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FLEXURE IN A DISC DRIVE A DISC DRIVE
AND METHOD OF MANUFACTURE

This invention relates generally to the field of rigid disc drive data storage devices
and more paﬁicularly to a one-piece flexure assembly for supporting the read/write heads
of the disc drive.

Disc drives of the type known as ;'Winchester” disc drives are well known in the
industry. Such disc drive data storage devices typically_ contain a stack of rigid discs
coated with 2 magnetic medium on which digital -information is stored in a plurality of
circular concentric tracks. The siorage and retrieval of data, also called "writing" and
"reading”, respectively, is accomplished by an array of heads, usually one per disc surface,
which are mounted on an actuator mechanism for movement from track to track. The most
common form of actuator used in the current generation of disc drive products is the rotary
voice coﬂ actuator, which uses a voice coil motor (VCM) coupled via a pivot mechanism to
the heads to access data on the disc surfaces. The structure which supports the heads for
this movement is referred to as ; head/gimbal assembly, or HGA.

The HGA in a typical disc drive consists of three components:

1. aslider, which features a self-acting hydrodynamic air bearing and an
electromagnetic transducer for recording and retrieving information on a spinning magnetic
disc. Electric signals are sent to and received from the transducer via very small twisted
copper wires; _

| 2. a gimbal, which is attached to the slider and is compliant in the slider's pitch
and roll axes for the slider to follow the topography of the disc, and is rigid in the yaw and
in-plane axes for maintaining precise slider positioning, and;

3. a load beam, which is attached to the gimbal and to a mounting arm which
attaches the entire assembly to ‘the actuator. The load beam is compliant in the vertical axis

to, again, allow the slider to follow the topography of the disc, and is rigid in the in-plane
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slider has been progressively reduced, first from the original Winchester head to the so-
called "mini-Winchester", and more recently to the 70 and 50 Series heads, which are 70%
and 50% the size, respectively, of the mini-Winchester slider. While these size reductions
are significant, the overall vertical dimension of the HGA has been dictated more by the
slider-supporting mechanism than by the size of the slider itself.

The load beam and gimbal comprise an assembly generally known as a head
suspension, head flexure, or simply a flexure. An example of such a flexure is described
in U. S. Patent 4,167,765.

Historically, the gimbal and load beam are fabricated discretely. The gimbal and
load beam pieces are realised by chemically etching 300 series stainless steel foil into fhe
desired shape, and then the two pieces are attached by means of laser welding.

The general technology trend in disc drive data storage devices is continual
shﬁnking of the physical size of the product while providing increased data storage
capacity. The down-sizing of the product has required smaller components, especially the
principal components such as discs, sliders and flexures. Additionally, disc drive designers
seek to add capacity to their designs by incorporating as many discs as possible within
defined package dimensions. As the number of discs in the unit increases, the spacing
between the discs decreases, thus further driving the need for smaller sliders and flexures.

Another industry trend is to provide the user of disc drives with high data storage
capacity at low cost. This requires developing improved data recording technology and
finding lower cost ways of manufacturing the components of the disc drive.

The use of discrete gimbal and load beam components laser welded together, as
shown in the '765 patent, has become problematic in disc drives of the current 2.5", 1.8"
and 1.3" generations of disc drives. In such units, the flexures must become thinner in
order to allow desirable close spacing of the discs, while the overlapping required to laser

weld two discrete components necessitates increased thickness in the flexure.
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has been found that laser welding produces residual tensile stress in the material local to the
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welds. This causes the flexure to distort. In the longitudinal direction, the flexure curls
from the residual weld stress, and this makes it more difficult to fit the flexure between
closely spaced discs during the manufacturing process. Further, if the welds are not placed

symmetrically about the centreline of the flexure, the residual weld stress will cause a-

{ torsional distortion, or twisting, of the flexure. Such a flexure is undesirable since the

twist will create a moment, or torque, on the slider’s air bearing surface, causing unwanted
changes in the flying attitude of the head, and potentially rendering the assembly unusable.
The welding process is also a substantial portion of the labour that goes into the
manufacture of a flexure, and it would, thus, be advantageous to eliminate the practice of
making discrete gimbals and load beamé and welding the two together for cost reduction.
Since the gimbal and load beam components must overlap in flexures of existing
art, the emphasis on reducing the thickness of the flexure assembly has most often focused
on reducing the thickness of the individual gimbal and load beam components. The
thickest area of the load beam is the region known as the_rigid beam, which usually
features flanges along the outer edge along the longitv:xdi;xal axis of the flexure. U.S. Patent

4,996,616 teaches how a pair of drawn ribs can provide reinforcement of the rigid beam

section of the flexure. Unfortunately, the drawn pair of ribs of '616 requires that the

flexure material be strained to exceedingly high levels. Such stain can introduce cracks in
the drawn material, and high stresses in the material near the ribs.

Various attempts have been made to solve the problems inherent in welding a
gimbal and load beam together by devising a flexure in which the gimbal and load beam
are formed from a single piece of material and would thus require no welding. An
example of such an integrated gimbal and load beam is presented in U.S. Patent 4,245,267.
A second example is known as the HTI Type 16, or T16, manufactured by Hutchinson
Technology, Incorporated. Both of these flexures have a gimbal incorporated into the load

beam and, of course, no gimbal-to-load beam welds. Both include a bonding surface on
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which adhesive is placed to secure attachment of the slider to the flexure. A plurality of

beams, etched into the load beam, connects this bonding surface to the load beam portion
of the flexure and provides the desired gimbal characteristics.

One failing of the flexure of the '267 patent and the T16 flexure relates to an
element of flexure design commonly referred to as "load point”. Simply stated, load point
refers to the single point of contact where the downward force of the load beam is applied
to the slider. Proper selection of this load point ensures that the forces related to the
hydrodynamic air bearing of the slider are properly balanced. In prior art flexures such as
the one described in the '765 patent, load point is developed by forming an upward-
extending dimple in the gimbal bonding surface. The load beam contacts the spherical
surface of this dimple at a single point to allow proper gimbal action. In the case of the
'267 and T16 flexures, however, a well defined load point is not provided, and, thus, an
undesirably wide range of variation in slider flying characteristics is associated with these
types of flexure. |

A second fundamental problem with the '267 and T16 types of flexures is that the
downward force of the load beam is applied to the sliiier by placing the gimbal beams into
bending mode, and the gimbal beams must therefore be stiff in bending mode. These same
gimbal beams, however, must be compliant in bending mode to allow the proper
gimballing action. This conflicting réquirement results in designs that either work poorly
as a gimbal or become deformed under load.

A third problem with the '.267 and T16 flexures is that the slider bonding surface, in
general, covers a large area over the centre of the slider. The slider is attached to the
flexure with an adhesive epoxy, and, in order to reduce the cure time of the adhesive, the
assembly is usually heated in an oven. Since the slider and flexure are made of dissimilar
materials with different coefficients of linear thermal expansion, thermally induced strains
develop at the bond when the assembly cools. These strains can distort the slider and
undesirably change the ﬂatness of the air bearing surface of the slider, thus, once again,
introducing unacceptably wide variation into the flying characteristics of the heads.

A need clearly exists for an improved slider-supporting flexure which reduces the
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It is another object of the present invention to provide a flexure wherein the gimbal

{and load beam elements are formed from a single piece of material, and require no

welding.

It is another object of the present invention to provide a flexure which is simple and
inexpensive to manufacture.

It is another object of the present invention to provide a flexure which incorporates
a load point which is well defined and simple to locate at an optimised location.

The flexure of the present invention is a one-piece load beam/gimbal assembly
formed from a single piece of material. Features for providing the gimballing action,

bonding of the slider to the flexure and location of the load point are all created using the

tprocesses of etching and half-etching. In the preferred embodiment, the gimbal end of the

flexure is substantially rectangular, and a generally H-shaped opening is symmetrically
located within the rectangular shape. The side rail is formed between the H-shaped
opening and the side edges of the gimbal are half-etched to reduce their thickness, and
these side rails act as the gimballing mechanism of the flexure. A pair of tabs are formed

in the gimbal end of the flexure on either side of the cross-member of the H-shaped

‘opening, and one of these tabs is also half-etched to reduce its thickness. The full-

%thickness tab is used to bond the slider to the flexure, while the other tab serves to locate a

g_load point contact which is formed by not half-etching in the desired location for the load

point. The load beam portion of the flexure is stiffened by forming side rails or channels
adlong the sides of the load beam portion of the flexure and by forming a tear-drop-shaped
indentation in the load beam. Both the side rails and indentation are formed toward the
side of the flexure on which the slider is mounted.

The features, benefits and objects of the present invention can be best understood

from the folldwing detailed description of the invention when read in conjunction with the
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Figure 2 is a plan view of the preferred embodiment of the flexure of the present

jvention;

Figure 3 is a detailed view of the gimbal portion of the flexure of Figure 2;

Figure 4 is a sectional view of the gimbal portion of the flexure of the present

PR UUPPRIE Wy

mventlon

Figure 4A is a sectional view of the gimbal portion of the flexure of the present

i

jvention as assembled to a slider and in cooperative arrangement with a disc;

Figure § is a partial sectional view showing the forming of the edge of the rigid

Jeam portion of the flexure of the present invention;

‘Figure 6 is a partial sectional view showing the forming of the rigid beam to

mcrease stiffness; and

Figure 7 is a partial perspective view of the flexure of the present invention as

issembled to a slider assembly.
Referring now to the drawings and more specifically to Figure 1, there is shown a

fisc drive 2 in which the present invention is particularly useful. The disc drive 2 includes

:abase member 4 which, in cooperation with a top cover 6 (shown partially cutaway),

forms a sealed environment to protect the delicate internal components from outside

tontaminants. A number of rigid discs 8 coated with a magnetic medium are mounted for

totation on a spindle motor (shown generally at 10). The surfaces of the discs 8 hold a
large number of concentric circular tracks to which information is written and from which

information is read. These tracks are represented by. the innermost and outermost tracks,

fesignated by broken lines 12 and 14 respectively. '

An actuator body 16 is adapted for rotation about a pivot shaft 18 by a voice coil 1B

:motor (VCM), shown generally at 20. On the side of the actuator body 16 opposite the il

iVCM 20 are a number of head mountmg arms 22 to which are attached a plurality of

fl.exures 24 for the mounting of sliders 26. Power for the VCM 20, as well as the signals
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smade up of four distinct major areas:

1. a gimbal/slider mounting area 32;
2. a rigid beam 34;
3. a pair of compliant beams 36, and;
4. an attachment surface 38. |
The entire flexure 30 is formed from a single piece of 300 series full hard stainless
teel, preferably 63.5 x 10-6m (0.0025 inches) in thickness, and manufactured using well
nown chemical etching processes.

A pair of alignment holes 40, 42 aid in fixing the flexure during the process of

‘onding the slider (not shown).

The attachment surface 38 in the example of Figure 2 is shaped to be attached to a
articular type of mounting plate to provide a strong surface for attachment of the entire
lexure head assembly to one of the head mounting arms 22 of the actuator body 16. While
he specific method of mounting the flexure is not considered a part of this invention, it
hould be noted that this attachment surface 38 could easily be adapted for use with other
ypes and designs of mounting apparatus.

The direction of movement of the disc relative to the flexure is shown by arrdw A.
Any slider attached to the flexure of the present invention is therefore assumed to have its
kading edge closest to the attachment surface 38 and its trailing edge closest to the free end
if the gimbal/slider mounting area 32.

The gimbal/slider mounting area 32, the rigid beam 34 and the pair of compliant
ams 36 will each be discussed in turn below.

Figure 3 shows a detailed view of the gimbal/slider mounting area 32 of the flexure
¥ the present invention with a slider 48 attached. As was previously mentioned, the
lexure of the present invention is formed by the process of chemical etching. In usual

themical etching processes, the material to be etched is first coated on both sides with a

i
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 gaterial called resist. The resist is patterned using a stencil and exposing the resist to a
’jght source. Unexposed resist is then stripped away, leaving exposed metal that will be
i

yched away in the presence of an acid-like etchant. Both sides of the material are treated

j; this manner, with the pattern on both sides being very accurately ﬁligned. This is the

;Focess used to define the perimeter outline of the flexure of the present invention and all.
:lu-ough openings.
| In half-étching, the pattern of the stencil on one side of the material is dissimilar to
jat on the other side. This also is a well known technique for etching text, art or half-tone
fotographs into sheet metal. It is known that if the area to be half-etched is large, that is,
'thas a length or diameter many times that of the material thickness, the depth of the half-
iching will be approximately sixfy percent that of the material thickness.

The process of full- and half-etching is used to produce several of the features of the
kexure of the present invention. For instance, as can be seen in Figure 3, an H-shaped
pening 44 has been etched completely through'the material, and areas beside the vertical

igs and on one side of the cross member of the H-shaped opening 44 have been half-

. khed. Specifically, the area shaded lower-left-to-upper-right is half etched on the near

ide of the material, while the area shaded lower-right-to-upper-left has been half-etched on
ie far side of the material. Since the overall thickness of the material is approximately
8.5 x 10-6m (0.0025 inches), these half-etched areas are reduced in thickness to about
5.4 x 10-6 m (0.0010 inches) thick. |

This half-etching process forms a pair of gimbal beams 58 which will be discussed
ldetail below. _

The etching process also forms a slider mounting tab 46 to which the slider 48 is
thesively bonded. As can be seen in the figure, this bonding is thus done only in that
2 of the slider 48 closest to the trailing edge of the slider 48. In prior art flexures, such
{ the flexure of the '765 patent, the bonding surface was generally centred on the slider
td occupied a large percentage of the entire top surface of the slider. The location of the
tnding surface in the flexure of the present invention has several advantages:

L. In prior art flexures, the air bearing surface distortion created by thermal
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f the slider, the lower the amount of air bearing distortion caused by oven curing of the ‘

ghesive. With the flexure of the present invention, the bonding surface is located as far as

pssible from the centre of the slider, in fac_:t, with a 50% slider, the bonding surface

scludes only that area within approximately 0.63 x 10-3 m (0.025 inches) of the trailing

dge of the slider, thereby providing minimal air bearing surface distorﬁon.

2. The flexure of the present invention provides great ease of inspection of the
ghesive bond between the slider and the flexure. In prior art flexures, the bonding surface
slocated between the slider and a separate load beam. The load beam obstructs the view
f the bonding surface, which makes it difficult, if not impossible, to confirm the presence
f adhesive fillets around the entire perimeter of the bonding surface. In the flexure of the
resent invention, no such visual obstruction exists.

3. The structure of the flexure of the present invention facilitates conductive

‘eating of the bonding surfa::e to speed the curing of the adhesive. In prior art flexures,

le adhesive that sécures the slider to the flexure was typically heated in a convective oven
vhasten adhesive curing. Conductive heating, also known as "hot foot bonding" can
tbstantially reduce the curing time, but was generally not practical in prior art flexures
ince the load beam prevented direct access to the bonding surface. In the flexure of the
resent invention, the bonding surface is completely accessible for conductive heating, thus
Stentially reducing the time required to cure the adhesive securing the slider to the

lexure.

4, The flexure of the present invention also provides for greater bond strength
an could be realised in prior art flexures. For a variety of reasons, the bonding surface
{ prior art flexures could not extend over the full width of the slider. Since, in general,

& wider the bond, the greater the bond strength, and since the inventive flexure allows the

ond to extend across virtually the entire slider, the flexure of the present invention can be

Ypected to provide the maximum bond strength for a given size of slider.
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gpporting protrusion, which is formed by masking the desired location and size prior to

glf-etching, so that the load point button 52 maintains the full thickness of the flexure
gterial. Since the load point tab 50 is half-etched on the far side of the material as

_jewed, this has the effect of creating a "pin" which projects toward and contacts the top of

je slider 48. The load point button 52 should be as small in area as is possible given the

nnufacturer's capability in chemical etching. This dimension has been found currently to
_pabout 50.8 x 106 m "(0.00Z inches), which causes the load force of the flexure to be

pplied to the slider at as close as possible to a single point. The location of this single

.oint is selected to provide the desired flying characteristics for the particular design.

Several significant advantages are realised by the flexure of the present invention
.ver flexures of the prior art: _ |

1. The load point button 52 of the flexure of the present invention can be more
-ractly located relative to the slider than can the load points of prior art flexures. In prior

it flexures, the load point is typically a spherical formed projection, or dimple, in the

-pproximate centre of the slider bonding area which contacts the load beam at a single

vint at the apex of the projection. However, the exact apex of the spherical projection,

ad therefore the exact load point, is difficult to determine. The exact location of the half-

iched load point button 52 of the flexure of the present invention is, by comparison, easy ‘ .
‘t determine.

2. With the load point button 52 of the flexure of the present invention there is

s variability in protrusion height. In formed protrusions of the prior art, the tolerance on

le present invention, this variability has been reduced to the order of + 5.08 x 106m

l
ke protrusion height has typically been + 25.4 x 10-6m (0.0010 inches). In the flexure of , o |
| \

0.0002 inches). ‘
3. There is less variation in the location of the load point with the flexuré of the M

tfesent invention than in prior art flexures. In prior art flexures, the spherical protrusion is
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91 modhe 3alurs Qrﬁlqemﬂﬂ}espect to the datum edges of the flexure, since some clearance

gust be provided between the datum edges of the flexure and the location surfaces of the

- prming die. In the flexure of the present invention, the edge datums and load point button
pexist on the same artwork patte_ni, or mask, thus substantially reducing the variability in
he locatien of this feature. |

4, The flexure of the present invention provides greater flexibility to modify

be desired location of the load poixtt than do prior art flexures. The location of the load
pint relative to the slider is critical to obtain the desired flying attitude of the slider.
casionally during the development of a new disc drive product, or the modification of an
zisting product, it may become necessary to change the location of the load point. It has
een economically impractical to modify the location of the formed spherical projection of

- rior art flexures due to the required retooling and new fixtures. Therefore, modifications
tload point location in prior art flexures have generally been accomplished by modifying
le bonding fixtures used to align the slider and flexure during the adhestve bonding
rocedure. With the flexure of the present invention, it is possible to change the location
f the load point button 52 by simply changing the artwork pattern, or mask, used in the
ching process. Generally speaking, master artwork patterns are far less expensive to
todify than fixtures and hard tooling.

The actual shape of the load point button 52 can be easily determined by the

ttwork pattern, and can thus be rotmd, oval or oblong should such be desired. In some
ases it may be desirable or necessary to radius the edges of the load point button 52. This
i be done by spanking the button with a suitably shaped die. An alternative method
'ould be etching a half-tone ttansition between the top of the button and the full depth of -
e half-etching. The half-tone pattern could consist of small circles whose size and
Pacing are related to their distance from the centre of the button, or rings whose line width
id line spacing are also related to their distances from the button centre.

The exact location of the load point button 52 is determined to provide the desired
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jesired load point is also frequently offset from the longitudinal centreline of the slider to
pmpensate for velocity vector field variations and such known factors as the torsional bias
pplied by the tiny wires used to carry read/write signals to and from the head. If such an
ffset in load point location is incorporated in the artwork pattern, it can be extremely
jifficult to determine the direction of tﬁis offset visually. Such a determination is
iecessary because flexures intended for use on opposite sides of the di;cs would typically
iave this offset in opposite directions. Therefére, the artwork pattern can include an offset
jetermination hole 54 which would be located at an obviously asymmetrical location and
vould indicate toward which side of the flexure the load point button 52 was offset.
Another feature of the flexure of the present invention is a slider alignment
aspection hole 56. This slider alignmént inspection hole 56 may be round or elongated as
hown in the figure. Such a feature is desirable when measuring the alignment of the slider
» the flexure with a vision based metrology system. Such measuring systems depend on
- iigh contrast at edge locations, and a thrdugh hole will allow a portion of the slider edge to
% silhouetted by a profile light source when the slider is properly aligned with the flexure.
Figure 3 also shows a pair of gimbal beams 58 formed adjacent the vertical legs of
ke H-shaped opening 44. It should be recalled that these gimbal beams 58 were half-

“*ched on the near side of the material as viewed in Figure 3 to a thickness of
pproximately 25.4 pm (0.0010 inches). Since the slider 48 is bonded to the slider
Tounting tab 46, and load force is applied to the slider 48 through the load point button 52

1 the load point tab 50, it will be apparent to one skilled in the art that the gimbal beams
8 will allow the necessary gimballing action of the flexure while still maintaining the

keded stiffness in the desired axes. To ensure proper operation of the gimbal beams 58, it

|
i
$ desirable to have the plane of the gimbal beams 58 coincident with the point of contact of ‘ ‘

be load point button 52 with the slider 48. This is best achieved in the flexure of the
Yesent invention when the half-etching of the gimbal beams 58 and the load point tab 50

' on opposite sides of the material. In some instances, it may be desirable to introduce




I ch ‘adhesive is placed to secure attachnment of the sllder to the
flexure. A plurality of beans, etched into the | oad beam connects this
bonpdi ng surface to the | oad bean1portion of the flexure and provides the
depired gi nbal characteristi.cs. e failing of the flexure of the '267
patent and the T16 flexure rel at to an el enment of flexure design commonly

ret it Fmiag) of e o4 0o B 50, sTRrEHhiY B sest 1B RamP AEBeatloB I ol 1 ed too
q;? L0l TR ABE Gt UeHEIoN bethe Wit b BT b ?&Hld%&u}ms the forces

ollowmg formula:

i

4FL3
deflection = L
- EWT3 |
%1here: F is the load force ' -
X

L is the distance from the load point button to the root of the load point tab;

E is the modulus of elasticity of the flexure material;

W is the width of the load point tab_at its root, and;
T is the thickness of the load point tab. "
The slope at the end of the load point tab can be found using the formula:

6FL2
slope = 3]
EWT3

Using algebra, it is possible to show that the end of a deflected beam can be made

imgent to the root of the beam if the beam is formed at a point one-third the length of the
E!eam from the base of the beam.

The preferable method of forming the single bend in the load point tab 50 is by
amping. In volume manufacturing, it may be necessary, due to variation in material

hickness and half-etch depths, to overbend and then relax back to the desired angle using,

or instance, infrared heating.

An example of the calculations to determine the design of the load point tab i

ollows.

Assume: Load point is offset 0.127mm (0.005") from centre of slider toward _
the trailing edge. | ‘
Half length of the slider is 1.016mm (.040"). ‘ i

Clearance (end of slider to end of tab) is 0.127mm (.005"). :
This Sheet Has Been Replaced |

Tab base width is 1.47mm (.058). ”IIII" '"l" mI l II




rodynam c air bearing of the slider are properly bal anced In pr| or art
‘gxures such as the one described in the ' 765 patent, Hasrﬁee laced
yel oped by form ng an upward- extending dinple in the u

suiface. The | oad beam contacts the spherical surface of

gl e point to allow proper ginbgd action. In the case of the 267 and T16
fI@xures however, a well defined |oad point is not provided, and, thus, anl

undesirably w Tgole%@ﬁﬁggf(béfs%rtb%dﬁbmﬂ) jglider flying characteristics is
associated with these types of flexure. A second fundanmental problemwth
the ' 267 and TOA2YYPESOIE + 048R IAmi0S"He .040" + .005"= .050%)

' Load force (F) is 3 grams.

Deflection under load at the load point can be found using the following formula:

FL3
_ &)
3EI

where 1 is the bending moment of inertia.

Solving the equatmn with the above assumpﬂons

Slope under load at the load point can be found using the

3- (2.204622/1000) - (.0503)
i : = 002066 inches = 0.525mm
~ 3 - (27.6)106-1 - (.058) - (.0013) -

12

5ﬂov§ing formula: .
. FL2

2E1
Solving' equation (4) with the above assumptions:

3 - (2.204622/1000) - (.0502)
- - = .061974 = 1.57 mm = .546°mm

2+ (27.6)106-1 - (.058) - (.0013)
12

Therefore, if the load point tab 50 is performed with a 3.546° bend at a point one-
lird of the distance from the base of the tab to the load point button 52, it can be assumed
wat the actual contact point between the load point button 52 and the slider 48 will lie
tbstantially in the plane of the gimbal beams 58 when the assembly is under designed load
onditions.

Referring now to Figure 4, the desired forming of the load point tab 50 is illustrated

¥ a detail sectional view taken along line 4-4 of Figure 3. As can be seen, the load point




H\anard force of the load beamis applied to the sl |’ﬂﬁ§ShEhyH5gIB@gdmla Jae

gi nbal beans into bendi ng node, and the ginbal beans

stiff in bending node. These sane ginbal beans, homeve Ilant
i n bending node to all ow the proper ginballing action. i ng

requirenment results in designs theg either work poorly as a gi nbal or
becone defornmed under load. Athird problemw th the '267 and T16 fl exures

i S yblFtisbest inlthel diredtivnbfithe slidet a@ot showm)eanahgle foximatafyde area over
the centre of the slider. The slider is attached to T he flexure with an

adhsd69 cBeqanse/of thischendingp wilen theoslider! ismoiidted o tike $1idee nivuntihe tab46;si ve, the
and the entire assembly is brought into its intended relationship with the spinning disc of

the disc drive, the bottom of the load point button 52, and thus the top surface of the slider,
will lie substantially in the plane occupied by the gimbal beams 58. This relationship is
best seen in Figure 4B, wherein a slider 48 has been bonded to the slider mounting tab 46
and the entire assembly bropght into operational relationship to a disc 8.
Similarly, various characteristics of gimbal beam stiffness can also be calculated.
Assume:
L (length of the gimbal beams) = 2.69 mm (.106").
r (distance from the load point button contact to the
gimbal beam trailing edge) = 0.135 mm (.053").
'w (width of one gimbal beam) = 0.254 mm (.010").
t (thickness of the gimbal beam) = 0.0254 mm (.001").

The stiffness of the gimbal can be calculated in various axes using the following

formulae:
Pitch stiffness = 2EIZ(6X 2 _ 6
L \r2 r L
2+(27.6) *106°—=+2+(.010) + (. 3) .(,053 :ﬁ.;
. ( ) 5 ( )(001)(05)6-.053+ ;e
.206 .1062  .083 .105) i !
= .00434M = ,197 inch-gram
rad ) rad i

3(1+v) L

Roll stiffness = —EWE> i

where v is Poisson's ratio lfi

27 .6+10%-.010°.0013 Inch-1b .'. inch-gm ' I
= = ,001 S =, —_— :
3(1+.305)-.106 330 rad 603 rad :




as3enbly is usually heated in an oven. Since the slider and flexure are
made of dissimlar materials with different coefficients of |inear thermal

expansion, thermally induced.strains devel op at the bond when the assenbly
codl s. These strains can distort the slider and undesirably change the
flatness of the air bearing surfage of the slider, thus, once again,

i ntir oduci ng unacceptably wide variation into the flying characteristics of
the heads. A need clearly exists for an inproved slider-supporting flexure

whi‘ch redueces the

Yaw stiffness = 2EIZ (62,2 6
L L2 r L

2+27.6 *108 -1-15- +(.090%~,070%-.001.053
7106

6§-.053, 2 _ 6
( 1062  .053 .105)

ra d

2451

Across track stiffness = ——m"Su——
L*R2L - 3r)
. « 106 ._l_.. 31 - 3
24 - 27.6 10 13 001 010 ) lb
= 92.694 ——=.
Along track stiffness = EZLEE

27.6 +105-2-.010 - .001 _ co0g _1b
.106 - inch

Stiction stress = T

Sheet Has Been Reraced
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T overal I" vertical height of the HGA, and which can be man faCﬁU{ge in a
sinple, cost-effective manner. WD 92/09076 di scl osBud o a disc
drive as defined in the preanble of claim1l. A head t‘ {s for med
integrally with the | oad beam but o parated fromth means of
a plurality of slots etched in the ‘Zurface of the | oad beam t hereby

ﬂefijni ng two orthogonal sets of pivot points allowng pitch and roll of the
ead.

An analysis of these stiffness figures reveals that the gimbal is relatively compliant
in the pitch and roll axes, as is desirable for following minor variations in the surface of
the disc, while it is very stiff in the yaw axis, since any compliance in yaw would result in
misalignment of the head from the desired on track position. Similarly, the across-track
stiffness and along track stiffness are very high to maintain on-track stability.

It should be noted that the stiction stress calculation is normalised to one gram of
stiction force, and since the'yield stress limits of the mé.terials envisioned is on the order of
700,000 psi, only an amount of stiction which would be totally fatal to the entire disc drive
could cause the giinbal to fracture.

It should also be noted that in the flexure of the present invention, ti'le only gimbal
forming required is a single bend in the load point tab 50. Prior art flexures universally |

require forming a load point protrusion, sometimes referred to as a "dimple” in the gimbal

bonding surface, which invariably effects the flatness of the gimbal bonding surface. In

addition, prior art flexures have some type of offset forming to allow the gimbal bonding

surface to be out-of-plane from the rest of the flexure by an amount equal to the dimple

height. This out-of-plane forming introduces stresses and distortions into the gimbal
structure, and in some instances, cracking of the gimbal can occur. Such problems are
totally absent in the flexure of the present invention.

An additional benefit of the gimbal of the flexure of the present iﬁvenﬁon isa :
substantial reduction in the distance between the centre of gravity of the slider body and the
point of contact of the load point protrusion. When rapid accelerations occur in the head )
positioning actuator of the disc drive, some undesirable changes in flying attitude occur.
The inertia of components, such as the slider, can create external moments on the air
bearing during such events. A general rule-of-thumb is that the magnitude of these '%
moments is directly proportional to the distance between the centre of gravity of the slider \‘
and the point of contact of the load point protrusion. In prior art flexures, it has not been %
possible to have the load point contact the slider and still have the contact point coplanar

with the gimbal beams, as it should be for minimal gimbal stiffness in the desired axes.




|%I s an object of the present invention to provide a I8 e &
for nmounting and supporting a slider. It is another obje ﬁ ent
i nvention to provide a flexure wherein the ginbal and | o ts

are formed froma single piece ofjgmterial, and require no welding. It is
anot her object of the present invention to provide a flexure which is

Si (b aR ThxiuRee UB&Ns titple dormmil reshe Wpposile! sidesofthe bbading sindsde fobmt he pr esent

i nvention to provide a flexure which incorporates a | oad point which is
welfle stidér tocprowide aiontacepoiat forahe oadtbeam, whichnneant that ¢ load point was

displaced from the slider by at least the height of the dimple. In the flexure of the present
invention, the load point button 52 directly contacts the slider 48.

Referring now back to Figure 2, .the rigid beam 34 portion of the flexure of the
present invention is sym.metrical about the longitudinal axis 31 of the flexure and generally
irapezopidal in shape with the small base of fhe trapezoid adjacent the gimbal/slider
mounting area 32. The general function of the rigid beam 34 is to transfer the downward
force generated by the pair of compliant beams 36 to the gimbal/slider mounting area 32.
As such, it is important that the rigid beam 34 be extremely stiff to resist both bending
tlong the longitudinal axis 31 and twisting about the longitudinal axis 31.

In order to impart high stiffness to the rigid beam 34, the material of the rigid beam
34 is formed to substanﬁally increase the sectional moment of inertia. Along the tapered
edges of the rigid beam 34 are V-shaped channels 60, with the apex of the V extending in
the direction of the slider. Figure 5 is a partial sectional view of one of these channels 60
taken along the general line 5-5 in Figure 2. The channels 60 are typically formed
0.11mm (0.0045 inches) out-of-plane. The distal edge of the V channel may be
approximately level with the plane of the unformed material as shown at 62. In some cases
it may be advantageous to have the distal edge of the V channel extend beyond the plane of
the unformed material, since the bending moment increases in the direction away from the
gimbal, and therefore a higher sectional moment of inertia is desirable. In such a case, the
distal end of the channel could be formed at the point shown by the designator 64. In
either case, the precise location of the distal end of the channel 60 is determined by the
artwork mask used to etch the outer edge of the flexure,

A further, albeit slight, increase iq sectional moment of inertia can be realised if the
distal edge of the V channel 60 is not etched at a right angle to the material surface, as is
typical in prior art flexures. By using two differing artwork patterns during etching, it is
possible to etch a "bevelled” edge. Ideally. the angle of this bevel should be such that the

etched edge, after forming, will be substantially parallel to the plane of the unformed




4 Tl exure of the present invention as defined as clai med i NTk4 SteéHas Betn Replaced

oneg- pi ece | oad beam gi nbal assenbly fornmed froma single piece
Fedtures for providing the ginballing action, bonding of the s:lm Hﬂlﬂ]‘iﬁﬂ l,
flexure and location of the load ppint are all created using t

etching and half-etching. In the preferred enbodi nent, the ginbal end of

t heydidSat Urthid @@H&lbﬁtmﬁd\m {n/Figafd sagmbaﬁsmeaage of G chamhdl GOt Eaftheed openi ng

s 'symretrica ocated within the rectangular shape. The side rail is
for {12486 BedntBiat the VBB P&ige if eid matetialiof the flekdre is tialf<etchied td fommi nbal are

halT-etched to reduce their thickness, and these side rails act as the
gi rioetept Rehicts cifien tenfoorhingiof the ehannel 603 lieaisubstdntiallp pacallel tocthersurface
66 of the unformed material. This stepped edge provides the maximum “edge length®, and
thus contributes to the stiffness of the rigid beam 34. While the preferred cross-sectional
shape of the channel is a V, it should be readily apparent that other shapes could be
employed to achieve a high sectional momént of inertia.
Additional stiffening of the reinforced beam can be obtained by drawing the centre
section of the rigid beam 34 out-of-plane. In the plan view of Figure 2, this stiffening area
68 is somewhat teardrop shaped, and oriented in the sarﬁe direction as the tapering of the
rigid beam 34, but other shapes for the stiffening area can be readily conceived. The
stiffening area 68 is drawn out-of-plane approximately the same amount as are the channels
60. .
The rigidity of the rigid beam 34 is optimised when the area of the drawn material
in the stiffening area 68 is substantially equal to the area of the unformed material. As !
shown in Figure 6 which is again a partial sectional view along line 5-5 of Figure 2,
between the drawn and undrawn material is a transition region 70 which is strained when |
the material is formed. In order to prevent cracking in the transition region 70, it has been i
found that the strain level should be kept to a maximum of 5 percent of material tensile
strength. The minimum length, x, for a transition region 70 which meets this requirement
can be found by using the following formula:

dz
1.052-1

where: x is the length of the transitional region, and
d is the distance out-of-plane that the material is drawn.
The channels 60 on the edges of the rigid beam 34 also serve as a routing path for the l

wires (not shown) which carry the read/write signals to and from the head mounted in the

slider. As can be seen in Figure 2, the ends 72 of the channels 60 nearest the gimbal/slider



H shaped opening, and one of these tabs is also half-etche
t hi ckness. The full-thickness tab is used to bond the slide
flexure, while the other tab serygs to | ocate a | oad point
formed by not half-etching in thé desired |ocation for the load p

B A e R S o B
;o Bebihs?) T andle fPMaaReNs MBIGMAAE of he'rad Wres 310 PG TR0, 1O
the sl ipggirei7is @dstdiPperspective view of the gimbal end of the flexure of the present

the ginbal end of the flexure on either side of the cross- lﬁ‘er

avention with a slider attached. As can be seen, the wires 76 that ca.rry the read/write
ignals to and from the transducer (not shown) are attached to the slider 48 on its trailing
grface 78 and are routed in a loop to the channel 60 along the side of the flexure. Since
he flexure is symmetrical about its longitudinal axis, this allows upward—facing and
jownward-facing flexures to carry the Wires 76 on the same side relative to the actuator,
hus easing connection to the pcc (28 in Figure 1) which carries these signals to and from
he disc.

Referring again to Figure 2, attached to the large base of the trapezoid shaped rigid

“eam 34 are a pair of conipliant beams 36. One function of these beams 36 is to serve as a

- pw friction pivot, or hinge. Another function is to provide the downforce that counteracts
he hydrodynamic lift of the air bearing surfaces of the slider. In the preferred

“:mbodiment, the two compliant beams 36 are each 2.54 mm (0.100 inches) long and

-1.01lmm (0.040 inches) wide. The distance between the outer edges of the two Eompliant
jeams 36 is 5.08mm (0.200 inches) at the root of the beams, with this distance decr&sihg
n the direction of the gimbal/slider mounting area 32 at a rate substantially equal to the
lapering of the rigid beam 34. The distance from the root of the two compliant beams 36
io the load point button (52 in Figure 3) is 15.49mm (0.610 inches).

The two compliant beams 36 are formed after the flexure is etched such that the
slider will be encouraged toward the disc when the entire head/gimbal assembly is installed
in the disc drive. The preferred method of forming the two compliant beams 36 is
described in detail in U.S. Patent 5,065,268, issued November 12, 1991, assigned to the
assignee of the present invention and incorporated herein by reference.

A comparison between a typical p;i9r art flexure/slider assembly and a
flexure/slider assembly made in accordance with the present invention shows clearly that
the inventive flexure can contribute significantly to the reduction of separation between the

flexure/slider mounting surface and the disc surface, thus allowing closer disc spacing
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Thd features, benefits and objects of the present i nventi onpgad,

under st ood fromthe follow ng detailed description of the i n
read in conjunction with the . 6 follow ng draw ngs: Fi gure
view of a disc drive data storagejdevice in which the present

.yhich can lead to either lower overall drive height or additional discs within a given
package dimension. In prior art flexure/slider assemblies, the minimum flexure mounting
surface to disc surface dimension is the arithmetic sum of the following thicknesses:

Slider thickness: 0.043 + .025mm (0.017 £ 0.001")

Gimbal dimple height: 0.1 £+ .0127mm  (0.0055 + 0.0005")

Load beam thickness: .06mm + 6.36 um (0.0025 + 0.00025")

Total: .635 + .04mm (0.0250 £ 0.00175") worst case,
+ 29.1 um (0.001146"™) three mgma

Using the flexure of the present invention, fhe same minimum dimension is the sum of
the following thicknesses:

Slider thickness: 0.43 £+ .025mm (0.017 4+ 0.001")

Flexure thickness: 0.6mm 4+ 6.35um (0.0025 £+ 0.00025")

Total: 0.49 + 0.03mm (0.0195 + 0.00125") worst case,
+ 0.026mm (0.001031") three sigma.

From these figures, it is apparent that, not only does the flexure of the present
invention allow approximately a 22% reduction in this dimension, but that worst case
tolerance error has also been significantly reduced.

It is also apparent that the flexure of the present invention is less expensive to
manufacture since the need for gimbal-to-load beam welding has been eliminated. Laser
welders are expensive pieces of capital equipment in their own right, with low throughput,
and require expensive and precise fixturing to align the separate pieces for the welding
process. Moreover, as previously stated, the welds produced by laser welding contain high
residual stresses that can distort thé flexure, reducing quality levels. |

In summary, the inventive flexure can contribute to a reduction in disc-to-disc

spacing, with either reduced drive height or increased drive capacity, while lowering costs

il
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__tlon is particularly useful; Figure 2 is a plan view of the preferred

enbo"' i ment of the flexure of the present invention; Figure 3 is a detailed

vi ew:of the ginbal portion of the flexure of Figure 2; Figure 4 is a

sect
i nve
flex
coop

i onal view of the gi nbal portiofz/of the flexure of the present
ntion; Figure 4Ais a sectional“View of the ginbal portion of the

g#‘g{'ﬁﬁf@%ﬁg%gg%&hﬂ %\/@Etdgsg% :assenbl ed to a slider and in

While a specific embodiment of the present invention has been discussed, numerous

variations, for instance in materials, proportion of elements, and methods of manufacture,
are possible. For example, the flexure of the present invention could be realised from
beryllium copper or titanium, the flexure could be made proportionally wider to improve
in-plane bending resonant frequency, or the flexure could be manufactured by stamping
with reactive efching to reduce the thickness of material in desired areas.

It will be clear that the present invention is well adapted to carry out the objects and
attain the ends and advantages mentioned as well as those inherent therein, While a
presently preferred embodiment has been described for purposes of this disclosure;
numerous changes may be made which will readily suggest themselves to those skilled in
the art and which are encompassed in the scope of the present invention disclosed and as

defined in the appended claims.

Sheet Has Been Reﬂlaced .
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MAre 5 is a partial sectional view showing the formng of the edge of the
rigild beam portion of the flexure of the present invention; Figure 6 is a
parti al sectional view showing the formng of the rigid beamto increase

stiffness; and Figure 7 is a partial_ perspective vi evﬂWShednHaszeW@f.t he

present invention as assenbled to 2| i der assenbl y. wa"ym H t-he
e di sc

drawi ngs and nore specifically to Figure 1, there is s I ve 2
1. A flexure for a disc drive comprising a load beam (34) and a integral gimbal (32),

in which the present invention is particularly useful. e 2

I ncl EER?MS

characterised in that said gimbal comprises

a ﬁrs_t tab (50) integral with said load beam having an integral button (52), sald
button facing a first, head direction;

a second tab (46) longitudinally spaced from said first tab;

the second tab providing a head mounting surface in said head direction; and

a pair of beams (58) connecting said first and second tabs.

2. A flexure as claimed in claim 1, in which said integral button is formed by partially

etching away surrounding material.

3. A flexure as claimed in claim 1 or 2, in which said gimbal is substantially
rectangular in shape having an H-shaped opening with the pair of beams forming two
vertical legs of the H subétantially parallel to the longitudinal centreline of the flexure and a
_cross member connectiné the two vertical legs, the H-shaped opening defining the second
tab between the vertical legs of the H-shaped opening and on the side of the cross member
o-f the H-shaped opening farthest from the load beam, the H-shaped opening defining the
first tab between the vertical iegs of the H-shaped opening and on the side of the cross
member of the H-shaped opening closest to the load beam, the first tab being of reduced
material thickness and having the integral button located closely adjacent the cross member

of the H-shaped opening.

4, A flexure as claimed in Claim 3 wherein one surface of the first tab is continuous
with the corresponding surface of the load beam and the other surface of the first tab is

discontinuous with the corresponding surface of the load beam.

T




a b’é‘ge' e meéhber 4 which, in cooperation with a top coveThiéShés HayBeePRéplataal | Y

‘ lal
cutaway), fornms a sealed environnent to protect the del
conmponents from outside contam nants. A nunber of rigi d with
a magnetic medi um are nounted for rotgiion on a spindle notor

generally at 10). The surfaces of the discs 8 hold a large nunber of
concenst! ¢ ol HEire s LffEdinl Clalth 4WhdrBindhE Buttdif oh the'first taBlls MiSed dtgiiehi ¢
informati on iI's read. These tracks are represented by the innernost and

out er "ﬁfé%}sf aibksarface fat R R Dntudds AAtheicofrespoadiptsutfacé 65 hRdbad/Béam, AN
actuator body 16 1s adapted for rotation about a pivot shaft 18 by a voice
coi |

6. A flexure as claimed in any preceding claim wherein the button is realised by
forming the material of the first tab.

7. A flexure as claimed in any one of claims 1 to 5 wherein the button is realised by

isolating an area from the process used to reduce the thickness of the first tab.

8. A flexure as claimed in any one of the preceding claims wherein the button has a

shape which is substantially circular, elliptical, oblong or irregular in shape.

9. A flexure as claimed in any one of the preceding claims, wherein the button is

 located on the longitudinal centreline of the flexure.

10. A flexure as claimed in any one of claims 1 to 8 wherein the button is offset from

the longitudinal centreline of the flexure.

11. A flexure as claimed in Claim 10 including offset determination means (54) for

visually indicating the direction in which the button is offset from the centreline.

12. A flexure as claimed in any one of the preceding claims, further comprising:

a slider (48) for being supported against a fluid bearing generated by relative motion
between the slider and a moving magnetic surface (8);

a mounting surface (48) to attach the flexure to a mounting plate or a head
positioning support arm; and |

a pair of compliant beams (36) having first and second ends, the beams attach_ed to
the mounting surface at the first ends, the beams lying substantially parallel to the

longitudinal centreline of the flexure and being formed out of plane to provide a load force

I



mottl (VCM, shown generally at 20. On the side of the act hgsdg

opp05| te the VCM 20 are a nunber of head nounting arns 22 ?ﬁéﬁ@et w}ﬁe e
attached a plurality of flexures 24 for the nounting of sli Iﬂ“ﬂﬂﬂ" E
for the VCM 20, as well as the signas 7 used to read an

passed via a printed circuit cable (PCC) 28.

to react against hydrodynamic lifting force generated by the fluid bearing of the slider,

whereby the load beam is attached to the second ends of the compliant beams and is of high
bending stiffness to transfer the load force of the compliant beams to the slider with
negligible distortion along the length of the rigid beam and in that the slider is attached to

the gimbal which is attached to the load beam opposite the compliant beams.

13. A flexure as claimed in claim 12, in which the flexure mounting surface, compliant

beams, load beam and gimbal all formed from a single contiguous piece of resilient

material.

14. A flexure as claimed in Claim 12 or 13, wherein the first tab is formed out-of-plane
in the direction of the slider to such an extent that, when the attached slider is brought into
~ cooperative arrangement with the surface of the disc, the button will lie substantially in the

same plane as the load beam.

15. A flexure as claimed in any one of claims 12 to 14, wherein button directly contacts

. the slider.

16. A flexure as claimed in Claim 15 wherein the slider is substantially centred within
the gimbal. | |

17. A flexure as claimed in Claim 15 or 16 wherein the slider has substanﬁally the same

length and width as the H-shaped opening.

18. A flexure as claimed in any one of claims 12 to 17 wherein the load beam is in the
form of a truncated acute isosceles triangle, with the base of the triangle attached to the

compliant beams and the sides formed out of plane in the shape of channels.

19. A method of making the disc drive magnetic head mounting ﬂexure as claimed in

| ) I||\l L 1.
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Turning now to Figure 2, shown is a plan view of a flexure 30 made in
accordance with the present invention. The flexure 30 is sy’ﬁrm&th

a longitudinal axis 31 and is made up of four distinct major ﬁ“

gi nbal / sl i der nounting area 32; 2. 262 rigid beam 34; 3.

conpliant beams 36, and; 4. an attachment surface 38. The ent| re flexure

30 is fgrqu)f [a?ﬂ’k"h%'lglc%nﬁ)h@ﬁl@: of 300 series full hard stainless .
through-etching the H-pattern at the end of the load beam to define the tabs and

connecting beams;

half-etching from the head direction the first tab after first having masked the button
area so that it remains unetched; and |

half-etching said connecting beams from a second direction, opposite said head

direction.
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FX 3 I
steel, preferably 63.5 x [err] (0.0025 inches) in thickness, and
manuf act ured using well known chem cal etching processes. A pair of
alignment holes 40, 42 aid in fixing the flexure during the process of
bondi ng the slider (not shown). The atjpchment surface 38 in the exanple of
Figure 2 is shaped to be attached to a particular type of nmounting plate to
provide a strong surface for attachnment of the entire flexure head assenbly
to one of the head nounting arns 22 of the actuator body 16. Wile the
specific nmethod of nounting the fl @BSFRAEIOt considered a part of this

i nvention, it
FLEXURE IN A DISC DRIVE, A DISC DRIVE
AND METHOD OF MANUFACTURE

A gimbal (32) formed integral with 2 load beam (36) by through etching an H
pattern at the end of the beam to define a pair of tabs (46, 50) connected by a pair of
beams (58); half etching from lthe head direction one tab (50) with an defined area masked
to form a load button (52); and half etching the beam from the other direction to provide
the proper gimbal stiffness. In practice, the head is glued to the other tab and load is
applied through the button. '

Fig. 2.

This Sheet Has Been Rﬁ‘ilaced
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ti ng apparat us.

nounting area 32,

each be discussed in turn bel ow
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e 3'shows a detailed view of the ginbal/slider nmounting area 32 of the
re of the present invention with

evgiousl y nentioned, the flexure of tﬂgfpresent invention is formed by the
process of chem cal etching.

| i der 48 attached. As was

I n usual chem cal etching processes, the
material to be etched is first coated on both sides with a 8
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WRrelial called resist. The resist is patterned using a stencil and

exposing the resist to a |ight source. 3ygexposed resist is then stripped
away, |eaving exposed netal that will be etched away in the presence of an
acid-like etchant. Both sides of the material are treated in this manner,
with the pattern on both sides being very accurately aligned. This is the
process used to define the perineter outline of the flexure of the present
i nvention and all through openings. In half-etching, the pattern of the
stencil on one side of the material is dissimlar to that on the other

side. This also is a well known technique for etching text, art or
hal f -t one
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jr aphs into sheet netal. It is known that if the area- to be
gtched is large, that is, it has a4 yﬁ
t

ngth or dlanetq% thE tpat
material thickness, the depth of the half- etching =50 Replaced
imately sixty percent that of the material

t hi ckness wulfﬂljof

£ “"and half-etching is used to produce several of the f

flexure of the present invention. For instance, as can be seen in Figure 3,

an H shaped opening 44 has been etched conpletely through the naterial, and

areas beside the vertical |egs and on one side of the cross nenber of the
t he area shaded

H shaped openi ng 44 have been hal f- etched. Specifically,
| oner-| eft-to-upper-right is | f etched on the ar
pp g gﬁ i3 46

! | 52 { / J
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the material, while the area shaded | ower-right-to-upper-left has
h| f-etched on the far side of the terial. Since the overal

ss of the material is approxinate 63.5 x [err] (0.0025 inches),

al f-etched areas are reduced in thickness to about 25.4 x 10-6 m

£D inches) thick. This half-etching process forns a pair of ginbal

358 which will be discussed in detail below. The etching process also
fornms-a slider nounting tab 46 to which the slider 48 is adhesively bonded.
As can be seen in the figure, this bonding is thus done only in that

This Sheet Has Been Rerlaced
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FLEXURE IN A DISC DRIVE, A DISC DRIVE

This Sheet Has Been Replace:
- AND METHOD OF MANUFACTURE ﬂ

[ MARTAD

This invention relates generally to the field of rigid disc drive data storage devices

and more particularly to a one-piece flexure assembly for supporting the read/write heads
of the disc drive.

Disc drives of the type known as "Winchester” disc drives are well known in the
industry. Such disc drive data storage devices typically contain a stack of rigid discs
coated with a magnetic medium on which digital information is stored in a plurality of
circular concentric tracks. The storage and retrieval of data, also called "writing" and
"reading"”, respectively, is accomplished by an array of heads, usually one per disc surface,
which are mounted on an actuator mechanism for movement from track to track. The most
common form of actuator used in the current generation of disc drive products is the rotary
voice coil actuator, which uses a voice coil motor (VCM) coupled via a pivot mechanism to
the heads to access data on the disc surfaces. The structure which supports the heads for
this movement is referred to as a head/gimbal assembly, or HGA.

The HGA in a typical disc drive consists of three components:

1. a slider, which features a self-acting hydrodynamic air bearing and an
electromagnetic transducer for recording and retrieving information on a spinning magnetic
disc. Electric signals are sent to and received from the transducer via very small twisted
copper wires;

2. a gimbal, which is attached to the slider and is compliant in the slider’s pitch
and roll axes for the slider to follow the topography of the disc, and is rigid in the yaw and
in-plane axes for maintaining precise slider positioning, and;

3. a load beam, which is attached to the gimbal and to a mounting arm which
attaches the entire assembly to the actuator. The load beam is compliant in the vertical axis
to, again, allow the slider to follow the topography of the disc, and is rigid in the in-plane
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9 strain during oven curing of the adhesive was significantly |l arge, since

t he bondi ng was ddkkis$ ®dof the slider and over a relatively
| arge area of the s : ral, the smaller the bonding surface and
the farther ‘the bon s renoved fromthe centre of the slider,

the | ower the anpbunt of air bearing distor®ion caused by oven curing of the
adhesive. Wth the flexure of the present invention, the bonding surface is
| ocat ed as txes fos pregissisliler positioninige Theload beimtalso sipphes 3 downwand: fores thit a
50% sl ider, the bonding surface includes only that area within

appr oxi mat ecgurderacts thq hydrpdynamio Hfting foncesdevelopet by ttheasliden's air bearing.

Since the introduction of the first Winchester disc drive, the physical size of the

slider has been progressively reduced, first from the original Winchester head to the so-
called "mini'-Winchestér", and more recently to the 70 and 50 Series heads, which are 70%
and 50% the size, respectively, of the mini-Winchester slider. While these size reductions
are significant, the overall vertical dimension of the HGA has been dictated more by the
slider-supporting mechanism than by the size of the slider itself.

The load beam and ginibal comprise an assembly generally known as a head
suspension, head flexure, or simply a flexure. An example of such a flexure is described
in U. S. Patent 4,167,765.

Historically, the gimbal and load beam are fabricated discretely. The gimbal and
load beam pieces are realised by chemically etching 300 series stainless steel foil into the
desired shape, and then the two pieces are attached by means of laser welding.

The general technology trend in disc drive data storage devices is continual
shrinking of the physical size of the product while providing increased data storage
capacity. The down-sizing of the product has required smaller components, especially the
principal components such as discs, sliders and flexures. Additionally, disc drive designers
seek to add capacity to their designs by incorporating as many discs as possible within
defined package dimensions. As the number of discs in the unit increases, the spacing
between the discs decreases, thus further dﬁving the need for smaller sliders and flexures.

Another industry trend is to provide the user of disc drives with high data storage
capacity at low cost. This requireé developing improved data recorciing technology and
finding lower cost wayS of manufacturing the components of the disc drive.

The use of discrete gimbal and load beam components laser welded together, as
shown in the '765 patent, has become problematic in disc drives of the current 2.5", 1.8"
and 1.3" generations of disc drives. In such units, the flexures must become thinner in |
order to allow desirable close spacing of the discs, while the overlapping required to laser

weld two discrete components neceéssitates increased thickness in the flexure.

This is the.replacement sheet
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edge of the slider, thereby providing mnimal air bearltﬁir/urface |

di gtortion. 2. The flexure of the present inventi i‘ﬂﬂ"ﬁ ged ease
of inspection of the adhesive bond between the slider

prior art flexures, the bonding surface is |ocated bet r and a
separate | oad beam The |oad beam obstruct® the view of the bondi ng
surface, which makes it difficult, if not inpossible, to confirmthe
presence of adheEhrthermare.cthe use ofthinnen gimbaliand lpask beam companentsdnersases tae
surface. In the flexure of the present invention, no such visual

obst r uct i onlilkslihopd of zesidual stress saused byrthe laser welding.of the twe compopenss; iogether. It

i nvention facilitates, conductiv
ﬁas been q’ound at laser welgmg produces residual tensile stress in the material local to the

welds. This causes the flexure to distort. In the longitudinal direction, the flexure curls
from the residual weld stress, and this makes it more difficult to fit the flexure between
closely spaced discs during the manufacturing process. Further, if the welds are not placed
symmetrically about the centreline of the flexure, the residual weld stress will cause a
torsional distortion, or twisting, of the flexure. Such a flexure is undesirable since the

twist will create a momént, or torque, on the slider's air bearing surface, causing unwanted -
changes in the flying attitude of the head, and potentially rendering the assembly unusable.

The welding process is also a substantial portion of the labour that goes into the
manufacture of a flexure, and it would, thus, be advantageous to eliminate the practice of
making discrete gimbals and load beams and welding the two together for cost reduction.

Since the gimbal and load beam components must overlap in flexures of existing
art, the emphasis on reducing the thickness of the flexure assembly has most often focused
on reducing the thickness of the individual gimbal and load beam components. The
thickest area of the load beam is the region known as the rigid beam, which usually
features flanges along thé outer edge along the longitudinal axis of the flexure. U.S. Patent
4,996,616 teaches how a pair of drawn ribs can provide reinforcement of the rigid beam
section of the flexure. Unfortunately, the drawn pair of ribs of '616 requires that the
flexure material be strained to exceedingly high levels. Such stain can introduce cracks in
the drawn material, and high stresses in the material near the ribs.

Various attempts have been made to solve the problems inherent in welding a
gimbal and load beam together by devising a flexure in which the gimbal and load beam
are formed from a single piece of material and wohld thus require no welding. An
example of such an integrated gimbal and load beam is presented in U.S. Patent 4,245,267.
A second example is.known as the HTI Type 16, or T16, manufactured by Hutchinson
Technology, Incorporated. Both of these flexures have a gimbal incorporated into the load

beam and, of course, no gimbal-to-load beam welds. Both include a bonding surface on
This is the replacement sheet
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hebt Has Bl i%f‘dex'”

heati ng of the bonding surface to speed the curi ng,.

0
prior art flexures, the adhesive that secures the 3 ure was
typically heated in a convective oven to hasten adq ﬁgl “ Conducti ve
heating, also known as "hot foot bondi ng" can subst e the

curing time, but was generally not practic in prior art flexures since
the | oad beam prevented direct access to the bonding surface.

flexure of tWachadussiye 1§ Rlpged tvsecusepdtaphmentf tae slideE o the @W-legelt’l?‘?ality of
oo b N iR Tokd B e Vo 5 B PR BE b Sorion
of the flexure and provides the desired gimbal characterist_ics.

One failing of the flexure of the '267 patent and the T16 flexure relates to an
element of flexure design commonly referred to as "load point”. Simply stated, load point
refers to the single point of contact where the downward force of the load beam is applied
to the slider. Proper selection of this load point ensures that the forces related to the
hydrodynamic air bearing of the slider are properly balanced. In prior art flexures such as
the one described in the '765 patent, load point is developed by forming an upward-
extending dimple in the gimbal bonding surface. The load beam contacts the spherical
surface of this dimple at a single point to allow proper gimbal action. In the case of the
'267 and T16 flexures, however, a well defined load point is not provided, and, thus, an
undesirably wide range of variation in slider flying characteristics is associated with these
types of flexure.

A second fundamental problem with the '267 and T16 types of flexures is that the
downward force of the load beam is applied to the slider by placing the gimbal beams into
bending mode, and the gimbal beams must therefore be stiff in bending mode. These same
gimbal beams, however, must be- compliant in bending mode to allow the proper
gimballing action. This conflicting requirement results in designs that either work poorly
as a gimbal or become deformed under load.

A third problem with the '267 and T16 flexures is that the slider bonding surface, in
general, covers a large area over the centre of the slider. The slider is attached to the
flexure with an adhesive epoxy, ahd, in order to reduce the cure time of the adhesive, the
assembly is usually heated in an oven. Since the slider and flexure are made of dissimilar
materials with different coefficients of linear thermal expansion, thermally induced strains
develop at the bond when the assembly cools. These strains can distort the slider and
undesirably change the flatness of the air bearing surface of the slider, thus, once again,
introducing unacceptably wide variation into the flying characteristics of the heads.

A need clearly exists for an improved slider-supporting flexure which reduces the
This is the replacement sheet
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4. The flexure of e 185¥ad RépRvednt i on al so provides for greater bond
strength than could r| or art flexures. For a variety of
reasons, the bondi ng Em%‘ r art flexures could not extend over
the full wdth of the ce, in gengral, the wider the bond, the
greater the bond strength, and since the inventive flexure allows the bond

oyoaihe ackRel P MO ol gt cobbe ittty uppecannl
si ze of sli deffective manner.

It is an object of the present invention to provide a low-height flexure for mounting
and supporting a slider. |

It is another object of the present invention to provide a flexure wherein the gimbal
and load beam elements are formed from a single piece of material, and require no
welding. | .

It is another object of the present invention to provide a flexure which is simple and
inexpensive to manufacture. |

It is another object of the present invention to provide a flexure which incorporates
a load point which is well defined and simple to locate at an optimised location.

The flexure of the present invention is a one-piece load beam/gimbal assembly
formed from a single piece of material. Features for providing the gimballing action,
bonding of the slider to the flexure and location of the load point are all created using the
processes of etching and half-etching. In the preferred embodiment, the gimbal end of the
flexure is substantially rectangular, and a generally H-shaped opening is symmetrically
located within the rectangular shape. The side rail is formed between the H-shaped
opening and the side edges of the gimbal are half-etched to reduce their thickness, and
these side rails act as the gimballing mechanism of the flexure. A pair of tabs are formed
in the gimbal end of the flexure on either side of | the cross-member of the H-shaped
opening, and one of these tabs is also half-etched to reduce its thickness. The full-
thickness tab is used to bond the slider to the ﬂexure, while the other tab serves to locate a
load point contact which is formed by not half-etching in the desired location for the load
point. The load beam portion of thé flexure is stiffened by forming side rails or channels
along the sides of the load beam portion of the flexure and by forming a tear-drop-shaped
indentation in the load beam. Bofh the side rails and indentation are formed toward the
side of the flexure on which the slidér is mounted.

The features, benefits and objects of the present invention can be best understood

from the following detailed description of the invention when read in conjunction with the

This is the replacerment sheet
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10 The H-shaped opening 44 also forns a | oad point tab 50 on the opposite
S|,_de of the cross-nmenber of the opening fromthe slider mounting tab 46.
The | oad point tab 50 transmits the |oad force of the flemlglsmeetmshb@l&rlhdé&?r

48 via a | oad point button 52, or |oad supporting protrusi
formed by masking the desired |ocation andbsi ze prior to h l";l]! m’g[!uo
that the load point button 52 maintains the full thickness

mat eri al . SfQib&mglél'al“@w point tab 50 is half-etched on the far side of the

mat eri al -
Figure 1 is a plan view of a disc drive data storage device in which the present

invention is particularly useful;

Figure 2 is a plan view of the preferred embodiment of the flexure of the present
invention;

Figure 3 is a detailed view of the gimbal portion of the flexure of Figure 2;

Figure 4 is a sectional \(iew of the gimbal portion of the flexure of the present
invention; |

Figure 4A is a sectional view of the gimbal portion of the flexure of the present
invention as assembled to a slider and in cooperative arrangement with a disc;

Figure 5 is a partial sectional view showing the forming of the edge of the rigid
beam portion of the flexure of the present invention;

Figure 6 is a partial sectional view showing the forming of the rigid beam to
increase stiffness; and

Figure 7 is a partial perspective view of the flexure of the present invention as
assembled to a slider assembly.

Referring now to the drawings and more specifically to Figure 1, there is shown a
disc drive 2 in which the present invention is particularly useful. The disc drive 2 includes
a base member 4 which, in cooperation with a top cover 6 (shown partially cutaway),
forms a sealed environment to protect the delicate internal components from outside
contaminants. A number of rigid discs 8 coated with a magnetic medium are mounted for
rotation on a spindle motor (shown generally at 10). The surfaces of the discs 8 hold a
large number of concentric circular tracks to which information is written and from which
information is read. These tracks are represented by the innermost and outermost tracks,
designated by broken lines 12 and 14 respectively.

An actuator body 16 is adapted for rotation about a pivot shaft 18 bly a voice coil
motor (VCM), shown generally at 20. On the side of the actuator body 16 opposite the
VCM 20 are a number of head mounting arms 22 to which are attached a plurality of

flexures 24 for the mounting of sliders 26. Power for the VCM 20, as well as the signals
This is the replacement sheet
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viewed, this has the effect of creating a "pin" which projects toward a
contacts the top of the slider 48. The load point button 52 B Has Been Replaced
snall in area as is possible given the manufacturer's capabili ﬁj‘ lll
chem cal etching. This dinension has been found currently to

x 10-6 m (0.002 inches), which causes the7load force of the flexure to be

applied to the slider at as close as possible to a single int. The
| ocat i on otsedHp seash ang) writedata, is passed via 2printgd sirevit gable %%Cﬁggbr ed flying

characteristics for th I cul design., S i gni fj
are realised byTth‘ré“S Pg‘xggi:tié}?rgtzﬁgh‘ﬁ’?‘iﬁlﬂa? %ﬂ%ﬁﬁeg%rﬁfﬁgéﬁﬁg%&g#&ﬁﬁ%

prior art:

with the present invention. The flexure 30 is symmetrical about a longitudinal axis 31 and
is made up of four distinct major areas:

1. a gimbal/slider mounting area 32;

2. a rigid beam 34;

3. a pair of compliant beams 3.6, and;

4. an attachment surface 38.

The entire flexure 30 is formed from a single piece of 300 series full hard stainless
steel, preferably 63.5 x 10-6m (0.0025 inches) in thickness, and manufactured using well
known chemical etching processes.

A pair of alignment holes 40, 42 aid in fixing the flexure during the process of
bonding the slider (not shown). |

The attachment surface 38 in the exarhple of Figure 2 is shaped to be attached to a
particular type of mounting plate to provide a strong surface for attachment of the entire
flexure head assembly to one of the head mounting arms 22 of the actuator body 16. While
the specific method of mounting the flexure is not considered a part of this invention, it
should be noted that this attachment surface 38 could easily be adapted for use with other
types and designs of mounting apparatus.

The direction of movement of the disc relative to the flexure is shown by arrow A.
Any slider attached to the flexure of the present invention is therefore assumed to have its
leading edge closest to the attachment surface 38 and its trailing edge closest to the free end
of the gimbal/slider mounting area 32.

The gimbal/slider mounting area 32, the rigid beam 34 and the pair of compliant
beams 36 will each be discussed in turn below.

Figure 3 shows a detailed view of the gimbal/slider mounting area 32 of the flexure
of the present invention with a slider 48 attached. As was previously mentioned, the
flexure of the present invention is formed by the process of chemical etching. In usual
chemical etching processes, the material to be etched is first coated on both sides with a
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1. The | oad point button 52 of the flexure of the present..ipveniign G
be nore exactly located relative to the slider than can the R X aced
prior art flexures. In prior art flexures, the | oad point isel u m l
spherical formed projection, or dinple, in the approximte c

slider bonding area which contacts the | o&d beam at a single point at the
apex of the projection. However, the exact apex of the spherical

proj ect i onmaterial chltederesist: Theresishis pattesnedpisingta stercibiand expesing the Ersiskiha ne.

The exact |ocation of the half- etched |oad point hutton 52 of the flexure
of the pr edight sounseenUnexposed resist ishemstripped away, leaving expaseq metal ‘ﬁat will B¢

etched away in the presence of an acid-like etchant. Both sides of the material are treated

in this manner, with the pattern on both sides' being very accurately aligned. This is the
process used to define the perimeter outline of the flexure of the present invention and all
through openings.

In half-etching, the pattern of the stencil on one side of the material is dissimilar to
that on the other side. This also is a well known technique for etching text, art or half-tone
photographs into sheet metal. It is known that if the area to be half-etched is large, that is,
it has a length or diameter many times that of the material thickness, the depth of the half-
etching will be approximately sixty percent that of the maté.rial thickness.

The process of full- and half-etching is used to produce several of the features of the
flexure of the present invention. For instance, as can be seen in Figure 3, an H-shaped
opening 44 has been etched completely through the material, and areas beside the vertical
legs and on one side of the cross member of the H-shaped opening 44 have been haif-
etched. Specifically, the area shaded lower-left-to-upper-right is half etched on the near
side of the material, while the area shaded lower-right-to-upper-left has been half-etched on
the far side of the material. Since the overall thickness of the material is approximately
63.5 x 10-6m (0.0025 inches), these half-etched areas are reduced in thickness to about
25.4 x 10-6 m (0.0010 inches) thick.

This half-etching process forms a pair of gimbal beams 58 which will be discussed
in detail below.

The etching process also forms a slider mounting tab 46 to which the slider 48 is
adhesively bonded. As can be seen in the figure, this bonding is thus done only in that
area of the slider 48 closest to the trailing edge of the slider 48. In prior art flexures, such
as the flexure of the '765 patent, the bonding surface was generally centred on the slider
and occupied a large percentage of the entire top surface of the slider. The location of the
bonding surface in the ﬂéxure of the present invention has several advantages:

1. In prior art flexures, the air bearing surface distortion created by thermal
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2. Wth the | oad point button 52 of the flexure of the present invention
there is less variability in protrusion height. In forned pr laced
the prior art, the tolerance on the protrusion height has typih

25.4 x [err] (0 0010 inches). In the flexure of the -present i

variability has been reduced to the order 8 5 08 x [err] (0.0002 inches)

fi exure of FFRD ﬁ%ﬁsﬁ?éi Pt ot el o v AenRerat lagt siles U bidieh vt

flexures, Qone ﬁlhtﬁ gxﬁre &f t?ie sfjaéroarr]ld over a relatively large area of the slider. In general, the
smaller the bonding surface and the farther the bonding surface is removed from the centre
of the slider, the lower the amount of air bearing distortion caused by oven curing of the
adhesive. With the flexure of the present invention, the bonding surface is located as far as
possible from the cenire of the slider, in fact, with a 50% slider, the bonding surface
includes only that area within approximately 0.63 x 10-3 m (0.025 inches) of the trailing
edge of the slider, thereby providing minimal air bearing surface distortion.

2. The flexure of the present invention provides great ease of inspection of the
adhesive bond between the slider and the flexure. In prior art flexures, the bonding surface
is located between the slider and a separate load beam. The load beam obstructs the view
of the bonding surface, which makes it difficuit, if not impossible, to confirm the presence
of adhesive fillets around the entire perimeter of the bonding surface. In the flexure of the
present invention, no such visual obs&uction exists.

3. The structure of the flexure of the present invention facilitates conductive
heating of the bonding surface to speed the curing of the adhesive. In prior art flexures,
the adhesive that secures the slider to the flexure was typically heated in a convective oven
to hasten adhesive curing. Conductive heating, also known as "hot foot bonding"” can
substantially reduce the curing time, but was generally not practical in prior art flexures
since the load beam prevented direct access to the bonding surface. In the flexure of the
present invention, the bonding surface is completely accessible for conductive heating, thus
potentially reducing the time rei;uired to cure the adhesive securing the slider to the
flexure. |

4. The flexure of the present invention also provides for greater bond strength
than could be realised in prior art flexures. For a variety of reasons, the bonding surface
of prior art flexures could not extend over the fu11 width of the slider. Since, in general,
the wider the bond, the greater the bond strength, and since the inventive flexure allows the
bond to extend across virtually the entire slider, the flexure of the present invention can be

expected to provide the maximum bond strength for a given size of slider.
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that the Iocatloj I! mng occurs varies with respect to the datum

edges of thé fle cl ear ancelndrust be provi ded between the
dat um edges of the flexure and the | ocatiof surfaces of the formng die. In

the flexure of the t i ti , th d d d '
Coexi st on t he sZheEhananss RPERE i RS0 JpreS (00 roat 2,50 08,40 Sppdste Bidsctt e

t he i abil i ' '
vart abl st member of the opening from the slider mounting tab 46. The load point tab 50

transmits the load force of the flexure to the slider 48 via a load point button 52, or load
supporting protrusion, Which is formed by masking the desired location and size prior to
half-etching, so that the load point button 52 maintains the full thickness of the flexure

~ material. Since the load point tab 50 is half-etched on the far side of the material as
viewed, this has the effect of creating a "pin" which projects toward and contacts the top of
the slider 48. The load point button 52 should be as small in area as is possible given the
manufacturer's capability in chemical etching. This dimension has been found currently to
be about 50.8 x 10'6. m (0.002 inches), which causes the load force of the flexure to be
applied to the slider at as close as possible to a single point. The location of this single
point is selected to provide the desired flying characteristics for the particular design.

Several significant advantages are realised by the flexure of the present invention
over flexures of the prior art:

1. The load point button 52 of the flexure of the present invention can be more
exactly located relative to the slider than can the load points of prior art flexures. In prior
art flexures, the load point is typically a spherical formed projection, or dimple, in the
approximate centre of the slider bonding area which contacts the load beam at a single
point at the apex of the projection. However, the exact apex of the spherical projection,
and therefore the exact load point, is difficult to determine. The exact location of the half-
etched load point button 52 of the flexure of the present invention is, by comparison, easy
to determine.

2. With the load point button 52 of the flexure of the present invention there is
less variability in protrusion height. In formed protrusions of the prior art, the tolerance on
the protrusion height has typically been + 25.4 x 10-6m (0.0010 inches). In the flexure of
the present invention, this variability has been reduced to the order of + 5.08 x 10-6m
(0.0002 inches).

3. There is less variation in the location of the load point with the flexure of the
present invention than in prior art flexures. In prior art flexures, the spherical protrusion is
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P orming occurs varies with respect to the datum edges of the flexure, since some clearance

must be provided between the datum edges of the flexure and the location surfaces of the
forming die. In the flexure of the present invention, the edge datums and load point button
coexist on the same artwork pattern, or mask, thus substantially reducing the variability in
the location of this feature.

4, The flexure of the present invention provides greater flexibility to modify
the desired lecation of the load point than do prior art flexures. The location of the load
point relative to the slider is critical to obtain the desired flying attitude of the slider.
Occasionally during the development of a new disc drive product, or the modification of an
existing product, it may become necessary to change the location of the load point. It has
been economically impractical to modify the location of the formed spherical projection of
prior art flexures due.t.d the required retooling and new fixtures. Therefore, modifications
in load point location in prior art flexures have generally been accomplished by modifying
the bonding fixtures used to align the slider and flexure during the adhesive bonding
procedure. With the flexure of the present invention, it is possible to change the location
of the load point button 52 by simply changing the artwork pattern, or mask, used in the
etching process. Generally speaking, master artwork patterns are far less expensive to
modify than fixtures and hard tooling.

The actual shape of the load point button 52 can be easily determined by the
artwork pattern, and can thus be round, oval or oblong should such be desired. In some
cases it may be desirable or necessary to radius the edges of the load point button 52. This
can be done by spanking the button with a suitably .shaped die. An alternative method
would be etching a half-tone transition between the top of the button and the full depth of
the half-etching. The half-tone pattern could consist of small circles whose size and
spacing are related to their distance from the centre of the button, or rings whose line width
and line spacing are also related to their distances ffom the button centre.

. The exact location of the load point button 52 is determined to provide the desired
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present inventi dr® ble to change the |ocation of the |oad point
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desired load point is also fréquently offset from the longitudinal centreline of the slider to
compensate for velocity vector field variations and such known factors as the torsional bias
applied by the tiny wires used to carry read/write signals to and from the head. If such an
offset in load point location is incorporated in the artwork pattern, it can be extremely
difficult to determine the direction of this offset visually. Such a determination is
necessary because flexures intended for use on opposite sides of the discs would typically
have this offset in opposite directions. Therefore, the artwork pattern can include an offset
determination hole 54 which would be located at an obviously asymmetrical location and
would indicate toward which side of the flexure the load point button 52 was offset.

Another feature of the flexure of the present invention is a slider alignment
inspection hole 56. This slider alignment inspection hole 56 may be round or elongated as
shown in the figure. Sucha feature is desirable when measuring the alignment of the slider
to the flexure with a vision based metrology system. Such measuring systems depend on
high contrast at edge locations, and a through hole will allow a portion of the slider edge to
be silthouetted by a profile light source when the slider is properly aligned with the flexure.
Figure 3 also shows a pair of gimbal beams 58 formed adjacent the vertical legs of

the H-shaped opening 44. It should be recalled that these gimbal beams 58 were half-
etched on the near side of the material as viewed in Figure 3 to a thickness of
approximately 25.4 pm (0.0010 inches). Since the slider 48 is bonded to the slider .
mounting tab 46, and load force is applied to thé slider 48 through the load point button 52
on the load point tab 50, it will be apparent to one skilled in the art that the gimbal beams
58 will allow the necessary gimballing action of the flexure while still maintaining the
needed stiffness in the desired axes. To ensure proper operation of the gimbal beams 58, it
is desirable to have the plane of the gimbal beams 58 coincident with the point of contact of
the load point button 52 with the slider 48. This is best achieved in the flexure of the
present invention when the half-etching of the gimbal beams 58 and the load point tab 50

are on opposite sides of the material. In some instances, it may be desirable to introduce
| This is the replacement sheet

Date: 1 2 SEP 1988



cases it Fré:/_b-éwd"e“s"i rabl e or necessary to radius the edges of the | oad
poi nt but t CFhisSheet HisiBeenReplagsd done by spanking the button with a suitably
shaped di e. - nmet hod woul d be etching a half-tone transition
bet ween the on and the full depth of the half-etching. The
hal f-tone pattern could consist of small cl3cles whose size and spacing are
related to their distance fromthe centre of the button, or rings whose
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button centre. The exact |location of the |load point button 52 is determ ned
to provi de widerdess. r Ehe amount of deflection of the load point tab 50 can be found using the
following formula: |
4FL3
deflection = Q)
EWT3
where: F is the load force
L is the distance from the load point button to the root of the load point tab;
E is the modulus of elasticity of the flexure material;
W is the width of the load point tab at its root, and;
T is the thickness of the load point tab.

The slope at the end of the load point tab can be found using the formula:

6FL2
slope = 2
EWT3

Using algebra, it is possible to show that .the end of a deflected beam can be made
tangent to the root of the beam if the beam is formed at a point one-third the length of the
beam from the base of the beam.

foe preferable method of forming the single bend in the load point tab 50 is by
stamping. In volume manufacturing, it may be necessary, due to variation in material
thickness and half-etch depths, to overbend and then relax back to the desired angle using,
for instance, infrared heating.

An example of the calculations to determine the design of the load point tab
follows. |

Assume: Load 'point is offset 0.127mm (0.005") from centre of slider toward
the trailing edge. | _
Halif iength of the slider is 1.016mm (.040").
Clearance (end of slider to end of tab) is 0.127mm (.005").

Tab base width is 1.47mm (.058).
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12 flying attitude of the slider. Typically, this location is a few tens of
mcro neters (a few thousandths of an inch) away fromthemgslhaelasﬁeenh laced
slider toward the trailing edge. The desired | oad point |s

of fset fromthe longitudinal centreline ofl4he slider to c

velocity vector field variations and such known factors as tor5| ona

bi as applied by the tirpablength [ €basto daadrpointpdsd/ wite si gnal s to and from

the head. If such an
0.127 + 1.016 + 0.127 = 1.27mm (.005" + .040" + .005"= .050™)

Load force (F) is 3 grams.

Deflection under load at the load point can be found using the following formula:
FL3

—_— &)
3EI

where I is the bending moment of inertia.
Solving the equation with the above assumptions:

Slope under load at the load point can be found using the

3+ (2.204622/1000) - (.0503)
= ,002066 inches = 0.525mm

3. (27.6)106-1 - (.058) - (.0013)
12

following formula:
FL2

2EI
Solving equation (4) with the above assumptions:

3 (2.204622/1000) - (.0502)
= 061974 = 1.57 mm = .546°mm

2+ (27.6)106-1 - (.058) - (.0013)
12

Therefore, if the load point tab 50 is performed with a 3.546° bend at a point one-
third of the distance from the base of the tab to the load point button 52, it can be assumed
that the actual contact point between the load point button 52 and the slider 48 will lie
substantially in the plane of the gimbal beams 58 when the assembly is under designed load
conditions.

Referring now to Figure 4, the desired forming of the load point tab 50 is illustrated
by a detail sectional view taken along line 4-4 of Figure 3. As can be seen, the load point
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offset in load point location is incorporated in the artwork pattern, it
can be extrenely difficult to determne the direction of this offset

visual ly. Such a determination is necessary because flexures intended for
use on opposite sides of the discs would tyflcally have this offset in
opposite directions. Therefore, the artwork attern can include an of fset
determ nati on hol e 54 which would be |ocated at an obviously asynmetri cal

| ocat i on andtahdi is bertdndhe direasioaraf the slider s(ngt shawn)iat an [apglerad approximatalypoi nt

button 52 was offset. Another feature of the f|exure of the present

i nvention i s3846P. Besause offhischendings piben thsslider is meuntad, pg the slider mountngiah46,
' nspection hgxlldethSe%nnrrl%yasggmt;l%Q gro%rghte %n(t)c;] ﬂ? 1in‘%endaeﬁ relationship with the spinning disc of
the disc drive, the bottom of the load point button 52, and thus the top surface of the slider,
will lie substantially in the plane occupied by the gimbal beams 58. This relationship is
best seen in Figure 4B, wherein a slider 48 has been bonded to the slider mounting tab 46
and the entire assembly brought into operational relationship to a disc 8.
Similarly, various characteristics of gimbal beam stiffness can also be calculated.
Assume: -
L (length of the gimbal beams) = 2.69 mm (.106").
r (distance from the load point button contact to the
gimbal beam trailing edge) = 0.135 mm (.053").
w (width of one gimbal beam) = 0.254 mm (.010").
t (thickness of the gimbal beam) = 0.0254 mm (.001").
The stiffness of the gimbal can be calculated in various axes using the following

formulae: |
Pitch stiffness = ====

2+(27.6) *106-—%-2+(.010) + (.0013) - {.053)

= 12 6:.053, 2 __6 )
.106 ( .1062 .053 106
rad _ rad
. | Ewt?
R B e e
oll stlffness 3(179) L
where U is Poisson's ratio
. 27.6°103-.010°.0013 inch-1b _ inch-am
3 (1+.305)-.106 1001330 rad = 603 rad
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shown in the figure. Such a feature is desirable when neasuring the
alignnment of the slider to the flexure with a vision based netrol ogy
system Such neasuring systens depend on high contrast at edge |ocations,
and a through hole will allow a portion g the slider edge to be

sil houetted by a profile |ight source when the slider is properly aligned
with the flexure. Figure 3 also shows a pair of ginbal beans 58 forned
adj acent the vertical |egs of the H shaped opening 44. It should be
recalled that these ginbal beams 58 were half- etched on the near side of
the material as viewed in Figure 3 to a thickness of approxinmately 25.4

[err] (0.0010 inches). Sincgsy e itintes 48250 rﬁE’ed.&nzt)he sl i der
Iz
. N 5._];_.. 3...73..001...
) 2+27.6°10 5 (.090°~.070%) .. 053 6-.053, 2 _ 6
.106 .1062 .053 .106)
= g, 375inch-1b
) rad
Across track stiffness = _245T
L2@2L - 3r)
1
24 *+27.6 * 105« — - ,001 * .0103
= 12 = 92,604 22
.106%2 * ,106 - 3 - .053) inch
Along track stiffness = Eszt
27.6 <108 -2+ .010 * .002 = 1lb
. 106 5208 ilnch
Stiction stress S
2wt
o This Sheet Has Been Replaced
- 2048222000 . 10 23; BoL IIIIIIIIIIIIIIIIII II i
2,010 - .002 110.232

gram
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nmounting tab 46, and load force is applied to the slider 48 through the ~ -
| oad point button 52 on the load point tab 50, it will b arent, tq one
skilled in the art that the ginbal beams 58 will allow t(r?re"(i?‘s’IQ“’B""’Eﬁ*""tﬂ"e“‘oR laced
ginbal ling action of the flexure while still maintaining tH“mEmEM I
stiffness in the desired axes. To ensure proper operation

beans 58, it is desirable to have the plane of the ginbal beans 58
coincident with the point of contact of the |oad point button 52 with the
slider 48. This As apalysisnfihesestiffnessifigures @XW%“@E thergimbakisaglatively campliant

when the hal f-etc¢ching, of the gipbal,K hea and the | oad.point tab 50 are
on opposi t elnsthgPiichand gell axaseAS 1§ q%sqr;plg gFefsoﬁﬁ%%@&ﬂf vapia igdhe é’i‘f?“’&tﬂ%e

to introduc . o s . . . . .
the disc, while it is very stiff in the yaw axis, since any compliance in yaw would result in

misalignment of the head from the desired on track position. Similarly, the across-track
stiffness and along track stiffness are very high to maintain on-track stability.

It should be noted that the stiction stress calculation is normalised to one gram of
_stiction force, and since the yield stress limits of the materials envisioned is on the order of
200,000 psi, only an amount of stiction which would be totally fatal to the entire disc drive
‘could cause the gimbal to fracture.

It should also be noted that in the flexure of the present invention, the only gimbal
forming required is a single bend in the load point tab 50. Prior art flexures universally
require forming a load point protrusion, sometimes referred to as a "dimple” in the gimbal
bonding surface, which invariably effects the flatness of the gimbal bonding surface. In
addition, prior art flexures have some type of offset forming to allow the gimbal bonding
surface to be out-of-plane from the rest of the flexure by an amount equal to the dimple
height. This out-of-plane forming introduces stresses and distortions into the gimbal
structure, and in some instances, cracking of the gimbal can occur. Such problems are
totally absent in the flexure of the present invention.

An additional benefit of the gimbal of the flexure of the present invention is a
substantial reduction in the distance between the centre of gravity of the slider body and the
point of contact of the load point protrusion. When rapid accelerations occur in the head
positioning actuator of the disc drive, some undesirable changes in flying attitude occur.
The inertia of components, such as the slider, can create external moments on the air
bearing during such events. A general rule-of-thumb is that the magnitude of these
moments is directly proportional to the distance between the centre of gravity of the slider
and the point of contact of the load point protrusion. In prior art flexures, it has not been
possible to have the load point contact the slider and still have the contact point coplanar

with the gimbal beams, as it should be for minimal gimbal stiffness in the desired axes.
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defl ecti on when under |oad. The amount of defl ection of 1"",”'", "m”m tab

50 ‘can be found using the follow ng forrrulias: 4FL3
Prior art flexures used a dimple formed on the opposite side of the bonding surface from

the slider to provide a contact point for the load beam, which meant that the load point was
displaced from the slider by at least the height of the dimple. In the flexure of the present
invention, the load point button 52 directly contacts the slider 48.

Referring now back to Figure 2, the rigid beam 34 portion of the flexure of the
present invention is symmetrical about the longitudinal axis 31 of the flexure and generally
trapezopidal in shape with the small base of the trapezoid adjacent the gimbal/slider
mounting area 32. The general function of the rigid beam 34 is to transfer the downward
force generated by the pair of compliant beams 36 to the gimbal/slider mounting area 32.
As such, it is important that the rigid beam 34 be extremely stiff to resist both bending
along the longitudinal axis 31 and twisting about the longitudinal axis 31.

In order to impart high stiffness to the rigid beam 34, the material of the rigid beam
34 is formed to substantially increase the sectional moment of inertia. Along the tapered
edges of the rigid beam 34 are V-shaped channels 60, with the apex of the V extending in
the direction of the slider. Figure 5 is a partial sectional view of one of these channels 60
taken along the general line 5-5 in Figure 2. The channels 60 are typically formed
0.11mm (0.0045 inches) out-of-plane. The distal edge of the V channel may be
approximately level with the plane of the unformed material as shown at 62. In some cases
it may be advantageous to have the distal edge of the V channel extend beyond the plane of
the unformed material, since the bending moment increases in the direction away from the
gimbal, and therefore a higher sectional moment of inertia is desirable. In such a case, the
distal end of the channel could be formed at the point shown by the designator 64. In
either case, the precise location of the distal end of the channel 60 is determined by the
artwork mask used to etch the outer edge of the flexure.

A further, albéit slight, increase in sectional momént of inertia can be realised if the
distal edge of the V channel 60 is not etched at a right angle to the material surface, as is
typical in prior art flexures. By using two differing artwork patterns during etching, it is
possible to etch a "bevelled” edge. Ideally, the angle of this bevel should be such that the
etched edge, after forming, will be substantially paraliel to the plane of the unformed
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the nodul us of elasticity of the flexure n@terlal Wis the width of the

| oad poi nt

tab at its root, 'and T is the thi ckness of the Ioad poi nt tab.

The siope at th 'Pﬁsca){)p}ogeh 1S s “%@Ef% at the Hxstaflo ge of the ¢ anne? 660 rrlnﬁxe

sl ope

figure it can be seen that the very edge of the material of the flexure is half-etched to form
a "step” which, after the forming of the channel 60, lies substantially parallel to the surface
66 of the unformed material. This stepped edge proQides the maximum "edge length", and
thus contributes to the stiffness of the rigid beam 34. While the preferred cross-sectional
shape of the channel] is a V, it should be readily apparent that other shapes could be
employed to achieve a high sectional moment of inertia.

Additional stiffening of the reinforced beam can be obtained by drawing the centre
section of the rigid beam 34 out-of-plane. In the plan view of Figure 2, this stiffening area
68 is somewhat teardrop shaped, and oriented in the same direction as the tapering of the
rigid beam 34, but other shapes for the stiffening area can be readily conceived. The
stiffening area 68 is drann out-of-plane approximately the same amount as are the channels
60.

The rigidity of the rigid beam 34 is optimised when the area of the drawn material
in the stiffening area 68 is substantially equal to the area of the unformed material. As
shown in Figure 6 which is again a partial sectional view along line 5-5 of Figure 2,
between the drawn and undrawn material is a transition region 70 which is strained when
the material is formed. In order to prevent cracking in the transition region 70, it has been |
found that the strain level should be kept to a maximum of 5 percent of material tensile
strength. The minimum length, x, for a transition region 70 which meets this requirement

can be found by using the following formula:
dz2 | _ This Sheet Has Been R laced
x = ,| ————
= HIIIIIIIIIIIHIII Il

where: x is the length of the transitional region, and

d is the distance out-of-plane that the material is drawn.
The channels 60 on the edges of the rigid beam 34 also serve as a routing path for the
wires (not shown) which carry the read/write signals to and from the head mounted in the

slider. As can be seen in Figure 2, the ends 72 of the channels 60 nearest the gimbal/slider
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Usi ng al gebr gn;s Skeetitias PasBephced t 0 show that the end of a deflected beam can
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met hod of for e single bend in the 12dd point tab 50 is by stanping.
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t hi ckness amtbuhtihg area 32 ate forinsed dtancceictangle tarthe line 14 wdlese fdrenihg bhHthierohannels
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cal cul at i on§0teginet dhis angle isdo daciligte b routing ofatie heachwires into the channels 60.

Figure 7 is a detail perspective view of the gimbal end of the flexure of the present
invention with a slider attached. As can be seen, the wires 76 that carry the read/write
signals to and from the transducer (not shown) are attached to the slider 48 on its trailing
surface 78 and are routed in a loop to the channel 60 along the side of the flexure. Since
the flexure is symmetrical about its longitudinal axis, this allows upward-facing and
downwérd-facing flexures to carry the wires 76 on the same side relative to the actuator,
thus easing connection to the pcc (28 in Figure 1) which carries these signals to and from
the disc.

Referring again to Figure 2, attached to the large base of the trapezoid shaped rigid
beam 34 are a pair of compliant beams 36. One function of these beams 36 is to serve as a
low friction pivot, or hinge. Another function is to provide the downforce that counteracts
the hydrodynamic lift of the air bearing surfaces of the slider. In the preferred
embodiment, the two compliant beams 36 are each 2.54 mm (0.100 inches) long and
1.01mm (0.040 ihches) wide. The distance between thé outer edges of the two compliant
beams 36 is 5.08mm (0.200 inches) at the root of the beams, with this distance decreasing
in the direction of the gimbal/slider mounting area 32 at a rate substantially equal to the
tapering of the rigid beam 34. The distance from the root of the two compliant beams 36
to the load point button (52 in Figure 3) is 15.49mm (0.610 inches).

The two compliant beams 36 are formed after the flexure is etched such that the
slider will be encouraged toward the disc when the entire head/gimbal assembly is installed
in the disc drive. The preferréd method of forming the two compliant beams 36 is
described in detail in U.S. Patent 5,065,268, issued November 12, 1991, assigned to the
assignee of the present invention and incorporated herein by reference.

A comparison between a typical pribr art flexure/slider assembly and a
flexure/slider assembly made in accordance with thé present invention shows clearly that
the inventive flexure can contribute significantly to the reduction of separation between the

flexure/slider mounting surface and the disc surface, thus allowing closer disc spacing
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follows. Assume: Load point is offset 0.127nm (0.005") f ' ceq Replaced
slider toward the trailing edge. Half length of the slider |
(.040"). Cearance (end of slider to end of tab) is 0.127
base width i's I.47nm (.058). 21
which can lead to either lower overall drive height or additional discs within a given
package dimension. In prior art flexure/slider assemblies, the minimum flexure mounting
surface to disc surface dimension is the arithmetic sum of the following thicknesses:
Slider thickness: 0.043 + .025mm (0.017 + 0.001")
Gimbal dimple height: 0.1 + .0127mm  (0.0055 + 0.0005")

Load beam thickness: .06mm + 6.36 um (0.0025 + 0.00025")

Total: .635 + .04mm (0.0250 + 0.00175") worst case,
+ 29.1 um (0.001146") three sigma.

Using the flexure of the present invention, the same minimum dimension is the sum of
the following thicknesses:

Slider thickness: 0.43 + .025mm (0.017 4+ 0.001")

Flexure thickﬁess: 0.6mm + 6.35um (0.0025 £ 0.00025")

Total: 0.49 + 0.03mm (0.0195 + 0.00125") worst case,
+ 0.026mm (0.001031") three sigma.

From these figures, it is apparent that, not only does the flexure of the present
invention allow approximately a 22% reduction in this dimension, but that worst case
tolerance error has also been significantly reduced.

It is also apparent that the flexure of the present invention is less expensive to
manufacture since the need for gimbal-to-load beam welding has been eliminated. Laser
welders are expensive pieces of capital equipment in their own right, with low throughput,
and require expensive and precise fixturing to align the separate pieces for the welding
process. Moreover, as previously stated, the welds produced by laser welding contain high
residual stresses that can distort the flexure, redﬁcing quality levels.

In summary, the inventive flexure can contribute to a reduction in disc-to-disc

spacing, with either reduced drive height or increased drive capacity, while lowering costs
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14 Tab length (L) (base to load point) is 0.127 + 1.016 + 0.127 = 1.27mm

(.005" + .040" + .005"= .050") Load force (F) is 3 granms. Deflection under

| oad at t he_ | oad point can be found usi ngzé he followng formula: [err] (3)
and improving the precision of the disc drive.

While a specific embodiment of the present invention has been discussed, numerous
variations, for instance in materials, proportion of elements, and methods of manufacture,
are possible. For example, the flexure of the present invention could be realised from
beryllium copper or titanium, the flexure could be made proportionally wider to improve
in-plane bending resonant frequency, or the flexure could be manufactured by stamping

| with reactive etching to reduce the thickness of material in desired areas.

It will be clear that the present invention is well adapted to carry out the objects and
attain the ends and advantages mentioned as well as those inherent therein. While a
presently preferred embodiment has been described for purposes of this disclosure,
numerous changes may be made which will readily suggest themselves to those skilled in
the art and which are encompassed in the scope of the present invention disclosed and as

defined in the appended claims.
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where | is the bending nonent of inertia. Solving the equation with the

above assunptions: Slope under | oad at the | oad point can be found using

the 3 . (2.204622/1000) . [err] = .002066 inches = 0.525rMm 3 . (27.6) [err]
(.058) . [err] 12 follow ng fornula: 23 '

’ This Sheet Has Been |leﬂlaced
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1. A flexure for a disc drive comprising a load beam (34) and a integral gimbal (32),
characterised in that said gimbal comprises

a first tab (50) integral with said load beam having an integral button (52), said
button facing a first, head direction;

a second tab (46) longitudinally spaced from said first tab;

the second tab providing a head mounting surface in said head direction; and

a pair of beams (58) connecting said first and second tabs.

2, A flexure as claimed in claim 1, in which said integral button is formed by partially

etching away surrounding material.

3. A flexure as claimed in claim 1 or 2, in which said gimbal is substantially
rectangular in shape having an H-shaped opening with the pair of beams forming two
vertical legs of the H substantially parallel to the longitudinal centreline of the flexure and a
cross member connecting the two vertical legs, the H-shaped opening defining the second
tab between the vertical legs of the H-shaped opening and on the side of the cross member
of the H-shaped opening farthest from the load beam, the H-shaped opening defining the
first tab between the vertical legs of the H-shapéd'_opgning and on the side of the cross
member of the H-shaped opening closest to the load Beam, the first tab being of reduced
material thickness and having the integral button located closely adjacent the cross member

of the H-shaped opening.

4, A flexure as claimed in Claim 3 wherein one surface of the first tab is continuous
with the corresponding surface of the load beam and the other surface of the first tab is

discontinuous with the corresponding surface of the load beam.
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[err] Solving equation (4) with the above assunptions: 3This $hdet Padiedr R
[err] = .061974 = 1.57 mm = .546[err] 2 . (27.6). [err] :

[err] Therefore, if the |load point tab 50 is performed w Iﬂiﬂﬂ

bend at a point  one- third of the distance&4romthe base 0 he

| oad point button 52, it can be assuned that the actual contact point

bet ween t heS.| oadAfftexure asclaimedda Claimh 4 iwheg¢in dee burgonwn the| first tab is raised above

the first tab surface that is discontinuous with the corresponding surface of the load beam.

6. A flexure as claimed in any preceding claim wherein the button is realised by

forming the material of the first tab.

7. A flexure as claimed in any one of claims 1 to 5 wherein the button is realised by

isolating an area from the process used to reduce the thickness of the first tab.

8. A flexure as claimed in any one of the preceding claims wherein the button has a

shape which is substantially circular, elliptical, oblong or irregular in shape.

9. A flexure as claimed in any one of the preceding claims, wherein the button is

located on the longitudinal centreline of the flexure.

10. A flexure as claimed in any one of claims 1 to 8 wherein the button is offset from

the longitudinal centreline of the flexure.

11. A flexure as claimed in Claim 10 including offset determination means (54) for

visually indicating the direction in which the button is offset from the centreline.

12. A flexure as claimed in any one of the preceding claims, further comprising:

a slider (48) for being supported against a fluid bearing generated by relative motion
between the slider and a moving magnetic surface (8);

a mounting surface (48) to attach the flexure to a mounting plate or a head
positioning support arm; and

a pair of compliant beams (36) having first and second ends, the beams attached to
the mounting surface at the first ends, the beams lying substantially parallel to the
longitudinal centreline of the flexure and being formed out of plane to provide a load force

* c L M S * :
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under designed | oad conditions. Referring nowto Figure 4,
formng of the load point tab 50 is illustrated by a detail

substantially in the plane of the ginbal beans 58 when thd‘hiasmnmﬂs}sedn mlaced
taken along line 4-4 of Figure 3. As can begsgseen, the |oad pol nt

to react against hydrodynamic lifting force gener#ted by the fluid bearing of the slider,
whereby the load beam is attached to the second ends of the compliant beams and is of high
bending stiffness to tranSfer the load force of the compliant beams to the slider with
negligible distortion along the length of the rigid beam and in that the slider is attached to

the gimbal which is attached to the load beam opposite the compliant beams.

13. A flexure as claimed in claim 12, in which the flexure mounting surface, compliant
beams, load beam and gimbal all formed from a single contiguous piece of resilient

material.

14. A flexure as claimed in Claim 12 or 13, wherein the first tab is formed out-of-plane
in the direction of the slider to such an extent that, when the attached slider is brought into
cooperative arrangement with the surface of the disc, the button will lie substantially in the

same plane as the load beam.

15. A flexure as claimed in any one of claims 12 to 14, wherein button directly contacts

the slider.

16. A flexure as claimed in Claim 15 wherein the slider is substantially centred within
the gimbal.

'17. A flexure as claimed in Claim 15 or 16 wherein the slider has substantially the same

length and width as the H-shaped opening.

18. A flexure as claimed in any one of claims 12 to 17 wherein the load beam is in the
form of a truncated acute isosceles triangle, with the base of the triangle attached to the

compliant beams and the sides formed out of plane in the shape of channels.

19. A method of making the disc drive magnetic head mounting flexure as claimed in
T This is the replacement sheet
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tab 50 is bent in the direction of the slider (not shown) at an angle of
approximately 3.546[err]. Because of this bending, when the slider is
nounted on the slider nounting tab 46, and the entire assenbly is brought
into its intended relationship with the srgi?nni ng disc of the disc drive,
the bottom of the |oad point button 52, and thus the top surface of the

slider, ea:ngldn‘ea of Uhshanb it lh¥:oh{é} %z pl ane occupi ed by the gi mbal beans

58. This r tronship 1s best se Figure 4B, wherein a slider 48 has
been bonded to ttﬁﬁ)u?h-leﬁﬂﬁn pﬁﬁeﬁlahl@ tiberd6F the SofiBdafttoadeTmeithe/ 1abs ah@ht
i nto operational ationship to a disc 8. Simlarly, various

char act er i ohfictiaf beamipal beam stiffness can al so be cal cul at ed.
half-etching from the head direction the first tab after first having masked the button
area so that it remains unetched; and
half-etching said connecting beams from a second direction, opposite said head

direction.
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Assune: L (length of the ginbal beans) = 2.69 nm (.106"). r (distance from
the | oad point button contact to the ginbal beamtrailing edge) = 0.135 nm
(.053"). w(wdth of one ginbal beam) = 0.254 nm (.010"). t (thickness of
the ginbal beam) = 0.0254 nm (.001"). The #iffness of the ginbal can be
calculated in various axes using the foll ow ng fornul ae:

ABSTRACT

FLEXURE IN A DISC DRIVE, A DISC DRIVE
AND METHOD OF MANUFACTURE

A gimbal (32) formed integral with a load b&m (36) by through etching an H
pattern at the end of the beam to define a pair of tabs (46, 50) connected by a pair of
beams (58); half etching from the head direction one tab (50) with an defined area masked
to form a load button (52); and half etching the beam from the other direction to provide
the proper gimbal stiffness. In practice, the head is glued to the other tab and load is
applied through the button.

Fig. 2.
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Pitch stiffness = [err] Roll stiffness=[err] where u is poisson's ratio
Roll stiffness = [err] where u is Poisson's ratio [err]. --. -
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16 Yaw stiffness = [err] [err] Across track stiffness = [err] [err] Al ong
track stiffness = [err] [err] o EEDRL O LERTL AR
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Stict'o stress = [err] [err] 17 An analysis of these stiffness figures
al s that th gi nb | is relatively conpliant e —e e cem e

44—

“ﬁ‘f\\\\‘

1
|
AU ARARAURRRIANY AN AN

]

A\\&}\\\\\\\\

FIG. 3

This is the raplacemeni shoes

Oate:

§ Z SEP 1935



in the pitch and roll axes, as is desirable for follow ng mnor variations
in the surface of the disc, while it is very stiff in thé yaw axis, since
any conpliance in yaw would result in msalignment of thayiemet Ha BeenResaced
desired on track position. Simlarly, the across-track sti ng
track stiffness are very high to maintain on-track stabiliﬂmm!m be
noted that the stiction stress calculation is normalised t

stiction force, and since the yield stress limts of the materials
envisioned is on the order of 200,000 psi, only an amount of stiction which
woul d be totally fatal to the entire disc drive could cause the ginbal to
fracture. :

46

| 50 5 78, j |

FIG. 4A

S0 52 58 46
ﬁ_ / l
f |
148 8
/
z —s
FIG. 4B
g2 64
66
60
/ :
: \
FIG. 5
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It should al so be noted that in the flexure of the present invention, the
only ginbal formng required is a single bend in the |oad point tab 50.
Prior art flexures universally require formng a | oad point protrusion,
sonetimes referred to as a "dinple" in the ginbal bonding surface, which
invariably effects the flatness of the ggnbal bonding -surface.- I-n-additi-on,
prior art flexures have sone type of offset formng to _allowthe ginbal
bondi ng surface to be out-of-plane fromthe rest of t hdh B aced
anount equal to the dinple height. This out-of-plane for “ S
stresses and distortions into the ginbal structure, and

cracking of the ginbal can occur. Such problens are

ces,
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.t”c;t”al_l_et bsentpdiacdihe flexure of th resent in
| e e
: . ancellbet ween tHe
sl i e poi nRESEA f 4he | oad

(rjapi d accelerations * rin the head positioni n
rive, some “rﬁﬁrﬁie‘i’ﬁ’l g%g‘ﬁs, ' | IadUem nedth Gn deaad

conponents, such as tgteg tfsi%]l er,hiélg‘ﬁlf%i?ﬂeﬂaa?gﬁdegaernal nonents on the air
beari ng diffelil8o® BE fesRIGENdtfess LaudEABY #e Tasdrawéllinglvfthe two téaporicnss topgher Ulle

of these noments is directly proportional to the distance between the
centre ofhagibes fotindfthit8ses Welldifig produces residual tensile stress in the material local to the

welds. This causes the flexure to distort. In the longitudinal direction, the flexure curls
from the residual weld stress, and this makes it more difficult to fit the flexure between '
closely spaced discs during the manufacturing process. Further, if the welds are not placed
symmetrically about the centreline of the flexure, the résidual weld stress will cause a
torsional distortion, or twisting, of the flexure. Such a flexure is undesirable since the
‘twist will create a moment, or torque, on the slider's air bearing surface, causing unwanted
changes in the flying attitude of the head, and potentially rendering the assembly unusable.

The welding process is also a substantial portion of the labour that goes into the
manufacture of a flexure, and it would, thus, be advantageous to eliminate the practice of
making discrete gimbals and load beams and welding the two together for cost reduction.

Since the gimbal and load beam components must overlap in flexures of existing
art, the emphasis on reducing the thickness of the ﬂexuré assembly has most often focused
on reducing the thickness of the individual gimbal and load beam components. The
thickest area of the load beam is the region known as the rigid beam, which usually
features flanges along the outer edge along the longitudinal axis of the flexure. U.S. Patent
4,996,616 teaches how a pair of drawn ribs can provide reinforcement of the rigid beam
section of the flexure. Unfortunately, the drawn pair of ribs of '616 requires that the
flexure material be strained to exceedingly high levels. Such strain can introduce cracks in
the drawn material, and high stresses in the material near thé ribs.

Various attempts have been made to solve the prqblems inherent in 'welding a
gimbal and load beam together by devising a flexure in which the gimbél and load beam
are formed from a single piece of material and would thus require no welding. An
example of such an integrated gimbal and load beam is presented in U.S. Patent 4,245,267.
A second example is known as the HTI Type 16, or T16, manufactured by Hutchinson
Technology, Incorporated. Both of these flexures have a gimbal incorporated into the load

beam and, of course, no gimbal-to-load beam welds. Both include a bonding surface on



- FALOLALLY. LN QDG
:@ad! poi nt protr s%on. In prior fr

and the point of
fl exures, it has
slider and still cont-en
it should be for mTme glnbal
art flexures used a dinple fornmed on the oppositée—side of fhe bondl ng"

surface fwikibh adhesive is placed to secure attachment of the slider to the flexure. A plurality of

have the | ¢ad pdi/dUNIRZact | he
it h the gi nbal | bpans,

stiffnesgps in the}ldesired axes. 18 Prior

beams, etched into the load beam, connects this bonding surface to the load beam portion
of the flexure and provides the desired gimbal characteristics.

One failing of the flexure of the '267 patent and the T16 flexure relates to an
element of flexure design commonly referred to as "load point". Simply stated, load point
refers to the single point of contact where the downward force of the load beam is applied
to the slider. Proper selection of this load point ensures that the forces related to the
hydrodynamic air bearing of the slider are properly balanced. In prior art flexures such as
the one described in the '765 patent, load point is developed by forming an upward-
extending dimple in the gimbal bonding surface. The load beam contacts the spherical
surface of this dimple at a single point to allow proper gimbal action. In the case of the
'267 and T16 ﬂexures, however, a well defined load point is not provided, and, thus, an
undesirably wide range of variation in slider flying characteristics is associated with these
types of flexure.

A second fundamental problem with the '267 and T16 types of flexures is that the
downward force of the load beam is applied to the slider by placing the gimbal beams into
bending mode, and the gimbal beams must therefore be stiff in bending mode. These same
gimbal beams, however, must be compliant in bending mode to allow the proper
gimballing action. This conflicting requirement results in designs that either work poorly
as a gimbal or become deformed under load.

A third problem with the '267 and T16 flexures is that the slider bonding surface, in
general, covers a large area over the centre of the slider. The slider is attached to the
flexure with an adhesive epoxy, and, in order to reduce the cure time of the adhesive, the
assembly is usually heated in an oven. Since the slider and flexure are made of dissimilar
materials with different coefficients of linear thermal expansion, thermally induced strains
develop at the bond when the assembly cools. These strains can distort the slider and
undesirably change the flatness of the air bearing surface of the slider, thus, once again,

introducing unacceptably wide variation into the flying characteristics of the heads.
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the slider to provide a contact point for the | oad bea

the | oad poi nt was dISp| aced fromthe slider by at |eagt{the height 0 .e
dinple. In the e%% ent invention, the |
directly contac sﬁ%g"gfr ferrlsng now back to i.d

beam 34 porti onjof t /8 he present inventi
about the longitudinal axis 31 of the flexure and gen
shape with the snmall base of the trapezoid adjacent the ginbal/sli
mount i ng ar ea Aaeedi¢leariyeenists forfanriatprovedstidersuppoding fiexare $hichgeduces th;nsf er
the downward force generated by the pair of conpliant beans 36 to the

gi mbal / sloveirail veotical heightofsthe HHGA, and which can be manufactured in a simple, cost-

effective manner.

W092/09076 discloses a flexure for a disc drive as defined in the preamble of claim
1. A head support area is formed integrally with the load beam but separated from the
load beam by means of a plurality of slots etched in the surface of the load beam thereby |
defining two orthogonal sets of pivot points allowing pitch and roll of the head.

It is an object of the present invention to provide a low-height flexure for mounting
and supporting a slider. |

It is another object of the present invention to provide a flexure wherein the gimbal
and load beam elements are formed from a single piece of material, and require no
welding.

It is another object of the prese'nt invention to provide a flexure which is simple and
inexpensive to manufacture.

It is another object of the present invention to provide a flexure which incorporates
a load point which is well defined and simple to locate at an optimised location.

The flexure of the present invention as defined in claim 1 is a one-piece load
beam/gimbal assembly formed from a single piece of material. Features for providing the
gimballing action, bonding of the slider to the flexure and location of the load point are all
created using the processes of etching and half-etching. In the preferred embodiment, the
gimbal end of the flexure is substantially rectangular, and:a generally H-shaped opening is
symmetrically located within the rectangular shape. The side rail is formed between the H-
shaped opening and the side edges of the gimbal are hal_f-etched to reduce their thickness,
and these side rails act as the gimballing mechanism of the flexure. A pair of tabs are
formed in the gimbal end of the flexure on either side of the cross-member of the H-shaped
opening, and one of these tabs is also half-etched to reduce its thickness. The full-

thickness tab is used to bond the slider to the flexure, while the other tab serves to locate a
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As such, it is inmportant that the rigid beam 34 be extrenely stiff to
resi st both bending along the |ongitudinal axis 31 and tw sting about the
| ongi tudi nal axis 31. In order to inpart high sti beam
34, the. material of the—tigid—bean forned t CMM‘SHEE’F rease

t he sectional noment %thﬂlB@HEEé HAR %ﬁ%Ntite t aper eql €0Ges of the-rj g| d- beam

34 are V-shaped chann

| s 60RERFAGER he x of the|{V|e
direction of the slidéeF—Frgure 5 1s a partlal seft rﬁ?‘@'@%dgf of
t hese channel s 60 taken al ong the genergh |ine 5- A ——grtH—e—2
channels 60 are typically formed 0.11mm (0. 0045 i hches) out-of-plane. The

di stal edge of the V channel may be

load point contact which is formed by ﬁot half-etching in the desired location for the load
point. The load beam portion of the ﬂexure is stiffened by forming side rails or channels
along the sides of the load beam portion of the flexure and by forming a tear-drop-shaped
indentation in the load beam. Both the side rails and indentation are formed toward the
side of the flexure on which the slider is mounted.

The features, benefits and objects of the present invention can be best understood

from the following detailed description of the invention when read in conjunction with the
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approxtmately | ey
In sone cases it

daf the unforned nd{ﬁ?ﬁpﬁljﬁ‘ﬂg@

to have the dista of

channel extend be il are—ot e unformed mateyij e the ndi ng
nonent i ncreases i e direction away f20om the ginmb ewg?ore a
hi gher sectional nonment of inertia is desirable. In .Lhd-distal

end of { oGhdytka 99 Ubdrohfhel 4t #P o afdhE 1B Hne AL ;

In either case, the precise [ocation of the distal end—of~tie-eherne is
det er m negl b %m@emrstangrehas R Edeilitse dhe foudhg bf tH&QleleR\Qfes&ﬁth@éhﬂnhdstOexur e.

A further, eit sli I ncrease in sectional nonent of inertia can be

realised if t hBigure 7 is a detail perspective view of the gimbal end of the flexure of the present
invention with a slider attached. As can be seen, the wires 76 that carry the read/write
signals to and from the transducer (not shown) are attached to the slider 48 on its trailing
surface 78 and are routed in a loop to the channel 60 along the side of the flexure. Since
the flexure is symmetrical about its longitudinal axis, this allows upward-facing and
downward-facing flexures to carry the wires 76 on the same side relative to the actuator,
thus easing connection to the pec (28 in Figure 1) which carries these signals to and from .
the disc.

Referring again to Figure 2, attached to the large base of the trapezoid shaped rigid
beam 34 are a pair of compliant beams 36. One function of these beams 36 is to serve as a
low friction pivot, or hinge. Another function is to provide the downforce that counteracts
the hydrodynzimic 1ift of the air bearing surfaces of the slider. In the preferred
embodiment, the two compliant beams 36 are each 2.54 mm (0.100 inches) long and
1.01mm (0.040 inches) wide. The distance between the outer edges of the two compliant
beams 36 is 5.08mm (0.200 inches) at the root of the beams, with this distance decreasing
in the direction of the gimbal/slider mounting area 32 at a rate substantially equal to the
tapering of the rigid beam 34. The distance from the root of the two compliant beams 36
to the load point button (52 in Figure 3) is 15.49mm (0.610 inches).

The two compliant beams 36 are formed after the flexure is etched such that the
slider will be encouraged toward the disc when the entire head/gimbal assembly is installed
in the disc drive. The preferred method of forming the two compliant beams 36 is
described in detail in U.S. Patent 5,065,268, issued November 12, 1991.

A comparison between a typical prior art ﬂexuré/slider assembly and a
flexure/slider assembly made in accordance witﬁ the present invention shows clearly that

the inventive flexure can contribute significantly to the reduction of separation between the

flexure/slider mounting surface and the disc surface, thus allowmg closer dlSC spacmg
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I gnt—angre—t

di stal "edge of thg=v¥=ehannel 60 is not etched at e

mat eri al surface, ‘---= ior art flexyres. §y i t
di ffering artworkjpatt eggs BEFMetiching, it is posgsi BI é@@ﬂ%h
"bevel | ed" edge. X0 tngl eflof22hi s bevel [ sheuldbe such fhat the
etched-'edge, after formng, w pe-substantially] parallel to the
t he unf oan@émprovikg the precision of the disc drive.

(TEe4H

While a specific embodiment of the present invention has been discussed, numerous
variations, for instance in materials, proportion of elements, and methods of manufacture,
are possible. For example, the flexure of the present invention could be realised from
beryllium copper or titanium, the flexure could be made proportionally wider to improve
in-plane bending resonant frequency, or the flexure could be manufactured by stamping
with reactive etching to reduce tﬁe thicékness of material in desired areas.

It will be clear that the present invention is well adapted to carry out the objects and
attain the ends and advantages mentioned as well as those inherent therein. While a
presently preferred embodiment has been described for purposes of this disclosure,
numerous changes may be made which will readily suggest themselves to those skillgd in

the art and which are encompassed in the scope of the appended claims.
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mat-eri al. This appreach is shown in Figure 5 at the distal edge of -the
channel 60. Intheflgurelt can be, seen that the[{&l Bund TE
of the flexure i §=F 'ma "step” whjietk , NTI’SHEEFMng of
t he channel 60, aralel to the urface 66 of Jt e :
unfornmed mat eri al. Sajarcts provi des the gyne%ﬁf enqgt A", -
and thus contributes to the stlffness@QIMBe rigijd beam | ¢ tlhe
preferred cross-sectional shape of the channel ig 4
apparent that other shapes could be enployed to 4chieve a high secfi onal
monent of inertia. Additional stiffening of the reinforced beamrcanh be
obt ai ned by drAWiexuret fioe aglise drive comprising a load beam (34) and an integral gimbal (32),

characterized by said-gimbal comprising:

a first tab (50) integral with said load beam;

a second tab (46) integral with said load beam;

the second tab providing a head mounting surface in a first head direction;

the second tab being longitudinally spaced from said first tab,

a pair of beams (58) integral with said load beam and connecting said first and
second tabs, and

said first tab having an integral button (52), said button facing the first head

direction.

2. A flexure as claimed in claim 1, in which said integral button is formed by partially

etching away surrounding material.

3. A flexure as claimed in claim 1 or 2, in which said gimbal is substantially
rectangular in shape having an H-shaped opening with the pair of beams forming two
vertical legs of the H substantially parallel to the longitudinal centreline of the flexure and a
cross member connecting the two vertical legs, the H-shaped opening defining the second
tab between the vertical legs of the H-shaped opening and on the side of the cross member
of the H-shaped opening farthest from the load beam, the H-shaped opening defining the
first tab between the vertical legs of the H-shaped opening and on the side of the cross
member of the H-shaped opening closest to the load beam, the first tab being of reduced
material thickness and having the integral button located closely adjacent the cross member
of the H-shaped opening.

4, A flexure as claimed in Claim 3 wherein one surface of the first tab is continuous

with the corresponding surface of the load beam and the other surface of the ﬁrst tab is

d1scontmuous_w1th the corresponding surface of the load beam. This Sheet Has Been RTla cod
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section -of the rigid beam 34 out-of-plane. In
this stiffening area 68 i s sonewhat teardrop

sanme direction as the tapering of the rigid b
the stiffening area can be readily conceived.
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in the stiffening area 68 is substantially equal to t%@ ea of
med material. As shown in Figure 6 whi DATESQORJREQE [ [5 .......

view along line 5-5 of Figure 2,
FLEXURE IN A DISC DRIVE, A DISC DRIVE

AND METHOD OF MANUFACTURE

This invention relates generally to the field of rigid disc drive data storage devices
and more particularly to a one-piece flexure assembly for supporting the read/write heads
of the disc drive.

Disc drives of the type known as "Winchester" disc drives are well known in the
industry. Such disc drive data storage devices typically contain a stack of rigid discs
coated with a magnetic mediqm on which digital information is stored in a plurality of
circular concentric tracks. The storage and retrieval of data, also called "writing" and
"reading”, respectively, is accomplished by an array of heads, usually one per disc surface,
which are mounted on an actuator mechanism for movement from track to track. The most
common form of actuator used in the current generation of disc drive products is the rotary
voice coil actuator, which uses a voice coil motor (VCM) coupled via a pivot mechanism to

the heads to access data on the disc surfaces. The structure which supports the heads for

~ this movement is referred to as a head/gimbal assembly, or HGA.

The HGA in a typical disc drive consists of three components:

1. a slider, which features a self-acting hydrodynamic air bearing and an
electromagnetic transducer for recording and retrieving information on a spinning magnetic
disc. Electric signals are sent to and received from the transducer via very small twisted
copper wires; '

2. a gimbal, which is attached to the slider and is compliant in the slider's pitch
and roll axes for the slider to follow the topography of the disc, and is rigid in the yaw and
in-plane axes for maintaining precise slider positioning, and;

3. a load beam, which is attached to the gimbal and to a mounting arm which
attaches the entire assembly to the actuator. The load beam is compliant in the vertical axis
to, again, allow the slider to follow the topography of the disc, and is rigid in the in-plane
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between the drawn and undrawn material is a transition region 70 which is
strai ned when the material is formed. In order to prevent cracking in the
transition region 70, it has been found that the strain | evel should be

kept to a maxi mum of 5 percent of material tensile strength. The m ni num
| ength, x, for a transition region 70 whiZh neets this requirenent can be
found by using the following fornula: [err] where: x is the length of the

it ;agf ;\tNh 9aﬁés foP giefse stifiér posittoriifig. dihetieattiseany ilsofsupplivse ddvetwardeforaetthati al
' counteracts the hydrodynamic lifting force developed by the slider's air bearing.

Since the introduction of the first Winchester disc drive, the physical size of the
slider has been progressively reduced, first from the original Winchester head to the so-
called "mini-Winchester", and more recently to the 70 and 50 Series heads, which are 70%
and 50% the size, respectively, of the mini-Winchester slider. While these size reductions
are significant, the overall vertical dimension of the HGA has been dictated more by the
slider-supporting mechanism than by the size of the slider itself.

The load beam and gimbal comprise an aséembly generally known as a head
suspension, head flexure, or simply a flexure. An example of such a flexure is described
in U. S. Patent 4,167,765.

Historically, the gimbal and load beam are fabricated discretely. The gimbal and
load beam pieces are realised by chemically etching 300 series stainless steel foil into the
desired shape, and then the two pieces are attached by means of laser welding.

The general technology trend in disc drive data storage devices is continual
shrinking of the physical size of the product while providing increased data storage
capacity. The down-sizing of the product has required smaller components, especially the
principal components such as discs, sliders and flexures. Additionally, disc drive designers
seek to add capacity to their designs by incorporating as many discs as possible within
defined package dimensions. As the number of discs in the unit increases, the spacing
between the discs decréases, thus further driving the need for smaller sliders and flexures.

Another industry trend is to provide thé user of disc drives with high data storage
capacity at low cost. This requires developing impfove_d data recorciing technology and
finding lower cost ways of manufacturing the components of the disc drive.

The use of discrete gimbal and load beam components laser welded together, as
shown in the "765 patent, has become problematic in disc drives of the current 2.5", 1.8"
and 1.3" generations of disc drives._ In such units, the flexures must become thinner in
order to allow desirable close spacing of the discs, while the overlapping required to laser

weld two discrete components necessitates increased thickness in the flexure. )
This is the replacement sheet

3 1 MAR 1999

Date:



The channel s 60 on the edges of the rigid beam 34 al so serve as a routing
path for the wires (not shown) which carry the read/wite signals to and
fromthe head nmounted in the slider. As can be seen in Figure 2, the ends
72- of the channels 60 nearest the ginbal/slider 20 nounting area 32 are
formed at an acute angle to the line 74 wiere form ng of the channels

Furthermore, the. use of thinner gimbal and load beam components increases the
likelihood of residual stress caused by the laser welding of the two components together. It
has been found that laser welding produces .residual tensile stress in the material local to the
welds. This causes the flexure to distort. In the longitudinal direction, the flexure curls
from the residual weld stress, and this makes it more difficult to fit the flexure between
closely spaced discs during the manufacturing process. Further, if ihe welds are not placed
symmetrically about the centreline of the flexure, the residual weld stress will cause a
torsional distortion, or twisting, of the flexure. Such a flexure is undesirable since the
twist will cwgte a moment, or torque, on the slider’s air bearing surface, causing unwanted
changes in the flying attitude of the head, and potenfially rendering the assembly unusable.

The welding process is also a substantial portion of the labour that goes into the
manufacture of a flexure, and it would, thus, be advantageous to eliminate the practice of
making discrete gimbals and load beams and welding the two together for cost reduction.

Since the gimbal and load beam components must overlap in flexures of existing
art, the emphasis on reducing the thickness of the flexure assembly has most often focused
on reducing the thickness bf the individual gimbal and load beam components. The
thickest area of the load beam is the region known as the rigid beam, which usually
features flanges along the outer edge along the longitudinal axis of the flexure. U.S. Patent

L 4,996,616 teaches how a pair of drawn ribs can provide reinforcement of the rigid beam
section of the flexure. Unfortunately, the drawn pair of ribs of '616 requires that the
flexure material be straiﬁed to exceedingly high levels. Such stain can introduce cracks in
the drawn material, and high stresses in the material near the ribs.

Various attempts have been made to solve the problems inherent in welding a
gimbal and load beam together by devising a flexure in which the gimbal and load beam
are formed from a single piece of material and would thus require no welding. An
example of such an integrated gimbal and load beam is presented in U.S. Patent 4,245,267.
A second example is known as the HTI Type 16, or T16, manufactured by Hutchinson
Technology, Incorporated. Both of these flexures have a gimbal incorporated into the load

beam and, of course, no gimbal-to-load beam welds. Both include a bonding surface on
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60 begins. This angle is to facilitate the routing of the head wires into
the channels 60. Figure 7 is a detail perspective view of the ginbal end of
the flexure of the present invention with a slider attached. As can be
seen, the wires 76 that carry the read/wite signals to and fromthe
transducer (not shown) are attached to thé slider 48 on its trailing
surface 78 and are routed in a loop to the channel 60 al ong the side of the
flexure. Sihbcteadhesivelieplaced icssesyrenattachmant ofithe tsliderstol the flexussi nAlpluality of hi s
al  ows upward-facing and downward-facing flexures to carry the wires 76 on
the sane beains,ratthediinto the loddbeam, conpegts this boeding syurfacetodbe ilead heam pertigac
(28 in Figure 1) which carries these signals to and from

of the flexure and provides the desired gimbal characteristics.

One failing of the flexure of the '267 patent and the T16 flexure relates to an
element of flexure design commonly referred to as "load point”. Simply stated, load point
refers to the single point of contact where the downward force of the load beam is applied
to the slider. Proper selection of this load point ensures that the forces related to the
hydrodynamic air bearing of the slider are properly balanced. In prior art flexures such as
the one described in the 765 patent, load point is developed by forming an upward-
extending dimple in the gimbal bonding surface. The load beam contacts the spherical
surface of this dimple at a single point to allow proper gimbal action. In the case of the
'267 and T16 flexures, however, a well defined load point is not provided, and, thus, an
undesirably wide range of variation in slider flying characteristics is associated with these
types of flexure.

A second fundamental problem with the '267 and T16 types of flexures is that the
downward force of the load beam is applied to the slider by placing the gimbal beams into
bending mode, and the gimbal beams must therefore be stiff in bending mode. These same
gimbal beams, however, must be compliant in bending mode to allow the proper

' gimballing action. This conflicting requirement results in designs that either work poorly
as a gimbal or become deformed under load.

A third problem with the '267 and T16 flexures is that the slider bonding surface, in

= general, covers a large area over the centre of the slider. The slider is attached to the
flexure with an adhesive epoxy, and, in order to reduce the cure time of the adhesive, the
assembly is usually heated in an oven. Since the slider and flexure are made.of dissimilar
materials with different coefficients of linear thermal expansion, thermally induced strains
develop at the bond when the assembly cools. These strains can distort the slider and
undesirably change the flatness of the air bearing surface of the slider, thus, once again,
introducing unacceptably wide variation into the flying characteristics of the heads.

A need clearly exists for an improved slider-supporting flexure which reduces the
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the disc: Referring again to Figure 2, attached to the |arge base of the
trapezoid shaped rigid beam 34 are a pair of conpliant beans 36. One
function of these beans 36 is to serve as a low friction pivot, or hinge.
Anot her function is to provide the downforce that counteracts the
hydrodynamic |ift of the air bearing surtaces of the slider. In the
preferred enmbodi nent, the two conpliant beams 36 are each 2.54 mm (0. 100
inches) long.and 1.01mm (0.040 inches) w de. The distance between the outer

edges of thg, &ﬂp@@pﬁ be BERTH, it iR e VSRR B, St dRLaO0L Of

t he beans, wt ance ecreasl ng

WO 92/09076 discloses a flexure for a disc drive as defined in the preamble of claim
1. A head support area is formed integrally with the load beam but separated from the load
beam by means of a plurality of slots etched in the surface of the load beam thereby defining
two orthogonal sets of pivot points allowing pitch and roll of the head.

1t is an object of the present invention to provide a low-height flexure for mounting
and supporting a slider.

It is another object of the present invention to provide a flexure wherein the gimbal
and load beam elements are formed from a single piece of material, and require no welding.

It is another object of the present invention to provide a flexure which is simple and
inexpensive to manufacture.

1t is another object of the present invention to provide a flexure which incorporates a
load point which is well defined and simple to locate at an optimised location.

The flexure of the present invention as defined as claimed in claim 1 is a one-piece
load beam/gimbal assembly formed from a single piece of material. Features for providing the
gimballing action, bonding of the slider to the flexure and location of the load point are all
created using the process of etghing and half-etching. In the preferred embodiment, the gimbal
end of the flexure is substantially rectangular, and a generally H-shaped opening is
symmetrically located within the rectangular shape. The side rail is formed between the H-
shaped opening and the side edges of the gimbal are half-etched to reduce their thickness, and
these side rails act as the gimballing mechanism of the flexure. A pair of tabs are formed in
the gimbal end of the flexure on either side of the cross-member of the H-shaped opening, and
one of these tabs is also half-etched to reduce its thickness. The full-thickness tab is used to

~ bond the slider to the flexure, while the other tab serves to locate a load point contact which is
formed by not half-etching in the desired location for the load point. The load beam portion of
the flexure is stiffened by forming side rails or channels along the sides of the load beam
portion of the flexure and by forming a tear-drop-shaped indentation in the load beam. Both
the side rails and indentation are formed toward the side of the flexure on which the slider is
mounted.

The features, benefits and objects of the present invention can be best understood
from the following detailed description of the invention when read in conjunction with the

'W&mmemmmﬂMMSMﬂ
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in the direction of the ginbal/slider mounting area 32 at a rate
substantially equal to the tapering of the rigid beam 34. The di stance from
the root of the two conpliant beans 36 to the |load point button (52 in
Figure 3) is 15.49mm (0.610 inches). The two conpliant beans 36 are forned
after the flexure is etched such that the6lider will be encouraged toward
the disc when the entire head/ginbal assenbly is installed in the disc
drive. Thefoblowfing drasvingst hod of forming the two conpli ant beams 36 is
described in detail in U S Patent 5,065, 268, issue 1 1991. A

conpari son bet wEigyre iy giplan visw efa QYSF drive datacstarage F"‘S%é‘b "3;‘ figresent
invention is particularly useful;

Figure 2 is a plan view of the preferred embodiment of the flexure of the present
invention;

Figure 3 is a detailed view of the gimbal portion of the flexure of Figure 2;

Figure 4 is a sectional view of the gimbal portion of the flexure of the present
invention;

Figure 4A is a sectional view of the gimbal portion of the flexure of the present
invention as assembled to a slider and in cooperative arrangement with a disc;

Figure 5 is a partial sectional view showing the forming of the edge of the rigid
beam portion of the flexure of the present invention;

Figure 6 is a partial sectional view showing the forming of the rigid beam to
increase stiffness; and

Figure 7 is a partial perspective view of the flexure of the presenf invention as

-assembled to a slider assembly.

Referring now to the drawings and more specifically to Figure 1, there is shown a
disc drive 2 in which the present invention is particulariy useful. The disc drive 2 includes
a base member 4 which, in cooperation with a top cover 6 (shown partially cutaway),
forms a sealed environment to protect the delicate internal components from outside
contaminants. A number of rigid discs 8 coated with a magnetic medium are mounted for

= rotation on a spindle motor (shown generally at 10). The surfaces of the discs 8 hold a
large number of concentric circular tracks to which information is written and from which
information is read. These tracks are represented by the innermost and outermost tracks,
designated by broken lines 12 and 14 respectively.

An actuator body 16 is adapted for rotation about a pivot shaft 18 by a voice coil
motor (VCM), shown generally at 20. On the side of the actuator body 16 opposite the
VCM 20 are a number of head mounting arms 22 to which are attached a plurality of
flexures 24 for the mounting of sliders 26. Power for the VCM 20, as well as the signals .
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flexure/slider assenbly made in accordance with the present invention shows
clearly that the inventive flexure can contribute significantly to the
reducti on of separation between the flexure/slider nounting surface and the
di sc surface, thus allow ng cl oser disc spacing 21 which can lead to
either | ower overall drive height or addi i onal discs within a given

used to read and write data, is passed via a printed circuit cable (PCC) 28.

Turning now to Figure 2, shown is a plan view of a flexure 30 made in accordance
with the present invention. The flexure 30 is syinmetrical about a longitudinal axis 31 and
is made up of four distinct major areas:

1, a gimbal/slider mounting area 32;
2, a rigid beam 34;

3. a pair of compliant beams 36, and;
4, an attachment surface 38.

The entire flexure 30 is formed from a single piece of 300 series full hard stainless
steel, preferably 63.5 x 10-6m (0.0025 inches) in thickness, and manufactured using well
known chemical etching processes. .

A pair of alignment holes 40, 42 aid in fixing the flexure during the process of
bonding the slider (not shown).

The attachment surface 38 in the exarﬁple of Figure 2 is shaped to be attached to a
particular type of mounting plate to provide a strong surface for attachment of the entire
flexure head assembly to one of the head mounting arms 22 of the actuator body 16. While
the specific method of mounting the _ﬂexure is not considered a part of this invention, it
should be noted that this attachment surface 38 could easily be adapted for use with other
types and designs of mounting apparatus.

The direction of movement of the disc relative to the flexure is shown by arrow A.
Any slider attached to the flexure of the present invention is therefore assumed to have its

- leading edge closest to the attachment surface 38 and its trailing edge closest to the free end
of the gimbal/slider mounting area 32.

The gimbal/slider mounting area 32, the rigid beam 34 and the pair of compliant
beams 36 will each be discussed in turn below.

Figure 3 shows a detailed view of the gimbal/slider mounting area 32 of the flexure
of the present invention with a slider 48 attached. As was previously mentioned, the
flexure of the present invention is formed by the process of chemical etching. In usual

chemical etching processes, the material to be etched is first coated on both sides with a
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package dinmension. In prior art flexure/slider assenblies, the m ninum

fl exure nounting surface to disc surface dinension is the arithnmetic sum of
the follow ng thicknesses: Slider thickness: 0.043 [err] .025nm (0.017 +
0.001") Gnbal dinple height: 0.1 + .0127nm (0.0055 0. 0005") Load beam
thi ckness: .06mm + 6.36 [err] (0.0025 + @ 00025") Total : . 635 +
. 04mm (0. 0250 0.00175") worst case, 29.1 [err] (0.001146") three signa.

:Jf] Ie n g uﬁnh gnitbﬁme@freﬁhe THeSRSHRH isi pavertied aringt 4 stepcilandrexposing wie resistiton i s
light source. Unexposed resist is then stripped away, leaving exposed metal that will be
etched away in the presence of an acid-like etchant. Both sides of the material are treated
in this manner, with the pattern on both sides being very accurately aligned. This is the
process used to define the perimeter outline of the flexure of the present invention and all
through openings. |

In half-etching, the pattern of the stencil on one side of the material is dissimilar to
that on the other side. This also is a well known technique for etching text, art or half-tone
photographs into sheet metal. Itis knowh that if the area to be half-etched is large, that is,
it has a length or diameter many times that of the material thickness, the depth of the half-
etching will be approximately sixty percent that of the material thickness.

The process of full- and half-etching is used to produce several of the features of the
flexure of the present invention. For instance, as can be seen in Figure 3, an H-shaped
opening 44 has been etched completely through the material, and areas beside the vertical
legs and on one side of the cross member of the H-shaped opening 44 have been haif-
etched. Specifically, the area shaded lower-left-to-upper-right is half etched on the near
side of the material, while the area shaded lower-right-to-upper-left has been half-etched on
the far side of the material. Since the overall thickness of the material is approximately

L 63.5 x 106m (0.0025 inches), these half-etched areas are reduced in thickness to about
25.4 x 10°6 m (0.0010 inches) thick. |

This half-etching process forms a pair of gimbal beams 58 which will be discussed

= in detail below. |

The etching procesS also forms a slider mounting tab 46 to which the slider 48 is
adhesively bonded. As can be seen in the figure, this bonding is thus done only in that
area of the slider 48 closest to the trailing edge of the slider 48. In prior art flexures, such
as the flexure of the '765 patent, the bonding surface was generally centred on the slider
and occupied a large percentage of the entire top surface of the slider. The location of the
bonding surface in the flexure of the present invention has several advantages:

1. In prior art flexures, the air bearing surface distortion created by thermal
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the -foll ow ng thicknesses: Slider thickness: 0.43 + .025mm (0.017
[err] 0.001") Flexure thickness: 0.6mMm + 6.35 [err] (0.0025 [err]
0.00025") Total: 0.49 + 0.03nm (0.0195 [err] 0.00125") wor st
case, 0.026nm (0.001031") three signma. Fromthese figures, it is apparent
that, not only does the flexure of the prfsent invention allow
approximately a 22%reduction in this dinension, but that worst case

t ol er ance sgincduringoveh Torihg @f tise adtiesiveawas! sjgnificantlydlarge, since the bonding was

done in the centre of the slider and over a relatively large area of the slider. In general, the
smaller the bonding surface and the farther the bonding surface is removed from the centre
of the slider, the lower the amount of air bearing distortion caused by oven curing of the
adhesive. With the flexure of the present invention, the bonding surface is located as far as
possible from the centre of the slidef, in fact, with a 50% slider, the bonding surface
-includes only that area within approximately 0.63 x 10-3 m (0.025 inches) of the trailing
edge of the slider, thereby providing minimal air bearing surface distortion.

2. The flexure _of the present invention provides great ease of inspection of the
adhesive bond between the slider and the flexure. In prior art flexures, the bonding surface
is located between the slider and a separate load beam. The load beam obstructs the view
of the bonding surface, which makes it difficult, if not impossible, to confirm the presence
of adhesive fillets around the entire perimeter of the bonding surface. In the flexure of the
present invention, no such visual obstruction exists.

3. The structure of the flexure of the present invention facilitates conductive
heating of the bonding surface to speed the curing of the adhesive. In prior art flexures,
the adhesive that secures the slider to the flexure was typically heated in a convective oven
to hasten adhesive cuﬁﬁg. Conductive heating, also known as "hot foot bonding” can
substantially reduce the curing time, but was generally not practical in prior art flexures .
since the load beam prevented direct access to the bonding surface. In the flexure of the
present invention, the bonding surface is completely accessible for conductive heating, thus

- potentially reducing the time required to cure the adhesive securing the slider to the
flexure.

4, The flexure of the present invention also provides for greater bond strength
than could be realised in prior art flexures. For a variety of reasons, the bonding surface
of prior art flexures could not extend over the full width of the slider. Since, in general,
the wider the bond, the greater the bond strength, and since the inventive flexure allows the
bond to extend across virtually the entire slider, the flexure of the present invention can be

expected to provide the maximum bond strength for a given size of slider.
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It is also apparent that the flexure of the present invention is |ess
expensi ve to manufacture since the need for ginbal-to-|load beam wel di ng has
been elimnated. Laser wel ders are expensive pieces of capital equipnment in
their owm right, with |l ow throughput, and require expensive and precise
fixturing to align the separate pieces fongthe wel ding process. Moreover,
as previously stated, the welds produced by | aser wel ding contain high

resi dual stressThe Hasliapedibpehifig @4 talioforink @load poine GHCS0'6n Herdppoyitd §idelo$ thd N
summary, the inventive flexure can contribute to a reduction’'in

di sc-t o- di crosssmambagof thetdperingifeomrthel slidel mountinghtab ¢6: The load point ¢ab $0 i ve

capacity, while |owering costs
transmits the load force of the flexure to the slider 48 via a load point button 52, or load
supporting protrusion, which is formed by masking the desired location and size prior to
half-etching, so that the load point button 52 maintains the full thickness of the flexure

~ material. Since the load point tab 50 is half-etched on the far side of the material as
viewed, this has the effect of creating a "pin" which projects toward and contacts the top of
the slider 48. The load point button 52 should be as small in area as is possible -given the
manufacturer's capability in chemical etching. This dimension has been found currently to
be about 50.8 x 10-6 m (0.002 inches), which causes the load force of the flexure to be
applied to the slider at as close as possible to a single point. The location of this single
point is selected to provide the desired flying characteristics for the particular design.

Several significant advantages are realised by the flexure of the present invention
over flexures of the prior art:

1. The load point button 52 of the flexure of the present invention can be more
exactly located relative to the slider than can the load points of prior art flexures. In prior
art flexures, the load point is typically a spherical formed projection, or dimple, in the
approximate centre of thé slider bonding area which contacts the load beam at a single
point at the apex of the projection. However, the exact apex of the spherical projection,
and therefore the exact load point, is difficult to determine. The exact location of the half-
etched load point button 52 of the flexure of the present invention is, by comparison, easy
to determine.

2. With the load point button 52 of the flexure of the present invention there is
less variability in protrusion height. In formed protrusions of the prior art, the tolerance on
the protrusion height has typically been + 25.4 x 10’6m (0.0010 inches). In the flexure of
the present invention, this variability has been reduced to the order of + 5.08 x 10-6m
(0.0002 inches).

3. There is less variation in the location of the load point with the flexure of the

present invention than in prior art flexures. In prior art flexures, the spherical protrusion is
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22 and inproving the precision of the disc drive. Wile a specific

enbodi nent of the present invention has been di scussed, nunerous
variations, for instance in materials, proportion of elenents, and nethods
of -manuf acture, are possible. For exanple, the flexure of the present

i nvention could be realised from 11 '

generally formed as a secondary step in the manufactufing process after the shape and size
of the flexure have been determined by etching. This means that the location where the
forming. occurs varies with respect to the datum édges of the flexure, since some clearance
must be provided between the datum edges of the flexure and the location surfaces of the
forming die. In the flexure of the present invention, the edge datums and load point button
coexist on the same artwork pattern, or mask, thus substantially reducing the variability in
the location of this feature.

4. The flexure of the present invention provides greater flexibility to modify
the desired location of the load point than do prior art flexures. The location of the load
point relative to the slider is critical to obtain the desired flying attitude of the slider.
Occasionally during the development of a new disc drive product, or the modification of an
existing product, it may become necessary to change the location of the load point. It has
been economically impfactical to modify the location of the formed spherical projection of
prior art flexures due to the required retooling and new fixtures. Therefore, modifications
in load point location in prior art flexures have generally been accomplished by modifying
the bonding fixtures used to align the slider and flexure during the adhesive bonding
procedure. With the flexure of the present invention, it is possible to change the location
of the load point button 52 by simply changing the artwork pattern, or mask, used in the
etching process. Generally speaking, master artwork patterns are far less expensive to
modify than fixtures and hard tooling.

The actual shape of the load point button 52 can be easily determined by the
artwork pattern, and can thus be round, oval or oblong shquld such be desired. In some
cases it may be desirable or necessary to radius the edges of the load point button 52. This
can be done by spanking the button with a suitably shaped die. An alternative method
would be etching a half-tone transition between the top of the button and the full depth of
the haif-etching. The half-tone pattern could consist of small circles whose size and
spacing are related to their distance from the centre of the button, or rings whose line width
and line spacing are also related to their distances frbm the button centre.

The exact location of the load point button 52 is determined to provide the desired
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beryllium copper or titanium the flexure could be nade proportionally

wi der to inprove in-plane bending resonant frequency, or the flexure could
be manufactured by stanping with reactive etching to reduce the thickness
of -material in desired areas. It will be clear that the present invention
is well adapted to carry out the objects gpd attain the ends and advant ages
mentioned as well as those inherent therein. Wile a presently preferred

gggcr)]di nent fijing dodrade oL e slidetl Topically PR cation 13iaSfet as OF Hiicro MERE ﬁmw

ges may be made which will readily suggest thenselves to those skilled

in the artthanshndtlisaf aarinclhrawaypfromeatic icentrd of theciderfowand tiapirailing ddge.aThe.
desired load point is also frequently offset from the longitudinal centreline of the slider to
compensate for velocity vector field variations and such known factors as the torsional bias
applied by the tiny wires used to carry read/write signals to and from the head. If such an
offset in load point location is incorporated in the artwork pattern, it can be extremely
difficult to determine the direction of this offset visually. Such a determination is
necessary because flexures intended for use on opposite sides of the discs would typically
have this offset in opposite directions. Therefore, the artwork pattern can include an offset
determination hole 54 which would be located at an obviously asymmetrical location and
would indicate toward which side of the flexure the load point button 52 was offset.

Another feature of the flexure of the present invention is a slider alignment
inspection hole 56. This slider alignment inspection hole 56 may be round or elongated as
shown in the figure. Such a feature is desirable when measuring the alignment of the slider
to the flexure with a vision based metrology system. Such measuring systems depend on
high contrast at edge locations, and a through hole will allow a portion of the slider edge to
be silhouetted by a profile light source when the slider is properly aligned with the flexure.
Figure 3 also shows a pair of gimbal beams 58 formed adjacent the vertical legs of

the H-shaped opening 44. It should be recalled that these gimbal beams 58 were half-
etched on the near side of the material as viewed in Figure 3 to a thickness of
approximately 25.4 um (0.0010 inches). Since the slider 48 is bonded to the slider

= mounting tab 46, and load force is applied to the slider 48 through the load point button 52
on the load point tab 50, it will be apparent to one skiﬂed in the art that the gimbal beams
58 will allow the necessary gimballing action of the flexure while still maintaining the
needed stiffness in the desired axes. To ensure proper operation of the gimbalbmms 58, it
is desirable to have the plane of the gimbal beams 58 coincident with the point of contact of
the load point button 52 with the slider 48. This is best achieved in the flexure of the
present invention when the half-etching of the gimbal beams 58 and the load point tab 50

are on opposite sides of the material. In some instances, it may be desirable to introduce
This is the replacement sheet
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23 CLAI VS 1. A flexure for a disc drive conprising a | oad beam (34) and
an integral ginbal (32), characterized by said ginbal conprising: a first
tab (50) integral with said | oad beam

13
some forming of the load point tab 50, since this tab is subject to some deflection when
under load. The amount of deflection of the load point tab 50 can be found using the
following formula:
4FL3
deflection = ______ (1
EWT3 .
where: F is the load force
L is the distance from the load point button to the root of the load point tab;
E is the modulus of elasticity of the flexure material;
W is the width of the load point tab at its root, and;
T is the thickness of the load point tab.
The slope at the end of the load point tab can be found using the formula:

6FL2
slope = — )
EWT3

Using algebra, it is possible to show that.the end of a deflected beam can be made
tangent to the root of the beam if the beam is formed at a point one-third the length of the
beam from the base of the beam.

The preferable method of forming the single bend in the load point tab 50 is by
stamping. In volume manufacturing, it may be necessary, due to variation in material
thickness and half-etch depths, to overbend and then relax back to the desired angle using,

- ~ for instance, infrared heating.

An example of the calculations to determine the design of the load point tab
follows.

Assume: Load point is offset 0.127mm (0.005") from centre of slider toward
the trailing edge.
Half length of the slider is 1.016mm (.040").
Clearance (end of slider to end of tab) is 0.127mm (.005").

Tab base width is 1.47mm (.058).
| This is the replacement sheet
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a second-tab (46) integral with said | oad beam the second tab providing a
head nmounting surface in a first head direction; the second tab being

| ongi tudinally spaced fromsaid first tab, a pair of beans (58) integra

wi th said | oad beam and connecting said fi£8t and second tabs, and said
first tab having an integral button (52),"Said button facing the first head

direction. 2. A fl r | [ LJp.1l, in which said integral
button is formed by pa |1§T‘€'\§ @5%&‘3% IMMHH]&
0.127 + 1.016 + 0.127 = 1.27mm (.005" + .040" + .005"= .050")
Load force (F) is 3 grams.

Deflection under load at the load point can be found using the following formula:

FL3
—_ €))
3EI
where 1 is the bending moment of inertia.
Solving the equation with the above assumptions:

Slope under load at the load point can be found using the

3+ (2.204622/1000) - (.0503)
= ,002066 inches = 0.525mm

3 - (27.6)106-1 - (.058) - (.0013)
12

following formula:
FL2

2EI
Solving equation (4) with the above assumptions:

3+ (2.204622/1000) - (.0502)
= .061974 = 1.57 mm = .546°mm

2 - (27.6)106-1 - (.058) - (.0013)
12

Therefore, if thé load point tab 50 is performed with a 3.546° bend at a point one-
third of the distance from the base of the tab to the load point button 52, it can be assumed
that the actual contact point between the load point button 52 and the slider 48 will lie
substantially in the plane of the gimbal beams 58 when the assembly is under designed load
conditions. | |

Referring now to Figure 4, the desired forming of the load point tab 50 is illustrated
by a detail sectional view taken along line 4-4 of Figure 3. As can be seen, the load point
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et ching away surrounding material. 3. A flexure as clained in claim1l or
2, in which said ginbal is substantially rectangular in shape having an

H shaped opening with the pair of beans formng two vertical |egs of the H
substantially parallel to the |ongitudinal centreline of the flexure and a
cross menber connecting the two vertical jsggs, the Hshaped opening
defining the second tab betmeen the vertical |egs of the H shaped opening

he Toad R2E 0% Rlat S ARESOHTTIRS o, (10 ShoV PR BRI oaifbidbanyy L1 o™

vertical 1338560 BdchiseldfihisBRAIARS Whes il lideP id RRdufiied dnCthe SlierGhoifiting tab 46,
and the entire assembly is brought into its intended relationship with the spinning disc of
the disc drive, the bottom of the load point button 52, and thus the top surface of the slider,
will lie substantially in"the plane occupied by the gimbal beams 58. This relationship is
best seen in Figure 4B, wherein a _slider 48 has been bonded to the slider mounting tab 46
and the entire assembly brought into operational relationship to a disc 8.

. Similarly, various characteristics of gimbal beam stiffness can also be calculated.
Assume: '
L (length of the gimbal beams) = 2.69 mm (.106").
r (distance from the load point button contact to the
gimbal beam trailing edge) = 0.135 mm (.053").
w (width.of one gimbal beam) = 0.254 mm (.010").
t (thickness of the gimbal beam) = 0.0254 mm (.001").
The stiffness of the gimbal can be calculated in various axes using the following

formulae:

Pitch scszness = Lo f28 203

25'1':6: 2 _6
T (227 )

2:(27.6) *106°-% +2(.010) * (. 3) (.0
(27.6) *20°+ 55 -2+ (. 010) + (. 002%) (053)(6..053+ 2 6 |\

.106 1067 .053 .106|

= 00434 2RCE-1b _ ,1973."'_?_;.&&.’"

rad
. - Eth
Roll stiffness 3{1r0)L

where V- is Pqisson's ratio

. 27.6:103:.010:.002% _ inch-1b . ... inch-gm
3(1v.305) 108 o0 g 80V 0
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menber of the H shaped opening closest to the | oad beam the first tab
being of reduced material thickness and having the integral button | ocated
cl osely adjacent the cross nenber of the H shaped opening. 4. A flexure
as claimed in Caim3 wherein one surfagg of the first tab is continuous
with the corresponding surface of the | ddd beam and the ot her surface of
the first tab is discontinuous with the correspondi ng surface of the |oad

beam

: _ 2EIr (62,2_6
Yaw stiffness 2 (Lz +2 L)
. c106 L - 3-.070%).001".
~ 2+°27.6°10 15 (.090 070°%°.001-.053 6 ..053+ 2 _ 6
- .106 .1062 .053 .106
- §.375.lnch-1b
’ rad
. : 24ET
> ck stiffness =
Across tra T6L - 35
. . . 6 e _1. . N . .0103
] 24 * 27.6 *° 10 15 001. - 92.694 .lb
.106%2 + .106 - 3 * .053) inch
E2wt

Along track stiffness = =

27.6 +206-+2+.010 - .001 = lb
.106 s208 inch

Stiction stress

= 2.204622/1000 _ Q
3 +.010 - 001 ~ »:0-231
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24 5. ‘A flexure as clained in Cdaim4 wherein the button on the first
tab is raised above the first tab surface that is discontinuous with the

correspondi ng surface of the | oad beam 6. A flexure as clained in any
preceding clai mwherein the button is reajysed by formng the material of
the first tab. 7. A flexure as clained In any one of clains 1 to 5

wherein the button i.s realised by isolating an area fromthe process used
to reduce the thickness of the first tab. '

An analysis of these stiffness figures reveals that the gimbal is relatively compliant
in the pitch and roll axes, as is desirable for following minor variations in the surface of
the disc, while it is very stiff in the yaw axis, since any compliance in yaw would result in
misalignment of the head from the desired on track position. Similarly, the across-track
stiffness and along track stiffness are very high to maintain on-track stability.

It should be noted that the stiction stress calculation is normalised to one gram of
stiction force, and since the. yield stress limits of the materials envisioned is on the order of
200,000 psi, only an amount of stiction which would be totally fatal to the entire disc drive
could cause the gimbal to fracture.

It should also be noted that in the flexure of the present invention, the only gimbal
forming required is a single bend in the load ﬁoint tab 50. Prior art flexures universally
require forming a load. point protrusion, sometimes referred to as a "dimple" in the gimbal
bondiﬂg surface, which invariably effects the flatness of the gimbal bonding surface. In
addition, prior art flexures have some type of offset forming to allow the gimbal bonding
surface to be out-of-plane from the rest of the flexure by an amount equal to the dimple
height. This out-of-plane forming introduces stresses and distortions into the gimbal
structure, and in some instances, cracking of the gimbal can occur. Such problems are
totally absent in the flexure of the present invention.

An additional benefit of the gimbal of the flexure of the present invention is a
substantial reduction in the distance between the éentre. of gravity of the slider body and the
point of contact of the load point protrusion. When rapid accelerations occur in the head
positioning actuator of the disc drive, some undesirable changes in flying attitude occur.
The inertia of components, such as the slider, can create external moments on the air
bearing during such events. A general rule-of-thumb is that the magnitude of these
moments is directly proportional to the distance between the centre of gravity of the slider
and the point of contact of the load point protrusion. In prior art flexures, it has not been
possible to have the load point contact the slidér and still have the contact point coplanar

with the gimbal beams, as it should be for minimal gimbal stiffness in the desired axes.
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8. + A flexure as clained in any one of the preceding clainms wherein the
button has a shape which is substantially circular, elliptical, oblong or
irregular in shape. 9. A flexure as clained in any one of the preceding
claims, wherein the button is |located on jge |ongitudinal centreline of the
flexure. 10. A flexure as clained in any one of clains 1 to 8 wherein the
but.ton is ' | Il t Leo: rfaks- A
flexure ag}ﬁr?ng%h?ﬁg g}gi dm&%gl{: nclu i%rg&gf({p?ke)?lwaseltaéePtr:nhﬁalﬁngﬁig;r%ans { ?413
I ﬁr vi S;Jaldlld slidedit6 prdvide & RSndét poiht R thé'10481 beBmf, Rehilt il that MENSAL pdihOWhs
e centreline,.
displaced from the slider by at least the height of the dimple. In the flexure of the present

invention, the load point button 52 directly contacts the slider 48.

Referring now back to Figure 2, the rigid beam 34 portion of ‘the flexure of the
present invention is symmetrical about the longitudinal axis 31 of the flexure and generally
trapezopidal in shape with the small base of the trapezoid adjacent the gimbal/slider
mounting area 32. The general function of the rigid beam 34 is to transfer the downward
force generated by the pair of compliant beams 36 to the gimbal/slider mounting area 32.
As such, it is important that the rigid beam 34 be extremely stiff to resist both bending
along the longitudinal axis 31 and twisting about the longitudinal axis 31.

In order to impart high stiffness to the rigid beam 34, the material of the rigid beam
34 is formed to substantially increase the sectional moment of inertia. Along the tapered
edges of the rigid beam 34 are V-shaped channels 60, with the apex of the V extending in

the direction of the slider. Figure 5 is a partial sectional view of one of these channels 60
taken along the general line 5-5 in Figure 2. The channels 60 are typically formed
0.11mm (0.0045 inches) out-of-plane. The distal edge of the V channel may be
approximately level with the plane of the unformed material as shown at 62. In some cases
it may be advantageous to ﬁave the distal edge of the V channel extend beyond the plane of
the unformed materiai, since the bending moment increases in the direction away from the
gimbal, and therefore a higher sectional moment of inertia is desirable. In such a case, the
distal end of the channel could be formed at the point shown by the designator 64. In
either case, the precise location of the distal end of the channel 60 is determined by the
artwork mask used to etch the outer edge of the flexure.

A further, albeit slight, increase in sectional moment of inertia can be realised if the
distal edge of the V channel 60 is not etched at a right angle to the material surface, as is
typical in prior art flexures. By using two differing artwork patterns during etching, it is
possible to etch a "bevelled” edge. Ideally, the angle of this bevel should be such that the

etched edge, after forming, will be substantially parallel to the plane of the unformed
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12. - A flexure as clained in any one of the preceding clains, further
conprising: a slider (48) for being supported against a fluid bearing
generated by relative notion between the slider and a noving magnetic
surface (8); a mounting surface (48) to ajgach the flexure to a nounting

pl ate or a head positioning support arm and a pair of conpliant beans (36)

having fi ngdterddld TS apsrogelfifs shova iRFgEress ArmhbAstdledpB df e/ fHidnAel 60 marR at
the first ends, the beans |ying substantially parall €l to the |ongitudinal

fcgp}: (ra el i neigate itivan beasen thanté very edgé of thedmatetiabéf mbalaﬁmte)isnfammﬁedatol foprd
a "step” which, after the forming of the channel 60, lies substantially parallel to the surface
66 of the unformed material. This stepped edge provides the maximum "edge length", and
thus contributes to the stiffness of the rigid beam 34. While the preferred cross-sectional
shape of the channel is a V, it should be readily apparent that other shapes could be
employed to achieve a high sectional moment of inertia. |

Additional stiffening of the reinforced beam can be obtained by drawing the centre
section of the rigid beam 34 out-of-plane. In the plan view of Figure 2, this stiffening area
68 is somewhat teardrop shaped, and oriented in the same direction as the tapering of the
rigid beam 34, but other shapes for the stiffening area can be readily conceived. The
stiffening area 68 is drawn out-of-plane approximately the same amount as are the channels
60.

The rigidity of the rigid beam 34 is optimised when the area of the drawn material
in the stiffening area 68 is substantially equal to the area of the unformed material. As
shown in Figure 6 which is again a partial sectional view along line 5-5 of Figure 2,
between the drawn and undrawn material is a transition region 70 which is strained when
the material is formed. In order to prevent cracking in the transition region 70, it has been
found that the strain level should be kept to a maximum of 5 percent of material tensile

strength. The minimum length, x, for a transition region 70 which meets this requirement

can be found by using the following formula:
h  x =, l _.__d_z._..
1.05%-1

where: x is the length of the transitional region, and
d is the distance_out—of—plane that the material is drawn.
The channels 60 on the edges of the rigid beam 34 also serve as a routing path for the
wires (not shown) which carry the read/write signals to and from the head mounted in the
slider. As can be seen in Figure 2, the ends 72 of the channels 60 nearest the gimbal/slider
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This‘is the replacenent sheet 25 to react against hydrodynamic lifting”
force generated by the fluid bearing of the slider, whereby the |oad beam
is attached to the second ends of the conpliant beans and is of high

bending stiffness to transfer the |oad Rorce of the corrpl i ant beams to the
slider with . e

mounting area 32 are formed at an acute angle to the line 74 where forming of the channels
60 begins. This angle is to facilitate the routing of the head wires into the channels 60.

Figure 7 is a detail perspective view of the gimbal end of the flexure of the present
invention with a slider attached. As can be seen, the wires 76 that carry the read/write
signals to and from the transducer (not shown) are attached to the slider 48 on its trailing
surface 78 and are routed in a loop to the channel 60 along the side of the flexure. Since
the flexure is symmetrical about its longitudinal axis, this allows upward-facing and
downward-facing flexures to carry the wires 76 on the same side relative to the actuator,
thus easing connection to the pce (28 in Figure 1) which carries these signals to and from
the disc.

Referring again to Figure 2, attached to the large base of the trapezoid shaped rigid
beam 34 are a pair of compliant beams 36. One function of these beams 36 is to sefve asa
low friction pivot, or hinge. Another function is to provide the downforce that counteracts

. the hydrodynamic lift of the air bearing surfaces of the slider. In the preferreq
embodiment, the two compliant beams 36 are each 2.54 mm (0.100 inches) long and
1.01mm (0.040 inches) wide. The distance between the outer edges of the two compliant
beams 36 is 5.08mm (0.200 inches) at the root of the beams, with this distance decreasing
in the direction of the gimbal/slider mounting area 32 at a rate substantially equal to the
tapering of the rigid beam 34. The distance from the root of the two compliant beams 36
to the load point button (52 in Figure 3) is 15.49mm (0.610 inches).

The two compliant beams 36 are formed after the flexure is etched such that the
slider will be encouraged toward the disc when the entire head/ gimbal assér_nbly is ins&ﬂled
in the disc drive. The preferred method of forming the two compliant beams 36 is
described in detail in U.S. Patent 5,065,268, issued November 12, 1991.

A comparison between a typical prior art flexure/slider assembly and a
flexure/slider assembly made in accordance with the present invention shows clearly that
the inventive flexure can contribute significantly to the reduction of separation between the

flexure/slider mounting surface and the disc surface, thus allowing closer disc spacing
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negligi ble distortion along the length of the rigid beamand in that the
slider is attached to the ginbal which is attached to the | oad beam

opposite the conpliant beans. 13. A flexure as clained in claim12, in
which the flexure nounting surface, conplingnt beans, |oad beam and gi nbal
all formed froma single contiguous piece of resilient material. 14. A

{1 exure syl afdedd o dohverbvetsl aHe height b Sadiibr AR it Aidh

out-of-plane 1n the direction of t I der “to such an extent that

the attachgsbiabeé difenson? rl?H%H’Br drP Flexere e P hds¥Mbaed, IR ﬂﬁﬁ'ﬂiur?ﬁ’iﬂeﬁufé”'ﬁounﬁng

surface of "'the disc, the button will Ii1e substantially in the
surface to disc surface dimension is the arithmetic sum of the following thicknesses:

Slider thickness: - 0.043 + .025mm (0.017 + 0.001")
Gimbal dimple height: 0.1 4+ .0127mm  (0.0055 + 0.0005")
Load beam thickness: .06mm + 6.36 pm (0.0025 + 0.00025")

Total: - .635 £+ .04mm (0.0250 + 0.00175") worst case, _
+ 29.1 um (0.001146") three sigma.

Using the flexure of the present invention, the same minimum dimension is the sum of
the following thicknessés:

Slider thickness: 0.43 + .025mm (0.017 + 0.001")

Flexure thickness: 0.6mm + 6.35um (0.0025 + 0.00025")

Total: 0.49 + 0.03mm (0.0195 £+ 0.00125") worst case,
+ 0.026mm (0.001031") three sigma.

From these figures, it is apparent that, not only does the flexure of the present
invention allow approximately a 22% reduction in this dimension, but that worst case
tolerance error has also been significantly reduced.

It is also apparent that the flexure of the present invention is less expensive to
manufacture since the need for gimbal-to-load beam welding has been eliminated. Laser
welders are expensive pieces of capital equipment in their own right, with low throughput,
and require expensive and precise fixturing to align the separate pieces for the welding
process. Moreover, as previously stated, the welds produced by laser welding contain high
residual stresses that can distort the flexure, redt;cing quality levels.

In summary, the inventive flexure can contribute to a reduction in disc-to-disc

spacing, with either reduced drive height or increased drive capacity, while lowering costs
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same plane as the | oad beam 15. A flexure as clai.ned in any one of
clains 12 to 14, wherein button directly contacts the slider. 16. A
flexure as clained in Claim15 wherein the slider is substantially centred
within the ginbal. 17. A flexure as claigned in Caim15 or 16 wherein the

sl i der -

18.

beamis in th

‘has substantially the sane length and width as the H shaped opening. -
‘A hEitHprovitiy the Prétslon Bf BeVdis@ri®é. ¢l ai ms 12 to 17 wherein the |oad
e ' -

While a specific embodiment of the present invention has been discussed, numerous
variations, for instance in materials, preportion of elements, and methods of manufacture,
are p0331ble For example, the flexure of the present invention could be realised from
beryllium copper or titanium, the flexure could be made proportzonally wider fo improve -
in-plane bending resonant frequency, or the flexure could be manufactured by stamping
with reactive etching to reduce the thickness of material in desired areas.

It will be clear that the present invention is well adapted to carry out the objects and
attain the ends and advantages mentioned as well as those inherent therein. While a
presently preferred embodiment has been described for purposes of this disclosure,
numerous changes may be made which will readily suggest themselves to those skxlled in
the art and which are encompassed in the scope of the appended claims.
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formof a truncated acute isosceles triangle, with the base of the triangle
attached to the conpliant beans and the sides forned out of plane in the

shape of channels. 19. A met hod of nmaking the disc drive nagnetic head
nmounting flexure as clainmed in 26 anyapne of clains 12 to 18 conpri sing:
CLAIMS

1. A flexure for a disc drive comprising a load beam (34) and an integral gimbal (32),
characterized by said gimbal comprising:

a first tab (50) integral with said load beam;

a second tab (46) integral with said load beam;

the second tab providing a head mounting surface in a first head direction;

the second tab being longitudinally spaced from said first tab,

a pair of beams (58) integral with said load beam and connecting said first and
second tabs, and

said first tab having an integral button (52), said button facing the first head _
direction. |

2. A flexure as claimed in claim 1, in which said integral button is formed by partially

- etching away surrounding material.

3. A ﬂexu;e as claimed in claim 1 or 2, in which said gimbal is substantially
rectangular in shape having an H-shaped opening with the pair of beams forming two
vertical legs of the H Substantially parallel to the longitudinal centreline of the flexure and a
cross member connecting the two vertical legs, the H-shaped opening defining the second
tab between the vertical legs of the H-shaped opening and on the side of the cross member
of the H-shaped openihg farthest _frbm the load beam, the H-shaped opening defining the
first tab betweeh the vertical legs of the H-shaped opening and on the side of the cross
member of the H-shaped bpening closest to the load beam, the first tab being of reduced
material thickness and having the integral button located closely adjacent the cross member
of the H-shaped opening.

4, A flexure as claimed in Claim 3 wherein one surface of the first tab is continuous
with the corresponding surface of the load beam and the other surface of the first tab is
discontinuous with the corresponding surface of the load beam.
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t hrough-.etching the Hpattern at the end of the |oad beamto define the
tabs and connecting beans; half-etching fromthe head direction the first
tab after first having nmasked the button area so that it renains unetched;
and hal f-etching said connecting beans fhgm a second direction, opposite
sai d head direction.

5. A ﬂe‘xu_re as claimed in Claim 4 wherein the button on the first tab is raised above

the first tab surface that is discontinuous with the corresponding surface of the load beam.

6. A flexure as claimed in any preceding claim wherein the button is realised by
forming the material of the first tab. "

7. A flexure as claimed in any one of claims 1 to 5 wherein the button is realised by

isolating an area from the process used to reduce the thickness of the first tab.

8. A flexure as claimed in any one of the preceding claims wherein the button has a

shape which is substantially circular, elliptical, oblong or irregular in shape.

9. A flexure as claimed in any one of the preceding claims, wherein the button is

located on the longitudinal centreline of the flexure.

10. A flexure as claimed in any one of claims 1 to 8 wherein the button is offset from

the longitudinal oentrelihe of the flexure.

11. A flexure as claimed in Claim 10 including offset determination means (54) for

visually indicating the direction in which the button is offset from the centreline.

12, A flexure as.claimed in any one of the preceding claims, further comprising:

a slider (48) t:or being supported against a fluid bearing generated by relative motion
between the slider and a moving magnetic surface (8);

a mounting s‘ﬁrface (48) to attach the flexure to a mounting plate or a head
positioning support arm; énd |

a pair of compliant beams (36) having first and second ends, the beams attached to

the mounting .surface at the first ends, the beams lying substantially parallel to the

longitudinal centreline of the flexure and being formed out of plane to provide a load force

" This is the replacement sheet

VT s 3 1 W0



25
to react against hydrodynainic lifting force generated by the fluid bearing of the slider,
whereby the load beam is attached to the second ends of the compliant beams and is of high
bending stiffness to transfer the load force of the compliant beams to the slider with
negligible distortion along the length of the rigid beam and in that the slider is attached to
the gimbal which is attached to the load beam opposite the compliaht beams.

13. A flexure as claimed in claim 12, in which the flexure mounting surface, compliant
beams, load beam and gimbal all formed from a single contiguous piece of resilient

material.

14. A flexure as claimed in Claim 12 or 13, wherein the first tab is formed out-of-plane
in the direction of the slider to such an extent that, when the attached slider is brought into
cooperative arrangement with the surface of the disc, the button will lie substantially in the

same plane as the load beam.

15. A flexure as claimed in any one of claims 12 to 14, wherein button directly contacts

the slider.

16. A flexure as claimed in Claim 15 wherein the slider is substantially centred within

the gimbal.

17. A flexure as claimed in Claim 15 or 16 wherein the slider has substantially the same

length and width as the H-shaped opening.

18. A flexure as claimed in any one of claims 12 to 17 wherein the load beam is in the
form of a truncated acute isosceles triangle, with the base of the triangle attached to the

compliant beams and the sides formed out of plane in the shape of channels.

19. A method of making the disc drive magnetic head mounting flexure as claimed in
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26
any one of claims 12 to 18 comprising:
th_rough-etching the H-pattern at the end of the load beam to define the tabs and
connecting beams;
half-etching from the head direction the first tab after first having masked the button
area so that it remains unetched; and |
half-etching said connecting beams from a second direction, opposite said head

direction.
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ABSTRACT

FLEXURE IN A DISC DRIVE, A DISC DRIVE
| AND METHOD OF MANUFACTURE

A gimbal (32) formed integral with a load beam (36) by through etching an H
pattern at the end of the beam to define a pair of tabs (46, 50) connected by a pair of
beams (58); half etching from the héad direction one tab (50) with an defined area masked
to form a load button (52); | and half etching the beam from the other direction to provide
the proper gimbal stiffness. In practice, the head is glued to the other tab and load is
applied through the button.

Fig. 2.
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