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éUSPENSICN, SLI DER- SUSPENSI ON ASSEMBLY, ASSEMBLY CARRI AGE DEVI CE AR
MANUFACTURI NG METHOD OF THE SUSPENSI ON FI ELD OF THE | NVENTI ON The present
invention relates to a suspension, a slider- suspension assenbly, an
assenbly carriage device and a nethod of | manufacturing the suspension, used
in a magnetic disk drive apparatus or a photo-magnetic disk drive apparatus
wherein a magnetic head slider opposes to the surface of a rotating
magneti c or photo-magnetic disk with a very low flying height so as to read
and write inforPeSPENSIOMdmM SALDER HUSPENSILGN . ADHSCRL P;T| AN ENBINHE A IIED
ART The suspension supports a magnetic head slider near its one end and
appl i es a preEGkir AN oANURBACTRING HEEBHIORIeOF t THEArSUSHENSIIGX surface. This
pressure force is conpensated by the force of the air-bearing between an
air-bearing surface of the slider and the rotating disk surface. Thus, the
slider can be noved on the rotating disk surface with keeping a small space
bet ween t HElRIdd @IS THE rENMENTIDNw i te information fromand into the disk
The present invention relates to a suspension, a slider-

suspension assembly, an assembly carriage device and a method

of manufacturing the suspension, used in a magnetic disk drive

apparatus or a photo-magnetic disk drive apparatus wherein a

magnetic head slider opposes to the surface of a rotating

magnetic or photo-magnetic disk with a very low flying height

so as to read and write information from and into the disk.

DESCRIPTION OF THE RELATED ART

The suspension supports a magnetic head slider near its
one end and applies a pressure force against the slider toward
the disk surface. This pressure force is compensated by the
force of the air-bearing between an alr-bearing surface of the
slider and the rotating disk surface. Thus, the slider can be
moved on the rotating disk surface with keeping a sﬁall space
between them so as to read and write information from and into
the disk.

U.S. Pat. No.4,167,765 of Watrous discloses a typical
suspension structure with a load beam mounted at one end to a
rigid actuator arm, and a flexure element which is attached to

the other end of the load beam and support a magnetic head



-U.S. Pat. No. 4,167,765 of Watrous discloses a typical suspension structure
with a | oad beam nounted at one end to a rigid actuator arm and a flexure
el enment which is attached to the other end of the | oad beam and support a
magneti c head slider. The |oad beam ftovides the resilient spring action
for biasing the slider toward the disk surface, while the flexure el enent
provides flexibility for the slider as the slider rides on the cushion of
air between the air-bearing surface and the rotating disk surface.
Suspensi onsliMé¢h. suThe sloadt besn ap eoe DA theéll s BLUPH t asbBngd Yaer ilor8 B6r
T-19 suspensions from Hut chi nson Technology Inc. and widely utilized in
this fiel dbidsigenthal s11er megwetd ctieadi sk i sterfase suppord eshdyr idure
flexure part of the suspension having the above-nmentioned structure and a
plurality efeméemespeseideovi exti i DY iteagod i ties ©fiddye SRUNRS i hrad rsiddler .
Nanely, one end of each of the wires is electrically connected to each
signal terdon nethe ofudlibon of air between the air-bearing surface and the
rotating disk surface. Suspensions with such structure are
commercially supplied as type T-8 or T-19 suspensions from
Hutchinson Technology Inc. and widely utilized in this field.

In general, the magnetic head slider is supported by the
flexure part of the suspension having the above-mentioned
structure and a plurality of wires are provided for lead lines
of the magnetic head slider. Namely, one end of each of the
wires is electrically connected to each signal terminal of the
magnetic head slider, whereas the other end of the each wire is
electrically connected to a cable terminal formed at one end of.
a flexible printed circuit (FPC) which is connected at the
other end thereof to an integrated circuit element for
recording and reproducing signals mounted in the magnetic or
rhoto-magnetic disk drive apparatus.

Recent requirement for higher magnetic recording density
has promoted an extremely lower flying height of the magnetic
slider such as 0.1 zm or less and a lower size of the slider
itself as well as a lower resilient pressure force against the-
slider toward the disk surface.

For such downsized magnetic head slider, rigidity of the

lead wires will greatly exert a bad influence upon the flying



- magnetic head slider, whereas the other end of the each wire is
electrically connected to a cable termnal forned at one end of a flexible
printed circuit (FPC) which is connected at the other end thereof to an
integrated circuit elenent for recordi ng and reproduci ng signals nounted in
t he magnetic or photo-magnetic disk drive apparatus. Recent requirenent for
hi gher magnetic recording density has pronoted an extrenely |ower flying
hei ght of the magnetic slider such as 0.1 [err] mor |less and a | ower size
of the slédgratteeibtagswelfl the a1iavel resrtienlaplesswoeidwrter agal nst
the slider toward the disk surface. For such downsi zed magneti c head
slider, rogighéysdidtheikeadvarees urtécgeeabyytrserigadbed onfinesee upon

the flying characteristics of the slider. Particularly, notion for rol
of the slifeesis savaaaliyiahf egbeflsPyihipeori ghéli $Yi@ért WESE MV ESe dieat
addi tion, downsizing of the slider will invite great

difficulty of connection work of the wires with the signal
input/output terminals of the slider. Using of the lead wires
also requires additional works for connecting the other end of
the wires with a plurality of cable terminals formed on the
FPC. Since this connection work has to be executed by hand,
one by one, the operation efficiency of manufacturing the
slider-suspension assembly will be extremely lowered. 1In
addition, it requires skill for the workers.

Suspensions with improved structure which can solve the
above-mentioned problems of the typical suspension are
described in Japanese Patent Unexamined Publication
Nos.4(1992)-40680 and 5(1993)-282642. In each of these known
suspensions, a thin film conductive pattern as for lead 1ines
is formed on the flexure which is supported by the load beam at
its one end, and one ends of the lead lines of the cpnductive
pattern are connected direétly with signal terminals of the

- magnetic head slider mouhted on the flexure. Thus, according
to these improved suspensions, complicated connection work of
" the wires with the slider due to downslizing of the slider can
be avoided, ﬁnd also the flying height change as well as low
durability of the device due to the rigidity of the wires can

be prevented.



difficulty of connection work of the wires with the signal input/output
termnals of the slider. Using of the |lead wires al so requires additional
wor ks for connecting the other end of the wires with a plurality of cable
termnals formed on the FPC. Since thisg4onnection work has to be executed
by hand, one by one, the operation efficiency of manufacturing the
slider-suspension assenbly will be extrenely lowered. In addition, it
requires skill for the workers. Suspensions with inproved structure which

can sol ve the ahgwevEent iANeHeBEORhEWR BhshBRsi¥RECAthEUEDERSE OTWELE the
described in Japanese Patent Unexam ned Publication Nos.4(1992)-40680 and

5(1993) - 28R 4g. Fhmmeeshdett&b@ssakeewﬂ §§S?spsneaa lﬁnég'ﬂsfﬁéP%PQPE#Ct'Ve
pattern as for lines is formed on the flexure which is supported by

the load begmah bhiyonesmada aegleﬂeneagstﬁé tbs bradotipgs Iﬁa&rﬁéam.
conductive pattern are connected directly with signal termnals of the

magneti ¢ hgadygh LHEEHBPURE BErODst HEuhLEYY Bnd TBHEre FEFOT Wi Al Litat 1888 be
i mproved suspensions, conplicated connection work of the wires with the

slider due)jRefPuBsigbR9r8t bhecelid811§3Bonnecting the other ends of the
lead lines of the conductive pattern with an external circuit
(one end of the FPC). Thus, following problems will be
occurred.

If the wires with a large diameter are used for the
connection with the e#ternal circuit to decrease their
electrical resistance, the rigidity of these wires greatly
exert a bad influence upon the flying characteristics of the
downsized slider. Contrary to this, if the wires with a small
diameter are used, the electrical resistance will extremely
increase and also breakage of the wires may easily occur at the
connection work causing fraction defective of manufacturing to
increase.

Also, since it is necessary to carry out doublg connection
works for connecting the conductive pattern with one ends of
the wires and for connecting the other ends of the wires with
the cable terminals at the one end of the FPC, the connection
works become so much complicated. Furthermore, since these
connection works have to be executed by hand, one by one, the
operation efficiency of manufacturing the slider-suspension

assembly becomes extremely low. In addition, it requires skill



be avoi ded, and also the flying height change as well as | ow durability of
the device due to the rigidity of the wires can be prevented. However ,
in these known suspensions, the flexure with the thin film conductive
pattern as for lead lines is partiallydgormed only a small region near the
top end of the | oad beam at which the slider is nmounted, and therefore
wires have to be |Iikew se used for electrically connecting the other ends
of the lead |lines of the conductive pattern with an external circuit (one
end of th&oFPEhe Woukerfsol | Beicagser olfl eshneicitliohewdcbuthedwikesthe wres
with a large dianeter are used for the connection with the external circuit
t o decr eabecbhaige @lagcllisvalasddiysbarae, athehei godinkey tabnt hesksweaasing
greatly exert a bad influence upon the flying characteristics of the
downsi zedfehicdébn Qeflecarniyet oft miaaufiak tultdng tes incrbagesmabPhrticularly,
if small diameter wires are used in order to decrease bad
influence upon the flying characteristics of the downsized
slider, breakage of the wires will very easily occur at the
connection works causing the fraction defective of

manufacturing to greatly increase.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide a suspension, a slider-suspension assembly and an
assembly carriage device, whereby connection of lead lines of a
magnetic head slider will not affect the flying characteristics
of the slider, particularly motion of the slider for roll.

Another object of the present inventioh is to provide a
suspension, a slider-suspension assembly and an assembly
carriage device, whereby an electrical resistance of lead lines
to be connected with a magnetic head slider can be decreased.

Further object of the present invention is to provide a
suspension, a slider-suspension assembly, an assembly carriage
device and a method of manufacturing the suspension, whereby
connection work between lead lines and an external circuit can
be easily executed resulting the manufacturing cost with

respect to the connection to reduce.



di aneter are used, the electrical resistance will extrenely increase and
al so breakage of the wires may easily occur at the connection work causing
fraction defective of manufacturing to increase. Al so, since it is
necessary to carry out double connectiog works for connecting the
conductive pattern wwth one ends of the wres and for connecting the other
ends of the wires with the cable termnals at the one end of the FPC, the
connecti on works becone so nuch conplicated. Furthernore, since these
connecti on wor Rhehpwre slem tha resesctiitoad rieyl alt@sd o susplensdoa, inleeudpegati on
efficiency of manufacturing the slider-suspension assenbly becones

ext renel y rleewl il taddietduate, fidr reegpiorad ngkial magneftac hladwenkaes. nBagause

of connection with the wires, breakage may al so easily occur at the

connecti onteobke eadsi agd raaQicaen bdale etiithe aobagenehdc poritignt, ofbRcr ease.

Particularly, if small dianeter wires are used in order to decrease bad
supporting the flexure. Particularly, according to the present
invention, connection conductors are formed on the flexure in a
thin film pattern, and one ends of the connection conductors
are to be connected to the magnetic head slider gnd the other
ends of the connection conductors are positioned near the other
end of the flexure. The other end of the flexure extends to at
least a position of the base end portion of the load beam.

Also, the present invention relates a slider-suspension
assembly including a magnetic head slider, a resilient flexure
for supporting the magnetic head slider near its one end, and a
load beam with a base end portion, for supporting the flexure.
Particularly, according to the present invention, connection
conductors are formed on the flexure in a thin film pattern,
and one ends of the connection conductors are connected to the
magnetic head slider and the other ends of the connection
conductors are positioned near the other end of the flexure.
The other end of the flexure extends to at least a position of
the base end portion of the load beam.
The connection conductors are formed on the flexure in a

thin film pattern. One ends of the connection conductors are

electrically connected to the magnetic head slider and the

other ends of the connection conductors are positioned near the



I nfl uence upon the flying characteristics of the downsized slider, breakage
of the wires will very easily occur at the connection works causing the
fraction defective of manufacturing to greatly increase. SUWARY OF THE
INVENTION It is therefore an object of fhe present invention to provide a
suspension, a slider-suspension assenbly and an assenbly carriage devi ce,
wher eby connection of lead |lines of a magnetic head slider will not affect
the flying characteristics of the slider, particularly notion of the slider

for roll. obﬁpéﬁeén@bw%h@ffimpéeseﬂ{ewmI&mléftﬁx@rpyémé extends
suspension, a slider-suspension assenbly and an assenbly carriage devi ce,

whereby anc@l petrdsat 4656518068 &f LiRdhdddesnd poeL LONNGEi @k Wddy @
magnetic head slider can be decreased. Further object of the present

i nvention ieard O PrIAYS detife SUEIRENSeRds & SEHESF e SPSPENRE Bomiady, an
assenbly carriage device and a nethod of nmanufacturing the suspension,

wher eby €Iyl d B 0L dn DSd VBEred €8 dddifse ey, %ﬁi‘&% NRd i Ndd widede

easily executed resulting the manufacturing cost Wth
to cable terminals of the FPC connection cable. The other end
of the connection cable is connected to an electronic circuit
for recording and reproducing signals. As a result, the
connection of the lead liﬁes will not affect the flying
characteristics of the‘slider. particularly motion of the
slider for roll, and an electrical resistance of the lead lines
can be decreased. This is extremely advantageous for a
magnetic head slider with a very small size, and also for a
magnetic head slider with a large number of lead lines. Also,
the connection work of the lead lines with the external circuit
can be very easily executed and may be automatically executed
by a connection machine. As a result, the manufacturing cost
with respect to the connection can be reduced. Fufthermore.
since the flexure is attached to the load beam along the whole
length of the load beam, a good damper effect can be expected.

It 1s preferred that the other end of the flexure 1is
positioned at the side of the base end portion of the load beam
or extends beyond the side of the base end portion of the load
beam.
It is also preferred that the other ends of the connection

conductors are connected to connection terminals positioned



respect to the connection to reduce. The present invention relates a
suspension including a resilient flexure for supporting a magnetic head
slider near its one end, and a |l oad beamw th a base end portion, for
supporting the flexure. Particularly, gcording to the present invention,
connection conductors are fornmed on the flexure in a thin filmpattern, and
one ends of the connection conductors are to be connected to the nagnetic
head slider and the other ends of the connection conductors are positioned

near the Qidigf df Ahdhedd tMhe HeAINE" B At itvizg yf | exure extends to

at least a position of the base end portion of the | oad beam Also, the

present. i nvent g, ahfliefn 1 defe SUMRNY A2 BReTbed R HHng (A dTBARS! | ©

head slider, a resilient xure for supporting the magnetic he

near its Qe end AN 19amh RGAMMHd eSS §AEPA R, Char supporting

the flexure. Particularly, according to the present invention, connection
Preferably, the magnetic head slider is a slider having at

least four signal terminals connected to the one ends of the
connection conductors, respectively, and an air bearing surface
with an area equal to or less than 2 mm? .

According to the preéent invention, furthermore, the load
beam may include a terminal support part protruded from a side
edge of the base end portion of the load beam and bent to an
arbitrary angle with respect to a surface of the base end
portion. A first connection terminal part positioned near the
one end of the flexure and to be connected to the magnetic head
slider, a second connection terminal part positioned near the
other end of the flexure, and connection conductors with both
ends connected with the first and second connection terminal
parts may be formed on the flexure in a thin film pattern. The
other end of the flexure is fixed to the terminal support part
so that the second connection terminal part is outward appeared
with respect to the base end portion at a position of the
terminal support part.

The second connection terminal part of the thin film
conductive pattern formed on the flexure is positioned on the
terminal support part by attaching the other enq portion of the

flexure to this terminal support part which is protruded from



conductors are forned on the flexure in a thin filmpattern, and one ends
of the connection conductors are connected to the nmagnetic head slider and
the other ends of the connection conductors are positioned near the other
end of the flexure. The other end of thq flexure extends to at |east a
position of the base end portion of the'l oad beam The connection
conductors are forned on the flexure in a thin filmpattern. One ends of

t he connection conductors are electrically connected to the magnetic head
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other end of which is connected to an external circuit such as
an electronic circuit for recording and reproducing signals.
As a result, the connection of the lead lines will not affect
the flying characteristics of the slider, particularly motion
of the slider for roll, aﬁd an electrical resistance of the
lead lines can be decreased. Also, any breakage of the wires
can be prevented from occurring during connection works
resulting the fraction defective of manufacturing to maintain
without increasing.
Furthermore, since the second connection terminal part is
fixed to the terminal support part which is bent to an
arbitrary angle with respect to the surface of the base end
portion of the load beam, the connection terminals are ocutward
appeared resulting that the connection work with the FPC can be
easily done. Also, because the position of the connection
terminals is settled.'the connection work of the lead lines
with the external circuit can be automatically executed by a
connection machine. As a result, the manufacturing cost with
resbect to the connection can be reduced. Furthermore, since
the flexure is attached to the load beam along the whole 1¢ngth
of the load beam, a good damper effect can be expected.

It 1s preferred that the flexure includes a free movement



for recording and reproducing signals. As a result, the connection of the
lead lines will not affect the flying characteristics of the slider,
particularly nmotion of the slider for roll, and an electrical resistance of
the lead lines can be decreased. This igsextrenely advantageous for a
magnetic head slider wwth a very small size, and also for a magnetic head
slider wwth a | arge nunber of lead lines. Al so, the connection work of the
lead lines with the external circuit can be very easily executed and may be

automati cabhytexesit eebythefORABCHIORNBEENEREreASaRd ERHL thiBCPree
manuf acturing cost with respect to the connection can be reduced.

Furt her mor g,y 8jhBRE Qﬁtfkgxeasgbieab%a@ggglpomsbengoaﬂtﬁe@@gaé@69t§gﬁthO'e

| ength of the | oad beam a good danper ect can be expected. It

preferred §hay Basmoth@ﬁe?e@opé,tgeeﬁl§¥UEﬁei%199§}éi9§eﬁiﬁédtge f#gfﬁgé

' eam or extends beyond the side o

the base end portion of the [oad _
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of the connection conductors are conneg?ed to connection term

positionedfreé movement part can freely move with respect to the load
beam without sharply bent. Thus, excess stress will not be
applied to the thin film conductive pattern on the flexure such
as the connection conductors. This can prevent the electrical
characteristics such as electrical insulation or resistance of
the conductive pattern from deteriorating.

It is also preferred that the flexure includes a play to
provide an anti-twist function in the free movement part.
Thanks for the play, the free movement part can more freely
move. As a result, no excess stress 1s applied to the thin
film conductive pattern on the flexure even if a part of the
flexure is distorted during the bending. Therefore, it is very
advantageous for preventing the electrical characteristics from
deteriorating.

In one embodiment of the present invention, the terminal
support part is substantially bent perpendicular to a surface
of the base end portion of the load beam. However, this
bending angle may be adaptively decided on condition that the
connection work with the external circuit can be easily
executed. Smaller bending angle is advantageous because the

protruding length of the terminal support part will be



near the other end of the flexure, respectively. The other end of the
flexure may be fixed to the | oad beamor nay be free fromthe | oad beamto
forma free end. Preferably, the magnetic head slider is a slider having at
| east four signal term nals connected to the one ends of the connection
conductors, respectively, and an air bearlng surface with an area equal to
or less than 2 nmmR. According to the present invention, furthernore, the

| oad beam may include a term nal support part protruded froma side edge of
t he base gedrBakkiion of the | oad beam and bent to an arbitrary angle with .
respect to a surface of the base end portion. A first connection term nal

part positioned,pearabh$, oRReCDdall bbAR ih8XUEEsARdsT PLbEIGR ?n501fﬁet90Phe
magnetic head slider, a second connection termnal part positioned near the

ot her endyghqihg fchﬁx%?miﬁﬁﬂ 6QpPeEtL BQr@OﬂdﬁﬁiQrﬁai‘\‘cwl bes Fm&0Sn of

connected wth the first and second connection term nal
the slit along the bending line will provide no excess stress
to the thin film conductive pattern on the flexure such as the
connection conductors preventing the electrical characteristics
such as electrical insulation or electrical resistance
characteristics from detefiorating. 0f course, the bending
work will become easy.

According to the present invention, furthermore, an
assembly carriage device includes a carriage having a plurality
of drive arms to which the base end portions of the load beams
in the above mentioned slider-suspension assemblies are
respectively fixed, an actuator for driving the carriage to
rotate, and a connection cable of a flexible printed circuit
connected at its one end to an external electrical circuit for
recording and reproducing signals. The connection cable has
cable terminals connected respectively to the other ends of the
connection conductors at its the other end.

It 1s preferred that the flexure includes connection
terminals connected respectively to the other ends of the

" connection conductors near the other end of the flexure. The
connection terminals are connected to the cable terminals,

respectively.

It is also preferred that the connection terminals and the



parts may be forned on the flexure in a thin filmpattern. The other end of
the flexure is fixed to the term nal support part so that the second
connection termnal part is outward appeared with respect to the base end
portion at a position of the term nal f@pport part. The second connection
termnal part of the thin filmconductit¥e pattern fornmed on the flexure is
positioned on the term nal support part by attaching the other end portion
of the flexure to this term nal support part which is protruded from t he

base end pofRdOeR] dheciOach beare FFeISpod e RPN GHNRGIIL D AIHE Hse

part can be directly connected, wi thout using lead wires, to one end of a

FPC connecti@hddbich dherid hesa®nsef s Ghrdr GG adhd & ik o el

circuit such as an electronic circuit for recording and reproducing
signals. Asmge réstidortitth PN i dh Pfvddie, 1 €ad lines will not affect the

flying characteristics of the slider, particularly notion

According to the present invention also a method of
manufacturing a suspension includes a step of forming a
resilient flexure having.a first connection terminal part
positioned near one end of the flexure And to be connected to a
magnetic head slider, a sécond connection terminal part
positioned near the other end of the flexure, and connection
conductors with both ends connected with the first and second
connection terminal parts, in a thin film pattern, a step of
forming a load beam having a base end portion and a terminal
support part protruded from a side edge of the base end portion
of the load beam, a step of attaching the flexure on the load
beam so that the second connection terminal part is fixed on
the terminal support part, and a step of bending the terminal
support part to an arbitrary angle with respect to_a surface of
the base end portion so that the second connection terminal
part is outward appeafed with respect to the base end portion
at a position of the terminal support part.

Since the terminal support part is bent after the fixing
of the other end of the flexure to this terminal support part
of the load beam, bending work can be easily done and also the
bending angle can be optionally determined.

It is preferred that the load beam forming step includes a



of the slider for roll, and an electrical resistance of the lead |Iines can
be decreased. Al so, any breakage of the wires can be prevented from
occurring during connection works resulting the fraction defective of

manuf acturing to maintain wthout incrqgfing. Furt hernore, since the second
connection termnal part is fixed to the®term nal support part which is
bent to an arbitrary angle with respect to the surface of the base end
portion of the | oad beam the connection termnals are outward appeared

resulting tpap LPerGPRIAE!hORLYR! K18hEh, ! PEnEPto O REL ALY CFsndY SO

because the position o he connection term na IS sett onnecti on
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free novenent
such as electrical insulation or electrical resistance

characteristics from deteriorating, and also easy bending work.
Further objects and advantages of the present invention

will be apparent from the.following description of the

preferred embodiments of the invention as illustrated in the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an oblique view schematically illustrating a
part of a magnetic disk drive apparatus in a preferred
embodiment according to the present invention;

Fig. 2 1s a plane view of a suspension used in the
embodiment shown in Fig. 1;

Fig. 3 1s an oblique view illustrating an example of
connection structure bétween connection terminals formed near
the top end of a flexure of the suspension shown in Fig. 2 and
signal terminals of a magnetic head slider; |

Fig. 4 1s a side view schematically illustrating an
assembly carriage device used in the embodiment shown in Fig.
1;

Fig. 5 is a plane view of FPC of the magnetic disk drive



10 part near the other end of the flexure, and that this free novenment part
I's capable of freely noving with respect to the | oad beam Therefore, even
if the flexure is fixed at its the other end to the term nal support part
of the | oad beam the free novenment part can freely nove with respect to
the | oad beam wi thout sharply bent. Thlf, excess stress will not be applied
to the thin filmconductive pattern on the flexure such as the connection
conductors. This can prevent the electrical characteristics such as

eIectricaJa%§§y+@ﬁgogh nrfﬁi$£€nc§.of t he conductive pattern from
g. 1t e

deteriorati Is also pre red’'that the flexure includes a play to
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pl ay, the free novenent part can nore free esult, no excess
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If a part ks exure rs'disto uring the ben erefore, it is
very of the flexure shown in Fig. 2 and a connection cable of the

FPC;

Fig. 7 is a graph illustrating measured flying
characteristics of a slider-suspension assembly used in the
embodiment of Fig. 1 and 6f the conventional slider-suspension
assembly using wires as for the lead lines;

Fig. 8 is a plane view of a suspension used in an another
embodiment according to the present invention;

Figs. 9a to 9c are sectional views along the A-A 1ine
shown in Fig. 8;

Fig. 10 is a plane view illustrating in detail a flexure
used in the embodiment shown in Fig. 8;

Fig. 11 is a plane view illustrating a terminal support
part of a load beam of the suspension shown in Fig.-8;

Fig. 12 is an oblique view illustrating a bending part of
the load beam; |

Fig. 13 is a plane view of a suspension used in a further
embodiment according to the present invention;

Fig. 14 is a plane view illustrating in detail a flexure
used in the embodiment shown in Fig. 13;

Fig. 15 is a plane view of a suspension used in a still

further embodiment according to the present invention;



advant ageous for preventing the electrical characteristics from
deteriorating. In one enbodi nent of the present invention, the term nal
support part is substantially bent perpendicular to a surface of the base
end portion of the |oad beam However, this bending angle may be adaptively
deci ded on condition that the connectid® work with the external circuit can
be easily executed. Smaller bending angle is advantageous because the
protruding |l ength of the term nal support part will be decr eased.

Preferably, thelg0ad hqamanchiidemc vl <Anefidrdchlly heiubepdiifigt e g

term nal support part. This part formation of t Sslit along t
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the flexufé such as tHe connection conductors preventing the el ectrical
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Fig. 17 is a plane view of the suspension used in the
embodiment shown in Fig. 16; and

Fig. 18 is a side view schematically illustrating a
connection structure between a connection conductor of a

flexure shown in Fig. 17 and a connection cable of the FPC.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In Fig. 1, which schematically illustrates a part of a
magnetic disk drive apparatus in a preferred embodiment
according to the present invention, reference numeral 10
denotes a plurality of magnetic disks rotating around an axis
11, and 12 denotes an assembly carriage device for positioning
a magnetic head slider on a track of the disk. The assembly
carriage device 12 is mainly constituted by a carriage 14
rotatable around an axis 13 and an actuator 15 such as for
example a voice coil motor (VCM) for driving the carriage 14 to
rotate.

Base portions at one ends of a plurality of drive arms 16
are attached to the carriage 14, and a plurality of suspensions
17 are mounted on top portions at the other ends of the arms
16, respectively. A magnetic head slider 18 is fixed to a top

end portion of each of the suspensions 17.



characteristics fromdeteriorating. O course, the bending work will becone
easy. According to the present invention, furthernore, an assenbly carriage
device includes a carriage having a plurality of drive arnms to which the
base end portions of the |oad beans in the above nentioned

sl i der-suspensi on assenblies are respecﬂﬁVer fixed, an actuator for
driving the carriage to rotate, and a connection cable of a flexible
printed circuit connected at its one end to an external electrical circuit

for recording and gierdédusidyserss Rl £35 el y Rttt e@@blye thas st@pletision
term nal s connected respectively to the other ends of the connection

conductors 13t drd tHE it BNthedd d151d¥ref1¥y raGednab Whe Suepens ibncliydes
connection term nals connected respectively to the other ends of the

connect i on jGORAEMN S NRIthdecd hifa eyt tfort T fhexwaeh T veoRReChig0Bo
termnals are connected to the cable termnnals, respectively. It is also
preferred gl BRI YMagid dhdiitidacadRd {dd8 18 opposes to the each
surface of the magnetic disks 10. Only one slider-suspension
assembly is attached to each of the top and bottom drive arms
16, whereas two slider—susﬁension assemblies are attached to
each of the drive arms 16'between the adjacent magnetic disks.
Branched top portions at one end of a connection cable
formed by a flexible printed circuit (FPC) 19 which is
connected at the other end thereof to an integrated circuit
element for recording and reproducing signals (not shown) are
positioned near the top end portions of the respective drive
arms 16 of the carriage 14.
Fig. 2 shows the suspension 17 of the embodiment shown in
Fig. 1. In the figure, reference numeral 20 denotes the
resilient flexure for supporting, by means of its tongue 20a
formed near one end of the flexure 20, the magnetic head slider
18 (Fig. 1), 21 denotes the load beam for supporting and fixing
the flexure 20, and 22 denotes a base plate fixed to a base end
portion of the load beam 21. The other end of the flexure 20
is positioned in this embodiment at the side of a front edge
(edge on the slider side) of the base plate 22.
The flexure 20 is made of in this embodiment a stainless

steel plate (for example SUS304TA) with a thickness of about 25



other end of the flexure are positioned at the side of the base end portion
of the | oad beam or extend beyond the side of the base end portion of the

| oad beam According to the present invention also a nethod of

manuf acturing a suspension includes a step of formng a resilient flexure
having a first connection termninal par? positioned near one end of the
flexure and to be connected to a magnetic head slider, a second connection
term nal part positioned near the other end of the flexure and connection

conduct or s, .t N 130th LIS AN GhaW P & fdega9NIacaBARCt i 0N

NP1l
term nal parts inathin filmpattern, ?é 55 ? formng a Ioad eam

having a B4gengRd i g”t'h%n At o el ecomw'i]&ghb‘tﬁ’l%o”n%?t 1Br88 H@Sﬁ Bgﬂ?hg si de-

edge of the base end portion of the 'oad beam a step of a tac

flexure of4the laﬂ%‘ieb%mﬁ&itolﬂ%t btebc@e%gcgﬂgt %g'lg??be%gp%gﬁ?‘hgﬂf&@ét a}mﬁ

fixed on the term nal e term na

support pagk LQr3acd bc' t fw%%ha”c%' dMibl bEEPRE! atRalnil" h8FColbur .
However, according to this embodiment, since the flexure 20 is
formed by the stainless steel plate, there will occur no such
troubles.

As for lead lines, féur connection conductors 23-26 of
thin film conductive pattern are formed on the flexure 20 along
its whole length. Near the both ends of the flexure 20,
connection terminals 23a-26a which are to be directly connected
to the magnetic head slider 18 (Fig. 1) and connection
terminals 23b-26b which are to be directly connected to the
connection cable of the FPC 19 (Fig. 1) are formed on the
flexure 20, respectively. These connection terminals 23a-26a
and 23b-26b are electrically connected with each other by means
of the connection conductors 23-26, respectively.

The thin film conductive pattern can be formed by a well
known method similar to the patterning method of forming a
printed circuit board on a thin metal plate. Namely, the
conductive pattern are formed by sequentially depositing a

- polyimide layer with a thickness of about 5§ xzm (lower
insulating material layer), a patterned Cu layer with a

thickness of about 4 gz m (conductive material layer), and a

polyimide layer with a thickness of about 5§ gm (upber



the base end portion so that the second connection termnal part is outward
appeared with respect to the base end portion at a position of the term nal
support part. Since the term nal support part is bent after the fixing of
the other end of the flexure to this terninal support part of the |oad
beam bending work can be easily done &8d al so the bending angle can be
optionally determned. It is preferred that the |oad beam form ng step

i ncl udes a step of formng a slit along a line for bending the term nal

suppor U parisulb e ldtel 41 MddP O LHeX F98%uTk! 85 mothggug@ g3 fim

conductive pattern on the flexure such as thé CconneCtion co ors -
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be apparent from thé OW ng descrl I on
the Cu layer and there is no upper insulating material layer.

In order to easily understand the structure, the connection
conductors 23-26 are indicated by solid lines in Fig. 2.

The load beam 21 is made of in this embodiment a stainless
steel plate with a thicknéss of about 62-76 g m and supports
the flexure 20 along its whole length. Fixing of the flexure
20 to the load beam 21 is achieved by means of means of a
plurality of welded spots 27. In this embodiment, this load
beam 21 has a terminal support part 2la protruded from the side
edge of the base plate 22. On the terminal support paft 21la,
the other end portion of the flexure 20 with the connection
terminals 23b-26b is fixed.

The base plate 22 is made of a stalnless steel or iron and
is fixed to the base end portion of the load beam 21 by means
of welded spots 28. The suspension 17 is attached to the top
end portion of .the drive arm 16 (Fig. 1) by fixing the base
plate 22 thereto. In a modification, the base end portion of
the load beam 21 may be constructed to function as a base plate

 iInstead of preparing and attaching the individual base plate
22.
Fig. 3 illustrates an example of connection structure

between the connection terminals 23a-26a near the top end of



preferred enbodi nents of the invention as illustrated in the acconpanying
drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is an oblique view
schematically illustrating a part of a magnetic disk drive apparatus in a
preferred enbodi nent according to the present invention; Fig. 2 is a plane
view of a suspension used in the embodiffent shown in Fig. 1; Fig. 3 is an
oblique viewillustrating an exanple of connection structure between
connection termnals formed near the top end of a flexure of the suspension
shown in FRle Plandrei phahndesignal stefmnakgnet ithehamgradtidemhedd gliddrs a
side view schematically illustrating an assenbly carriage device used in

t he enbodir®ent shown in Fig. 1; Fig. 5is a plane view of FPC of the
magneti c di sk drive

In this example, the magnetic head slider 18 has four
signal terminals 30-33 and the air bearing surface with an area
of about 1.25 mm?. As will be apparent from this figure, the
signal terminals 30-33 of the slider 18 are connected with the
connection terminals.23a-26a formed near the top end of the
flexure 20 by ball bonding of Au, respectively.

Hereinafter, the connection structure between the
connection conductors 23-26 of the flexure 20 in this
embodiment and.the . connection cable of the FPC 19 will be
described with reference to Figs. 4 to 6. Fig. 4 schematically
illustrates the assembly carriage device 12, Fig. 5 illustrates

w it the FPCﬂls-and:Fig?'G illustrates the connection structure of a
single suspension with the FPC connection cable 19.

The connection terminals 23b-26b electrically connected to
the other ends of the respective connection conductors 23-26 of
each suspensioh 17 are-positioned near the slide edgg_of the -
base plate 22, .in other words positioned at the top end portion
of the drive arm 17 when the suspension 17 is attached to this
drive arm 16. . As mentioned before, the branched top portions

" at one end of the connection cable of FPC 19 which 1s connected
at the other end thereof to an integrated circuit element for

recording and reproducing signals are positioned near the top

ends of the respective drive arms 16. Each of the branched top



14 apparatus shown in Fig. 1; Fig. 6 is a side view schematically
I1lustrating an exanpl e of connection structure between connection
conductors of the flexure shown in Fig. 2 and a connection cable of the
FPC, Fig. 7 is a graph illustrating neasured flying characteristics of a
sl i der-suspensi on assenbly used in t he®®nbodi nent of Fig. 1 and of the
conventional slider-suspension assenbly using wires as for the |lead |ines;
Fig. 8 is a plane view of a suspension used in an anot her enbodi nent

accor di ng Perthengr efethej fPBRAELEAOnFLaRle ghas ccaleree g bhat4 3 Eus

along the A-Aline shown in Fig. 8 Fig. 10 is a plane viewillustrating in

detail a fWbiaheaﬁgeéopﬁepﬁéde%ﬁo@hﬁeﬂ@nBQGVhOmnc$hh§-8; Fig. 11 is a plane

viem/i!lustrating a termnal support part of a |oad beam of the su%gension

shown in Fig. sThergfore.i ¢lgatsbraguecnneation uaf rethe nkead teknshgehathe of
each slider-suspension assembly can be completed only by
directly comnnecting, by means of soldering for example, the
connection terminals 23b-26b of the flexure 20 with the cable
terminals 34-37 of the FPC‘19 at the top end position of the
drive arm 16.

According to this embodiment, as described above, the
connection terminals 23b-26b coupled to the other ends of the
respective connection.conductors 23-26 can be directly
connected, without using iead wires, to the cable terminals 34-
37 of the FPC connection cable. The other end of the
connection+“cable-is connected to the electronic circuit for ..
recording and reproducing signals. As a result, the connection
of the lead lines will not affect the flying characteristics of
the slider, particularly: -motion of the slider for roll, and an
electrical resistance of :the lead lines can be decrgased.+aTh1s
is extremely advantageous for:.a magnetic head slider with a
very small size, and also for a magnetic head slider with a
large number of lead lines. -

Fig. 7 1llustrates measu;ed flying characteristics of the
.8lider-suspension assembly in this embodiment and of the

conventional slider-suspension assembly using wires as for the

lead lines. In Fig. 7, (average value), (average value + 30 )



the load beam Fig. 13 is a plane view of a suspension used in a further
enbodi nent according to the present invention; Fig. 14 is a plane view
illustrating in detail a flexure used in the enbodi nent shown in Fig. 13;

Fig. 15 i5 a plane view of a suspension used in a still further enbodi nent
according to the present invention; 2fFig. 16 is an oblique view
schematically illustrating a part of a magnetic disk drive apparatus in an

anot her enbodi nent according to the present invention; Fig. 17 is a plane
vi ew of t lenduEpeansags wshde i 7 3 be) epbotherefty isiowe iightFiversis powd tHigh 18
Is a side view schematically illustrating a connection structure between a
connect i orofotKkICE DIdeF fUdngxthi€ hevradivd g.wilth arR@Gpcaoeedheon cabl e

of the FPC. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

assembly of this embodiment and to the conventional assembly
are illustrated. Solid lines of (average value + 3¢ ) and
(average value - 3¢ ) correspond to the assembly of this
embodiment, and broken lines of (average value + 30 ) and
(average value - 30 ) corréspond to the conventional assembly.
Also, ¢ indicates a standard deviation. These. flying
characteristics were measured for 100 samples under the
condition of a disk speed of 7200 rpm.

As will be apparent from this figure, the range betwéen;;tw'
(average value + 30 ) and (average value - 3¢ ) of theuasggmb;y
of this embodiment is narrower than that of the conventipn§1¢%:
assembly by about 30 %.m:This rgpresents that{the fly{gg#hg;ght_

deviation characteristics is extremely improved in this

embodiment.

Also, according to this embodiment, since the électrical@aw-=m~-

connection of.the lead lines can be completed only by diféqtiy;w%a~
connecting, by means ‘of soldering for example, the connection
terminals 23b-26b with the cable terminals 34-37 at the tppuend
position of the drive arm 16, the connection work of the lead

- lines with the external circuit can be very easily executed and
may be automatically executed by a connection machine. As a
result, the manufacturing cost with respect to the connection

can be reduced.



In Fig. 1, which schematically illustrates a part of a magnetic disk drive
apparatus in a preferred embodi ment according to the present invention,
reference nunmeral 10 denotes a plurality of magnetic disks rotating around
an axis 11, and 12 denotes an assenbly carriage device for positioning a
magnetic head slider on a track of thaadisk. The assenbly carriage device
12 is mainly constituted by a carriage 14 rotatable around an axis 13 and
an actuator 15 such as for exanple a voice coil nmotor (VCM for driving the

canr 905,14 L Oe LBk Ep R oRBEL! 05 E)oREn D0 8l afrbbbe L4 p8heFoN "7
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suspen8|on§f ct can ge expected. In fact, the result of measured
vibration characteristics of the slider-suspension assembly of
this embodiment and of the conventional slider-suspension
assembly exhibited an increased damper effect in the assembly
of this embodiment. Namely, & gain in the second torsion mode
was 6 dB in the conventioﬁal assembly, whereas 2 dB in the
assembly of this embodiment.

Fig. 8 illustrates a suspension used in an another
embodiment according to the present invention.

In the figure, reference numeral 80 denotes a resilient
flexure for supporting, by means of its tongue 80a formed near
one end of:the Tlexure 80, a magnetic head slider similar to
that shown in Fig. 1, 81 denotes a load beam for supporting and
fixing the flexure 80, and 82 denotes a base plate fixed to a
base end portion of the load beam 81. |

Figs. .9a to 9c show sectional views along the A-A line
shown in Fig. 8. As éhown in these figures, the load beam 81
has a terminal support part 8la which is protruded from the
side edge of the base plate 82 and is bent to an angle of about

80 ° with respect to the surface of the base plate 82. On the
terminal support part 8la, the other end of the flexure 80 on
which a second connection terminal part (90) is positioned is

fixed.



A slider-suspension assenbly constituted by the suspension 17 and the
magneti c head slider 18 fixed to the suspension 17 is attached to the top
end portion of the each drive arm 16 so that each of the magnetic head
slider 18 opposes to the each surface of the nagnetic disks 10. Only one
sl i der-suspension assenbly is attached2® each of the top and bottomdrive
arns 16, whereas two slider-suspension assenblies are attached to each of
the drive arns 16 between the adjacent nagnetic disks. Branched top
portions at one end of a connection cable forned by a flexibhle printed
Eﬁhﬁl

circuit (FPC) 1

I nt egrated
shown) are
arns 16 of
enbodi nment
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the carriage 14. Fig. shows the suspension 17 of the
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resilient flexure for supporting, by neans of its tongue 20a fornmed near

one end of

direqtion @t Jhe thasagyidie Sheaarl showedm & igs.g 9a1)and2 bdenot es

t he | oad beam for supporting and fixing

The other end portion of the flexure 80 is fixed on the
terminal support part 8la so that the second connection
terminal part (90) is outward appeared with respect to the base
plate 82. It 1s desired fhat the terminal support part 81a has

a shorter length in the protruding direction as shown in Figs.

gb and 94, so that the upward and downward protruding length of - -

this support part can be shortened. Although the terminal
support part 8la is bent to an angle of about 90 ° in this .

embodiment, this bending angle may be adaptively decided on-.

- condition that the connection work with the external circuit: -

can be easily executed. Smaller bending angle is advantageous
because the protrudiﬁg length of the ierminal support part 8la
will be decreased.

The flexure 80 is made of in this eﬁbodimént a. stainless -
steel plate (for examble SUS304TA) with a thickness of about 25
#m. Fig. 10 illustrates in detail the structure of this
flexure 80. As will be understood from this figure, on the . -
flexure 80, four cbnnection conductors 85—86 of thin film
conductive pattern are formed along its whole length, as for
lead 1lines. Near one end of the‘flexure 80, a first connection

terminal part 89 consisting of connection terminals 83a-86a



the flexure 20, and 22 denotes a base plate fixed to a base end portion of
the | oad beam 21. The other end of the flexure 20 is positioned in this
enbodi mrent at the side of a front edge (edge on the slider side) of the
base plate 22. The flexure 20 is made of in this enbodi ment a stainless
steel plate (for exanple SUS304TA) w @& a thi ckness of about 25 17
[err]m If the flexure is nmade of a plastic material, a poor flatness of
the surface to which the slider is nounted and/or |arge angle variations
bet ween the slider nounting surface and the surface.to which the drive arm
i s attachBBifByagectp. b FbﬂgFEFt1&066?BPﬁ§e§ot9hFBeeﬁﬁSHPﬁéﬁthe%ﬂnﬁéiﬂﬁé

fl exure 20 Is fornmed by the stainless steel plate, there will occur no such.
troubl es. 1asfpsmedeqn Fpﬁe§1e¥BH¢ 80nkBcfi eAnEdAuLetber o8- bhe othini ilm m

conductive pattern are fornmed on the flexure 20 along
conductive pattern. Near the other of the flexure 80, the

second connection terminal part 90 consisting of connection
terminals 83b-86b which are to be directly connected to the
connection cable of FPC similar.to -the FPC 19 shown in Fig. 1
is formed on the flexure 80 in a configuration of the thin film
‘conductive pattern. Thesé'connection terminals 83a-86a and
83b—86b are electrically connected with each other by means of
the connection conductors 83-86,wrespectively..
The thin film conductive pattern can be formed by a well

known_method similar to the:patterning method-of forming a

- printed circuit board on a thin metal plate. Namely, the

.. conductive pattern are formed:by:sequentially depositing a -
polyimide layer with a thickness of about § zm (lower
insulating material layer), -a patterned Cu layer with a
thickness of about 4 ;cm:(copdﬁctife“material layerj; and a
polyimide layer with a thickneéSyof about 5. uzm (upper
insulating material la&er) on the:flexure 80 in this order.
Within the regions of the connection terminals 83a-86a and 83b-
86b, a Ni layer and an Au layer are sequentially deposited on

" the Cu layer and there is no upper insulating material layer.
In order to easily understand the structure, the connection
conductors 83-86 are indicated by solid lines in Figs. 8 and

10.



its whole I ength. Near the both ends of the flexure 20, connection
termnals 23a-26a which are to be directly connected to the magnetic head
slider 18 (Fig. 1) and connection term nals 23b-26b which are to be
directly connected to the connection cable of the FPC 19 (Fig. 1) are
formed on the flexure 20, respectivel ypgThese connection terninals 23a-26a
and 23b-26b are electrically connected wth each other by neans of the
connection conductors 23-26, respectively. The thin filmconductive pattern

formng a prini %c.“i%{gl. F%%ﬁf;ﬁafeé%"gm?%m L O S
Wth a th SRASIcE 8 SPLCRAEeoud a'ehéﬁiﬁﬁsg%rﬁ?@r B Pupepfeea’”
Payer) . andlg S’éegﬁurrned@%g%b% B3 aRonRc d e B s e ng RE Bh ok (pper
plurality of points. As mentioned above, this load beam 81 has
the terminal support part 8la protruded from the side edge of
- the base plate 82 and bent to an angle of about 90 ° with
respect to the surface of the base plate 82. On the terminal
support part 8la, the othér end portion of the flexure 80 on
which the second connection terminal part 90 1s positioned is
fixed so that this second connectiqn;terminal part 80 1is
outward appeared with respectﬁtosthetﬁase'plate 82.
Fixing of the flexure'éo_tOﬂthe=load beam 81 1s achieved : -
at a plurality of welded spoté,87fbyulaser welding for example. -
“ - Fixing of the other end -of -the :flexure 80 to the terminal -
support part 8la 1s also achieved at welded spots (not shown in
Fig. 8) by laser welding for example.-: Since the flexure 80 and
the load beam 81 are fixed to:each -other by means of the welded -
spots, the flexure 80 will hdve;affree hovement part 80b which . .
can freely move with fespect“to the load beam 81 at a position
near the other end of the flexure -80. . Therefore, even if the
flexure 80 is fixed to the .load beam 81, excess stress will not
be applied to the thin film conductive pattern on the flexure
80 such as the connection conductors 83-86.
A slit 92 with a certain 1ength may be partially formed

along a bending line 91 for the terminal support part 81a, with



insulating material layer) on the flexure 20 in this order. Wthin the

regi ons of the connection term nals 23a-26a and 23b- 26b, a Ni |ayer and an
Au | ayer are sequentially deposited on the Cu |layer and there is no upper
insulating material layer. In order to easily understand the structure, the
connection conductors 23-26 are indi gaged by solid lines in Fig. 2. The

| oad beam 21 is made of in this enbodinent a stainless steel plate with a

t hi ckness of about 62-76 [err] mand supports the flexure 20 along its

whole length. Fixing of ,the flexure 20 to_ the, | oad am 21 is achi eved by
neans of ﬁhibg tﬁeagﬁFﬂ}BPft§uB?°ﬁEIQ&EFs 51§79a?£&%[%%nﬁhbodinent, this
| oad beam 21 S term pal support rt 21a projruded fromthe side edge
of “the base pl The uese ChlEke $ErEs mAde phor  ShAIHTSSS SRl qihetr dhan
portion of t flexure 20 with the conpection termnals 23b-26b is fixed.
The base 17 ot x93 T4 Fafeotte iotd o ELSY o Borher [0, St 86 1 BRRRS 1t he
base enddggrtio of the | oad beam 21 neans of wel ded spots 28. The

suspensi welded; spete 880 tHe & B SRt ionn Hhe (rsersik BaLhinn (9f g

1) by fixing the base
theé load beam 81 may be constructed to function as a base plate

instead of preparing and attaching the individual base plate
82.

Next, a method of maﬂufacturing the suspension in this
embodiment will be described.

First, the flexure 80 with the thin film conductive
pattern is formed. This thin film conductive pattern mainly-
includes the first connection terminal part 89 which i1s

positioned near one end of the flexure 80 and is to be directly

connected to a magnetic head slider, the:connection conductors. .- .

83-86 which is electrically coﬁnected to the first connection
terminal part 89 at its one end, and the second connection
terminal part 90 which is positioned near the other-end of the
flexufe 80 and is electrically cdnnegted to the other end of
the connection conductbrs 83-86. Before or after the formation
of this thin film conductive pattern, the load beam 81 provided
with the terminal support part 8la protruded in a direction of
" the side of the load beam 81 is formed. As shown in Fig. 11,
the slit 92 with a certain length is partially formed along the
bending line 91 between the load beam 81 and the terminal

support part 8la. The base plate 82 with a predetermined shape



plate 22 thereto. In a nodification, the base end portion of the | oad beam
21 may be constructed to function as a base plate instead of preparing and
attaching the individual base plate 22. Fig. 3 illustrates an exanpl e of
connecti on structure between the connection term nals 23a-26a near the top
end of the flexure 20 and signal Hejminals of the magnetic head slider
18. In this exanple, the magnetic head slider 18 has four signal termnals
30-33 and the air bearing surface with an area of about 1.25 mjerr]. As
will be apparent fromthis figure, the signal termnals 30-33 of. the

sl i der 181§r9r68ﬁﬁ@@tedThﬁtHaﬁﬁeeESnHQEF48H &y khgaleadshesn 8} gpaBdbRear
the top end of the flexure 20 by ball bonding of Au, respectivel
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23-26 of the flexure 20 in this
base plate 82.

Then, the flexure 80 and the base plate 82 are fixed on
the load beam 81 by spot welding using laser at several points.
In this case, the other end portion of the load beam 81 is
spot-welded on the terminal support part 8la so that the second
connection terminal part éo on the flexure 80 1s fixed on this

terminal support part 8la of the load beam 81. Thereafter, the

terminal support. part 8la is bent, along the bending line 91, . i

to about 90 ° with respect to the surface of the base piate 82
so that the second connection terminal part 90 is outward
appeared with respect to the base plate 82. Although the .
terminal support part 8la is bent to an angle of about=90:9iuin~
the above description, this bending angle may be adaptively
decided on condition that the connection work with the external

circuit can be easlily executed. It is‘possible to fix the

flexure 80 to the load beam 81 by spot welding after bending :+ . :u:

the terminal support ﬁart 8la. However, in this case, the
angle of the spot welding is changed for this part causing-thg :
work efficiency to lower.

Since the terminal support part 8la is bent after the
other end portion of the flexure 80, on which the second
connection terminal part 90 is formed, is fixed to the load

beam 81, not only a good work efficiency can be obtained but



enbodi nrent and.the connection cable of the FPC 19 will be described with
reference to Figs. 4 to 6. Fig. 4 schematically illustrates the assenbly
carriage device 12, Fig. 5 illustrates the FPC 19 and Fig. 6 illustrates
t he connection structure of a single suspension with the FPC connection
cable 19. The connection term nals 23j-g6b electrically connected to the
ot her ends of the respective connection conductors 23-26 of each suspension
17 are-positioned near the side edge of the base plate 22, in other words
positioned at the top end portion of the drive arm 17 when the suspension
17 is attathed thethendipgangim af. the Atenphnabnsupper breart ndlar e heel
top portions at one end of the connection cable of FPC 19 which is
connect ed Ereehe deherméned: hepbs0.t 9lnge| thegshitd92i tsupar bl &hint fomed
recordi ng and reproducin? signals are positioned near the top ends of the
respect i veatipngethe ngendingathnef 91 henprexceass sbtpess whll be applied to
the thin film conductive pattern on the flexure 80 such as the
connection conductors 83-86 preventing the electrical
characteristics such as electrical insulation or electrical
resistance characteristics from deteriorating. Of course, the
bending work will become easy.

It is possible, as shown in Flg. 12, to simultaneocusly
bent both the terminal support part 8la of the load beam 80 and
the flexure 80 after the flexure 80 is tightly adhered on the
load beam 81. However, according to this method, since the

- flexure 80 is sharply bent, distortion of the conductive layer

-and the insulation layer which constitutesthe~thin film
conductive lead pattern such as the connection conductors will
increase to produce a microscopic destruction in the thin film
layer or a crack in the conductive layer causing the electrical

. characteristics such as electrical ' insulation or electrical
resistance characteristics to easily deteriorate. Contrary to
this, according to this embodiment, the flexure 80 provided
with the free movement part 80b which can freely move with
respect to the load beam 81 at a position near the other end of
this flexure 80 is fixed to the load beam 81 by spot welding,

and then only the terminal support part 8la is bent to an

arbitrary angle. Therefore, even 1f the terminal support part



portions of the connection cable has cable termnals 34-37 which are
connected to the connection cable. Therefore, electrical connection of the
| ead |ines of the each slider-suspension assenbly can be conpleted only by
directly connecting, by neans of soldering for exanple, the connection
termnals 23b-26b of the flexure 20 w4h the cable termnals 34-37 of the
FPC 19 at the top end position of the drive arm 16. According to this
enbodi nent, as descri bed above, the connection term nals 23b-26b coupled to
the other _ends of the respective connection conductors 23-26 can be
directly 8b&ntetBEntafEEEt thei fdxLugdofi £he, flexune 8Apte the deadsbeam 37
of the FPC connection cable. The other end of the connection cable is
connect ed®lo thee8FcEtF8RAFCcYeLlcPt berarRtbedi hg the EbppoBilbng signal s.
As a result, the connection of the lead lines will not affect the flying
char act erteRfBetbye patteraepn phet fexurey8Bt seahoast the scorrectionrol |,
and an electrical resistance of the lead |ines can be decreased. This is

ext renel ycoraptageodd-86rprewanhtag ctheaelectobeali chapacteristics from

deteriorating.

According to this embodiment, as described above, fhe
second connection terminal part 90 of the thin film conductive
pattern formed on the fle#ure 80 is positioned on the terminal
support part 8la by attaching the other end portion of the
flexure 80 to this terminal support part 8la which is protruded .-
ffom the side edge of the base:plate 82. Thus, the second
connection terminai part:-90 can be directly connected, without
using lead wires, to one end of.thé FPC connection cable the
other end of which is-.connected to the éxternal circuit such-aé
an electronic circuit for recording and reproducing signals.

As a result, the connection -of the lead lines will not affect
the flying characteristics of.the slider, particulafly motion
of the slider for roll, and an electrical resistance of the - .
lead lines can be decréased.'-Also. any breakage of the wires
can be prevented from occurring during connection works
resulting the fraction defective of manufacturing to maintain
ﬁithout increasing.

Furthermore, since the second connection terminal part 90
is fixed to the terminal support part 8la which is bent to an

arbitrary angle with respect to the surface of the base plate



very small size, and also for a nmagnetic head slider with a | arge nunber of
lead lines. Fig. 7 illustrates neasured flying characteristics of the
sl i der-suspension assenbly in this enbodi mrent and of the conventi onal
sl i der-suspension assenbly using wires as for the lead lines. In Fig. 7,
(average value), (average value + 3[egp] ) and (average value - 3[err] )
of the flying height versus position of the slider along the disk radius,
with respect to the assenbly of this enbodi ment and to the conventi onal
assenbly are illustrated. Solid lines of (average value + 3 [err] ) and
(aver age $&,udhe goaneictiopotermiand st §3bh86hs arebloptyprdnappreabedi witih,
and broken lines of (average value + 3[err] ) and (average value - 3 [err]
) correspdeE&restt ke ddvevdaisieopdiates $8nivepulaling, thartr fhendooneesianswanttar d
devi ation. These flying characteristics were neasured for 100 sanpl es under
t he condi wildh &heaF®Csicagpbedeetsilz0dongm Also, because the position of
the connection terminals 83b-86b 1s settled, the connection
work of the lead lines with the external circuit can be
automatically executed by a connection machine. As a result,
the manufacturing cost with respect to the connection can be .-
reduced. Furthermore, since the flexure 80 is attached to the

load beam 81 along the whole length.of the load beam, a good::
damper effect can be expected.
Fig. 13 shows a suspension of a further embodiment: ~ ==z w-mt
aécording to the present invention.
In the figure, reference numeral 130 denotes the resilient.......-
_flexure for supporting, by means of 1its tongue 130a formed -neari:. . -
one end of the flexure 130, a magnetic head slider similar to ..
that shown in Fig. 1, 131 denotes the load beam for subporting -
and fixing the flexure 130, and 132 denotes a base plate fixeéf~u;f¢;
to a base end portion of the load beam 131.
The load beam 131 has a terminal support part 13la which
is protruded from the side edge of the base plate 132 and is:=:+ -
bent to an angle of about 90 ° with‘respect to the surface of -
| the base plate 132. In Fig. 13, however, this terminal support
part 13la is illustrated in a state before bending. On the
terminal support part 131a, the other end of the flexure 130 on

which a second connection terminal part (140) is positioned is



As will be apparent fromthis figure, the range between (average value + 3
[err] ) and (average value - 3[err] ) of the assenbly of this enbodinent is
narrower than that of the conventional assenbly by about 30 % This
represents that. the flying height .deviation characteristics is extrenely

i mproved in this enbodi nent. Also, acapyding to this enbodi nent, since the
el ectrical . connection of the lead |lines can be conpleted only by
directly connecting, by nmeans of soldering for exanple, the connection

term nal s b- 26b W the cable termpals 34-37 at t to nd position of
the drive %iﬁ? 6, x%%RBBﬁﬁeESFoﬁeﬁBFRa6fSPHB°FEaBa¥Fn£§1$Afﬁ%WH%PeQ?e@%al
circuit can be very easilgge&ecuted and nay be autonaticall%iexecuted by a

connect i on2R&LRi AL aBQUYL PRsy t 1 kB1faABPadienhg ERLT RERALREFRELE (BAY he |

connecti on, can_be reduced. Furthermpre, since the flexure 20 is attached
to the IoaBe adaptively decided on condition that the connection work

with the external circult can be easily executed. Smaller
bending angle 1s advantageous because the protruding length of
the terminal support part 13la will be decreased.

The flexure 130 is made of in this embodiment a stainless
steel plate (for example éUS304TA) with a thickness of about 25
gum. Filg. 14 i1llustrates in detail the structure of this
flexure 130. As will be understood from this figure, on the
flexure 130, four connection conductors 133-136 of thin film
conductive pattern are formed along 1ts whole length, as for
lead lines. Near one end of the flexure 130, a first
connection terminal part*lés'consisting-of connection terminals
133a-136a which are to be directly connected to the magnetic
head slider is formed on the flexure 130 in a configuration of-
the thin film conductive pattern. Near the other of the
flexure 130, the second connection ‘terminal part 140 consisting.
of connection terminalé 133b-136b which are to be directly
connected to the connection cable of FPC similar to the FPC 19
shown in Fig. 1 is formed on the flexure 130 in a configuration

 of the thin film conductive pattern. These connection
terminals 133a-136a and 133b-136b are electrically connected -
with each other by means of the connection conductors 133-136,

respectively.



beam 21 al ong the whole I ength of the | oad beam a good danper effect can
be expected. In fact, the result of measured vibration characteristics of
the slider-suspension assenbly of this enbodi mrent and of the conventi onal
sl i der-suspensi on assenbly exhibited an increased danper effect in the
assenbly of this enbodi ment. Nanely, a®ain in the second torsion node was
6 dB in the conventional assenbly, whereas 2 dB in the assenbly of this
enbodiment. Fig. 8 illustrates a suspension used in an anot her enbodi nent
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polyimide layer with a thickness of about 5 g m (lower
insulating material layer), a patterned Cu layer with a
thickness of about 4 gm (conductive material layer), and a
polyimide 1ayef with a thickness of about 5 g m (upper
insulating material layer) on the flexure 130 in this order.

- Within the regions of the connection terminals 133a-136a and -
133b-136b, a Ni layer and an:Au layer are sequentially
deposited on the Cu layer and there is no upper insulating
material layer. In order.to .easily understand the structure,

" the connection conductors-183-136-are indicated by solid lines -
in Figs. 13 and 14.

The load beam 131 is made of in this embodiment a
stainless steel plate with a thickness of about 62-76 £ m and -
supports the flexure 130 along 1ts whole length by fixing it at
a plurality of points;' As mentioned above; this load beam 131
has the terminal support part 13la protruded from the side edge
of the basé plate 132 and bent to an angle of about 90 ° with
respect to the surface of the base plate 132. On the terminal
support part 13la, the other end portion of the flexure 130 on
which the second connection terminal part 140 is positioned is

fixed so that this second connection terminal part 140 1is



si de edge of the base plate 82 and is bent to an angle of about 90 wth
respect to the surface of the base plate 82. On the term nal support part
8la, the other end of the flexure 80 on which a second connection termn nal
part (90) is positioned is fixed. The term nal support part 8la nmay be
perpendi cularly bent with respect togghe |oad beam 81 in a direction of the
base plate 82 as shown in Figs. 9c and 9d, or in the opposite direction of
the base plate 82 as shown in Figs. 9a and 9b. The other end portion of the

flexure 80
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short ened®
example. Fixing of the other end of the flexure 130 to the

terminal support part 13la 1s also achieved at welded spots 137
by laser welding for example. Since the flexure 130 and the
load beam 131 are fixed to each other by means of the welded
spots, the flexure 130 wiil have a free movement part 130b
which-can freely move with respect to the load beam 131 at a
position near the other end of the flexure 130. Therefore,:
even if the flexure 130 is fixed to the load beam 131, excess
stress wiil not be applied to the thin film conductive pattern
on the flexure. 130 such as the. connection conductors 133-136.

In this embodiment, particularly, the free movement part
130b in the flexure 130 has a play 130c curved to provide an
anti-twist function. Thanks for the play 130c, the free
movement part 130b caﬂ more freely move. As a result, no
excess streéé is applied to the thin film conductive pattern on-
the flexure 130 even if a part of the flexure 130 is distorted
during the bending. Therefore, it is very advantageous for
preventing the electrical characteristics from deteriorating.

A slit which is not clearly shown in Fig. 1 may be
partially formed along a bending line for the terminal support
part 131a, with which the terminal support part 13la 1s easlily

bent.



support part 8la is bent to an angle of about 90 [err] in this enbodi nent,
this bending angl e may be adaptively decided on condition that the
connection work with the external circuit can be easily executed. Snaller
bendi ng angl e i s advant ageous because the protruding | ength of the term nal
support part 8la wll be decreased. 3lge flexure 80 is made of in this
enbodi nent a stainless steel plate (for exanple SUS304TA) with a thickness
of about 25 [err] m Fig. 10 illustrates in detail the structure of this

connect i on condie: Bp8SeBIBEecI A% 1" Rk b3naudtrFarfe efrebref By "
RIS R S M R M R R
R kT AR e S R A RS R
portion of the load beam 131 may be constructed to function as
a base plate instead of preparing and attaching the individual
base plate 132.

The structure of the suspension in this embodiment is the
same as that in the embodiment of Fig. 8 except that the curve
play 130c is formed in the flexure 130. Also, functions and
advantages in this embodiment are -the same as those in the
embodiment of Fig. 8 except that, by forming the play 130c, no
excess stress is applied to the thin film conductive pattern on
the flexure 130 even if a part of the flexure 130 is distorted
during the bending and thus:the electrical:characteristics-can
be certainly prevented from deteriorating.

Flg. 15 shows a suspension of a still further embodiment
according to the present invention.- |

In the figure, reference numeral 150 denotes the resilient
flexure for supportiné; by means of its tongue 150a formed near
one end of the flexure 150, a magnetic head slider similar to -.
that shown in Fig. 1, 151 denotes the load beam for supporting
and fixing the flexure 150, and 152 denotes a base plate fixed
to a base end portion of the load beam 151.

The other ends of both the load beam 151 and the flexure

150 in this embodiment extend beyond a rear edge (edge on the



conductive pattern. Near the other of the flexure 80, the second connection
termnal part 90 consisting of connection termnals 83b-86b which are to be
directly connected to the connection cable of FPC simlar to the FPC 19
shown in Fig. 1 is forned on the flexure 80 in a configuration of the thin
fil mconductive pattern. These connecygpn term nals 83a-86a and 83b-86b are
electrically connected with each other by neans of the connection
conductors 83-86, respectively. The thin filmconductive pattern can be
formed by.a well known nethod similar tg the patternin thod_of formng a
i1 nted o Falle OBBARE ton 12 ihen SHHARr ided oBnihel pasenBLEERdbRr ve
pattern are forned by sequentially depositing a polyimde |ayer with_a

t hi ckness of abdf€ §%F5PFF hoQ dviemades @fadnbidt emPaAipgds, & shabnlesened
Cu layer with a thickness of about 4 err% m(conductive material | ayer),
and a pol yPheE8e Pigde WitOX S¥empPdiensUsS30rTABoHE tB. 2] ERipkReEappE, about’ 25

i nsulating material |ayer) on the flexure 80 in this order. Wthin the

regi ons of 4 Re codindbei dAepdrs 18 Dage0468 RAASELS-mAERrialy 8 BPRF and an

Au | ayer are sequentially deposited on
flatness of the surface to which the slider is mounted and/or

large angle variations between the slider mounting surface and
the surface to which the drive arm is attached may-occur._
However, according to thié embodiment, since the flexure 150 .1s
formed by the stalnless steel plate, there will occur no such
troubles.

On the flexure 150, four connection conductors 153-156 “of
thin film conductive pattern are formed along -1ts whole:length,
as for lead lines. Near one end of the flexure - 150, connection
terminals 153a-156a to be directly éonnected-to#the*magnetic
head slider are formed on the flexure 150 in a configuration of
the thin film conductive pattern. Near the other of the
flexure 150; connection terminals 153b-156b to be directiys
connected to the connection cable of FPC similar to.the FPC 18
shown in Fig. 1 are férmed on the flexure 150 in a
configuration of the thin film conductive pattern. These

'léonnection terminals 153a-156a and 153b-156b are electrically
connected with each other by means of the connection conductors
153-156, respectively.

The thin film conductive pattern can be formed by a well

known method similar to the patterning method of forming a



the Cu layer and there is no upper insulating material layer. In order to
easily understand the structure, the connection conductors 83-86 are
indicated by solid lines in Figs. 8 and 10. The | oad beam 81 i s nmade of
in this enbodi ment a stainless steel plate with a thickness of about 62-76
[err] mand supports the flexure 80 @gong its whole length by fixing it at
a plurality of points. As nentioned above, this | oad beam 81 has the

term nal support part 8la protruded fromthe side edge of the base plate 82

and bent to ,an angle of apout .90 [err] with respect to the surface of the
base pl atBriBt ghg?ﬁﬁuiérﬁPﬁﬁp QBpﬁOFkiﬁaPFtSlaPlﬁﬁ%'otmEWe%%d ¢tion of
the flexure 80 on which the second connection termnal part 90 is

posi ti oneGOPdueti¥q BatERER fREsTQEBBAJPEoARBUENBRALEY HeREISHRIRE D | s

outward appeared with respect to the base plate 82. Fixing of the flexure
80 to thePPblbmbdantayerswhthi aythickness of about 5 xm (lower

insulating material layer), a patterned Cu layer with a
thickness of about 4 gz m (conductive material layer), and a
polyimide layer with a thickness of about 5 g m (upper
insulating material layer) on the flexure 150 in this order.
Within the regions of the.connection terminals 153a-156a and
153b-156b, a Ni layer and an Au layer are sequentially
deposited on the Cu layer and there is no upper insulating
material layer. In order to easily understand the structure,
the connection conductors 153-156 are indicated by solid lines
in Fig. 15.

The load beam 151 which extends beyond the base plate 152
is made of in this embodiment a stainless steel plate with a
thickness of about 62-76 g m and supports the flexure 150 along
1ts whole length. Fixing of the flexure 150 to the-load beam-
151 is achieved at a plurality of welded spots 157 by laser
welding for example. -This load beam 151 has a terminal support
part 15l1a laterally protruded from its side edge near the rear
end of the base plate 152. On the terminal support part 151a,
the other end portion of the flexure 150 on which the
connection terminals 153b-156b are positioned is fixed.

The base plate 152 1s made of a stainless steel or iron

and is fixed to the base end portion of the load beam 151 by



at a plurality of welded spots 87 by |aser welding for exanple. Fixing of
the other end of the flexure 80 to the termnnal support part 8la is al so
achi eved at wel ded spots (not shown in Fig. 8) by l|aser welding for
exanple. * Since the flexure 80 and the | oad beam 81 are fixed to each ot her
by means of the welded spots, the flgjure 80 wll have, a free novenent
part 80b which can freely nove with respect-to the | oad beam 81 at a
position near the other end of the flexure 80. Therefore, even if the
flexure 80 is fixed to the | oad beam 81, excess stress will not be applied
to the thmeams Qfcsieddad wPHR tlddr o kiHd an douthegsuspensiong fd shown
connection conductors 83-86. A slit 92 wth a certain |l ength nay be :
partial | y ioFdgd di-orfdiea PERETLA e Pttashad dor dhgi F8P SBFpBPE T 14,
W th which the term nal support part 8la is_easily bent. The base pl ate

82 i s madéhsr Wiveiameds . &) o fixids Ihe bage: Bleke BaLe theaeto.

portion of the | oad beam 81 by neans
In a modification, the base end portion of the load beam 151

may be constructed to function as a base plate instead of
preparing and attaching the individual base plate 152.

The connection structure of the connection terminals 153a-
156a formed near the top end of the flexure 150 and fhe signal
terminals of the magnetic head slider 18 (Fig. 1), and the
connection structure of the cognection terminals 153b-156Db
formed on the flexure 150 and the connection cable of the FPC
19 (Fig. 1) in this embodiment is the same as those in the
embodiment of Fig. 1 except that the connection termihals 153b-
156b are positioned in the rear of the base plate 152, 1in bfher
words the connection terminals 153b-156b lie halfway between
the ends of the drive arm 16 when the suspension 17 is attached
to this drive arm 16.: Also, functions and advantaées in this
embodiment are the same as those in.the embodiment of Fig. 1
except that the conneétion work of the connection terminals
153b~156b with the FPC connection cable can be more easily
executed because these connection terminals are more rearward
positioned.

Fig. 16 schematiéally 1l1lustrates a part of a magnetic
disk drive apparatus in an another embodiment according to the

present invention.



of wel ded spots 88. In a nodification, the base end portion of the |oad
beam 81 may be constructed to function as a base plate instead of preparing
and attaching the individual base plate 82. Next, a nmethod of nanufacturing
t he suspension in this enbodinent will be described. First, the flexure 80
with the thin filmconductive patte@8is fornmed. This thin filmconductive
pattern mainly includes the first connection terminal part 89 which is
positioned near one end of the flexure 80 and is to be directly connected

to a nagneticéhe glsl'd r, .t nnection conductors 83-86 whi,ch
electrically gnﬁ: & 5&&%%&%@%5@%%5}%%%%& 'eﬁ‘éﬁ%eﬁaf’t pé’élr&ﬁittys one
end, and secqnd cannect.j t.erm nal rt 90 .whi B i s posi.tianed near
the ot herotfgﬁl(?gg’fq{]ﬁe @Isggfurﬂeo%iﬁﬁj alrsouéfd:@tnr i2xds }% onft&, gg&t DRL S her
end of the cannection conductors 83-%6. Befqre or, after the.forpgation of
Thi s t hi A% PRRCEBIIo A AER davics don Bositastial o Boedes s Dhathe
t er m nal ort part 81 rotruded in a _direction.of. the side of .the | oad
beam 81 ﬁé pfnﬁ@?%&?ﬁﬂé%&%éﬁFqﬁgﬁ1SfI, The assem%ly carriage device
162 is mainly constituted by a carriage 164 rotatable around an .
axis 168 and an actuator 165 such as for example a voice coil
motor (VCM) for driving the carriage 164 to rotate.
Base portions ét one ends of a plurality of drive arms 166
are attached to the carriage 164, and a plurality of
suspensions 167 are mounted on top portions at the other. ends
of the arms 166, respectively. A magnetic head slider 168 is
fixed to a top end portion. of each of the suspensions. 167.
A slider-suspension assembly constituted by the suspension
167 and the magnetic:head.slider 168 fixed to the suspension
167 1is attached to the top end portion of the each drive arm
166 so that each of the magnetic head slider 168 opposes to the
each surface of the magnetic disks 160. Only one slider-
suspension assembly 1suéttached to each of the top and bottom
drive arms 166, whereaé"two-slider-suspension assemblies are
. attached to each of -the drive arms 166 between the adjacent:
magnetic disks.
Branched top portions at one end of a connection cable
formed by é flexible printed circuit (FPC) 169 which is

connected at the other end thereof to an integrated circuit

element for recording and reproducing signals (not shown) are



the slit 92 with a certain length is partially forned al ong the bendi ng
line 91 between the | oad beam 81 and the term nal support part 8la. The
base plate 82 with a predeterm ned shape is prepared. The base end
portion of the | oad beam 81 may be substituted for the base plate w thout
preparing the individual base plate &3 Then, the flexure 80 and the base
plate 82 are fixed on the | oad beam 81 by spot wel ding using | aser at
several points. In this case, the other end portion of the |oad beam81 is

T vl ISl SHEAF g R Y Bl g o s VRSN Sl o
o o R bR Ble RELERUaqlle {ermnn support part Bla is bent)
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in Fig. 16. In the figure, reference numeral 170 denotes the
resilient flexure for supporting, by means of its tongue 170a
formed near one end of the.flexure 170, a magnetic head slider
similar to that shown in Fig. 1, 171 denotes the load beam for
supporting and fixing the.flexure 170, and 172 denotes a base
plate fixed to a base end portion of the load beam 171. |
The other end of the -flexure 170 in this embodiment extend
beyond a rear edge (edge on.the side opposite to the slider
side) of the base plate 172 so as to form a flexible free end -
which will not fixed to the load beam 171.
The flexure 170 :1is made of in this embodiment a'stainiess
steel plate (for example SUS304TA) with a thickness of about 25
gm. If the flexure is made of a plastic materlal, a poor:
flatness of the surface to which the slider is mounted and/or -
large angle variations between the slider mounting surface and
the surface to which the drive arm is attached may occur.
_ However, according to this embodiment, since the flexure 170 1is
formed by the stainless steel plate, there will occur.no such
 troubles.
On the flexure 170, four connection conductors 173-176 of

thin film conductive pattern are formed along its whole length,

as for lead lines. Near one end of the flexure 170, connection



term nal support part 8la is bent to an angle of about 90 [err] in the
above description, this bending angle nmay be adaptively deci ded on
condition that the connection work with the external circuit can be easily
executed. It is possible to fix the flexure 80 to the | oad beam 81 by spot
wel ding after bending the term nal gypport part 8la. However, in this
case, the angle of the spot welding is changed for this part causing the
work efficiency to | ower. Since the terninal support part 8la is bent after
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flexure 170, connection terminals 173b-176b to be directly
connected to the connection cable of FPC similar to the FPC 169
shown in Fig. 16 are formeq on the flexure 170 in a
configuration of the thin film conductive pattern. These
connection terminals 173a;176a and 173b-176b are electricall&
connected with each other by means of the connection conductors
173-176, respectively.

The thin film conductive pattern can be formed by a well
known method similar to the patterning method of forming a |
printed circuit board on a thin metal plate. Namely, the
conductive pattefn are formed ﬁytsequentially depositing a
rolyimide layer with a thickness of about 5 zm (lower
insulating material layer), a patterned Cu layer with a
thickness of about 4 g m (conductive material 1ayeri, and-a
polyimide layer with a thickness of about 5 g m (upper
insulating material la&er) on the flexure 170 in this order.
Within the regions of the connection terminals 173a-176a and
173b-176b, a Ni layer and an Au layer are sequentially

" deposited on the Cu layer and there is no upper insulating
material layer. In order to easily understand the structure,

the connection conductors 173-176 are indicated by solid lines

in Fig. 17.



connection conductors 83-86 preventing the electrical characteristics such
as electrical insulation or electrical resistance characteristics from
deteriorating. O course, the bending work will becone easy. It is

possi ble, as shown in Fig. 12, to sinultaneously bent both the term nal
support part 8la of the | oad beam 8& bnd the flexure 80 after the flexure
80 is tightly adhered on the | oad beam 81. However, according to this

nmet hod, since the flexure 80 is sharply bent, distortion of the conductive

layer and the TﬂéuhahuoBehaysalwuhqhhceg%ghagtee§$§dt@hg baba) soRgUC hye

| ead pattern such as the connection conductors |ncrease to produce a
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81 by spoi7feig Qghieved at a plurality of welded spots 177 by laser
welding for example. In this embodiment.la part of the flexure
170 extends beyond the rear end of the loéd beam 171 so that
the rear end of the flexufe 170 and the connection terminals
173b-176b constitute the free end.

The base plate 172 is made of a stalnless ‘steel or iron

and 1s fixed to the base end portion of the load beam-171 by
means of welded spots 178. Similar to the éuspension 167 shown .
in Fig. 16, the suspension is attached to the top end portion.
of the drive arm 166 (Fig. 16) by fixing the base plate 172
thereto. In a modification, the base end portibn of the load
beam 171 may be constructed to function as a base plate instead
of preparing and attaching the individual base'platé 172.

'~ The connection structure of the connection terminals.173a—
176a formed near the fop end of the flexure 170 and the signal
terminals of the magnetic head slider 168 (Fig. 16) in this.- -
embodiment is the same as that in the embodiment of Fig. 1.

Referring to Fig. 18 which schematically illustrates a
connection structure between a connection conductor of a
flexure shown in Fig. 17 and a connection cable of the FPC, the

connection structure of the conductors 173-176 and the FPC



and then only the term nal support part 8la is bent to an arbitrary angle.
Therefore, even if the term nal support part 8la is bent after the
fixing of the flexure 80 to the | oad beam 81, excess stress will not be
applied to the thin filmconductive pattern on the flexure 80 such as the
connection conductors 83-86 preventi4@the electrical characteristics from
deteriorating. According to this enbodi nent, as descri bed above, the second
connection termnal part 90 of the thin filmconductive pattern forned on

the 1l exur&xﬁpeééi&ﬁ’séélif)P@eﬂs?”(ﬁi‘ . tg%ﬁitgé't%iéés‘&f%éd R‘gefxteﬁilz?fttyr attaching

t he other end portion of the flexure ermn support part 8la

whi ch i's p”’tr%&%ﬂff‘%é“ﬁg@é?&éﬁdﬁ@mﬁ’fﬂ e Pasecpl A e B ¢ (N %%%fn%%?ng |

second connection term nal can be directly connected, Wi
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conductors 173-176 of the each suspension 167 extend beyond the
base plate 172 and position in the rear of the load beam 171.
The branched top portions at one end of the FPC 169 which is
connected at the other end thereof to an integrated circuit
element for recording and'reproducing signals do not extend to
the end of the drive arm 166 but lie halfway on the drive arm
166. On each of the branched top portions of the FPC 169,
cable terminals 184-187 -connected with the cable are formed.

Thus, the connection of the lead lines can be completed by
directly connecting, at the position of the carriage 164, the
connection terminals 178b-176b on the flexure 170 with the
cable terminals 184-187 of the FPC 169 for each of the slider-
suspension assemblies-by means of welding for examplej

Functions and advantages in this embodiment are the same
as thqse in the embodiment of Fig. 1 except that the connection
work of the connection: terminals 173b-176b with the FPC
connection cable can be more easily executed because these
connection terminals are positioned at the carriage 164 which

- is more rearward located.

Many widely different embodiments of the present invention

may be constructed without departing from the spirit and scope

of the present invention. It should be understood that the



an electronic circuit for recording and reproducing signals. As a result,
the connection of the lead lines will not affect the flying characteristics
of the slider, particularly notion of the slider for roll, and an
electrical resistance of the lead |ines can be decreased. Al so, any
breakage of the wires can be prevenfe8 from occurring during connection
works resulting the fraction defective of manufacturing to maintain wthout
i ncreasing. Furthernore, since the second connection term nal part 90 is

fixed to the ternlnal ppRor.t pa bent an_arbitrar) angle
with respégtseg venlié) laﬁgég%:ipet%e §Be§§?19h§m§8ﬂﬁ

term nal s ;83b- mard e d with respect has plate 82
resultlngdteP‘i"gtrq?’l%ffla |§ﬂ?<¥£¥? ’tﬁécﬁp% Eﬁndﬁgi gl gB Al so,
because the % %Itl% agmlthe connection termnals 83b-86b is settled t he
connect i oft



work of the lead Iines with the external circuit can be automatically
executed by a connection nmachine. As a result, the manufacturing cost with

respeﬁuljmﬂﬂﬂilﬂﬂmﬁlul on can be reduced. Furthernore, since the flexure 80
Is at d beam 81 al ong the whole length of the | oad beam a
good danper ef flect’ can be expected. 4B g. 13 shows a suspension of a further
enbodi ment according to the present invention. In the figure, reference
nuneral 130 denotes the resilient flexure for supporting, by neans of its

t ongue 13 end of the flexure 130, a magnetic head slider
simlar tgﬁ g%&ﬁﬁ?%P 1, 131 denotes the | oad beam for supporting

o portl g Qfe Ilﬁ'e)élléoglgjjb %flds hgan%%si%%g%ﬁ?#@%faf?éf?%“ﬁ?%& tig%gat
131 t t 1

par E)enlt Pp"BhEfeticPhdd %’é@i%cr(’m et 10 R §38t ap'sleehig%ﬂ’%s@ e

b 132. | F t t 131

e o b g AL gk S50 Hoc B

conductors being formed on said flexure in a thin film pattern,
one ends of said connection conductors being to be connected to
said magnetic head slider and the other ends of said connection
conductors being positionéd near the other end of said flexure,
said the other end of said flexure extending to at least a

position of sald base end portion of salid load beam.

2. The suspension as claimed in claim 1, wherein said the
other end of sald flexure is positioned at the side of said

base end portion of said load beam.

3. The suspension as claimed in claim 1, wherein said the
other end of said flexure extends beyond the side of said base

end portion of said load beam.

4. The suspension as claimed in claim 1, wherein said the
other ends of said connection conductors are connected to
connection terminals positioned near said the other end of said

flexure, respectively.

5. The suspension as claimed in claim 1, wherein said the

dnSQheetHaSUca1Rel
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term nal support part 13laj the other end of the flexure 130 on which a

secon nal part (140) is positioned is fixed. Although
the t nﬂﬂ! mmm‘ “Ert 131la is bent to an angle of about 90 [err] in
this e I' s~ bendi ng angl e nmay be adaptively decided on condition
that- the connection work with the é&ernal circuit can be easily executed.
Smal | er bendi ng angl e i s advant ageous because the protruding | ength of the

term nal support part 131a will be decreased. The flexure 130 is nade of in

this enbodiHBRt eAdSod BalTs rIlek@irePliat e1kbar t6xagphic1568304aM With a
t hi ckness of about 25 [err] m Fig. 14 illustrates in detail the structure

of this flexure 130. As will be understood fromthis figure, on the flexure.
130, four connection conductors 133-136 of thin filmconductive pattern are

formed al gng 'ﬁ‘ﬁe""@%%eh%'l%hasaélfa%eheilﬂ L1885 1\ephePBEnCRE 1 @f thhe
flexure 130, a first connection termnal part 139 consisting of connection
termnal Sother end of said flexure is free from said load beam to form a

free end.

7. The suspension as claimed in claim 1, wherein said load
beam includes a terminal éupport part protruded from a side
edge of sa;d base end portion of said load beam and bent to an
arbitrary angle with respect to a surface of said base end
portion, wherein a first connection terminal part.positioned
near said ohe end of said flexure and to be connected to said
magnetic head slider, a second connection terminal part
positioned near said:the other end of said flexure, and
connection conductors with both ends connected with said first
and second connection terminal parts are formed on said flexure
in a thin film pattern, and wherein said the other end of said
flexure is fixed to said terminal support part so that saidj”
second connection terminal part is outward appeared with
respect to said base end portion at a position of said terminal

support part.

8. The suspension as claimed in claim 7, whereln said flexure
includes a free movement part near sald the other end of the -

flexure, sald free movement part capable of freely moving with

This Sheet Hag Been Rep
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133a-136a which are to be directly connected to the nagnetic head slider is
formed on t 130 in a configuration of the thin film conductive
pattern. llmv ﬂglzua he fl exure 130, the second connection term nal
part 140 co ction termnals 133b-136b which are to be
directly connected to the connectioﬁ*@able of FPC simlar to the FPC 19

shown in Fig. 1 is fornmed on the flexure 130 in a configuration of the thin
filmconductive pattern. These connection termnals 133a-136a and 133b-136b

are el ectrreapkytcenneatiadlviaidhbeagh ot her by neans of the connection
conductors 133-136, respectively. The thin filmconductive pattern can
be formed by a well known nethod simlar to the patterning nethod of
forming a printed circuit board on a thin netal plate. Nanely, the

conducti vegpat t®he sueptAsyed BY &26yABHI 8h! ¥148R0S| tWREr&1ROLY1 1 fEckaye’
with a thickness of about 5 [err] m (| ower
includes a play to provide an anti-twist function in said free

movement part.

10. The suspension as claimed in claim 7, wherein said
terminal support part is Bent perpendicular to a surface of

said base end portion of said load beam.

11. The suspension as claimed in claim 7, wherein said load
beam includes a slit along a line for bending said terminal

support part.

12. A slider-suspension assembly including a magnetic head
slider, a resilient flexure for supporting said magnetic head
slider near its one end, and a load beam with a base end
portion, for supporting saild flexure, connection conductors
being formed on said flexure in a thin film pattern, one ends
of sald connection conductors being connected to said magnetic
head slider and the other ends of said connection conductors

~ being positioned near the other end of said flexure, said the
other end of said flexure extending to at least a position of

sald bdse end portion of said load beam.
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insulating material layer), a patterned Cu |l ayer with a thickness of about

4 [erp | material |ayer), and a polyimde |ayer with a

t hi ck*gﬂmgﬂﬂ)mﬁm&#@llﬂr] m (upper insulating nmaterial |ayer) on the

fl exur ( der. Wthin the_regions of the connection termnals
133a- 136a and. 133b-136b, a Ni Iayef*lnd an Au | ayer are sequentially
deposited on the Cu layer and there is no upper insulating material |ayer.
In order to easily understand the structure, the connection conductors
133-136 ar a3 .ndiTisd exbdxmishy i &k |¢welndd) in @9.aik3 1@d wherelhe dadatl disam 131
I's made of in this enbodinment a stainless steel plate with a thickness of

about 62- 7@ flayr [andirel ssppdritedihee fiepysd tidhed @ty tHes st of engtdh by
fixing it at a plurality of points. As nentioned above, this | oad beam 131

has the temidgwlerslipartigqardf 1sliad presd wadagh.from t he si de edge of the base
pl ate 132 and bent to an angle of about 90 [err] with respect to the
surface of the base plate 132. On the term nal support part 131a, the other
end portion of the flexure 130 on which the second connection term nal part
140 is posijtg.ongthd assembly as claimed in claim 12, wherein said the

other end of said flexure extends beyond the side of sald base

end portion of said load beam.

15. The assembly as claimed in claim 12, wherein said the
other ends of sald connection conductors are connected to
connection terminals positioned near said the other end of said

flexure.

16. The assembly as claimed in claim 12, whereiln said the

other end of said flexure is fixed to said load beam.

17. The assembly as claimed in claim 12, wherein said the
other end of said flexure 1is free from said load beam to form a

free end.

18. The assembly as claimed in claim 12, wherein said magnetic
head slider is a slider having at least four signal terminals
connected to said one ends of sald connection conductors,
respectively, and an air bearing surface with an area equal to

or less than 2 mm2.

This Sheet Has Been Replaced
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fixed so that this second connection termnal part 140 is out war d
appear | i\mmuto the base plate 132. Fixing of the flexure 130 to
t he Ici \Im “E hieved at a plurality of welded spots 137 by | aser
wel di ng~ for éxalpl . Fixing of the other end of the flexure 130 to the
term nal support part 13la is al so achB®ed at wel ded spots 137 by | aser
wel ding for exanple. Since the flexure 130 and the | oad beam 131 are fi xed
to each other by neans of the wel ded spots, the flexure 130 will have a
free nmovenent part 130b which can freely nove with respect to the | oad beam
131 at a position near the other end of the flexure 130. Therefore, even if
the flexur29130Ahsakiseabliyo chire ilhgaddbeaoe13dmpeksensg at cespiagkl havotingea
applied to the thin fil mconductive pattern on the flexure 130 such as the
connecti onptonducter 8f133iv36arhne tbi shéohodheebasepandi poraibys dbhetheee
novenent part 130b in the flexure 130 has a play 130c curved to provide an
load beams in the slider-suspension assemblies as claimed in
claim 12 are respectively fixed, an actuator for driving said
carriage to rotate, and a connection cable of a flexible
printed circuit connected at its one end to an external
electrical circuit for recording and reproducing signals, said
connection cable having cable terminals connected respectively
to said the other ends of sald connection conductors at its the

other end.

20. The device as clalmed in claim 19, wherein said flexure
includes connection terminals connected respectively to said
the other ends of sald connection conductors near said the
other end of the flexure, said connection terminals being

connected to said cable terminals, respectively.

21. The device as claimed in claim 20, wherein said connéction
terminals and salid the other end of the flexure are positioned

at the side of said base end portion of said load beam.

22. The device as clalmed in claim 20, wherein sald connection
terminals and said the other end of the flexure

extend beyond the side of sald base end portion of said load

This Sheet Has Been R
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anti-t t functlon Thanks for the play 130c, the free novenent part 130b
can nor " mume a result, no excess stress is applied to the thin
filn1c the flexure 130 even if a part of the flexure
130 is dlstor ed du?lﬁg the bendi ng. Therefore, it is very advantageous for
preventing the el ectrical characterlstﬁﬂs fromdeteriorating. A slit which
is not clearly shown in Fig. 1 may be partially forned al ong a bending |ine
for the term nal support part 131la, with which the term nal support part
131la i s easidam.bent. 34 The base plate 132 is nade of a stainless stee
or iron and is fixed to the base end portion of the |oad beam 131 by neans
of wel ded spots 138. In a nodification, the base end portion of the | oad
beam 131 nay be constructed to function as a base plate instead of
preparing &% atA asdthugl tdfe namifdcinaling a suspension comprising the
steps of:
forming a resilient flexure having a first connection
terminal part positioned near one end of said flexure and to be
connected to a magnetic head slider, a second connection
terminal part positioned near the other end of said flexure,
and connection conductors with both ends connected with said
first and second connection terminal parts, in a thin film
pattern;
forming a load beam having a base end portion and a
terminal support part protruded from a side edge of said base
end portion of said load beam;
attaching said flexure on sald load beam so that said
second connection terminal part is fixed on sald terminal
support part; and
bending said terminal support part to an arbitrary angle
with respect to a surface. of sald base end portion so that said

second connection terminal part 1s outward appeared with

respect to said base end portion at a position of said terminal

support part.

.24, The method as claimed in claim 23, wherein said load beam

forming step includes a step of forming a slit along a line for
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base plate 132. The structure of the suspension in this enbodinent is the

sane as th ] iment of Fig. 8 except that the curve play 130c is
formed in 3"]"“"“]]“@1“1!31“& so, functions and advantages in this

enbodi ment dre ‘thé s@ne® as’ those in the enbodi ment of Fig. 8 except that,
by forming the play 130c, no excess str&@ is applied to the thin film
conductive pattern on the flexure 130 even if a part of the flexure 130 is

di storted during the bending and thus the electrical characteristics can be

certainly peﬁugnge@aﬁaomeQQQQhOQ%b?Qgt bhgt.15 shows a suspension of a
still further enbodi ment according to the present invention. In the figure,

reference nuneral 150 denotes the resilient flexure for supporting, by -
means of its tongue 150a fornmed near one end of the flexure 150, a magnetic
head slider simlar to that shown in Fig. 1, 151 denotes the | oad beam for
supporting and fixing the flexure 150, and 152 denotes a base plate fixed
to a base end portion of the | oad beam 151. The ot her ends of both the | oad
beam 151 and the flexure

This Sheet Has Been Replaced
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150 in this enbodi nent extend beyond a rear edge (edge on the si de
opposite to the slider side) of the base plate 152. The flexure 150 is made
of in this enbodiment a stainless steel plate (for exanple SUS304TA) with a
t hi ckness of about 25 [err]m If the fle&xpre is made of a plastic material,
a poor flatness of the surface to which the slider is nounted and/or | arge
angl e variations between the slider nounting surface and the surface to
which the drive armis attached may occur. However, according to this
enbodi nent, agsgfggcirhe flexure 150 is fornmed by the stainless steel plate,
there will occur no such troubles. On the flexure 150, four connection

conductors $68piR6E1ON,t Bi.PpERL SHSPRRESHLYRsBA n i
whol e: | engt ANpagakoraleerThE NgETHODESE @ﬁﬁsgﬁggggéi§§§¥$gégng€%g?8E bivice
connection termnals 153a-156a to be directly connected to the magnetic

head slider are forned on the flexure 150 in a configuration of

A suspension includes a resilient flexure for supporting a
magnetic head slider near its one end, and a load beam with a
base end pértion, for supporting the flexure. Particularly,
connection conductors are formed on the flexure in a thin film
pattern, and one ends of the connection conductors are to be
connected to the magnetic head slider and the other ends of the
connection conductors are bositioned near the other end of the
flexure. The other end of the flexure extends to at least a
position of the base end portion of the load beam.

(Fig. 2)



the thin filmconductive pattern. Near the other of the flexure 150,
connection termnals 153b-156b to be directly connected to the connection
cable of FPC simlar to the FPC 19 shown in Fig. 1 are forned on the
flexure 150 in a configuration of the thin filmconductive pattern. These
connection term nals 153a-156a and 153b,é2§b are electrically connected

wi th each other by neans of the connecti conductors 153-156,
respectively. The thin filmconductive pattern can be forned by a well
known method simlar to the patterning nmethod of formng a 36 printed
circuit board on a thin netal plate. Nanely, the conductive pattern are
formed by sequentially depositing a polyimde |ayer wwth a thickness of
about 5 [err]m (lower insulating material |ayer), a patterned Cu layer with
a thickness of about 4 [err]m (conductive material |ayer), and a

Fig. 1
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polyimde layer with a thickness of about 5 [err] m (upper insulating
material |ayer) on the flexure 150 in this order. Wthin the regions of the
connection term nals 153a-156a and 153b- 156b, a N |ayer and an Au | ayer
are sequentially deposited on the Cu layer and there is no upper insulating
material layer. In order to easily ungi r,stand the structure, the connection
conductors 153-156 are indicated by s (&>I|nes in Fig. 15. The | oad beam
151 which extends beyond the base plate 152 is made of in this enbodinent a

stainless steel plate with a thickness about =76 [err] mand supports
the flexure 150 along its wholpg-l e p e Iexure 150 to the

| oad beam 151 is achieved at a plu ity of wel ded sggts by | aser

wel ding for exanple. This |oag,be 51:hg5~a-teamlw " rt part 15l1a

\Qa eqd Uf t e base plate
and gorti onpf the
‘\ M58l are Rgitioned is

| aterally protruded fromits &
152. On the term nal support part
fl exure 150 on which the connecti
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and is fixed to the base end portion of the | oad beam 151 by 37 neans of
wel.ded spots 158. Simlar to the suspension 17 shown in Fig. 1, the
suspension is attached to the top end portion of the drive arm16 (Fig. 1)
by fixing the base plate 152 thereto. In a nodification, the base end
portion of the |oad beam 151 may be cgg?tructed to function as a base plate
i nstead of preparing and attaching th lkdi vi dual base pl ate 152. The
connection structure of the connection termnals 153a- 156a formed near the
top end of the flexure 150 and the signal termnals of the magnetic head
slider 18 (Fig. 1), and the connection structure of the connection

term nal s 153b-156b formed on the flexure 150 and the connection cabl e of
the FPC 19 (Fig. 1) in this enbodinent is the sane as those in the

enbodi ment of Fig. 1 except that the connection termnals 153b- 156b are
positioned in the rear of the base plate 152, in other

Fig. 3




words the connection term nals 153b-156b |ie hal fway between the ends of
the drive arm 16 when the suspension 17 is attached to this drive arm 16.
Al so, functions and advantages in this enbodinent are the sanme as those in
t he enmbodi nent of Fig. 1 except that the connection work of the connection
termnals 153b-156b with the FPC connect,ion cable can be nore easily
execut ed because these connection terﬁbﬁ@ls are nore rearward positioned.

Fig. 16 schematically illustrates a part of a nmagnetic disk drive apparatus
i n an anot her enbodi nent accordi ng to,th resgnt invention. 38 In the
figure, reference nuneral 160 denotesfa Efiba. y of magnetic di sks

rotating around an axis 161, and 162 denotes an assenbly carriage device
for positioning a magnetic head slider on a track of the disk. The assenbly

carriage device 13
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162 is mainly constituted by a carriage 164 rotatable around an axis 163
and ‘an actuator 165 such as for exanple a voice coil notor (VCM for
driving the carriage 164 to rotate. Base portions at one ends of a
plurality of drive arns 166 are attached to the carriage 164, and a
plurality of suspensions 167 are nounted on top portions at the other ends
of the arns 166, respectively. A nagdﬁﬂtp head slider 168 is fixed to a
top end portion of each of the suspensions 167. A slider-suspension
assenbly constituted by the suspension 167 and the magnetic head slider 168
fixed to the suspension 167 is attached to the top end portion of the each
drive arm 166 so that each of the nmagnetic head slider 168 opposes to the
each surface of the magnetic disks 160. Only one slider- suspension
assenbly is attached to each of the top and bottomdrive arns 166, whereas
two slider-suspension assenblies are attached to each of the drive arns 166
bet ween the adjacent magnetic di sks. Branched top portions at one end of a
connection cable formed by a flexible printed circuit (FPC) 169 which is

Fig. 6
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connected at the other end thereof to an integrated circuit elenent for
recordi ng and reproducing signals (not shown) are posi tioned near the
top end portions of the respective drive arns 16 of the carriage 164. Fig.
17 shows the suspension 167 of the enbodi nent shown in Fig. 16. In the
figure, reference nuneral 170 denotes the resilient flexure for supporting,
by nmeans of its tongue 170a forned neéi/{ne end of the flexure 170, a
magneti c head slider simlar to that sho in Fig. 1, 171 denotes the | oad
beam for supporting and fixing the flexure 170, and 172 denotes a base
plate fixed to a base end portion of the |oad beam 171. The ot her end of
the flexure 170 in this enbodi nent extend beyond a rear edge (edge on the
side opposite to the slider side) of the base plate 172 so as to forma
flexible free end which will not fixed to the |oad beam 171. The fl exure

170 is made of in this enbodi nent a stainless
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steel plate (for exanple SUS304TA) with a thickness of about 25 [err]m If
the flexure is made of a plastic material, a poor flatness of the surface
to which the slider is nounted and/or |arge angle variations between the
slider mounting surface and the surface to which the drive armis attached
may occur. However, according to this enbodi nent, since the flexure 170 is
formed by the stainless steel plate,t7?¢e wi Il occur no such troubles. On
the flexure 170, four connection conduc érs 173-176 of thin film conductive
pattern are formed along its whole length, as for lead |ines. Near one end
of the flexure 170, connection 40 A4-ed =l176a to be directly
connected to the magnetic head sliddrqgare Tbﬁﬁﬁﬁ'nﬁ' ¥4 flexure 170 in a
configuration of the thin film cond ' t he other of the
fl exure 170, connection term naks .k tlxtn
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.connected to the connection cable of FPC simlar to the FPC 169 shown in
Fig: 16 are forned on the flexure 170 in a configuration of the thin film
conductive pattern. These connection termnals 173a-176a and 173b-176b are
el ectrically connected with each other by means of the connection
conductors 173-176, respectively. The thin filmconductive pattern can be
formed by a well known net hod S|n1IarSB? the patterning nethod of formng a
printed circuit board on a thin netal é{ Nanely, the conductive pattern
are formed by sequentially depositing a polylnide | ayer with a thickness of
about 5 [err] m(lower in atlng terial |aye u a patterned Cu | ayer
with a thickness of aboutf#/ conductiv yer) and a
polyim de layer with a thlckness of about 5 [err] Tupper insul ating
material |ayer) on the flexure 170 in this order. Wthin the regions of the
connection termnals 173a-176a and 173b-176b, a N layer and an Au | ayer
are sequentially deposited on the Cu | ayer and there is no upper insulating
material |ayer. In order Feasily understand the strt Hre,
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the connection conductors 173-176 are indicated by solid lines in Fig. 17.

4 1 The | oad beam 171 whi ch extends beyond the base plate 172 is nade of in

this enbodi mrent a stainless steel plate with a thickness of about 62-76

[err] mand supports the flexure 170 along its whole |length. Fixing of the

flexure 170 to the | oad beam 171 is achieved at a plurality of wel ded spots

177 by laser welding for exanple. In Epis enbodi nent, a part of the flexure
e

170 extends beyond the rear end of the Aléad beam so that the rear end
of the flexure 170 and the connection term ngs 1 e:ﬂﬁﬁg'cqﬁstitute t he
free end. The base plate 172 is nade of a st R nkes w——i Orooi ron and i s
fixed to the base end portion of the | oad beam¥ epns of wel ded
spots 178. Simlar to the suspension 167 shown Q easuspensi on
is attached to the top end portion \ 8
)
Q o
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of the drive arm 166 (Fig. 16) by fixing the base plate 172 thereto. In a
nodi-fi cation, the base end portion of the | oad beam 171 nmay be constructed
to function as a base plate instead of preparing and attaching the

i ndi vi dual base plate 172. The connection structure of the connection
termnals 173a- 176a fornmed near the top end of the flexure 170 and the
signal termnals of the magnetic heanFI'der 168 (Fig. 16) in this

enbodi ment is the same as that in the diment of Fig. 1. Referring to
Fig. 18 which schematically illustrates a connection structure between a
connecti on conductor of a flexure shom?:T Fig. 17 and a connection cable
of the FPC, the connection structure o J coOnductors 173-176 and the FPC
42 connection cable 169 (Fig. 16) is described hereinafter. As will be
apparent fromFig. 18, the connection term nals 173b-176b connected with

t he ot her ends of the cornection 7
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conductors 173-176 of the each suspension 167 extend beyond the base plate
172 and position in the rear of the | oad beam 171. The branched top
portions at one end of the FPC 169 which is connected at the other end
thereof to an integrated circuit elenent for recording and reproducing
signals do not extend to the end of the drive arm 166 but |ie hal fway on
the drive arm 166. On each of the braquﬁd top portions of the FPC 169,
cable termnals 184-187 connected with @ cable are forned. Thus, the
connection of the lead |ines can_beregnpl eted—wy directly connecting, at
the position of the carriage lgFL-ihe CORRECHT ON-T Y als 173b-176b on the

flexure 170 with the cable ternff 8l s 184-187 of t r 169 fep each of the
slider- suspension assenblies b/,nﬂanstT”VBthng fu exanpl .SFuncti ons
e eha ean he enbodi ment
f Y |
ex

and advantages in this enbodi ngf
n termnals

173b-176b with the FPC coanGLu edut ed because
t hese connection termnals are : Mhich is nore
/rfz‘

rearward | ocat ed. %qu i

of Fig. 1 except that the ggnpdgf
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“Many widely different enbodinents of the present invention nay be
constructed wi thout departing fromthe spirit and scope of the present

invention. It should be understood that the 43 present invention is not
limted to the specific enbodi ments described in the specification, except
as defined in the appended cl ai ns. 44 Anmended C ains 1. A suspensi on

conprising: arigid netal |oad beanlpgv'ng a front end portion and a base
end portion; a resilient netal flexu
rigid netal

ig. 14
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| oad beam said resilient netal flexure extending fromsaid front end
portion of the rigid netal | oad beamto at | east said base end portion of
said rigid nmetal |oad beam said resilient flexure being adopted to support
a magnetic head slider near one end thereof which is |ocated at said front
end portion of the rigid netal |oad b&3g, and connection conductors forned
on and integral with said resilient neta#’flexure in a thin,filmpattern,

sai d connection conductors bei ng f~RstHated frnnﬁcﬂlﬂr?éngkﬁnt nmet al
fl exure by resin, one end of said connection cond s peihg adopted to
make connection with said magnetilc head slider an e her ends of said
connection conductors bei ng gpsitli oned near the o of said resilient
netal flexure near said base“end[portions of saidiffi ghd\metal |oad beam 2.
The suspension as clained in claifmi&=wherein sai e\ ohher end of said

i d

resilient nmetal flexure is positijoned adjéféﬂ%— bage end portion of
said rigid metal |oad beam 43. The suspensi on éiaéﬁe inclaiml,
wherein said the other endsupk said resilient net E3IEXU¥% ext ends beyond
sai d base end portion of sard ryg¢id netal Ioad b
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45 4. ° The suspension as clained in claim1, wherein said the other ends

" of said connection conductors arc connected to connection termninals
positioned near said the other end or said resilient netal flexure
respectively. 5. The suspension as clainmed in claiml1, wherein said the
other end of said resilient netal flé&wre is fixed to said rigid netal |oad
beam 6. The suspension as clained i ‘Qﬂajn11, wherein said the other end
of said resilient nmetal flexure is free fromsaid rigid netal | oad beamto
forma free end. 7. The suspension as clained in claim1, wherein said
rigid metal |oad beamincludes a term nal support part |laterally protruded
fromsaid base end portion thereof and bent to an arbitrary angle with
respect to a plane of said base end portion, wherein a first connection
term nal part positioned near said one end of said resilient netal flexure
and adopted to be connected to said Wfﬁfg?c ’ d slider, a second
connection term nal part positioned ntar <& d e other end of said
resilient metal
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~flexure, and connection conductors with both ends connected with said first
and second connection termnal parts are forned on said resilient nete
flexure in a thin filmpattern, and where said the other end of said
resilient nmetal flexure is fixed to said term nal support part so that said
second connection termnal part is o@ward appeared with respect to sale

base end portion at a position of sai Yeer ni nal support part. 46 8.

The suspension as clained in claim7, wherein said resil g @ flexure
i ncludes a free novenent part near said the other end tj/ARe sid free
novenent part capable of freely noving with respect to { MQi & net al

| oad beam 9. The suspension as clainmed in claim8 3 > dl-g ree
novenment part has slack to present an anti-tw st fun on. Ther~
suspension as clained in Caim7. wherein said term gl suaooﬁ part in

bent perpendicular to a plane of said base end,onrt ',’, of Qaltt rigid metal
| oad beam —

167
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11. The suspension as claimed in claim7, wherein said rigid netal |oad
beamincludes a slit along a line for bending said term nal support. part.
12. A slider-suspension assenbly conprising: nagnetic head slider; arigid
netal | oad beam having a front end portion and a base end portion; a
resilient netal flexure nmounted on dﬁ?V upported by said rigid netal |oad
beam said resilient netal flexure ex égding fromsaid front end portion of
the rigid netal | oad beamto at | east said base end portion of said rigid
netal | oad beam said resilient nmetal flexure supporting said magnetic head
slider near one end thereof which is located at said front end portion of
the rigid netal | oad beam and connection conductors forned on and i ntegral
with said resilient flexure in a thin filmpattern, said connection
conductors being insulated from 47 said resilient metal flexure by
resin, one ends of said connection

Fig. 18
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conduct ors being connected to said magnetic head slider and the oth&i*&its
of said connection conductors being positioned near the other end of said
resill fl exure near said base end portion of said rigid nmetal | oad
beam ’Mﬂﬁ“@ as clained in claim 12, wherein said the other end
of said« flexure is positioned adjacent to said base end
portion of sald r|g|d netal | oad beam 14. The assenbly as clained in
claim 12, wherein said the other end ofggaid resilient netal flexure

ext ends beyond said base end portion at~said rigid netal | oad beam 15.

The assenbly as clainmed in claim12, wherein said the other ends of said
connect ipmepdedUCizafss are connected to connection termnals positioned near
said the other end of said resilient nmetal flexure. 16. The assenbly as
claimed in claim 12, wherein said the other end of said resilient netal

flexure js fl%d to said rigid nmetal |oad beam 17. The assenbly as cl ai ned
in claj m12 BISQFHS% GORHUISINBer end of said resilient metal flexure is

free, 1 om saigl il thafh oo ORahE MR HoBs! £88 0ot Tand " B85 Y

as clainmed in erein sai netic
portion;

a resilient metal flexure mounted on and supported by said rigid metal
load beam, said resilient metal flexure extending from said front end
portion of the rigid metal load beam to at least said base end portion of
said rigid metal load beam, said resilient flexure being adopted to
support a magnetic head slider near one end thereof which is located at
said front end portion of the rigid metal load beam; and

connection conductors formed on and integral with said resilient metal
flexure in a thin film pattern, said connection conductors being insulated
from said resilient metal flexure by resin, one end of said connéction
conductors being adopted to make connection with said magnetic head
slider and the other ends of said connection conductors being positioned
near the other end of said resilient metal flexure near said base end

portions of said rigid metal load beam.

2. The suspension as claimed in claim 1, wherein said the other end of said
resilient metal flexure is positioned adjacent to said base end portion of

said rigid metal load beam.

3. The suspension as claimed in claim 1, wherein said the other ends of
said resilient metal flexure extends beyond said base end portion of said

rigid metal load beam.

s 1o A AN TSIy T T

S ACEMENT SHEET y "

’L 4 1055199?’\
- vy




is a sl i der having at |east four signal termnals connected to said one

48 end d connection conductors, respectively, and an air bearing
surfac @@ﬁ MWm al to or less than 2 nmjerr]. 19. An assenbly
é

carriag ng a carriage having a plurality of drive arns to
whi ch the base éhdspo ions of the rigid netal | oad beans in the
slider-suspension assenblies as clainmed in claim12 are respectively fixed,
an actuator for driving said carriage tgsrotate, and a connection cabl e of
a flexible printed circuit connected at™Tts one end to an external

el ectrical circuit for recording and reproduci ng signals, said connection
cabl e havi ng Theblseispensiomlas clxined éd dlainet) wdesrgin caidi thet behat kadseofis
of said connection conductors at its the other end. 20. The device as
clainmed in clsgith conngatipa; r?oé'tﬂltptpé%l areneompecteds [tex goanestionddgrminals

t t I t ed I d.th
connect i on cARREEBrd AEAT At HHe ORiRG: cr & SIS FENTFRENEIaL Aflexire |
flexure, sai (}eﬁﬁé'@ﬁ\%l&?n term nal s being connected to said

5.  The suspension as claimed in claim 1, wherein said the other end of said

resilient metal flexure is fixed to said rigid metal load beam.

6. Thc suspension as claimed in claim 1, wherein said the other end of said
resilient. metal flexure is free from said rigid metal load beam to form a

free end.

7. The suspension as claimed in claim 1, wherein said rigid metal load
beam includes a terminal support part laterally protruded from said
base end portion thereof and bent to an arbitrary angle with respect to a
plane of said base end portion, wherein a first connection terminal part
positioned near said one end of said resilient metal flexure and adopted
to be connected to said magnetic head slider, a second connection
terminal part positioned near said the other end of said resilient metal
flexure, and connection conductors with both ends connected with said
first and second connection terminal parts are formed on said resilient
mete flexure in a thin film pattern, and where said the other end of said
resilient metal flexure is fixed to said terminal support part so that said
second connection terminal part is outward appeared with respect to

sale base end portion at a position of said terminal support part.
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cabl e terminal s, respectively. 21. The device as clained in claim 20,
wherein said connection termnals and said the other end of the resilient

metal fl e positioned adjacent to said base end portion of said _
rigid rremﬂm#% FMM . The device as clained in claim 20, wherein said
connecti OR A ﬂsai d the other end of the resilient netal flexure
ext end beyond sai bdse*end portion of said rigid netal | oad beam 49
23. A nethod of manufacturing a suspengign conprising the steps of:
formng aresilient flexure having a fi 3t connection term nal part _
positioned near one end of said flexure and to be connected to a magnetic
head sli8er, TBheesaspensioneasi ohitresdriinatlainf t7 pedidrennashideaésilibat Oinleesl
end of said flexure, and connection conductors with both ends connected
with said firldexursindudes 2 divramovament parhingsar said the sther enk thereof,

- ' ' ortion and a termnal |
gﬁtptpg; ,? for "idid ﬁ'eleorarll%v%?ﬁaerplth%\é}tn%a%ag?es of ef?gel mov?ng V\I;]it respect to said

rigid metal load beam.

9. The suspension as claimed in claim 8 , wherein said free movement part

has slack to present an anti-twist function.

10. The suspension as claimed in Claim 7. wherein said termlnal support
part in bent perpendicular to a plane of said base end portion of said

rigid metal load beam.

11. The suspension as claimed in claim 7, wherein said rigid metal load

beam includes a slit along a line for bending said terminal support. part.

12. A slider-suspension assembly comprising:
magnetic head slider;
a rigid metal load beam having a front end portion and a base end
portion;
a resilient metal flexure mounted on and supported by said rigid metal
load beam, said resilient metal flexure extending from said front end
portion of the rigid metal load beam to at least said base end portion of
said rigid metal load beam, said resilient metal flexure supporting said
magnetic head slider near one end thereof which is located at said front
end portion of the rigid metal load beam; and
connection conductors formed on and integral with said resilient flexure

in a thin film pattern, said connection conductors being insulated from

1.1DEC W97 |
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part protruded f.rom a side edge of said base end portion of said | oad beam
attaching said flexure on said | oad beam so that said second connection

t erm nal ' ' said term nal support part; and bending said
t erm nal gﬂnmﬂmlmﬁﬁmﬁwn arbitrary angle with respect to a surface of
sai d base endcportitonsso*that said second connection termnal part is
outward appeared with respect to said base end portion at a position of
said term nal support part. 24. The neyghpod as clainmed in claim23, wherein
said | oad beamformng step includes a step of formng a slit along a line
for bending said term nal support part.

said resilient metal flexure by resin, one ends of said connection

conductors being connected to said magnetic head slider and the other
ends of said connection conductors being positioned near the other end
of said resilient metal flexure near said base end portion of said rigid

metal load beam.

13. The assembly as claimed in claim 12, wherein said the other end of said
resilient metal flexure is positioned adjacent to said base end portion of

said rigid metal load beam.

14. The assembly as claimed in claim 12, wherein said the other end of said
resilient metal flexure extends beyond said base end portion at said rigid

metal load beam.

15. The assembly as claimed in claim 12, wherein said the other ends of
said connection conductors are connected to connection terminals

positioned near said the other end of said resilient metal flexure.

16. The assembly as claimed in claim 12, wherein said the other end of said

resilient metal flexure is fixed to said rigid metal load beam.

17. The assembly as claimed in claim 12, wherein said the other end of said
resilient metal flexure is free from said rigid metal load beam to form a

free end.

18. The assembly as claimed in claim 12, wherein said magnetic head slider

is a slider having at least four signal terminals connected to said one
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19.

20.

21.

22.

48

PRSI,

ends of said connection conductors, respectively, and an air bearing

surface with an area equal to or less than 2 mm?2.

An assembly carriage device comprising a carriage having a plurality of
drive arms to which the base end portions of the rigid metal load beams
in the slider-suspension assemblies as claimed in claim 12 are
respectively fixed, an actuator for driving said carriage to rotate, and a
connection cable of a flexible printed circuit connected at its one end to
an external electrical circuit for recording and reproducing signals, said
connection cable having cable terminals connected respectively to said

the other ends of said connection conductors at its the other end.

The device as claimed in claim 19, wherein said resilient metal flexure
includes connection terminals connected respectively to said the other
ends of said connection conductors near said the other end of the
resilient metal flexure, said connection terminals being connected to said

cable terminals, respectively.

The device as claimed in claim 20, wherein said connection terminals
and said the other end of the resilient metal flexure are positioned

adjacent to said base end portion of said rigid metal load beam.

The device as claimed in claim 20, wherein said connection terminals
and said the other end of the resilient metal flexure extend beyond said

base end portion of said rigid metal load beam.
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23. A method of manufacturing a suspension comprising the steps of:
forming a resilient flexure having a first connection terminal part
positioned near one end of said flexure and to be connected to a
magnetic head slider, a second connection terminal part positioned near
the other end of said flexure, and connection conductors with both ends
connected with said first and second connection terminal parts, in a thin
film pattern;
forming a load beam having a base end portion and a terminal support
part protruded from a side edge of said base end portion of said load
beam;
attaching said flexure on said load beam so that said second connection
terminal part is fixed on said terminal support part; and
bending said terminal support part to an arbitrary angle with respect to
a surface of said base end portion so that said second connection
terminal part is outward appeared with respect to said base end portion

at a position of said terminal support part.

24. The method as claimed in claim 23, wherein said load beam forming step
includes a step of forming a slit along a line for bending said terminal

support part.
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