4 13 OCT 2005 TRANSDUCER SUSPENSI ON SYSTEM Background of the Inventi g{n
Field®of the Invention This invention relates generally to transducé 0CT 2005
s’uspen5| on systens and nore particularly to a tra nsi on system
conprised of stacked material |ayers. Description @ﬂmﬁw&lmmwa rect

access storage devices (DASD), or disk dfives, sto on on
concentric tracks of a rotatable magnetic recordi ng di'$Ks* A magnetic head
or transducer elenment is noved fromtrack to track to record the
desired information. Typically, the magnetic head is posi M\M\&)\ air
bearing slider which flies above the surface of the di sk |sk
rotates. In some recently proposed disk drives, the slider (orcX&irier)
rides on a liquid filmor bearing on the disk. A suspension assenbly
connects the slider to a rotrgawspudtiRe uspensi on

provi des support for the slider. A%éraiiisgbg |vesf(%ec§r¥gﬁnil ler in size, the
recorded track density has i ased dramatl caIIy Thi s has necessitated
the use of smaller and snal | &SH 3

smal | er geonetries of the suspension and head make it nmore 13 OCT 2005

Field of the Invention

_y ' . .
his invention relates generally to transducer suspension

sust .
ystems and more particularly to a transducer Suspension system

comprised of stacked material layers.

Description of Prior Art

Direct access storage devices (DASD), or disk drives, store

5 . .
nformation on concentric tracks of a rotatable magnetic

recording disk. 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. In some recently proposed disk drives, the slider (or

carrier) rides on a liquid 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 size, the recorded track

density has increased dramatically. This has necessitated the

us
4

smaller geometries of the suspension and head make it mofe



2 difficult to manufacture the disk drive. In particular it has beco 0CT 2005
extreﬁely difficult to manufacture these heads and suspensi on conpone tg
and their related electrical lead lines wth the required accuracy and

smal | tol erances, Sunmary of the Invention In accordance with an aspect of
the invention, there is provided a nethod of manufacturing a transducer
suspensi on system conprising the steps of providing a | oad beam having a

| ongi tudi nal axis, a lateral axis, and a perpendicul ar axis, the | oad beam
having a first and second ends, the | oad beam having a first and second
plurality of |oad beam datum apertures; aligning a flexure menber over the

| oad heam Hﬁg&dl?@%ﬁnufﬂ&ﬁﬁ%ﬁ ﬁ%ﬂ%‘iﬂvée% g&a@ﬂlaﬁ lt%%& Irb' oq+é th?e%ﬁ‘eﬁ}l%‘ﬁ t to

| ayer, an el rica I'nsul a a sup ayer exure

menber havi n%aﬁ}lﬁkt‘& % aﬁ%ﬁergcfngﬁggé?lsﬂ)ﬁtcﬂﬁirpgﬁé{té 'aﬁc?ﬁle%blﬁ&'d e?e?fr%c%? %9@ fints0

the first plurality o tum apertures, 1nsert

menber s t hr oygl thdfeqhiréPicclitaly 8hd §1Mal@folér91"i’éés beam dat um apert ures and t he
fl exure datum apertures attaching the flexure nmenber to the | oad beam
aligning an arm nmenber underneath the | oad beamat the first end of the

| oad beam the arm nmenber having a plurality of arm datum apertures which
correspond to the second pluralitBuafmdroadithedaventidat um apertures; inserting
of tooling nmenbers through the arm nenber datum apertures and the second
plurality of |oad beasrodahcerwatheart aspest ofitheaihempni tleraisrprovidedr a tretliddeof

| oad beam For a fuller understanding of the nature and advantages of the
present i nvemanefacturingfagrassduses huspeusidyesystaie comptisieg fld btopd ofypudeiding edoad
description taken in conjunction with the acconpanying draw ngs. [

R\ LI BCC] 28k hayag wdpngitudinal axis, a lateral axis, and a perpendicular axis, the load beam

having a first and second ends, the load beam having a first and second plurality of load
beam datum apertures; aligning a flexure member over the load beam, the flexure
member comprised of an electrically conducting layer, an electrically insulating layer, and
a support layer, the flexure member having a plurality of flexure datum apertures which
correspond to the first plurality of load beam datum apertures, inserting of tooling
members through the first plurality of load beam datum apertures and the flexure datum
apertures; attaching the flexure member to the load beam; aligning an arm member
underneath the load beam at the first end of the load beam, the arm member having a
plurality of arm datum apertures which correspond to the second plurality of load beam
datum apertures; inserting of tooling members through the arm member datum apertures
and the second plurality of load beam datum apertures; attaching the arm member to the

load beam.
For a fuller understanding of the nature and advantages of the present invention,

reference should be made to the following detailed description taken in conjunction with

the accompanying drawings.

[RALIBCC)28645.doc:wxb



13 OCT 2005 3 Brief Description of the Drawings Fig. 1 is a schematic

di agram of a data storage system of the present invention; Fig. 2 is“a&fMUUS
View of the systemof Fig. 1; Fig. 3 is a detailed top view of a suspension
systemof Fig. 1 for an up facing head ginbal assenbly; Fig. 4 is a top
view of a flexure nenber; Fig. 5is a top view of a conducting |ayer of the
flexure nenber; Fig. 6 is a top viewof ah insulating |ayer of the flexure
menber; Fig. 7 is a top view of a support |layer of the flexure nenber;

Fig. 8is atop viewof a load beam Fig. 9 is a top view of an arm nenber;
Fig. 10 is a top view of a suspension franme; [R\L[BCC]28645. doc: wxb 13 OCT

2005 4 Fig. 11 is a top detail egrigfpggcg%ti@ﬂ@pﬂhgmgwﬁfgsﬁ g. 10; Fig. 12 is
a top detailed view of an alternative enbodinent o ig. 10; Fig. 13 is an
expl oded vi ew of aFhpeads stdelnads dRghiny of £ifla stbfadeSystedl oTehd/prevénpinvents;r of
suspensi ons and a head separator tool; Fig. 15 is a top view of the head
separator tool; Fig. 2 is a top view of the system of Fig. 1;

Fig. 3 is a detailed top view of a suspension system of Fig. 1 for an up facing

head gimbal assembly;

Fig. 4 is a top view of a flexure member;

Fig. 5 is a top view of a conducting layer of the flexure member;

Fig. 6 is a top view of an insulating layer of the flexure member;

Fig. 7 is a top view of a support layer of the flexure member;

Fig. 8 is a 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;

[RALIBCC]28645.doc:wxb




Fig. 16 is a side view of the head separator tool; Fig. 17 is a side 13 (CT 7005
sectional view of the grounding node; Fig. 18 is a top view of an )
&l ternative enbodi nent of the grounding node; Fig. 19 is a side view of

the grounding node of Fig. 18; Fig. 20 is a top view of another enbodi nent
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 another enbodi nent of
the grounding node. . Fig. 23 is a side sectional view of another

enbodi nent of the groundi ng node. Description of the Preferred Enbodi nents
Figs. 1. and 2 show schematic diagrans of the data storage systemof the
present invention which is designated by the 13 OCT 2005 4 5 general
reference nunher 121 System 10 conprises a plurality of magnetic recording
di sks 12. Each'dis 3 YPursFft dofVle&oﬁgeﬁhthrél@at aft Farksl0:Di sks 12

are nmounted on.a s #ndle motor,  shaft 14, which is connected to a spindle
motor 16. Mot of °16°f s'5 fbiPedeE ol L WASYi 8f 13 2ffe rapskse 1@ubosimedite 14,

and ”Dton1§ig.1o;

Fig. 13 is an exploded view of a head stack assembly;

Fig. 14 is a side view of a pair of suspensions and z 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 sectional view of the grounding node;

Fig. 18 is a 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 top 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 another embodiment of
the grounding node,

Fig. 23 is a side sectional view of another embodiment of

the grounding node.

Description of the Preferred Embodiments

Figs. 1 and 2 show schematic diagrams of the data storage

system of the present invention which is designated by the



conprise a disk stack assenbly 20. A plurality of read/wite heads 30 ir@f
p05|t|oned over the disks 12 such that each surface of the disks 12 ﬂ v ECTR2005
correspondlng 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 reotary actuator 36. Actuator 36

noves the heads in a radial direction across disks 12. Actuator 36

typically conprises a rotating nenber 38 nounted to a rotating bearing 40,

a notor winding 42 and notor nmagnets 44. Actuator 36 is also nounted to
chassis 18. The heads 30, suspension 32 and actuator 36 - conprise an

act uat or assenbly 46. The di sk stack assenbly 20 and the actuator assenbly

46 are se%}s an encl osure, 48 g hown by a dashed |ine) which provides
protectio ron1parfe€ﬂieigum885t natiS§R™ AD coftRidiSiesr aupl e &0t tor @i des

overal I cqntr 0 £&m 10. roller unit 50 typically contains a
central p&%@egglkg unt :”Ftﬁﬁfksng fmﬁﬁlﬁlahd“ﬁiﬁbplﬁFaﬂ%%Y *ircuitry.

Cbntroller QQI 005 connected to an actuator control/drive unit
56 which in Oi%&r“ﬁr%% Lohne @tcéa t P HtUdtoP r86MOTHISS QN GwEP ERRLE didter 50

t o-contr ol e fov of heads, 30 over disks 12. The controller 50 is
connect ed toEg ead/ m%q% cﬁgﬂﬂg?t%gtﬁhlcﬁpﬁﬁ dig 9% dGnnederr 16 is

mounted to a chassis 18. The disks 12, spindle 14, and motor 16
comprise 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 thé heads in a radial
direction across disks 12. Actuator 36 typically comprises a
rotating member 38 mounted to a rotating bearing 40, a motor
winding 42 and motor magnets 44. Actuator 36 is also mounted to
chassis 18. The heads 30, suspension 32 and actuator 3§ .
comprise an actuator assembly 46. The disk stack assembly 20 and
the actuator assembly 46 are sealed in an enclosure 48 (shown by
a dashed line) which provides protection from particulate
contamination.

A controller unit 50 provides overall control to system 10.

Controller unit 50 typically contains a central processing unit

(CPU), memory unit and other digital circuitry. Controller 50 is



to the heads 30. This allows controller 50 to send and receive data from
the di sks 12. Controller 50 is connected to a spindle control/drive1gn¢6rmm
60 which in turn is connected to spindle notor 16. This allows contr

50 to control the rotation of disks 12. A host system 70, which is
typically a conputer system is connectted 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 data be read fromdisks 12 and sent to the
system 70. The basic operation of DASD units is well known in the art and
is described in nore detail in "Magnetic Recordi ng Handbook”, C. Dennis

Mee and Eric D. Daniel, MG aw H |l Book Conpany, 1990. Fig. 3 shows a top

view of a beadeBBE@I$ﬁQhﬁ@cE9a@ suspensi an32.  This co ation |s.
referred to as a suspension asgénbly or/%géﬁeg?nhégﬂg§% 1Y (B 80, In

this case, cohgetlGhi 16 JAGi-RGUBYAT dp, SU - a.hopgl tudi nal axis
100, a lateral axis 102 and a veitical §§?§§§o§9%§ﬁggensﬁh P%ZC?%FrO

conpri sed oheamboatebeam htBqs! 851 Hat e Xype nber and. . an arm 34.
Arm 34 is | ocated underneath the rear g%rﬁgoﬁﬁof Shﬁon%égﬁ%iiosotﬁhlnated

fl exure nembeneddas o fored /from af 005 .| ayer | am nat ed
mat eri al conprised of a steel support£W§§E%§ gﬁwéﬁfﬁﬁ&ﬁf yl?n%?PQﬁqﬁﬁ?

| ayer, andtel esérieadd ysccongueti ¥ bayer, us layers of the
| ami nat ed menber 112 are etched amafﬁ?ncmtrlgo?olﬁ%hé@ﬁgﬁ ProtEY e o

formthe desktredrshapes.disks 12. Controller 50 is connected to a spindle

control/drive unit 60 which in turn is connected to spindle motor

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 data be read from disks 12 ahd 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 Eric D. Daniel, McGraw Hill Book Company, 1990.

Fig. 3 shows a top view of a head 30 attached to a

suspension 32. This combination is referred to as a suspension

assembly'or head gimbal assembly (HGA) 80. 1In this case, the HGA

is facing upward. Suspension 32 has a longitudinal axis 100, a

lateral axis 102 and a vertical axis 104. Suspension 32 is

comprised of a load beam 110, laminated flexure member 112, and

an arm 34. Arm 34 is located underneath the rear portion of load

beam 110. Laminated flexure member 112 is formed from a three-



The suspension 32 is extrenely small. The distance fromthe rear of arm 34
to the end of the suspension is typically about 22mm The head 30
typically nmeasures 1.25mm x 1.00mm x 0.30:rm These di nensi ons vary13 0CT 2005
according the particular disk drive system |In the future, these

di mensions will probably be even smaller?7 The electrically conducting |ayer
and electrically insulating |ayer are etched to formelectrical lines (or

| eads) 120 which run fromthe rear termnation pad area 122 to the head

30. Head 30 is conprised of a slider and a nagnetic read/wite transducer
el ement. The electrical lines 120 term nate and are electrically attached
to the head at the head termnation pads 131. The electrical lines 120 are

bent verti caldyy rupwas gsady 1ead term nation pads 131. Fl exure nenber
112 provides a gi nbal ?mun%‘g%rrt}g?t%%%ﬁ?do?f ? e 99daduBOor Thism\gi mybal

mount al | ows:lebe rhead; 30 19 Qi jn _order, to adjust its orientation
(static attitude) to é%hiébeg?%gg %?6Béraﬁ?reb%%ﬁﬁHﬁleétﬂee¢m¢ﬂmwfhaa@e30

and di sks 1Znhehi-heithe 1 disks 2.l s rotating. The flying height of the head
30 varies from near coﬁggbt ?% i% ﬁﬁ?&@ﬁéﬂgﬂﬁﬁmﬁﬁbﬁ1?hér@e@mgnxibubylsnOCT

2005 8 typi eabhytdurimg Qperaton is 15nm or |ess hei ght above the disk.
Proper alignnent of the hgaé 3% éﬁ&Fhéog'ﬁﬂgﬂjﬁb&ﬁFngdc$¢@@%al. The

el ectrical |inesrd20say Lghed to run al ong the sane
ﬁ%nggéh @fdhs extremely small. The distance fror the

rear of arm 34 to the end of the suspension is typically abourt
22mm. The head 30 typically measures 1.25mm x 1.00mm x 0.30mm.
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 leads)
120 which run from the rear termination~éad area 122 to the head
30. Head 30 is comprised of a slider and a magnetic read/write
transducer element. The electrical lines 120 terminate and zare
electrically attached to the head at the head terminatian padgs

131. The electrical lines 120 are bent vertically upward gt the

head termination pads 131.

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

from near contact to 100nm depending upon the design, but
4



surface containing the head 30 and to run within the outer edges of the

| oad beam 110, and close to the ginbal area around the head 30. Inl8hiCs 2005
configuration, the electrical lines 120 will be protected agai nst

i nadvertent damage during handling. Fig. 4 shows a top view of the flexure
member 112. Figs. 5-7 show top views of 8 he various overlying el enent

| ayers of flexure 112. Figs. 5-7 show respectively, the electrically
conducting layer 150, the electrically insulating |ayer 152, and the
support |ayer 154 of the |am nated nenber 112. Initially, the |layers 150,
152, 154 are layers in a single |am nated sheet of material. The nenber
112 is then formed from the sheet by using photolithographic etch
processes ow..in the art. Layer 150 is nmade of a conducting
naterial-sﬁgﬁﬁgglkgo%ﬁkﬁ?gIoﬁeﬁag?%?e+?éH”@mbodl¢ﬁﬂnheﬂghe s es i @le i <& hi gh
strength cop a nd has t hi ckness of between 2 mcrons and 25

m crons and Er%gfe%g%ﬁ/n% r?‘l% Fgﬁsbe‘fby@r O15Ph¢ sy e obunani el@stdiigal |y

i nsul ati ng naterﬁﬁ% QQﬁEQC% preferred enbodi nent is nade of polyinmde or
Teflon and has a thi ckness “6f betWeel? b arande 953nridc tonsuansl greferablye18
mcrons. L 4_ 1 de of,a  thin stiff material which is able to bend
slightly, glr?g%?%éac‘sl a@fngogge B e Ped embodi menhinstmade el sthgial ess

steel and has ' SS bet ween 12 and 30 microns and preferably-20
M cr ons. fe I$gé”gy%m 195, angw%lose to the gimbal area around the

h ’ . . .
ead 30. In this configuration, the electrical lines 120 will be

protected against inadvertent damage during handling Fig. 4

shows a top view of the flexure member 112

Figs. 5- ' i
1gs. 5-7 show top views of the various overlying element

layers of flexure 112. Figs. 5-7 show respectively, the

electrically conducting layer 150, the electrically insulating

1
ayer 152, and the support layer 154 of the laminated member 112

Initially, the layers 150, 152, 154 are layers in a single

laminated sheet of material. The member 112 is then formed from

th ' ]
e sheet by using photollthographic etch processes as are known

in i
the art. TLayer 150 is made of a conducting material “such as

coppgr. In a preferred embodiment, the material is a high

strength copper alloy and has a thickness oflbetween 2 microns

and 25 microns and preferably 18 microns. Layer 152 is made of

an electrically insulating material and in a preferred embodiment
15 made of polyimide or Teflon and has a thickness of between §

and 25 microns and preferably 18 microns. Layer 154 is made of a

thin stiff material which is able to bend slightly, and in a



Referring nowto Fig. 5. The electrical lines 120 conprise five separate
lines. In a preferred enbodi nent, two of the lines run to the indTBtive
el ement in the head 30 which is used to wite data and two of the!Bi¥d<005
120 run to the magnetoresistive elenment,in the head 30 which is used to
read data. The fifth 1line is used to provide an electrical connection path
(typically of ground reference potential) to the support |ayer 154 of the
flexure 112 and the | oad beam 110. Each of the lines has a thin
rectangul ar cross section having a relatively large surface area on the
top and bottom surfaces and relatively small surface area on the side
surfaces. Lines 120 start fromthe termnation pads 135 at area 122. The
di stal end B terfinarPonipeds i53haps oy df 2iGOREECLE QN O tge read/wite
channel 58 -%rp}roughéa fflg;( cabl e. Sol der bunps are pro ucencﬁj ﬁso‘ﬁti m zed
pads 135 wi EHEESho £ viok et d 2t end mate H@nthgnd ! le pad. This
elimnates the gjréefggagnd cost of positioning sol der&éeufrep%%bgﬁ '?ﬁemﬁre‘%(‘%abl e
pads. The di st N4 3% wrtoviFde. connectd enctorihe ngad/wi it e channel
58. The Ii lsvgléggrgggb%rgifmthe side of the arm 34 (%%lwalﬁggsﬁgg cehierse
| ongi t udi nal™ "ac netshe $uspemsd A ra3d. edbsyildes O.then run in a
general ly |l ongitudinal direction toward the hegﬁd%rﬂoe{hecl_'i ﬁégl%) 1ie}éer miifStes
at the grodndi f§ ABBeI Lt iThe e18nOAT 200510k d NES whanmay be, plated with
gold in OquerritteonEOt ect agai nst to

@ and two of the lines 120 run to the magnetoresistive

element in the head 30 which is used to read data. The fifth

line i i
1s used to provide an electrical connection path (typiﬁally

f .
Ol ground reference potential) to the support layer 154 of the

flexure 112 ang the load beam 110. Each of the lines has a thin

on th i '
e side surfaces. Lines 120 start from the termination pads

135 a i
t area 122. The distal end of termination pads 135 provide

connection to the read/write channel 5§ through a flex cable

Sold
er bumps are produced on optimized pads 135 with enough

vol : i
ume to terminate to the flex cable pad. This eliminates the

need itioni
_ and cost of pPositioning solder bumps on the flex cable pads

The dj i
1stal ends 135 provide connection to the read/write channel

58. i
The lines 120 run from the side of the arm 34 towards the

center longitudinal access 100 of the suspension 32. The lines

120 t i
hen run in a generally longitudinal direction toward the

h , .
ead 30. Line 170 terminates at the grounding node 172. The



environmental corrosion of the copper conductors. At the distal end of
suspension 32, the four head lines 120 separate and run al ong eitheL3qkﬁ%m5
of head 30, then turn backward toward the head 30 to term nate at the

front face of head 30 at the head term nation pads 131. This is necessary
because the magnetic read/wite transdd€er el ement is located on the front
face of the slider. The lines 120 are bent 90 vertically in order to
interface with pads 131. Fig. 6 shows a top view of the electrically
insulating layer 152. Layer 152 |lies between | ayers 150 and 154. Layer 152
is shaped to provide electrical insulation.. protection to the lines 120
in layer 150 which directly overlay the |ayer 152. Layer 152 fornms an

insul ating dtinep 2AO ntiyr et byabeaeath, t | i ne 20. At the head area,
| ayer 152 is shaped into a Ee?ies of pé@@dzag §§ﬁ%ﬁntﬁn8§?F?%$IQQ@é§SI20.

This is donenvorathawatiheokirbsssd 20 tQ e flexible at the head area
such that lines 120 do not interfere fﬁ?ﬁpﬁgééﬁghUCBPr?he head 30. Layer

152 also has a pmturral idigref Owaper Pads,di4, Wy ch are used to prevent
metal contact with the disk during asgeﬁg%gngg% FgepE8WEHF*§h&dReéuﬂ?ﬁg

operation. PFegaradteshoMs rant 8Povd W ¢f. L be sU rt |ayer, 154. Layer 154 has
a rear portion 220 and a front portigﬁ 222. #ﬁgm Fo% 18" BCF WpoBagkyard

toward the head 30 to terminate at the front face of head 30 at
the head termiqation pads 131. This is hecessary because the
magnetic read/write transducer element is located on the front
face of the slider. The lines 120 are bent 90° vertically in
order to interface with pads 131.

Fig. 6 shows a top view of the electrically insulating layer
152. Layer 152 lies between layers 150 and 154. Layer 152 is
shaped to provide electrical insulation“érotection to the 1lin

es

120 in layer 150 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 liges-l20 to
be more flexible at the head area such that lines 120 do not
interfere with movement of the head 30. Layer 152 also has a
plurality of bumper pads 214 which are used to prevent metal
contact with the disk during assembly and to prevent shock during
operation.

Fig. 7 shows a top view of the support layer 154. Laver 154.

has a rear portion 220 and a front portion 222. The front-



portion 222 has a distal end 226 having a front platform22B which

provi des support for lines 120. Behind platform2-2-8 is a flexure13 QCT 2005
aperture 230. A tongue section 232 provides support and an attachment

poi nt for head 30. Between tongue section 232 and platform 228 are a pair
of rectangul ar apertures 234. Apertures 11234 allowed the lines 120 to bend
as they approach the termnation pads 131. A pair of tabs 236 extend from
tongue section 232 and function as notion limters when they are bent

back under | oad beam 110. Fig. 8 shows a top view of |oad beam 110. Load
beam 110 is generally flat and rigid and nmade of a stainless steel or

other rigid material. In the preferred enbodi nent, the |oad beam 110 1is

stai nl ess Beeelcof22zbaus 8. 825410 £0% ick and preferably 0.038mm It
is desired to maintain the wei ght and ?ﬁgﬁé?gxgﬁ ? 8REIQkﬁFQQ£§w?§§ smal | as

possi bl e wih houtp worpeenkeppert 1S ShEHEL U rq.gi.dit Load beam 110 has a
distal end with a tab 254 which is used 1;%% |é§g‘égﬁgg%{%“dfo%m g3di 4§ of the

sl i der durfhexwoperaakironref 28he a Goskudr Lys:; erture, 256 is | ocated
behi nd tab 254. A tongue section 2?5 exteﬁﬁﬁpﬁﬁgopﬁ%ﬁ?¥ﬁ¥EU?BBFtA@%@anped

rai sed buté@oratterchdienpl po260 i lheaat ef ongd e 258. Dinpl.e 260 contacts
tongue section 232 of flexure nenber 112 anéggg o&éélgﬁ egglPB 297 nbud
(pitch andp¥aifigrnsReghtky susd it bat rbte ald Aus taBgrailrreslgﬁx}T 2005

Apertures

234 allowed the lines 120 to bend as they approach the
Cermination pads 131. A pair of tabs 236 extend from tongue

Section 232 and function as motion limiters when they are bent

back under load beam 110.

Fig. 8 shows a top view of load beam 110. Load beam 110 is

generally flat and rigid and made of a stainless steel or other

rigid material. 1In the preferred embodimént, the load beam 110

1s stainless steel of about 0.025 to 0.075mm thick and Preferably

0.038mm. It is desired to maintain the weight and inertia of the

load beam as small as possible without compromising its

structural rigidity.

Load beam 110 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 located on tongue 258. Dimple 260 contacts
tongue section 232 of flexure member 112 and allows head 30 to

gimbal (pitch and roll) slightly such that it allows the éir



12 bearing to follow the disk contour as it flies over the disk. A pair of
corners 262 of aperture 256 provide a contact point for tabs 236 of3 0CT 2005
fl exure 154 such that tabs 236 pass under | oad beam 110 and provide a
nmotion limting function for the flexure menber 154. Load beam 110 is al so
formed by a photolithographic process dRd the raised features are stanped.
The suspension 32 has a plurality of precision |ocated apertures 130, 132,
134, and 136 in the | oad beam |l ayer. As explained in nore detail bel ow,
these apertures serve as datum features. Aperture 132 also serves to
receive a shaft of the actuator 36. A plurality of suspensions 32 may be
st acked unH? t he actuator shaft. However, the enbodi ments of this
suspensi on P¥e WWesP fehliweadthel HigR &6k 4AlOLAs8erD] Y. very smal| size
and having j_us:%one pair of up and down facing suspesngjlfvoer?s.%ﬁo d5keart 110
has an ovalP&Hapédcapeetara28@ hpeat ek alsang oL hge | pNgi tudi nal ~axis 100
whi ch corresponds to aperture-130- of suspengign §%. E%g&FGFepﬁéﬁthQ%rtmo
strai ght edges 28% pochtedimat 154t sudormard radgess E 28L.are_Located 90
W th respe;{tloto one another and are symretrical with respect t9 beam
| ongi t udi nai*“arifg PIOVLdA cimpeubAr 1 aperind €ud8Ribs +AC d.at the rear end
of | oad bg@g\llg and is also |located along axis 100. X%ErFSFéuﬁ%zmember
corresponds Yo apefd urernd 32 0ot s SUBRENSI @iRa38y APSHIW18 +28 . two
straight edges 284 located at its rear edge and four receéggsglc process
and the raised features are stamped.

The suspension 32 has a plurality of precision located

apertures 130, 132, 134, and 136 in the load beam layer As

explained in more detail below, these apertures serve as datum

features. Aperture 132 also serves to receive a shaft of the

actuator 36. A plurality of suspensions 32 may be stacked unto

the actuator shaft. However, the embodiménts of this suspension

are best realized in an actuator assembly of very small size and
having just one pair of up and down facing suspensions.

Load beam 110 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

1ts forward edge. Edges 281 are located 90° with respect to one

another and are 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



13 OCT 2005 13 areas 286 equally located around its circunference. Edges
284 are located 90 with respect to one another and are synnetrica1‘1§m55m%
r'espect to axis 100. Load beam 110 has a pair of apertures 290 and 292

| ocated on either side of aperture 282. Apertures 290 and 292 correspond
to apertures 134 and 136 of suspension 132, Apertures 290 and 292 are

| ocated along a |line 294 which passes thru aperture 282 and my or may not
pass thru the center point of aperture 282. Line 294 is offset at an angle
296 relative to axis 100. Angle 296 is preferably in the range of +45 to
-45 and is shown at about +30. Aperture 290 can be circular but preferably
it also has two straight edges 298 |located at its forward edge. Edges 298

are | ocated are®d M6 kquespecioda0ng 8004 h n symmetrical with
respect to an axis that is %af3||§| tgggﬁﬁgﬁ%b%}qFﬁ&gﬁf%‘ﬁéw FEARAatL 4f &

suspensi on, ar¢ lofcatke oot twical rdabym apertur 282, 290. 292 are
concurrently formed in the singIeEIoad é&%\?g§§$gﬁfaxﬁfr§tEHWﬁ©t¥kFQ%

tol erance betidr nespect+to 14k#d apens. Al l higher |evel assenbly alignnents
are to these features in the |oad beam including slider attached,

suspensi on al i grivedt beant e ¢arsr bagg; » and pi rtglidge alignment to the
carriage/ suspensi on assenbly (HSA).Blhrtheaggggéﬁ§$o%§ééﬁfjg?2 tAG2 RSl e i n

the arm 34 gt elre e 44 ZapditelreCOBS €SPNT 1,905 290 and 292 correspond to

apertures 134 and 136 of suspension 32. Apertures 290 and 292
are located along a line 294 which passes thru aperture 282 and

May or may not pass thru the center point of aperture 282 Line
294 is offset at an angle 296 relative to axis 100. Angle 296 is
preferably in the range of +45° to -45° and is shown at about

+30° :
30°.  Aperture 290 can be circular but preferably it also has

two straight edges 298 located at its ﬁdrward edge. Edges 298

are located at 90° with respect to one another and are

S . . .
| ymmetrical with respect to an axis that is parallel to axis 100

In this new miniature suspension, all of the critical datum

apertures 280, 282, 290. 292 are concurrently formed in the

S
ingle load beam layer 110 by etching to a tolerance better than

i/ . .
/=10 microns. All higher level assembly alignments are to these

£ . )
eatures in the load beam; including slider attached, suspension

ali i
lgnment on the carriage, and pivot cartridge alignment to the

carriage/suspension assembly (HSA). 1In the Suspension, all of

the holes in the arm 34 and flexure 112 which correspond to

apertures 280, 282, 290 and 292 are smaller or recess by a small



apertures 280, 282, 290 and 292 are snumller or recess by a small 13 OCT
2005 14 amount (approx. 50 microns) fromthe correspondi ng boundary Sd&ﬁs

of the apertures in the | oad beam Aperture 282 which accepts

carriage is not created as a totally round hole marginally larger than the
pi vot carriage, but has the 90 v-shaped*edges 284 which oppose the

opposi ng v-shaped 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 novable tooling pinin
t hat bi ases agai nst the opposing straight edges 284. Thus, t

aperture 282
he accurate

establi shnent and alignnment of axis 100 of |oad beam 110 is firmy
establishedaB9untrﬂﬁugndxndﬁbcaicﬁdxéﬂrﬂ1ogi9§er@3ggég@0qg§k§sg?%ﬂf ed%EF 281
) ) '

and 284. Next consider the case of suspension alignnment
I n addi ti on°fothdeargpentrasesn280: anth282anet ched apertures 29
been added. Apertures 290 and 292 are created wth +/- 10 m

& HIACIPET el .
0 and 292 have
crons

tol erance accur atBertAper Raresh 290 aar@dp292, @P%ﬁ:%%&%QBgQYléggﬁ!%%g %ooling

pins or cylindrical datumposts in the actuator carri age.

with its stfaightoleddes ro2s8 heldisedqtiQadteuratgly thagat g, | s
the plane conprised of axis 100 and 102. Aperture 292 acts as

er tUré '580
tbeamllo in
the

carriage, but has the 90° v-shaped edges 284 which oppose the

opposing v-shaped edges 281 in aperture 280. 1In 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 movable

tooling pin in aperture 282 that biases against the opposing

straight edges 284. Thus, the accurate establishment

and

alignment of axis 100 of load beam 110 is firmly established by

the cylindrical tooling pins resting against the edges 281 and

284.

Next consider the case of Suspension alignment at the HSA

level. In addition to the apertures 280 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 cylindrical datum posts

in the actuator carriage. Aperture 290 with its strai
298 is used to accurately locate load beam 110 in the
comprised of axis 100 and 102. Aperture 292 acts as t
rotational reference for establishing the suspension ¢

100 with respect to the carriage coil and the appropri

ght edges
plane

he

enter line

ate -



rotational reference for establishing the suspension center Iine 1001w 9@[ 2005
respect to the carriage coil and the appropriate 13 OCT 2005 15 carri age
crash stop datum surface. This separation distance between apertures 290

and 292 may be relatively |long because they are offset at angle 296 with
respect to axis 100. Due to the shortad® of space in the small suspension,

it was not possible to |ocate themalong the axis 100 and concurrently

have them receive the corresponding datumfeatures in the actuator

carriage. These |oad-beam features provide for self alignnent 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 28277 34%eCread deamaaltso pnovices ahREeshser fat M, agai nst whi ch

to bias the pivot cartridge so that the center of pivot rotationfs

accurat el y est'di’i SRBHCWeh 7%spedt 290 ridve beass1aaek GENEL of gravity of
the HGA. Load beam 110 has a side tab 300 which has a throggﬁ of'e® 4
This featur® £Tdses foranmlreg@ 9andi wi | te dpe cexpbai e jdb_norbgedggaizl bel ow.
Load beam 1]“g has a side notch 310 | ocated on the opposite side Yom t ab
300. Load beHh'2¥6 RhsSrazsedondhevaha bpertspeas3al, |iQ—_CQ$a%dngEOPQS axj s 100
bet ween ap rtc%re 280 and 282. Another circul ar aperture 3 s T otHdt e at
the rear nedt"*ifeft R e om dne provi BB saQCe8Rcurrently have them receive

th i
€ corresponding datum features in the actuator carriage These

load beam features provide for self aliénment 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 which to bias the pivot cartridge so that the center of
pivot rotation is accurately establishedHWith respect to the mass

and center of'gravity of the HGA.

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. Load beam 110 has a side notch 310 located on

the opposite side from tab 300.

Load beam 110 has a Second oval aperture 320 located aloné
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 34 is typically made



for a fastener to hold the HGAs to the actuator carriage before the P \0oT 2005
cartridge is installed. Fig 9 shows a top view of arm34. Arm34 is
typically nade 13 OCT 2005 16 of stainless steel (preferably #305) nateri al
having a thickness of between 0.075mm and 0. 30mm and preferably 0.15mm

Arm 34 has apertures 350, 352 and 354 WAich 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
al so has a notch 370 in its side which corresponds to notch 310 of | oad
beam 110. The assenbly process for the suspension 32 will now be

explained. Initially, the flexure nmenber 112 was fabricated from a thin

| ayer | am pat . of ol i.t hographi ¢ etching as expl ai ned above.
Preferablf?gﬁﬁg??ggggngﬁ%%?s&¥ffe§?gﬁﬁaggxgt“BFﬁéggén%aY%m%fﬁﬁﬁﬁﬁéngsﬁgle

sheet. Th ol a held to the frape. (the remainin
FofmEdie B?wgﬁua%‘%zfo'gsm 't eFSBLYi Bnk o, A4‘012|,34I402,s 406.

portion of the sheet) at ramne a
o eces i ogBi har vt hoB onts I GhioHE Hard T VePBRnge SHTnGed 6ddedsso
beam pi cees hrs 4t { ached Mg HaCont o dib0 Tandh Bz bre Ixad*Beam 110 and-
ar”134- /“épékgdﬁgshgkgsaﬁélﬂé%thich correspond to apertures 320 and 322
of load beam 110. Arm 34 also has a notch 370 in its side which
corresponds to notch 310 of load beam 110.
The assembly 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 at
the same time from a single sheet. The mﬁltiple 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 w?th proper alignment during welding, spring
loaded tooling 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. All datum holes in load
beam 110 are slightly smaller 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.



beam 110 are slightly smaller than the corresponding holes in the other

pi eces arm 34 or flexure 112. This insures that all datum points arf} (CT 2005
nmeasured fromthe | oad beam 110 during manufacture. This insures accuracy.
13 OCT 2005 17 After beam 110 and arm 34 are wel ded together, they are

pl aced under flexure 112. Spring | oaded t/ooling 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
flexure 112 may be concurrently -aligned and welded. Once all the pieces
(l oad beam 110, flexure 112 and arm 34) are wel ded together, they nust be
separated fromthe frame. As shown in Fig. 10, the suspension 32 is stil
held to a frane 450 by attachment points 400-406 of the flexure nmenber

112. A shearing tool is used to separate the attachnent points 400-406. It
is undesirable for attachnent point 402 to |l eave any tab which protrudes
beyond the side&d§é BEa8uSHerdidoArB234 Thies weilslebetausend t, rapyi aterfere
with the outer perineter of-the disk stack during operation. Notches 310
and 370 in ¥ bEaAr116 @ritre dim 34Spr Bspdctidedl Yoo hrey | At adcbeh oML q
attachnment point 402 on flexure 112. These recesses 310 and 370 allow the
shearing tool™°%% GRETFHetde ¥henBul &7 edgeect ssligpensi B2 hang i ksYr e

t hat no Th
€ pleces are then welded together. 1In an alternative process

arm 34, load beam 110 and flexure 112 may be concurrently -aligned
and welded.

Once all the pieces (load beam liO, 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 400-406 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
tab which protrudes beyond the side edge of suspension 32. This
is because it may interfere with the outer perimeter of_the disk
stack during 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 insure that no

remaining portion of attachment point 402 extends beyond the

edge.



remai pi ng portion of attachnent point 402 extends beyond the edge. 13 OCT
2005 18 Another difficulty in shearing occurs at attachnment point 1400CT 2005
Attachnent point 400 contains the term nation pad area 122 where the
electrical lines term nate. If the shear _is not clean, the insulating

| ayer 152 may tear, thereby allow ng t hé®conduct or | ayer 150 to short with
the support layer 154. Fig. 11 shows a top detailed view of attachnent
poi nt 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
attachnment point 400. The shearing tool cuts along a line 460 and

i ndependently cuts each tab of |ayers 150, 152, and 154. Since the |ayers

150, 152 and 154rdcheaet doyeldie veaahsabher alndrst he ¢ i ne 460, the
possibility of inadvertent shorting is g#ggtly fgduced#%%éﬁfenf2p§ﬁ8&s an

al t er nat i ved @hbodittentmeht apdanhmeot cod0Dins Hekeragat fay the layers 1 152
and 154 had been staggered. Copper | ayer 153 fron1eachad¥nbéﬁ§yf§§arg%g

bet ween twovlstrd pheoklepotyea denks2ceShaeltd.ayer 154 How extends via a
pair of arms 470 to frame 450. The shearing tool again cut?ihﬁgﬁgchﬁﬁ%'460

and 461. Ofdee tmlsaspegslmﬁz5I2aslapee@af,erm\é@e!b§rQméwiar{b‘e h0cohbiuctor

layer 150 to short with the support layer 154,

Fig. 11 shows a top detailed view of attachment point 400.
In order to prevent the shorting problem, the layers 150,-152,
and 154 are staggered such that they do not overyie 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,
Since 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 again, the layers 150, 152 and 154 had been staggered.
Copper layer 150 from each of pads 135 runs between twéﬁst;ips of
polyamide 152. Steel layer 154 now extendé via a pair of arms
470 to frame 450. The shearing tool 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 éxplained above, the

datum holes in load beam 110 are used to precisely position

suspension 32 with respect to head 30. Head 30 is attached to




is ready for attachnent of head 30. As expl ai ned above, the datun1hoigs(i9
| oad beam 110 are used to precisely position suspension 32 with resp £ 0GT 005
head 30. Head 30 is attached to 13 OCT 2005 19 tongue section 232 by
adhesive. The four electrical head Iines 120 are then ultrasonically

bonded to head 30. Fig. 13 shows an expl®ded view of a head stack assenbly
whi ch is designated by the general reference nunber of 500. HSA 500

conpri ses 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 described above,
with the exception that suspension 502 is a mirror image of suspension 32.

Suspensi on t302uhasect ikead 330bPosdisdawe, Wik & e Wi le 160 the top surface
of a di sk whereas suspension 32 has a head 30 whi ch MﬁP E%%%H&@P ?fHES

bot t om port 18 @fe s hdinskltCassh agel 1504ohasq dat Ypapept ures 520 and 522,
and aperture 524 which correspond to apertures 290, 292 and 322 of

suspensi on 32. Gy dge s504sahis e ARILHS 8Se@b £ %c%gggoFt§é&la§%%0b nd a flex
cabl e 532. Flex cable 532 has a plurality of electrical termhati on pads

534 whi ch cthi@espondiessgnbhed pagls k3508, 5USRARSEARS B2yand 502, D‘”Egﬂ
assenbl y, suspension 32, carriage 504, and suspension 502 are spack

pogether ando QQﬂﬂqi@gsphnshSp¢nﬁﬂﬁﬂj3Qhr@M9ﬂxﬁ%h%e facing suspension 502,
a-carriage 504, a cartridge bearing 506, a washer ring 508, a
locking nut 510, and a fastener 512, Suspension 502 is similar
to suspension 32 described above, with the exception that
Suspension 502 is a mirror image of suspension 32. Suspension

502 has a head 30 not shown, which will contact the top surface

of a 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 also comprises an

actuator coil 530 and a flex cable 532. Flex cable 532 has a

plurality of electrical termination pads 534 which corr;spgnd 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, and a second

tooling pin is passed through hole 292 in the suspensior and hole

522 in the carriage. Alternatively, the apertures 520 and 522 in

carriage 504 could be posts extending from the surface réther



290 in the suspensions and hole 520 in the carriage, and a second toPkHﬂﬁZ%S
pinis passed through hole 292 in the suspension and hole 522 in the
carriage. Alternatively, the apertures 520 and 522 in carriage 504 could
be posts extending fromthe surface rather 13 OCT 2005 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 holes 322 of the suspensions and hol ds the suspension assenbly
together  for future processing. Alternatively, pin 512 may be omtted if
the cartridge bearing 506, washer 508 and | ocking nut 510 have al ready
been attachean Fhertapesst.ur ere290pand 2921af thaabdaearmetifadarersignght |y

smal l er than the correspondi ng apertures 352 and 354 of arm 34 and
appar at us BgérandeS2ZB0fancaepk age t5@4.103hi Sesamanst tthat stbgend 0ad beamcis
al ways used as the reference for the datum points. Next, the electrical
connecti onths sageeistoreenthihehdélex 290abhe 532 mnditvke asdspengi ame 30 and
502. A solder reflow process is used to electrically connect the pads 534
to the correspbadengpads f23benér tdrewsiuapeasp onssl Nextsek heh €aigh ag8 es
bearing 506 is inserted through apertures 282 of the suspension and an
aperture 540206ft blee carspeageéonThenspadels 508 auxbdredknngssembly together
for future processing. Alternatively, pin 512 may be omitted if
the cartridge bearing 506, washer 508 and locking nut 510 ﬁave
already been attached.
The apertures 290 and 292 of 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 electrical connection is made between the flex
cable 532 and the suspensions 30 and 502. A solder reflow
process is used to electrically connect the pads 534 to the
corresponding pads 135 of the suspensions. Next, the cgrriage
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 installation into the head disk T

assembly, it is necessary to insure that the heads 30 of



nut 510 are then attached to cartridge bearing 506 and | ocked in place.

Bef ore renopval of the head stack assenbly fromits manufacuturing lgqhgqﬁ%
and installation into the head disk assenbly, it is necessary to

that the heads 30 of 13 OCT 2005 21 suspensions 32 and 502 woul d be kept in
a spaced relationship to one another iR2lorder to prevent danage to the
delicate heads 30. A separation tool is used for such purpose. In the very
m ni ature size head stack asenblies of the present invention, separator
tool s cannot be received and retained by the head stack assenbly. The | oad
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

vi ews, r%ﬁ@ﬁ@ﬁéﬁ@ﬂ&Tuz%ﬂﬁa%éﬁoﬁoﬁﬂﬁhxﬁQthS?Qaé éﬁke609hl§990ﬁémﬁﬁ4% of a
non conductlve pol ymer material. Separator tool 600 has a pair of dinples

602 | ocated 9flo ORROSI &3 qeﬁooﬁrémé%raﬁgag%t@@ £9Qcatdhge digmpies 602

are each located wthin a horseshoe shaped wal 604. I n operation, tool
600 is phagedssschod na&oldu@ph@éd@@@r %gﬁubebge 30%, Rpkabhe300 of the two
suspensi ons 32 and 502. The wall 604 is shaped to receive tabs 302. As

shgwn IgnFlngat&ze $hes el @Qgcp%@&%ﬂl@% 300t ppa e ARG hgvahi ghed and
retal ne y

separator tools cannot be received and retained by the head stack
assembly. The load beam tabs 300 solve this problem.

Fig. 14 shows a side view of a pailr of suspension 32 ana a
separator tool 600.

Figs. 15 and 16 show top and side views, respectively, of
separator toocl 600. Separator tool 600 is made of a non
conductive polymer material. Separator tool 600 has a pair of
dimples 602 located on opposite sides of Fhe separator tool 600.
The dimples 602 are each located within a horseshoe shaped wall
604. In operation, tool 600 is placed such that dimples 602
engage hole 302 in tab 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 heads 30, not
shown, are spaced apart. This protects the heads 30 until they
are ready to be inserted between the disks.

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

172. Grounding line 170 is needed to electrically ground the



tab 300 and hole 302, and a distal end 610 of the separator tool 6001 CT 200
pushes agai nst the pair of |oad beanms and hence heads 30, not shown, éﬂg 5
spaced apart. This protects the heads 30 until they are ready to be

inserted between the disks. Fig. 17 shows a cross sectional view of a
groundi ng node 172. Gounding line 170ps needed to electrically ground

the 13 OCT 2005 22 support |ayer 154 of suspension 32. This is necessary to
prevent buildup of electrical charge which nay damage the delicate

el ectroni c conponents of head 30, or to ground reference the support |ayer
under the conductors. In Fig. 17, line 170 is |ocated over hole 360 of arm
34 and hole 320 of | oad beam 110. Support |ayer 154 and insulating | ayer

152 are et ¥HRPrivapyetrol i ngr askilemsheneas h 14ig 170 9
electrically conductive epoxy 550, such as Hysol Kopgéé%%§%¥ §8e8fﬁr%%?n

the hol e, PtHelebyfproetdi ngaBrereleet Wheah KANREGLLAN hetyeen the support
| ayer 154 and the electrical line 170. Figs. 18 an 15R§ﬁ%§ff: €and side
views of anletiremiat coepoeabosiseniaal 30 he, 9rurdipgyn 2., The only
difference is that the | oad beam 110 and flexu%g 11 %ﬁﬁ%ﬁggntgﬁnt into

the hole 3o gsye2Ouader 2dheshowdteposnd sifde;yl eys, respechively, of
anot her enbodi nent of the grounding node 172. |Instead of "epoxy,
g g
located over hole 360 of arm 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 into the

hole 320,

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

Fig. 22 shows a side view of another embodiment of the
grounding node 172. Here the line 170 is bent through hole 320
and bent up against the other side of the hole to contact suéport'
layer 154.

Fig. 23 shows a side view of another embodiment of the

grounding node 172 that is similar to that shown in Fig.'17 The



line 170 is bent through hole 360 to contact support |ayer 154. Fig. 22
shows a side view of another enbodi nent of the groundi ng node 172. EﬁdETﬂME
l'ine 170 is bent through hole 320 and bent up against the other side of
the hole to contact support layer 154. Fig. 23 shows a side view of .
anot her enbodi nent of the grounding nogg 172 that is simlar to that shown
in Fig. 17. The 13 OCT 2005 23 difference is that the | oad beam 120 has a
slight bend with contacts grounding line 170 and the el ectrical connection
is made by welding. Wile the preferred enbodi ments of the present
invention have been illustrated in detail, it should be apparent that
nodi fi cati ons and adaptations to those enbodi nents nay occur to one

skilled i Bi%P@r@l{c}eo\lff[sLQ%gtt gg@?%ﬁdﬂ'g}efagno 6“%55(\80%%%{[2%%? R&ij:%ent

i nvention as set in owng clains. 1 CLAI MS: The

claims detiping: & e dven 99n@rﬁoasare‘d%kgw@%e&-ri%aﬁegggﬁegéi%agg g%pg” ng

a transducer suspension system conprising the steps of proviai ad
beam havi g g.{gngitudinal axis, a lateral axis, and a

While the preferred embodiments of the present invention
have been illustrated in deta;l, 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 fhe

present invention as set forth in the following claims.



per pendi cul ar axis, the | oad beam having a first and second ends, the |oad
beam having a first and second plurality of |oad beam datum aperturg®;QCT 2005
aligning a flexure nmenber over the |oad beam the flexure menber conprised
of an electrically conducting |ayer, an electrically insulating |ayer, and
a support layer, the flexure nenber havb g a plurality of flexure datum
apertures which correspond to the first'gTuraIity of | oad beam dat um
apertures, QIsSeMs§ng of tooling nmenbers through the first plurality of

| oad beam datum apertures and the flexure datum apertures; attaching the

fl exure nmenber to the | oad beam aligning an arm nmenber underneath the | oad

beam at the. first e of the |load bea t he arm nenber having a plurality
of arm dat u#86@}‘?&&%&“%{1’8Hn‘@BﬁP%Qrﬁ&ﬁgl’]ﬂ%"&t he second plurality of | oad
beam dat um apertures; inserting of tooling nenbers through the arm nmenber
datum apertures and the second plurality of |1oad beam datum apertures;
attachi ng the arh menbemnethod phmahefactuting mtrapsdudresuspenbiod spsterml ai m 1,

wherein the flexure.,menber .is mounted to a frane at a plurality of
attachnment POPREEREHE Y¥PSOframe is cut at the attachnent points. 3. The

met hod of cl ai m Zrovidigg @ildhd%ah%i?hfg%ﬂ@n@fudﬁﬂ%?aﬂB,taalﬁfHﬁ?'ﬁkis?&ﬂdﬁ s has a
notch section in the | oad beam and the armat said one of the attachnent

poi nts. 4. PerperdieHapxdd, the lapdibeam havingd first hied $acandeissthadoasl eatr i cal | y
conducti on LAYRE s299ng G5 bERUIY o MBI Bl 2, survert tever
termination pad alghitHe fleRirBinitailied BveriBéiload badrh, 66 8dxiire nidishek tamBrigddt h t he
el ectricall yf Cno nlgéjtﬁg i11ng l %%cheiirrf lg lc.aer}Ctnr ilgc?rlicla¥I [irlfs; \1a|fi|nBcl:C] 948?1% s?locc’)rt ElDeBr il
2005 ofane ally con g layer, an e y insulating layer, an pp yer,
the flexure member having a plurality of flexure datum apertures which correspond to
the first plurality of load beam datum apertures, inserting of tooling members through
the first plurality of load beam datum apertures and the flexure datum apertures;
attaching the flexure member to the load beam;
aligning an arm member underneath the load beam at the first end of the load
beam, the arm member having a plurality of arm datum apertures which correspond to
the second plurality of load beam datum apertures; inserting of tooling members
through the arm member datum apertures and the second plurality of load beam datum

apertures;

attaching the arm member to the load beam.

2. The method of claim 1, wherein the flexure member is mounted to a

frame at a plurality of attachment points and the frame is cut at the attachment points.

3. The method of claim 2, wherein at least one of the attachment points

has a notch section in the load beam and the arm at said one of the attachment points.

4, The method of claim 2, wherein the frame has as electrically
conduction layer, and electrically insulating layer, and a support layer, and wherein at
least one of the attachment points is an electrical termination pad and the termination

pad is attached to the frame with the electrically conducting layer, electrically

[RALIBCC]04848.doc:SDB



-25- insulating layer, and support layer in a staggered non-overlying 13 0CT 2005
rel ationship at the attachnent point. 5. The nethod of claim1, wherein
the first plurality of |oad beam datum apertures are snall er than the
correspondi ng flexure datum apertures and the second plurality of |oad
beam datum apertures are snmaller than thgscorresponding arm datum
apertures. [R \LIBCC 04848. doc: SDB

insulating layer, and support layer in a staggered non-overlying relationship at the

attachment point.

5. The method of claim 1, wherein the first plurality of load beam datum
apertures are smaller than the corresponding flexure datum apertures and the second
plurality of load beam datum apertures are smaller than the corresponding arm datum

apertures.

[RALIBCC104848.doc:SDB



