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PCT# GB96/ 02760 SUSPENSI ON SYSTEM FOR DI SK DRI VE The present invention
rel.ates to a suspension systemfor use with a disk drive and nore
particularly to a plurality of such suspension systens 5 whi ch are shock
protected duriWQowerF act ure, during assenbly in a head st acRCHEBWHBI6H
during assenbly in a disk stack assenbly, and after assenbly. Suspension
systens are enployed in magnetic disk drives. A 10 suspensi on system

i ncl udes a head/ gi nbal assenbly (HGA) which is connected to an outer end
("suspended” end) of a |oad beam The HGA includes a flexure having a

w ndow bounded in part by a paigbﬁ%sﬂne&%&&q Irglg%ﬁglggam outer term nal end
en

portion. Extending inward fromthe outer termna portion is a flexure
tongue which is cantilevered into the wi ndow. A 15 slider, carrying a
magnetic head, is nBignPeEgeRt ipYetiprelates bR @t BIEPEASIPHSYEHGIRE. e KOt 8m
surface of thedssk duiveaand rergotastidqupamiyrta drplnfalitie ofipryaRtSuePersien SHIteRaNn
air bearimy suwhibearfeABSSrk pkntechedduring mshufdceudep athrienassegbbyoineches t 0 an
actuat or for nevidRgadsbfbIABIuaingosssefbIyULE ac@® sRfstack assembly, and after

assembly.

Suspension systems are employed in magnetic disk drives. A

10 suspension system includes & head/gimbal assembly (HGA) which is connected
to an outer end ("suspended" end) of a load beam. The HGA includes a
flexure having a window bounded in part by a pair of flexure legs and an
outer terminal end portion. Extending inward from the outer terminal end
portion is a flexure tongue which is cantilevered into the window. a

15 slider, carrying a magnetic head, is mounted at its top to a bottom of the
tongue. A bottom surface of the slider and a pole tip portion of the
magnetic head form an air bearing surface (ABS). 2aAn inner end of the load
beam is connected to an actuator for moving the ABS across a surface of a
magnetic disk while a spring force of the load beam preloads the ABS of

20 the slider toward the magnetic disk. wWhen the disk is rotated, the ABS of
the slider is supported ("flies") a slight distance from the surface of
the disk., in the order of .075 pm, on a cushion of air (air bearing) which
counterbalances the prelcading, the air bearing being created by the
rotating digk. The actuator then moves the load beam to position one or

25 more sliders at desired concentric tracks on the disks for reading and
writing by the magnetic heads. The slider is gimbal supported by the
suspension as it flies with respect zo the disk.

The connection of the flexure to the load beam is made between a top

30 inner end of the flexure and a bottom of the load beam. A top of the
tongue has a load dome that is engaged by the bottom of the load beam at a
pivot point. During f£light of the slider, slight pitching and rolling
movements of the slider are supported by gimballing action of the flexure
tongue about the pivot point, the gimballing action in turn being

a5 supported by flexure of the legs and terminal end portion of the flexure.
In the prior art non-operational roll of the slider is limited by
engagement of wings on the flexure with tabs on the load beam.

A high capacity magnetic disk drive employs a plurality of double
40 sided magnetic disks in a disk stack assembly and a plurality of
suspension systems in a head stack assembly. The suspension systems,
which are supported by an actuator assembly, are interleaved between the
disks so that each side of each disk can be read and written by a
respective magnetic head. Sliders of top and bottom suspensions in the
45 stack face top and bottom surfaces of top and bottom disks and siiders of



magnetic disk while a spring force of the | oad beam prel oads the ABS of 20
the slider toward the rragnetlc di sk. When the disk is rotated, the ABS of

the slider is supported ("flies") a slight distance fromthe s,urface of the
di'sk, in the order of .075 [err]m on a cushion of air (air bearing) which

count er bal anwg,t,ﬂgzprel oadi ng, the air bearing being creatgqdiseibiIco
rotating disk. The actuator then noves the |oad beamto position one or 25

nore sliders at desired concentric tracks on the disks for readi ng and
witing by the magnetic heads. The slider2is ginbal supported by the
suspension as it flies with respect to the disk. The connection of the
flexure to the | oad beamis nade between a top 30 I nner end of the
fl exure and aabopbimedf shiépenbiomdsiseems betdetophefrob hadthmngue sipensiohoad done
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shock loading may be intense enough to permanently bend the flexure by
moving the flexure tongue away from the load beam until its elastic limit
has been exceeded. A first improvement is adding roll limiters as taught

10 in the prior art. Once the roll limiters are engaged during a shock event
the slider rotates further in pitch. Wwhen a flexure tongue is permanently
bent, the suspension must be discarded since preloading and gimballing
action of the HGA will be unacceptably altered. Unfortunately, intense
shock loading can occur during manufacture and even after installation in

15 a disk drive. During manufacture suspensions are transporcted in trays
which can be jostled. After installation the frame supporting the disk
drive can be jarred, such as by dropping a laptop computer. Such jarring
can cause permanent damage of a suspension which renders a disk drive
inoperable.

20
various schemes have been proposed to 1limit the pitch of the HGA.
According to one such proposal, the terminal end of a flexure is provided
with a pair of tabs that extend over the top of the terminal end of the
load beam. As is known, such tabs do not restrict pitch enough to prevent
25 bending of the flexure.

Another pitch limiting scheme is taught in U.S. Patent 5,333,085
wherein a tab is provided on the cantilevered end of the flexure tongue
which extends over the top of the load beam through an aperture in the

30 load beam. However, such a tab prevents flexure tongues in a head stack
assembly from being compressed by a merge comb when the head stack
assembly is installed in the disk stack assembly. A merge comb looks
similar to a hair comb; it includes a plurality of fingers which can be
interleaved with a column of tongues in a head stack assembly to prevent

35 preloading while maintaining the suspensions in a retracted position until
the air bearing surfaces of the sliders éssume a parallel relationship.
when the air bearing surfaces are parallel each pair of suspensions
agssumes its lowest height dimension thereby limiting the minimum distance
at which disks can be spaced in the disk stack assembly. Accordingly,

40 after assembly of a plurality of suspensions in a head stack assembly the
merge comb is placed@ to merge the suspensions and then the head stack
assembly is installed in the disk stack assembly. During installation,
the spacing between the air bearing surfaces of the HGAs is very small.
If the merge comb cannot obtain a parallel relationship between the

45 sliders then the spacing between disks must be increased in order to
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assembly increases, disk stacking density is lessened thereby reducing the
bit density of the disk drive. In order for a merge comb to perform its
intended function, the cantilevered end of a flexure tongue must be
adapted for engagement with a finger of the merge comb. This is not
practical if the cantilevered end of the flexure tongue has a tab for
limiting pitch movement of the flexure. Accordingly, there is a strong
felt need for flexure tongues which will limit pitch of flexures and yet
cooperate with a2 merge comb for retracting sliders with their air bearing
surfaces parallel with respect to one another.

according to a first aspect of the present invention there is
provided a suspension comprising: a load beam; and a head/gimbali assembly
which includes: a flexure which has a secured end portion connected to the
lcad beam and which has a suspended end portion; the flexure having a
window, the window being partially bounded by a pair of legs and a
suspended terminal end portion of the flexure; a tongue, having a iength
and a width and first and second portions extending in length into said
window, the first portion extending from the suspended terminal end
portion and the second pertion extending from the first portion; a slider,

- which has an air bearing surface, mounted to the first portion of the
tongue with the flexure between the slider and the load beam and with the -

second portion of the tongue extending in length from the slider toward
the secured end portion of the flexure a distance which is greater than
3/4 the width of the tongue so that the second end portion of the tongue
is engageable with a merge comb for stabilizing the air bearing surface of
the slider in a desired normalized position; and a load dome for
disengaging the legs of the flexure from the load beam to enable the
slider to rotate in pitch as the legs bend.

other aspects of the present invention are set out in the appended
claims. :

Thus, as described below in relation to embodiments of the present
invention, the cantilevered end of the flexure tongue of an HGA is adapted
for limiting pitch of the flaxure tongue and for cooperating with a meérge
comb to implement a desirable merge of multiple suspensions. The
preferred configuration is to provide the flexure tongue with a merge
finger extending beyond its cantilevered end portion so that a remainder
cantilevered end portion remains adjacent a base of the finger. Witk this
arrangement the finger can be employed with a merge comb for merge
operations and the cantilevered end portion adjacent the base of the
finger can be employed for pitch control. Pitch control is achieved by

st ack
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sheet of nmetal which can be easily bent under shock |oading. At tinmes shock
| oadi ng may be intense enough to pernmanently bend the flexure by noving the

flexure tongue away fromthe | oad beamuntil its elastic limt has been
exceeded. A first inprovenent is adding roll limters as taught 10 in
the prior artywooefdie@ the roll limters are engaged during gpcEihrgskosent the

slider rotates further in pitch. Wen a flexure tongue is permanently
bent, the suspension nmust be discarded since preloading and ginballing
action of the HGA will be unacceptably al #ered. Unfortunately, intense
shock | oadi ng can occur during manufacture and even after installation in
15 a disk drive. During manufacture suspensions are transported in
trays whi ch cpuwovidingosthiedhiohf exarendnsteand kit Logd béea dxdansptstespoke i ng t he

di sk drive cafemdéndedldaftilevertd @kt fyrtasrOpdd Peevantiapliie LRt esnguSlAYhm
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drive inoperaf|ec,20; NabbdUsa SENI0R HeNAEC RGN PLRROS Ghny QodtliBbdichdI@api t Ch
of the HEA ALCQSi)ea t8c UEaitid aPlcBRARE mebfiCol WLIU:RE BRMLaBLo2. I eXUre

'S provi Tdeally, when the merge finger compresses the flexure tongue extension
against the load beam surface and lifts the suspension into the merge
position the slider assumes a parallel relationship with the disk. 1In
another embodiment the merge finger of each of multiple HGAs can be

10 provided with an offset height so that air bearing surfaces of multiple
sliders are positioned parallel with respect to one another when multiple
merge fingers are engaged by a merge comb. The same result can be
obtained with another embodiment in which the merge finger is provided
with a predetermined flexibility. Still another embodiment achieves the

15 same result by providing each tooth of a merge comb with a step cut. In
still a further embodiment, the load beam is provided with protrusions
which predetermine the rotation of the flexure tongue.

An important advantage of the present invemtion is that three point

20 fixation of the slider can be achieved during merge so that the slider is
normalized in both pitch and roll. This is accomplished by cooperation of
the merge finger with a prior art roll limiter consisting of a pair of
wings on the flexure which are captured by a pair of tabs on the load’
beam. Merge in the present invention results in normalization of pitch

25 due to capture of the merge finger by the merge comb simultaneously with
normalization of roll due to capture of the wings of the flexure tongue by
the tabs of the load beam. This arrangement maximizes head stacking
density while protecting flexures from shock loading. This arrangement
also negates the effect of high profile wires during merge. If wires from

30 adjacent suspensions contact each other during merge compression of
suspension, they push the sliders apart and thereby reduce the merge
clearance of the sliders to the disks.

_ An object is io provide an HGA which can be employed to ideally
35 position a slider during merge for promoting stacking density and to limit
pitch of the slider at other times to prevent bending damage to the HGA.

Another object of the present invention is to provide a flexure
tongue which can be employed to limit pitch of an HGA and to positicn the
40 air bearing surface of a slider parallel to other air bearing surfaces of
other sliders.

A further object is to provide a uniquely configured flexure tongue
which enables various arrangements for achieving pitch normalization
45 during merge.



with a pair of tabs that extend over the top of the termnal end of the

| oad beam As is known, such tabs do not restrict pitch enough to prevent
25 bendi ng of the flexure. Anot her pitch limting scheme is taught in
U S. Patent 5,333,085 wherein a tab is provi ded on the cantil evered end of
the=fl exure tomMge®2mi2 ch extends over the top of the | oad berQWeBMEHLGH an
aperture in the 30 | oad beam However, such a tab prevents fl exure
tongues in a head stack assenbly from bei ng conpressed by a nmerge conb when
the head stack assenbly is installed in the disk stack assenbly. A nerge
conb | ooks simlar to a hair.conb; it includes a plurality of fingers which
can be interleaved with a colum of tongues in a head stack assenmbly to

prevent 35 pr el %&}ag%ﬂ?ﬂ‘é‘”ﬁ‘é‘i At af|°n?‘?‘?§“5teh’éer§ﬁs“58'r‘l‘§ﬂeﬁ?%”?irfh et ract ed
position until °P‘h‘§"’o'ﬁ pragEing Agrsdty PEc Seyt Stack agspridy suZivg REF9IR- par al | el
rel ati onship. Wien the air bearing surfaces are parallel each pair of
suspensi ons assunesstild a Guwtber kbiegpht isdcornsviide a hiyhebnack idensityguaghetic

m ni mum dist anagsiabrisai vbichliiskshoelaprbecs@nced in the di sk stack assenbly.
Accordi ngly, 40 after assenbly of a plurality of suspensions in a head

stack assenbl y the $till another object is to limit motion of the slider during

manufacturing and assembly operations to prevent wire fatigue and broken
wires.
10 :
Embodiments of the invention will now be described, by way of
example only, with reference to the accompanying drawings in which:

Fig. 1 is a top plan view of a magnetic disk drive.
15 :
Fig. 2 is a top isometric illustraticn of the magnetic disk drive.

Fig. 3 is a side elevational view of the magnetic disk drive.

20 Fig. 4 is a side schematic illustration of a disk drive and merge
comb with suspensions shown operationally in phantom and engaging the
merge comb in full when non-operational.

Fig. 5 is an isometric illustration of a prior art suspension with a
25 portion of the load beam cut away.

Pig. 6 is a top isometric view of a prior art head/gimbal zssembly
{HGA) with a portion of .the flexure cut away.

30 Fig. 7 is an isometric view of the present suspension with a portion
of the load beam cut away.

Fig. 8 is a top isometric illustration of the HGA with a portion of
the flexure cut away.
35
Fig. 9 is a top isometric illustration of the suspension with a
portion of the load beam and a portion of the flexure cut away.

Fig. 10 is a bottom plan view of the HGA with a portion of the
40 flexure cut away and the slider shown in phantom.

Fig. 11 is a bottom plan view of the present HGA and load beam.

Fig. 12 is a top plan view of the present load beam with the HGA
45 shown in hidden lines there below.



merge conb is placed to nerge the suspensions and then the head stack
assenbly is installed in the disk stack assenbly. During installation, the
spaci ng between the air bearing surfaces of the HGAs is very snall. 1f the
mer ge conb cannot obtain a parallel relationship between the 45 sliders
then the spagigpgrfighween di sks nust be increased in order tg. ﬁ%iﬁ%rﬂt
the head stack assenbly to be installed in the disk stack asseﬁ% y W t hout
the sliders engagi ng and scraping across the surfaces of the 5 di sks.
Mani f estly when the distance between disk& in a disk stack assenbly
I ncreases, disk stacking density is |essened thereby reducing the bit
density of the disk drive. In order for a merge comb to performits
i nt ended functi onFi¢he3 dans iside ledobnte qiregent | maarkeah amgusanush e aﬂapt ed
~for engagenmerfea¥idghs@sbdengera ofigbhenoms g€ aCizonthl pobibRl 10
practical if the cantilevered end of the flexure tongue has a tab for
Fig. 14 is the same as Fig. 13 except the air bearing surface of the
5 slider has been rotated in pitch and stopped by a pitch limiter of the
present invention.

Fig. 15 is still another embodiment for obtaining merge
normalization with a bowed end portion of the load beam.
10
Fig. 16 is still a further embodiment for obtaining merge
normalization with a protrusion on the load beam.

Fig. 17 is still another embodiment for obtaining merge
15 normalization with an alternate protrusion on the ioad beam.

Fig. 1B is a side schematic illustration of a finger embodiment of
the HGA merged with a merge comb.

20 Fig. 19 is ancther finger embodiment of the present HGA merged with
a merge comb.

Fig. 20 is a further embodiment for obtaining merge normalization
with an offset tooth of a merge comb.
25
Fig. 21 is a side view of a pair of prior art suspensions showing an
angled pitch condition during merge.

Fig. 22 is a side illustration of a pair of present suspensions
30 showing a zero pitch condition during merge.

Fig. 23 is a side view of a pair of present suspensions loaded onto
a pair of disks.

35 Fig. 24 is another embodiment of the tongue for obtaining merge
normalization.

Referring now to the drawings wherein like reference numerals
designate like or similar parts throughout the several views, there is
40 shown in Figs. 1, 2, and 3 a magnetic disk drive 30 which employs a
head/gimbal assembly (HGA) 32 embodying this invention. The disk drive
has a disk stack assembly 34 and a head stack assembly 36. The disk stack
assembly 34 includes a plurality of vertically stacked disks 38 which are
supported for rotation on a spindle 40, the spindle 40 being rotated by a
45 motor 42. The head stack assembly 36 includes a plurality of vertically



limting pitch novenent of the flexure. Accordingly, there is a strong felt
need for flexure tongues which will Iimt pitch of flexures and yet
cooperate with a nmerge conb for retracting sliders with their air bearing
surfaces parallel with respect to one another. 15 According to a first
aspect of thewoesamR i nvention there is provided a suspensiPOT/GBI6RTE6GI NQ:
a | oad beam and a head/ gi nbal assenbly which includes: a flexure which has
a secured end portion connected to the | oad beam and whi ch has a suspended
end portion; the flexure having a 20 wi'ndow, the wi ndow bei ng partially
bounded by a pair of |legs and a suspended term nal end portion of the
fl exure; a tongue, having a length and a wwdth and first and second
portions extenétassed gusnengions | 44e FashiYSRERARBVPeing aopRtedt t 81 1§SBEFTA%R endi ng
fromthe suspeactudtdresrsi AGl Bl psuetarnamnth thaosetednfprpmtation exeendi ng
fromthe firstagmatarolyb adovhéc?bs seleclivalerrorwdudchy hawiam caiY 5heaEaang
surface, mount gghpbfsibhaaf incitadaos trespeceivet I $DRGsIG YédabdahiesH, | eneunen
between the sligdar @nekdahén tRAAoRLBOAARY wit1 Be tdhB18060NH MROE tdeOfk1Of the
tongue ext endi Qgre'iﬂ]afltgp.gt &&rm H"?tnél.luhgsera slider 54 which carries a magnetic
head (shown later) for reading and writing magnetic signals on the disks
38. Processing circuitry 56 is operatively connected to the motor 42, the
voice coil 50, and the magnetic heads for rotating the disks 38,
10 selectively rotating the actuator arms 46, and reading and writing on the
disks respectively. When the voice coil 50 is operated, the magnetic
heads on the slider 54 are moved to selected circular tracks on the disks
where magnetic signals are read and written by the heads. Because of
. direct access to these circular tracks by simple rotation of the actuator
15 arms 46, this type of storage device is known as a direct access storage
device (DASD).

Bach load beam 52 preloads a respective slider 54 on a surface of a

disk 38. When the disks 38 are rotated, each disk creates a cushion of

20 air called an air bearing which counterbalances preloading of the load'
beam S2 causing a slider to fly slightly off of the surface of a disk, in
the order of .075 microns. The surface of the slider, which is supported
by this air beéring, is known as an air bearing surface (ABS). 1In some
embodiments, the surface of the disk 38 may be provideé with a lubricant

25 allowing the ABS of the slider to slightly contact the surface of the disk
when the disks are rotated. The HGA 32 of the present invention allows
for slight movements in pitch and roll of the slider 54 during rotation of
the magnetic disk 38. The HGA is a very delicate component which can be
rotated in pitch beyond its elastic limit in response to shock loading

30 caused by dropping or sudden acceleration of the disk drive. This may
result in a permanent bend of the HGA which can render the drive
inoperable. One of the purposes of this invention is to limit the pitch
movement of the HGA when shock loading occurs.

35 stacking density of the disk stack assembly 34 increases the storage
capacity of the disk drive 30. Accordingly, there is a strong felt need
for reducing the spacing between the disks 38 as much as practical under
the circumstances. In the manufacture of the disk drive, the disk stack
assembly 34 and the head stack assembly 36 are manufactured separately and

40 then combined, as shown in Fig. 3, by a very delicate agsembly step. In
order to promote disk stacking density, this step is accomplished by
compressing pairs of suspensions between the disks as weil as spreading
the top and bottom suspensions in the drive so that the head stack
assembly 36 can be assembled into the disk stack assembly 38 without the

45 sliders 54 dragging across the surfaces of the disks. A single head



toward the secured end portion of the flexure a distance which is greater
than 3/4 the wwdth of the tongue so that the second end portion of the 30
tongue'is engageable with a merge comb for stabilizing the air bearing
surface of the slider in a desired nornalized position. O her aspects of
the present iwgenten are set out in the appended clai ms. 3geyj

described belowin relation to enbodi nents of the present inventi on t he
cantilevered end of the flexure tongue of an HGA is adapted for Ii mti ng
pitch of the flexure tongue and for cooperfiting with a nmerge conb to

i npl ement a desirable nerge of nultiple suspensions. The 40  preferred
configuration is to provide the flexure tongue with a nerge finger

ext endi ng beyotrdeding amaatdisk\aer edsendefaytstep nsbedsitdted dHONAIsASKRRbly and
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suspensions can be inserted in a compressed state within the disk stack
assembly 34. 1In the prior art the merge comb engages the load beams 52 to
cause a slight rotation of the sliders 54 in pitch, reducing the clearance
between the sliders and the disks 38. In a prior art disk drive, the

10 nominal merge clearance is about 0.185 mm from the slider to the disk.
With the prior art merge arrangement, the slider rotates 0.6 degrees in
pitch resulting in a reduction of merge clearance of about 0.01 mm at the
leading edge of the slider. There is a strong felt need to normalize
pitch to zero which would result in an increase in merge clearance for

15 this arrangement. This would then allow the disks 38 in the disk stack
assembly J4 to be stacked slightly closer together which would result in
increased storage capacity of the disk drive.

In Fig. 5 there is shown a prior art suspension 64 which includes a

20 prior art HGA 66 mounted to a prior art load beam 67. As shown in Fig. 6,
the prior art HGA 66 includes a prior art flexure 68 which is a thin sheet
of stainless steel. The flexure 68 has a window 70 bounded in part by a
pair of legs 72 and a terminal end portion 74. Extending into and
cantilevered within the window 70 is a tongue 76. The tongue 76 is

25 connected at its base to the terminal end portion 74. The slider 54 is
connected to the tongue 76 by any suitable means such as adhesive bonding
so that the tongue 76 acts as a gimbal for movements of the slider 54 in
roll and pitch during rotation of an adjacent disk in the disk drive. The
thickness of the flexure is typically .02 to .02 mm. The thickness of the

30 load beam 52 is typically .05 to .08 mm. As a comparison, the thickness
of an ordinary piece of paper is .1 mm. A portion of the length of the
load beam 67 has side flanges 80 which stiffen the beam, leaving a portion
of the load beam, which extends from these side flanges to the actuator
arm (see Fig. 1)}, for resiliently biasing (preloading) the slider toward

35 the surface of a magnetic disk. As shown in Fig. 5, the load beam 67
includes a pair of tabs 84 which are positioned slightly below wings 86
that extend laterally from the flexure 6B. This arrangement is known as a
"roll limiter” since the HGA 66 is limited in its roll by the tabs 84.
The prior art suspension shown does not have a pitch limiter to prevent

40 the flexure 68 of the HGA 66 from pitching beyond its elastic linmits.
There is no provision made by the prior ar: suspension 64 for pitch
normalization of the sliders during assembly of the head stack assembly
into the disk stack assembly as discussed hereinabove. The prior art
flexure tongue may extend slightly beyond the slider for inspection of
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4 providing a tab which extends fromthe | oad beam and captures the
remai ndér cantilevered end portion for preventing the flexure tongue from
pi t'ching beyond its elastic limt. Since the nerge finger extends beyond
the cantil evervenlorngizporti on of the flexure tongue, nmany corRETGRIS/OITE0 can 5
be enpl oyed for obtaining a desirable nerge of nultiple suspensions.
| deal Iy, when the nmerge finger conpresses the flexure tongue extension
agai nst the | oad beam surface and lifts t hé suspension into the nerge
position the slider assunmes a parallel relationship with the disk. In
anot her enbodi nent the mer ge finger of each of nmultiple HGAs can be 10
provi ded with afhesivesrrepdi QH’tee’ég" Haexurer tanaus ARG tBe SR itaEsEYT PPRAET pl e
sliders are poei®pPated parallel with respect to one another when nultiple
merge fingers are engaged by a nerge conb. The sane result can be
The free end of the novel suspension 44, which is illustrated in
5 Fig. 7, shows the HGA 32 mounted to the load beam 52. Both the HGA 32 and
the load beam 52 of this invention are different from the prior art HGA 66
and load beam 67 shown in Fig. 5. As shown in Fig. 8, the present HGA 32
includes a flexure %90 which has a window 92, the window being bounded in
part by legs 94 and terminal end portion 96. Cantilevered within the

10 window 92 is a specially configured tongue 100 which excends from the
terminal end portion 96 of the flexure. The tonghe 100 has a finger 102
which extends from a cantilevered end portion 104, the finger 102 being to
one side of the cantilevered end portion 104 so that a remaining
cantilevered end portion 106 remains adjacent the base of the finger 102.

15 As will be explained in more detail hereinafter, the finger 102 enables
merge normalization of the slider 54. The slider 54 is attached to the
tongue with the remaining end portion 106 and the tongue 102 extending
beyond the rear edge 107 of the slider. In any event the extension of the
tongue beyond the edge 107 should be at least 3/4 the width of the tongue

20 attached to the slider for implementing merge normalization.

As shown in Figs. 13 and 14, the load beam 52 may be provided with a
load dome 103 which engages the tongue 100 at a pivot point where the
tongue rocks as a gimbal in all directions about the pivot point, limited

25 only by the pitch and roll limiters. Alternatively, the load dome could
be provided on the tongue for engagement with the load beam at a pivot
point. Figs. 11 and 12 illustrate additional details of the pitch and
roll limiters, the illustration in Fig. 11 being a bottom plan view of the
free end portion of the suspension 44 and the illustration in Fig. 12

30 being a top plan view of the free end portion of the suspension.

As shown in Figs. 7, and 9-14, the load beam 52 is provided with an
arrangement for limiting pitch of the slider. The load beam 52 is
provided with a cutout 108 with the exception of a remainder portion which -

35 has a downwardly extending portion 110 and a generally horizontally
extending tab portion 112. a3 shown best in Figs. 13 and 14, the tab 112
extends below the cantilevered end portion 106 of the tongue thereby
limiting pitch movement of the slider to a small angle, sucht as 2°, Fig.
14 shows the slider 54 limited in its pitch by engagement of the

40 cantilevered end portion 106 of the tongue with the tab 112. This
arrangement prevents bending of the flexure beyond its elastic limit.
With this arrangement, the HGA 32 is now limited in both pitch and roll
and its flexure will not become permanently bent upon the occurrence of
undesirable shock loading. This arrangement also preserves integrity of

45 the HGA during manufacture of the suspensions and the head stack assembly



obt ai ned with anot her enbodi ment in which the nerge finger is provided with
a predetermned flexibility. Still another enmbodi ment achieves the 15

same result by providing each tooth of a nmerge conb with a step cut. In
still a further enbodinment, the |oad beamis provided with protrusions

whj ch predet g§gbipgakhe rotation of the flexure tongue. An ipggRRidegbivéo
advant age of the present invention is that three point 20 fixation of
the slider can be achieved during nerge so that the slider is nornmalized in
both pitch and roll. This is acconplishedlby cooperation of the nerge
finger wwth a prior art roll limter consisting of a pair of wings on the
fl exure which are captured by a pair of tabs on the | oad beam Merge in the
present i nvenprion toesssenisling therhmalli statk essepblypitwhtidbdisk schek dsgemapt ur e
of the merge tieng@oubnos iz arogsdjeceit sielEinganaor oy améwingaipaed ifgat i on of
roll due to CajieMéR & th&@iddd?050201 ™he sckagunicne tighe e therimls b the

| oad beam Thig 4800 eBRthed@XbiNgENchead stacking density while
protecting flexures from shock | oading. This arrangenent al so negates the

effect of high profile_wire i ng_nmerge. If w.res from 30 adj acent
suspensi ons gonlto ac%‘g%aé\é\n St %Sﬂyl;?ante ‘ﬁ%ﬁg‘g %‘8’&8%"5?%? Sh Bt engageneidt of
-the flexure finger 102 with a merge comb finger 62 for normalizing pitch
of the air bearing surface of the slider to 0°. A preferred embodiment is
shown in Fig. 15 wherein the load beam is configured at an angle relative
10 to the disk during operation such that during merge compression the
flexure tongue is pushed against the load beam by the merge comb resulting
in a zero pitch angle of the slider relative to the disk. The angle or
bow of the load beam is due to the fixation of the load beam to the
actuator which angles the load beam toward the disk so that when the
15 slider is loaded on the disk the load beam bends away from the disk. In
Figs. 16 and 17 the load beam 52 is configured with formed protrusions
which limit the elevation of the merge comb and thereby position the
flexure tongue to its ideal zero pitch angle relative to the disks. In
Fig. 1B the merge finger 102B is provided with a height step 116 which
20 achieves normalized pitch during merge. In Fig. 19 the merge comb finger
62a is provided with a height step 118 which achieves normalized pitch
during merge. In Fig. 20 the flexure finger 102A is configured with a
flexibility which is fashioned to achieve normalized pitch of the slider
during merge.
25 :
Figs. 21-23 illustrate the increase in merge clearance which can be
obtained by the present invention. Fig, 23 shows side views of 2 pair of
head gimbal assemblies in their functional configuration in a disk drive
assembly. In Fig. 21 a merge of a pair of prior art suspensions results
30 in a leading edge of the slider being spaced from the surface of the disk
about 0.175 mm and the trailing edge of the slider being spaced from the
surface of the disk about 0.195 mm. This is about a 0.60° pitch angle
relative to the disk. With the present invention, the pitch rotation can
be corrected to zero, as shown in Fig. 22, with even spacing between the
35 air bearing surface of the slider and the surface of the disk of about
0.185 mm. This is an improvement over the prior art merge shown in Fig.
21 of about 0.01 mm. This is alsc a 5% increase in merge clearance which
enables greater stacking density of the disks in the disk stacking
assembly 34. It should be noted from Figs. 15-20 that the present flexure
40 tongue 102 enables various combinations for achieving normalized pitch of
the slider.

In Fig. 23 the suspensions are shown loaded onto the disks. This is
a condition of preloading which is caused by resilient biasing of the HGAs
45 by the load beams. Because of the gimballing action of the tongue, the



suspensi on, they push the sliders apart and thereby reduce the nerge
clearance of the sliders to the disks. An object is to provide an HGA which
can be énployed to ideally 35 position . a slider during nerge for
pronoting stacking density and to limt pitch of the slider at other tines
t o sprevent ber0ATRIERNage to the HGA. Anot her object of the HTéRI6H2760
invention is to provide a flexure tongue which can be enployed to limt
pitch of an HGA and to position the 40 ,fir bearing surface of a slider
parallel to other air bearing surfaces of other sliders. A further object
IS to provide a uniquely configured flexure tongue which enabl es vari ous

S‘;; gggige nts f %&r %%Q:!’i%gl sr\]1 £ cleg Co t %I’ s :.ldlaxzfagés%rrAe %Sarallel drl-é !a%g;ﬁ%ggleb}‘z_}:g%\o 5
surfaces of the disks. When the disks are rotated, the sliders may
literally fly a short distance from the surfaces of the disks on the
aforementioned air bearing or slightly contact a lightly lubricated
5 surface of the disks so that a magnetic head (not shown) carried by each
slider can read and write magnetic signals on the disk.

In Fig. 24 the finger 102 and the pitch limiter 112 are not
employed. A tongue has first and second portions 122 and 124 with the
10 slider 54 mounted to the f£irst portion 122 so that the second portion 124
extends beyond the edge 107 of the slider for engaging the merge comb 60
for merge normalization. The second portion 124 should extend beyond edge
107 at least 3/4 the width of the tongue 120 to achieve this purpose. Aan
opening 108 is provided adjacent the second portion 124 of the tongue for
15 clearance purposes as discussed hereinabove.

The present invention has provided a flexure tongue which is
uniquely configured to enable normalized pitch of a slider during merge
and enable limited pitch of the slider during construction and after

20 . installation in a drive to protect the HGA from severe shock loads.
Accordingly, the flexure tongue enables a double function which has not
been achievable by the prior art. Wwhen the merge comb is inserted in the
head stack assembly, all of the suspensions are compressed to a normalized
pitch condition with the sliders restrained in pitch and roll by a three-

25 point fixation caused by the flexure tongue extension and roll limiters.
It should be understcod that the terms "above" and "below" are to be
considered as used interchangeably in this description since the air
bearing surface of a slider can either face upwardly or downwardly, as
shown in Fig. 2.

30 .

while the preferred embodiments of the present invention have been
illustrated in detail, it should be apparent that modifications and
adaptations to those embodiments may occur to one skilled in the art
without departing from the scope of the present invention as set forth in

35 the following claims.



Still another object is to provide nmerge conponents which will optim ze
stacking density of a head stack assenmbly during nmerge: Still a further

object *is to provide a high stack density nagnetic 5 di sk drive which
i s* shock protected. Still another |of18S$HEET HAS hEmi motion of the slider

during manuf ggd ey and assenbly operahE?mCEt[p reyent w periciodeigp and
broken wires. 10 Enbodi nents of t | attonowll how be described, by way

of exanple only, with reference to the acconpanying drawi ngs in which: Fig.
l1is atop plan view of a magnetic disk dive. 15 Fig. 2 is a top isonetric

illustration of the nmagnetic disk drive. Fig. 3 is a si ational view
of the magnetic disk drive. 20 Fig. 4is a sid chemat 1
illustration of a disk drive and nerge crarswi t h suspe,-hsfmmﬂm_

operationally in phantom and engagi ng the nmerge conb i:n F/
non-operational . 1, A suspension comprising: ' b s

*

5 a load beam; and
a head/gimbal assembly which includes:

a flexure which has a secured end portion connected to the load beam
10 . and which has a suspended end portion:

the flexure having a window, the window being partially bounded by a
pair of legs and a suspended terminal end portion of the flexure:

15 a tongue, having a léngth and a width and first and second portions
extending in length into said window, the first portion extending from the
suspended terminal end porﬁion and the second portion extending from the
first portion; '

20 a slidex, which has an air bearing surface, mounted to the first
portion of the tongue with the flexure between the slider and the load
beam and with the second portion of the tongue extending in length from
the slider toward the secured end portion of the flexure a distance which
is greater than 3/4 the width of the tongue so that the second end portion

25 of the tongue is engageable with a merge comb for stabilizing the air
bearing surface of the slider in a desired normalized position; and

a load dome for disengaging the legs of the flexure from the load
beam to enable the slider to rotate in pitch as the legs bend.
30 ' ’
2. A suspension as claimed in claim 1 comprising:

the second portion of the tongue having a base portion, which has
said width adjacent the first portion of the tongue, and a suspension
35 finger, which has a width less than said width of the tongue, which
extends from a £irst width portion of the base porticn toward the secured
end portion of the flexnre leaving a second width portion of the base
portion adjacent a base ¢f the suspension finger.

40
3. A suspension as claimed in claim 2 comprising:
the load beam having an opening adjacent the suspension finger for
providing clearance for movement of the suspension finger.
45
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Fig. 5 is an isonmetric illustration of a prior art suspensi H“‘
portion of the |oad beamcut away. Fig. 6 is a top isometri wﬂm“am“
prior art head/gi mbal assenbly (H TsﬂEET}p{AIStBEEN Df t he exure- ct S
avvay 30 Fig. 7 is an |§§)r¥etr| @_A‘E‘ﬁbo the present suspension
W tsh a portionwohraiaee | oad beam cutl_away . 8 i top | SECTRCBY602760
Illustration of the HGA with a portion of the flexure cut away. 35 Fig. 9
is atop isonetric illustration of the suseg}nsmn with a portion of the
| oad beam and a portion of the flexure cut "away. Fig. 10 is a bottom pl an
view of the HGA wth a portion of t he 40 flexure cut away and the
slider shown in phantom Fig. Is a bottom plan view of the present HGA
and | oad beam 4Fi g. »125pRs4oR GTJ %F’d’ﬁd\ﬁ“ewaﬂ 2{[)I’l‘é““’ﬁf‘?e‘é‘ént | oad beamwith the
HGA 45 shown in hidden lines there bel ow
said suspension finger having a height offset end portion so that
when said height offset portion of the suspension finger is engaged by the
5 merge comb the air bearing surface of the slider is normalized to a
desired position.

5. A suspension as claimed in claim 2 comprising:
10 said suspension finger being flexible so that when the suspension
finger is engaged by the merge comb the air bearing surface of the slider

is normalized to a desired position.

6. A suspension as claimed in claim 2 comprising:

15
the terminal end portion of the load beam angling upwardly when the
slider is loaded on a disk so that when the suspension finger is engaged
by the merge comb the air bearing surface of the slider is normalized to a
desired position.
20

7. A suspension as claimed in claim 2 comprising:

the load beam having a protrusion which spaces a merge comb from the
load beam a predetermined distance when the merge comb engages the
25 suspension .finger so that the air bearing surface of the slider is
normalized to a desired position.

8. A suspension as claimed in claim 7 comprising:

3¢ the protrusion being engageable with the suspension finger.
9. A suspension as claimed in claim 7 comprising:

the protrusion being engageable with the merge comb.

35
10. A suspension as claimed in claim 2 comprising:
said load beam having a tab which captures said second width portion
of the base portion of the tongue so that the flexure has limited pitch
movement about the load dome.
40
11. A suspension as claimed in claim 10 comprising:
said terminal suspended end portiorn of the flexure having first and
second laterally extending wings; and ]
45 T
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WO 97/ 21212
PCI/ GB96/ 02760 6 Fig. 13 is a side vi ew of the present |oad beam and HGA
with the air beari ng surface of a sli gg#‘f i zontal position.
Fi-g. 14 is the sanme as Fig. 13 excepf Fli% L!;\géé Eurface of the 5
slider has bagoefmyppted in pitch and stop pi t c; BIR276b'€
present invention. Fig. 15 is still another enbodi nent
normal i zation with a bowed end portion of the |oad beam Fi i s
still a further enbodi nent for obtaining ¥erge nornali z "Iﬁ"l,””m
protrusion on the load beam Fig. 17 is still another .e
obt ai ni ng nerge 15 normalization with an alternate protru5| on on %
| oad beam Fig. 18 rermdna) despepdednend poritidnusf rtaé i load Gleam hhvinges i se ndedi mant
of second tabs which are spaced from the first and second wings for limiting

roll movement of the flexure about said load dome.

5 12. A suspension as claimed in claim 11 comprising:

the suspension finger and the wings of the flexure and the tabs of
the load beam being fashioned so that when a merge comb engages the
suspension finger the slider is fixed in pitch and roll.

10
13, A magnetic disk drive which includes a plurality of suspensions as
claimed in claim 12 the disk drive comprising:
a head stack assembly which includes said plurality of suspensions:
15 .
a disk stack assembly:
the head stack assembly being merged with the disk stack assembly;
and .
20
control and processing means connected to the disk stack assembly
and the head stack assembly for controlling movements of disks in the disk
stack assembly and the suspensions in the head stack assembly and for
processing signals to and from magnetic heads in the head stack assembly.
25

14. A combination including a plurality of suspensions as claimed in
claim 12 and a merge comb, the combination comprising:

a head stack assembly which includes the suspensions, the
30 suspensions being stacked in a column so that the suspension fingers of
the suspensions are stacked in a column of suspension fingers:

said merge comb; and

35 the merge comb having a plurality of comb fingers which, upon
engagement with the column of suspension fingers, position air bearing
surfaces of a plurality of the sliders in a substantially parallel
relationship.

40 15. A combination as claimed in claim 14 comprising:
each suspension finger having a height offset end portion so that

when height offset portions of the suspension finger are engaged by comb
fingers of the merge comb the air bearing surfaces of the sliders are

45 normalized to a desired position.
This Sheet Has Been Repla
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the HGA nerged with a nerge conb. 20 Fig. 19 is another finger
enbodi ment of the present HGA nerged vmth a merge conb. Fig. 20 is a
further “enbodi ment for obt ai ni ng merge é h an offset tooth
of ‘a merge conb. 25 Fig. 21 is a&det: %ﬁ)r&g& prior art
suspensi ons shwokng2en angl ed pitch copditi g nerjge. HETRGBIBMA2T166 a

side illustration of a pair of present suspensions 30
pitch condition during nerge. Fig. 23 is a,gide view of a palr of present

suspensi ons | oaded onto a pair of disks. 3§ Fi g.

enbodi nent of the tongue for obtaining rrerge normal i zation. m“ﬁ |ﬂ I ﬂm/"'"l
to the draw ngs wherein |ike refe enci desi gnat e 1iKe 6

parts throughodf:t hd SBRAIFEIN F2 82 1RE7 dPe aém COMPESAGN i n Fi gs. 1, 2,

and 3 a magnetic disk drive 30 mhlch enpl oys a
each suspension finger being flexible so that when the suspension

fingers are engaged by the comb fingers of the merge comb the air bearing
5 surfaces of the sliders are normalized to a desired position.

i7. A combination 2s claimed in claim 14 comprising:

the terminal end portion of each load beam angling upwardly when the
10 sliders are loaded on disks so that when the suspension fingers are
engaged by the comb fingers of the merge comb the air bearing surfaces of
the sliders are normalized to a desired position.

i8. A combination as claimed in claim 14 comprising:

15
each load beam having a protrusion which spaces a respective one of
said comb fingers of the merge comb from the load beam a predetermined
distance so that when a comb finger engages a respective suspension finger
the air bearing surfaces of the sliders are normalized to desired
20 positions.
19. A combination as claimed in claim 14 comprising:
each protrusion being engageable with the respective finger.
25
20. A combination as claimed in claim 14 comprising:
each protrusion being engageable with a respective comb finger of
the merge comb.
30
21. A combination as claimed in claim 14 comprising:
each comb finger having an offset height portion which engages a
respective suspension finger so that the air bearing surfaces of the
35 sliders are normalized to desired positions.
2. A shock protected high stack density suspension comprising:
"a load beam having a secured end portion for connection to an
40 actuator and a suspended end portion extending from said actuator;

a flexure having a secured end portion which is mounted to the
suspended end portion of the load beam and a suspended end portion which
extends away from the secured end portion of the load beam:

_—
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head/ gi nbal

assenbly (HGA) 32 enbodying this invention I“‘
a disk stack assenbly 34 and a head stack assenbly 36. Tﬂ g “““
i mohsaré

aséenbly 34 includes a plurality of vertlcally st acked -di

supported for rotation on a spindle
45, not or g,

vertically

£ bei ng rotated by a
é\g%g}g head stack ass ﬁﬂﬁ/sggg‘zgég %@ a Pl uAhddobneo

1212

PCT/GBQG/OZ?GO 7 stacked suspensi ons 44, each suspensi on being nmounted to a
respective actuator arm 46. Each actuator 1&rm 46 is nmounted for rotation on

an actuat or

hub 48 which is selectively rotated by a voice coil 50. Each

suspension 44 includes a respective HGA 32 and a | oad beam 52, the HGA 5
bei ng nmount ed on t lake [sosmdnBeanend pomtiibh o echexflleginectlaving rOwindde thmhded in

herei nafter.

Bach ohiGAp32: bnGleyslana a ShipdmieaSkrinttiat herndapdric@sn af reagneti ¢ head

(shown |l ater) fgudeeadi ng and witing magnetic signals on the disks

10

15

20

25

30

35

40

45

a tongue which has first and second portions and a length and a
width, cantilevered along its length from the suspended terminal end
portion of the flexure into said window in a direction which is toward the
secured end portion of the flexure:

a slider, which has an air bearing surface, mounted to the first
portion of the tongue with the flexure between the slider and the lcad
beam and with the second portion of the tongue extending in length from
the slider toward the secured end portion of the flexure a distance which
is greater than 3/4 the width of the tongue so that the second end portion
of the tongue is engageable with a merge comb for stabilizing the air
bearing surface of the slider in a desired normalized positiom.

23. A suspension as claimed in claim 22 comprising:

the second portion of the tongue having a base portion, which has
said width adjacent the first portion of the tongue, and a suspension
finger, which has a width less than said width of the tongue, which
extends from a first width portion of the base portion toward the secured
end portion of the flexure leaving a second width portion of the base
portion adjacent a base of the suspension finger.

24. A suspension as claimed in claim 23 comprising:

the flexure or load beam having a locad dome whiclh engages the load
beam or the flexure so that said legs are disengaged from the load beam;

said load beam having a tab which captures said second width portion
of the base portion of the tongue so that the flexure has limited pitch
movement about the load dome.

25. A suspension as claimed in claim 24 comprising:

said terminal suspended end portion of the flexure having first and
second laterally extending wings; and

a terminal suspended end portion of the load beam having first and
second tabs which are spaced from the first and second wings for limiting
roll movement of the flexure about said load dome.

26. A suspension as claimed in claim 25 comprising: This Sheet-Has Been Replaced

[T




38. Processing circuitry 56 is operatively connected to t S
voigce coil 50, and the magnetic heads for—otating the di ;lmmgmlml“m“ml
sel ectively rotating the actuator arns WS Si‘iﬁETrmxngE%\,ehd wititg #&n £he
di sks respectively. Wen the voice coi]l 50 REPigpEpat ed, {t he magnetic heads
on # he slider wédomerinoved to sel ected CITCUMar—t+asks—On t hECTIGBY6O2I6Der e
magnetic signals are read and witten by the heads. Because of direct
access to these circular tracks by sinple ot ation of the actuator 15

arnms 46, this type of storage device is kndwn as a direct access storage
device (DASD). Each | oad beam 52 prel oads a respective slider 54 on a
surface of a disk 38. Wien the disks 38 are rotated, each disk creates a
cushi on of 20 afhe 1026 Ream avine: 2 GRFHIRY AMPITERT CHE USPIRAF Sh ERger for

prel oadi ng of prvifingdcliserancs Xog ReYpRpRRt Pfs Fhed ByspeRsion\fi89§Tght |y of f of the
surface of a disk, in the order of .075 mcrons. The surface of the slider,
whi ch i s suppoeted Hyguédansichi &s beaimbdgn ¢laik 26VdbmpSis@ing:ai r beari ng surface
(ABS). In gone enbodi nents, the surface of the disk 38 nmay be provided with
a |ubricant 25 el QMLBEEILNGIARS Sa theWRIGh AR il £ BB hY ROMaBE ot NE

surface of t hetlgé %.léad beam being fashioned so that when a merge comb engages the
suspension finger the slider is fixed in pitch and roll.

10 28. A suspension as claimed in claim 27 comprising:

said suspension finger having a height offset end portion so that
when said height offset portion of the finger is engaged by a merge comb
the air bearing surface of the slider is normalized to a desired position.

is
29. A suspension as claimed in claim 27 comprising:
said suspension finger being f£lexible so that when the suspension
finger is engaged by a merge comb the air bearing surface of the slider is
20 normalized to a desired position.

30. A suspension as claimed in claim 27 comprising:

the terminal end portion of the load beam angling upwardly when the

25 slider is loaded on a disk so that when the suspension finger is engaged

' by a merge comb the air bearing surface of the slider is normalized to a
desired position.

31. A suspension as claimed in claim 27 comprising:
30
the load beam having a protrusion which spaces a merge comb from the
load beam a predetermined distance when a merge comb engages the finger so
that the air bearing surface of the slider is normalized to a desired
position.
35
32. A suspension as claimed in claim 31 comprising:
the protrusion being engageable with the suspension finger.
40

33. A suspension as claimed in claim 31 comprising:

the protrusion being engageable with the merge comb.
[
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when the disks are rotated. The HGA 32 of the present inventlon al | ows for
slight nmovenents in pitch and roll of_the slider 54 during r “MIMI yﬂjlll
magneti‘c di sk 38. The HGA is a very defHIS SHEET HASBEEN | whi c t r
in pitch beyond its elastic limt injrespoRERLAGEDShock|! oadi ng 30
caused by dr epppagenr sudden accel er atd ' ri vVererrdevsS2Temy
result in a pernmanent bend of the HGA which can render the drive
i noperabl e. One of the purposes of this inventionis to limt the pitch
noverment of the HGA when shock | oading océbrs. 35 St acki ng
density of the disk stack assenbly 34 increases the storage capacity of the
di sk drive 30. Accordingly, there is a strong felt need for reducing the
spaci ng bet wedtr t he caTRIRatiDg pslyding agBlysplidcy| efabuapenitions Re cliaimednin ances.
I n the manuf aglaime25ofnd henagigelcovh.i vhe cotbdnaliick commGkimssenbly 34 and the
head stack assenbly 36 are manufactured separately and 40 t hen
combi ned, as showna head-isgack3assbybiy Waky WMeliseatte aussdiakohsslgR- | N order
to pronotse di skspshacks Bisleoick¥a thMi SofkBRd a,a%%%”p.lsbé Qnt%xn&equess' ng
pairs of SUSPERSLANINRGHIGRD dfdll 53 A1 IPHE (ASpBIBAELId: SN ToP  and

t edd St ack

bott om suspensions I n rrve so at t

a merge comb which has a plurality of comb fingers which are adapted
for inter-engagement with the suspension fingers.

10
35. A magnetic disk drive which includes the combination claimed in
claim 34, the disk drive comprising:
a head stack assembly which includes said plurality of suspensions;
15
a disk stack assembly;
the head stack assembly being merged with the disk stack assembly;
and
20
control and processing means connected to the disk stack assembly
and the head stack assembly for controlling movements of disks in the disk
stack assembly and the guspensions in the head stack assembly and for
processing signals to and from magnetic heads in the head stack assembly.
25

36. A combination as claimed in claim 35 comprising:

each suspension finger having a heigh:t offset end portion so that
when height offset portions of the suspension finger are engaged by comb
30 fingers of the merge comb the air bearing surfaces of the sliders are
normalized to a desired position.

37. A combination as claimed in claim 35 comprising:
35 each suspension finger being flexible so that when the suspension
fingers are engaged by the comb fingers of the merge comb the air bearing

surfaces of the sliders are normalized to a desired position.

3s8. A combination as claimed in claim 35 comprising:

40
the termiral end portion of the load beam angling upwardly when the
sliders are loaded on disks so that when the suspension fingers are
engaged by the comb fingers of the merge comb the air bearing surfaces of
the sliders are normalized to a desired position.
45
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assenbly 36 can be assenbled into the disk stack assenbly 38 w thout the 45
sliders 54 draggi ng across the surface : singl e head WO
Sliders TS bnsgmﬁsseevl

PCT/ GB96/ 02760 8
draggi ng on a disk at this assenbly stép nec%%pwgpes t he di sassenbly and
rewor k of the wBS/aRAR di sk stacks, which is a very costly prRSFéCRSB2T60hi s
operation is known as "nerge" and is typically inplenented with a nerge
conmb 60 as shown in Figs. 1 and 4. The margge conb 60 has a—pturarity of 5
teeth or fingers 62 which interlace with the suspensions 46
suspensi ons can be inserted in a conpressed state within thjmﬂﬂg‘ﬁ“ﬁmm“\“‘
assenbly 34. In the prior art the nerge conb engages the |lo M te *
cause a sl i ght 37 ot at i*BFPBPIPALSSFRRRTE 1% £1 741 b?% Tip¥ici ng the cl earance
between the sliders and the disks 38. In a prior art disk drive, the 10
nom nal merge cl eareafieldad bepphevipglBprenrrsiopmnine spptefer respadteved PRk of

said comb fingers of the merge comb from the load beam a predetermined

5 distance so that when a comb finger engages a respective suspension finger
the air bearing surfaces of the sliders are normalized to desired
positions.

40. A combination as claimed in claim 39 comprising:

10
each protrusion being engageable with the respective finger.
41. A combination as claimed in claim 39 comprising:

15 each protrusion being engageable with a respective comb finger of
the merge comb.

42. A combination as claimed ir claim 35 comprising:

20 each comb finger having an offset height portion which engages a
respective suspension finger so that the air bearing surfaces of the
sliders are normalized to desired positions.

43. A combination which includes a disk drive and a merge comb, the

25 combination comprising: -

a plurality of suspensions, each suspension including:
a load beam having first and second end portions, the first end

30 portion being adapted to be connected to an actuator:

2 flexure having first and second end portions, the first end
portion being connected to the second end portion of the load beam;

35 the second end portion of the flexure having a window bounded in
part by a pair of legs and a suspended terminal end portion of the
flexure;

a tongue, which has a length and a width and first and second
40 portions extending in length from the suspended terminal end portion of
the flexure into said window in a direction which is toward the first end
portion of the load beam, the first portion extending from the suspended
terminal end portion of the flexure and the second portion extending from
the first portion:;

heet Has Been Re laced
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Wth the prior art nerge arrangenent, the slider rotates 0.6 degrees in

kil sane o e’ Pttt I STEREER Y (N
se |

to. zero which would result in an incre cl earhnce *fof 15

this arrangengobrzrizithi s woul d then allow the di sks 38 in thecdgsdéosissCk
assenbly 34 to be stacked slightly closer together which would result in

i ncreased storage capacity of the disk drive. In Fig. 5 there is shown a
prior art suspension 64 which includes a , prior art HGA 66 nmounted to
a prior art |oad beam 67. As shown in Fig. 6. the prior art HGA 66
includes a prior art_flexure 68 which is a thin sheet of stainless steel.
The flexure 68 had &ifRAIGHRRAS HOEMRIEaTSENPIFARI BE the papFueoF: thethe FeEoBdd a
term nal end pRFEidnont The tPrguenekvendingt tn dendth anowaddevier Etkswi endi pereim of ndow
70 is a tonguene7boadTheamt ongue 76 is 25 connected at its base to the
termnal end portion 74. The slider 54 is connected to the tongue 76 by

any suitagble means fesahsdiek abaaminyeidonhd a5 phitah s &6 LORWHEICAE, a6LS as a
gi mbal for mMoyGREN SnObeidiCottlckél in 3 cdiink Qb! erBOGnRI dedBadiHEdAGd 8E ghLON Of
an adj acent digudald Gedhal "4 EErumh®

a merge comb which has a plurality of comb fingers which are adapted
10 for inter-engagement with the second portions of the tongues; and

the load beams, the second end portions of the tongues and the merge
comb being fashioned to position the air bearing surfaces of the sliders
in a substantially parallel relationship with respect tc one another when
15 the plurality of suspension fingers of the merge comb interengage the
plurality of second end portions of the tongues.

44. A combination as claimed in claim 43 comprising:
20 each suspension further including:

the second portion of the tongue having a base portion, which has
said width adjacent the first portion of theftcngue. and a suspension
finger which has a width less than said width of the tongue and which
25 extends from a first width portion of the base portion toward the first
end portion of the lcad beam leaving a second width portion of the base
portion adjacent a base of the suspension finger:;

the comb fingers being adapted for said intererngagement with the
30 suspension fingers: and

said load beam having a tab which captures said second width portion
of the base portion of the tongue so that the flexure has limited pitch
movement about the load dome.

35
45. A combination as claimed in claim 44 comprising:
each load beam having an opening adjacent respective fingers for
providing clearance for movement of the fingers.
40 ’

46. A combination as claimed in claim 44 comprising:

each suspension finger having a height offset end portion so that
when height offset portions of the suspension finger are engaged by comb

This Sheet Has Been Replaced -




t hi ckness of the flexure is typically .02 to .03 mm The thickness of the
30 ; | oad beam52istypical|y.05to.08mn As a co rison, the

t hi ckness of an ordi nary piece of paper fi SPBEEN bn of the | ength
of the | oad beam 67 has side flanges 80 %{,ﬁ? lbeam | eavi ng a
portion of thewboaiZbeam which extends fromﬁ -de—H anpeBGBI/02T60

actuator arm (see Fig. 1), for resiliently biasing (preloading) the slider

toward 35 the surface of a magnetic digk. As shown in Fi
beam 67 includes a pair of tabs 84 which are positioned sli ghal“]rmsm m m “l“l

W ngs 86 that ext end Iaterally fromthe flexure 68 Th IS arran emen
known as a "roll limter" since the

in s

tabs 84. The pritfera ¥ REPEASiGIP stﬁf)\/ﬁjrrcﬁ?é’émﬁoi"rﬁ%ﬁfé of fﬁ“’f éhlquﬁﬁrér
prevent 40 npmalizedytn @ BBLEAE PIFEIMMA 66 from pitching beyond its
elastic limts. There is no provision nmade by the prior art suspension 64
for pitch nornahi zabicombigiatidneas bldeed idulrim 44somprikingf t he head stack
assenbly isito the di sk stack assenbly as di scussed herei nabove. The prior
art flexure tongue gaw udbeidos cigdil beiR ¥Rk bLE @0 Sthh€Glhed Qhe | Sisp@BLAON Of

fingers are engaged by the comb fingers of the merge comb the air bearing

surfaces of the sliders are normalized to a desired position.

10 48. A combination as claimed in claim 44 comprising:

the terminal end portion of each load heam angling upwardly when the
sliders are loaded on disks so that when the suspension fingers are
engaged by the comb fingers of the merge comb the air bearing surfaces of
15 the sliders are normalized to a desired position.

45, A combination as claimed in claim 44 comprising:
each load beam having a protrusion which spaces a respective one of
20 said comb fingers of the merge cormb from the load beam a predetermined
distance when a comb finger engages a respective suspension finger so that
the air bearing surfaces of the gliders are normalized to desired
positions.
25 50. A combination as c¢laimed in claim 49 comprising:
each protrusion being engageable with the respective finger.
51. A combination as claimed in claim 49 comprising:
30 each protrusion being engageable with a respective comb finger of
the merge comb.
52. A combination as claimed in claim 44 comprising:
35 each comb finger having an offset height portion which engages a
respective suspension finger so that the air bearing surfaces of the

sliders are normalized to desired positions.

53. A héad/gimbal assenbly comprising:

40
a flexure which has a window, the window being partially bounded by
a pair of legs and a terminal end portion of the flexure:
a tongue, which has first and second portions, extending from the
45 terminal end portion of the flexure into said window:;

This Sheet
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PCT/ (B96/ 02760 adhesi ve spread between the flexure tongue an !"Mﬂ”ﬂ”u f
for bondi ng purposes. The free end of jthe—nevel—suspension 44'% [ ' ”ﬂ””m
i[Tustrated in 5 Fig. 7, shows thd W SHEEFHAR BEEN § the I'oall beam H4. s
Bot h the HGAve@ymndizt he | oad beam 52 df t hi BEPIAGER i on @r e wdridmessike f r om
the prior art HGA 66 and | oad beam 67 shown T n FIrg. 5—As shown in Fig. 8,
the present HGA 32 includes a flexure 90 which has a wi ndow 92, the w ndow
bei ng bounded in part by |egs 94 and term®nal end portion 96. Cantilevered

wi thin the 10 w ndow 92 is a specially configured tongue 100 which

extends fromthe term nal end portion 96 of the flexure. The tongue 100 has

a finger 102 whi clt ¥ifenasurted tratheafitst owstiod afinthepbieiuoe: 284, the finger
102 being to one side of the cantilevered end portion 104 so that a

remai ni ng cant il evhe edecaddopoidn ofl the Gofigiebhavindj simget whivh basgadkr-dde
finger 102. Ildne s1idé)s 1¥dviihg Rerdnsphddir @dond) e boredBh Aibadaft @bNALEEL ost he
finger 192 enpalheSnger.

~

54. A suspension as claimed in claim 53 comprising:
said finger having a height offset end portion so that when said
10 height offset portion of the finger is engaged by a merge comb the air
bearing surface of the slider is normalized to a desired position.
55. A suspension as claimed in claim 53 comprising:
15 said finger being flexible so that when the finger is engaged by a
merge comb the air bearing surface of the slider is normalized to a

desired position.

56. A flexure comprising:

20
a thin flexible plate;
the plate having a window, the window being partially bounded by a
pair of legs and a terminal end portion of the plate;
25

a tongue extending from the terminal end portion of the plate into
said window and having a cantilevered end portion positioned therein; and

the tongue having a finger which extends from the cantilevered end
30 portion leaving a remainder cantilevered end portion adjacent to a base of
said firger.

57. A flexure as claimed in claim 56 comprising:

35 said finger having a height offset end portion.

-
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merge normalization of the slider 54. The slider 54 is attached to the
tongue with the remaining end portion 106 and the tongue 102 extendi ng
beyond 't he rear edge 107 of the slider. In any event the extension of the

t ongue beyond the edge 107 should be at least 3/4 the width of the tongue
20: attachegh émadibe slider for inplenmenting nerge nor mal PERIGEHIZ76s
shown in Figs. 13 and 14, the | oad beam 52 nay be provided with a | oad done
103 whi ch engages the tongue 100 at a pivot point where the tongue rocks as
a ginbal 'in all directions about the pivot point, limted 25 only by
the pitch and roll limters. Al ternativdl t he | oad dome coul d be

provi ded on the tongue for engagenent with the | oad beamat a pivot point.
Figs. 11 and 12 illustrate additional details of the pitch and roll, -
limters, the illustration in Fig. 11 being a bottom plan vi oF 3the free
end portion of the suspension 44 and the illustration in F#G. 12 30 '
being a top plan view of the free end portion of the suspensiern. As shown
in Figs. 7, and 9-1%, the | oad beam 52 is provided with an arrgngenent for

limting pitch of the slider. The | oad bea ded H a cut out
108 with the exceptifon of a remnai nder

60 FIG. 1




35 has a downwardly extending portion 110 and a generally horizontally
extending tab portion 112. As shown best in Figs. 13 and 14, the tab 112
ext ends bel ow the cantilevered end portion 106 of the tongue thereby
I|n1t|ng pitch movenment of the slider to a small angle, such as 2[err].

Fig. 14 shows waermRider 54 [imted in its pitch by engageneraT/c#ssninso 40
cantil evered end portion 106 of the tongue with the tab 112. This
arrangenent prevents bending of the flexure beyond its elastic limt. Wth
this arrangenent, the HGA 32 is now limted in both pitch and roll and its
flexure will not become permanently bent2®n the occurrence of undesirable

shock | oading. This arrangenent al so preserves integrity of 45 t he HGA
during manufacture of the suspen5|qﬂ§ and the head stack assenbly WO
97/ 21212 40 PCT/ GB96/ 02760
10 prior to assenbling the head stBck |y dant 64t heggli sk st acdu
assenbl y. A N
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The cutout 108 is al so adjacent the finger 102 for allow ng space for
novenment of the finger 102. This arrangenent rel axes the tol erances for the
varioys conponents of the HGA. 5 Figs. 15 to 20 illustrate various
enbodi ments of an engagenent of the flexure finger 102 with a,({gﬁé&g 0corrb
finger 62 fokyd@iiRhki zing pitch of the air bearing sur f ace P& 2% der to
O[err]. A preferred enbodinent is shown in Fig. 15 wherein the | oad beamis
configured at an angle relative 10 to the disk during operation such
that during nmerge conpression the flexure tongue is pushed agai nst the | oad
beam by the merge conb resulting in a ze8M3¥pitch angle of the slider
relative to the disk. The angle or bow of the |oad beamis due to the
fixation of the | oad beamto the actuator whichoangl es the | oad beamtoward
t he di sk so that when the 15 slider is |oadpd on the disk the I®9ad beam
bends away fromthe disk. In Figs. 16 and 17 the |18ad beam 52 i 80 &
configured with fornmed protrusions which lingt tXe ¢l eva@ on of th.egmrge
conb and thereby position the flexure tonguettQ.haZABNa) zero pif_& angl e
relative to the disks. In (P

- S’

FIG. 6
(PRIOR ART)



Fig. 18 the nerge finger 102B is provided with a height step 116 which 20
achieves nornalized pitch during nerge. In Fig. 19 the nerge conb finger
62A i s 'provided with a height step 118 which achi eves normalized pitch
during merge. In Fig. 20 the flexure finger 102A is configured with a
flexibility wwodzimzfashi oned to achi eve nornalized pitch SFTGROE 6% er
during nmerge. 25 Figs. 21-23 illustrate the increase in nerge clearance

whi ch can be obtained by the present invention. Fig. 23 shows side views of
a pair of head ginbal assenblies in their functional configuration in a

di sk drive assenbly. In Fig. 21 a nergef4of13a pair of prior art suspensions
results 30 in a leading edge of the slider being spaced fromthe
surface of the disk about 0.175 nmmand the traggling edge of the slider
bei ng spaced fromthe surface of the disk abodP 0.195 mm This is about a
0.60[err] pitch angle relative to the disk. Wth qge present gNnavention, the
pitch rotation can be corrected to zero, as shqwn g n Fig. 22, with even
spaci ng between the 35 air bearing surfgce bi/1he i der €nd t he
surface of the disk of about C -




0.185 nmm This is an inprovenment over the prior art nerge shown in Fig. 21
of ;about 0.01 mm This is also a 5% increase in nerge clearance which

enabl es greater stacking density of the disks in the disk stacking assenbly
34: It should be noted fromFigs. 15-20 that the present flexure 40

‘tongue 102 en3DWLIMAri ous conbi nations for achieving nor maPCFERIFN of
the slider. In Fig. 23 the suspensions are shown | oaded onto the disks.
This is a condition of preloading which is caused by resilient biasing of

t he HGAs 45 by the | oad beans. Because of the ginballing action of the
tongue, the WD 97/ 21212 5/13

PCT/ (B96/ 02760 11 air bearing surfaces of the sliders assune parall el

rel ati onships with the surfaces of the disks. Wen the disks are rotated,
the sliders may literally fly a short distance fromthe surfaces of the

di sks on the ”//_,44
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af orenenti oned air bearing or slightly contact a lightly lubricated 5
surface of the disks so that a nmagnetic head (not shown) carried by each
slider ‘can read and wite magnetic signals on the disk. In Fig. 24 the
finger 102 and the pitch Iimter 112 are not enployed. A tongue has first
and second powyhemA2k22 and 124 with the 10 slider 54 nd&HIRINTR he
first portion 122 so that the second portion 124 extends beyond the edge
107 of the slider for engaging the nerge conb 60 for nerge nornmalization.
The second portion 124 shoul d extend beyond edge 107 at least 3/4 the width
of the tongue 120 to achieve this purposed/Th opening 108 i s provided

adj acent the second portion 124 of the tongue for 15 cl earance purposes
as di scussed herei nabove. The present invention has provided a flexure
tongue which is uniquely configured to enable normalized pitch of a slider

during nerge and enabl eshi mted pgagch of the slider during construction and
after 20 I nstal |l g1 on inq?/ﬂf?ve to grotect the HGA from severe shock

bl es a doubl e functi on whi ch has
en t he rrerw‘gﬁ conb is insgrsted in

eto
rior ar

| oads. Accordingly, fhe flex
not been achi ev
t he

ue

54
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head stack assenbly, all of the suspensions are conpressed to a nornalized
piteh condition with the sliders restrained in pitch and roll by a three-
25 poi nt fixation caused by the flexure tongue extension and rol
limters. It should be understood that the terns "above" and "below' are to
be tonsi dered WO 9eR& i nt er changeably in this description siPCEGBI®H2TH0r
bearing surface of a slider can either face upwardly or downwardly, as
shown in Fig. 2. 30 Wiile the preferred enbodi nents of the present

i nvention have been illustrated in detail, it should be apparent that

nodi fications and adaptations to those eﬂyﬂainents may occur to one skilled
in the art wthout departing fromthe scope of the present invention as set
forth in 35 the foll ow ng clains. 12
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CLAIMS 5 1. A suspension conprising: a | oad beam (52); and a
head/ gi nbal assenbly which includes: 10 a flexure (90) which has a secured
end portion connected to the | oad beam and whi ch has a suspended end
portion; the flexure having a wi ndow (92), the w ndow being partially
bounded 15 WO92133 r of | egs (94) and a suspended ter nm naPCEEBP6OIHY
portion of the flexure; a tongue (100), having a length and a wi dth and
first and second (104) portions extending in length into said w ndow, the
first portion 20 extending fromthe suspended term nal end portion and
the second portion extending fromthe figgq3portion; and a slider (54),

whi ch has an air bearing surface, nmounted to the first portion of the
tongue with the flexure between the slider and the 25 | oad beam and
with the second portiggn (104) of the tongue extendi ng1'bg
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| ength fromthe slider toward the secured end portion of the flexure a

di stance which is greater than 3/4 the width of the tongue so that the
second '‘end portion of the tongue is engageable with a nerge conb for
stabilizing the air bearing surface of the slider in a desired nornmalized
30 positiwe9721212 A suspension as claimed in clai m1 wWHeFEPH2{¢e
second portion of the tongue has a base portion, which has said 35

wi dt h adjacent the first portion of the tongue, and a suspension finger
(102), which has a wwdth |less than said width of the tongue, which extends
froma first width portion of the base B3 on toward the secured end
portion of the flexure |leaving a second width portion (106) of the base

portion adjacent a base of the suspension finger. 40 3. A suspension as
clained in claim?2 wheb2in: the | oad beam has an opening (108) adjacent the
suspensi on finger 45 for providing }d6earance for nﬂgghent of the
suspensi on fingerf. } =ed in clen)n 2 wherein:
[ J . ——
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AVENDED SHEET -13- said suspension finger has a height offset end
portion (102b) so that when said height offset portion of the suspension
finger is engaged 5 by the nerge conb the air bearing surface of the
slider is normalized to a desired position. 5. A suspension as cl ai ned
in claim2 wheM¥ /21213 sai d suspension finger is fIPETiGBI&0236 t hat
when t he suspension finger is engaged by the nerge conb the air bearing
surface of the slider is normalized to a desired position. 6. A
suspension as clained in claim2 wherein: 15 the termnal end portion of
the |l oad beam angl es upwardly when the sf0#43 is | oaded on a disk so that
when t he suspension finger is engaged
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by the nerge conb the air bearing surface of the slider is nornmalized to a
desired position. 20 7. A suspension as clained in claim2 wherein: the
| oad beam has a protrusi on which spaces a nerge conb fromthe | oad beam a
predet ermi ned di stance when a finger of the nmerge conb engages 25 t he
suspensi on fiwgeyesnzthat the air bearing surface of the s| PEEGBpEI2760
normalized to a desired position. 8. A suspension as clained in claim?7
wherein: 30 the protrusion is engageable with the suspension
finger. 9. A suspension as clainmed in claim7 wherein: the protrusion is
engageabl e with the nerge conb. 35 10. 11Al3uspension as clained in claim2
wherein: the flexure or | oad beam has a | oad done whi ch engages the | oad
beam or flexure so that the | egs are di sengaged fromthe | oad beam 40
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t he | oad beam has a tab which captures said second wi dth portion of the
base portion of the tongue so that the flexure has limted pitch novenent
about the | oad done. 45 11. A suspension as clainmed in claim10
wherein: said term nal suspended end portion of the flexure has first and
second | at er al MO ¥&¥3di ng wi ngs; and 14 a term nal suspemrdea:posrob7eo
portion of the | oad beam has first and second tabs which are spaced from
the first and second wings for limting 5 roll movenent of the flexure
about said | oad donme. 12. A suspension as clainmed in claim1l wherein:

t he suspension finger and the wings of th&/%3exure and the tabs of 10
the | oad beam are fashi oned.so that when a nerge conb engages the
suspension finger the slider is fixed in pitch and roll. :
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13. A magnetic disk drive conprising: 15 a di sk stack assenbly
(34); a head stack assenbly (36) nmerged with the di sk stack assenbly, the
head st-ack assenbly including a plurality of suspensions of the type
clainmed in any preceding claim and 20 control and processing neans &FG)
connected to Ypehaak stack assenbly and the head stack ass@FBIGBI§H?
controlling novenents of disks in the disk stack assenbly and the
suspensions in the head stack assenbly and for processing signals to and

from magnetic heads in the head stack 25 assenbly. 14. A nmerge conb
and head stack assenbly conbination corrpT3’§Bng: a head stack assenbly (36)
including a plurality of suspensions of 30 the type clained in any of

claims 2 to 12, the suspensions being stacked in a colum to forma colum
of suspension fingers; and a nmerge conb (60), having a plurality of conb
fingers which, upon engagenent with the colum of suspension figmgers, act
to position air




35 beari ngposasfaees of a plurality of the slider gein @esu@sk@%@ Mg
parallel relationship. 15. - A conbinatjon which includes a disk drive a
a netrge conb, the conbi nation conprising: 40 a plurali ty of ‘suspehsions
(44), each suspensi on including: a |oad be (52) -having first and second
errd portions, the first end portion being adapt ed to be connected to an
actuator; 45 a flexure (90) having first and second end portions, the first
‘end portion BRSFRYE dBRmeedettach asremlac badeeestdied dn Hie thek sbank besmbly
15 t he secondvishentpshe idhders ehgnofihe end esdrapimgacrasisntiovs@S2cedamers i n
part . by R paidisks. | mgsifedd)y anch ahsuRREAtRALERIEh NAlske NG Rilk0dtaCR6)

assembly increases, disk stacking denszty is lessened thereby reducing the
bit density of the disk drive. In order for a merge comb to perform its
_1ntended functlon, the cantilevered end of a flexure tongue must be
adapted for engagement with a finger of the merge comb. This is not
10 practical if the cantllevered end of the flexure tongue has a tab for

. limiting pitch movement of the flexure. Accordingly, there is a strong
felt need for flexure tongues which will limit pitch of flexures and vet

-cooperate with a merge comb for retracting sliders with their air bearing
surfaces parallel with respect to one another. '

nd

15 :
According_to a first aspect of the present invention there is
-provided_a suspension comprising: a load beam; and a head/gimbal assembly
which includes: a flexure which has a secured end portion connected to the

_ load beam and which has a suspended end portlon, the flexure hav1ng a

20 window, the window be1ng partially bounded by a pair of legs and a
‘suspended terminal end portion of the flexure; a tongue, having a length
and a width and first'and second portidns extending in length into said
window, the first portion extending from the suspended terminal end
portion and the second portion extending from the first portion; and a

25 slider, which has an air bearing surface, mounted to the first portion of
the tongue with the flexure between the slider and the load beam and - w1th
the second portion of the tongue extending in length from the sllder
toward the secured end portion of the flexure a distance which is greater
than 3/4 the width of the tongue so that the second end portion of the

30 " tongue is engageable with a merge comb for stabilizing the air bearing
surface of the slider in a desired normalized poeition.

Other. aspects of the present invention are set out in the appended
clalms. o
35 _ . _
Thus, as described below in relation to embodiments of_the present
invention, the cantilevered end of the flexure tongue of an HGA is adapted
for limiting pitch of the flexure tongue and for cooperating with a merge
comb to implement a desirable merge of multiple suspensions. The
. 40 preferred configuration is to provide the flexure tongue with a merge
' finger extending beyona its cantilevered end portion so that a remainder
cantilevered end portion remains adjacent a base of the finger;' Wwith this
arrangement the finger can be employed with a merge comb for merge
operations and the cantilevered end portion adjacent the base of the
45 finger can be employed for pitch control. Pitch control is achieved by

" AMENDED SHEET



5 of the flexure; a tongue (100),. which has a length and a wi dth and
first and sec8htP¥8f%ions extending.in Iength fromt %“su%ber’rﬂe‘i?"ﬁ@?ﬁﬁ 897
end portion of the flexure into said window in. a direction-which:s stoward
the first end 10  portion of the l'oad beam the first portion extending
from the suspended terminal end -portion of12he flexure and the second
portion-extending fromthe first portion; a slider (54) nounted to the
first portion of the tongue with the 15 ecrapsecond portion of the tongue

extending in length toward the first end portion of the | oad beam—a—head
st-ack assenbly- (36) includi ng t he frﬁural ity of suspensions, the suiﬁenm ons

bei ng stacked*in & %‘tﬁpﬁﬁ?f%o TIELS1Hé second portlo;ﬁ“ Hm!““ “ ongues
are stacked in a colum; a nerge conb (60) which ha
fingers which ar eaameehnf 6%52)i:namt - engagenent with the ‘sedond portlons of

t he tongues; and 25 t he | oad beans, the second end portions of
‘the tongues and tgehégar/gﬁnbggngsgﬁlr}gwﬁp&hiw%qeg.0 p05| tion the air bearing

surface% of the sliders

a flexure (90) which has a secured end portion connected to the load
beam and Wthh has a suspended end portion;

the flexure having'a window (92), the window being partially bounded
15 by a pair of legs (94) and a suspended terminal end (96) portion of the
flexure;

a tongue (100), having a length and a width and f£irst and second
, (104) portions extendlng in length 1nto sald window, the first portion
20 extendlng -from the suspended termznal end portion and the second portion
extending from the first portion; and

a slider (54), Which has an air bearing surface, mounted to the
first portion of the tongue with the flexure between the slider and the
25 load beam and with the second portion (104) of the tongue extendlng in
length from the slider toward the secured end portion of the flexure a
distance which is greater than 3/4 the width of the tongue so that the
second end portion of the tongue is engageable with a merge comb for
stabilizing the air bearing surface of the slider in a desired normallzed

30 position.

2. A suspension as claimed in claim 1 wherein:

the second.portion of the tongue has a base portion, which has said
35 width adjacent the first portion of the tongue, and a suspension finger
' (102), which has a width less than said width of the tongue, which extends
from a first width portion of the base pcrtion toward the secured end
. portion of the flexure leaving a second width portion (106) of the base
-portlon ad:acent a base of- the suspension finger.

40
3. A suspension as claimed in claim 2 wherein:
the load beam has an opening (108) adjacent the suspension finger
45 for providing clearance for movement of the suspension finger. '

4. A suspension as claimed in claim 2 wherein:
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the plurality of suspension fingers of the nerge conbIn
plurality of second end Immnwﬁlmﬂm ﬂlt}ongues 30 16. A conbi-nati on as
clainmed in cI ai m 15 wher ortion of the tongue of each -
suspensi on i ncl udes a base portlon Which Hds said width adj acent the first
portlon ‘of the tongue, 35 and a. suspenS| on finger which has a width
| ess” than sai d wi ciehdofuspémes ibontingenndswhinehgex befls éx{d)ﬁbﬂ:xfahrﬁlfozw Hoh
portion of thmabagenpaidi Eéhghevhﬁi][fdeﬁ hRrfidnSbe ecltaq nggﬁﬁ@noftmggg gﬁ%agtg_ 21
| eavi n se | nt., a_bas

gs Wn%éf‘ﬂm@}cfe Refd 88 ﬂ fa&%zﬁ%%r?gde bPNnd sla%gap:,[sea ?ngﬁlgeg o

suspensi on’ fifl : he co fingers being a _
i nt erengagenen Edtﬁ st”‘r%-'é'c%'uspenm on fingers; and the |oad beam of each

suspension has a tab which captures said second w dth portion of the base
portion of tHRe toﬁgﬁ@%ﬂ%ﬁst%mﬁ%mr@% 2 whertedg: | i mited pitch novenent
about the | oad done. 17. A conbi nation as clained in claim1l6 wher ei n:

10 , said suspenslon finger is flexible so. that whén the suspension
finger is engaged by the merge comb the air bearing surface of the sllder
is normalized to a desired position.

6. A guspension as claimed in claim 2 wherein:

15
the terminal end portion of the load beam angles upwardly when the
slider is loaded on a disk so that when the suspension finger is engaged
" by the merge comb the air bearlng surface of the slider is normalized to a
desired pos1t10n. ' :
20

7. A suspension as claimed in claim 2 wherein:

the load beam has a protrusion which spaces a merge comb from the
load beam a predetermined distance when a finger of the merge comb engages
25 the suspension finger so that the air bearlng surface of the sllder is
normalized to a desired positlon.

- 8. A suspension as claimed in claim 7 wherein:
30 ‘the protrusion is engageable with the suspension finger.
9. A suspension as claimed in claim 7 wherein:

. the protrusion is engageable with the merge comb.

35 }
10. A suspension'as claimed in claim 2 wherein:
the flexure or load beam has a load dome which engages the load beam
or fléexure so that the legs are disengaged from the load beam,
40
the load beam has a tab which captures said second width portion of
the base portion of the tongue so that the flexure has limited pitch
movement about the 1oad dome._ :
45 11, A suspension as claimed in claim 10 wherein:

-said termlnal suspended end portlon of the flexure has flrst and
. second laterally extendlng wings; and
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each | oad beam has an_opem_ng_Q_’LOB;_adJ_a.cent respective fingers for
pr.ovi di ng cl 8844Ac¥% or novement of the fingers. 5 1%  I&: cborrB‘PH%[‘!bleSnl%ﬁ

¢laimed in claim16 vvhe”mmmlﬂ'mmm: mleSI on finger has a hei ght-of fset end
portlon (102b) so that t portions of the suspensi on finger
are -engaged by 10 conb “f i hget s f "t he erge conb the air bearing '
surfaces of the sliders are nornalized to a desired position. 19. A

conbi nation as cl 2iy@Hiddl GhpeRtekOe X6 fbn dP the load beamCRE f§i:‘§tpg.ﬂ§' on
finger i< 11 axheag dhsh Wich i suspensLan Lot ol v.endeged Y. Lo

conb fipgers aces o

nor mal i 2ed t’c')%?} 8%‘%3“‘?8'&1%%051? a)?f‘urEUalbr"“%aa(r}g%aﬁ;r‘?“ﬁn as claimed in claim

16 wherein: 20 :
12. A suspension as claimed in claimlll wherein: -

“the suspension finger and the wings of the flexure and the tabs of
10 the load beam are fashioned.so that when a merge comb engages the
suspension finger the slider is fixed in pitch and roll.
13. A magnetic disk drive‘comprising:
15 _ a disk stack assembly (34);
a head stack assembly (36) merged with the disk stack assembly, the

head stack assembly including a plurality of suspensions of the type
claimed in any preceding claim; and '

20 : .
control and processing seans (56) donnected to the disk stack
assembly and the head stack assembly for controlling movements of disks in
the disk stack assembly and the suspensions in the head stack assembly and
for processing 31gna1s to and from magnetlc heads in the head stack '
25 assembly. )

14. A merge comb and head stack assembly combination comprising:

a head stack assembly (56) including a plurality of suspensions of
30 the type claimed in any of claims 2 to 12, the suspensions being stacked
in a column to form a column of suspension finders; and '

a merge comb (60), having a plurality of comb fingers which, upon
engagement. with the column of suspension fingers, act to position air
35 bearing surfaces of a plurality of the sliders in a: substantlally parallel
relatxonshlp.

15. A combznat1on which 1nc1udes a disk drive and a merge comb, the
comblnatlon comprlslng.

40 _
a plurality of suspensions.(44); each suspension including:
a'load beam (52) having first and second end portions, the firSt end
_ . portion being adapted to be connected to an actuator: '
45 '

a flexure (950) having first and second end portions, the first end
‘portion being connected to the second end portion of the load beam;
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the term nal pp[} Tomof—eaeh—t-oad-beam angl es upwardl nt sl iders
are | oaded oﬁgglc;s?kgﬁso en the suspension fi nd&® %ewg(ﬁgﬁl ﬁ%“g’eﬁy 13%e

c_:onb fingers of the majj ﬂ ﬂ E"Elbearl ng surfaces of the sliders are
nornmal i zed to a desire A conbination as clained in

- cfai m 16 wherein: each | oad beam i ncl (ides ¥ protrusion which spaces a
respective one of said conb fingers of the nerge conb fromthe | oad beam a
predeterm ned 30 the sdbsidRBEE pobEIdnAof QR F1leRGA hERGRTE SwiRdb@ SPBES tHoRded
suspensi on T10gak. S bMoic! 6F 1854 (BA'nA% SUELAMRE Amifil Sht BREBA foe)
~normalized tog %m ed Lpositions. . I nation ascalrre In clarm?21

wher ei n” 35 %%c pr§f‘ru5| on is engageabl e with the respective finger. 23

A conbination as clained in claim21 wherein: 40 each protrusion
i s engageabl e wit#& tengesdded)i.vehishnhas antragthfandna métgean@ofrirst and second

portions extending in length from the suspended terminal end portion of
the flexure into said window in a direction which is toward the first end

10 portion of the load beam, the first portion extending from the suspended
terminal end portlon of the flexure and the second portion extending from
the first portion; ' '

a slider (54) mounted to the first portion of the tongue with the
15 second portion of the tongue extendlng in length toward the first end
portlon of the load beam.

a head stack assembly'(36) including the pluraliﬁy of suspensions,
the suspensions being stacked in a column so that the second portions of
20 the tongues are stacked in a column; '

a merge comb (60) which has a piurality of comb fingers which are
adapted for inter-engagement with the second portions of the tongues; and

25 the load beams, the second end portions'of the tongues and the merge
comb being fashioned to position the air bearing surfaces of the sliders
in a substantially parallel relationship with respect to one another when
the plurality of suspension fingers of the merge comb interengadge the
plurality of second end poftions of the tongues.

30 ' ' '

16. A combination as claimed in claim 15 wherfein:

Ehe'second'portion'of the tongue of each suspension includes a base
portion, which has said width adjacent the first portion of the tongue,
35 and a suspension finger which'has_a width less than said width of the
tongue and which extends from a first width portion of the base portion
toward the first end portion of the load beam leaving a second width
. portion of the base portion adjacent a base of the suspension finger:;

40 the comb fingers being adapted for said interengagement with the
suspension fingers; and

the load beam of each suspension has a tab which captures said
second width portion of the base portion of the tongue so that the flexure

45 has limited pitch movement about the load dome.

17. A combination as claimed in claim 16 wherein:

F AMENDED SHEET



24. A conbination aSWﬁWﬁerEi n: 45 = each. comb

finger includ€32H5-84% set hei ght portion whi ch engagesa rRSPEC oVenber 1997

suspension finger so th u sur.faces of the sli ders arie

nos Pral ized to ge3| red pjm "ﬂ'm”m;&mrg A head/ gi nbal assenbly’’ °

cohprising: 5 f Fexbr € (90) *whi cfy has a wi ndow (92), the wi ndow
bei ng partially bounded by a palr of legs (94) and a te(rjm nal gnd portion
96) of the flexur 100 whi.ch first and secon ortions
(ext)endl ng from 1Q Sac}lal%éw? e g‘nal ﬁ%enlg?t{lgﬁ) #’??Fé‘??%%?ﬁ?"e‘ven?ﬁ‘%ﬁcfu

wi ndow, a sl i BEF R E ﬁartaB"? ﬁ@rf“?"t”ﬂe‘ﬁoﬁl‘%"ﬁ BHngeRE fl exure the slider
|nclud|n§ an air-bearing surface; and 15 t he second portion of
the tongue hat8ng & qomhgmtlérll_(n)cmmem iextendsid woerdihe slider I eaving a
remai nder second end portion (106) adjacent to a
each suspension finger has a height offseé end portion (102b) so
that when height offset portions of the suspension finger are engaged by
10 comb fingers of the merge cemb the air bearing surfaces of the sliders are
normalized to a desired position;

19. A combination as claimed in claim 16 wherein:

15 each suspension finger is flexible so that when the suspension
fingers are engaged by the comb fingers of the merge comb the air bearlng
surfaces of the sliders are normalized to a desired posztion.

20. A combination as claimed in claim 16 wherein:
20 B . : _

the terminal end portion of each load beam angles upwardly when the
sliders are loaded on disks so that when the suspension fingers are '
engaged by the comb fingers of the merge comb the air bearing surfaces of
the sliders are normalized to a desired position.
25 ' '

21. A combination as claimed in claim 16 wherein:

each load beam includes a protrusion which spaces a respectlve one:
of said comb fingers of the merge comb from the load beam a predetermlned
30 distance when a comb flnger engages a respective suspension finger so that
' the air bearing surfaces of the sliders are normalized to desired
pos1tions.

22. A combination as claimed in claim 21 wherein:
35 ' .
' each protrusion is engageable with the respective finger.

23. A combination as claimed in claim 21 wherein:

40 each protrusion is engageable with a respective comb finger'of the
merge comb. .

24. A combination as ciaimed in claim 16 wherein:
45 each comb finger includes an offset helght portion which engages a

_respectlve suspen31on finger so that the air bearing surfaces of the
sliders are normalized to desired positions.
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base of said lhao WhEr ei n the finger is engageable with a nerge conb for
stabilising ts%gr%?ro?%earl ng surface of the slider i n“e ded?y &0 YRyemRes dasr

position. 20 26. A head/ gi mhal assenbly as. clained in clai m 25.wherei n:
said finger_has a height offset end portion (102b) so—that—when said hei ght

of f set- portlon of the finger is engaged bylh nerge co air
bearing surface of the slider is normalized to a deS| i“ m‘l"l
head/ gi nbal assenbl Jeagig g hibal rexd et yC banpti 2ingwher ei n: sa|

flexible so that when the finger is engaged by a 30 nmerge comb the air

“bearing ssurface ofa fi‘&u§él(g§{ dh%c}p%ﬁzais ?eX| g?ﬁ dF Bl red@(%3 EI L on H-PélY A
a

flexure co
havi ng a V\nrrﬁéow e (}Sﬁfﬁ( | ttleﬁf‘ﬂFle%(?BHtW é%daP %R | egs
(94) and. a t &THIYAES end portlon (96) of the plate; 40 ] a tongue
(100) extending fromthe 'term nal end portion of the plate :

a tongue (100), which has first and second portions, extending from

10 the terminal end portion of.the flexure into said window;

a slider mounted to the first portion of the flexure the slider
including an air-bearing surface; and

15 ' the second portion of the tongue having a finger (102) which extends
from the slider leaving a remainder second end portion (106) adjacent to a
base of said finger, wherein the'finger is engageable with a merge comb
for stabilising the air-bearing surface of the slider in a desired
normalised position.

20 ) :
' 26. A head/gimbal assembly as claimed in claim 25 wherein:
said finger has a height offset end portion (102b) so that when said
height offset portion of the finger is engaged by a merge comb (62) the
25 air bearing surface of the slider is normalized to a desired posztion

27. A head/gimbal assembly as claimed in claim 25 wherein:

said finger is flexible so that when the finger is engaged by a
30 ‘merge comb the air bearing surface of the slider is normalized to a
desired position. *

28. A flexure comprising:
35 . -a thin flexible plate (90);

the plate hav1ng a window (92), the window being partially bounded
by a pair of legs (94) and a terminal end portion (96) of the plate;

40 a tongue (100) extending from the terminal end portion of the plate
into said window and hav1ng a cantilevered end portion (104) p031tioned
therein; and :

the tdngue having e finger (102) which extends from the cantilevered

45 end portion leaving a remainder cantilevered end portion (106) adjacent to
a base of said finger. '
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fnto said wi ndow and having a cantil evered end portion (104) po$itioned
therein; and3fRheX8ABue having a finger (102) which ¥&fend®: f£fdiavenees 1997

caftil evered 45 ‘end portion |eaving. a renainder cant,ilevered end:
portion (106) adjacent to a base of said finger. 18 29. A fl
claimed in"claim28 wherein: 5 _ sagd finger has a height offset

end portion (102h) . | DA

A flexure as claimed in claim 28 wherein:

5 . said finger has a height offset end portion (102b) .
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