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1" TRANSDGEER . SUSPENSI ON SYSTEM Background of the Invention Field of t#e 7¥7

I nvention This invention relates generally to transducer suspéension systens
‘and nore.parti.cularly to a transducer suspension system conptised of

stacked material layers. Description of Prior Art Direct access storage

devices (DASD), or disk drives, store infiormation on concentric tracks of a
“rotatabl e magneti c recordi ng dISk A magneti c head or transducer elenent S

rmoved fromtrack to track tPRANSRICER SUSRENSIMNE SHENEMd i nf or mati on.

Typically, the magnetic head is positioned on an air bearing slider which

flies above the surface of theadkgxisund dehehdiventid es. | n sonme recently
pr oposed di sk drives, the slider (or carrier) rides on aliquid filmor

bearing on the disk. A suspension assenbly connects the slider to a rotary
or linear actuator. The suspension provides support for the slider. As disk

drives becorme snaller in size, Eheldefotbedpwveationdensity has increased
dramatically. This has necessitated the use of smaller and smal|er heads

and suspensi ons. Tdweveyenttipe sedtiesr genepadly i tes tofnadyges isysenssiom and head
nake it nore
systems and more particularxly to a transducer suspension system

comprised of stacked material layers.
Description of Prior Arr

Direct access storzge devices (DASD), or disk drives, store
information on ccncentric tracks of a rotatable magnetic
recording €isk. A magnetic head or transducer element is moved
from track to track to record and read the desired information.
Typically, the magnetic head is positioned on an air bearing
slider which flies above the surface of the disk as the disk
rotates. 1In scme recently proposed disk drives, the slider (or
carrier) rides on a liguid film or bearing on the disk. A
suspension assembly connects the slider to a rotary or linear
actuator. The suspension provides support for the slider.

As disk drives become smaller in sire, the recorded track
density has increzsed dramatically. Thi; has nncessitaled the
use of smaller and smaller heads and suspensions. However, Lhe

smaller geomectries of the suspension and head makc it more
-
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2 difficult to manufacture the disk drive. In particular it has becone
extrenely difficult to manufacture these heads and suspensi on conponents
and their related electrical lead lines with the required accuracy and
smal | tolerances. Summary of the Invention Briefly, in a preferred

enbodi ment of the invention, a suspension systemconprises a nultiple |ayer
flexure, a | oad beam and an arm The | oad beam extends froma tip of the
suspensi on back to the rear of the arm nenber. The arm nmenber is shaped to
correspond to the shape of the rear portion of the | oad beam The arm
menber i s wel ded underneath the | oad beam The | oad beam has a plurality of
dat um hol es. By extending the | oad beam bac¢k and oyer the al l_datum

é .
hol es may be |GEEEEWS (For FRPYISEHURR 4Mel S5k X ¥ fese ‘&Ieﬁﬁfﬁ]lﬁ‘g}fra?slﬁarﬁsbe used
CFider but ai Srorey At Betn SHETacy et Tk RS Phe Y el B 1D, 00

uator éad stack asse y. If only

one pi ece has gl gl 11e JaLWRRBOLAL Sinel Do G E81 Lo AR AR%d Aihbe total

manuf acturing p ess i s pos e. atum f eatures nay ocated in the

| oad- beam wi t h,a.,Si 2Giskan 156 80 toHaRbepther that is better
t han .010nn1h§§¥hkﬁﬁéﬁgf%$§% f@g%ﬁfé havéglarger hol es than the

correspondi ng holes on -the | oads\heamy &nypalieaeidn t ooling pins, or
actuator assenbly parts which are Inserted into the datum holes w ||
contact the Briefly, in a preferred enbodiment of the invention, a

suspensicn system comprises a multiple layer flexure, a load
beam, and an arm. The load beam extends from a tip of the
suspension back to the rear of the arm member. The arm member is
shaped to cozrespond to the shape of the rear portion of Lthe load
beam. The zrm member is welded underneath the load beam. The load
beam has a plurality of datum holes. By extending the load beam
back and over the arm, all datum holes may be located in the load
T beam layer. These datum holes can be used not only for
assembling ail pieces of the suspension and attaching the slider,
but z2lso for subsequent actuator or head stack assembly. If only
one piece has zll of the datum points, then greater accuracy in
the tctal manufacturing process is possible. All datum features
may be located in the load beam with a size precision and
precision to each other that is better than t .010mm. Both the
arm and flexure have larger holes than the corresponding holes c¢n
the load beam. Any alignment Looling pins, Or actuator assembly

parts which are inserted into the dactum holes will contact the
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smal | er holes of the | oad beam Additional features of the present

i nvention include nerge tabs, electrostatic discharge groundi ng, and

recessed portions for shearing parts froma frame. For a fuller

under st andi ng of the nature and advantages of the present invention,

reference should be made to the follow ng detailed description taken in

I:;lmjunction with the acconpanying drawi ngs. Brief Description of the- ,
awines Fig. 1 is a schematic diagramof a data storage systemof the :
ﬂesent invention; Fig. 2 is a top viegwof the systemof Fig. 1; Fig. 3 is

a (det ai | edhal 9pr \Hoqwsoftf AnSUSHRNDeo. S8k eMBrah Fidturdsfor ta up facing head
glnbal assenbly; Fig. 4 1s atop viewof a flexure nenber; Fig. 5is a top

Vi ew of  reesfitiGlivagt Ly ShcDidd herfd exube dTRRBEsstaEg. dfscharge t 0D Vi ew of
-an insulating |ayer of the flexure nmenber; Fig. 7 is a top view of a

support |eapendixig,t hadfteessed nriritons Fog. stkaring darpsvimn af f¥amecad beam
Fig. 9 1is atop viewof an armnenber; Fig. 10 is a top view of a
suspensi on frBeme;a fuller understanding of the nature and advantages of
the present inventjon, reference should be made to the following
detailed desctiptioﬁ taken in conjunction with the accompanying
drawings.
Brief Des¢rivtion of the Drawings
Fig. 1 is a schematic diagram of a data storage system of
the present invention;
Fig. 2 is a top view of the system of Fig. 1;
Fig. 3 Is a cdetailed top view of a suspension system of
Fig. 1 for an up facing head gimbal assembly;
Fig. ¢ is-a top view of a flexure member;
Pig. 5 is a top view of a corducting layer of the flexure

member;

Fig. € is a top view of an insulating layer of the flexure

member:

Fig. 7 is 2 top view of 2 support layer of the flexure

member;
Fig. 8 is 2 top view of a load beam:;
Fig. 9 is a top view of an arm member:;

Fig. 10 is a top view of a suspension frame;
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REPLACEMENT SHEET 4 Fig. 11 is a top detailed view of a portion of Fig.
10; Fig. 12 is atop detailed view of an alternative enbodi nent of Fig. 10;
Fig. 13 is an expl oded vi ew-of- a head stack assenbly; Fig. 14 is a side-
view of a pair of suspensions and a head separator tool; Fig. 15 is a top
"view of the head separator tool; Fig. 16 is a side view of the head

separator tool; Fig, 17 is a side,sectfonal vi ew of t roundi ng node;
Fig.. 18 is a t §P9vi ehvir 2aFPRRERHARY Vée‘érﬂ;oﬁil??erﬁf'm&f&teﬁgggr r])undi ng node;

ig. 19 is a side view of th di fFig. .8 ELa .20 ]
i S of anot et nbb Hoft Lo CRELFbARE 4 RLaTegnartls bhlbaiadat? 2 1O

Secti onal VIE%éOflghe groundi ng node of Fig. 20; Fig. 22 is a side
sectional Yfelt%f *qhot her enbodi ment of the groundi ng node. Fig. 23 is a

“side sectional picew, of; angt hen QUROKAIEBE PhebdGratrundiagipode.
| Fig. 14 is a2 side view of a pair of suspensions and a head
separator toocl:
Fig. 1% is 2 top view of the head separator tool:
Fig. 16 is a side view of the head separator tool;
Fig. 17 is a side sectional view of the grounding node;

Fig. 18 is

)

top view of an alternative embodiment of the
grounding node;

Fig. 19 is a side view of the grounding node of Fig. 18;

Fig. 20 is a tcp view of another embodiment of the grounding
node: |

Fig. 21 is a side sectional view of the grounding node of
Fig. 20: |

Fig. 22 is a side sectional view of a2nother embodiment of
the grounding node.

Fig. 23 is a side sectional view of another embodiment of
the grounding rode.

Description of the Preferred Embodiments
Figs. 1 and 2 show schematic diagrams of the data stcrage

svstem of the present invention which is designated by the
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Description of the Preferred Enbodinents Figs. 1 and 2 show schematic

di agrans of the data storage systemof the present invention which is

desi gnated by the 5 general reference nunmber 10. System 10 conprises a
plurality of magnetic recording disks 12. Each disk has a plurality of ,
concentric data tracks. Disks 12 are nounted on a spindle notor shaft 14,:
whilch is connected to a spindle notor 16. Mdtor 16 is nounted to a chassis
1814 The disks 12, spindle 14,. and notog 16 conprise a disk stack assenbly

20. A plurghbtyy Qlerbeamiievnbisenaads SiktamelPeompiitedaoyrirat bey digsks 12
such t hat g%ach suref ace of nt‘lhe di sks ?L% have a cgrrespondi ng head 30. Each

head 30 i %aghbaw%ceedgﬁedgékﬁ W ur pddrt i ok ns¥spenurabseyBd3fwith it each
suspensi on 32 has a correspondi ng actuator arm 34. Suspensions 32 are

connect ed dodcant ¥kt acitaaker 3IRskédciarermamteovas at bpithdadsotor a radi al
direction across disks 12. Actuator 36 typically conprises a rotating
menber 38 smafnt &4, tWhiahrix abhnecteeiate ng spOpdie motor I4.ndMetpr4 26 aved not or
magnets 44. Actuator 36 is also nounted to chassis 18. The heads 30,
suspensi orm@2taddiact ghe$ris368 corffhei deskm lactamindte deseand yo4er The di sk
stack assenbly 20 and the actuator assenbly 46 are sealed in an enclosure
48 (shown ¢prprise a disk stack assembly 20.
A plurality of read/write heads 30 are positioned over the

disks 12 such that each surface of the disks 12 have a

corresponding head 30. Each head 30 is attached to one of a

plurality of suspensions 32 with it each suspension 32 has a

corresponding actuator arm 34. Suspensions 32 are connected to a

rotary actuator 36. Actuator 36 moves the heads in a radial

direction across disks 12. Actuator 3¢ typically comprises a

t

rotating member 38 mounted to 2a rotating bearing 40, a motor
winding 42 and motor magnets 44. Actuator 36 is also mounted to
chassis 1§. The heads 30, suspension 32 and actuator 36
comprise an actuztor assembly 46. The disk stack assembly 20 and
the actuator assemdbly 46 are sealed in an enclosure 48 (shown by
2 dashed line) which provides protection from particulate
contaminatior.

- A corirollier unit 50 provides overall control Lto system 10.
Controlier unit 50 typically contains a central processing unit

{(CPU}), memcry unit and other digital circuitry. Contxoller 50 is
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a dashed line) which provides protection fromparticul ate contam nation. A

controller unit 50 provides overall control to system 10. Controller unit
50 typically contains a central processing unit (CPU), nenory unit and
other digital circuitry. Controller 50 is connected to an actuator
control/drive unit 56 which in turn is connected to actuator 36. This

al llows controller 50 to control the novenent of heads 30 over disks 12. The

controller 50 is connected to a read/ w8 te channel 58 which in turnis
connect ed ¢ennkeheedhaadan3ictubhps ednteras/doveretite565¢hichd swrtthrandsrecei ve
data fromthe disks 12. Controller 50 is connected to a spindle

control / drcarmeghed B0 avhuater A6t urthissaiomwieeedFolbe s F0nEP CAMBEOF 16. Thi s
allows controller 50 to control the rotation of disks 12. A host system 70,
which is tYhe ceveRent ednpeadsr 38yeYesrisks dénnctheeGOPEralier cHhisol I er unit
50. System 70 may send digital data to_controller 50 to be stored on disks

12, or mayc?’é‘tft?ég? theé HF@‘M"’&]—tEa‘fhf"Bélr%aad'hf‘?lbrﬁ"df'gﬁ% P COMELEAt to the

tem 70. The b DASD the art and
L doser i e 108 RS BBt oy T LA RGO ERFIEr B g ﬁ%m%e“”ékéé‘cecvgoirnm S M

e

and Eric Dy fpniel, MbGiaw Hj | Sk TP 15 1990 ccFLY 3, Sfiapg oD Vi ew

Attt che suspensi on conbrnation i erred to

as a SUSpe@§ﬁ§¥LI/d rive unit 60 which in turn is connected to spindle motorx

. 16. This allows controller 50 to control the rotation of disks
12. A host system 70, which is typically a computer system, is
connected to the controller unit 50. System 70 may send digital
data to controller 50 to be stored on disks 12, or may request
the digital dzta be read £Lrom disks 12 and sent to the system 70.
The basic operation of DASD units is well known in the art and is
described in more detail in "Magnetic Recording Handbook",

| C. Dennis Mee and Exic D. Daniel, McGraw Hi;l Book Company, 1990.
Fig. 3 shows a top view of 2 head 30 attached to a

suspensicn 32, This combination is referred to as a suspension
assembly or head gimbal assembly (HGA) 80. In this case, the HGA
is facing upward. Suspension 32 has a longitudinal axis 100, a
lateral axis 102 and a vertical axis 104. Suspension 37 is
comprised cf a load beam 110, laminated flexure member 112, and
an arm 34. Arm 34 is located underneéth the rear portion of load

beam 110. Laminated flexure member 112 is formed from a three-
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assenbly or head ginbal assenbly (HGA) 80. In this case, the HGA is facing
‘upwar d. Suspension 32 has a longitudinal axis 100, a lateral axis 102 and a
vertical axis 104, Suspension 32 is conprised of a |oad beam 110, | am nated
flexure nmenmber 112, and an arm34. Arm 34 is | ocated underneath the rear
portion of |oad beam 110. Lam nated flexure nenber 112 is fornmed froma

t hr ee- 7 layer lamnated material conprised of a steel support |ayer
electrically insulating l'ayer, and el &ctrically conductive |ayer. The
various Bay®r d2Binates mareiidleBOTRNHSES Ofi2 8FLlSERRRFtadAYRIN a

phot ol i t hographi ¢c_ process to formthe desired shapes. The suspension 32 is

extrenel $LeFHNC LY AndRid piGe LAY ARG PESEIHFR LY FRAYCE YR 3BT of the
. [ is typicall b 2 : he head 30 .typical , 1.25
T 00 x TBe stk et e ShrRr LSS AORPE: T PRE SRR Ot 281 sk drive.
t | f. th ' [ i | ller. Th
Toctri o PR EaITh e gL e da e BER e, pp I aes *) SVer Mar e et ched

to form el ectfC | (95 i jgh r - ecf &Rl pLer mnation
pad area 122 ‘{Hg ?hseﬁ'#e%g nB%.r lﬁeggé%egélgg é(I:l\ﬁoérrpri s.}e{’% g%%grfsclei d%ér%@atr]? a

magneti ¢ degadd Mairihesd rRNSALCEia 8k ¥RNusgdiR 16h efd iypfdailiyngse k20 terni nate
and are electrically attached to the head at the héad term nation pads
22rm.  The head 30 typically measures 1.25mm x 1.00mm x O.30mm.
These dimensions vary according the particular disk drive system.
In the future, these dimensions will probably be even smaller.

The electrically conducting layer and electrically
insulating layer are etched to form electrical lines (or lezacs)
120 which run from the rear termination pad area 122 to the head
30. KHead 30 is comprised of a slider and a magnetic read/write
transducer element. The electrical lines 120 terminate and are
electrically attached to the head at the head termination pads
131. The electrical lines 120 are bent vertically upward at the
head termination pads 131i.

Flexure member 112 provides a gimbal mount for attachment of
the head 30. The gimbal mount allows the head 30 to pitch in
order t¢ adjust its orientation (static attitude) to achieve the
proper air bearing between the head 30 and disks 12 while the
disks 12 is rotating. The flying height of the head 30 varies

from near contact to 100am depending upon the design, but
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131. The electrical lines 120 are bent vertically upward at the head
termnation pads 131. Fl exure nenber 112 provides a gi nbal nount for
attachnment of the head 30. The ginmbal nount allows the head™30 to pitch in
.order to adjust its orientation (static attitude) to achieve the proper air
beari ng between the head 30 and disks 12 while the from near contact to

| OOnm dependi ng upon the design, but 8 typically during operation is
~15nm or | ess height above the disk. Propers alignment of the head 30 on the
gi mbal nounttypicelliy idi@ing Operet vui nisChinn bBekesk2feigle dbsvgrh@ HDsk.un

al ong the sane surface containing the head 30 and to run within the outer
‘edges of thePdopad deagmmidd, ofande dlazsie30 ot hbe ggimbal mowrd asoczmiditak. head
30. In this configuration, the electrical lines 120 will be protected

agai nst i nadvert ehve ddeayeiahdr Ligehdad| 2 1eg deFiqpeddtghoms 2dorpfhei samdf t he
flexure menber 112. Figs. 5-7 show top views of the various overlying

el ement | ayefurigrefeenigiping thephepd 38 oW e sBEbER \fdley out ey edges

electrically conductln% | ayer 150, the electrically insulating |ayer 152,
and .t he suppRf ttPea 8am ¥- Or hang HOAGL & tﬁenw}ba 19%e3 gEepad (tpe t he

'Tﬁg?[r;négf 1&%%15 ?ﬁeﬁr Eafﬁm@ern%yg\ﬁatlon g‘:he e nétrﬁtcgg ffh%%tl (]; 1m'r£Ell ehrale al.

protected against inadvertent damage during handling. Fig. 4
shows a top view of the flexure member 112.

Figs. 5-7 show top views of the various overlying element
layers cf flexure 112. Figs. 5-7 show respectively, the
electrically cenducting layer 150, the electrically insulating
layer 152, and the support layer 154 of the laminated member 112.
Initiaily, the layers 150, 152, 154 are layers in a single
laminzted sheet of material. The member 112 is then formed from
the sheet by using photolithographic etch processes as are known
in the art. ULayer 150 is made of a conducting material such as
copper. In a preferred embodiment, the material is a high
strength copper alloy and has a8 thickness of between 2 microns
and 25 microns and preferably 18 micxons. Layer 152 is made of
an electrically insulating material and in a preferred embodiment
is made of pclyimide or Teflon and has a thickness of between 5
and 25 microns and preferably 18 microns. Laver 154 is made of a

thin stiff material which is able tc bend slightly, and in a
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the sheet by using photolithographic etch processes as are known in the
-art. Layer 150 is made of a conducting material such as copper. In a
preferred enbodi nent, the material is a high strength copper alloy and has
a thickness of between 2 microns and 25 mcrons and preferably 18 m crons.
" Layer 152 is nmade of an electrically insulating material and in a preferred
enbodi nent is nade of polyimde or Teflon and has a thickness of between 5
and 25 mcrons and preferably 18 mcrong. Layer 154 is nade of a thin
stiff mat epictervbd Cdindoginhe ilsombdndrsitgmlibys stedli andahas  preferred
enbodi nent is made of stainless steel and has a thickness of between 12 and
.30 mi cronstriuknpssf &f aklye@ 1% endrid. nRafasr bng preferablyi g0 S.crohe.
electrical lines 120 conprise five separate lines. In a preferred
enbodi ment, twhestrring PPHeke rfif- tD t Abe iHAGEFISAE dheefedrl| sPPRéShead 30
which is used to wite data and two of the lines 120 run to the.
nmagnet or esfiY8 \seParateitingh- t HE® RcRXPISHrSthiePROMENeGE et OF cEliP &é{"&s The
fifth line is used to provide an electrjcal connectlonigath (typically of
ground ref EFRriCe th8t BHINCEFY® (SRR Sifppof the28yef ¥hgah obs U583 14%xure 112 and
the | oad beam 110. Each of the Ii es h%gﬂa thin rectangul ar cross section

having a r8F4tS ers #of d:é’°sﬁ¥f%e 1pe% 16fh T4Re UP o e MAITOF Bt ¥k Paces and

LR yeigx%érlt Sgrggg%\eadego which is used to read data. The fifth

line is used to provide an electrical connection path (typically
of ground reference potential) to the support laye; 154 of the
flexure 112 and the load beam 110. EBach of the lines has a thin
rectanguiar cross sectiocn having 2 relztively large surface area
on the top and hottom surfaces and relatively small surface area
on the side surfaces. Lines 120 start from the termination pads
135 at area 122. The distal end of termination pads 135 provide
connection t¢ the read/write channel 58 through a flex cable.
Solder bumps are produced on optimized pads 135 with enough
volume to terminate %o the flex cable pad. This eliminaztes the
need and cost of positiorning solder bumps on the flex cable pads.
The distal ends 135 provide connection to the read/write channel
58. The lines 120 run from the side of the arm 34 towards the
center longitudinal access 100 of the suspension 32. The lines
120 vhen run in a generally longitudinal direction toward the

head 30. TUine 170 terminates at the grounding node 172. The
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on the side surfaces. Lines 120 start fromthe term nation pads 135 at area
122. The distal end of term nation pads 135 provide connection to the
read/write channel 58 through a flex cable. Sol der bunps are produced on
optim zed pads 135 with enough volune to termnate to the flex cabl e pad.
This elimnates the need and cost of positioning solder bunps on the flex
cabl e pads. The distal ends 135 provide connection to the read/wite

channel 58. The lines 120 run fromtfe side of the arm 34 towards the
. center lo d c i PERSE LR o3 ¢ LiNngse- 120 then
runin a S%r?tglréal‘[?@n\agng?tu %gl drl' rg%%;ét)% t%owardot & U&ad %0. tL ine 170

term nat eserﬁﬁlrbﬂﬁer&raquegff&z'aﬁde Ithe cogpt conéﬁthhé‘.es 120 may be pl ated
with gold in order to protect against environmental corrosion of the copper

conductors. At athendicskadl end of sukpRABSINME23Xhet Bouf Qidadhentbsl ipes 120
separate and run along either side of head 30, then turn backward toward
t he head 3fegarateraricnatie allongheitiemnisifiace otadicdd Sferattuthadvkadrd
term nation pads 131. This is necessary because the nagnetic read/wite
‘transducer tetagmiebbe irakod@tted tenmitesef abrthef fventofacheofsheakkri0 Ehe |ines
120 are bent 90[err] vertically in order to interface with pads 131. Fig. 6
shows a toph&iheadotearhioatiermrdeal 3. Thilist heepdsayerbecause the

magnetic read/write transducer element is located on the front

face of the slider. The lines 120 are bent 90° vertically in

orcder to interface with pads 131.

Fig. 6 shows z top view of the electrically insulating layer
i52. Layer 152 lies between layers 150 and 154. Layer 152 is
shaped to prcvide electrical insulation protection to the lines
120 in layer 130 which directly overlay the layer 152. Layer 152
forms an insulating strip 210 directly beneath the lines 120. At
the head area., layer 152 is shaped into a series of pads 212
which underlie lines 120. This is done to allow the lines 120 %o
be more flexzible at the head area such that lines 120 do not
interfere with movement of the head 30. Layer 152 also has a
plurality cf bumper pads 214 which are used to prevent metal
contact with the disk during assembly and to prevent shock during
operatioh.

Fig. 7 shows 2 top view of the support layer 154. Layer 154

has a rear portion 22C and a2 front portion 222. The front

————
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152. Layer 152 lies between | ayers 150 and 154. Layer 152 is shaped to

- provide electrical insulation protection to the lines 120 in |ayer 150
which directly overlay the layer 152. Layer 152 forms an insulating strip

210 directly beneath the lines 120. At the head area, |ayer 152 is shaped
into a series of pads 212 which underlie lines 120. This is done to all ow
the lines 120 to be nore flexible at the head area such that |ines 120 do

~not ipterfere with novenent of the head.ﬁo. Layer 152 also has a plurality

f b ds 214 which ; t. | t he disk
oo st L TSR Bl AR BaREM BLle O
“front porti 0?1#’2%5&?‘*2?%: 3%?‘)5:: %%el[)igr%?ﬁ#r;b%%gh{@gb)é |°tsdt“a?zag§% %26 havi ng
a front plat o288 Gl PEAVixdes,fuitPReELihob3l igiesided sufieddndngl atform

228 is a flexure aperture 230. A tongue section 232 provides support and an

attachment pepndetha@hinéeabo30r Bat WeSd FONUERWEes 1B 3 cRAEN W32t haam 228
are a pair of rectangul ar apertures 234. Apertures 234 allowed the |ines

120 to bend psatfeyn 2ppraxrch paier berradrabhgorarpagscthldds Z94pai Rpefrutkcads 236
extend fromtongue section 232 and function as notion limters when they
are bent 234 allowed the lines 120 to bend as they approach the
termination pads 131. A pair of tabs 236 extend from tongue
secticon 232 2nd furnction as motion limiters when they are bent
back under load beam 110. |
Fig. 8 shows 2 top view of load beam 110. Load beam 110 is
generally £lzt and rigid and made of a stainless steel or other
rigid material. 1In the preferred embodiment, the locad beam 110
is stainless steel of about 0.025 to 0.075mm thick and preferably
. S 0.038mm. It is desired to maintain the weight and inertia of the
load beam as smzll a2s possible without compromising its
structural rigidity.
Load beam 120 has a distal end with a tab 254 which is used
for loading and unloading of the slider during operation of the
disk drive. An aperture 256 is located behind tab 254. A tongue
section 258 extends into aperture 256. A stamped raised button
or dimple 260 is loczted on tongue 258. Dimple 260 contacts
tongue section 232 of flexure member 1.2 and allows head 30 to

gimbal (pitch and roil) slightly such that it allows the air
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‘back under | oad beam 110. Fig. 8 shows a top view of | oad beam 110. Load
beam 110 is generally flat and rigid and nade of a stainless steel or other
.rigid material. In the preferred enbodi ment, the | oad beam 110 is stainl ess
.steel of about 0.025 to 0.075mm thick and preferably 0.038mm It is desired
to mintain the weight and inertia of the |oad beamas small as possible

W t hout conpromsing its structural rigidity. Load beam 110 has a di stal
-end with a tab 254 which is used for |oading and unl oading of "the slider
during operation of the disk drive. A% aperture 256 is |ocated behind tab
254. A t &8gEeNS et foll @5ghe diSKdSOPHIE apeaitt it tro8er ANg diPed Aai sed
‘button or dinple 260 is |ocated on tongue 258. D nple 260,co;%acts -t ongue
section P#ToPL {OIREFS ‘neé’nﬁférapff’z'uﬁ?lc?sgl P%dﬁe%(fr‘r’gﬁa‘% PgrAbatoX pitch and
rol ') slightl uch _t hat_ i |l ows _the ajir 12 bearing tq fol |l ow the disk
contour &€°St ¥?€i°£‘g%"rret R%?dﬁ‘% .t}ﬁtpégPs &%cgﬁfe?’gd%%%%g B ture 256
provi de ont act Lnt_faor. 6_of r S s 236 pass
under Iogl&%bgé%%f%? iloa [’)n(rgé\lllgrggﬁéng?ﬁﬁ 5%%%6%% ?%é%ﬁngf%gkg%?@aeﬁe fl exure

Teber | ofbe LORGDIA Y L8 2180 baraPd,ty ol bt hgfapRb Gy ocess and
and the raised features are stamped.

The suspension 32 has 2 plurality of precision located
apertures 130, 132, 134, and 126 in the load beam layex. As
ezplained in more detail below, these apertures serve as datum
features. Apertuxe 132_alsc serves to receive a shaft of the
actuator 6. A plurzlity of suspensions 32 may be stacked unto
the actuztor shaft. However, the embodiments of this suspension
are best realized in an actuator assembly of very small size and
havirng just one pzir of up and down facing suspensions.

Load beam 11C has an oval shaped aperture 280 located along
the longitudinal axis 100 which corresponds to aperture 130 of
suspension 32. Aperture 280 has two straight edges 281 located at
its forward edge. Edges 261 are located 90° with respect toc one
another and azre symmetrical with respect to longitudinal axis
100. A circular aperture 282 is located at the rear end of load
beam 110 and is also located along axis 100. Aperture 282
corresponds to aperture 132 of suspension 32. Aperture 282 has

two straight edges 284 located at its rear edge and four recess
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The suspension 32 has a plurality of precision |ocated apertures 130, 132,
134, and 136 in the | oad beam | ayer. As explained in nore detail bel ow,

t hese apertures serve as datumfeatures.” Aperture 132 al so serves to
receive a shaft of the actuator 36. A plurality of suspensions 32 nay be
stacked unto the actuator shaft. However, the enbodinents of this
suspension are best realized in an actuator assenbly of very small size and
having just one pair of up and down facing suspensions. Load beam 110 has
ag oval shaped aperture 280 | ocated along the |ongitudinal axis 100 which
corresponds to_aperture 130 of susperi§i on 32. erture 280 has two straight
edges 281a‘leééa¥%§ equally 1PGRYRE ArabR itsEeiFeumSanensee |R9EEetPO0[err] with
respect to one anotgg[ and are sgnnetrical i th resgect t o | ongitudinal

axis 100.2%R (PFRALPOaEtPuF e PEES T A8 ATGeR: 218 R S ERE G | 0ad beam

110 and is, . al so_l ocated alo axis 100. Aperture 282 -corresponds to
aperture ﬁiﬁ% 5?5%5553 Rstor gg?' Aperture 282 has two straight edges 284

| ocated at i t$oLeaeaRl0f %Eggsegés%rs;@%garmr@éeggﬁ% 285 13Ugld Yoq Ol ed

around its circunference. 4 a ocate respect to one

another g makes STt EhEA U 36 | CRpEGL-LO A Snd Ude LOALSBEAI L0 has a

pair of apertures 290 and 59 | ocated on
apertures 134 and 136 of suspension 32. Apertures 250 and 292
are located along a line 294 which passes thru aperture 262 and
may or may not pass thru the center point of aperture 282. Line
284 is offset at an angle 296 relative to axis 100. Angle 296 is
preferably in the rance of +45° to -45° and is shown at about
+30°. BAperture 280 can be circular but preferably it also has
two straight edges 298 located at its forward edge. Edges 298
are located at 90° with respect to one another and are
symmetrical with respect to an axis that is parallel to axis 100.
| In this new miniature suspension, all of the critical datum
aperturxes 280, 282, 25C. 292 are concurrently formed in the
single load beam layer 110 by etcﬂing to a tolerance better than
+/-10 microns. All higher level assembly alignments are to these
features in the load beam; including slider attached, suspension
al:gnment on the carriage, and pivot cartridge alignment to the
Carriage/suspension assembly (HSA). In the suspension, all of
the holes in the arm 34 and flexuvre 112 which correspond to

apertures 280, 282, 290 and 292 are smaller or recess by a small
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either side of aperture 282. Apertures 290 and 292 correspond to apertures
134 and 136 of suspension 32. Apertures 290 and 292 are |l ocated along a

i ne 294 whi ch passes thru aperture 282 and nay or may not pass thru the
center point of aperture 282. Line 294 is offset at an angle 296 rel ative
to axis 100. Angle 296 is preferably in the range of +45 to -45 and is
shown at about +30[err]. Aperture 290 can be circular but preferably it

al so has two straight edges 298 | ocated at its forward edge. Edges 298 are
| ocated at 90[err] with respect to one another and are synmetrical wth
respect to an axis that is parallel to p, axis 100. In this neM/niniature

suspensi o y&# (%8%5? OM&?Anlsqa?oad 3RET Lo fsép&ﬁﬁn “dggg are

concurrent e sin eam ayer y etching to a

tol erance fetferadehan,d sI 410¢ 04 ClroQHSbea%l | higher level assenbly alignnments
are to these features I'n the | oad beam including slider attached,

suspensi on al i ggumike Of82 hBi6MIAdeRPEs ABGved \calkrr Lfel Lbdgs athregﬂétEnt to the
carri age/ suspensi on assenbly (HSA). In the suspension, all of -the holes in

t he arm 34saadtdétiadiyr eounk? hehé afexgonaBypdarhero thperther pbva@80, 282, 290 and
292 are smaller or recess by a small 14 anmount (approx.-50 microns) from
the corr esqpomélagey botinckes \thedd@s voshaded egasst df €shiight ¢ppdseathdeam

‘opposing v-shaped edges 281 in aperture 280. In attaching the
head 30 to the suspension 32, a tooling pin in aperture 280 is
biased agzinst the sliider £facing straight edges 281 by a movable
tooling pin in aperture 282 that biases against the opposing
straight edges 284. Thus, the accurate establishment and
airignment of axis 100 of load beam 110 is firmly established by
the cylindrical tooling pins resting 2gainst the edges 281 and
284.

Next consider the case of suspension alignment at the HSA
level. In addition teo the apertures 260 and 282, etched apertures
290 and 292 have been added. Apertures 290 and 292 are created
with +/- 10 microns tolerance accuracy. Apertures 290 and 292
both accept cylindrical tooling pins or c¢ylindrical datum posts
in the actuator carriage. Aperture 290 with its strzaight edges
298 is used to accurately locate load beam 110 in the plane
comprised cf axis 100 and 102. XAperture 292 acts as the
rotational reference for establishing the suspension center line

100 with respect to the carriage coil and the appropriate
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Aperture 282 which accepts a pivot carriage is not created as a totally
round hole marginally larger than the pivot carriage, but has the 90[err]
v-shaped edges 284 whi ch oppose the opposing v-shapee edges 281 in aperture
280. In attaching the head 30 to the suspension 32, a tooling pin-in
aperture 280 is biased against the slider facing straight edges 281 by a
novabl e tooling pin in aperture 282 that biases agai nst the opposing

strai ght edges 284. Thus, the accurate establishnment and alignnent of axis
10Q of |load beam 110 is firmy established by the cylindrical tooling pins
reqting agai nst the edges 281 and 284.15Next consi der the case of suspension
al ijgnment CaFT¥A9e FSh S%ep datymagerfscen tThifheerararion &isiatreand 282,

etched apertures 290 and 292 have been added. rtures 290 and 292 are
creat ed WPBHEER 2REFTHIESOAL0 taé‘ae?%lﬁé@yaﬁ% Lﬁegt??ﬁ'p Eiﬂekl?’iﬁ BECIRRF RABY 292 bot h

oSt oY B BOSneld A B0h, Hphe B L3, PR St BT ot o
155" he,  HePRR 1O IR HEIREOMEbaRI, S\a iR M brer e
line 100 Wothed @3RRCAIINY LRE £35T 1 EERNE0LInARIANS ARK Uheh&eive 1D
the corresponding datum features in the actuvator carriage. :hese
load beam features provide for self alignment of the suspensions
to the carriage without the need for any additional datum tools
in the stacking operation for the HSA. The special shape of
aperture 282 In the load beam also provides a precise datum
against whicﬁ to bias the pivbt cartridge so that the center of
pivot rotation is accurately established with respect to the mass
and center of gravity of the HGA.
‘n Load beam 110 has a side tab 300 which has a through hole
302. This feature is used for merge and will be explained in
more detail below. Lozd beam 110 has 2 side notch 310 located on
the opposite side from tab 300.
Load beam 110 has a second oval aperture 320 located along
axis 100 between aperture 280 and 282. Another circular aperture
322 is located at the rear near aperture 292 and provides access
for a fastener to hold the HGAs to the actuator carriage before

the pivot cartridge is installed.

Fig 9 shows a top view of arm 34. Arm 31 is typically made
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carriage crash stop datum surface. This separation di stance between
apertures 290 and 292 nmay be relatively | ong because they are offset at
angle 296 with respect ‘'to axis 100. Due to the shortage of space in the

smgl | suspension, it was not possible to |ocate themalong the axis 100 and
concurrently have themreceive the correspondi ng datum features in the
actjuator carriage. These | oad beam featgres provide for self alignment of

thel suspenst s ihPed1&tedl M (Re2eYABIIOYB0S NGrat 88tk ) BbveRy 2€diéiqnRal datum
toojs in the stacking operation for the HSA. The special shape of aperture

282" i n theot qrdwbeann a1$ampimy bUdsSmR apuesisrdplyin.agmmnshawhdchalso bi as
the pivot cartridge so that the center of pivot rotation is accurately

est abl i shedpetturese3feci3se oardh@5haesi chndoceaspend ofo gpeavtuneso82 he298GA. Load
beam 110 has a side tab 300 which has a through hole 302. This feature is
used for nerge2Rndrespdcthwelyplodi head iveamokld.dedenm [34bak dwvhasoad beam 110
“has a side notch 310 |l ocated on the opposite side fromtab 300. Load beam
110 has a seewmresyafd apdr Be? evh3gh eorrgseandltongPestuses 0¥ handedd? aperture
280 and 282. Another circular aperture 322 is |ocated at the rear near
aperture 295 197% PR&Mi & aRERSS ROFO D3Rt RTEP #1P HAI 4Tt R dpcA o the
actuator carriage before the pivot carfridge is installed. Fig 9 shows a
top view 0F°5F?%5‘.°3A?‘?n'§&°1‘s’ltoyﬁ'r'cﬁ‘?ﬁ b 'gello'

The assenbly process for the suspension 32 will now be
explained. Initially, the flexure member 112 was fabricated from
a thin layer laminated sheet by photolithographic etching as
explained above. Preferably, multiple members 112 are made 2t
the same time from £ single sheet. The multiple members 112 are
held to the £frame (the remaining portion'of the sheet} at four
frame attached locations 400, 402, 404, 406. See Fig. 4.

Load beam 112 and arm 34 are welded together. To hold the
two pieces together with proper alignment during welding, spring
loaded tcoling pins are placed through holes in the strip frame
to which the load beam pieces are attached and datum holes 320
and 282 of load beam 110 and arm 34. Al) datum holes in load
beam 110 are slightly smallexr than the corresponding holes in the
other pieces arm 34 or flexure 112. This insures that all datum
points are measured from the load beam 110 during manufacture.

This insures accuracy.
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16 of stainleéess steel (preferably #305) material having a thickness of

bet ween 0. 075mm and 0. 30mm and preferably 0.15mm Arm 34 has apertures 350,
- 352 and 354 which correspond to apertures 282, 290 and 292, respectively,

of | oad beam 110. Arm 34 al so has apertures 360 and 362 which correspond to
apertures 320 and 322 of |oad beam 110. Arm 34 also has a notch 370 in its
si de whi ch corresponds to notch 310 of | oad beam 110. The assenbly process
.for ti{he suspension 32 will now be explained. Initially, the flexure nmenber
112 s fabricated froma thin |ayer |am nated sheet by photolithographic
etchilng as expl ai ned above. Preferably, |tiple menbers 112 are nmde at

he st [ f i ngl h T q? ' 1 hel d h
fram (the romai MU BEPTIaR 1S (3 SRt “AFh PP rists SPEaRed | ocati one
400, 402, 4 406, S ig.. 4 |

Coget hor | T8 REFH USBEL APEECEET o GBPRE WreRt proost il il

wel di ng, - sprehiguLiadede Lol hag RIS A B AlAESMe 1)EBUGILAIOKRE dikckbe sirip

frame to whic eam pi eces are attached and datum hol es 320 and

282 of |oad feapidddl and &idh Id1aA lrodatwer.hotesn B1teathehoanpbdsa) e
slightly smaller than the corresponding holes in the other pieces arm 34 or

flexure 112.zrnThis 1ddaUBES 1NA afd | £1@RLEEN 112PRENTR AbRcRRAULEGIiEAE t he
| oad. beam 110 during manufacture. This insures accuracy.
and welded.
Once 2ll the pieces (load beam 110, flexure 112 and arm 34)
are welded together, they must be separated from the frame. As
shown in Fig. 10, the suspension 32 is still held to a frame 450
by attachment points 4C0-406 of the flexure member 112.
A shearing tool is used to separate the attachment points
400-406. It is undesirable for attachment point 402 to leave any
.y tab which protrudes beyond the side edge of suspension 32. This
is because it may interfere with the outer perimeter of the disk
stack durinc operation. Notches 310 and 370 in load beam 110 and
arm 34, respectively, are located below attachment point 402 on
flexure 112. These recesses 310 and 370 allow the shearing tool
to cut inside the outer edge of suspension 32 and irsure that no
remaining portion of attachment point 402 extends beyond the

edge.
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17 After beam 110 and arm 34 are wel ded together, they are placed under
- flexure 112. Spring | oaded tooling pins are placed through apertures 130
and 132 to precisely position the pieces. The pieces are then wel ded
together. In an alternative process, arm 34, |oad beam 110 and fl exure 112
" may be concurrently aligned and wel ded. Once all the pieces (load beam 110,
flexure 112 and arm 34) are wel ded together, they nust be separated from:
~the frame. As shown in Fig. 10, the suspension 32 is still held to a frame
-450 by attachnent points 400-406 of th flexure nenber 112. A shearing tool
is used to sepansthert Bersidudthnimtshpaiirs o446, attachpenmaeodnt abl e f or
_attachnment point 402 to | eave any tab which protrudes beyond the side edge
of suspensit®n 3Bttifkhment spdietad8® dontatns ithe cFFBYBatHath PRhSA18at 22 peri met er
of. the disk stack during operation. Notches 310 and 370.in |oad beam 110
and ar m 34therespeetdlestyical d nee iegdistiow At tRENFRTAT pBi MC 4052 Un flexure
112. These recesses 310_and 370 allow_ the.sheari t 00l
outer edgettt 18FEFRNSIGAZRSE did PRE (HEBTt HAETAYY rag'

at{ achment, pol ng 402, SXL20s RoYRD% S £045er 150

Thi g orenkER 1 e

Fig. 11 shows 2z top detailed view of attachment point 400.
In order to prevent the shorting problem, the layers 150, 152,
and 154 are s:taggered such that they do not overlie each other at
the attachment point 400. The shearing tool cuts along a line
460 and independently cuts each tab of layers 150, 152, and 154.
Sirce the layers 150, 152 and 154 do not overlie each other along
the cut line 460, the possibility of inadvertent shorting is
greatly reduced.

Fig. 12 shows an alternative embodiment of attachment .400.
Here zgzin, the layers 150, 152 and 154 had been staggered.
Copper layer 150 from each of pads 135 runs between two strips of
polyamide 152. Steel layer 154 now extends via a pair of arms
470 to frame 450. The shearing tocl again cuts along line 460
and 461.

Once the suspension 32 has been removed from frame 450, it
is ready for attachment of head 30. As explained above, the
datum holes in load beam 110 are used to precisely position

suspension 32 with reSpeét to head 30. Head 30 is attached to
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18 Another difficulty in shearing occurs at attachment point 400.
Attachnment point 400 contains the term nation pad area 122 where the

el ectrical lines termnate. |If the shear is not clean, the insulating |ayer
152 may tear, thereby allow ng the conductor |ayer 150 to short with the
support layer 154. Fig. 11 shows a top detail ed view of attachnment point
400. In order to prevent the shorting problem the |ayers 150, 152, and 154
are staggered such that they do not overlie each other at the attachment
poi nt , 400. The shearing tool cuts along a |ine 460 and i ndependently cuts
each tab of |ayers 150, 152, and 154. Si hce the layers 150, 152 and 154 do
not overlie each other along the cut i né® 460, the possibilit

of
i nadvertent Sénuue sectisngRdathy adbeRiced. Tiegfoup &digshsiced QF%%FLFI&?? ve
enbodi nent of attachnment .400. Here again, the |ayers 150, 152 and 154 had
been stagger 820 acgpphen [vdyErsIHEE I pRBded 19 Pp2l0135 runs between two
strips of polyam de 152. Steel |ayer 154 now_extends viﬂ%a gaiﬁ of arns 470
to frame 450. TH&IshbhrShRYStHbISXRGAFGH ¥8es °F BrFad AE*I6EafPW61. Once
t he suspension, 32 has been renoved fromfra 450, it is rea fo
at't achnent of’hh"éhd536?s’ﬁ§‘aéﬁgl%5f§rg‘8 LHvE, "frrel'%gr?’-‘%eat"ﬁﬂ?%rol‘)gsg?/on' Iggﬁ beam

110 are used558 c%m%m S&l ya ggg;‘)ét‘tsqp:n 32, an opposite facing suspension 502,

rises
a carriage 504, a cartridge bearing 506, a washer ring 508, a
locking nut 510, and 2 fastener 512. Suspension 502 is similar
to suspension 32 described above, with the exception that
suspersion 502 is a2 mirror imege of suspension 32. Suspension
502 has a head 30 not shown, which will contact the top surface
of 2 disk whereas suspension 32 has a head 30 which will contact
the bottom portion of a disk. Carriage 504 has datum apertures
520 and 522, and aperture 524 which correspond to apertures 290,
292 and 322 of suspension 32. Carriage 504 2lso comprises an
actuator ceil 530 and a flex cable 532. Flex cable 532 has a
plurality of electrical terminatiog pads 534 which correspond to
the pads 135 on suspensions 32 and 502.
During assembly, suspension 32, carriage 504, and suspension
502 are stacked together and a tooling pin is passed through hole
290 in the suspensions and hole 520 in the carriage, an¢ a second
. tooling pin is passed through hole 292 in the suspension and hole
522 in the carriage. Alternatively, the aperturcs 520 and 522 in

carriage 504 could be posts extending from the surface rather
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suspension 32 with respect to head 30. Head 30 is attached to 19 tongue
section 232 by adhesive. The four electrical head lines 120 are then
ultrasonically bonded to head 30. Fig. 13 shows- an expl oded vi ew of a head
stack assenbly which is designated by the general reference nunber of 500.
HSA 500 conprises a suspension 32, an opposite facing suspension 502, a
carriage 504, a cartridge bearing 506, a washer ring 508, a |ocking nut
510, and a fastener 512. Suspension 502 is simlar to suspension 32
descri bed above, with the exception that suspension 502 is a mrror inage
of : suspensi on 32. Suspension 502 has a head 30 not shown, which wl|
tontact the top surface of a disk mhe as suspensi on 32 has a head 30 which
will cont Gl t he tton1§%rt|on rriage 584 has datum apertures

520 and 572°"afRFHpErt ur €839 RN h“‘&"b‘rdrég‘b‘bcﬁ t*88 90, 292 and

322 of Ca I t uat | 530 and
a fl (Ca)x igg‘i%ggéé’g& élggxa?:arb:ggg g%ag %‘PB I I tyseofasr&(??%bst{l%f‘gél OI&?n‘i nat ia(r)]n
D iy et B ARAOAE ORI BEE%artS 30 L RUEREIRLORA A2 AN 08 DT NG

assenbl y, suspension carriage 4, "and suspensi are stacked

toget her angdraz§&YosNa pfastbﬁepmaﬁ wraoygzh S'i@';’?a%%g LiLuBR migRensi ons

and hole 520 inthe carriage, and a seco
' 322 of the suspensions and holds the suspension assembly together

for future processing. Alternatively, pin 512 may be omitted if
the cartridge bearing 506, washer 508 and locking nut 510 have
already been attached.

The apertures 2390 and 292 cf load beam 110 are slightly
smaller than the corresponding apertures 352 and 354 of arm 34
and apparatus 520 and 522 of carriage 504. This means that the
load beam is always used as the reference for the datum points.

Next, the electriczl connection is made between the flex
cable 532 and the suspensions 30 and 502. A solder reflow
process is used t¢ electrically connect the pads 534 to the
corresponding pads 1335 of the suspensions. Next, the carriage
bearing 506 is inserted through apertures 282 of the suspension
and an aperture 540 of the carriage. The spacer 508 and locking
nut 510 are then attached to cartridge bearing 506 and locked in
place.

Before removal of the head stack assembly from its
manufacuturing tooling and installatien into the head disk

assembly, it is necessary to insure that the heads 30 of
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tooling pin is passed through hole 292 in the suspension and hole -522 in
the carriage. Alternatively, the apertures 520 and 522 in carriage 504
coul d be posts-extending fromthe surface rather 20 than apertures.
These posts woul d then be inserted through apertures 290 and 292 of the

| oad beans of the suspensions. Once the suspension datum holes 290 and 292
receive and align the carriage 504, a fastener shown as a pin 512 passes

t hrough hol es 322 of the suspensions and hol ds the suspension assenbly
together for future processing. Alternatively, pin 512 may be onmitted if
the ¢artridge bearing 506, washer 508 and | ocking nut 510 have al ready been
attatched. The apertures 290 and 292 of kvad beam 110 are slightly smaller
thanit he cospepgrmidnagEapadt 802 085@ hende@b4noé spagedsredatiionsparatas 520
and %22 of carriage 504. This neans that the | oad beamis al ways used as
the ref eren®BefHIOWRS HatFSEpHothiPFeval damadee te| e Petigate et 88n i s nmde
between the flex cable 532 and the suspensions 30 and 502. A solder reflow
process is ds88PITRLEPBCIII AP 5P AREUCE Y IBE.- 530 TRE “REY cor r espondi ng
pads 135 of the suspensiqns. Next, th carruagg bearing 506 is inserted

t hrough apeftOrdi=Fgs1ge hogd SRPAFBH I GR PR RREEEEP . BYB MO Y he

carriage. The spacer 398, and LoGk Mceived and retained by the head stack

assembly. The load beam tabs 300 solve this problem.

Fig. 14 shows a side view of a pair of suspension 32 and a
separator tool 600.

Figs. 15 and 16 show top and side views, respectively, of
sepafator tool 600. Separator tool 600 is made of a non
conductive polymer material. Separator tool 600 has a pair of
dimples 602 located or opposite sides of the separator tool 6(0.
The dimples 602 are each located within a horseshoe shaped wall
604. 1In operation, tocl 600 is placed such that dimples 602
engage hole 302 ir tzb 300 of the two suspensions 32 and 502.

The wall 604 is shaped to receive tabs 302. As shown in Fig. 12,
the tool 600 pushes tab 300 apart and is aligned and retained by
tab 300 and hole 302, and a distal end 610 of the separator tool
600 pushes against the pair of load beams and hence héads 30, not
shown, are spaced apart. This protects the heads 30 until they
are ready to be inserted belween the disks.

Fig. 17 shows a cross sectional view of a grounding node

172. Grounding line 170 is needed to electrically ground the
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nut 510 are then attached to cartridge bearing 506 and | ocked in pl ace.
Before renoval of the head stack assenbly fromits manufacuturing tooling
and installation into the head di sk assenbly, it is necessary to insure
that the heads 30 of 21 suspensions 32 and 502 woul d be kept in a spaced
rel ationship to one another in order to prevent damage to the delicate
heads 30. A separation tool is used for such purpose. In the very mniature
si ze head stack asenblies of the present invention, separator tools cannot
be reFelved and retained by the head stack assenbly. The | oad beam tabs 300
sol-vei this problem Fig 14 shows a side_view of a pair of suspension 32

d al t t 15 d Wt d
espettvel yurspEclayeRy 13 P%Sfu%agi‘ﬁ Bt B PR R S hon
conduct | Ve POLNGED JPLSLL AlcaSOBRRE i 00ka P Welll3 e RN 8E O DI €5 602

| ocat ed on opposi parator too The |nples 602 are

each | ocat ede MickhbRi@ ctsaﬁér?e%*a@eoﬁmeédao/vabk @04 roddd QBE:ANc@Nhel 00 600 is
pl aced such that dinples 602 engage hole 302 in tab 300 of the two

suspensi ons sdppaid H2r Theerahé dddutsorshaped Fig. nacelve 1absis302. As
shown in Fig. 12,
lccated over hole 360 of azrm 34 and hole 320 of load beam 110.
Support layer 154 and insulating layer 152 are etched away
forming a hole beneath line 170. A drop of electrically
conductive epoxy 550, such as Hysol Koizo is placed within the
hole, thereby providing an electrical connection between the
support layer 154 and the electrical line 170.

Figs. 18 and 19 show top and side views of an alternative
embodiment of the grounding node 172. The only difference is
that the load beam 110 and flexure 112 have been bent i£to the
hole 320.

Figs. 20 and 21 show top and side views, respectively, of
another embodiment of <he grounding node 172. 1Instead of epoxy,
line 170 is bent through hole 360 to contact support layer 154.-

Fig. 22 shows 2 side view of another embodiment of the
grounding node 172. Here the line 170 is bent through hole 320
and bert up ogainst the cther side of the hole to contact support
layef 154,

Fig. 22 shows a side vicw of another embodiment of the

grounding node 172 that is similar to that shown in Fig. 17. The
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the tool 600 pushes tab 300 -apart and is aligned and retained by tab 300
and hole 302, and a distal end 610 of the separator tool 600 pushes agai nst
the pair of |oad beans and hence heads 30, not shown, are spaced apart.
This protects the heads 30 until they are ready to be inserted between the
di sks. Fig. 17 shows a cross sectional view of a grounding node 172.
Gounding line 170 is needed to electrically ground the 22 support |ayer
154 :of suspension 32. This is necessary to prevent buildup of electrical
char,ge whi ch may damage the delicate elgctronic conponents of head 30, or

to dground refr@eesc® §hersiPRAE 11daaYBEar N6 ndd8 SPIYHCHORS wikh Fig. 17,
l.ine 170 is |l ocated over hole 360 of arm 34 and hole 320 of | oad bean1110

Support | ayeintibds ajduhdsiy atheqloayed thelebéct retehdnaveyidnOtBi fghea hol e
beneath line 170. A drop of electrically conductive epoxy 550, such as
Hysol Koi zapby srepdiixged Wit hin the hole, thereby providing an el ectrical
connection between the support |ayer 154 and the electrical line 170. Figs.
18 and 19 show Wbjpleantie spxferredvenbbdimendist ef rthei peesemodnveerttionf t he
groundi ng node 172. The only difference is that the | oad beam 110 and

fl exure 112hdveyvbedrdn lbentatedt on tdedahdl eét3should be apparent that

modifications and adaptations to those embodiments may occur to
one skilled in the art without departing from the scope ¢f the

present invention as set forth in the following claims.
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Figs. 20 and 21 show top and side views, respectively, of another

enbodi nent of the grounding node 172. Instead of epoxy, line 170 is bent

t hrough hole 360 to contact support |ayer 154. Fig. 22 shows a side view of
anot her enbodi nent of the grounding node 172. Here the line 170 is bent

t hrough hol e 320 and bent up against the other side of the hole to contact
support |ayer 154. Fig. 23 shows a side view of another enbodi ment of the
groundi ng node 172 that is simlar to that shown in Fig. 17. The 23
difference is that the | oad beam 120 has a slight bend with contacts
grijounding line 170 and the el ectrical gg&gonnection is nmade by wel ding. Wile

the preferred enbodi ments of thgmgiﬁésﬂ%nggvention have been illustrated in
detail, it should be apparent that nodifications and adaptations to those
enbodlnents may occur to one skilled in the art without departing fromthe
scope of the present invention as set forth in the follow ng cl ains. 1.
A transdugerciaspensi on system conpri sing:

1. A transducer suspension system comprising:

a load beam member having a longitudinal azis, a lateral
axis and a perpendicular axis, the load beam having a first and a
second erds, the first end having a first load beam aperture for
for attachment to an actuator:

a2 flexure member overlying the load beam, the flexure member
comprised of an electrically conducting layer, an electrically
insulating layer and a support layer;

an arm member located underneath the loa& beam at the first
end of the load beam, the arm member having a first arm aperture

which corresponds to the first load beam aperture.

2. The system of claim 1, wherein the first arm aperture
is larger than the corresponding first load beam aperture such
that the inner edge of the first load beam aperture is located

within the inner edge of the first arm aperture.

R N
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a | oad beam nenber having a longitudinal axis, a lateral axis and a

per pendi cul ar axis, the | oad beam nenber having a first and a second ends,
the first end having a first | oad beam aperture for attachnment to an
actuator, wherein the first |oad beam aperture has a pair of straight edges
set at an angle with respect to one another and symetrical about the

| ongi tyudi nal "axis; a flexure nember overlying the | oad beam nenber, the

fl exurle nmenber conprised of an electrically conducting |ayer, an
electrfically insulating |layer and support |ayer; and an arm nenber | ocated
underneath the | oad beam nenber at the fijgst end of the | oad beam nenber,

the arim menber hayj ngTﬁefégq_éEmaéfn&B%tyr%h%éﬁh tROT FHSRONES bRakhe fi r st
| oad ‘beam aperture. 2. he syst em of claim1, wherein the first arm

aperture is lapegeird haB & iGObE esAREhe kdges Sded @a0aDRAGLARAIKUr € such
that the inner edge of the first |oad beamaperture is |located within the

i nner edge ofrekpect itoSbnardAcdpertande symmetricdheadust €@ Qbngitidindy wherein
the | oad beam has a second | oad beam aperture and the flexure nenber has a
fl exure aper taxie. whi ch corresponds to it. 4. The system of claim 3,
wherein the flexure aperture is larger than the correspondi ng second | oad
beam aperture. 5. The system of claim3, wherein the second | oad beam
aperture has two strai ght edges set at an angle with respect to one anot her
and symmetrical aboutThehgystagicfuehail laxiheregn the Ipad Hpapersor claim 1,
wherein the | oad beam has a pair of |oad beam datum apertures | ocated on

ei ther side CeCPBAC BEhRPAPAPEIELIf AP hoe flAxRES mMempey rhagf a flexure

aperture which corresponds to it.

S. The system of claim 4, wherein the flexure aperture is

larger than the corresponding second load beam aperture.

6. The system of claim 4, wherein the second load beam
aperture has two straight edges set at an angle with respect to

one another and symmetrical about the longitudinal axis.

7. The system of claim 1, wherein the load beam has a pair
cf load beam datum apertures located on either side of load beam
aperture and the arm has a pair of corresponding arm datum

apertures.

U
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7. The system of claim6, wherein the pair of arm datum apertures are
‘larger than the corresponding pair of |oad beam datum apertures. 8. The
system.of claim6, wherein one of the pair of |oad beam datum apertures has
.a pair of straight edges set at an angle with respect to one another which
are symretrical with respect to the |ongitudinal axis. 9. The system of
claim1, wherein the | oad beam nenber has a fastener aperture and the arm
.menber has a correspondi ng fastener aperture for receiving a fastener

. durinhg the assenbly process. 10. The system of claim 1, wherein the |oad
beam menber has a separation tab which extends fromits side edge for
engagenent with a separation tool. 11. The system of claim1l, wherein the

electrically conductlng | aye conprlses%Q plurality of electrical |ead

li nes and wher ei®n on"éh%fsytsgéme?fe&lf‘?“&aq FRexein 5B Haéra°§r3(¥ﬁ‘nﬂa1:‘i‘"i‘1e and is
| ect [ ted to th Th f cl 11,
whorein e hegaggﬁir}?%c%e é%ﬁﬁsgt SR ERS R hebir G pa At B PRLTSHAIPERR suppor

| ayer is ma |n The system of claim 11, mhereln t he
.electrical coﬁnec on meen the ground line and the support |ayer
conprises a conductive epoxy 14. The system of claim 11, wherein the

ground line is bent through an aperture in the insulating |ayer to contact

the support layey,. 1lope syHiemSysl8miffy cmbpaﬁ, oHBesLithel B& f bexub gy menmber
has a plurality of shock bunpers conprised of the electrically insulating
1 ayer. beam datum apertures has a pair of straight edges set at an angle

with respect to one another which are symmetrical with respect to

the longitudinal sxis.

10. The system of claim 1, whezein the load beam member has
a fastener aperture and the arm member nhas a corxresponding

fastener aperture before receiving a fastener during the assembly

rocess.

11. The system of ciaim 1, wherein the load beam has a
separation tab which extends from its side edge for engagement

with a separation tool.

L
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16 A transducer suspension system conprising: a | oad beam nenber havi ng
‘a longitude axis, a lateral axis and a perpendicular axis, the | oad beam
menber having a first and a second ends, the first end having a first | oad
.beam aperture for attachnent to an actuator; a flexure nmenber overlying the
| oad beam nmenber, the fl exure nenber conprlsed of an electrically _
conducting layer, an electrically insulating |layer and a support |ayer; an
arm penber | ocated underneath the | oad beam nenber at the first end of the
| oad) beam the arm nmenber having a first arm aperture which corresponds to

“the first |oad beam aperture; wherein t | oad beanthas a pair of |oad beam
-menber datum apertures | ocated fn ei,ther side of th %entnenber
aperture, and tHhe ar MhaYS5eBaPT FPIRohr ¥BBEHS ﬁ@ea‘?]rﬁcﬁﬁtiﬁh dpertures, one

f th b d f h d
at an angl <SP RIa LAY GoBRE SR P '§¥1 4 éeﬁm.s" B e W e T espect
to the | OnglaEHdmf@LJengbé o%7tﬂe el%%tﬂ/r.séle ngkm )_o@ﬁ\rdehn fhe first

arm aperture Is rger {han the correspon rst antapeftgre such
that the inngreedae;@hiechhbsted ceadub@ac%h g rt% gd within the

i nner edge of the first armaperture. . e systemof claim 16, wherein
the | oad beam nunber has a second | oad beantaperture and the flexure nmenber
has a flexure aperture which corresponds to it. 19. The system of claim
18, wherein the fiexohe spsiehuse dinihaiBewhbham the xcres@endi ng second

| oad beam aperture. 20. The system of claim 18, wherein the second | oad

beam aper t urcenhast fonobstwednglihe egipendseitneatinancrenghgporitt RefgpPestmdde one

another and symretrical about
by welding.

l4. The system of claim 12, wherein the electrical
connection between the ground line and the support member

comprises a conductive epoxy.

15. The system of claim 12, wherein the ground line is bent
through an aperture in the iasulating layer to contact the

sSupport memberx.

16. The system of claim 1, wherein the flexure member has a
plurality of shock bumpers comprised of the electrically

insulating laver.

17. A method of manufacturing a Lransducer suspension

* c L M § *
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t he | ongi tudi nal axis. 21. The system of claim 16. wherein the pair of
arm datum apertures are 22. The system of claim 16, wherein the |oad
beam nenber has a fastener aperture and the arm nmenber has a correspondi ng
fastener aperture for receiving a fastener during the assenbly process. 23.
The system of claim 16, wherein the | oad beam nmenber has a separation tab
whi ch extends fromits side edge for engagenment with a separation tool. 24.
The systemof claim 16, wherein the eleg§rically conducting |ayer conprises

a plurality Qfe! @kpEEAInG 8RE dddpsSopherein one of the electrical |ead
lines is a ground linhe and is electrically connected to the support |ayer.

25.;  The syst efadhgChajdac?beartti@hl 4 NengitRGiRaTalkieprQGke bet ween the
ground line and the support layer is made by wel di ng. 26. The system of

claim 24, \skespidnd BepetRaidicGhdr @xEBLaheOlofzEbeeealvligg of dubsk |dnge and t he
support |ayer conprises a conductive epoxy. 27. The system of cl ai m 24,
wher ei n t heegboodirghdsi, nehe Lilrettedchhauily anf aper fosdk beamt dpedtnsell fatdi ng | ayer
to.contact the support |ayer. 28. The system of claim 16, wherein the
fl exure nerséachentatpl amw &dtugtaf; shock bunpers conprised of the
electrically insulating |ayer.
attaching a flexure member over the load beam, the flexure
member comprised of an electrically conducting layer, and
electrically insulating layer, and a support layer;
attaching an arm rember underneath the load beam at the
first end of the lcad beam, the arm member having an arm aperture

which corresponds to the first load beam aperture.

18. The method of claim 17, wherein the flexure member is
) . mounted to a frame at a plurality of attachment points and is cut
R
at the attachment peints.

19. The method of claim 18, wherein at least one of the
attachmenz points has a notch section in the load beam and the

* C L M S *

arm =zt the attachment point.
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20. The method of claim 18, wherein zt least one of the

attachment points is &n electrical termination pad and the
termination pad is attached to the frame with the electrically
conducting layer, electrically insulating layer, and support

layer in a staggered non overlying relationship at the attachment

point.

21. A method for positioning z transducer suspension system
for head merge comprising the steps of:

joiring a pair cf suspensions together in a stécked
relationship, each suspension having 2 separatoer tab;

inserting a separator tool between the suspensions to engage

the separator tab in each suspension and thereby maintain the

sepaxzation between the suspensions.

22. The method of claim 21, wherein the tab members each

have 2 tab aperture and wherein the separator tool has a pair of

A

dimples for engaging the tzabs.
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