness

ﬁres 176 and 178 “re regions of reduced
pared to the ;oad beam 174) that
lider portion 1§2 from the load beam
H function to allow the slider 186 to
-and fly over, the recording disk 88
_ 5).

In the  preferred embodiﬁgnt, the HGA 170 is
. rom a laminatedthaterial such as the

separate th
174 and wﬂ

lamlhate 39 shown in Flg. 2.

rious features o ;the HGA 170, such as

the electrig ‘lines 202, the lexurés 176 and 178

~and the 210. This manufacturing process
eliminates. need to add jéiscrete twisted pair
read/write L,es to the HGA 170£by hand.

Fig.'i an alternative embodlment show1ng the
electrical s 202 attached t;%the electrical leads
236 by a , ues similar to  the
techniques ‘disc i at. Nos. 4,761,699 or

' 4,789,914._ this - alternativ éﬁbodiment, a solder
ball 240 is. tic The

er the termination
d etched through the
second layer 224. A solder ball 248 on the
electrical line 202 is then refl wéd te the solder

24 is extended

‘248 comprise tin-lead

(SnEb} 6r_stinfh
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bismuth ((énBi) eutectic solder, but other types of
solder canﬂbe used.

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

the laminated structure 39 can be explained. The

small

es has created a demand for very
t) head gimbal assemblies. The laminated

f the transducer suspension 10 permits

structure.
very smal_ head gimbal assemblies to be designed

especialirh hen the third layer 48 is comprised of a

high strené;h electrical conductor.

The tﬁ%ee layers of the suspension 10 function
as followéé The first layer 40 (or 162) is a
stiffener leyer that gives rigidity to the sysfem 10.
The second layer 44 (or 164) is comprised of a
dielectric mater1al that functions as an electrical
insulator’ between the first layer 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

-dielectricrgﬁaterial that also has viscoelastic

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

deformatioﬁij and the rate of deformation.

Viscoelasticﬁ 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
previous1y,ﬁij The third layer 48 (or 156)' is
preferably 'épmprised of a high eonductivity _aIloy.
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(e.g. a copper alloy) because the electrical lines 66
(or 154) need to function as efficient electrical
conductors.

The use of high strength alloys in the third
layer 48 (or 166) is important for several reasons:
First, the use of a high strength alloy in the
conductor layer reduces the stiffness of the
suspension 10 (or 130) which is important when the
slider 22 (or 152) is small (See Example 2 below).

Second, the use of a high strength alloy permits

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

kept less than or 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:

t=c¢/8,- - (1)
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.«constant = (6PL/w)*>? and P is the load
fhe metal strip to cause it to bend.
'ilowing calculation uses Equation 1 +to
that if the metal  strip must carry the
and is comprised of a second material
having a yield strength which is three times greater
: d strength of a first material, then the

42% thinnef and still have the same strength: If S,
= soft co@y yleld strenqth 30 ksi; and S, = high
_ 90 ksi; then
/% = -(S /sz)”= = .58 (a 42% reduction in
thickness). . .

Ex 'f' 2 - The reason use of a high strength
alloy reduces the stiffness of the third layer 48 (or

lé8) is 111ustrated by the follow1ng discussion:

The st; fness "k" of a rectangular metal strlp
"w" and length "L" is related to the

having a w

thickness " :of the material by equation 2:
o | k = Dt (2)
where D = co stant = Ew/6I# and E is Young s modulus.
The low1ng calculation  uses Equation 2 and

the result f Example 1 to lllustrate that if the
metal strld must carry the same load (P) and is
comprlsed € a second material having a yield
strength whi h |

material, then the metal striﬁf comprised of the

is three times'éreater than a first

lon in stiffness: If
2 = 30 ksi; and S5 =
copper alloy yleld strength = 90 ksi,

in stiffness



-21-

Fig. 12 illustrates a head gimbal assembly 260
(HGA 260) of the type used in the prior art. The HGA
260 comprises a slider 264, a load beam 268, an arm
portion 272 and a plurality of electrical wires 276.
The electrical wires 276 are discrete wires which are
routed over the back of the slider 264 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 magnetic disk. - _

Fig. 13 illustrates a head gimbal assembly 292
(HGA 292) according to the present invention. The
HGA 292 comprises a load beam 296,-a flexure arm 300,
a flexure arm 304, a slider portion 308, a slider 312
and a plurality of electrical lines 316. A 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 in Fig. 12., for cqnnectin§ the
load beam 296 to an actuator 'arm. The load beam 286 -
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includes an end 326.

The load beam 296 and flexure arm 304 are
contoured to fit tightly against a disk spacer 324
such that the HGA 292 contacts the spacer ring 324 at
a corner 328 of the slider 312. The spacer ring 324
is the portion of the spindle hub 92 that separates
the disks 88 in Fig. 5. An arrow 330 indicates the
direction of rotation of the spacer ring 324 (and the
attached magnetic disk}).

The slider portion 308 and flexure arm 304 are
contoured so that the HGA 292 does not take up
additional disk space at the disk ID track. This
allows more data tracks on the disk to be utilized
for storing data. Typically, the design of the HGA -
292 allows side clearances between the slider corner
328 and the read/write element as low as .45 mm to
.80 mm., depending on the slider size and read/write
element location. .

The flexure arm 300 includes a beam portion 332
which 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_
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is a continuous part of the flexure arm 304 that is
connected to the flexure arm 304 by a u-shaped curve
section 338.

The slider portion 308 is an "I-shaped"” member
that 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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372, preferably by ultrasonic bonding. The slider
312 is a qénventional magnetoresistive slider having
an air.beéfing surface 380, a leading edge 381 and a
backside 75§;face 385 positioned opposite to the
airbearingfgurface 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:éﬁay from a disk 388 on which the slider
312 is reaﬂiﬁg and/or wrifing data.

Fig. 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
multilayefé@ﬁstructure comprised of a first layer 390
analogous tﬁithe 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, igithe HGA 292, the layers 390, 394 and 398
are orientg@?_so that the third layer 398 is facing
away from',éie air bearing surface 380. The second
layer 394 :ié 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 positidnedﬂ along each side of an electriéal_line;
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316 so asiéto prevent the electrical line 316 from
shorting with an adjacent electrical line 316. The
electricaiﬂiines 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
electricallf}ines 316 and the second layer 394 is
referred té;as 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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to the slider portion 308, plus the thickness of the
electrical cable 399 positioned on top of the slider
portion 308. In the preferred embodiment, the total
z-height of the HGA 292 is less?than or equal to 1.3.
mm. The thickness of the electrical cable 399 is
less than or equal to .035 mm. Typically, the design
of the HGA 292 allows the disks 88 (shown in 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 continuous 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 multilayei?d 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 lines 422. All of the
elements of the HGA 292 shown in Figs. 13 and 14 are
formed approximately simultaneépsly 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 spaces 320, -



the slider portion 308 and theibeam portions 332 and
336. The slider 312 is- not’ part of the frame 410,
but is attached later as is explalned below.

The frame 410 also 1nclu§es 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 11nes:316 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 tep@ination pads 368 and
372, the frame 410 is sheared away from the HGA 292
at the shear lines 422. The HGA:292 is then rotated
slider 312 fixed so
that the slider 312 becomes pp ﬁioned in a position

ninety degrees while holding th

430 indicated by phantom -lines in Fig. 18.
Alternatively, the slider 312 SA_{ld be rotated into
the position 430 while holding’ the HGA 292 fixed.
When the HGA 292 is rotated, the extensions 418 break
off at a plurality of break: p01nts 434, thereby
completely freeing +the HGA 29 “rom the frame 410.
The sllder 312 is then bonded: the slider portion.
308 with epoxy to secure it to the HGA 292.

Fig. 189 is an alternatlve .embodlment of the -
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présent invention illustrating a head gimbal assembly
440 (HGA 440). The HGA 440 comprises a load beam 444,
a flexure arm 448, a flexure arm 452, a slider
portion 456, a slider 460 and a plurality of
electrical. lines 464. A plurality of spaces 468 are
positioned adjacent to each side of the electrical
lines 464 to prevent the electrical lines 464 from
contacting each other or other electrically
conductive material. The electrical lines 464 are
positioned on a dielectric layer 472 that prevents
the electrical lines from contacting other
electrically conductive materials.

In the preferred embodiment, the load beam 444
is elongated, like the load beam 268 of the HGA 260,
and the HGA 440 includes an arm portion, like the arm
portion 272 shown in Fig. 12., for connecting the
load beam 444 to an actuator arm. The slider 460 is
similar +to the slider 312 and - has an air 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, the -slider 460 is .
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rotated 180 degrees so ﬁhat a plurality of
termination pads 496 are positibhed proximally to the
solder bumps 500 on the electri¢al lines 464.

Since the electrical lin¢§a464 do not have to
extend over the slider 460, the electrical lines 464

can be attached to the termination pads 496 - by a

plurality of solder bumps 500: fér example by using
the soldering technique disclosed in U.S. Pat. No.
4,761,699. Because of the ori_ﬁfation 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 sugfa¢e 476) to minimize
z-height. The HGA 440'exhibiti;ﬁhe same reduced z-~

height and side space clearaﬂb, as was described

previously with respect to the | Gé;292.
Although  the present

Myentioﬁ has been
described in terms of the _Lptesently preferred

embodiment, it is to be Qﬁdgrstood that such

disclosure is not to be inté:‘feted as limiting.

Various alterations and modifi ons will no doubt
become apparent to those Skilleﬁ in the art after_

having read the above disclosure. . Accordingly, it is .
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intended that the appended clllms be interpreted as

covering all alterations andﬁmodlflcatlons as fall
within the true spirit and scope of the invention.
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CLAIMS
What is claimed is: '
1. A suspension system for supporting a data
transducer comprising: .
a slider support memberffor holding a slider
having an air bearing surface ghd a backside surface;
a load beam for applying gfload to the slider;
an electrical cable extehding 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 shorting the second electrical strip and
the first layer being p051tloned between the backside

surface of the slider and the second layer.

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

microns.

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

. from the group
‘Be-Cu-Ni alloy, Cu-

conductive material selecte
consisting of Cu-Ni-Si-Mg allo
Fe-Zn-P alloy and Cu-Ti alloy.

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

comprises a polyimide. i o ;m;h“_h;___~;

Ihs&muﬂ
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5. A suspension system for supporting a data
transducer comprising: A

a data transducer for readlng and/or writing
data on a data storage medlum 3

a slider for holding uété transducer, the

slider having a backside surface which is positioned

away from the data storage medfum,
éjholding the slider;
a load beam for applylng'aﬁload to the slider;

a slider support member f_

a flexure that connects the load beam to the
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 sece elongated strip of
the high strength electricall:

with the first elongated strlp belng separated from

conductive material,

the second elongated strip by a__Space that prevents
the first elongated strip fromjelectrically'shorting
the second electrical strip,'éhd the first layer

belng ‘positioned between the back51de surface of the

slider and the second layer; and -
a first termination Pra 'w h 1is electrically
connected to the data transduc

the backside surface of th

1d is positioned on
slider, the first
elongated strip being electrically connected to the
first .termination pad.
6. The suspension of claimﬁ _hefein the second.

r equal to elghteen.

et =

layer has a thickness less tha

microns.
BwnRTTwﬂ
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7. The.””spenslon of claim’: 5 wherein the second

layer c prlses a high . strength electrically

conductiv material selectedu from  the group

consistin Cu-Ni-Si-Mg alloy, Be-Cu-Ni alloy, Cu-

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

8. The sﬁ”:ension of claim 5 ﬁnerein the first layer

comprises olyimide.

8. The suspen51on of claim 5 wherein the first layer

comprises “a dielectric materlal selected from the

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

Teflon.
10. The spension of claim 5 wherein the first
elongated rip electrically connected to the

first termination pad by an nltrasonic weld.
11. Thef of claim 5 wherein the first
elongatedtf electrlcally connected to the

first termi

e backside surface
. layer, the support

for the electrical

13. The su pen51on of claim. vherein the flexure

means -comp: a dielectric’ ayer comprised of a

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

positioned:é er the dielectric Leyer,

?ength electricall onductive material

Sheet Has Been Replaced
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14. The suspension of claim 13 wherein the
conductive layer comprises a high strength
electrically conductive material selected from the
group consisting of Cu-Ni—Si—Mg alloy, Be-Cu-Ni
alloy, Cu~Fe-Zn-P alloy and Cu-Ti alloy.

15. A suspension system 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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layer comprises a hlgh 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.__

i8. The suspension of c1aimfi§ wherein the first

layer comprises a polyimide.

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

20. The suspension of claim 15 further comprising:
an aperture positioned betﬁeen the load beam and

the slider support member; and
a free portion of the electrical cable
positioned over the aperture.

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: o
a data transducer for reading and/or writing

data on a data storage medium

a slider for holding the eta transducer, the

slider having a backside surfe ‘which is positioned

ﬁolding the slider;
oad to the slider,

Jrﬂace; and

away from the data storage medi
a slider support member fo
a load beam for applyin
the load beam having a backsi

an electrical cable exte ﬁé aiong the backside

surface of the load beamuiend p051tloned for

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

Rep laced
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electrical cable being comprised of a first layer and
a second'layér,. 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 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 Has Been R
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a first flexure arm for connecting the load beam
to the slider support member;

a second flexure arm for connecting the load
beam to the slider 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.

as Been Reﬁaced
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31. The suspension of ‘claim 29 wherein the third
layer compmi§es | a high strength electrically
conductive _ﬁaterial selected from the group
consisting of}ﬁu-Ni-Si-Mg alloy, Be-Cu-Ni alloy, Cu-
Fe-Zn-P alloy and 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 compriseéfstainless 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 back51de surface, a
leading edge and'a trailing edge;

a load bqam for applying a load to the slider,
the load beam Héving 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. ;*““““~w\\\
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35. The suspension of claim 34 wherein the second
layer has a thickness less than or equal to eighteen

microns.

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.
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