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Rel ated Applications This application clains priority of United States
provi si ormab oapppiobcat i on Serial Nunber 5 60/333,025, fil ecchasermisre 5, 2001
and United States provisional application Serial Nunmber 60/332,299, filed
Novenber 15, 2001. Field of the Invention This application relates
generally to disc drives and nore particularly to a | oad beam attachnent
to a circuit board actuator armin a discldrive. 10 Background of the

I nvention A typical disc drive includes a base to which various conponents
of the disc drive are nounted. The conponents include a spindle notor,
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high speed. Information is written to and read from tracks on the discs through the use of an

actuator assembly, which rotates during a seek operation about a bearing shaft assembly
15  positioned adjacent the discs. The actuator assembly may include a plurality of actuator arms,
which extend towards the discs, with one or more head gimbal assemblies extending from each of
the actuator arms. Each head gimbal assembly includes a flexure or load beam and a head
mounted at the distal end of the load beam. Each head includes an air bearing slider enabling the
head to fly in close proximity above the corresponding surface of the associated disc. Head
20 gimbal assemblies are typically attached to the corresponding metallic actuator arms by spot
welding metallic plates to the load beams and then connecting the metallic plates to the actuator
arms by swaging.
During a seek operation, the track position of the heads is controlled through the use of a
voice coil motor, which typically includes a coil attached to the actuator assembly, as well as one
25  or more permanent magnets, which establish a magnetic field in which the coil is immersed.
Application of current to the coil causes the coil to move. As the coil moves, the actuator
assembly pivots about the bearing shaft assembly, and the heads are caused to move across the
surfaces of the discs.
A flex assembly provides the requisite electrical connection paths for the actuator
30  assembly while allowing pivotal movement of the actuator assembly during operation. The flex

assembly includes a printed circuit board to which head wires (not shown) are connected; the



A flex assenbly provides the requisite electrical connection paths for the
actuator 30 assenbly while allow ng pivotal novenent of the actuator
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PCT/ US02/ 19576 -2 head wires being routed along the actuator arns and the
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circuitry for controlling the wite currents applied to the heads during a
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manufacture and that decreases vibrations of the actuator arms and head gimbal assemblies.
The present invention provides a solution to these and other problems, and offers other
advantages over the prior art.
Summary of the Invention
20 Against this backdrop the present invention has been developed. One embodiment of the
present invention may be summarized as an actuator assembly that includes a rotatable actuator
arm mounted on the base of a disc drive. The actuator arm includes a metallic member seated on
a non-metallic body. A proximal end of a load beam is mounted on the actuator arm and a distal
end of the load beam supports a head. The actuator assembly also includes a connection between
25  the metallic member and the load beam that secures the load beam to the actuator arm.

An alternative embodiment of the present invention may be summarized as a disc drive
that includes an actuator assembly. The actuator assembly includes a rotatable actuator arm that
includes a circuit board and a metallic pad formed on a distal end of the circuit board. A metallic
load beam includes a proximal end mounted on the distal end of the circuit board and a distal end

30  supporting a head. The actuator assembly further includes a metallic connection between the

metallic pad and the load beam, the connection securing the load beam to the actuator arm.



25 the netallic nenber and the | oad beam that secures the |oad beamto the
actuator arm An alternative enbodi nent of the present invention may be
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FIG. 5 is a sectional view taken along line 5-5 of FIG. 4.

FIG. 6 is an exploded perspective view of a distal end of the actuator assembly, wherein
15  the head gimbal assembly of the actuator assembly will be welded to the actuator arm.
FIG. 7 is an assembled perspective view of the distal end of the actuator assembly shown
in FIG. 6.
FIG. 8 is a sectional view taken along line 8-8 of FIG. 7.
Detailed Description
20 A disc drive 100 constructed in accordance with a preferred embodiment of the present
invention is shown in FIG. 1. The disc drive 100 includes a base 102 to which various
components of the disc drive 100 are mounted. A top cover 104, shown partially cut away,
cooperates with the base 102 to form an internal, sealed environment for the disc drive in a
conventional manner. The components include a spindle motor 106, which rotates one or more
25 discs 108 at a constant high speed. Information is written to and read from tracks on the discs
108 through the use of an actuator assembly 110, which rotates during a seek operation about a
bearing shaft assembly 112 positioned adjacent the discs 108. The actuator assembly 110
includes one or more printed circuit board actuator arms 114 which extend towards the discs 108,
with one or more head gimbal assemblies 113 extending from each of the actuator arms 114.
30  Each head gimbal assembly includes a flexure or load beam 116 and a head 118 mounted at the

distal end of the load beam 116. Each arm 114 is a printed circuit board on which at least one



invention is shown in FIG 1. The disc drive 100 includes a base 102 to

whi ch various conponents of the disc drive 100 are nounted. A top cover
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A flex assembly 130 provides the requisite electrical connection paths for the actuator
assembly 110 while allowing pivotal movement of the actuator assembly 110 during operation.
The flex assembly includes a printed circuit board to which head wires (not shown) are
20 connected; the head wires being routed along the actuator arms 114 and the load beams 116 to the
heads 118. The actuator arms 114 preferably include circuitry for controlling the write currents
applied to the heads 118 during a write operation and a preamplifier for amplifying read signals
generated by the heads 118 during a read operation. Additionally, the portion of the head wires
that are routed along the actuator arms 114 are preferably formed as an integral part of the circuit
25  board actuator arms 114. The flex assembly includes a flex cable 132 that extends from the
circuit board actuator arms 114 and terminates at a flex bracket 134. The flex bracket 134
communicates through the base deck 102 to a disc drive printed circuit board (not shown)
mounted to the bottom side of the disc drive 100.
The actuator arm 114 thus preferably incorporates features of the flex assembly 130, the
30  actuator assembly 110, and the voice coil motor 124 into a single part, thereby simplifying the
process of manufacturing the disc drive 100. Additionally, while the resonant frequencies of the



A flex assenbly 130 provides the requisite electrical connection paths for
the actuator assenbly 110 while all ow ng pivotal novenent of the actuator
assenbl y wo®3gurosng operation. The flex assenbly incl udepca/ysor/mised
circuit board to which head wires (not shown) are 20 connected; the head
W res being routed along the actuator arns 114 and the | oad beans 116 to
the heads 118. The actuator arns 114 preferably include circuitry for
controlling the wite currents applied to the heads 118 during a wite
operation and a preanplifier for anplifyimg read signals generated by the

heads 118 durjng a.read operation. Additionally, the portion of the head
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drive printed circuit board (not shown) with the actuator assembly 110 via the flex cable 132 and
flex bracket 134 of FIG. 1.
A proximal end 220 of the load beam 116 is preferably mounted on the distal end 210 of
20 the actuator arm 114. The load beam 116 extends from proximal end 220 to a distal end 222 that
supports the head 118.

As shown in FIGS. 3-4, generally rectangular lateral tabs or ears 310 extend transversely
from opposing sides of the proximal end 220. Also, a pair of generally rectangular longitudinal
tabs 312 extend from the proximal end 220. The proximal end 220 defines a lateral thermal relief

25  aperture 314 at the base of each lateral tab 310 and a longitudinal thermal relief aperture 316 at
the base of each longitudinal tab 312.

As shown in FIG. 5, each tab 310, 312 preferably includes a tab body 318 comprised of
the same material as the body of the load beam 116, which is preferably stainless steel. A plating
320 preferably surrounds the body 318, although it may be disposed on only the side that faces

30 the actuator arm 114. The plating 320 is preferably comprised of a solderable material such as

tin-lead, tin-lead-copper, silver-tin-copper, or gold. Referring back to FIGS. 3-4, the proximal



termnates at a distal end 210. The circuit board actuator arm 114 al so
preferably includes traces 212 and vias 214 to connect various electrical
and el ectworBo4wenponents that are nmounted on or 15 integramrdabomesné n t he
actuator arm 114. A connection slot 216 adjacent the hole 206 extends into
the actuator arm 114 and mates with an end of the flex cable 132 of FIG 1
to connect the disc drive printed circuit board (not shown) wth the
actuator assenbly 110 via the flex cable 132 and flex bracket 134 of FIG
1. A proxinmal end 220 of the | oad beam 116%i s preferably nmounted on the
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S 15 arm 114. The distal end 210 of the actuator arm 114 preferably defines a pair of centrally located

actuator arm alignment holes 340.

The actuator arm 114 can be manufactured according to known methods of manufacturing
circuit boards. Thus, the materials used for the actuator arm 114 are preferably standard printed
circuit board materials. The body of the actuator arm 114 is preferably made of reinforced

20 fiberglass or plastic. The various components, such as the pads 330, 332 can be formed during
the printed circuit board manufacturing process. Notably, the body of the actuator arm 114 could
be a non-metallic material other than a circuit board material and could be made by processes
other than circuit board manufacturing processes.

The head gimbal assembly 113 is preferably mounted by aligning the actuator arm

25  alignment holes 340 with the load beam alignment holes 322 so that the lateral tabs 310 abut the
solder 333 formed on the lateral pads 330 and the longitudinal tabs 312 abut the solder 333
formed on the longitudinal pads 332. The tabs 310, 312; the pads 330, 332; and the solder 333
are heated to form corresponding solder connections 350, 352, preferably with a hot bar, which
also holds the actuator arm 114 and the load beam 116 together during heating. The thermal

30  relief apertures 314 and 316 thermally isolate the tabs 310, 312 and thereby facilitate heating of
the tabs 310, 312 without heating the entire load beam 116. The solder 333; the tabs 310, 312;



deposited on each pad 330,332 (see FIG 5). Gound traces 334 are forned in
the distal end 210 10 of the circuit board actuator arm 114, connecting the
pads 330 wod3®8m@6t 0 each other and to ground vias 336 | ocardaobetsmeen t he
| ongi tudi nal pads 332 and the | ateral pads 330. The ground vias 336 are
grounded by way connections within the circuit board actuator arm 114.

Thus, static electricity that builds up on the head 118 drains through the
| oad beam 116, the ground traces 334, the,ground vias 336 and through
other connections and traces of the circuil board actuator 15 arm 114. The
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the actuator arm 114 preferably defines a pair of centrally located actuator arm alignment holes
640. The actuator arm 114 can be manufactured according to known methods of manufacturing
circuit boards. Thus, the materials used for the actuator arm 114 are preferably standard printed
20  circuit board materials. The body of the actuator arm 114 is preferably made of reinforced
fiberglass or plastic. The various components, such as the pad 630 can be formed during the
printed circuit board manufacturing process. The pad 630 is preferably formed of copper, nickel
plated copper, or some other material that is conventionally used in circuit board manufacturing
processes. Many other possible pad and alignment hole configurations can be used in accordance
25  with the present invention.

The pad 630 is preferably larger than the pads 330, 332 of the embodiment described
above so that the pad 630 can absorb heat from spot welding without a large overall rise in
temperature. Four spot weld connections 650 form a rectangular pattern and secure the proximal
end 608 of the load beam 116 to the pad 630, and thus to the distal end 210 of the actuator arm

30 114. The head gimbal assembly 113 can be secured to the actuator arm 114 by positioning the
load beam 116 so that the proximal end 608 abuts the pad 630 of the actuator arm 114 and the



5 An alternative enbodinment is illustrated in FIGS. 6-8. Referring to FIGS
6-7, the load beam 116 includes a distal end 606 supporting the head 118
and an opwogBgilopr oxi mal end 608 that is secured to the aCTtE02/e93d6 210 of
the actuator arm 114. The proxi mal end 608 defines a pair of transversely
spaced al i gnnent holes 618. The | oad beam 116 is preferably a stainless
steel |oad beam 10 The distal end 210 of the actuator arm 114 preferably
includes a centrally | ocated nounting nmenper or pad 630, which is
preferably rectangular. Ground traces 634 are fornmed in the distal end 210

of the cirgyi g m 114 . cannecting the .pad 6 to nd
Vias 636 {abbrd el HAEOB1 Lo TR RGeS Rnea Bt DHiRR v
are groundiedd byanvay6 Rfspotowglaetiol thémouhting padi6he afd tHettbl sEREToARY 8idlaPéndI 10
114. Thus, static electricity that builds up on 15 the head 118 drains

through t hef theaiuaieramtily, Thsspefrweid gonncetians 688 are preforaphofomied bykas@3potand
t hr ough Ot\gglﬁgl%g@g%géﬁPe{éﬁta%@%ﬁort%%%?%ﬁoéﬁnﬁsi circuit board actuator arm 114.

The distal éen e actuator bﬁrué? rably defines a pair of

centraldy | ocatAf embbdiaicat oftheprebérg HiveAfion hySe subtifarizEd Qs af hétahtoF asémbly 14
can be manufactured according to known nethods of manufacturing circuit

boards. Thig4ch asHdOpihetincludes yrptatalilepctugier axmt(suchas 1d#)mounted pr therbaseotandisc
tandard pgint i rgUit ials, .The body, of t
P14 pr SOt o8 d06). it donlaB ol RS Rl BB s i &5 SR B el

conponent Son $hePmellidtodyad FidRinted end@uélPisd8 of 2R0YEF 21680 bk Rh&aCIT6y iy t
board manufacturing process. The pad 630 is preferably forned of copper,

ni ckel plapudedephenactugior gapande Histal end (udheds 228 ar 606) of tire/lond beanabuppors ad

in circuit a Lin [.OC . ot her .possi bl e nd

't gnhe BAREAERTRAT Thi i loor BEBRER RS ind BB aGbrisieafe Tt oy 1 952 ¥ 650
present i nygwednithie mebliPRemBetindshdload Béaabinvt deo4ire§ thellGRIbdahfro MRS S 1236k arms 2
of the enbodi nent described_ above so that the pad 630 can absorb heat from

spot wel di ng wi Thedged beanpprgerghleingludes 3 Btallic materiale The mﬁ@mmm b@clbmrefn?bw
i on: . i mal . 608
of "the | oaefid { GfeBobRCh A BPRALRGET BUCaE Bl Y O Roin BavBRS e

act uat or afivergl@sslahd polphserhead gi nbal assenbly 113 can be secured to the

actuator arm 114 by posjitioning the |oad beam 116 so that the proxi nmal end
608 ablit s the pHif ®©8pechionmay beasgldensonaeston amchsg 350 er §3)0 31 9wh@e embodiment,

PCT/ US02/ 182 {4 befin preferably includes a tab (such as 310 or 312), and the connection secures the tab

to the metallic member. The load beam preferably includes a stainless steel body (such as 318)
and a solderable plating (such as 320) covering at least a portion of the stainless steel body.
Alternatively, the connection may be a weld connection (such as 650), and a body of the
20  load beam may include stainless steel. The metallic member preferably includes copper, which is
preferably nickel plated.
An embodiment of the present invention may alternatively be described as a disc drive
(such as 100) that includes an actuator assembly (such as 110). The actuator assembly includes a
rotatable actuator arm (such as 114) that includes a circuit board (such as 114) and a metallic pad
25 (such as 330, 332, or 630) formed on a distal end (such as 210) of the circuit board. A metallic
load beam (such as 116) includes a proximal end (such as 220 or 608) mounted on the distal end
of the circuit board and a distal end (such as 222 or 606) supporting a head (such as 118). The
actuator assembly further includes a metallic connection (such as 350, 352, or 650) between the
metallic pad and the load beam, the connection securing the load beam to the actuator arm.
30 In an embodiment wherein the connection is a solder connection (such as 350 or 352), a

tab (such as 310 or 312) of the load beam may include a stainless steel body (such as 318) and a



| oad beam al i gnment hol es 618 are aligned with the actuator arm alignnment
hol es 640. Then the |oad beam 116 is spot welded to the nounting pad 630
and t her eWwg iso¢ewsed to the distal end 210 of the actuat oPcarusnd/19576¢ The
spot wel d connections 650 are preferably formed by | aser spot wel ding,

al t hough resi stance spot welding can also be used. 5 An enbodi nent of the
present invention nmay be summari zed as an actuator assenbly (such as 110)
that includes a rotatable actuator arm (such as 114) nounted on the base of
a disc drive (such as 100). The actuator “¥rmincludes a nmetallic nenber

h 3 d -, |1ic body. A i mal d
(uch ae cottesbinlafitihaBR Gion 8326 &RBHREa sk ppaiob g el Keebbody
act uat or &l glaghgamstedilds pRfdatlp sléct@bfrdm 4 RbuPRikisth 5%—1(39@&%%{%%2@61&,

supports a 1o head (such as 118). The actuator assen@%y al so i ude
connect i orfi{veiiprceppensnd sokb Additioally) thejeadresam mapdefisteal thermatestisfapentuck t he

| oad b t t | to th t uat The load b
p(rjgfer:gpy&g%cﬁsﬁg;&gf@eatlagcfﬂﬁggﬁéﬁgﬁ%ffe.taq'ﬁeaﬁoﬁ?ng[ afilr imc bods p(rjgfer:glmy
includess a ci r cAliidrm#vly theadendetieh eag bk ¥ wele Latiesich @@éh%i@b%, AL ;?I,Ekgéer&gl?‘

a group consisting of fiberglass and polynmer. 15 The connection ma
sol der corh®et-wehl qoanedtioas 350 or 352). In such an enbodinment, the |oad

b ferabl y,. 0 h as. 310 312 d the . ion,

oot PL ey A B AN SE e Bhiohfay ieedikeny B SR SaT 87 dies i

a stai nl eqsuchtaed0piaclydinguahc@sto8ddmbBsuch 821 0L rBR! aemaibo%fgédaﬂlb(ﬁuemd@ssa
ody.

320) coveritnagél at least a portion of the stainless steel

Al t er nat i Vielajable aciuatespradsuchs did) ineludinge ngn-eentailic bodyrandsumbtallis pad uch and a
bod t | i ncl ude .stainl teel . Th talli
e e eriBor 30, 554, GBS AR TRIng RSA-HEGIR Bl 05 SanS Borsp gt foa o o e

enbodi rTentmétﬁlh"bb@d.pTHém@insifBﬁ/@Bﬁﬂ]"ﬂ%’m McRidE 8'561EF doRh¥ctdR (SRAGS 356 B535 2
disc drive (such as 100) that inc uﬁs an agt uat or acssergbly (suc’%sgg 110).

The act uatdieraiivelybthy mesas farsecuaing meayanclndea weld capaction (suth as650)s 114) t hat

i ncl udes a cirgyj h 14) and a alljc pad 25 (such as 330,
332, or 630) fggmpegﬁg% ‘éﬁﬁg’%a‘frgs:eﬁém(’ %’EH?H ‘%%’eg‘i%éﬂpt 16 aftain fis erdsang adyantazas
metal lic rheanidnedaywélsacthossineként the6ih U a1 fedontlfPlef@RA dnidaiings hadhbeR'
608) mounted on the distal end of the circuit board and a distal end (such

as 2225r dsswibed forgwenaspyolihisdisglosuiecyerioys ehages andanodifications magbs eradk ywhich
further i Py i j 350 352, .or 650), pet
the. et arft Fo il S cdneor SR IEE Pk S o Besimile st iRrentia, B foam

to the actdlighmentdiobs configurations can be used in accordance with the present invention. Numerous

other changes may be made which will readily suggest themselves to those skilled in the art and
which are encompassed in the spirit of the invention disclosed and as defined in the appended

20 claims.



30 In an enbodi nent wherein the connection is a solder connection (such as
350 or 352), a tab (such as 310 or 312) of the |oad beam may include a

st ai nl esswetogmh1o0body (such as 318) and a WO 03/ 041061 PCTPOSORNYEB76 -9

sol derabl e plating material (such as 320) covering at |east a portion of
the stainless steel body. The plating material is preferably selected from
a group consisting of tin-lead, tin-|ead-copper, silver-tin-copper, and
gold. Additionally, the |oad beam nay define a thermal relief aperture
(such as 314 or 316) adjacent the at |eastl%ne tab. 5 Alternatively, the
connection may be a weld connection (such as 650), which is preferably a
spot-wel d connection. An enbodi nent of the present invention may
alternatively be summarized as a disc drgmfns (such as 100) including an
actuator assenbly (such as 110). The actTatror assenbly includes a

rot at abl e act uaWbatiachiniglish as 114) including a non-netallic body and, a
nmetallic pad (such as 10 330, 332, or 630) fornmed on the non-netallic body,
and nmeans for securing the | oad beamto the netallic pad. The neans for
securing may ingclmdedise ERledBmpFisiiB aGbiafiBle(dstHodtedsa baR2an actuator assembly

Al ternatively, the neans for securing may include a weld connection (such
as 650). |qomprisingbe cl ear that the present invention is well adapted to
attain the ends a dvantages _nentjoned.as | | as those inherent .
Cherein. i 1o MORAREIRR S Bt TS bt HE oruyBon 4t cormpfiak € Rpwmptallis
pur poses Modlahd a HetalliOfen®er seafeld @ theimrMeRIIRYddyDdi fi cations may be nade
which are well within the scope of the present invention. For exanple, nany
di fferent pad, alabd beamcomprisipgr@proxivadlend sounigd oathesvtuatermrand salistaliend
accordance_w h .esent invention. Nunerous other changes may be nmade
whi ch a}||“?%%§Pé§%§%{ §t t henselves to those skilled in the art and

whi ch are enconpamaedionbetwi@n i mefalliRfimdritger iafd Getlbsd bedinS tHeQoaAecHBA s@ring the
defined in the appended 20 clains. WO 03/041061 PCT/ US02/ 19576 -10 C ains
What is cllapdieean tp the agtuatpharg. dj sc drive conprising a rotatabl e disc
nounted on a base, an actuator assenbly

2. The actuator assembly of claim 1, wherein the load beam comprises a metallic

15 material,

3. The actuator assembly of claim 1, wherein the non-metallic body comprises a circuit
board.

20 4. The actuator assembly of claim 1, wherein the non-metallic body comprises a material

selected from a group consisting of fiberglass and polymer.
5. The actuator assembly of claim 1, wherein the connection is a solder connection.

25 6. The actuator assembly of claim 5, wherein the load beam comprises a tab, and wherein

the connection secures the tab to the metallic member.

7. The actuator assembly of claim 5, wherein the load beam comprises a stainless steel
Body and a solderable plating covering at least a portion of the stainless steel body.
30

8. The actuator assembly of claim 1, wherein the connection is a weld connection.



conprising: a rotatable actuator arm nounted on the base, the actuator arm
conprising a non-netallic body and a netallic nenber seated on the

non- net alwom3beyy a | oad beam conprising a proximl end moanisez1sm t he
actuator armand a distal end 10 supporting a head; and a connection
between the nmetallic nmenber and the | oad beam the connection securing the
| oad beamto the actuator arm 2. The actuator assenbly of claim1l, wherein
the | oad beam conprises a netallic 15 material. 3. The actuator assenbly

of claim1, wherein the non-netallic body'lénprises acircuit board. 20 4.

The actuator as |.al [ - |.i.¢._body conprises a
material sel ec?ggpelfér/cg%ft %%gsgégﬁﬂé} 8%%@:3{5%%&%?21?5 ?@%%&g%’ d;"ﬁ%‘“ﬁé{nyﬁﬁ .S%%‘ﬁess
The act uatsteelassenbly of claim 1, wherein the connection is a sol der
connection. 25 6. The actuator assenbly of claim5, wherein the | oad beam
conprises a tab, and wherein the connection secures the tab to the

metal lic nmenberiy 7 . i . | ad beam
conprises a stayk{ggggg?gg%géhgﬁyﬂzﬁﬁﬂgté%ﬁ%gfg%f%%%P%??ﬁgS%%¥%$ﬁﬁ%8§Pen

| east & portion of the stainless steel body. 30 8. The actuator assenbly of
claim1l1, wherein the connection is a weld connection. WO 03/041061

PCT/ US02/ 19576 -11 9. The actuator assenbly of claim8, wherein a body of
the | oad beam conprises stainless steel. 10. The actuator assenbly of
claim1l1, wherein the netallic nenber conprises copper. 5




