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HARD MSK DRIVE SUSPENSION WITH INTEGRAL ELEXIBLE CIRCUIT

Field of the Invention
The mvantion disclosed herein relates generally to hard disk deive
suspensions. More specifically, the invention relates to hard disk drive suspension
assemblies and circuit assemblies with an integral flexible cirouit and intsgral suppart

member.

Background of the Tnvention
Suspension assemblies in hard disk drives mclude a head gimbal assembly

(HGA). The HGA includes a gimbal assembly, a head assembly, and an interconnact
assembly. The head assembly includes a highly sensitive readfariie transdueer,
commenly referred to as a bead, attached to an air bearing slider. The head azsembly
also includes electrical terminals cenfipured for intereannection to the interconnect
assembly for xeoeiving and relaying data signals. The head assembly facilitates
reading and writing of information on a surface of a rolaling magnetic disk. The
mterconnect assembly includes a plurality of transmission elernents, such as wirss or
traces, fof mandmitting data to and {rom the head assembly. The suspension assembly
positions the head assembly at & gencrally constant distance away from the moving
swface of the rolating disk. The suspension assembly permits the head assembly to
“ly" at a heipht above the surface of the disk, inclnding swrface iregularities.

Most conventional suspension assemblies, alse relerred to hersin as a support
member, include 2 load beam und 2 gimbal portion. The load beam is a esilient
spring plate designed to provide latera] stiffness. The load beam is calibrated to apply
a foree ou the head ussembly that counteracts a Lift force on the head that is provided
by the air stream generated by the rotating disk. Accordingly, the head assenobly flies
above the surface of the disk at a height established by the equilibrium of the Joad
beam foree and the litt force.

‘The gienbal portion is positioned adiacent to an end of the Joad hewm and Las
the head assembly attached thereto. The gimabal portion permits roll and pitch
deflections of the head asserably in response 1o flying over surface imporfections and
warpine of the rotating disk, By petmdrting thesc deflections, the gimbal portion aids

in maintziming the praper erientation and distance of the head assemhly relative to the

-i-
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rolating disk, even when the load beam exhibits a slight amount of flexing and
twisting.

The suspension assembly can be attached at its proximal end to a rigid arm or
directly to a linear or rotary motion actuator. The actnator rapidly maves and then
abruptly stops the HGA over any position on a radius of the disk. The radial HGA
movement and the tetation of e disk allow the head ta guickly reach every location
above the disk. However, the rapid stop and go mevement cauges very high siresses
on the HGA.

An ideal HGA comprises components low in mass. Excessive inertial
momentum saused by excessive mass can cause overshool errors. Overshoot ermors
occur when monrentum carties the whole HGA past the intended stopping point
during positioning movement. Loﬁ-hl—mnSS HGA's are casier 10 move, resulling in
power savings in multiple platter disk drives. Furthermore, iighter weight HGA’s
permit the bhend to be flowi closer to the surface of the disk. The closer the head

_agsentbly can fly to the surfuce of the Jisk, the morce densely information can be

stored ou the disk. Accordingly, o Hghtwelght HGA is desirable in high performance
disk drives.

1 is known that the strength of 2 magnetic field in a disk drive vaes
proporiionally to the square of the iy height of the head. Manufachwers of disk
drives strive to reach Dying clearances loss than 100 nanometers, which is 0.1
mricrometers. For comparison, 5 human hair js about 100 micrometers thick.
lowever, the head assembly must not touch the disk, since the impact with the
spinning disk, which ratalvs at about 10,000 rpm or faster, can damage the head and
the surface of the disk.

Awplifying acd control circuits process, send and receive the data signals ic
and from the head agsembly. Signal transmission reguires conductors to extend
between the head assembly and the related citeuitry of the disk drive. Traditinnal
head assemblies use a read-write circuit loop with two conductors, usually copper
wiras encapsulated n plastic sheeting. Newer types of magnetic read-wiits heacds,
commonly referred fo a5 magneto-resistance head assernbles, requirc four or more
independant conductors.

‘The inereasing need for more wires, lower disk stack height and less sliffiess
emd mass of the suspension assembly has forced the manufacturers to consider

2-
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differeni suspension design approaches. In onc design approach, a suspension
assembly has signal tyaces that are eiched from a stainless steel based material and an
insulating layer is subsequently formed over the signal traces. The stainless steel base
material 15 also etched to form the load beam portion and head gimbal portion of the
suspension, A key limitation of this type of construction is excessive yield rates due
to the integrated fabrication process and poor conductivity of stainless steel. In
another design approach, a convertional flex circuit is attached to a seporately
fabricated suspension assembly nsing an adhesive. A key drawback with this type of
construction is the cost associated with the precision reguired for assembling the
flexiblc cireuit (e the suspension assezobly.

Designers and mannfacturers of FFGA’s fuce competing and limiting design
considerations. During operation, the suspension assembly should be free of
unpredictable loads and biases which alter the exact pasitioning of the head assembly.
‘The suspension assembly should respond instantaneously to variations in the surface
topology of 2 disk. Alwerations to the tlying heiglt of the herd can sipnificantly aftect
data density and accuracy and even destroy daia stored on the disk if the head collides
with the surface of the disk.

The rigidity and stiffness ofa load beam increasc in relation to the cross-
sectional thickness by the third power. To respond to air slream changes and to hold
the flying head at the appropriate oricntation, suspension assemblies are very thin and
tlexible, especially around a sensitive spying portion of the laad beam. Interconnect
assembly conductors have a large effect on the pecformance of the sugpension
agsembly, Conductor sliffness alone greatly affects the rigidity of the spring regions
apd Might perlormance. )

A standard wire eonductor attached atop the sospension can more thap double
the stiffbess of 4 load beam and significanily limit the ability of the load heam to
adjust to variations in the surface of the disk, vibratians, and movement. The effect of
the conductors on 2 gimbal region, the thinnest and mast delicate spring in the
suspensior: assembly, i3 even more pronounced. Furthermore, conductors placed over
sppring reglons of the load beam and gimbal portion of the suspension assembly st
not plastically defarm when the spring regions fiex. Plastic deformation prevents the
veten of the Joad bean or pinrbal portlion to its normal position and applies a biased
load on the suspension assembly.

3.
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In HGA’s that use conventional wire interconnect assemblies, two to five
lengths of wire to the head ussembly arc manually connected to the head. Fixtures are
used to manage the wires while they are being bonded to the head assembly. The )
lengths of wire are manuvally shaped using tweevers and tooling assistance to form a
sctvice loop helwean the head assembly and the suspension assembly and to position
the wire along a predetermined wirc path on the suspension assembly. The wires are
tacked to the suspension vging an adhesive or wire capture features formed inte the
suspension.

Spevial care is taken to avoid pulling the service loop too tight or leaving it ton
laose. A tight service loop places an wnwanted torque on the head assembly causing
errors associated with the fly height. A loose service loop sllows the wite to sag
down and scrape the adjacent spinning disk. Both conditions are catastrophic to disk
drive performance.

Throughout the process of handling the head assembly, inlerconnect assembly
and the suspension assembly, thers is a risk of damaping the wites or the delicate load
beam und gimbal. Load beams or gimbals accidentally bent during the manufacturieg
operations are serapped. Ofiezn the head assembly also cannot be recovered, adding
additional financial losses.

Similar to conventional wire iniercoment assemblies, flexible circuit
interconnect assemblies may inadvertently impart wnbaianced or excessive forces on
the suspension. Many cemmon flexible circuit case sabstrates are also hydroscapic,
resulting in flexural characteristics that are dependent on moisture content and
humidity. Because the flexible circuits are formed separately ftomn the suspension and
subsequently attached, precision manufbeturing tolerances are difficult and cosily to
maintain.

Therefors, what is needed is a circuit assembly for a disk drive head
suspensica that provides improved fiy height control, that reduces noiss in signal
transmission 10 and from the head assenbly, and that can be cost effectively
menufzeted.

Su of the Invenlion
Accordingly, in one embediment of the present invention, a civeuit assembly

includes a base member and a plurality of traces formed directly on a first surface of

-4
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the base member. The traces extend between a first end and a second end of the base
member, A reference voltage member is formed directly on 2 second surface of the
base member. The plurality of traces is pesitioned to overlay at least a portion of the
refbrence voltage member. A support member is formed directly on at least a portion
of the reference voltage member.

The support member is formed from a material exhibiting 4 tensile strength
substantially greater than the tenaile steength. exbibited by the reference voltage
member and the traces. A. preferred matesial for the support member is a ickel alloy
such as nickel horon or nickel-phosphiorus or any suitable plateable matetial. A
preferred material for the fraces is copper, gold, palladium, tin, or any suitable
plateable. In a prefierred embodiment, the iraces and the reference voltage member
are formed of the same material.

The support member is preferably formed dircetly on the reference voltage
inember using an electraless plating process. The clectroloss plating process is
prefernbly an autocatalytic electroless plating process. The use of an electroless
plating process contributes to providing a sepport member with vniform thickocss and
allows the support member to be rpade [rom a preferred selection of materials.

“The suppurt mermber may b formed to have regions of different thickness as
well as regions that are completely isolated from adjacent regions thereof, A load
beamn portion of the support member preferably has a thickuess substantially greater
than 2 gimbal! portivn thereof. The load hoam partion of the support member may
inelude spaced-apart flanpe portions having a main pestion cxtcndhyg therebetwesn,
The ilange poction of the suppart member has a thickness substantially greater than
the main portion ot the support member.

Cireuit assemblies and suspension assemblies according to the present
invention exhibit an impedance value of less than about 200 ohms between any twa
traces.

In awother embodiment of the present invention, a process for making a circuit
asserably includes the steps of forming a pluralily of traces directly on a first surface
of a basc member, wherein the traces sxtend between a first end and a second end of
the base member; forming a reference voliage layer directly on a second surface of the

base membet, wherein the plurality of traces overlay at least a postion of the reference

5
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voltage tayer; and forming & support member directly on at least 2 poriion of the
reference vollage layer.

In a further enabodiment of the present invention, a disk drive suspension
assembly includes an elongated polymeric base member having a pluratity of traces
formed directly on a fiyst surface thereof and a reference voliage member formed on a
second surface thereof A supnort meanber 13 formed dirsetly o at least a portion of
the reference voltage member. The pluratity of traces overlay at least a portion of the
reference voltage member. The teference voltage member is formed from a tirst
electrically conductive material and the support member is formed from a second
elecirically conductive material. The first eleetrieally conductive material provides
substantially greater eleotrical conductvity and substantizlly lower tensile strength
than the secend electrically conductive material, The support member includes a head
gimbal portion having a first thickness and 2 load bear portion baving 2 second
thickness. The second thickness is substantially preates than the first thickness.

The tollowing terms have the following meanings when uged herein:

1. The term “electroless deposition” relers 1o processes in which a layer
of material is deposited onto a nop-conductive substrate.

2 Ths term “electroless plating” rofecs to processes in which conductive
{eatures on a substrate are plated without being subjected to an externally applied
current or voltage.

3 The term “autoearalytic electroless plating” refers © a process of
depositing a metallic coaling by a controlled chentical reduction where a reducing,
apent in the form of 2 cﬁon1ical, such a5 sodihwn hypophosphite, provides the
electroms,

4. The term “head suspenston assembly {HGA)” refers to a structure
ineluding a gimbal assembly, a head assembly, and an interconnect asserubly.

5. The term “suspension assembiy™ refers to a structure including a toad
bearn portion and a head gimbal portion.

6. ‘The term “load beam™ refers to 2 portion of the suspension assembly
that provides a flexural-induced loading relative to # longitudinal axis thereaf and that
cxhibits nepligible torsienal delection relative to te longitudinal axis.

7. The term “gimbal poriion” refers to a portion, of the suspension
asgembly that permits piich and roll movement of the slider.

~H-
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8. The term “support menther” refars o a structural merber including the
load bear and optionally including a gimbal pertion.

9. The terms “slider” and “bead” are used interchangeably hercin and
refer to a vt forx reading and writing infoxmation in 8 magnetic format, optical format
or other type of data storage format.

19.  The term “reference voliage layer™ refers to u layer of electrically
conductive material that is spaced away from an adjacent ¢lectrical feature by a
uniform distance.

Brief Description of the Drawings

Figure | is a perspective view illustrating an emsbodiment of a disk drive
suspension assembly.

Figure 2 is a parspective view illustrating a bead gimbal portion of the disk
drive sespansion assembly of Figure 1.

Figure 3 is a different perspective view of the head gimbal portion of Figure 2.

Figare 4A is a cross-sectional view taken along the line 4A-44 in Figare 1.

Tigure 4B is 4 cross-sectional view taken aiong the ling 4B-4B in Figure 1.

Figure 5 i3 a perspective view illustrating a disk drive circuit assembly for use
with a conventional disk diive load beam,

Figure 6 is a ¢ross-seciional view laken along the line 6-6 n Figure 5.

Figures 7A-TN and TP arz serial views illustrating an conbodiment of a step-
by-step process for fabricating a suspension assenbly and a cireuit assembly

accoiding 10 the present imvention.

Detailed Dreseription of the Drawings

Axn emboediment of  suspension assembly 10 is illusirated in Figures 1-3. The
suspensiof assembly 10 includes a load beam portion 12 having 2 first end 12a and a
sceond end 1Zb. A gimbal portion 14 is aitached to the first end 12a of thic boad beam.
porbion 12 The gimbal portion 14 has = head assembly 16 mounted therson.

A plurality of traces 18 is attached to the load beam portion 12. The teaces 18
catend betwesn the first end |22 and the second end 12b of the load beam pordon 12.
A Pist end 18a, Figure 2, of eacl one of the iraves 18 is electrically connscted to
corresponding terminals (not shown) of the head agsembly 6. A scoond end 18b,

Figures 1 and 4B, of vach one of the traces 18 extends from the second end 12b of the
Ea
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load beam porfion 12 Each one of the traces 1§ includes a corresponding lead 22 foy
bieing electrically connected to a related component of 2 hard disk drive.

A portion of each one of the traces 18 is covered with a protective layer 20,
Figures 1, 2, 4A and 4B, such as a non-conductive photoimageable covercoat
material. Examples of snitable phioimageable covercoat materials include epoxy
acrylate formulations offered by Taiyo under the PSR4000 series and by Nippon
Polytech under the NFRS0 sedes; und pelyimide formulations offered by Arch
Chemicals under the Probimide series and by DuPont under the Pyralin Series. An
example of a suitable screen printable covercoat material for the protective layer 20
mcludes an epoxy formulation offered by Ashaj Chemicals under the part number
CCR232. The proteetive layer 20 reduces the potential for corrosion of the
underlying portions of the traces 18, As is commwenly practiced in art of cireuit-
making, the portions of the traces (8 that are not covered by the protective layer 20
typically have a caverplate layer (notl shown) of corrosion-resistant material such as
gold or palladtum formed thereon.

Referring to Figure 44, the load bean: portion 12 includes a buse member 24,
The traces 18 are rpounted directly on a first side of the base member 24. The traces
18 as well as other types of conductive features are formed from a cenductive featurg
laycr formed on the buse member 24. A refevence voltage member 26 is mounted
directly on & second side of the base member 24. The traces 18 and tho refercnce
voltage mermber 26 arc preferahly mounted directly on the respective first and second
sides of the base member 24, By being mounted direstly ox a surface, it s meant that
an attachment layer such as a layer of adhesive is not used betwoen the hase member
24 and the fraces 18 or the reference ¥oltage member 26, A support mewber 28 is
mounted on a surface of the reference voltage member 26 opposite the second side of
the base member 24. The support member 2§ includes a main portion 28a having
spaced apart flange members 28b extending therefiom. The flange members have a
thickness 28h' that is substantially greater than a thickness 282 of the main portion
28a.

The base member 24 is typically a flexible polymeric substrate having a
thickness of from about 0.25 mils (6-7 microus) 1o about 3.0 mils (75 micons). The
specific applicaiion and design of the suspension assembly 10 will dictate the roquired
thickness of the base merher 24, Suiteble materizls for the hase membar 24 inchude a

8-
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polyimide film such as that sold by DuFont under the tradename EATTON E. Other
types of commercially available flexible polymeric filns, such as, for example, films
made of polysster and palypropylene, may also be useful ay materials for the base
ember 24.

The conductive traces 18 and the reference voltage member 26 are preferably
made of a conductive matetial such as copper. Preferred materials for the conductive
traces 18 and the reference volfage membey 26 have a tensile sttength of less than
about 4718 kp/om® and a resistance of fess thav about 1.7 1o at room temperaiure.
The conductive traces 18 and the reference voltage member 26 may include a
pluratity of layers of the conductive material. For cxample, a first layer of copper
may be formed on the base meniber 24 using & <eposition method, such as sputtering,
and a second layer of copper may be formed an the first layer of copper using a
plating process, such as electroplating or clectroless plating. Depending on the
application. the overall thickness of' the conductive traces 18 and the reference voltage
member 26 is typically from about 50 micro inches to ahout 1000 micro inches. The
spacific application and design of the suspension assembly 10 will dictate the required
thickness of the eonductive traces 18 and the teference voltage member 26.

The support reember 28 is preferably made of 2 material haviﬁg mechanical
properties superiot to the material of the traces 18 and reference voltage member 26.
The mechanical propertics of the support member 28 dominate the resulting overall
stiffness of the Jond beam portion 12 of the suspensian a.v.‘scmbly 10. Depending on
the stifincss and spring properties required I a given application, the typical
thickness of main portion 28a of the support member 28 is from about 0.1 mils to
ahout 1.5 mils. The support member 28 may inelude one or more flanged pottions
that are gubstantiatly thicker than the main portion thereof,

Preferred waterials for the support member 28 include nickel-hased allays,
such as nickel-phosphosus alloys and nickel-boron alloys. Preferred nickel-based
alloys have a tensile strength of greater than about 6327 kg/om?.

Tn navst conventional suspension assemblies and circuit assermblies, stainless
steel is the preferred material for the support member, However, stainless steel
cannot be readily and relizhly plated. Accordingly, support members 24 acvording to
the present invention are made of plateable materials such as nicke) based alioys. In

0.
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addition io being plateable, nickel-based alloys have material clatacteristics very
" similar to stainless stesl.

In suspension assernblies and eircuit assemblies according to the present
invention, the configuration and construction of the refercnce voltage member 26
relative to the traces 18 provide a highly controlied impedance ievel ‘The material
that the reference yoltage member 26 it made from has significantly Wpher electrical
conduetivity than that of the materials from which the support member 12 and
sonventional load heams are snade, Furthermore, because the traces 18 and the
reference voitage member 26 are formed ditectly on the Tespective first and second
surfaces of the base member 24, the dislance betweon the reforence voltige member
26 and the traces 18 is more uniform when corpared to previous types of
constructions. These structural features contribute (o enbanced impedance
performance.

As illustrated in Figore 4B, the second end 18b of the traces 18 that extend
from fhe second end 125 of {he load brarm 12 axc camied on the first side of the base
member 24, The reference voltage member 26 1s carried on the second side of the
base member 24, The protective luyer 20 iz formed over the traces 18, It is desitable
that the traces 18 extending from the second end 12b of the load heam 12 exhibit a
minimal degree of stiffiiess. Accordingly, the support member 28 does not extend
past the secand end 12b of the load beam 12,

Referring now to Figores § and 6, an embudiment of 2 civouit assembly 110
according to the presont invention is illustrated. The circuit asserably 110 is made
according to processes of the present invention. In use, the circuit assembly 110 is
maomited on & conventional load beam (not show) for providing electrical
interconnection between a head ussembly 116 and the associated alectrical
components of a hard disk drive (not shown). Additionally. the circit assembly 11¢
ioeludes & gimbal portian 114 for providing giothalling functional. The circuit
assembly 110 may apﬁonaﬁiy include » support member 128 for providing a suitable
degree of stiffiess. An advantage of using the circuit assembly 110 in conjunction
with a conventional Toad hen is that the thickness of the gimbal portion 114 can be
significantly less than the thivkness of u gimbal poriion of a conventional load beam.
Accordingly, control of the movement of the head assembly 116 is fmproved.

-10-
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The circuit assembly 118 includes a base member 124, A plurality of traces
118 are formedd directly on a first side of the base member 124 and a reference veltage
member 126 is formed directly on a second side of the base member 124, A
profective layer 120 1s formed over the traces 118, The support member 128 is
formed directly on the reference voltage member 126,

A process for making suspension assemblies and circuit assemblies according
to the prasent invention is illustrated in Figures 7A-7N and 7P, A first side 200a and
a second side 200b of 2 base substrate 200 are metallized using a known deposition
process, such as electroless, sputtering or chemical vapor deposition, with a first
comductive layer 202, commonly referred to as a seed Tayer, Figure 74. The base
substrate 200 is preferably 2 flexible polymeric fikm such as polyimide. Tn a preferrad
embodiment, the first conduetive layer 202 has a thickness of between about 200
avgstroms and sbout 2000 angstroms and is rwade from = bighly conductive material
such as copper.

The fitst conductive layer 202 provides a continueus conductive layer to
Jacilitate deposition nf'a second conductive 204, Figure 7B. The sceond conductive
layer 204, commenly referred to as a flash plated Jayer, is also made of  highly
conductive material such as copper. The first and second conductive layers 202, 204
on (he first side 2004 of the buse substrate 200 jointly define a conductive feature base
layer 207, Figure 78 The fivst and second conduetive layers 202, 204 on the second
side 200h of the base substrate 200 jointly define a reference voltage layer 209

The second conductive layer 204 iz deposited using a known plating process,
ineluding processes such as electroless plaling or electzoplating techniques. A
preferred method is electroplating and a typical plated thickness of the second
conductive layes 204 is between about 50 micra inches and about 1004 micro inches.

I insiznces where the second conductive layer is copper, copper is
electroplated from a copper sulfate & sulfuric acid plating solution. The plating
curreni density is niaintained between about 10 and abowt 60 amps per squarg foot.

Following the formation of the conductive feature base layer 207 and the
reference voltage layer 209, an ciching process is performed thereon to prepare the
surfaces thercaf for application of & photoresist. Tvpical etching selutions for copper
inchude, but are not limited to, ammonium, sodivm persulfate and hyclm'gcn peroxide
sulfuric.

i1
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A, photoresist layer 206 Is then applied to the conductive festure bage layer
207 and to the reference voltage layer 209, Figure 7C. In a preferred embodiment, the
photoresist Jayer 206 is an aquecus processible, dry-film, pasitive-acting photoresist
applied using heat and pressure. The thickness of the photoresist 208 is typically
hetween about 15 micrometers and about 50 wicrometers. Suitable photoresists for
he phetoresist layer 206 includa, for syample, photoresists offered by MacTrermid
Incorparated under the serfes designations SF, CF, and MP. Specific examples
include MacDormid SF310 and MP413 photoresists.

After lamination of the photoresist 206, suitable photomasks 208 arc engaged
against the photoresist layers 206 and the photoresist laysrs 206 are then exposed to
encrgy from a suitable source for exposing 2 dosired image in the phototesist layer
206, Figure 7D. An ultraviolet light source is commenly uzed for cxposing images in
photeimageable photoresists, such as thase photoresist materials identified above.
‘The photomasks 208 mclude patterned chrame or emulsion coated portions for
preventing the wansmission of energy ta specific arcas of the photoresist layer 206,
allowing energy to pass through and react with the photoresist layer 206 in unblocked
areas. Photarpasks of various canstructions are commercially available.

Follawing exposuze of the photoresist layer 206, areas of the photoresist layer
206 that are nol exposcd 1o enerpy can be developed in a suitable developing solution.
1 a preferred embodiment where an aqueous positive-acting photoresist layer 206 is
used, the areas not having been exposed 10 ererey from the light source are develaped
out {remeved) during the developing step, resulting in a desired circuit patter i the
photoresist layer 206, Figure 7E. In the case of uqueous processible photoresists, the
developing step includes applying a dilute aqueous solution, such as a 0.5% - 1.5%
sadivim or potassivm carbonate selution, to the photeresist unll the desired patterns
are obtained in the layers of photoresist fayers 206. The developing step is typically
performed using commercially availzble equipnient and solations.

Following the developing step, areas of the conductive feature base layer 207
that are exposed through the photoresist layer 206 are ready For plating, Figure TE.
To prevent plating on the reference voltage layer 209, a protective layer 210, is
applied over the developed photoresist layer 206 ou the reference voltage tayer 209,
One exaniple of a snitable protective layer 210 is & polymeric sheet held in place by a
layer of commercially available, releasable adhesive. The polymeric shoet and

-2
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adhesive are sclected from materinls that are resistant to the plating ehemistry. Afier
the protective layer 210 has been applied, exposed portions of the conductive feamre
base layer 207 are plated, Figure 7F, to produce a phurality of conductive features 211
such as iraces, bonding pads, capture pads, test pads, ete. Suilable plating methods
include the same method used ta plate the second conduetive layer 204. A preferred
method for plating is clectroplating and a preferred mterial is copper. The thickness
of the conductive features 211 iz typically betweon about 0.2 mils and about 2.0 mils.

Following plating of the conductive features 211, Figure 703, the protective
layer 210 is removed and a protective layer 213, such as a positive acting photoresist
layer, is applicd nver the conductive features 211.

Mext, the reference vottage layer 209 is subjected to an elching provess to
remove any oxidation. Typical etching selutions for copper include, but are not
limited to, ammonium, sodinm persulfate and hydiogen peroxide sulfiric.

[ollowing the ctehing process, Figure 7H, a support merber Jayer 220 is
formed on the referepce voltage layer 209. The support member layar 220 is formad
om the teferonce voltage Jayer 209 using a suitable plating process. A prefiored
plating process is an electroless, prefurably awtocatalytic, plating process. Specitic
information relating fo electroless avioeatalytic plating is provided in ASTM B374.
Preferred plating materials include nickel-based alloys such as a nicksl-phosphors
allay having a phosphorus content of from about 5% to about 15% and a nickel-boron
alloy having a beren content of from about 0.3% to about 10%.

A typical electroless autocatalytic plating process includes exposing the
reference voltage layer 209 to a plating bath comprising a nickel-phosphorus alloy
solution maintained at a temperzture of between about 76.7°C and 93.3°C and having
apH level of between about 4.2 and about 6,2. The nickel concentration is
maintained between 05 and 1 oz/gal of hickel concentration:. T"he phospborous is
include with a redaging agent and depouits in the plated metal at a rate of 5.0 to 7.0
wgt%.

Following plating of the support member layer 220, Figure 71, the photoresist
layers 200 and 213 are removed using the previously mentioned photaresist smipping
methiod. Then, the portions of the conductive feature base layer 207 and reference
voltage layer 209 that were concealed under the correaponding photoresist layer ars
removed using & suituble etching process, such ay the ctching procosses deseribed

13-
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above. By stching previously concealed portions of the conductive feature base layer
207 and reference yoltage layer 209, the conductive features become electrically
isolated from each other.

In order to achieve superior performance characteristics, a suspension
assembly or a circoit assembly may require additional torsional rigidity or apertures
exiending through the base subsirate 200. Figures 7J-7N & 7P illustrate suitable
process steps for adding additional thicknads to selected portion of the support
member layer 2204 and for fonning apertures through the buse substrate 200,

As illustrated in Figure 73, a photoresist layer 222 is formed over the
conductive features 211 and the support member layer 220, In a preferred
embodiment, the phetoresist layer 222 is wade fom the same material as the
photoresist layer 206, deseribed above in reference 1o Figure 7C! Next, as illustrated
in Figure 7K, the photoresist iayer 222 is exposed and developed using the same
exposure and develop methods described above in reference to Figures 7D and 7E.
Tue photoresist layer 222 adjacent to the conductive featares 211 is flood oxposed
such thai it remuins in its entirety after the developing step. The photoresist layer 222
adjacent to the suppozt member layer 220 is exposed through & photomask 224 that
includes energy blocking portions 224a that are aligned with the support menthers
220, The energy blocking portions 224z are configured such that after exposure and
developing of the corresponding photoresist Iayer 222, the remzining exposed
portions of the photeresist layer 222 cover only a portion of the support member layer
220, Figure 7L.

Next, a3 illustrated in Figure 7M, the support member layer 220 is subjected to
an. additional plaiing process. The additional plating process produces raised portions
220 formed on the previously plated portions of the support member layer 220, The
plating process of Figure M is preferably the same plating process a5 described
above in reference to Figure TH. Following the plating process, Figure 70, tha
photoresist layers 222 are removed.

Next, aperfures 226 througl the base substrate 200, Figure 7N, are formed
therein using a variety of different methods. Suitable methods for forming inelode
mechanical puoching, laser ablation, laser drilling, and chemical milling. Tha
preferred embodiment, the base substrate 200 {s 2 polyimide film and the apertures
224 are formed using a suitable chemical milling process. The chemical milling

14~
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process includes exposiap the polyimide base substrate 200 10 a concentrated base
solution sucly as potassini hydroxide (KOH) at 2 femperature of from abiot 50°C to
about 120°C. In doing so, portions of the base substrate 200 exposed to the base
solution are etched, producing the aperiures 226,

Lastly, as illustrated in Rigure 72, a coverplate layer 228 is formed on the
conductive feajures 211 to provide enhanced performance characteristics such as
corrosion resistance and bond strength. Suitable materials for the coverplate layer
228 include gold, palladivem, tin and nickel. Several methads are known in the art for
depositing the coverplate layer 228,

A hard disk drive suspension assembly according to the present invention
improves control of the suspension stihess in thoee ways. First, the thickness of a
plated suspension is much less than current suspensions, Cenventionsl suspensions
having a stainless steel suppert member start to veach & minimir thickness Lmit at
approximately 1 mil to about 0.5 mil using current rolling and slawping techniques.
Second, the thickness of support members according to the present invention can be
tatlored lo achieve @ number of specific design requirements, such as by conmolling
the dwell time of the assembly in the plating bath. Third, regional stiffess of the
support member can be tallored through the specific plating process.

[maproved head fly characteristivs are achieved through preater design freedom
in attaining precise regional stiffnces and torsion sharactenistics. Conventional load
beams are farmed from a comtinugus piece of stainless steel material. This type of
construction does not permit isolated islands or muliple material thickness. With a
plated suspension according to the present invention, the base member allows the
support member to include islands. This additional design characteristic allows Lhe
overaill and regional stiflhess and torsional characieristics of the sispension
assernbliss to be tailored. The ahility to preciscly conlrol the torsion and stiffncss
characterislics of a suspension assembly is essential. Such control allows the head to
respond faster and in a more controlled manner to changes in the surface profile of the
disk. By improving this control, the head assembly can be positioned closer to the
disk without increasing the potential of the huad contacting the disk. By flving the
head assernby closer fo the disk, the quantity of information stored on & disk can be

increased.
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Many conventional suspension assemblics include a separately fabricated
flexible cireuit that is attached to a load bewmn using an adhesive such as an epoxy.
This type of fabrication rechnique is currently done by hand. Accordingly, it is labor
intensive and susceptiblc to significant process variations. Suspensien assemblies
accorling to the present invention significantly reduce fabrication time and process
variation.

Suspension assemblies and circuit assemblics aceording to the present
invention alse exhibit improved manutaciurability. The refercnce voltage layer and
conductive feuture layer increase the stability of the web during processing, malking
the weh easier to process. Futhermore, because the thickness of the suppart reember
can be reduced over conventivnal suspension assemblics, the thickness of the
polymerie base substrate can be optimized for processing. Suspension assemblies
according to the present invenfion have a construction that counteracts coefficient of
thermnal expansion {C1E) mismatches, redueing stress-induced curling.

As the data transmission rates in hard drives increase, suspension assemblies
und related circuit asscmblics will need to provide highly eonwolled impedance
characteristics. Current suspension assemblies provide only Yimited impedance
cantrol due to significant variability in the distance between the fraces and reference
voltage member. i suspension assemblies that use 2 conventionsl stainless steel loag
beam as a reference voltage [ayer, impedance characteristics are also adversely
affecied hy the poor conductivity of stainless steel. When a scparaiely fabricatad
flexible circuit is used in 4 suspension assembly to clectrically connect the head
assembly to the related electronic components, variations in the spacing between the
flexible vircuit and the reference voltage member adversely affect im_pcdancc
characteristics.

By forming the reference voltage layer and the traces directly on the base
subsirate in the prosent invention, the spacing between the traces and the reference
voltage layer is precisely conirolled. Also, in preferred embodiments according to the
preseit tivention, the reference voltage layer is made from a highly conductive
material aud the support member is made from a material praviding essential
mechanical proporties. These design characteristics significantly improve the
impedance performance of suspension asscmblies and eircuit assemblies according to
the present invention.

16
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Accordingly, it {s appropriate that the appended claims be construed broadly
and in a manmer consistent with the: scope of the embodimenls and descriptions
disclosed herein,
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What is claimed is:

1. A cirouit assembiy, comprising:

a base member;

aplurality of traces formed directly on a first surface of the base
menber, the races extending between a first ond and a second end of the base
meimber;

a reference vaitage layer formed directly on a second surface of the
base member, the plurality of traces averlaying al least a portion of the
refercnee voltage layer; and

2 suppott meniber formed divectly on at least a postion of the refercnce
valtage fayer,

wherein the support member is formed fiom a material having a tensile strongeh of
greater than 6327 kgfem® and wherein the ground plane is formed from 3 material
having a tensile strength of less than 4218 kg/cm?.

2. The circuit assembly of elaim 1 whesein the support member is formed
trom an clectrolessly plateable material,

3. The circuit asscmbly of claim 2 wherein the electrolessiy plateable
material is a pickel-based alloy including an alloy material selecied from a group of

materials consisting essentially of phosphorous and boron.

3. The circuit assembly of claim [ wherein the reference voltage layer is

formed from an eloctro-platesble material.

4. The cireuit assembly of claim 3 whercin the electro-platable material is
sedected from the group of matcrials consisting essenially of copper, tin, aluminum
and zold.

3. The circuit assembly of claim 1 wherein the reference voltage layer is
tormed from a first clectrically conductive glectroplateable nuaterial and the support
member iy fonmed from a second clectrically condustive glectrolessly plated material
wherein the first electrically conductive material provides substantially greater

-18-
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clectrical conductivity and substantially less ensile strength than the second

electrically conductive material,

6. The circuit assembly of claim 1 wherein the support member includes
a first portion having a fist thickness and a second pertien having a secand thickness

the second thickness being substantially greater than the first thickness.

7. The circuit assembly of claim 1 whorein the reference voltage layer
includes a fivst conductive laver formed directly on the second surface of the base

member and a second conductive layer formed direstly on the first conduclive layer.

8. “The circuit assembly of claim 1 wherein the base member is made of a
flexible polymeric material.

3. The circuit assembly of claim 13 wherein the flexible polymeric
material is sulected from polyimide and polyester,

10, The circuit assembly of claim 1 wherein the support member includes
a load beam portion and a head grmbal portion. wherein the load beam pertion
includes flange portions having a first (hickness and the gimbal portion has a second
thickness, the first thickness being substantially greater than the second thickness.

11. A digk drive suspension assembly, comprising:

an elongated polymmetic base member;

u plurality of traces formed directly on a first surface of the base
member;

a reference voltage layer formed directly on a second surface of the
base member, the reference voltage layer fanned fiom a first electricatly
conductive material and the plurality of waces overlaying at deast a portion of
the reference voltage luyer; and

a support member formed divectly on at least a portion of the rsference
voltage layer, the support member fornied from a sevond electrically
conduetive maferial, the firsi electrically onductive material providing
substantially greater electrical conducfivity and substantially lawes tensile

strength than the secend electrically conductive material, the support member
-19-
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including a head gimbal portion having a first thickness and a flange pertion
having a second thickness, the second thickness being substantially greater
than the first thickness.
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