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CS _ TRANSDUCER SUSPENSION SYSTEM

Field of the Invention

This invention relates generally to transducer suspension systems
for disk drives and more particularly to a suspension system having a low

5 profile.

‘Description of the Prior Art

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

information on concentric tracks of a rotatable magnetic recording di;k.
A magnetic head or transducer element is moved from track to track to

10 record and read the desired informétion. Typically, the magnetic head is

. positiohed on an air bearing slider which flies above the surface of the

disk as the disk rotates. In some recently prbposed disk drives, the
slider (or carrier) rides on a liquid film or bearing on the disk. A
suspensién'aséembly connects the slider to a rotary or linear actuator.

! : 15 The suspension provides support for the slider. -

The suspenéion must meet several requirements. The suspension must
be flexiblg and provide a bias forceiin the vertical direction. This is
necessary to provide a compensating force to the lifting force of the air
bearing in order to keep the slider at the correct height above the disk.

20 Also, the vertical flexibility is needed to allow the slider to be loaded
and unloaded away from the disk. Another requirement of the suspension'
is that it must provide a pivotal connection for the slider.
Irregularities in manufacture and operation may result in misalignment of
the slider. The slider is able to compensate for these problems by

25 pitching and/or rolling slightly to maintain the Qir bearing. Another

" requirement of the suspension is that it must be rigid in the lateral
directioh.~.This is needed to prevent the head from moving~sid9 to side,
~which'woﬁ1d result in the head reading the wrong track.

Present suspension systems have problems in achieving low enough
30 pitch and roll stiffness for the air bearing flying height tolerances
while at the same time achieving high enough lateral stiffness to prevent
relative motion beéween the slider and the supporting end of the

suspension.
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far dlsk drlves and nore particularly to a suspen5|on system having a | ow

5 proflle Description of the Prior Art Direct access
storage devices (DASD), or disk drives, store i nformati on on concentric
tracks of a rotatable nmagnetic recording disk. °~ A magnetic head or
transducer el eneglodes-1apved fromtrack to tyack to 10- record and read the
desired information. Typically, the magnetic head is positioned on an
air bearing slider which flies above the surface of the di sk as the

di sk rotates. |n SOMEanbOeeNlehyirbhap @S edhshlnionslib W8S thd¥Chave a Sddigter (OF
carrier) rides orer?ﬁucgwegpcinsé ThQr satz@éﬁg;lghmec}ub&mgké Kot erfe aisk ssugpensi on

assenbly connect s er to a r %ﬁél 'l near actu

enNcy response Cconsi @ E resonances
suspensi on prOV|§%s sup Y resb e *StEPensi on must

nmeet several req lﬁ‘i‘-%fﬂg ﬁf@uenﬁﬂféd S"ﬁg F}é rfitn 'Ifl;lﬁsrtresent suspension systems

) typlcally use flanged load beams which exhibit undesirable low freguency
bending, torsion, and sway modes. This is especially true where the

--flainge height of the suspension is relatively small.

Disk drives have become smaller in size while at the same time the
data storage capacity has greatly increased. Large capacity disk drives
10 typically havé multiple disks mounted on the same ro'tatable spindle. In
order to accommodate more disks in the same height, the space between
each disk must be greatly decreased. Also, disk drives having only a
single disk may have limited space to accommodate a spspension between
“the disk and an outer housing. The height of the suspension has proven
15 to be a limiting factor in realizing closer disk spacing and smaller disk
. drives. What is needed is a suspension system having a very low profile
which still meets the performance regquirements.
i
Examples of suspension systems that relate to disk drives with low
profile transducer head-suspension assemblies are shown in the following
20 references: US Patent 5,172,286 and US Patent 5,208,712 and US Patent
4,853,811,

Summary of the Invention

This invention provides a suspension system for a read/write head

of a disk drive comprising: a transducer mounting member for mounting a
25 transducer element; and a connecting member for connecting the transducer

mounting member to a support member, the connecting member having a

substantially flexible section and a substantially rigid section, the

rigid section being located between the flexible section and the

transducer mounting member, the rigid section comprising a wall section
30 which encloses an interior chamber along a cross sectional plane.

. Br:.efly, in a preferred embodiment of the present invention, a

suspens:.on system comprises a load beam to which a stiffener member is
attached. The stiffener member and the load beam enclose an interior
chamber. A first end of the load beam is attached to an actuator arm.

This Sheet

/ﬂ/:///nl/////mﬁii?“"



be: flem ble and provide a bias force in the vertical direction. This is
necessary to provide a conpensating force to the lifting force of the air
bearing in order to keep the slider at the correct height above the disk.
20 Also, the vertical flexibility is needed to allow the slider to be

| oaded and unf¥gatetl8away from the disk. 3Anot-her requirement of the
suspensi on is that it nust provide a pivotal connection for the slider.
Irregularities in manufacture and operation nmay result in msalignnent of
the slider. The sThedrdibsamprseatsaringnisehivatoc1t6f befiese tpt SEetRr ¥y o1
pitchi ng and/ or r®lel $tagfeser gébky. t 0 nmai ntain the air bearing. Another
requi rement of the suspension is that" it mist be rigid in the |ateral

direction. This is negdAdxir® HmSMe! adchtheRORerer REAIOMHANGE Sielfoati besh dE,
whi ch woul d resul %hel ﬂehﬂ@ HQE%Q l‘(a%agbgﬂ' &P?e&"@&{won&r»ﬁ&& ﬁth nd to a t Present

suspensi on systems have and roll

stiffness for the® &t be ﬁpﬁcgerf'TeWerf 1%§ft§ﬁ?e%t cilkiii ﬁa(?esse%vﬁ'u*l% %t %J‘ﬁéurs?arre
ti me achi evi ng hi ¥i*¥nodgftifes elese ‘°§‘E“?°Ff’r‘i‘e§'§a‘f"ﬁd ;‘}Pé\?érfﬁ’a“er mepRArat Bve noti on
bet ween the sl i desligevdhdviies s uppordidengiseattagifeditioethe sligarsyers mepper. The

second end of the load beam has a dimple which provides a point contact

with the slider plate member such that the slider may pivot.
10 For a fuller understanding of the nature and advantages of the

present invention, reference should be made to the following detailed

déscription taken in cénjunction with the accompanying drawings.

Brief Description of the Drawings

Fig. 1 is a schematic diagram of a data storage system of the

15 present invention;
Fig. 2 is a top view of the system of Fig. 1;
Fig. 3 is d side view of a portion of the system of Fig. 2;

Fig. 4 is a side view of the suspension system of the present

invention in a loaded position;

20 Fig. 5 is a side view of the suspension system of the present

invention in an unloaded position;

Fig. 6 is an exploded view of a suspension system of the present
invention;

Fig. 7 is a perspective view of the suspension system of Fig. 6;

25 Fig. 8 is a schematic diagram of a cross section of the suspension

of the present invention;

Fig. 9 is a schematic diagram of a cross section of a prior art

suspension;
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Angt her®requirenent of suspension is that the have a radial frequency
response that satisfies the requirenents of the disk drive system A
desirabl e radial frequency response consists of resonances high in
frequency and low in gain. The present suspension systens typically use
fl anged | oad beansasftzchsexhi bit undesirablesl ow frequency bending,
torsion, and sway nodes. This is especially true where the flange

Fig. 10 is a graph of bending rigidity versus the ratio (h/t);
Fig. 11 is a graph of torsional rigidity versus the ratio (h/t);

Fig. 12 is a schematic diagram of a top view of the flexure of the

present invention;
5 Fig. 13 is a graph of roll stiffness versus convergence angle;
Fig. 14 is a graph of pitch stiffness versus convergence angle;
Fig. 15 is a graph of yvaw stiffness versus convergence angle;

Fig. 16 is a graph of tangential stiffness versus convergence

angle;

10 Fig. 17 is a graph of rotation angle versus the ratio
(a/L);
. i .
Fig. 18 is an exploded view which shows the manufacture of the

suspension of the present invention; ;

Fig. 19 is a perspective view which shows the manufacturxe of the

15 suspension system of the present invention;

Fig. 20 is a perspective view which shows the manufacture of the
suspension system of the present invention;

Fig. 21 is a perspective view of the suspension system of Fig. 7

which shoﬁs the process for attaching wiring;

20 Fig. 22 is a perspective view of an alternative embodiment of the

suspension system;
Fig. 23 is a top view of the suspension system of Fig. 21;
Pig. 24 is a side view of the suspension system of Fig. 21;

Fig. 25 is a bottom view of the suspension system of Fig. 21;
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heght %of the suspension is relatively small. Di sk drives have becone-
smaller in size while at the sane tine the data storage capacity has
greatly increased. Large capacity disk drives typically have multiple disks
nounted on the sanme rotatable spindle. In order to accommodate nore disks
In the sane hei gi¥89-92+1@8space bet ween each sli sk nust be greatly decreased.
Al so, disk drives having only a single disk may have limted space to
accommodat e a suspensi on between the disk and an outer housing. The hei ght
of the suspensi on has FfovEristd dpkeiteqd perspdchiyef ey of tha hepdarsa Phghel oser

di sk spaci ng and spedehsipn divstemifi the prefibatinventi@eded IS a suspensi on
system having a very |low profile which still neets the performance
requirenents. Fig. 27 is a first cross sectional view of the system of Fig. 26;

and
S Fig. 28 is a second cross sectional view of the system of Fig. 26;

Fig. 29 is a graph of gain versus frequency.

Description of the Preferred Embodiments

Fig. 1 shows a schematic diagram of a data storage system of the
present invention and is designated by the general reference number 10.
10 System 10 comprises a plurality of magnetic recording disks 12. Each
disk 12 has a pluraiity of concentric data tracks. Disks 12 are mounted
on a spindle shaft 14 which is connected to a spindle motor 16. Motor 16
is mounted to a chassis 18. The disks 12, spindle 14, and motor 16
comprise a disk stack assembly 20. '

15 A plurality of read/write heads 30 are positioned over the disks 12
such that each surface of the disks 12 have a corresponding head 30.
Each head 30 is attached to one of a plurality of suspensions 32 which in
turn are attached to a plurality of actuator arms 34. Arms 34 are
connected to a rotary actuator 36. Alternatively, the arms 34 may be an

20 integral part of a rotary actuator comb. Actuator 36 moves the heads in
a radial direction across disks 12. Actuator 36 typically comprises a
rotating member 38 mounted to a rotating bearing 40, a motor winding 42
and motor magnets 44. Actuator 36 is also mounted to chassis 18. The
heads 30, suspensions 32, arms 34, and actuator 36 comprise an actuator

25 assembly 46. The disk stack assembly 20 and the actuvator assembly 46 are
sealed in an enclosure 48 (shown by dashed line) which provides

protection from partiiculate contamination.

A controller .unit 50 provides overall control to system 10.
Controller unit 50 typically contains a central processing unit (CPU),
30 ‘memory:!unit and other digital circuitry. Controller 50 is comnected to
an actuator control/drive unit 56 which in turn is conneéted to actuator

.36. This allgws controller 50 to control the movement of heads 30 over
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E,xarrpl,es of suspension systems that relate to disk drives with [ow profile
t¥ ansducer head- suspensi on assenblies are shown in the follow ng
references: US Patent 5,172,286 and US Patent 5,208,712 and US Pat ent

4,853, 811. SUMVARY OF THE 1 NVENTI ON It is
an object of thespresem invention to anelierate one or nore di sadvant ages
of - the prior art. According to one aspect of the present invention

there is provided a suspension systemconprising: a | oad beam having a
| ongi t udi nal axi giska 1Rat @reatoraxdlderanel ia copmcpeint ¢ Head/vabte sshampel i58st and a
second end of theniknad dheam: hehngrdoeatpdnalong. t ias 41066 éddinaér axics, the
first end for copORCIEARCLQe Babd PR tn"BIRLA2. 8RB BLUNDMLEN to a
spindle control/drive unit 60 which in turn is connected to spindle motor
5 16. This allows controller 50 to control the rotation of disks 12. A
host system 70,'which is typically a computer system, is connected to the
confroller unit 50. System 70 may send digital data to controller 50 to
be stored on disks 12, or may request that digital data be read f£rom the '
disks 12 and sent to the system 70. The basic operation of DASD units is
10 well known in the art and is described in more detail in Magnetic
Recording Handbook, C. Dennis Mee and Eric D. Daniel, McGraw - Hill Book
Company, 1990. o

Fig. 2 shows a top view of system 10. A loéding ramp member 80 is
located at the edge of the disks stack assembly 20. Membér 80
15 automatically unloads the heads 30 from the disks 12 as actuator 36 moves
the heads 30 to the outer disk position. The ramp 80 is optional.
Alternatively, the heads 30 may be placed permanently in the loaded

position between the dlSkS. y

Fig. 3 shows a ﬁide view of Fhe ramp member 80. The suspensions 32
20 are shown in cross section. Member 80 has a plurality of ramp surfaces
82 and ledge surfaces 84. The suspensions 32 ghown by a solid line are

in the unloaded position on ledges 84. The suspensions shown by a dashed
line are in the loaded position, with each one located over one of the

surfaces of the disks 12.

25 Fig. 4 shows a side view of suspensions 32 in a loaded position

over disks 12.

Fig. 5 shows a side view of suspensions 32 in an unloaded position

away from disks 12.
: Fig. 6 shows an exploded view of ‘head 30 and suspension 32. This
30 combination is known as the head/suspension assembly and is referred to

by the general reference number 98.

Fig. 7 shows a perspective view of the completed agsembly 98.
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a-first and a second surface each aligned substantially parallel to a plane
cdont ai"ning the longitudinal and | ateral axes; a stiffener nenber connected
to the | oad beam between the first and second ends of the | oad beam and

| ocated on the side of the | oad beam which contains the first surface of
the | oad beam tH&2s%r¥Pener nmenber and the? oad beam form ng an
encl osed interior chanber along a cross sectional plane parallel to a plane

Suspension 32 comprises an arm mounting block 100, a load beam 102,
a flexure member 104, a stiffener member 106, a spacer member 108, and a
- slider plate member 110. Head 30 comprises an air bearing slider 120
having a magnetic read/write transducer element 122. A plurality of
5 electrical pads 124 are electrically connected to the element 122. The
slider 120 has én air bearing surface 126.

A plurality of axes 127, 128, and. 129 represent longitudinal,
latitudinal, and vertical directions, respectively. Mounting block 100
is made of a rigid material, such as stainless steel, which is able to

10 1resist deflection. Mounting block 100 may be of a thickness in range of
0.1 to 0.3 mm and is 0.2 mm thick in a preferred embodiment. Mounting
block 100 has.a swage aperture 130 which is surrounded by swage flange
132. Flange 132 has a swage lip 134. After the manufacture of the
assemblies 98, they are attached to the actuator arms 34 by swaging.
15 Alternatively, the mount block 100 may be omitted and the load beam 102
attached directly to the arm 34 by welding or other appropriate

connection.

Load beam 102 is made of a thin rigid material, such as stainless
steel, and is of a thickness in the range of 0.025 to 0.075 mm, and
20 preferably 0.05 mm. The beam 102 is substantially triangular in shape.
Beam 102 has a mounting section 140 having a swage aperture 142 which is
sized to receive the swage flange 132 of mounting block 100. The bottom
surface of beam 102 is attached to mounting block 100 by suitable means
such as spot welding. Spot welding locations for the suspension 32 are
25 designated by the reference member 143.

Beam 102 has a pair of wing tabs 144 which extend over the edge of
the underlying mounting block 100. Tabs 144 each have an aperture 146.
Aperture 146 may be used in wire mounting process as described in US
Patent 5,074,029.

30 ' Beam 102 has a spring section 150 located forward of the mounting
section 140. Spring section 150 has a rectangular spring aperture 152
which is flanked by two spring legs 154. Beam 102 has a rigid section
160 located forward of the spring section 150. The spring legs 154 allo&
the rigid section 160 to bend about an axis 156 such that the head 30

35 moves up or down. The spring coefficient may be varied as desired by
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contaiging the |lateral and perpendicul ar axes; a flexible nmenber having a
first and second surfaces, the flexible nenber having a first portion which
is connected to the second end of the |oad beam at the first surface of
the flexible nmenber, the first portion overlying the second surface of the
| oad beam the fl#&gi42+®@8menber having a secénd portion having a first and
a second flexure | eg nenbers which extend beyond the edge of the second
end of the |oad beam the second end of the | oad beamis |ocated between
the first and selerisitgesufesreasgnartirbeizs; ofalg apertuphdthice climisaiing v
nounti ng nenber aermgure I6N@nEréivi.st pl ate nenber and a second pl ate nenber,
the first plate nenber underlying and connected to the first surface of

the flexible member aty,d be.5850Rd:ROLL IO of Ahe 1B& Eéaﬁ&sbéf%eﬁ%ﬂ*%% the
second pl ate nenbgﬁlunderL%Lﬂgs d connected to the first

owing re

Etl[Zx.l];

=1
K= 7

V12
5 where,

K, = Vertical stiffness;

E = Steel elastic modulus;

t, = Load beam thickness;

w = Summation of the widths of hoth spring legs 154;

Length of spring legs 154; and

=

=
o
]

F
dimple 170.

Length from the middle of the spring legs 154 to the load

In the preferred embodiment the spring legs 154 are each 1.4 mm
wide with an aperture width of 2.6 mm and which gives a vertical

15 stiffness of 2.1 grams/mm.

Rigid section 160 has an aperture 162 and a tooling aperture 164.

A finger tab 166 and a wiring .tab 167 extend from the sides of beam 102
near aperture 164. The finger tab 166 is used to align the beam 102
during the assembly process. The forward end of rigid section 160

20 narrows to a tip 168. Tip 168 has a load dimple 170. The dimple 170
faces in a downward direction and is formed by a stamping process. The
distance from the center of aperture 142 to the dimple 170 may be in the
range of 12-20 mm and preferably 14.65 mm. A pair of capture tabs 172 '
ext_:end from the side of section 160 proximate the tip 168. The captured

25 tabs are bent to a lowez.' elevation than the rest of the beam 102 and are
stamped or etched thinner than the rest of the load beam material to a
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plate nenber, the first plate nenber further conprising an extension tab
ffor supporting transducer lead wires, the transducer assenbly nounting
menber for receiving a transducer assenbly such that the transducer
assenbly is on the sane side of the flexible nenber as the | oad beam and
the transducer aasenhliy and the stiffener srenber are both |located in a
pl ane parallel to a plane containing the |longitudinal and | ateral axes.
Accordi ng to anot her aspect of the présent invention there is provided a
suspensi on systresfecordprhicinges of 0. eRae.betheh bivenriye aboAG] peddiltPaindasdies, a
| ateral axis, ardmiAe pes prddbLaUbah K iS, £1at lahd st asrdrmeasecond end of the
| oad beam being | ocated along the longitudinal axis, the first end for

connection t0 a SUppRLt  JRARES Be..tbt;@ 1b930 READE NAYGNY10:8 dhkdiiby SHIKARS and a
second surface es%gingssl relgl, asnliji fst gptal tglic)};megsagr?ltLeerar}gg o? (P ?Snx?lm to 0.05
S mm, and preferal;ly 0.033 mm. The stiffener member 106 is substantially
triar.lgular in shape and corresponds generally to the rigid section 160 of
beam 102. The member 106 has a top ledge section 180, a bottom section
182, a pair of side walls 184, and a front wall 186. Side walls 184 are
substantially perpendicular to bottom section 182. Front wall 186
10 preferably slopes at a gradual angle upward from bottom section 182 to
top ledge 180. Altermatively, front wall 186 may also be substantially
perpendicular to bottom section 182 or may be deleted altogether. The
stiffener member 106 has an aperture 188 and a tooling aperture 190 which
correspond to apertures 162 and 164, respectively, of beam 102. The
15 stiffener member features 182, 184 and 186 are formed by a stamping
" process. The stiffener member 106 is attached to the bottom surface of
beam 102 by spot welding top ledge section 180 to rigid section 160 of
beam 102. The stiffener member 106 does not cover the spring section 150
nor does it cover the tip 168, including dimple 170 and capture tabs 172.
20 In the preferred embodiment, the stiffener member extends from the end of f
the spring section 150 to a point proximate the tip 168. '

When stiffener member 106 is attached to bez;m 102 an interior
chamber 192 is formed there between. The interior chamSer is completely
enclosed along a cross sectional plane along the latitudinal 128 and

25 vertical 129 directions.

The combination of the load beam 102 and stiffener member 106
creates a light weight but very rigid section. This is accomplished
without adding significantly to the overall profile height of the
assembly 98. The side walls 184 need only be of a very small height to

30 achieve the desired rigid structure. In a preferred embodiment, the side
walls are of a height in the range of 0.1 mm to 0.3 mm and preferably 0.2
™.

_ Fig. 8 shows a éross-sectional view of the load beam 102 and member
106 (box structure). For this structure the bending stiffness (K;) and

35 torsional stiffness (K,) are given by the following equations:
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cqQntai.ning the longitudinal and | ateral axes, the | oad beam having a | oad

béam cont act

point on the first surface proxi mate the second end; a

stiffener menber connected to the |oad beam between the first and second
ends of the | oad beam and | ocated on the side of the |oad beam which

contains the f

i rstgaslbigge of the | oad beam,fhe stiffener menber and the

| oad beam form ng an encl osed interior chanber along a cross sectional
plane parallel to a plane containing t-he | ateral and perpendi cul ar axes; a

fl exure menber
having a first

having a first and second surfaces, the flexure nenber
portion KONgooked(z + 6v* B (2 - P) +2 (3) ¥* (1 -3(1 + 2B)3)]

o Gat? . 3(1 + B (1+2y)3) -
Xr 3 [1+.p+2(1+y)6+1 Bl

where,

E = Steel elastic modulus;

G = Steel shear modulus;

5
2 bty
£=—5
¥ = %;
= b,
B = —a-'
6=2L
=
i
10 Fig. 9 shows an open suspension structure for sake of comparison
with the box structure 6f the present invention. For the open structure
the bending stiffness (K;) and torsional stiffness (K;) are given by the
following equations: '
Kp=<2at’ (1+1292 B (1-6) +28 9> (14301 - 2)2)]
at?
KT= G-—lz—(l +275>
15

Fig 10 shows a graph of bending stiffness vs. (h/t) for two
versions of the box structure (B = 0.5 and 1) and two versions of the
open structure (B = 0.5 and 1). The units of stiffness have been
normalized. It can be seen that the box structure has from 1.5 to 10

20 times better stiffness than an open structure of similar size.

Fig. 11 shows a graph of torsional stiffness vs. (h/t) for box and

open structures. The units of stiffness have been normalized. It can be

——
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3a to,the second end of the |oad beamat the first surface of the flexure
menber, the first portion overlying the second surface of the | oad beam
the flexure nmenber having a second portion having a first and a second
flexure | eg menbers which extend beyond the edge of the second end of the
| oad beam the sespaztiend of the | oad beamiis | ocated between the first
and second flexure | eg nenbers, the second portion of the flexure nenber
having a tab section connecting the fiTst and second | eg nenbers at an end
of each of the feensthabritle ex strictug meniyer $iveardtw hundrgiduices meresenbl y
nount i ng nenber t&GH@PhkL HigGid thahSin et rurbmtress andia seeond pl ate nenber,
the first plate menber
Flexure 104 is made of a thin rigid material, such as stainless
steel, and is o§ a thickness in the range of 0.02 mm to 0.03 mm, and
5 prefgrably 0.025 mm. The flexure 104 is flat and unformed and is
substantially triangular in shape. Flexure 104 has a tooling aperture
200 which corresponds to tooling apertures 164 and 190, Flexure 104 has
a tongue section 202 which is substantially similar in size and shabe to
the forward portion of the rigid section 160 of load beam 102. Tongue
10 202 is surrounded by an aperture 204. Aperture 204 is comprised of a
pair of slot sections 206 and one gap section 208. Slot sections 206
separate tongue section 202 from a pair of flexure legs 210. A tab
section 212 is connected to the ends of legs 210 and is separated from
tongue 202 by gap section 208. 'Flexure 104 is spot welded to the top
15 surface of rigid section 160 of beam 102. Legs 210 are sized such that
they extend freely beyond the sides of load beam 102. Legs 210 have a
bend or knee 214 about halfway along their length. Gap section 208 is
sized such that the dimple 170 of beam 102 remains uncovered. Capture
tabs 172 of beam 102 are sized to extend below legs 210.
20 Spacer member 108 is sp&t welded to the bottom side of tab section
212 of flexure 10§. Spacer member 108 has a shape substantially similar
to tab 212. Member 108 has a finger tab 220, a wiring tab 221, and a
concave edge 222. Concave edge 222 is sized to provide clearance for the
tip 168 of beam 102. Spacer member 108 is made of a thiq rigid material,-
25 such as stainless steel, and is preferably substantially the same '

thickness as the material of load beam 102.

Slider plate member 110 is shaped substantially similar to spacer

108. Member 110 has finger tabs 230. Member 110 also has a dimple

tongue 232 which is shaped to extend below and contact dimple 170 of beam
30 102. In an alternative embodiment, dimple 170 may be formed in slider

plate member 110 and project upward to contact the tip of load beam 102

which no longer has a dimple. Member 110 is spot welded to spacer 108.

Slider 120 is cemented to member 110 by an appropriate adhesive such as

cyanoacrylate. Slider 120 is connected to plate 110 such that dimple 176
35 is positioned over the center of gravity of slider 120. - Slider 120 is

made of a wear resistant material and is preferably made of ceramic.
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havi ng an extension tab for supporting transducer lead wires, the first
pl ate menber underlying and connected to the tab section of the first
surface of the flexure nmenber on the sane side of the flexure menber as
the | oad beam the second plate nenber wunderlying and connected to the
first plate menbegy-anghsf urther conprising gp extension portion which
engages the | oad beam contact point, the transducer assenbly nounting
menber for receiving a transducer assenbly such that the transducer
assenbly is on the sSgReceitdfLind of e frioxE QedPBREipadsa EliendrOR@-DRAMBRAN
the transducer asﬁa%QfOL,Mer@r_kd,etﬁ@métilsf S BRER dTRIRAL 181a8 AR 2621 gl Re R
pl ane par al l el towh%rg ltgen§egcs0ar\]}ea:'ioq|n§£tc§ Qge t‘Lbors]gl:ltE.oli!ldilg?‘l T! envdviétﬂto%r glle e)é{gs'

are wider at the base and narrower at the tab. Furthermore, the

5 centerlines of the legs are not straight lines, but have bend 214 where
the angle changes such that each centerline forms a convex curve or

polygram with respect to the longitudinal centerline of the suspension.

Fig. 12 shows a schematic diagram of the legs 210 and slider 120,
" where L is the length of the legs 210, B, is the width of the legs 210
10 neaxr tab 212, B; is the width of legs 210 near where they connect to the
rest of flexure 104, and d = ((B, + B;}/2] is the average width of legs
210, © is the angle of convergence of the legs 210, and a and b represent
the distances from the center of gravity of the slider (dimple load point
170) to the end and sides, respectively of flexure legs 210. For the
15 flexure 104 the following equations are given:'
a) Roll stiffness, K;, (Bending about axis 127)

i ' XR=£§-LI-—1(sin‘B+3Bsin6+3D‘+—38-cos29)

b) Pitch sStiffness, K,, (Bending about axis 128)
i

3 .
3 sin20)

Kp = 85211_ (cos?2 O - 3a cos O + 3a® +

20 c¢) Yaw Stiffness, K,, (Bending about axis 129)

Xy = 8EIL, (=in? 0 + 3psind + 3p2 + 3p? cos? 8,
2 5in%0 + 12p3cos?0
d) Tangential Stiffness, K, (Linear movement along axis 128)

K= 8EI, [ 5in%0 +13p 5in 6 + 3P2 + 3p? cos? O
L’  B2(cos? + 18p? sin? 0) + 12p*(P sin 6 + %)

25
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According to still another aspect of the present invention there is

provi déd a disk drive conprising: a suspension systemincluding, a |oad
beam having a longitudinal axis, a lateral axis and a perpendi cul ar axis,
a first and a second end of the | oad beam being |ocated al ong the :
| ongi t udi nal axi ssad-bg1figrst end for connectizon to a support nenber, the

| oad beam having a first and a second surface each aligned substantially
parallel to a plane containing the |longitudinal and | ateral axes; a
stiffener nmenber connegted to the1 | oad beam between the first and second
ends of the | oad bdamsgn®’l ocdi edsdit the side of the | oad beam which
contains the first surface of the | oad beam the stiffener nenber and the
| oad beam fornmi ng an encl osed interior chanber along a cross sectional
plane parallel to a plang, containing the |ateral and perpendicul ar axes; a
flexible menber P =73z(% -

Figs. 13, 14, 15, and 16 show graphs of roll, pitch, yaw and
tangential stiffness versus convergence angle © for flexure 104. The

5 units of stiffness have been noxrmalized.

An advantage of tapering the widths of legs 210 is that the
rotation of the slider 120 about axis 128 may be reduced. Ordinarily.
the force from dimple 170 pressing on plate membeé 110 causes legs 210 to
bend downward toward the slider 120 and causes slider 120 to rotate such

10 that element 122 moves in a downward direction. This ﬁroblem is
increased by the need to position the s;ider 120 so that it extends
beyond the edge of the'assepbly 32. It is desirable to keep slider 120
ag close to horizontal as possible. The flexure 104 allows some
relatively small pitch and foll to compensate for.operating conditions,

15 however, the slider 120 should initially be close to horizontal. By
adjusting the taper of legs 210 it is possible to cancel or reduce
rotation about axis 128. The following equation may be used where zero
rotation is desired:

=1 (slneg-a+1,
l1-a In «

2
L

20 where,

o =

5
B,

Fig. 17 shows a graph of slider rotation angle versus the slider
location (a/L) for three different tapers (B;/B;). .The units of angle
have been normalized by g/L, where g is the height of the dimple 170. It

25 can be seen that fhe taper of legs 210 helps reduce any unwanted

rotation.
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haying a first and second surfaces, the flexible menber having a first
portion which is 3b
connected to the second end of the |oad beamat the first surface of the
flexible nmenber, the first portion overlying the second surface of the
| oad beam the fl exd-bbaigrenber having a secand portion having a first and
a second flexure | eg nmenbers which extend beyond the edge of the second
end of the | oad beam the second end of" the | oad beamis

In the preferred embodiment the centerlines of the flexure legs are

spaced apart 2.9 mm'at the base, 2.5 mm at the knee and 0.8 mm at the tab
section. The flexure leg widths are 0.55 mm at the ba;e, 0.4 mm at the
knee and 0.3 mm at the tab section. The length of the flexure legs is

5 3.5 mm and © = 9 degrees from the base of the legs to the knee and © =
degrees from the knee to the tab section 212. These dimensions give a
pitch stiffness of 0.12 N - mm/radian and a roll stiffness of 0.12 N-
mm/radian with the wires attached. The angle of the flexure legs and the
tapered width and length were optimized to increase the lateral stiffness

10 to 35 N/mq_while kKeeping pitch and roll stiffnesses low.

Figs. 18, 19 and 20 show the manufacture of the suspension 32 of
the present invention. Fig. 18 shows an exploded view of mounting block
100, a sheet 300, a sheet 302, and a sheet 304. Sheets 300, 302 and 304
are thin sheets of stainless steel which are etched to form the desired

15 parts. Sheet 300 contains the flexure 104. Sheet 302 contains the load
beam 10? and spacef 108. Sheet 304 contains the stiffener member 106 and
the slider plate member 110. It can be seen, that load beam 102 and
'spacer 108 are fhe same thickness, as are stiffener member 106 and slider
plate member 110.

20 After etching, sheet 302 is stamped in order to form the lower
elevation portions of.wiring tabs 167 and 221, capture tabs 172 and
dimple 170. Sheet 304 is stamped to:form the chamber 192 of the
stiffener member 106f .The parts are then stacked and positioned as shown
in Fig. 19. The parts are spot welded together at welds 143. Next, the

25 excess.material of the sheets 300, 302 and 304 is cut away as shown in
Fig. 20. The spring portion 150 is then bent slightly downward to the
desired angle needed to position theislider 120 over the disk. Next, the
slider.120 and the wiring are ‘attached. In the preferred embodiment the
slider.120 has a thickness of 0.425 mm.

30 i Fig. 21 shows a perspective viéw of the assembly 98 when placed in
a tooling jig. A toolindg jig comprides pegs 310, 312, 314 and 316. The
pegi310 passes through apertures 130 :of block 100 and aperture 142 of
‘bearh 102. Peg 312 passes through apertures 190, 164 and 200 of stiffener
106} beam 102 and flexuré 104, reéspedtively. The pegs 310 and 312 are

35 used to keep the individihal parts in iproper alignment during manufacture
of dssémbly 98. A finalistep :in the :manufacture of assembly 98 is the

addition of wiring leadsi{318. Wiring leads 318 connect the electrical

e
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| ocat ed -between the first and second flexure | eg nenbers; a transducer
assenbly nounting nmenber conprising a first plate nenber and a second
pl ate nmenber, the first plate nenber having an extension tab for
supporting transducer lead wires, the first plate nenber underlying and
connected to the %% 1%¥rface of the flexi 35e nenber at the second
portion of the flexible nmenber, the second pl ate nenber underlying and
connected to the first plate nenber and further conprising an extension
portion which enB4§e!PidsAt deitopdienteagfiriredrerad Yor Fhodert 1¥e2rsecond
end of the | oad bek#apsopirellvt bandedite dhe asdsetddl 9f hendnioi. n@eadsnii@rareorhen
recei ving a transattedted asserbivyy S80k ddnadivé eopst T2ansdazeribas Se Bl pacedt ON

the sanme side of /e fobexidhepi®aBRV:iRs ildfide QAGRHEABE 306k N@heski taaNSGHEET
assenbly and the sl hener. ARG & 6100 Ral0LAt 8 467, 2rRl 18 NrALIAk to 2
: ’ are used to properly position the leads 318 during attachment. The leads
318 are then passed on to the read/write channel 58. The side to which
the leads 318 are routed on assembly 98 is determined by the orientation
of the assembly 98 in the disk stack. The leads 318 are preferably-
10 routed to the side of assembly 98 furthest away from the spindle 14.

Fig. 22 shows a perspective view of the assembly 98 using an
alternative wiring scheme. The leads 318 are.routed over the top of the
suspension. Peg 312 has a slot 322 for aligning the leads 318 during
attachménﬁ. '

15 Figs. 23, 24, and 25 show a top, side, and bottom view,
respectively, of the completed assembly 98 including leads 318.

Fig 26 shows a perspective view of the head portion of assembly 98.

Figs, 27 and 28 show two different cross sectional views of the portion

N of Fig. 26. Note that the dimple 170 makes a point contact with the

”50 tongue 232 of plate 110. This allows slider 120 to pitch (rotate about
the latitudinal axis 128) and roll (rotate about the longitudinal axis
127). To achieve this movement, legs 210 bend in the vertical direction
129, It can be seen that capture tabs 172 limit the bending of legs 210
in a downward direction. This limitation protects the assembly 98 and

25 especially the wiring leads 318 from shock damage during assembly and
whenever the head 30 is unloaded from the disk surface. . This limitation
is essential in the alternate wiring scheme shown in Fig. 22. Note also
that the height of dimple 170 must be selected carefully to position
capture tabs 172 in the center of the vertical clearance between the

30 slider 120 and flexure legs 210. The dimple height is selected large
enough to create clearance between the slider 120 and the tip of
stiffener ledge 180 which is proximate load beam tip 168. During
operation the tip of the load beam, stiffener and flexure directly over
the slider deflects due to the load transmitted to the air bearing

35 through dimple 1706. Thus, the clearance must be large enough to allow
for this bending deflection and allow for pitch (rotation about

latitudinal axis 128) and roll (rotation about longitudinal axis 127)

S
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pl.ane containing the longitudinal and | ateral axes; a transducer assenbly
connecfed to the transducer assenbl y nounting nenber; a data storage disk
| ocated proxinate to the transducer assenbly; a rot ation device connect ed
to the disk for rotating the disk; and a novenent device connected to the
first end of thesdsgdaitseeam for noving the twsansducer assenbly relative to
t he di sk. According to yet another aspect of the present invention
there is provided a disk drive conprising: a suspension system incl uding,
| oad beam havi erguesibmngf tel shigler axite, dimple beightabanaxt be salvgted too
per pendi cul ar axidge.andier&t, sihck @hes an@DE hendde @frdecbiy hadadobr@npdbeileg

| ocat ed al ong t hgeibangk tldishlnA%h SssdBfy Elosdh @RGEQL SRNNGELS A&y tRsE

SL”)p()rt ITEFﬂDer, &Alﬁdisks can be spaced. In the preferred embodiment an optimal dimple

5 height has been .found to be 0.05 mm.

The solid height of the slider 120, slider mounting plate 110,
dimple 170, load beam tip 168 and flexure 104 in the preferred embodiment
is 0.583 mm. The preferred side routing of the wires is contained within
this height, such that the wires do not reduce the ability to merge the

10 suspension systems in the smallest possible disk to disk spacing of about
1.5 mm as shown in Figure 5 allowing 0.17 mm per suspension unload
clearance. If the smallest disk to disk spacing is not required, the
alternate wiring shown in Fig. 22 may be used with a disk to disk spacing

of 1.8 nm or greater.

15 - The operation of the present invention may now be understood.
Initially, the head/suspension assembly 98 is parked off of disks 12 on
ledge 84 of ramp member 80. - This is the unloaded condition. Spindle
mptor 16 rotates the disks 12. When it is desired to read or write data
from one of the disks 12,,c6ntroller unit 50 causes actuator motor 36 to

20 move assembly 98 inward towards the disks 12. As this happens, the
asseémblies 98 slide down the ramps 82 until they are positioned proximate
a surface of one of the disks 12. The data is then recorded or read from
a data track of one of the disks 12.

The rotation of disks 12 causes an air bearing to be formed at air
25 bearing surface 126:0f slider 120. This causes the slider 120 to float
above the surface of the disks 12. Spring section 150 of load beam 102
exerts a force to bring the slider 120 towards the surface of the disks

12 such that the proper fly height is maintained.

The assembly 98 maintains a rigid structure between the spring
30 section 150 and thethead 30. This is achieved in a very low profile by
the use of the stiffener member 106 and beam 102. The assembly 98 also
provides a low profile pivoting assembly for the slider 120. This is
accomplished by a series of thin stacked members. This allows precise
nanufacture of the pivoting assembly even at very small dimensions. An
35 additional feature of the pivoting assembly is the use of the capture
tabs 172. These tabs 172 prevent the legs 210 from bending too far in

-d____f‘;~——~’—’
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| oad beam having a first surface and a second surface each aligned
substantially parallel to a plane containing the |ongitudinal and |ateral
axes, the | oad beam having a | oad beam contact point on the first surface
proxi mate the second end; a stiffener nmenber connected to the |oad beam
bet ween the firstS38n#-¥écond ends of the | 0dd8 beam and | ocated on the side
of the | oad beam which contains the first surface of the Ioad beam the
stiffener ' menber and
the | oad beam for e ng=EifebACTSSER- | Abier Mot tacHRentRePmegF Gfid™a *t?F‘b?g U8Bt i onal

from the tip 168 of beam 102 when the head is unloaded from the disk 12
and during manufacture of the suspension. This helps prevent the wire

leads 318 from becoming bent or damaged.

5 . The present invention givés several manufacturing advantages
compared with prior art suspensions. In the invention, the flexure is
not formed to create a clearance between the flexure legs and the slider
as is the case in prior art. Instead, the clearance is created by a
stack of thin members as already described so arranged as to allow the

10 flexure to be attached to the load beam from the side opposite the
slider. 1In prior art the flexure is attached between the load beam and
the slider. The arréngement of the present invention allows a “tops
down" assembly method where the parts are handled in strips of multiple
conponents. The capture tab feature is thus created without any

15 interleaving of components prior to welding. Since the flexure goes onto
the stack last and is unformed, there is no manufacturing variations of
the clearance dimension or static pitch and roll anglés. In priox art
flexures, these dimensions have manufacturing variations due to thle
response of the material thickness and yiéld strength in the forming dies

20 used to create the offset clearance of the flexure legs to the slider.
Thus in the present invention flexure thickness can be varied by design
to allow multiple products to be manufactured without affectiﬁg any

.- -forming dies and without the normal variation of dimensions usually
experienced in forming flexures. Different thickness flexures can be

25 used for different size sliders or different size air bearings with their

unique stiffness requirements.

Resonance modes which produce lateral motion of the slider along
axis 128 are undesirable because they limit the performance of the
actuator. Such modes include torsion and lateral sway modes. Prior art

30 flanged open structuré suspensions tend to have some of these modes below
3000 Hz. For the same size suspension, the boxed structure of the

present invention will have higher resonance frequencies.

Fig. 29 shows a graph of gain versus frequency at the spring legs
154 and slider 120 of the suspension. The suspension of the present
35 invention has high frequency radial resonances with controllable gain.
For the same size flanged open structure prior art suspensions the first
torsion mode is about 2000 - 3000 Hz and it has a relatively higher gain.

-
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pl ane parallel to a plane containing the lateral and perpendi cul ar axes; a
fl exure nenber having a first and second surfaces, the flexure nenber
having a first portion connected to the second end of the | oad beam at the
first surface of the flexure nmenber, the first portion overlying the
second surface of sahr@2ti08d beam the fl exuresmenber having a second
portion having a first and a second flexure | eg nenbers whi ch extend beyond
the edge of the second end of the |oad beam the second end of the | oad
beamis | ocated BetsnexpareRerith pstirsintorseenshdiodd ek abaut |S960 Hervher gbout he
second portion of zéhegdihetotrtpe pressherinfvidang 8o eiiis seeddnoprimnaact i ng t he
first and second ls@geRRBRLESmBt1yaRqEIEd @b 208ACoh 6f adnplrd bt SénsdatasRCONd | €9
nmenber s; at ransc"&&ﬂﬁ:i&é]? %gp:.l,ywhgpéégtéhgq:rggeQPQBvention suspension does not

5 require dampers. The measurement in Fig. 29 was performed on a shaker

where the shaker mass is very high when compared to an actual disk drive

actuator, the gain when mounted on the actuator would be much lower.

The box séction also results in a very low and smooth side profile,
compared to conventional side flanged suspension of prior art. This
10 small side area and smoother surfaces result in smaller excitations of
the suspension due to air flow turbulence and results in smaller off-
track errors due to the air flow in the disk drive systen.
The overall result of the present invention is a low profile
suspension which is ideally suited for use with smaller sized heads. The
15 low profile enables the disks to be spaced closer together thereby
allowing a disk drive system to have more disks in order to increase the
data storage capacity or to have the same capacity in a smaller package
height.

In an alternate embodiment, flexure 104 is not a sep?rate piece,
20 but is integral with load beam 102 and spacer member 108. Flexure legs
210 are connected to load beam 102 at finger tabs 166 and to spacer
member 108.

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

the following claims.

N
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conprising a first plate menmber and a second plate menber, the first plate
nmenber = having an extension tab for supporting transducer |ead wires, the

first plate nmenber underlying and connected to thetab-section of the
first surface of the flexure nenber on the sane si @uah the fl exure nmenber
|

as the | oad beamsaglegi13econd pl ate menber isnderlyi ﬂlg’wwmm"to t he
h
[ *

first plate menber, and further conprising an exten
engages the | oad beam contact point, the transducer assenbly nounting
menber for receiving a transducer assenbl grasmech t hat the transducer
assenbly is on the sanme side of the flexure nenber as the | oad beam and

the transducer agsenty y,gotsbifysahiclf SNhaIEIROLAE LOL ogated in a

pl ane parallel to a pl.ane contail ning t he ongl tudi nal an ateral axes; a
transducer assenBfy coffiected to the transducer assenbly

a transducer mounting member for mounting a transducer element; and

5 a connecting member for connecting the transducer mounting member
to a support member, the connecting member having a substantially
flexible section and a substantially rigid section, the rigid section
being located between the flexible section and the transducer mounting
member,lthe rigid section comprising a wall section which encloses an

10 interior chamber along a cross sectional plane.

2. The system of claim 1, wherein the wall section comprises a first

flat member and a second bent member, the bent member having three sides.

3. A system according to any of the preceding claims, further
| .
comprising a pivotable assembly for connecting the transducer mounting

15 member to the rigid section of the connecting member.

4. A suspension system for a read/writ% head of a disk drive

comprising:

a load beam having a first end for connection to a support member,

a second end having a protruding contact point;

20 a stiffener member connected to the load beam between the first and
second ends, forming an enclosed interior chamber along a cross sectional

plane;

a flexure member connected to the second end of the load beam, the
flexure member having a plurality of flexure leg members which extend
25 beyond the load beam; and

a_ transducer mounting member for mounting a transducer element,
connected to the flexure leg members, the transducer mounting member

being in contact with the contact point of the load beam.
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nmownti ng nenber; -a data storage disk |located proxinmate to the transducer
assenbly; a rotatlon devi ce connected to the disk fo

and a novenent device connected to the first end of th
novi ng the transducer assenbly relative to the disk. rﬂlﬂ " nr“[1“"
3d . sa9-92-11BR|I EF DESCRI PTI ON OF20fHE DRAW N

5. The system of claim 4, wherein the load beam has a épring section

located between the stiffener member and the support member.

6. The system of claim 4 or claim 5, wherein the load beam has a pair
of spring legs surrounding an aperture located between the stiffener

s member and the support member.

7. A system according to any of claims 4 to 6, wherein the stiffener

member forms at least three sides of the enclosed interior chamber.

8. A system accoxrding to any of claims 4 to 7, wherein the stiffener
member comprises a bottom section, a side wall section connected to the

10 bottom section, and a ledge section connected to the side wall section.

9. A syséem according to any of claims 4 to 8, wherein the transducer
mounting member comprises a fluid bearing slider, a first plate member
connected to the slider, the first plate member having a section which
contacts the protruding contact.member, and a second plate member

15 connected between the first plate member and the flexure leg members.

10. A system according to any of claims 4 to'9, wherein the slider and

the stiffener member are located on the same side of the load beam.

11. A system according to any of claims 4 to 10, wherein the first
plate member has a thickness substantially equal to the thickness of the
20 material of the stiffener member.

12. A system according to any of claims 4 to 11, wherein the second
plate member has a thickness substantially equal to the thickness of the
material of the load beam.

i3, A system according to any of claims 4 to 12, wherein the load beam
25 further comprises at least one extending section which extends between
ocne of the flexure legs and the transducer member.

14. A system according to any of claims 4 to 13, wherein the flexure
leg members each have a centerline which converge at a first angle with

respect to one another.

_—
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Fig. 1 is a schematic di agr am of a data storage system of the present

i nvent i on; Fig. 2 is atop view of the systemof Fig. 1, Fig. 3.
is a side view of a portion of the systemof Fig. 2; Fig. 415 a side
vi ew of the suspension system of the present invegtmmuum ""J a

position; frogo2-Tud S a side view of the susp J uﬂ he
present invention in an unloaded position; Fi g.° 6 s"ans expl oded
view of a suspension system of the preésent invention; Fig. 7is a

perspective vi e rhersswspensiion t6 sy &M Qbinlsi {ro G2, wherein the flexure
leg members each have a bend in their centerlines which divides each
flexure leg member into a first and second portion, such that the
centerlines of the first portions converge at a first angle and the

5 centerlines of the second poftions converge at a second angle.

16. A system according to any of claims 4 to 15, wherein the flexure

leg members taper in width.

17. A system according to any of the preceding claims further

comprising:
10 a data storage disk located proximate to the transducer member;
a rotation means connected to the disk rotating the disk; and ~

a movement means connected to the support meniber for moving the

transducer member relative to the disk.
i
18. A system according to any of the preceding claims, further
comprising a transducer glement connected to the transducer mounting
member.
i

19. A suspension system for a read/write head of a disk drive

comprising:

an elongate load plate (102) having a first end (140) for
connection to a support member and a second end (160) having a protruding
contact point (168);

a stiffener member (106) attached to said load plate (102) between
its first end (140) and its second end (160);

a flexure plate (104) attached to said second end (160) of said
load plate (102), the flexure plate having a tongue sec£ion (202) and a
plurality of flexure leg members (210) which extend beyond said load
plate (102);

a transducer mounting member (120) for mounting a transducer
element (122), attached to the flexure leg members, the transducer

-
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Fig. 8 is a schematic diagramof a cross section of the suspension of the

present invention; Fig. 9 is a schematic-gi-agramaof a cross section

of a prior art suspension;

e Iy

SA9-92-118

mounting member being in contact with said protruding contact point of
said load plate (102); wherein

said stiffener member (106) is elongate and shaped to form a
chamber (192) with said.load plate (102), the longitudinal axis of said
stiffener member (106) coinciding with the longitudinal axis of said load
plate (102) and in that

said stiffener member ({106) and said flexure plate (104) are

attached to opposite sides of said load plate (102).

20. A disk drive system including a suspension system as claimed in any

of the preceding claims.
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Fi g 10 Is a graph of bending rigidity versus the ratio (h/t);
Fig. 11%is a graph of torsional rigidity versus the ratio (h/t);
Fig. 12 is a schematic diagramof a top view of the flexure of the

present invention; 5 ~ Fig. 13 is a graph of roll stiffness versus
convergengge, ap % : Fig. 14 is a graph of pitch stiffness versus
convergencée angle Fig. 15 1s a graph of yaw stiffness versus

conver gence angle,

ABSTRACT
TRANSDUCER SUSPENSION SYSTEM

‘A suspension system comprises a load beam (102) connecting a
transducer element to a support member (102). The load beam has a
stiffeher member (106) which forms an enclosed interior chamber (192).
The stiffener member adds rigidity to the suspension. The transducer
element is connected to the load beam by a pivotable assembly (170, 110,
202, 210, 214, 232). The pivotable assembly is comprised of a plurality
of thin plate members which are stacked together. The result is a low

profile suspension system.

R
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-.#rg-@ia is a graph of tangentlal stiffness versus convergence

10 - Fig. 17 is a graph of rotation angle versus the ratio
Fig. 18 is an exploded view which shows the manufacture of the

suspensi on. of the present invention;

angl e;
(alL);

19 is a perspective

vi ew whi ch shows the manuf acture of the 15 suspen5|on system of the present

I nventi on;

nanufacture of the

56~

"Fig. 20 is a perspeft3 ve view which shows the

suspensi on system of the present invention;

CONTROLLER

i I
Y
1 1
ACTUATR | .. | READ/WRITE
CONTROL/DRIVE CHANNEL

HOST
sysew [0
* .
SPINDLE
~ CONTROL/DRIVE [~60

FIG. 1

10

FIG. 2
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Fig #21 is a perspective view of the suspension systemof Fig. 7

shows the process for attaching wring; 20

perspective view of an alternative enbodi ment of the

system

Flg ‘25 i's a bottomview of the suspensi

34

34

Y

Fig. 22 is a

whi ch

suspensi on

Fig. 23 is a top view of the suspension system of Fig.
Fig. 24 is a side view o

suspensi on system of Fig. 21;

stem of Fig. 21,
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5 3 Fig. 26 is a detail ed perspective view of the head area of
t
a

he "~ suspension system of the present .invention; Fig. 27 is
first cross sectional view of the systemof Fig. 26; and '
3/13
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B § Figf 28 is a second cross sectional view of the systemof Fig. 26;

"Fig. 29 is a graph of gain versus frequency. Description of the
Preferred Enbodi nments Fig. 1 shows a schematic diagram of a
data storage system of the present invention and is designated by the
general reference nunber 10. 10 System 10 cq?pjéses a plurality of magnetic
recordi ng disks 12. Each disk 12 has a plurality of concentric data
tracks. Disks 12 are nounted on a spindle shaft 14 which is connected
to a spindle notor 16. Motor 16 is mounted to a chassis 18. The disks
12, spindle 14, and notor 16 conprise a disk stack assenbly 20. B

: q . 102
| -
T L I
h t t1—1 ~_1%2
! 106
b
FIG. 8
i. 0 |
T t [
h- '
| _1
; i
b
FIG. 9 .

f 128
T ) 127 -
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15 A plurality of

12 such that each sur
Each head 30 is attached
turn are attached to a pl
connected to a rotary act
I nt egral
a radi al

part of a rotary actuator conb. Acﬁhgﬂé}
direction across disks 12. Actuator 36 typically conprises a

read/ wite heads 30 are positioned over the disks
face of the disks 12 have a correspondi ng head 30.
to one of a plurality of suspensions 32 which in
urality of actuator arns 34. Arns 34 are

uator 36. Alternatiy the arms 34 may be an 20
36 noves the heads in
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B0 nenmory unit and other digital

circuitry. Controller 50 is connected to

an actuator control/drive unit 56 which in turn is connected to actuator

36. This allows controller 50 to control

6
50 to

t he novenent of heads 30 over

di sks 12. The controller 50 is connected to a read/ wite channel
which in turn is connected to the hg??g 30. This allows controller
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send and receive data fromthe disks 12. Controller 50 is connected to a
spindle control/drive unit 60 which in turn is connected to spindle notor

5 16. This allows controller 50 to control the rotation of disks 12. A

host system 70, which is typically a conputer system is connected to the
controller unit 50. System 70 may send digital data to controller 50 to

be stored on disks 12, or may request thda /¢Bgital data be read fromthe

di sks 12 and sent to the system 70. The basic operation of DASD units is 10
well known in the art and is described in nore detail in Magnetic

Recor di ng Handbook, C. Dennis Mee and ' i el aw - H Il Book
Conpany, 1990. Fig. 2 showgigﬁpgg yﬁgugifrgiggen1lo A Ioadlng

ranp menber 80 is 70 [ocated at the edge of the di sks stack assenbly 2
Menber 80 15 automatic unloads the heads 30 fromthe disks 12 as
actuator 36 noves =¥=Ta ahp4 80
is optional. Al?er Fn
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Fig. 3*shows a side view of the ranp menber 80. The suspensions 32 20 are
shown in cross section. Menber 80 has a plurality of ranp surfaces 82
and | edge surfaces 84. The suspensions 32 shown by a solid line are in
t he unl oaded position on | edges 84. The suspensions shown by a dashed
line are in the | oaded position, with each one | ocated over one of the

surfaces of the disks 12. 25 . 'Fig8/43shoms a side view of
suspensions 32 in a | oaded position over disks 12. Fig. 5
shows a side view of suspensions 32 in an unl oaded position away from
di sks 12. Fig. 6 shows an expl oded view of head 30 and

suspen5|on 32. This 30 tonbination is known as the head/suspen5|on assenbl y
and is referred to
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Dby the general reference nunber 98. Fig. 7 shows a perspective
view of the conpl eted assenbly 98.
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Suspensfon 32 conprises an arm nmounting bl ock 100, a | oad beam 102, a
fl exure nenber 104, a stiffener nenber 106, a spacer nenber 108, and a
slider plate nmenber 110. Head 30 conprises an air bearing slider 120
having a magnetic read/wite transducer element 122. A plurality of 5

el ectrical pads 124 are electrically connected10613 he el enent 122. The

slider 120 has an air bearing surface 126. A plurality of axes
127, 128, and 129 represent |ongitudinal, | atitudinal, and verti cal
directions, respectively. Mounting block 100 is mde of arigid
material, such as stainless steel, which is able to 10 resizxg defl ection.

Mounti ng bl ock 100 may be of a thickness in range of ) nm and
is 0.2 nmmthick in a preferred enbodi ment. Mounti ng ° ;
swage aperture 130 which.is surrounded by swage fl/4
has a swage |lip 134. After the manufacture of the

FlG. 22
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Load be&m 102 is nmade of a thin rigid material, such as stainless

steel, and is of a thickness in the range of 0.025 to 0.075 mm and 20
preferably 0.05 nm The beam 102 is substantially triangular in shape.
Beam 102 has a nmounting section 140 having a swage aperture 142 which is
sized to receive the swage flange 132 of nounting bl ock 100. The bottom
surface of beam 102 is attached to nounting bl ock 100 by suitable neans
such as spot welding. Spot wel ding | ocations Mé13the suspension 32 are 25

designated by the reference nenber 143. Beam 102 has a pair of

wi ng tabs 144 which extend over the edge of t he underlying nounting

bl ock 100. Tabs 144 each have an aperture 146. Aperture 146 may be used
in wire nmounting process as described in US Pat ent 5, 074, 029. 30 '

Beam 102 has a springl4decti on 1480 | ocated forward of the mounting

This Sheet Has Been Replaced
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Section 140. Spring section 150 has a rectangul ar spring aperture 152
» Wwhigh is flanked by two spring |legs 154. Beam 102 has a rigid section )
160 | ocated forward of the spring section 150. The spring |egs 154 all ow
the rigid section 160 to bend about an axis 156 such that the head 30 35

noves up or down. The spring coefficient nmay be varied as desired by
8
12113
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iﬁcfeabing or decreasing the size of the aperture 152 or elimnating

aperture 152 entirely. The vertical stiffness (Klerr]) of the
| oad beamis given by the foll owi ng rel ati onshi p:
[err] 5 where, Klerr] = Vertical stiffness;

' 13713
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ENSION SYSTEM

Field of the Invention

This invention relates generally to transducer suépension systems
for disk drives and more particularly to a suspension system having a low

profile.

Description of the Prior Art

Direct access storage devices (DaSD), or disk drives, store
information on concentric tracks of a rotatable magnetic recording disk.
A magnetic head or transducer élement is moved from track to track to
record and read the desired information. Typically, the magnetic head is
positioned on an air bearing slider which flies above the surface of the
disk as the disk rotates. In some recently proposed disk drives, the
slider (or carrier) rides on a liquid film or bearing on the disk. 2
suspension assembly connects the slider to a rotary or linear actuator.

The suspension provides support for the slider. -

The suspension must meet several requirements. The suspension must
be flexible and provide a bias force in the vertical direction. This is

necessary to provide a compensating force to the lifting force of the air

_bearing in oxrder to keep the slider at the correct height above the disk.
‘Also, the vertical flexibility is needed to allow the slider to be loaded

and unloaded away from the disk. Another requirement of the suspension-
is that it must provide a pivotal connection for the slider.
Irregularities in manufacture and operation may result in misalignment of
the slider. The slider is able to compensate for these problems by
pitching and/or rolling slightly to maintain the air bearing. Another
requirement of the suspension ié that it must be rigid in the lateral

direction. This is needed to prevent the head from moving side to side,

.Whi?h would result in the head reading the wrong track.

Present suspension systems have problems in achieving low enough
pitch ‘and roll_stiffness for the air bearing flying height tolerances

"while at the same time achieving high.enough lateral stiffness to prevent
.relative motion between the slider_and the supporting end of the

_suspension. - R : ’
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15, stiffness of 2.1 grams/mm Ri gid section 160 has an
aperture 162 and a tooling aperture 164. A finger tab 166 and a wiring
tab, 167 extend fromthe sides of beam 102 near aperture 164. The finger
tab 166 is used to align the beam 102 during the assenbly process. The
forward end of rigid section 160 20 narrows to a tip 168. Tip 168 hds a

| oad dinple 170. The dinple 170 faces in a dowmmward direction and is
formed by a stanping process. The di stance fromthe center of aperture

142 1o the di ITp| e 170 motggr L:‘%;ug.xheg\ nt of E@ngflerfs }sztlgaQ m%de Qrzgﬁglabl y
14.65 mm A pair of cg%gure ta sk gectlon

e e
160 proximate the tf & rﬁ@“séaﬁ?uré"b‘sﬁﬁs gulre’ﬁeng? ?tg' Tonet
el evation than the ?YéEQ‘“ of* feférghenmprdiod fé‘l’iﬂe’éﬁye"esf’mse SPRIPE D BrUNEY
t hi nner than the resighdh freeuehaadndtanimatiar | Fhe presgnt suspension systems
REPLACEMENT SHEETB- typically use flanged load beams which exhibit undesirable low freguency

bending, torsion, and sway modes. This is especially true where the

flange height of the suspension is relatively small.

Disk drives have become smaller in size while at the same time the
data storage capacity has greatly increased. Large capacity disk drives
10 typically have multiple disks mounted on the same rotatable spindle. In
order to accommodate more disks in the same height, the space between
each disk must be greatly decreased. Also, disk drives having only a
single disk may have limited space to accommodate a suspension bétween
‘the disk and an outer housing. The height of the suspension has proven
15 to be a limiting factor in realizing closer disk spacing and smaller disk
. drives. What is needed is a suspension system having a very low profile
which still meets the performance requirements.
_l
Examples of suspension systems that relate to disk drives with low
profile transducer head-suspension assemblies are shown in the following
20 references: US Patent 5,172,286 and US Patent 5,208,712 and US Patent
4,853,811. '

Summary of the Invention

This invention provides a suspension system for a read/write head

of a disk drive comprising: a transducer mounting member for mounting a
25 transducer element; and a connecting member for connecting the transducer

mounting member to a support member, the connecting member having a

substantially flexible section and a substantially rigid section, the

rigid section being located between the flexible section and the

transducer mounting member, the rigid section comprising a wall section
30 which encloses an interior chamber along a cross sectional plame.

. Briefly, in a preferred embodiment of the present invention, a

"suspensxon system comprises a load beam to Wthh a stiffener member is
, attached. - The stiffener member and the load beam enclose an interior
" chamber. A first end of the load beam is attached to an actuator arm.. -

Losepees

Wohpeg o
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ov preferred thickness of 0.03 mMmm OQther than the tabs 167 and 172
and the dinple 170, the | oad beam 160 is flat and not deforned.
The stiffener menber 106 is made of a thin rlgld material, such as

P

- The load beam has a spring section located between the actuator axm and
the stiffener member.
A flexure member is attached to the second end of the load beam.
The flexure member has a pair of leg sections which extend to a tab
5 section. A spacer member is attached to the tab section of the flexure
member. A slider plate member is attached to the spacer member. A
slider having a transducer is attached to the slider plate member.. The
second end of the load beam has a dimple which provides a point contact

with the slider plate member such that the slider may pivot.

10 For a fuller understanding of the nature and advantages of the
present invention, reference should be made to the following detailed

description taken in conjunction with the accompanying drawings.

Brief Description of the Drawings

Fig. 1 is a schematic diagram of a data storage system of the

15 present invention;
Fig. 2 is a top view of the system of Fig. 1;
Fig. 3 is a side view of a portion of the system of Fig. 2;

Fig. 4 is a side view of the suspension system of the present

invention in a loaded position;

20 Fig. 5 is a side view of the suspension system of the present

invention in an unloaded position;

Fig. 6 is an exploded view of a suspension system of the present

invention;
Fig. 7 is a perspective view of the suspension system of Fig. 6;

25 Fig. 8 is a schematic diagram of a cross section of the suspension

of the present invention;

Fig. 9 is a schematic diagram of a cross section of a prior art

suspension;

REPLACEMENT SHEET
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stainless steel, and is of a thickness in the range of 0.025 mmto 0.05 5
mm and preferably 0.033 nm The stiffener menber 106 is substantially
triangul ar in shape and corresponds generally to the rigid section 160 of
beam 102. The nenber 106 has a top | edge section 180, a bottom section
182, a pair of side walls 184, and a front wall 186. Side walls 184 are
substantially perpendicular to bottom section 182. Front wall 186 10
preferably slopes at a gradual angle upward from bottom section 182 to
top +edge 180. Al ternatirygl yo if aOftapWak lnedfify By adySerbes sndbsdtantmal)l;y

per pendi cul ar to bottom section 182 or may be del eted al together. The

stiffener nenber 106 has.an, aperture 1 and t.00l.1 rtur 9 i ch
correspond to apertures%i%Zlﬁﬁ?j al%rfsh roggﬁlésé ?aseﬁlﬁfélg£gg%§%ttfgzrgtg?hg‘/\f@'
stiffener nmenber features 182, 184 and 186 are forned by a stanping _
process. The stiffener ®igrbt? id@6sdheraniq didgeaP eoatliee e hrRrS (FlfgEe ofthe
beam 102 by spot webwbsary ingpndiedge section 180 to rigid section 160 of
beam 102. The stiffener menber 106 does not cover the spring section 150

nor does It Covers the tIFP .1@’55 ian abjlglopg'ogl' mlfﬁle;Zersqg c%ﬁ\@x'yén%etaﬁpl%;]-?Z
20 In the preferred embod) ment, the stiffener nenber extends fromthe end

of the spring section 150 to a point proximte the tip 168.
Fig. 14 is a graph of pitch stiffness versus convergence angle;

Fig. 15 is a graph of vaw stiffness versus convergence angle;

Fig. 16 is a graph of tangential stiffness versus convergence

angle;

10 Fig. 17 is a graph of rotation angle versus the ratio
(a/L);

Fig. 18 is an explodedIView which shows the manufacture of the

suspension of the present invention; ;

i
Fig. 19 is a perspective view which shows the manufacture of the

15 suspension system of the present invention;

Fig. 20 is a perspective view which shows the manufacture of the

suspension system of the present invention;

Fig. 21 is a perspective view of the suspension system of Fig. 7
which shows the process for attaching wiring;

20 Fig. 22 is a perépective view of an alternative erxbodiment of the

suspension system;
Fig. 23 is a top view of the suspension system of Fig. 21;
Fig. 24 is a side view of the suspension system of Fig. 21;

Fig. 25 is a bottom view of the suspension system of Fig. 21;
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Wien stiffener menber 106 is attached to beam 102 an interior chanber
192 is fornmed there between. The interior chanber is conpletely
encl osed along a cross sectional plane along the latitudinal 128 and 25

vertical 129 directions. * The conbi nation of the | oad beam 102
and stiffener nmenber 106 creates a light we ght. but very rigid section.
This is acconplished wi t hout adding significantly:to the overal

profile height of the assenbly 98. The side walls 184 need only be of a

very-smal | height to 30 aghi evastd@etdesdar Resgebgive Sbw UE [thé ead Braa §ff €heer 1 ed

enbodi ment, the si desuspens\ﬁ@rl |s§st@tr| %fckfheq:rgs%hghhvén@:nﬂnhe range of 0.1 Mmto
0.3 mm and preferably 0.2 Fig. 8 shoms a

cross-sectional view of the oad bean1102 and nenber Q c 26;
structure). For this strdéfufé *fife ‘HEhd Ay %etcf’fﬁ“ﬂjeé’éew & é?"r FYstan gt 3B8e-

torsional stiffness ¢¥ferr]) are given by the follomnng equati ons:

5 Fig. 28 is a second cross sectional view of the system of Fig. 26;

Fig. 29 is a graph of gain versus frequency.

Description of the Preferred Embodiments

Fig. 1 shows a schematic diagram of a data storage system of the
present invention and i's designated by the general reference number 10.
10 System 10 comprises a plurality of magnetic recording disks 12. Each
disk 12 has a pluraiity of concentric data tracks. Disks 12 are mounted
on a spindle shaft 14 which is connected to a spindle motor 16. Motor 16
is mounted to a chassis 18. The disks 12, spiﬁdle 14, and motor 16
comprise a disk stack assembly 20.

15 A plurality of read/write heads 30 are positioned over the disks 12
such that each surface of the disks 12 have a corresponding head 30. :
Each head 30 is attached to one of a plurality of suspensions 32 which in
turn are attached to a plurality of actuator arms 34. Arms 34 are
connected to a rotarj actuator 36. Alternatively, the arms 34 may be an

20 integral part of a rotary actuator comb. Actuator 36 moves the heads in
a radial direction across disks 12. Actuator 36 typically comprises a
rotating mémber 38 mounted to a rotating bearing 40, a motor winding 42
and motor magnets 44. Actuator 36 is also mounted to chassis 18. The
heads 30, suspensions 32, arms 34, and actuator 36 comprise an actuator

25 assembly 46. The disk stack assembly 20 and the actuator assembly 46 are
sealed in an enclosure 48 (shown by dashed line) which provides
protection from partiiculate contamination.

A controller unit 50 provides overall control to system 10.
Controller unit S0 typically contains a central processing unit (CPU),
30 'memoryrunit and other digital circuitry. Controller 50 is connected to
an actuator control/drive unit 56 which in turn is comnected to actuator

.36. This allows controller 50 to control the movement of heads 30 over
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disks 12. The controller 50 is connected to a read/write channel 58
which in turn is connected to the heads 30. This allows controller 50 to
send and receive data from the disks 12. Controller 50 is connected to a
spindle control/drive unit 60 which in turn is connected to spindle motor
16. This allows controller 50 to control the rotation of disks 12. A
host system 70,'which is typically a computer system, is connected to the
cont¥oller unit 50. System 70 may send digital data to controller 50 to
be stored on disks 12, or may request that digital data:be read from the
disks 12 and sent to the system 70. The basic operation of DASD units is
well known in the art and is described in more detail in Magnetic
Recording Handbook, C. Dennis Mee and Eric D. Daniel, McGraw - Hill Book
Company, 1990.

Fig. 2 shows a top view of system 10. A 1oéaing ramp member 80 is
located at the edge of the disks stack assembly 20. Membér 80
automatically unloads the heads 30 from the disks 12 as actuator 36 moves
the heads 30 to the outer disk position. The ramp 80 is optional.
Alﬁernatively, the heads 30 may be placed permanently in the loaded

position between the disks. f

Fig. 3 shows a gide view of Fhe_ramp member 80. The suspensions 32
are shown in cross section. Member 80 has a plurality of ramp surfaces
82 and ledge surfacés 84. The suspensions 32 shown by a solid line are
in the unloaded position on ledges 84. The suspensions shown by a dashed
line are in'the loaded position, with each one located over one of the

surfaces of the disks 12.

Fig. 4 shows a side view of.suspensions 32 in a loaded position

over disks 12.

Fig. 5 shows a side view of suspensions 32 in an unloaded position

away from disks 12,
: Fig. 6 shows an exploded view of head 30 and suspension 32. This
combination is known as the head/suspension assembly and is referred to

by the general reference number 98.

Fig. 7 shows a perspective view of the completed assembly 98.
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Suspension 32 comprises an arm mounting block 100, a load beam 102,
a flexure member 104, a stiffener member 106, a spacer member 108, and a
slider plate member 110. Head 30 comprises an air bearing slider 120
having a magnetic read/write transducer element 122. A pluralit& of
electrical pads 124 are electrically connected to the element 122. The

slider 120 has én air bearing surface 126.

A plurality of axes 127, 128, and 129 represent longitudinal,
latitudinal, and vertical directions, respectively. Mounting block 100

is made of a rigid material, such as stainless steel, which is able to

‘resist deflection. Mounting block 100 may be of a thickness in range of

0.1 to 0.3 mm and is 0.2 mm thick in a preferred embodiment. Mounting
block 100 has a swage aperture 130 which is surrounded by swage flange
132. Flange 132 has a swage lip 134. After the manufacture of the
assemblies 98, they are attached to the actuator arms 34 by swaging.
Alternatively, the mount block 100 may be omitted and the load beam 102
attached directly to the arm 34 by welding or other appropriate

connection.

Load beam 102 is made of a thin rigid material, such as stainless
steel, and is of a thickness in the range of 0.025 to 0.075 mm, and
preferably 0.05 mm. The beam 102 is substantially triangular in shape.
Beam 102 has a mounting section 140 having a swage aperture 142 which is
sized to receive the swage flange 132 of mounting block 100. The bottom
surface of beam 102 is attached to mounting block 100 by suitable means
such as spot welding. Spot welding locations for the suspension 32 are

designated by the reference member 143.

Beam 102 has a pair of wing tabs 144 which extend over the edge of
the underlying mounting block 100. Tabs 144 each have an aperture 146.
Aperture 146 may be used in wire mounting process as described in US
Patent 5,074,029.

Beam 102 has a spring section 150 located forward of the mounting
section 140. Spring section 150 has a rectangular spring aperture 152
which is flanked by two spring legs 154. Beam 102 has a rigid section
160 located forward of the spring section 150. The spring legs 154 alloQ
the rigid section 160 to bend about an axis 156 such that the head 30

moves up or down. The spring coefficient may be varied as desired by

i REPLACEMENT SHEET
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T 10 Fig. 9 shows an open suspension structure for sake of

c-orrpari son with the box structure of the present invention. For the
open structure the bending stiffness (Klerr]) and torsional stiffness
(K[err]) are given by the fol |l ow ng equati ons:

. 8

-

increasing or decreasing the size of the aperture 152 or eliminating
aperture 152 entirely.
The vertical stiffness (K,) of the load beam is given by the

following relationship:

21 3¢ W 14,
Kv——l—z- E t [-E XF],
5 where,
K, = Vertical stiffness;
E = Steel elastic modulus; -
t;, = Load beam thickness;
w = Summation of the widths of hoth spring legs 154;

10

15

20

25

0
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Length of spring legs 154; anc

F
dimple 170.

Length from the middle of the spring legs 154 to the load

In the preferred embodiment the spring legs 154 are each 1.4 mm
wide with an aperture width of 2.6 mm and which gives a vertical

stiffness of 2.1 grams/mm.

Rigid section 160 has an aperture 162 and a tooling aperture 164.
A finger tab 166 and a wiring tab 167 extend from the sides of beam 102
near aperture 164. The finger tab 166 is used to align the beam 102
during the assembly process. The forward end of rigid section 160
narrows to a tip 168. Tip 168 has a load dimple 170. The dimple 170
faces in a downward direction and is formed by a stamping process. The
distance from the center of aperture 142 to the dimple 170 may be in the
range of 12-20 mm and preferably 14.65 mm. A pair of capture tabs 172 .
ex;end from the side of section 160 proximate the tip 168. The captured
tabs are bent to a lowef elevation than the rest of the beam 102 and are

stamped or etched thinner than the rest of the load beam material to a

REPLACEMENT SHEET

03 MAY 1996

S -



[err] Fig 10 shows a graph

=15

"bendi ng stiffness vs. (h/t) for two versi ons of the box structure
([err] = 0.5 and 1) and two versions of the open structure ([err]
and 1). The units of stiffness have been - normalized. It can be seen
that the box structure has fromi1.5 to 10 2Q times better stiffness than
open structure of simlar size. Fig. 11 shows a graph of
torsional stiffness vs. (h/t) for box and open structures. The units

stiffness have bggordield Bhickfds Jelo.6R8RmPEother than the tabs 167 and 172 and the

10
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dimple 170, the load beam 160 is flat and not deformed.

The stiffener member 106 is made of a thin rigid material, such as
stainless steel, and is of a thickness in the range of 0.025 mm to 0.05
mm, and preferaﬁly 0.033 mm. The stiffener member 106 is substantially
triaﬁgular in shabe and corresponds generally to the rigid section 160 of
beam 102. The member 106 has a top ledge section 180, a bottom section
182, a pair of side walls 184, and a front wall 186. Side walls 184 are
substantially perpendicular to bottom section 182. Front wall 186
preferably slopes at a gradual angle upward from bottom section 182 to
top ledge 180. Alternatively, front wall 186 may also be substantially
perpendicular to bottom section 182 or may be deleted altogether. The
stiffener member 106 has an aperture 188 and a tooling aperture 190 which
correspond to apertures 162 and 164, respectively, of beam 102. The
stiffener member features 182, 184 and 186 are formed by a stamping
process. The stiffener member 106 is attached to the bottom surface of
beam 102 by spot welding top ledge section 180 to rigid section 160 of
beam 102. The stiffener member 106 does not cover the spring section 150
nor does it cover the tip 168, including dimple 170 and capture tabs 172,
In the preferred embodiment, the stiffener member extends from the end of
the spring section 150 to a point proximate the tip 168. ; '

When stiffener member 106 is attached to beam 102 an interior
chamber 192 is formed there between. The interior chamber is completely
enclosed along a cross sectional plane along the latitudinal 128 and

vertical 129 directions.

The combination of the load beam 102 and stiffener member 106
creates a light weight but very rigid section. This is accomplished
without adding significantly to the overall profile height of the
assembly 98. The side walls 184 need only be of a very small height to
achieve the desired rigid structure. In a preferred embodiment, the side
walls are of a height in the range of 0.1 mm to 0.3 mm and preferably 0.2

mm.

Fig. B shows a cross-sectional view of the load beam 102 and member
106 (box structure)., For this structure the bending stiffness (K;) and

torsional stiffness (K,) are given by the following equations:
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-seen that the box structure has fromfive to two hundred tines nore
torsional rigidity than an open structure of simlar size.

Fl exure 104 is nade of a thin rigid material, such as stainless st eel ,
and is of a thickness in the range of 0.02 mmto 0.03 nm and 5 preferably .
0.025 mm The flexure 104 is flat and unforned and is substantially
triangul ar in shape. Flexure 104 has a tooli nbo aperture 200 whi ch

corresponds to tooling apertures 164 and 190. Flexure 104 has

-t

Ky

le- Eat® [2+6y* P (2-P) +2 (8) ¥ (1 -3(1+20))])

= Gat® (1 3(1 + P (1+2y)3) -
Kr 3 [1+p+2(1+y)6+1 B

where,
E = Steel elastic modulus;

G = Steel shear modulus;

_ E+E,
t=—
y- 4,
=b~
B=2
§=2L..
="
i
10 Fig. 9 shows an open suspension structure for sake of comparison
with the box structure of the present invention. For the open structure
the bending stiffness (K;) and torsional stiffness (K;) are given by the
following equations: '
x,=.-1%ac’ (1+12¢2P (L-P) +28 ¢ (1 +3(1-2p)%)]
at?
KT=G'—1?(1+276)
15

Fig 10 shows a graph of bending stiffness vs. (h/t) for two
versions of the box structure (B = 0.5 and 1) and two versions of the
open structure (B = 0.5 and 1). The units of stiffness have been
normalized. It can be seen that the box structure has from 1.5 to 10

20 times better stiffness than an open structure of similar size.

Fig. 11 shows a graph of torsional stiffness vs. (h/t) for box and

open structures. The units of stiffness have been normalized. It can be
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a tongue section 202 which is substantially simlar in size and shape to
the forward portion of the rigid section 160 of |oad beam 102. Tongue 10
202 is surrounded by an aperture 204. Aperture 204 is conprised of a
pair of slot sections 206 and one gap section: 208. Slot sections 206
separate tongue section 202 froma pair of fligxure legs 210. A tab
section 212 is connected to the ends of legs 210 and is separated from
tongue 202 by gap section 208. Flexure-104 is spot welded to the top 15

surface of rigid sgchi@Be 180 00f D8N 02s 8PS RUD BhmmuZR0: bl Rotehat
they extend freely Q@yo%ﬁfi 5 418:%) (88 Al odefIREA 02 105,10 have a

bend or knee 214 about way along their length. Gap section 208 is

si zed such that the dinple 170 of beam 102 remai ns uncovered. Capture

tabs 172 of beam 102 afés*¥Fe &Pt £ mada ehd Bt GiPidatfsestl, suchRy stainless ghacer
menber 108 i s spotsugel.dewf ip of Retiickneemisitie rafget b0 HBam em0.03 mm Jgndof
flexure 104. Spaceprefesabnr 0 03B miasTie shape S4bsd antiBblunfeined ket is to tab
212. Menber 108 hasgub@tgnl:mw tEﬁQgtag;Oan ash)Mer' rl\'gext!.@@ 182 has @N@oBing apetQRLave

edge 222. Concave,gdge 22 rje§po§ Z g t&ﬂ QQ(J_ g@:e?'l%@ ﬁ&‘qgo fof, ke 104 nabi P
168 of beam 102. Sgagz?grue sectlon 20;5 wh:Lch 1s gi stant:LalE.y s:.mlliarg in sg.rzaet aer{‘dI ghabe to

the forward portion of the rigid section 160 of load beam 102. Tongue
10 202 is surrounded by an aperture 204. Aperture 204 is comprised of a
pair of glot.sections 206 and one gap section 208. Slot sections 206
separate tongue section 202 from a pair of flexure legs 210. A tab
section 212 is connected to the gnds of legs 210 and is separated from
tongue 202 by gap section 208. Flexure 104 is spot_welded to the top -
15 surface of rigid section 160 of beam 102. Legs 210 are sized such that
they extend freeiy beyond the sides of load beam 102. Legs 210 have a
bend or knee 214 about halfway along their length. Gap section 208 is
sized such that the dimple 170 of beam 102 remains uncovered. Capture
tabs 172 of beam 102 are sized to extend below legs 210.
. _ i
20 Spacer member 108 is spét welded to the bottom side of tab section
212 of flexure 104. Spacer member {08 has a shape substantially similar
to tab 212. Member 108 has a finge; tab 220, a wiring tab 221, and a
concave edge 222. Concave edge 222 is sized to provide clearance for the
tip 168 of beam 102, Spacer member 108 is made of a thiq rigid material,.
25 such as stainless steel, and is preferably substantially the same

thickness as the material of load beam 102.

Slider plate member 110 is shaped substantially similar to spacer
108. Member 110 has finger tabs 230. Member 110 also has a dimple
tongue 232 which is shaped to extend below and contact dimple 170 of beam
30 102. 1In an alternative embodiment, dimple 170 may be formed in slider
plate member 110 and project upward to contact the tip of load beam 102
which no longer has a dimple. Member 110 is spot welded to spacer 108.
Slider 120 is cemented to member 110 by an appropriate adhesive such as )
cyanoacrylate. Slider 120 is connected to plate 110 such thst dimple 170
35 is positioned over the center of gravity of slider 120. Slider 120 is

made of a wear resistant material and is preferably made of ceramic.

REPLACEMENT SHEET

03 MAY 1996




25 such as stainless steel, and is preferably substantially the sanme

t hi ckness as the nmaterial of |oad beam 102. Slider plate nenber
110 is shaped substantially simlar to spacer 108. Menber 110 has
fenger tabs 230. Menber 110 al so has a dinple: tongue 232 which is
shaped to extend bel ow and contact dinple 170 of beam 30 102. In an
alternative enbodi nent, dinple 170 may be for¥ed in slider pl at e nmenber
I110 and project upward to cont act the ti- p of | oad beam 102 whi ch no
onger has a dinple. Mepber 110 ded to_spacer 10 er
120 is cenented to menbar F1F* ipe °rf ghe Flc?x‘?rlea]teg aa‘ﬁgg“ed flﬁ&ﬁr 38%° i

cyanoacryl ate. Sl i B§er 1hers Ehe lfrens bﬁ:lc‘fnd‘eiﬂeﬁtté %P otosd LR f‘ﬁft"](TF?pr‘éqei% 35
i s positioned over vwhdre theriees aof iginaditpytheftal|seetden 222, ejvideh eD(Fh¢ deos
made of a wear resksd aider raht Gl tlse aA6 nhSropérebe kB kb . NElethefmoger ad C.
5 centerlines of the legs are not straight lines, but have bend 214 where
the angle changes such that each centerline forms a convex curve or

polygram with respect to the longitudinal centerline of the suspension.

Fig. 12 shows a schematic diagram of the legs 210 and slider 120,

where L is the length of the legs 210, B, is the width of tfxe legs 210

10 near tab 212, B, is the width of legs 210 near where they connect to the
rest of flexure 104, and 4 = [(B, + B,)/2) is the average width of legs
210, © is the angle of convergence of the legs 210, and a and b represent
the distances from the center of gravity of the slider (dimple load point
170) to the end and sides, respectively of flexure legs 210. For the

15 flexure 104 the following equations are given:
a) Roll stiffness, K, (Bending about axis 127)

i Ky = 8EL, (sin? @ + 3P sin 6 + 3p2 + % cos? 8)

b) Pitch Stiffness, K,, (Bending about axis 128)

3

£ 2
5 sin?@)

Kp=% (cos? 0 - 3¢ cos 6 + 3a® +

20 c¢) Yaw Stiffness, K,, (Bending about axis 129)

8EI, (s:t.n2 0 + 3fsind + 3p2 + 3p® cos? 6)

== sin%6 + 12p’cos’6

d) Tangential Stiffness, K, (Linear movement along axis 128)

8EI, { 8in%0 +13p sin 6 + 3p? + 3p2 cos® O

o = L3 2 2 2 gin2 2 3 1
B2(cos?6 + 12p2 sin? 8) + 12p2(P s:.n&-n-s)

where:

25
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12 The centerline of the flexure | egs are spaced further apart

at the base, where the flexure is connected to the | oad beam and cl oser
t oget her where the legs are joined to the tab section 212. The wi dth of
the | egs are wi der at the base and narrower at the tab. Furthernore, the.

5 centerlines of the |legs are.not straight |lines, but have bend 214 where
t he angl e changes such that each centerline fdfns a convex curve or
polygramwith respect to the |ongitudinal centerline of the suspension.

-t

= .i 3 = i 3
5, =5 de I = d
2. 1 (dy
P 135 (T)

Figs. 13, 14, 15, and 16 show graphs of roll, pitch, yaw and’
tangential stiffness versus convergence angle © for flexure 104. The

5 ‘units of stiffness have been normalized.

An advantage of tapering the widths of legs 210 is that the
rotation of the slider 120 about axis 128 may be reduced. Ordinarily,
the force from dimple 170 pressing on plate member 110 causes legs 210 to
bend downward toward the slider 120 and causes slider 120 to rotate such

10 that element 122 moves in a downward direction. This problem is
increased by the need to position the s{ider 120 so that it extends
beyond the edge of the'assepbly 32. It is desirable to keep slider 120
ag close to horizontal as possible. The flexuré 104 allows some
relatively small pitch and foll to compensate for.operating conditions,

15 however, the slider 120 should initially be close to horizontal. By
adjusting the' taper of legs 210 it is possible to cancel or reduce
rotation about axis 128. The following equation may be used where zero

rotation is desired:

a._1 [a1n¢-¢+1]
L l1-« Inea .
REPLACEMENT SHEET
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Fig. 17 shows a graph of slider rotation angle versus the slider
location (a/L) for three different tapers (B,/B;). .The units of angle
have been normalized by g/L, where g is the height of the dimple 170. It

25 can be seen that the taper of legs 210 helps reduce any unwanted

rotation.



Fizg. 12 shows a schematic diagramof the |l egs 210 and slider 120, wher e
Lis the length of the legs 210, Blerr] is the wdth of the |egs 210 10
near tab 212, B2 is the width of | egs 210 near where they connect to the
rest of flexure 104, and d = [(B[err] + B[err].)/2] is the average w dth of

| egs 210, [err] is the angle of convergence of the legs 210, and a and b
r epr esent the distances fromthe center of "gravity of the slider (dinple
| oad poi nt 170) to the end and sides, -respectively of flexure legs 210.

For .the 15 flexure 104 f | N i Qns ven: | |
Stiffness, Klerr], (Ben I&%:%EL%? %gx?ngg‘%g ¢ Bl E1 ALY cne ¢ )mrrlgolegs are
e

er
b) Pitch Stiffness, “RFET P17 (BeMi Yig™anBae: 43 & £odfe oo =nd 07 od ere cab

section.” The flexure leg widths are 0.55 mm at the base, 0.4 mm at the
knee and 0.3 mm at the tab section. The length of the flexure legs is

5 3.5 mm and © = 9 degrees from the base of the legs to the knee and © = 22
degrees from the knee to the tab section 212. These dimensions give a
pitch stiffness of 0.12 N - mm/xadian and a roll stiffness of 0.12 N-
mm/radian with the wires_attached. The angle of the flexure legs and the
tapered width and length were optimized to increase the lateral stiffness

10 to 35 N/mq while keeping pitch and roll stiffnesses low.

Figs. 18, 19 and 20 show the manufacture of the suspension 32 of
the present invention. Fig. 18 shows an exploded view of mounting block
100, a sheet 300, a sheet 302, and a sheet 304. Sheets 300, 302 and 304
are thin sheets of stainless steel which are etched to form the desired

15 parts. Sheet 300 contains the flexure 104. Sheet 302 contains the load
beam 102 and spacer 108. Sheet 304 contains the stiffener member 106 and
the slider plate member 110. It can be seen, that load beam 102 and
ispacer 108 are the same thickness, as are stiffener member 106 and slider
plate member 110.

20 After etching, sheet 302 is stamped in ordexr to fofm the lower
elevation portions of wiring tabs 167 and 221, capture tabs 172 and
dimple 170. Sheét 304 is stamped to-form the chamber 192 of the
stiffener member 106. The parts are then stacked and positioned as shown
in Fig. 19. The parts are spot welded together at welds 143. Next, the

25 excess.material of the sheets 300, 302 and 304 is cut away as shown in
Fig. 20. The spring portion 150 is then bent slightly downward to the
desired angle needed to position theislider 120 over the disk. Next, the
slider.lzo and the wiring are -attached. In the preferred embodiment the
slider 120 has a thickness of 0.425 mm.

30 i Fig. 21 shows a perspective viéw of the assembly 98 when placed in
a toéoling jig. A tooling jig compriges pegs 310, 312, 314 and 316. The
Pegi3l0 passes through apertures 130 :0f block 100 and aperture 142 of
‘beath 102. Peg 312 passe$ through apertures 190, 164 and 200 of stiffener
106} beam 102 and flexuré 104, respedtively. The pegs 310 and 312 are

35 used to keep the individgal parts in iproper alignment during manufacture
of 4ssémbly 98. A finalistep :in the :manufacture of assembly 98 is the
addition of wiring leads!318. Wiring leads 318 connect the electrical
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[err] 20 c) Yaw Stiffness, Kl err], (Bending about axis 129) [err]

d) Tangential Stiffness, K err] (Linear novenent along axis 128) [err]
wher e:
- 15

10

15

20

25

30

35

pads 124 of head 30 to the read/write channel 58. The leads 318 are
ultrasonically bonded to the pads 124 of head 30. Leads 318 are then
attached to assembly 98 by adhesive drops 320 as described in US Patent
5,074,029, Suitable adhesives include ultraviolet curing adhesives. The
leads 318 are attached to wiring tabs 221 and 167. The pegs 314 and 316
are used to properly position the leads 318 during attachment. The leads
318 are then passed on to the read/write channel 58. The side to which
the leads 318 are routed on assembly 98 is determined by the orientation
of the assembly 98 in the-disk stack. The leads 318 are preferably
;outed to the side of assembly 98 furthest away from the spindle 14.

Fig. 22 shows a perspective view of the assembly 98 using an
alternative wiring scheme. The leads 318 are routed over the top of the
suspension. Peg 312 has a slot 322 for aligning the leads 318 during
attachment .

Figs. 23, 24, and 25 show a top, side, and bottom view,
respectively, of the completed assembly 98 including leads 318.

Fig 26 shows a perspective view of the head portion of assembly 98.
Figs, 27 and 28 show two different crosé sectional views of the portion
of Fig. 26. Note that the dimple 170 makes a point contact with the
tongue 232 of plate 110. Thi; allows slider 120 to pitch (rotate about
the latitudinal axis 128) and roll (rotate about the longitudinal axis
127). To achieve this movement, 1e§s 210 bend in the vertical direction
129. It can be seen that capture tabs 172 limit the bending of legs 210
in a downward direction. This limitation protects the assembly 98 and
especially the wiring leads 318 from shock damage during assembly and
whenever the head 30 is unloaded from the disk surface. . This limitation
is essential in the altérnate wiring scheme shown in Fig. 22. Note also
that the height of dimple 170 must be selected carefully to position
capture tabs 172 in the center of the vertical clearance between the
slider 120 and flexure legs 210. The dimple height is selected large
enough to create clearance between the slider 120 and the tip of
stiffener ledge 180 which is proximate load beam tip 168. During
operation the tip of the load beam, stiffener and flexure directly over
the slider deflects due to the load transmitted t6 the air bearing
through dimple 170. Thus, the clearance must be large enough to allow
for this bending deflection and allow for pitch (rotation about

latitudinal axis 128) and roll (rotation about longitudinal axis 127)
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excursions of the slider. The dimple height cannot be selected too
large, however, since the dimple height directly adds to the profile
height of the suspension assembly through the slider and limits how close
the disks can be spaced. In the pfeferred embodiment an optimal dimple
height has been .found to be 0.05 mm. '

The solid height of the slider 120, slider mounting plate 110,
dimple 170, load beam tip 168 and flexure 104 in the preferred embodiment
is 0.583 mm. The preferred side routing of the wires is contained within
this height, such that the wires do not reduce the ability to merge the
sﬁspension systems in the smallest possible disk to disk spacing of about
1.5 mm as shown in Figure 5 allowing 0.17 mm per suspension unload
clearance. If the émallest disk to disk spacing is no;'required, the
alternate wiring shown in Fig. 22 may be used with a disk to disk spacing

of 1.8 mm or greater.

The operation of the present invention may now be understood.
Initially, the head/suspension assembly 98 is parked off of disks 12 on
ledge 84 of ramp member 80. ' This is the unloaded condition. Spindle_
motor 16 rotates the disks 12. When ip is desired to read or write data
from one of the disks 12, controller unit 50 causes actuator motor 36 to
move assembly 98 inward towards the disks 12. As this happens, the
assemblies 98 slide down the ramps 82 until they are positioned proximate
a surface of one of the disks 12. The data is then recorded or read from
a data track of one of the disks 12. '

The rotation of disks 12 causes an air bearing to be formed at air
bearing surface 126:0f slider 120. This causes the slider 120 to float
above the surface of the disks 12. Spring section 150 of load beam 102
exerts a force to bring the slider 120 towards the surface of the disks

12 such that the proper fly height is maintained.

The assembly 98 maintains -a rigid structure between the spring
section 150 and theihead 30. This is achieved in a very low profile by
the use of the stiffener member 106 and beam 102. The assembly 98 also
provides a low profile pivoting assembly for the slider 120. This is
accomplished by a series of thin stacked members. This allows precise
manufacture of the pivoting assembly even at very small dimensions. An
additional feature of the pivoting assembly is the use of the capture
tabs 172. These tabs 172 prevent the legs 210 from bending too far in
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ferr] Figs. 13, 14, 15, and 16 show graphs of roll, pitch, yaw
and tangential stiffness versus convergence angle [err] for flexure 104.
The 5 wunits of stiffness have been nornalized. _ An advant age of
tapering the widths of legs 210 is that the : rotation of the slider 120
about axis 128 may be reduced. Ordinarily, 17 the force fromdinple 170
pressing. on plate nmenber 110 causes |egs 210 to

- the vertical direction. This limits the movement of tﬁe head 30 away
from the tip 168 of beam 102 when the head is unloaded from the disk 12
and during manufacture of the suspension. This helps prevent the wire

leads 318 from becoming bent oxr damaged.

5 . The present invention givés several manufacturing advantages
compared with prior art suspensions. In the invention, the flexure is
not formed to create a élearance between the flexure legs and the slider
as is the case in prior art. Instead, the clearance is created by a
stack of thin members as already described so arranged as to allow the

10 flexure to be attached to the load beam from the side opposite the
slider. In prior art the flexure is attached between the load beam and
the slider. The arréngement of the present invention allows a "tops
down" assembly method where the parts are handled in strips of multiple
components. The capture tab feature is thus created without any

15 interleaving of components prior to welding. Since the flexure goes onto
the stack last and is unformed, there is no manufacturing variations of
the clearance dimension or static pitch and roll anglés. In prior art
flexures, these dimensions have manufacturing'variations due to the
response of the material thickness and yiéld strength in the forming dies

20 used to create the offset clearance of the flexure legs to the slider.
Thus in the present invention flexure thickness can be varied by design
to allow multiple products to be manufactured without affecting any
forming dies and without the normal variation of dimensions usually
expgrienced in forming flexures. Different thickness flexures can be

25 used for different size sliders or different size air bearings with their

unique stiffness requirements.

Resonance modes which produce lateral motion of the slider along
axis 128 are undesirable because they limit the performance of the
actuator. Such modes include torsion and lateral sway modes. Prior art

30 flanged open structure suspensions tend to have some of these modes below
3000 Hz. For the same size suspension, the boxed structure of the

present invention will have higher resonance frequencies.

Fig. 29 shows a graph of gain versus frequency at the spring legs
154 and slider 120 of the suspension. The suspension of the present
35 invention has high frequency radial resonances with controllable gain.
For the same size flanged open structure prior art suspensions the first

torsion mode is about 2000 - 3000 Hz and it has a relatively higher gain.
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bend downward toward the slider 120 and causes slider 120 to rotate such 10
that elenent 122 noves in a downward direction. This problemis

i ncreased by the need to position the slider 120 so that it extends

beéyond the edge of the assenbly 32. It is desi.rable to keep slider 120
as.close to horizontal as possible. The flexuse 104 all ows sone

relatively small pitch and roll to conpensate for operating conditions, 15
however, the slider 120 should initially be close to horizontal. By
adjssting the tapesisodompags w2daiflirdtStqrospbbhh@let ¢ SHNESO0MHZ WweKhl Biut

rotation about axi serb2fin 88 thObkQUhNIREURE] OFbrNBY s RRadsa L PriiesR ZEr o
rotation is desireg;

REPL ACEMENT SHEET sSensiLr?sr EJmmonly require the addition of dampers at considerable

ere . . .

aégltional codst, whereas the present invention suspension does not

5 require dampers. The measurement in Fig. 29 was performed on a shaker
where the shaker mass is very high when compared to an actual disk drive

actuator, the gain when mounted on the actuator would be much lower.

The box section also results in a very low and smooth side profile,
compared to conventional side flanged suspension of prior art. This
10 small side area and smoother surfaces result in smaller excitations of
the suspension due to air flow turbulence and results in smaller off-
track errors due to the air flow in the disk drive system.
The overall result of the present invention is a low profile
suspension which is ideally suited for;use with smaller sized heads. The
15 low profile enables the disks to be spaced closer together thereby
allowing a disk drive system to have more disks in order to increase the.
data storage capacity or to have the same capacity in a smaller package
height.

In an alternate embodiment, flexure 104 is not a sep?rate piece,
20 but is integral with load beam 102 and spacer member 108. Flexure legs
210 are connected to load beam 102 at finger tabs 166 and to spacer
member 108.

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

the following claims.
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[err] Fig. 17 shows a graph of slider rotatio ersus the
sl i der | ocation (a/L) for three different tapers ( y 1./ B[err]

units of angle have been nornalized by g/L, where f the
di nple 170. It 25 can be seen that t he taper ‘of |egs #Wany
unwant ed rotation. ' 19 : o
- CLAIMS
1. A suspension system for a read/write head of a disk drive
comprising:
a transducer mounting member for mounting a transducer element; and
S a connecting member for connecting the transducer mounting member

to a support member, the connecting member having a substantially
flex1b1e section and a substantially rlgld section, the rigid section
being located between the flexible section and the transducer mounting
merber, the rigid section comprising a wall section which encloses an

10 interior chamber along a cross sectional plane.

2. The system of claim 1, wherein the wall section comprises a first

flat member and a second bent member, the bent member having three sides.

3. A system according to any of the preceding claims, further
. i .
comprising a pivotable assembly for connecting the transducer mounting

15 member to the rigid section of the connecting member.

4. A suspension system for a read/write head of a disk drive

comprising:

a load beam having a first end for connection to a support member,

a second end having a protruding contact point; :

20 a stiffener member connected to the load beam between the first and
second ends, forming an enclosed interior chamber along a cross sectional

plane;

a flexure member connected to the second end of the load beam, the
flexure member having a plurality of flexure leg members which extend
25 Dbeyond the load beam; and

a_transducer mounting member for mounting a transducer element,
connected to the flexure leg members, the transducer mounting member

being in contact with the contact point of the load beam.
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14 : In the preferred enbodi ment the centMre.

| egs are spaced apart 2.9 mmat the base, 2.5 mnzy’ d 0.8 mMm

at the tab section. The flexure leg widths are 0. ! mﬁm 0.4
ht Ofw I

nh at t he knee and 0.3 mmat the tab section. The [enft exure-
legs is 5 3.5 mMmand [err] = 9 degrees fromjghe base of the legs to the
knee and [err] = 22 degrees fromthe knee to the tab section 212. These
di mensi ons give a pitch stiffness of "0.12 N - nmradian and a roll

stiffness of 0.12 B  rheraphtadisafath il vhbfiWitheoad bamhed. » Thananglttonf

_t he flexure | €gs aqgcattg?betweer; %eglggfé%ptrnmpCLnb Qﬂgtsbpﬂ&{ ﬁer@:QI'.i mzed to
I ncrease the lateral stiffness 10 to 35 N nmwhile keeping pitch and roll

stiffnesses | ow. . _ ] )
6.. The system of claim 4 or claim 5, wherein the load beam has a pair

of spring legs surrounding an aperture located between the stiffener

5 member and the support member.

7. A system according to any of claims 4 to 6, wherein the stiffener

member forms at least three sides of the enclosed interior chamber.

8. A system according to any of claims 4 to 7, wherein the stiffener
menmber comprises a bottom section, a side wall section connected to the

10 bottom section, and a ledge section connected to the side wall section.

9. A syséém according to any of claims 4 to 8, wherein the transducer
mounting member comprises a fluid bearing slider, a first plate member
connected to the slider, the first plate member having a section which
contacts the protruding contact member, and a second plate member

15 connected between the first plate member and the flexure leg members.

10. A system according to any of claims 4 to 9, wherein the slider and

the stiffener member are located on the same side of the load beam.

11. A system according to any of claims 4 to 10, wherein the first

plate member has a thickness substantially equal to the thickness of the
20 material of the stiffener member.

12. A system according to any of claims 4 to 11, wherein the second
plate member has a thickness substantially equal to the thickness of the
material of the load beam.

13. A system according to any of claims 4 to 12, wherein the load beam
25 further comprises at least one extending section which extends between
one of the flexure legs and the transducer member.

14. A system according to any of claims 4 to 13, wherein the flexure
leg members each have a centerline which converge at a first angle with

respect to one another.

This Sheet Has Been Replaced

AR




Figs. 18, 19 and 20 show t he manufacture of the suspension 32 of t he
present invention. Fig. 18 shows an expl oded vi ew of ' ock

100, a sheet 300, a sheet 302, and a sheet 304. Sheets 0. 302 and 304
ace thin sheets of stainless steel which are etched to @ﬁ ’kﬂ'ﬂm ﬂﬂ 15
parts. Sheet 300 contains the flexure 104. , Sheet 302 d
beam 102 and spacer 108. Sheet 304 contains the stiffener nenber” 166 and
the slider plate nenber 110. It can be seen, that | oad beam 102 and

spacer 108 are thessaraes;;aws@&@smga& eofszlamsem% 1r£ercm@1re1&0&eaﬂgm§le' der

pl ate member 110. leg agnbers each léfg a be ir cen%erlnixes whltilé§t & e I n or der
to formthe | ower el evation port |onso Wrin

capture tabs 172 &M ure LePHBPe 11570 E1eBE 25620 %"%‘P&nﬁé‘a‘ f’&?tf‘a’iem t he
chanber 192 of th&enterliges pf she FinpsmesrionEonviise FFat tfsrsaramolhend shacked and
positi oned as showesnterlingmofrithe sdddnd Phaipar t@vawe aspobecnnd deglet 0get her at
wel ds 143. Next, the. 25 excess material of the sheets 300, 302 and 304 is
cut away as shovvnlgn a sysjaerg-ac%lenzhz% aﬁ)grdfnglamrlltgrlslweéén tlﬁgrhpﬁ{l
slightly downward,f oﬁémbgrs desired angl e needed to position the | der
120 over the di sk fie

17. A system according to any of the preceding claims further
comprising:
10 a data storage disk located proximate to the transducer member:;

a rotation means connected to the disk rotating the disk; and ~

a movement means connected to the support member for movin§ the
transducer member relative to tl;e disk.
!
18. A system according to any of the preceding claims, further
comprising a transducer glement connected to the transducer mounting
member .

19. A suspension system for a read/write head of a disk drive

comprising:

an elongate load plate (102) having a first end (140) for
connection to a support member and a second end (160) having a protruding
contact point {(168);

a stiffener member (106) attached td said load plate (102) between
its first end (140) and its second end (160);

a flexure plate (104) attached to said second end (160) of said
load plate (102), the flexure plate having a tongue section (202) and a
plurality of flexure leg members (210) which extend beyond said load
plate (102);

a transducer mounting member (120) for mounting a transducer

element (122), attached to the flexure leg members, the transducer

REPLAGEMENT SHer:!
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slider 120 and the wiring are attached. In the preferred enbodi nent the
slider:120 has a thickness of 0.425 mm 30 Fig— 2T shows—a

perspective vidw of the assenbly 98 when placed in
tooling jig conprises pegs 310, 312, 314 -and: 316. ThHmI Mﬂﬁses
t hrough apertures 130 of block 100 and aperture 142 of *

312 passes through apertures 190, 164 a 200 of strffener 1061 beam
102 and flexure 104,: respectively, The pegs 310 and 312 are 35 wused to
keep the individual parts i.n proper alignment during nmanufacture of

assenbl y I®uniirdg methbest bpinonit enteeiuvadt spid potissidnd|aon®8cti poitte of
addi tion qfai¥i 1ddadpl £2d$i62H8. wMEkRg | eads 318 connect the el ectrical

_said stiffener member (106) is elongate and shaped to form a
chamber (192) with said load plate (102), the longitudinal axis of said
stiffener member (106) coinciding with the longitudinal axis of said load
plate (102) and in that

said stiffener member (106) and said flexure plate (104) are

attached to opposite sides of said load plate (102).

20. A disk drive system including a suspension system as claimed in any

of the preceding claims.
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19 CLAIMS 1. A suspension system

conpri si ng: a | oad beam having a longitudinal axis, a lateral axis
and a perpendicular axis, a first and a second end of the | oad beam bei ng
| ocated al ong the longitudinal axis, the first end for connection to a
support nenber, the | oad beam having a first and a second surface each

al i gned substantially parallel to a plar® containing the |ongitudinal and
| at eral axes; a stiffener nenber connected to the | oad beam bet ween
the- first and second ends of the |oad beam and | ocated on the side of the
| oad beam which contains the first su=EsarzeT

TRANSDUCER SUSPENSION SYSTEM

‘A suspension system comprises a load beam (102) connecting a
transducer element to a support member (102). The load beam has a
stiffener member (106) which forms an enclosed interior chamber (192).
The stiffener member adds rigidity to the suspension. The transducer
element is connected to the load beam by a pivotable assembly (170, 110,
202, 210, 214, 232). fThe pivotable assembly is comprised of a plurality
of thin plate members_which are stacked together. The result is a low

profile suspension system.

Fig. 7
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of the |oad beam the stiffener nmenber and the | oad beam forning an

éncl osed interior chanber along a cross sectional plane U
pl ane containing the |ateral and perpendicul ar. axes; WPEA&@{]@E SHEET

nmenber having a first and second surfaces, the flexible |ngnber having a
first portion which is connected to the second end of tlHe || 3 MARTD h
firrst surface of the flexible nenber, the,first portion gverlying the
second surface of the |oad beam the fl x{13 e menber hgvi ng a secord
portion having a first and a second flexure |eg nmenbersl which extend
beyond the edge of the second end of the |oad beam the second end of Th

+

W

| oad beamis | ocated between the fi rsi—ahd-s8cord-f| ex : and
B CONROLLER | | HosT = Twm
50> uNT | SYSTEM |
} {
1 1 {
' ACTUATOR | reap/wRITE SINDLE |
56~1 conTROL/ORVE | OB CHANNEL CONTROL/DRIVE |60

Jd_18




a,.transducer assenbly nmounting nmenber conprising a first plate nenber and a
second plate nenber, the first plate nenber underlying and connected to the
first surface of the flexible menber at the second portion of the flexible
menber, the second plate nmenber underlying and conne 1

pl ate nenber, the first plate nmenber further conprisﬁgﬁgg%ﬂg&?gﬁgkgn tab
for supporting transducer |ead wres, the2t/Mdsduce assenbl y nnun‘ihg
menber for receiving a transducer assenbly such thaf t§heé)3 s doser |
assenbly is on the sane side of the flexible nenber }as$ the | oad beah1and

the transducer assenbly and the stiffener nenber aje DOoth rocated™ ni a
pl ane parallel to a plane containigg the {ongitudi hal _and | ateral axes.
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2. The systemof claim1l, wherein the | oad beam has a spring section
| ocated between the stiffener nenber and the support nemaher. 3. The
systemof claim1, wherein the | oad beamhas a pair .of gpREPgAC T -
surrounding an aperture |ocated between the:stiffener ) héHEET
support nenber. 4. The systemof clains 1, wherein th
forms at |east three sides of - the enclos%ﬂ15nterior ch

-

200 210

128
127
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5. The systemof claim1, wherein the stiffener nmenber conprises a bottom
section, a sidewall section connected to the bottom section, and a | edge
section connected to the sidewall section. 6. The systemof claiml,
wherein the second plate nmenber has an extension portion that engages a
contact point on a distal portion of the second end of the | oad beam 7.

The systemof claim1, further conprising a &i/d48sducer connect ed
to the nmounting member. 8. The systemof claim7, wher REPLACEL-ansducer
assenbly conprises a fluid bearing slider and a transdycqgr: - The
systemof claiml1l, wherein the first plate nenber has aijt ic&gess
substantially | MAY
| - a 1102
| a
T ] L —
h Y ti—l ~_ 192
i 106
b
FIG. 8
| ; |
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equal to the thickness of the material of the |oad beam 10. The system of
claim1, wherein the second plate nenber has a thic| ' '
equal to the thickness of the material of the stiff¢nREPLAGEMENT SHEET

suspensi on system conpri si ng: a 'l oad beam havinf a Tongituadr nal} axi s,
‘a lateral axis, and a perpendicular axis, a first fangl ggmmnd t he
| oad beam being | ocated al ong the Iongitudigghapxis he ~first end flor

connection to a support nenber, the | oad beam havi ng
secend surface each aligned substantially parallel {o a plane containj ng
the longitudinal and |ateral axes, the |oad beam having a Toa

contact point on thezggfst BENGRS STIFFNESS OF OPEN AND BOX STRUCTURES
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proxi mate the second end;

a stiffener menber connected to the | oad

beam between the first and second ends of the | oad te"ﬁ'ﬁbf
side of the | oad beam which contains the first surfade : ENT SHEETh
| cad beam the stiffener nenber and the | oad beam fofmjng an enclosen
interior chanber along a cross sectional plane paralfl¢l 03 m\ol.@@@
containing the lateral and 6113 ] o
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per pendi cul ar axes; a flexure nenber having a first and second
surfaces, the flexure nenber having a first portion clmrr'ect-ed—t'o—t-he—‘
second end of the |oad beamat the first surface of the| RERLAGEMENEMHEET

the first portion overlying the second surface of the | pag beam the
fl exure nmenber having a second portion having a first ahpd ags?qmp-]?%exure
| eg menbers which extend beyond the edgf,q the secondjend of the |oad
beam the second end of the |oad beami's I'Ocated betwe¢n-the—frrst—and
second flexure |l eg nenbers, the second portion of the §lexure nenber

having a tab section connecting the first and second |e menbers at an end

of each of the first and second |eg rRuEXERE; YAW STIFFNESS t ransducer
assenbly nounting pgnPper CONpPrIsSIng a 111750 prate nmenper ang. a

N\
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second pl ate nenber, the first plate nenber having an extension tab for

supporting transducer lead wires, the first plate nenber

connected to the tab section of the first surface of

the sane side of the flexure nenber as the |oad bean
menber underlying and connected to the first plate nepber, and furthjer
conpri sing an extension portion which eB?qges the | oa

t he transducer assenbly nounting nmenber

menber as the | oad beam and the transducer assenbly

underlyi ng and

(@ 1]

P =

eV MAY 4996 PP

RRLAERTHE R ] "

nt,

or receiving|ajtransducer asgsehbly
suech that the transducer assenbly is on the sane sidg ’

hnd the stiffener.:

menber are both located in a plane parallel to a plane containing the

| ongi tudi nal and | ateral axes.

TAPER EFFECT ON SLIDER ROTATION
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12. The systemof claim 11, wherein the | oad beam has a spring section
| ocated between the stiffener nmenber and the support nenber. 13. The
systemof claim 11, wherein the | oad beam has a pair of 3Jpriag3t-egs
surroundi ng an aperture | ocated between the stiffener %@LA%E\MEMThSHEET
sypport nenber. 14. The system of claim 1éy1ﬁherei n tHe |stiTTrener—Temye
forms at least three sides of the enclosed interior charbegz Y 199
REPLACEMENT SHEET %
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157 The system of claim 11, wherein the stiffener menber conprises a bottom
section, a sidewall section connected to the bott y-.f; redge
section connected to the sidewall section and in ﬁﬁééfLwWEﬁT A 1]qad
beam first surface. 16. The systemof claim 11, riein the extengign
portion has a nounting nenber contact point which aggsMireogaqd Heam
contact point. 17. The system of claim 16, whereinf tjhe first platgq fdenber
has a thickness substantially equal to tLbgighi ckness—of—tte—matert+al] of
the stiffener nmenber. 18. The system of claim 16, erein the second plate
menber has a thickness substantially equal to the thickness of the

material of the stiffener nenber. 310

FIG. 22



19. The systemof claim 11, further conprising a transducer assenbly
connected to the nounting nenber. 20. The systemof claim19, wherein the
tr ansducer assenbly conprises a-fluid bearing slider and a transducer.

21. The systemof claim 20, wherein the center of qravity of the slider is
located along a line parallel to the perpendicul arff ®RepsadeMENTSS ngi ng
menber contact point of the extension portion. 23. Jhé-sysLenJggﬁclaim

20, wherein the interior chanber term nategipf3 or tlojthe_ locationfot the

sl i*der along a direction parallel to the |ongitudirfal|l dXBMAY 1898 Thelsystem
of claim1ll, wherein the flexure | eg nenbers each haye _a _center lihe

FIG. 23

102 320 '




whi ch converge at a first angle with respect to one another at the tab
section. 24. The systemof claim 1ll, wherein the flexure | eg nenbers each
Have a bend in their center lines which divide each flexure |eqg nenber
into a first and second portion, such that the center |l iREPEAGEMENTESHERTST -
portions in a direction towards the tab section converde jat——a—+ glfe,
and the center lines of the second portions in a directfidn wards theltab
section converge at a second angle. 25. TH&/$¥ystem of jcl]ai MAY 1926 el n
th& flexure |l eg nenbers gradually taper in wwdth along ttheir _entire |
S ab section. 26.




23 27. The systemof claim 11, wherein the |oad beam further conprises at

| east one extending section which extends a distance along a direction
parallel to the perpendicul ar axis bel ow one of the flexure legs. 28. The
system of claim 27, wherein the extending section is at a different

el evation than the elevation of the rest of the | oad beam al ong a
direction parallel to the perpendicular’ ax1¥/13

- REPLACEMENT SHEET
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29. The system of ¢l he fl :15
| ocated between t eiw?n Feg ﬁ;ue@ﬁ% ﬁs% &g?{tfg; ed zr;)n

overlying the | oad|{béamat__the sefohd end. 3p.MHE s sRBE: Cl a0 Batdd —.
wherein the stiffepe i hafes prior {4 éWﬂ%ESh g({) ...... he
ARSI oHeEe R ‘% di sk

| oad beam al ong a ection parallp
drive conpri sing: suspensi on syste
| ongi t udi nal axis, |

a. p

fsecond egd of Anpsherglequisement Qf HiSPPSan @d’gﬁﬁp‘@ﬁ
irst en sl

e S Sk RN g, e o

containi “%éd%‘ﬁsé Bk I Hsofibibes high in frequency and low in gain. The present

suspension systems typically use flanged load beams which exhibit undesirable low

: a | oad be }@uy a
IWXCE&PT ign- -- .

frequency bending, torsion, and sway modes. This is especially true where the flange
height of the suspension is relati_vely small.

Disk drives have become smaller in size while at the same time the data storage
capacity has greatly increased. Large capacity disk drives typically have multiple disks
mounted on the same rotatable spindle. In order to accommodate more disks in the sanie
height, the space between each disk must be greatly decreased. Also, disk drives having
only a single disk may have limited sbace to accommodate a suspension between the disk
and an outer housing. The height of the suspension has proven to be a limiting factor in
realizing closer disk spacing and smaller disk drives. What is needed is a suspension
system having a very low profile which still meets the performance requirements.

Examples of suspension systems that relate to disk drives with low profile
transducer head-suspension assembliee are shown in the following references: US Patent
5,172,286 and US Patent 5,208,712 and US Patent 4,853,811.

SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art. |

According to one aspect of theé present invention there is provided a suspension
system comprising: a load beam having a longitudinal axis, a lateral axis and a
perpendicular axis, a first and a second end of the load beam being located along the
longitudinal axis, the first end for connection to a support member, the load beam having
a first and a second surface each aligned substantially parallel to a plane containing the
longitudinal and lateral axes; a stiffener member connected to the load beam between the
first and second ends of the load beam and located on the side of the load beam which

contains the first surface of_ the load beam, the stiffener member ‘and the load beam



.

| at eral axes; a stiffener nmenmber connected to the | oad beam bet ween
the first and second ends of the | oad. beam and | of the
| oad beam whi ch contains the first surface of the IRERUACEMENT SHEETst)i f f ener
menber and the | oad beam form ng an encl osed intefi arto g a
cross sectional plane parallel to a plane3containjn Llﬁe bt?t zl a

per pendi cul ar axes; a flexible nenber havihgi a p se ond
surfaces, the flexibl e menber having a first portj o s--gonnected to
the second foRming an gaclosedqingRrion RE alomg i crosy sectiends plage, parajlel o) plane

The. fi exi ofeoHiBeCierlaraigHal obBAdicar ken IR Pmes: e 4 CBLHY
Texure T eq gpgbey s W Eb B RRNPRELLYS 49 offon WEcRSE %aﬂne%ree% PJ

| oad beam

second end of the load_ beam at the first surface of the flexible member, the first portion
overlying the second surface of the load beam, the flexible member having a second
portion having a first and a second flexure leg members which extend beyond the edge of
the second end of the load beam, the second end of the load beam is located between the
first and second flexure leg members; and a transducer. assembly mounting member
comprising a first plate member and a second f)late member, the first plate member
underlying and connected to the first surface of the flexible member at the second portion
of the flexible member, the second p‘latc member underlying and connected to the first
plate member, t:he' first plate member further comprising an extension tab for supporting
transducer lead wires, the transducer assembly mounting member for receiving a
transducer assexilbly such that the transducer assembly is on the same side of the flexible
member as the load beam and the transducer assembly and the stiffener member are both
located in a plane paralle] to a plane containing the longitudinal and lateral axes.
According to another aspect of the present invention there is provided a suspension
system comprising: a load beam having a longitudinal axis, a lateral axis, and a
perpendicular axis, a first and a second end of the load beam being located along the
Jongitudinal axis, the first end for connection to a support member, the load beam having
a first surface and a second surface each aligned substantially parallel to a plane :
containing the longitudinal and lateral axes, the load beam having a load beam contact
point on the first surface proximate the second end; a stiffener member connected to the
load beam between the first and second ends of the load beam and located on the side of
the load beam which contains the first surface of the load beam, the stiffener member
and the load beam forming an enclosed interior chamber along a cross sectional plane
parallel to a plane containing the. lateral and perpendiculaf -ai.(es; a flexure member

having a first and second surfaces, the flexure member having a first portion connected



" load beamis | ocated between the fivst and sec rﬁEPLA@EMErﬁ kREznber s;
24 a transducer assenbly nounting nenb Hirst plate
menber and a second plate nenber, the first gl gte r.paviing an
| re‘ggeaﬁi L 28
the flexible fenber at

extension tab for supporting transducer |ead pl at e nenber
the second portion of the flexible nenber, thg second

underlying and connected to the first 3urfac

to the second end of the load beam at the first surface of the flexure membei'i, the first
portion overlying the second surface of the load beam, the flexure member having a
second portion having a ﬁr_st and a second flexure leg members which extend beyond the
edge of the second end of the load beam, the second end of the load beam is located
between the first and second ﬂc_axure leg members, the second portion of the flexure
member having a tab section connecting the first and second leg members at an end of
each of the ﬁrst and second leg members; and a transducer assembly mounting member
comprising a first plate member and a second plate member, the first plate member
having an extension tab for supporting transducer lead wires, the first plate member
underlying and connected to the tab section of the first surface of the flexure member on
the same side of the flexure memtier as the load beam, the second plate member
underlying and connected to the first plate member, and further comprising an gxtension
portion which engages the load beam contact point, the transducer assembly mounting
member for receiving a transducer assembly such that the transducer assembly is on the
same side of the flexure member as the load beam and the transducer assembly and the
stiffener member are both located in a plane parallel to a plane containing the
longitudinal and lateral axes.

Accordiﬁg to still another aspect of the present invention there is provided a disk
drive éomprising: a suspension system including, a load beam havihg a longitudinal axis,
a lateral axis and a perpendicular axié, a first and a second end of the load beam being
located along the longitudinal axis, the first end for connection to a support niember, the
load beam having a first and a second surface each aligned substantially parallel to a
plane containing the longitudinal and lateral axes; a stiffener member connected to the
load beam between the first and second ends of the lbad beam and located on the side of
the load beam which contains the first surface of the load 'beam, the stiffener member
and the load beam forming an enclosed interior chamber along a cross sectional plane
parallel to a plane containing the lateral and perpendicular axes; a flexible member

having a first and second surfaces, the flexible member having a first portion which is
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pl ate menber underlying and connected to the |f iREBLAGEMENE sikRled and further

conprising an extension portion which engagegs contact pol it ton a di st al
portion of the second end of the |oad beam ¢ Qrsalmqu gsgenbl y
nount i ng nenber for receiving a transducer apsgnbly such that jt he

. .

transducer assenbly is on the sane side 3f th as the | oad
beam and the transducer assenbly and the stiffener nenber are both | ocated

e | coRgbdied ot afbrfl S kB el N ot s Bl Ry
ount | ng Ed}ﬁ%t nB?I'thIl o@erﬂ/?ﬁagap%et 8 on sgxlfgéé M) fial E)Qd @fegfﬁr Orfﬁ% ﬁ’lg&gﬁlés E&?%l?er

transducer asse evice connect

rotating gl 3 g?c(??lagpo ortion hafingAGHF Rhd J3UR AARAE KeCHeBelsFhich 'eitendd

of the | oa ving t
beyond the edge of the second end of the load beam, the second end of the load beam is

112

located between the first and second flexure leg members; a transducer assembly
mounting member comprising a first plate member and a second plate member, the first
plate member having an extension tab for supporting transducer lead wires, the first plate
member underlying and connected to the first surface of the flexible member at the
second portion of the flexible member, the second plate member underlying and
connected to the first plate member and further comprising an extension porti;)n which
engages a contact point on a distal portion of the second end of the load beam, the
transducer assembly mounting member for receiving a transducer assembly such that the
transducer assembly is on the same side of the flexible member as the load beam and the
transducer assembly and the stiffener member are both located in a plane parallel to a
plane containing the longitudinal and lateral axes; a transducer assembly connected to the
transducer assembly mounting member; a data storage disk located proximate to the
transducer assembly; a rotation device connected to the disk for rotating the disk; and a
moverﬁent device connected to the first end of the load beam for moving the transducer
assembly relative to the disk.

According to yet another aspect of the present invention there is provided a disk
drive comprising: a suspension system including, a load beam having a longitudinal axis,
a lateral axis, and a perpendicular axis, a first and a second end of the load beam being
located along the longitudinal axis, the first end for connection to a support member, the
load beam having a first surface and a second surface each aligned substantially parallel
to a plane containing the longitudinal and lateral axes, the load beam having a load beam
contact point on the first surface proximate the second end; a stiffener member connected
to the load beam between the first and second ends of the load beam and located on the

side of the load beam which contain.s the first surface of the load beam, the stiffener
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transducer assenbly relative to the disk. 32. Tﬂ@ﬂd@EMEﬂfﬁﬁéth cl aim 31,
wherein the | oad beam has a spring section |ocat§ JET VEE e stiffener
menber and t he support nenber. 33. The disk dfi %p@fw erein the
| oad beam has a pair of spring |egs surroundi pg]an | oclat ed

bet ween the stiffener nenber and the support 3 24 he di sk drive of
claim 31, wherein the stiffener nenber forns & Ieast three sidgs of the
encl osed interior

0S| Hetel b HEIBEH bear Jormp i an s st I icg clEBY S1aa oghee Shetinsel o
to the bot Lom S6HPH: a $lkfle RohGHISs BRAGLAN 258 PEGEhGCuIal s kiR Bbnber

secti1 on.

having a first and second surfaces, the flexure member having a first portion connected
to the second end of the load beam at the first surface of the flexure member, the first
portion overlying the second surface of the load beam, the flexure member having a
second portion having a first and a second flexure leg members which extend beyond thé
edge of the second end of the load beam, the second end of the load beam is located
between the first and second flexure leg members, the second portion of the flexure
member having a tab section connecting the first and second leg members at an end of
each of the first and second leg members; a transducer assembly mounting member
comprising a first plate member and a second plate member, the first plate member
having an extension tab for supporting traﬁsducer lead wires, the first plate member
underlying and connected to the tab section of the first surface of the flexure member on
the same side of the flexure member as the load beam, the second plate r;wmber
underlying and connected to the first plate member, and further comprising an extension
portion which engages the load beam contact point, the transducer assembly mounting
member for receiving a transducer assembly such that the transducer assembly is on the
same side of the flexure member as the load beam and the transducer assembly and the
stiffener member are both located in a plane parallel to a plane containing the
longitudinal and lateral axes; a transducer assembly connected to the transducer assembly
mounting member; a data storage disk located proxima;e to the transducer assembly; a
rotation device connected to the disk for rotating the disk; and a movement device
connected to the first end of the load;'beam for moving the transducer assembly relative

to the disk.



36. The disk drive of claim31l, wherein the transducer assenbly conprises a
fluid bearing slider and a transducer. 37. The disk drive of claim31
wherein the second plate nmenber has a thickness substantially equal to the
t hi ckness of the naterial of the | oad beam 38. The disk drive of
claimthe second plate nenber has a thicRhess substantially equal to the

t hi ckness of the stiffener menber.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram of a data storage system of the present invention;

Fig. 2 is a top view of the system of Fig. 1;

Fig. 3 is a side view of a portion of the system of Fig. 2;

Fig. 4 is a side view of the suspension system of the present invention in a loaded
position;

Fig. 5 is a side view of the suspension system of the present invention in an
unloaded position; .

Fig. 6 is an exploded view of a éuspension system of the present invention;

Fig. 7 is a perspective view of the suspension system of Fig. 6;

Fig. 8 is a schematic diagram of a cross section of the suspension of the present
invention;'

Fig. 9 is a schematic diagram of a cross section of a prior art suspension;
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39. A disk drive conprising: a suspension systemincluding, a | oad
beam having a longitudinal ‘axis, a lateral axis, and a perpendicul ar axis,
a first and a second end of the |oad beam being | ocated al ong the

| ongi tudi nal axis, the first end far connection to a support nenber, the
| oad beam having a first surface and a “Wecond surface—each—ati-gned——

substantially parallel to a plane containing the | ongi | | L@t er al

axes, the |oad beam having a | oad beaﬁlms?\ct poi nt ﬂmﬂﬁmil ﬁ]i m ace

Erom mat e the second end,; a sti menber cornnect ad

eam betwegn the firs: . ends of the | oad beam and | ocated on the
£ AduenibpanteREsapts e’

side of th aing the first surface
a load beam having a longitudinal axis, a lateral axis and a perpendicular axis, a

first and a second end of the load beam being located along the longitudinal axis, the
first end for connection to a support member, the load beam having a first and a second
surface each aligned substantié.lly parallel to a plane containing the longitudinal and
lateral axes;

a stiffener member connected to the load beé.m between the first and second ends of
the load beam and located on the side of the load beam which cpn_tains the first surface
of the load beam, the stiffener member and the load beam forming an enclosed interior
chamber along a cross sectional plane parallel to a plane containing the lateral and
perpendicular axes; _ _

a flexible member having a first and second surfaces, the flexible membér having a
first portion which is connected to the second end of the load beanil at the first surface of
the flexible inember, the first portion overlying the second surface of the load beam, the
flexible member having a second portion having a first and a second flexure leg members
which extend beyond the edge of the second end of the load beani, the second end of the
load beam is located between the first and second flexure leg members; and

a transducer assembly mounting member comprising a first plate member and a
second plate member, the first plate member underlying and connected to the first
surface of the flexible member at the second portion of the flexible member, the second
plate member underlying and connect;‘,d to the first plate member, the first plate member
further comprising an extension tab for supporting transducer lead wires, the transducer
assembly mounting member for receiving a transducer assembly such that the transducer
assembly is on the same side of the flexible member as the load beam and the transducer
assembly and the stiffener member are both located in a plane parallel to a plane

containing the longitudinal and lateral axes.
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of the | oad beamj per and the | oad beam form ng an

encl osed interior ajcross sectional plane paratftef—to a
pl ane cont ai ni ng {t e I at eral er pendi cul ar xur e
menber havi ng a fji rist 18ngCTc99Nd rfaces, the fﬁM”H’"‘“ﬂHHﬂ"W' ng a
first portion conngcted to the S4 nd ergd of the toad bBeam as e first
surface of the ' ¢ first portion overlylng t he second

surface of_ the | dad_ ea he erure mepper havi a secon
(T TGRS it O R B % AHLTE RGO (PoBEY Moot

hawngaf%rs ¢t v b &%
edge of t nd end, of t | oad b t he second end of the Ioad beam
Is | ocat edﬁﬁgfﬁg q{t{l%b?rarngpﬁ%ﬁlgpgét ‘ﬁ%‘ﬂi’?r exure | eg nenbers, the second

por ti on of 3t herfd S of BIFRE", Wik uR 1bAPbSSF b pAPBFGH igNded Mfirdinly and

second | eg
an aperture located between the stiffener member and the support member.

4. The system of claims 1, wherein the stiffener member forms at least three sides of
the enclosed interior chamber.

5. The system of claim 1, wherein the stiffener member comprises a bottom section, a
sidewall section connected to the bottom section, and a ledge section connected to the
sidewall section.

6. The system of claim 1, wherein the second plate member has an extension portion
that engages a contact point on a distal portion of the second end of the load beam.

7.  The system of claim 1, further comprising a transducer assembly connected to the
mounting member.

8.  The system of claim 7, wherein the transducer assembly comprises a fluid bearing
slider and a transducer.

9. The system of claim 1, wherein the first plate member has a thickness substantially
equal to the thickness of the material of the load beam.

10. The system of claim 1, wherein the second plate member has a fhickness
substantially equal to the thickness of the material of the stiffener member.

11. A suspension system comprising:

a load beam having a longitudiﬁal axis, a lateral axis, and a perpendicular axis, a
first and a second end of the load beam being located along the longitudinal axis, the
first end for connection to a support member, the load beam having a first surface and a
second surface each aligned substantially parallel to a plane containing the longitudinal
and lateral axes, the load beam having a load beam contact point on the first surface
proximate the second end; |

a stiffener member connected to the load beam between the first and second ends of

the load beam and located on the Side of the load beam which contains the first surface



menbers at an end of each of the first and second | eg nenbers; . a
transducer assenbly nounting nmenber conprising a fir er and a
second plate nmenber, the first plate nmenber having ﬁq extension tab for

supporting transducer lead wires, the first plate ﬂ!”Mjﬂwmmnd
er on

connected to the tab section of the first surface of 3
the same side of the flexure nmenber as the |oad beam the secbnd® pl*at e
menber underlying and connected to the first plate nenber, and, further

conpri si ngofathedradhedAnanthg stiffener mamber andythgdead heam dermnibg amenclosed intgraomt |
chamber along a cross sectional plane parallel to a plane containing the lateral and
perpendicular axes;

a flexure member having a first and second surfaces, ‘the flexure member having a
first portion connected to the second end of the load beam at the first surface of the
flexure member, the first portion overlying the second surface of the load beam, the
flexure member having a second portion having a first and a second flexure leg m_emBers
which extend beyond the edge of the second end of the load beam, the second end of the -
load beam is located between the first and second ﬂeXure leg members, the second
portion of the flexure member having a tab section connecting the first and second leg
members at an end of each of the first and second leg members; and

a transducer assembly mounting member. comprising a first plate member and a
second plate member, the first plate member having an extension tab for supporting
transducer lead wires, the first plate member ullderlying and connected to the tab section
of the first surface of the flexure member on the same side of the flexure member as the
load beam, the second plate member l\mderlying and connected to the first plate member,
and further comprising an extension portion which engages the load beam contact point,
the transducer assembly mounting member for receiving a transducer assembly such that
the transducer assembly is on the same sidé of the flexure member as the load beam and
the transducer assembly and the stiffener member are both located in a plane parallel to a
plane containing the longitudinal and lateral axes.

12. . The system of claim 11, wherein the load beam has a spring section located
between the stiffener member and the support member.

13. The system of claim 11, wherein the load beam has a pair of spring legs
surrounding an aperture located between the stiffener member and the support member.
14. The system of claim 11, wherein the stiffener member forms at least three sides of

the enclosed interior chamber.




26 the transducer agserbdty rrosTenber for FECEIW

assenbly such that Es bnbly is on the same
t he transducer t\ m “\

fl exure nenber as thq Ifoad beam and
stiffener nenber are bcth1F etegg7 njaipl ane paraIIeI

contai ning the | ongi tu0| nal and | atel ages; a transducer assenbl y
connected to the transaaeer—assenbty- npunti ng nenber; a data storage

di sk | ocate prOXI natle to the ra sduc 11 senbl ro ation device
connect ed tig-t HAeFysiEmrese dhwh a,sgtsf r;Jéeymber comprls ottom section,

a sidewall section connected to the bottom section, and a ledge section connected to the

sidewall section and in contact with the load beam first surface.

16. The system of claim 11, wherein the extension portion has a mounting member
contact point which engages the load beam contact point.

17. The system of claim 16, wherein the first plate member has a thickness
substantially equal to the thickness of the material of the stiffener member.

18. The system of claim 16, wherein the second plate member has a thickness
substantially equal to the thickness of the material of the stiffener member.

19. The system of claim 11, further compristng a transducer assembly connected to the
mounting member. '

20. The system of claim 19, wherein the transducer assembly comprises a fluid bearing
slider and a transducer.

21. The system of claim 20, wherein the center of gravity of the slider is located along
a line parallel to the perpendicular axis from a mounting member contact point of the
extension portion.

22. The system of claim 20, wherein the interior chamber terminates prior to the
location of the slider along a direction parallel to the longitudinal axis.

23. The system of claim 11, wherein the flexure leg members each have a cehter line
which converge at a first angle with respect to one another at the tab section.

24. The system of claim 11, wherein the flexure leg members each have a bend in their
center lines which divide each flexure leg member into a first and second portion, such
that the center lines of the first portions in a direction towards the tab section converge at
a first angle, and the center lines of the second portions in a direction towards the tab
section converge- at a second angle.

25. The system of claim 11, wherein the flexure leg members gradually taper in width
along their entire lengths from proximate the load beam to proximate the tab section.

26. The system of claim 11, wherein the load beam contact point comprises a dimple.



a novenent device connected to the first end of t oad beam for noving
the transducer asge 'gy £ 0} t he di sk. 43%%@ claim
39, wherein the | oad i hg section Io n the
stiffener nenber apdjthe support ngnper. 41. The |m 39,
wherein the | oad bgag hBS GCPAY97 of bprieag |egs : surr undl erture

| ocated between th tiffener nenbpr{and the support nenber. 42 The di sk
drive of claim 39, fwherern the St fnner menber forns at | east three sides

of the endlosddesysiem of claimnbb, w L thenload)jbepmq further SPMPriges1ALLLast, ARG ej n
L omnect od SRENENE SHENRE é?&iﬁsaaﬁ?f?lﬁe ploRg e diibtiof piiafie B che BDendibular -

axis below one of the flexure legs.

28. The system of claim 27, wherein the extending section is at a different elevation
than the elevation of the rest of the load beam along a direction parallel to the
perpendicular axis.

29. The system of claim 11, wherein the flexure member has a tongue section located
between the first and second leg members, the tongue section overlying the load beam at
the second end.

30. The system of claim 11, whefein the stiffener member terminates prior to the
contact point of the load beam along a direction parallel to the longitudinal axis.

31. A disk drive comprising: a suspension system including,

a load beam having a longitudinal axis, a l_ate;al axis and a perpendicular axis, a
first and a second end ci)f the load beam being located along the longitudinal axis, the
first end for connection to a support member, the load beam-having a first and a second
surface each aligned substantially parallel to a plane containing the longitudinal and
lateral axes;

a stiffener member connected to the load beam between the first and second ends of
the load beam and located on the side of the load beam which contains the first surface
of the load beam, the stiffener member and the load beam forming an enclosed interior
chamber along a cross sectional plane parallel to a plane containing the lateral and
perpendicular axes;

a flexible membef having a first.and second surfaces, the flexible member having a
first portion which is connected to the second end of the load beam at the first surface of
the flexible member, the first portion overlying the second surface of the load beam, the
flexible member having a second portion having a first and a second flexure leg members
which extend beyond ihe edge of the second end of the load beam, the second end of the

load beam is located between the first~and second flexure leg members;



to the sidewal |l segition—and-in-contact with the Irst surface.

44. The di sk drive| REPLABEMENID SHEERrlei n the first m“
t hi ckness substant]| al hg thi ckness of l g‘\l he | oad
beam 45. The di sk |\§e %te[ﬁg im39, wherein th ona phkate nenber has
a thickness substpn |§ 9 tlo {t he 24hi ckness of the sti“ffener menber .
46. The disk drive]o erfein the transducer assenbly conprises a
fluid bearin ?rlid r and a.tiransdude 47. The di sk ri\ie of CL i m 46,
wherein the ¢ @F%“%WPE}L&O%%“&P&F cpglprlalegtae&lrstan &ifignempgtand &
parall el Qe pREl RN AL (24 Sade’ ABherRiVIhL U SROREN 68" bupBok; ©f
transducer lead wires, the first plate member underlying and connected to the first

surface of the flexible member at the second portion of the flexible member, i:he second.
plate member underlying and connectéd to the first plate member and further comprising
an extension portion which engages a contact point on a distal portion of the second end
of the load beam, the transducer assembly mounting member for receiving a transducer
assembly such that the transducer assembly is on the same side of the flexible member as
the load beam and the transducer assembly and the stiffener member are both located in a
plane parallel to a plane containing the longitudinal and lateral axes; .

a transducer assembly connected to the transducer assembly mounting member;

a data storége disk located proximate to the transducer assembly;

a rotation device connected to the disk for rotating the disk;_ and

a movement device connected to the first end of the load beam for moving the
transducer assembly relative to the disk.
32. The disk drive of claim 31, wherein the load beam has a spring section located
between the stiffener member and the support member.
33. The disk drive of claim 31, wherein the load beam has a pair of spring legs
surrounding an“aperture located between the stiffener member and the support member.
34. The disk drive of claifn 31, wherein the stiffener member forms at least fhree sides
of the enclosed .interior chamber.
35... The disk drive of claim 31, wherein the stiffener member comprises a bottom
section, a sidewall section connected to the bottom section, and a ledge section connected
to the sidewall section.
36. The disk drive of claim 31, wherein the transducer assembly comprises a fluid
bearing slider and a transducer.
37. The disk drive of claim 31 wherein the second plate member has a thickness

substantially equal to the thickness of the material of the load beam.



27 48. The disk drive-of claim46, where n the interior chanber term nates

prior to the 1ocatifo | Llongadiregt’Lo_rL_ga_LaJJ_eJ—%e—{—he
| ongi t udi nal - axi s. &@Lﬁm\ﬁ Sﬂ@é vg of claim 39, wherein th ure | eg
menbers each have a nter 1ine whijch converge at ﬂ“‘m

respect to one anothfrj als BETt W97sdct|i ore5 50. The
wherein the flexure {epg nenbers eachi Have a bend in *

a|m39

38. The disk drive of cléim 31 wherein the second plate member has a thickness

substantially equal to the thickness of the stiffener member. -
39. A disk drive comprising: a suspension system including,

a Joad beam having a longitudinal axis, a lateral axis, and a perpendicular axis, a
first and a second end of the load beam being located along the longitudinal axis, the
first end for connection to a support member, the load beam having a first surface and a
second surface each aligned substantially parallel to a plane containing the longitudinal
and lateral axes, the load beam having a load beam contact point on the first surface
proximate the second end;

a stiffenef member connected to the load beam between the first and second ends of
the load beam and located on the side of the load beam which contains the first surface
of the lgad beam, the stiffener member and the load beam forming an enclosed interior
chamber along a cross sectional plape parallel to a plane containing the lateral and
perpendiicula.r axes;

a flexure member having a first and second surfaces, the flexure member having a
first portion connected to the second end of the load beam at the first surface of the
flexure member, the first portion overlyihg the second surface of the load beam, the
flexure membér having a second portibn having a first and a second flexure leg members
which extend beyond the edge of the second end of the load beam, the second end of the
load beam is located between the first and second flexure leg members, the second
portion of the flexure member having a tab section connecting the first and second leg
memberé at an end of each of the first and second leg mémbers;

| a transducer assembly mounting member comprising a first plate member and a
second plate member, the first plate member having an extension tab for supporting
transducer lead wires, the first plate member underlying and connected to the tab section
of the first surface of the flexure membcr on the same side of the flexure member as the
load beam, the second plate member ﬁnderlying and connected to the first plate member,

and further comprising an extension portion which engages the load beam contact point,



_ - H-fl exure leg nenber into a first and
second portion, sucHEPh Terf lines of the first portions in a

center lines of the s 3:?’20&%% ?_cgvgrgiergtct ?o];li mllmmnmlluﬂmumgection

di g& drive of claif 39, "whérefn the
fl exure | eg nmenber s] geadus s ifln width along their entire | engths
from proxi mate the | oad beam

ilmte the tab section. . The .di sk
drive of &heafransducerigngenk REBNCE FOTCISRE e JHBansduces ¥ such thaty) e
53. The disk dri f clai ' : '
| east Onelthe Ualgsh:x/ger%sse%lbq)lf % (:))’1? ’theV\éqa%{eeéige (tJP &elfféﬁgrebﬁg%grugst & load b&im and at

the transducer assembly and the stiffener member are both located in a plane parallel to a

plane containing the longitudinal and lateral axes;

a transducer assembly connected to the transducer assembly mounting member;

a data storage disk located proximate to the transducer assembly;

a rotation device connected to the disk for rotating the disk; and

a movement device connected to the first end of the load beam for moving the
transducer assembly relative to the disk.
40. The disk drive of claim 39, wherein the load beam has a spring section located
between the stiffener member and the support member.
41. The disk drive of claim 39, wherein the load beam has a pa1r of spring legs
surrounding an aperture located between the stiffener member and the support member.
42. The disk drive of claim 39, wherein the stiffener member forms at least three sides
of the enclosed interior chamber.
43. 'The disk drive of claim 39, wherein the stiffener member comprises a bottom
section, a sidewall section connected to the bottom section, and a ledge section connected
to the sidewall section and in contact with the load beam first surface.
44. The disk drive of claim 39, wherein the first plate member has a thickness
substantially equal to the thickness of the material of the load beam.
45. The disk drive of claim 39, wherein the second plate member has a thickness
substantially equal to the thickness of the stiffener member. '
46. The disk drive of claim 39, wherein the transducer assembly comprises a fluid
bearing slider and a transducer.
47. The disk drive of claim 46, wherein the center of gravity of the slider is located
along a line parallel to the perpendicﬁlar axis from a mounting member contact point of

the extension portion.
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ext endi ng section \/\hi ch ext ends a distance along a Wo
the perpendi cul ar ﬁ&;ﬁ es%ht he flexure | eg 54. The di sk dr

of claim53, wherei n t ion is at a dD' Hmu""ﬂtﬁﬂm
than the elevation o he rest of thé oad beam al onUs, al

to the perpendicul al 3xit5 OGBW9%he|d| €7 drive of claim 39, Whefeih th
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prior to tlcr)]((:aatlon of the slider along a direction parallel to the longitudinal axis.

49, The disk drive of claim 39, wherein the flexure leg members each have a center
line which converge at a first angle with respect to one another at the tab section.
50. The disk drive of claim 39, wherein the flexure leg members each have a bend in
their center lines which divide each flexure leg member into a first and second portion,
such that the center lines of the first portions in a direction towards the tab section
converge at a first angle, and the center lines -of the second portions in a direction
towards the tab section converge at a second angle.
51. The disk drive of claim 39, wherein the flexure leg members gradually taper in
width along their entire lengths from proximate the load beam to proximate the tab
section.
52. The disk drive of claim 39, wherein the load beam contact point comprises a
dimple.

" 53. 'The disk drive of claim 39, wherein the load beam further comprises at least one
extending section which extends a distance along a directioﬁ parallel to the perpendicular

axis below one of the flexure legs.

Ive

| el
e

nd
end.

54. The disk drive of claim 53, wherein the extending section is at a different elevation |

than the elevation of the rest of the load beam along a direction parallel to the
perpendicular axis.

55. The disk drive of claim 39, w-rherein the flexure member has a tongue section
located between the first and second leg members, the tongue section overlying the load
beam at the second end.

56. The disk drive of claim 39, wherein the stiffener member terminates prior to the

contact point of the load beam along a direction parallel to the longitudinal axis.



cont act point of the | oad beamalong a direction parallel to the
I ongi tudi nal axi s.

28

ABSTRACT
TRANSDUCER SUSPENSION SYSTEM

‘A suspension system comprises a load beam (102) connecting a
transducer element to a support member (102). The load beam has a
stiffener member (106} which forms an enclosed interior chamber (192).
The stiffengr member adds rigidity to the suspension. The transducer
element is connected to the load keam by a pivotable assembly (170, 110,
202, 210, 214, 232). The pivotable assembly is comprised of a plurality

of thin plate members which are stacked together. The result is a low

profile suspension system.

Fig. 7
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