
1                  EP 0 400 946 B1                 2 Description
While servo surface technology has enabled signifi- cant increase in the
number of data track locations The present invention relates to
height-compacted  (cylinders), the drawback has been the high cost of head
anddiskassembliesforlowpower, miniature fixed  dedicating an entire disk
surface to servo information disk drives. More particularly, the present
invention   5   and providing a separate servo read head and chan- relates
to improved data transducer head mounting  nel to the head position servo
function. structure ("load beam") configurations which enable   Another
approach has been to have a head posi- realization of a miniature, high
storage capacity, low  tioner servo loop with an optical position
transducer power fixed disk drive; closer disk-to-disk spacing  tightly
coupled to a rotary head positioner actuator (height compaction) within the
drive than heretofore  10  structure and also provide thermal correction
infor- achievable; increased stiffness and resistance to vi-  mation on one
or more data surfaces of the disk. One brational modes; and, improved head
loading and un-  example of a disk drive in accordance with this ap-
loading relative to the disk data storage surface dur-  proach is to be
found In U.S. Patent No. 4,639,798. ing manufacturing and/or during use of
the drive.  Anotherexampleofthis type of diskdrive architecture Diskdrive
data storage subsystems have evolved   15  is provided by U.S. Patent
Application Serial No. from very large peripheral devices having large
rotat-  07/192,353, filed on May 10, 1988. ing data storage disks and
hydraulic head positioning  Another prior approach to head positioning has
mechanisms into disk drives having very small, fully  been to embed servo
information within each physical enclosed packages for Inclusion entirely
within the  block storage location or "sector" of the data storage housing
of small computing systems, such as person-  20  format on each data
storage surface. One example of al computers and work stations.
Concomitantly, non-  embedded sector servo information within a disk
removable storage disk diameters have progressed   drive is described in
commonly owned U.S. Patent inwardly from e.g. 24 inches to as small as two
and  No. 4,669,004, the disclosure of which is hereby in- one half inches,
with corresponding dimensional re-  corporated by reference. Data sectors
carrying em- ductions in overall disk drive packages.      25  bedded servo
information provide a number of advan- Overall external package height,
width and     tages over other positioner systems. These advan- length
dimensions of a diskdrive package have come  tages flow basically from the
fact that the data head to be referred to in the disk drive art by a single
ex-  reading the data of interest also reads head position pression, "form
factor". The term "form factor" means  correction information and passes
that information the external dimensional outline required for the disk  30
through the same read channel as the data. Thus, drive subsystem including
its on-board control elec-  there will not be positional offsets
ordiscrepancies as tronics. While diskdrive form factors including diskdl-
may occur between a data surface and data head, ameters have progressively
shrunk, e.g. from 14 Inch,  and a servo surface and servo head. to eight
inch, to five and one quarter inch, to three and  While embedded servo
information within data one half Inch, to two and one half inch disk
diameter  35  block sectors overcomes the drawback of the dedicat- based
packages, the aerial data storage density at  ed servo surface approach,
and may provide for in- the data surface of the storage disk has increased
creased track densities over the optical positionerar- dramatically as has
the large scale integration of con-  chitecture noted above, one drawback
of sectorized, trol electronics. Physically very small disk drives of
embedded servo information is that of susceptibility the present time thus
provide the same or greater  40  of the sampled data servo loop to
mechanical vibra- user data storage capacity than characterized much
tions. The embedded sector based servo loop typical- larger disk drives of
a few years ago.            ly samples the embedded servo information
atasam- Contemporary disk drives typically include at  pling rate which may
be or become very sensitive to least one rotating data storage disk and a
head posi-  interferences from mechanical vibrations within the tioner for
positioning a data transducer head among   45  head positioning structure.
Care must be given in the multiple concentric data storage tracks on the
data  design of the disk drive to head positioner resonances surface of the
disk. Data storage capacities are con-  in orderto avoid interference with
the operation of the ventionally increased by providing ganged multiple
sampled data servo loop. heads and commonly journalled multiple disks
rotat-   As taught by the Banck U.S. Patent No. ing about a central axis.
Increased data track densi-  50  4,398,228, for example, it is
theoretically desireable ties have been achieved by head positioning servo
to tune or adjust head arm resonance to the servo techniques which have
promoted head alignmentwith  sample rate which has an inherent notch in
transfer the data storage track irrespective of dimensional  function. The
notch at the sampling rate thereby can- changes brought on by thermal
shifts within the disk  cels the disturbance of the head arm resonance and
drive package.                                55  provides a stabilized
servo loop response. There are In some prior disk drives, a dedicated servo
sur-  several practical drawbacks to the Banck approach. face has been
provided with factory recorded concen-  First, the Banck disclosure did not
provide any prac- tric servo tracks which are followed by a servo head.
tical suggestions as to how to tune a head arm posi- 2    



3                   EP O 400 946 B1                 4 tioner structure of a
fixed disk drive in order to make  on the data surface in the absence of
the air bearing its resonance(s) coincide with the sampling rate.  provided
by disk rotation. With a rotary voice coil ac- Moreover, the Banck
disclosure did not recognize that  tuator structure heretofore there simply
hasn't been with a fixed disk head positioner structure, there may  enough
room to fit many disks closely together on a be more than one head
positioner resonance and   5   single spindle for rotation about a common
axis and mode (including torsional, bending, and lateral modes
concomitantly provide sufficient stiffness within the of vibration), and
that the modes and resonance fre-  head positioner structure foreffective
head position- quencies thereof occur at different frequencies. Also,  ing.
This limitation has arisen on account of the spac- as noted by Banck, head
arm resonance at or near the  ing or distance required between the disks in
order to zero dB crossing of the servo loop bandwidth, or a   10
accommodate the vertically aligned heads and head resonant frequency which
Is an integral multiple of  mounting structures of the ganged head
positioner one half of the sampling frequency above the servo  assembly.
Heretofore, a minimum spacing was re- bandwidth zero dB crossing, can lead
to servo loop in-  quired between each oppositely facing data surface
stabilities through "aliasing", Le, high frequency res-  of two adjacent
disks In order to have enough room onance appearing in the base-band
frequency range   15  for the two heads (sometimes called sliders) and the
which is from zero to one half the sampling rate.  suspension, load beam
and head arm associated with Thus, with embedded sector servo control sys-
each head. tems for head positioning, a hitherto unsolved need   Another
and related limitation concerns the lim- has arisen for a mechanism for not
only for strength-  ited amount of torque available at the spindle to
rotate ening the positioner structure for the head, but also  20  the
heads. As disk drives progressed to the five and providing a number of
selectable configurations so  one quarter inch diameter form factor in both
full that interfering resonances, whether within the servo  height and half
height configurations, standard prac- loop bandwidth or aliases, may be
adjusted to mini-  tice evolved to include a direct drive spindle motor as
mize disturbance of the positioner system.         a partof the diskspindle
assembly. As disk drive form As disk drives have matured, disk drive form
fac-  25  factors have progressed to the three and one half Inch tors have
tended to become standardized within the  diameter and the two and one half
inch diameter form computer industry, so that makers of computers may
factors, where three or more disks have been used, obtain disk drives from
a variety of sources which will  the spindle motor has typically been
Included entirely fit within a well or space in the computer designed to
within the spindle hub at the central region of the disk accommodate afixed
diskdrive of agiven form factor.  30  stack. Generally speaking, the torque
generated by a This way, data storage devices including disk drives,
direct drive, brushless spindle motor has been a func- and perhaps tape
backup drives for example, having  tion of the radius to the rotating
magnet assembly. a range of features, capacities and performance    With
the rotating magnets included within the radial characteristics may be
installed and used within a giv-  constraints of the spindle hub, these "in
the hub" spin- en family of computers.                       35  die motors
generally develop less torque than other With a standardized form factor as
a controlling  spindle motor designs not constricted by the hub constraint
in designing new disk drives, a hitherto un-  cross dimension. solved
problem has arisen in designing miniature disk  Prior fixed disk drives
having non-removable me- drives having more than just a few disks. In such
min-  dia have typically provided lubricated or carbon-over- iature disk
drives, limited angular displacement, di-  40  coated disk data storage
surfaces, so that the head rect drive rotary actuators have been proposed
and  slider could take off and land on the disk surface as widely used, see
U.S. Patent No. 4,783,705, and the  the disk began to rotate on power-up,
and ceased to above-referenced U.S. Patent No. 4,669,004, for ex-  rotate
on power-down. With the slider in contact with ample, which illustrate one
practical form of in-line ac-  the data surface, starting friction or
"stiction has re- tuator structure. Such actuators which include  45
quired much greaterspindletorque than the torque re- ganged, comb-like
extensions for connecting and    quired merely to rotate the disks once the
head sliders supporting the head arms, flexures and heads, have  are
"flying" on an air bearing. With the addition of been realized with lower
mass and with higher track  heads and disk surfaces to increase data
storage ca- seeking movement velocities which achieve im-     pacity, the
stiction torque requirements have pro- proved track access characteristics.
50  gressively increased, while the "in the hub" motorsize With linear
actuator structures, it has been pos-  has stayed constant or decreased, in
order to main- sible to conserve headroom between disks by later-  tain the
form factorrequired bythe computer Industry. ally offsetting adjacently
opposed heads and sup-     Stiction within a disk drive having direct head-
porting structures. However, with commonly ganged  disk surface contact is
a function of several charac- rotary head mounting structures, the heads
must re-  55  teristics including contamination within the enclosed main in
vertical registration to maximize capacity by  space of the head-disk
assembly and surface condi- allowing a larger data band and minimizing the
space  tion of the disk (and slider). In essence, a disk drive needed for a
head landing zone for parking the heads  having direct head-disk contact is
a very sensitive 3    



5                  EP 0 400 946 B1                  8 sensor for the
presence of contaminants, whether   time and coststothe actuatorstructure.
Thus, a need due to out-gassing of components, or leakages of lu-  has
arisen for an selectable array of combinations of bricants from the disk
spindle or the actuator assem-  head suspension arrangements which may be
select- bly, etc. No mass produced disk drive is perfectlyfree  ed and used
for increasing the vibrational frequen- of contaminants, and resultant
stiction must be over-   5   cies, and avoiding aliasing, otherwise
limiting servo come with sufficient torque from the spindle motor in
bandwidth, so that data tracks may be placed more order to achieve
reliable, repeatable performance.  closely together and so that settling
times following The surface condition of the data storage media has  head
seeking to destination track location are re- also played an important
function in stiction level.  duced. With coated oxide media, the level or
amount of lubri-  10  Yet another limitation associated with some disk
cation applied to the storage surface to protect   drives of the prior art
has been the provision of dy- against landing by the slider has directly
affected stic-  namic head loading and unloading mechanisms tion. In more
recent thin film media applied by sput-  which merely lift the data
transducer heads off of the tering, the amount of molecular overcoat
applied to  data surface while permitting them to dangle in close harden
and protect the thin film deposition also has  15  proximity above the data
storage surface in the un- affected stiction. If the disk surface is made
too flat,  loaded position. Since the heads are gimbal mounted the slider
will stick to the disk surface by virtue of the  by flexures and in that
sense behave as pendulums, relative vacuum formed between the oppositely
fac-  severe shocks attributable to rough handling have ing surfaces in
contact. This is particularly a problem  caused the unloaded heads to crash
into the data with data storage disks formed of glass substrate ma-  20
storage disks and thereby damage or destroy them. terial.
One other limitation associated with other disk Nominally, the coefficient
of friction (mu) will be  drives of the prior art has been the provision of
dy- less than 0.5. Forexample, if a load force of 9.5 grams  namic head
loading and unloading mechanisms exists between the head slider and the
disk surface,  which engage head mounting load beams in a middle with a mu
of 0.5, half the load force will be required   25  region, thereby causing
the head end region to can- to cause relative sliding motion between the
slider  tilever above the disk surface and requiring more and the data
storage surface when they are in oppo-  vertical headroom for unloading due
to amplification sitely facing, sliding contact. When the slider sticks to
of head loading mechanism tolerances. the data storage surface (stiction),
the mu will often  Thus, a hitherto unsolved need has arisen for an
increase to 1.0. This increased force must be over-  30  improved miniature
fixed disk drive having a signifi- come by starting torque generated by the
spindle mo-  cantly higher data storage capacity by disks which tor before
the disk drive may function as intended.  are spaced closer together and
which are rotated by In order to overcome the additional torque re-  an
in-the-hub direct drive spindle motor, wherein the quirements imposed by
stiction, dynamic head load-  rotary head mounting structure manifests
improved ing techniques have been proposed for loading the   35  vibration
characteristics leading to increased open heads intoflying
orientationonlyafterthediskshave  loop servo bandwidths and reduced head
settling reached operating angular velocity and for unloading  times and
wherein a dynamic head loading and un- the heads prior to power-down.
Dynamic head load-  loading mechanism provides more positive control of ing
mechanisms have required additional space be-  head position during loading
and unloading with less tween the disks and have not proven to be very sta-
40  vertical headroom being required. ble.
US-A-4,797,763 discloses a head mounting As briefly mentioned above, a
third and still relat-  structure comprising a "mounting arm" including all
ed limitation of priorart head mounting structures has  the features of the
load beam in the preamble of ap- been the limitation imposed upon servo
bandwidths  pendant claim 1. and head settling times on account of
vibrational  45  Ageneral object of the present invention is to pro- modes
of the head arm, flexure, and head. At least  vide improved head transducer
load beam structural one or more of these vibrational modes, referred to
configurationsfora head and diskassemblyof afixed hereinafter as first
bending mode, first torsional  disk drive which overcome limitations and
drawbacks mode, lateral mode, second bending mode and sec-  of the prior
art. ond torsional mode, has contributed to relative head   50  A more
specific object of the present Invention is motion of a servo head leading
to uncorrectable ser-  to provide an improved dynamic head loading and un-
vo error phase shifts at a frequency which effectively  loading arrangement
for a fixed disk drive which Im- marks the bandwidth limitation of any
servo loop in-  proves upon prior approaches and which reduces cluding a
servo head moved by the ganged head ac-  disk spindle motor starting torque
requirements, size, tuator assembly. While addition of damping material  55
current and heat dissipation requirements. has attenuated somewhat the
undesirable servo loop    Anotherspecificobjectof the present invention is
phase shifts associated with the first and second tor-  to provide a fixed
diskdrive which Includes commonly sional modes, addition of damping
structures adds  ganged, vertically compacted load beam  head 4    



7                   EP O 400 946 B1                 8 mounting structures
as part of an in-line rotary voice  reinforced load beam region located
between the leaf coil actuator structure which enable plural data stor-
spring loading region and the flexure attachment re- age disks to be spaced
more closely together than  gion, characterised by the load beam further
includ- heretofore, as close as one hundred thousandths of  ing a dynamic
head loading tab formed at the outer- an inch, for example.
5   most part of the head end region beyond the trans- A further specific
object of the present Invention  ducer head, and by the head mounting
structure fur- is to provide a reverse flange load beam within a head  ther
comprising loading ramp means associated with mounting structure of a head
and disk assembly    the head and disk assembly at least during initial as-
which includes a loading tab beyond a head slider  sembly thereof, located
adjacent to a peripheral edge which cooperates with a loading ramp in order
to min-  10  of the storage disk and cooperating with the dynamic imize the
amount of vertical movement required for  head loading tab, so that as the
rotary actuator struc- effective dynamic head loading and unloading.
ture moves the load beam towardthe periphery of the One more specific
object of the present invention  disk the dynamic loading tab thereof
engages the is to provide truss-reinforcement of a reverse flange  loading
ramp means and progressively lifts the load load beam in order to increase
stiffness to increase  15  beam and the transducer head away from the data
the frequencies of resonance modes, thereby ena-   surface as the rotary
actuator structure continues to bling development of wider bandwidth
embedded      move the load beam to and beyond the periphery of sector
servo loops for head position control without  the data storage disk.
requiring load beam damping structures or techni-     Advantageously, the
load beam region includes ques.                                         20
two peripheral longitudinal flanges, which may be Yet another specific
object of the present inven-  generally L-shaped, facing toward the data
storage tion is to provide a dynamic head loading structure for  surface
associated with the data transducer head at- a miniature fixed diskdrive
which enables more disks  tached to the gimbal flexure and may further
include to be contained in a unit height and volume, which en-
reinforcement trussing secured to the lower edges of ables more concentric
data storage tracks to be de-  25  the longitudinal flanges to form a box
section. Prefer- fined on storage surfaces of the disks, and which re-
ably, the longitudinal flanges of the load beam region suits in a lower
power, more reliable disk drive having  comprise generally L-shaped or box
channels, and a greater useful life than heretofore.            the
trussing comprises an X-shaped cross piece Anotherspecific objectof the
present invention is  which is attached to apex edges of the channels to to
provide a dynamic head loading structure for a disk  30  form the box
structure. drive which provides additional freedom for a gimbal
Preferably, the leaf spring loading region Is tail- mounted data
transducer.                           ored and configured to provide a
desired static load- Still one more specific object of the present In-  ing
force to bias the head toward the storage surface vention is to provide a
repertory of techniques for ad-  and simultaneously to control modal
resonances justing modal resonant frequencies of a reverse  35  otherwise
adversely affecting servo loop stability. flange load beam so as to avoid
instabilities within  In a related aspect of the present invention, the
head position servo loops including the load beam.  loading ramp structure
lowers the load beam toward Yet another specific object of the invention is
to  a major plane of a storage surface of the disk, thereby provide a
simple and reliable means for initially load-  to stabilize the load beam
at the rest position and pre- ing data transducer heads onto respective
data stor-  40  vent inadvertent or accidental reloading of the heat age
surfaces during head and disk assembly in the  onto the storage surface. In
this aspect a first slope manufacturing operation.
region overlying an outer portion of the data storage According to the
present invention, there is pro-  surface of the disk slopes upwardly away
from the vided a head and disc assembly of a fixed disk drive  storage
surface and a second slope region adjacent including a data storage disk
rotating at a predeter-  45  the common mounting post beyond the disk
periphery mined angular velocity relative to a base and a rotary  which
slopes toward the plane of the data storage sur- head actuator structure
rotatably mounted to the  face, the second slope region being provided for
park- base and including a head arm for supporting and  ing the data
transducer heads away from the data moving at least one data transducer
head about a   storage surface and beyond the outer periphery of plurality
of concentric data track locations defined on   50  the disk. a data
storage surface of the disk, a data transducer  Preferably, the leaf spring
loading region is tail- head mounting structure substantially in line with
the  ored and configured to provide a desired static load- rotary actuator
structure and comprising: an elongat-  ing force to bias the head toward
the storage surface ed load beam including a head arm attachment end   and
simultaneously to control modal resonances region for attachment to an
outward end of the head  55  otherwise adversely affecting servo loop
stability of arm, a leaf spring loading region, a flexure attach-  the head
positioner. In a related aspect, the leaf ment region at a head end region
for attachment of a  spring loading region may define a central longitudi-
gimbal flexure for mounting the transducer head, a  nal opening. 5    



9                  EP 0 400 946 B1                 10 A dampener structure
may selectively be added  structure. to the load beam to attenuate the
magnitude of modal  Fig. 4 is a bottom plan view of the head mounting
resonances otherwise adversely affecting head posi-  structure depicted in
Fig. 3. tioner servo loop stability.                         Fig. 5 Is a
side view in elevation of the head sus- Preferably, the elongated load beam
has an un-   5   pension and ramp shown in Fig. 3. correctable servo loop
phase shift attributable to lat-  Fig. 6 is an end view in elevation of the
head sus- eral mode vibration at a frequency not substantially  pension and
ramp shown in Fig. 3 with the head lower than 6000 Hz and has a correctable
second tor-  shown in the fully unloaded position on the left, and sional
mode vibration at a frequency not substantially  with the head shown in the
fully loaded position ad- lower than 5000 Hz.                          10
jacent to the ramp on the right side of the figure. Advantageously, the
load beam box structure in-   Fig. 7a is an enlarged plan view of a gimbal
flex- clude trussing extending between the two peripheral  ure of the type
shown in Figs. 3 and 4. longitudinal flanges to provide additional strength
to  Fig. 7b is a side view in elevation of the Fig. 7a resist torsion mode
vibration without significant addi-  flexure. tion of mass to the load beam
structure.     15       Fig. 7c isa sectional view in elevation taken along
The head mounting structure may be applied to  a longitudinal axis section
line 7c-7c of the Fig. 7a a disk drive which may comprise a plurality of
com-  flexure. monly mounted, closely spaced apart, parallel data    Fig.
7d is an end view of the Fig. 7a flexure. storage disks and the rotary
actuator structure pro-  Fig. 818 an enlarged detail side view of two op-
vides head arms Interleaved between the disks, there  20  positely facing
head mounting structures of the type being a head mounting structure for
each data stor-  depicted in Fig. 3 arranged between two adjacent age
surface of each disk, at least one head arm con-  disks of the Fig. I
drive. necting to and supporting two head mounting struc-   Fig. 9 is a
detail end view of the Fig. 8 configur- tures in vertical alignment
relative to the data storage  ation with the loading ramps in section to
provide clar- disks and the rotary actuator structure.     25  ity.
Advantageously, the loading ramp structure in-    Fig. 1Oa is a graph
comparing vibrational modes cludes a load ramp associated with each load
beam  of a standard 3370 Whitney suspension, a 70% scale and each load ramp
is positioned and mounted to the  micro-Whitney suspension, a reversed
flange sus- base by a common mounting post.                   pension
without cross-bracing, and a reversed flange The plural disk may be spaced
apart as closely as  30  suspension having cross-bracing, as used within an
0.254cm (one hundred thousandths of an inch).     in-line actuator
structure of a disk drive such as the These and other objects, advantages,
aspects  type shown In Fig. 1. and features of the present invention will
be more   Fig. 1Ob isa graph offrequency response of a re- fully
appreciated and understood upon consideration  versed flange suspension
without cross-bracing. of the following detailed but non-limitative
description   35  Fig. 10c is a graph of phase angle of a reversed of a
preferred embodiment, presented in conjunction  flange suspension without
cross-bracing. with the accompanying drawing.                        Figs.
11a, 11b and 11c are highly diagrammatic in the Drawings:
transverse sections In elevation of three reversed Fig. 1 is a diagrammatic
top plan view of a minia-  flange suspensions: Fig. 11a showing a full
wrapped ture micro-Winchester fixed disk drive having a plur-  40  flange
design, Fig. 11 b showing vertical and horizon- ality of commonly
journalled disks and a ganged, in-  tal portions within the longitudinal
flanges, and Fig. line rotary voice coil actuator structure which in-  11c
showing vertical flanges only. cludes head mounting structures in
accordance with   Fig. 11d is a graph comparing vibration mode res- the
principles of the present invention.          onant frequencies of the Fig.
11a, 11 b and 11c de- Fig. 2 is a diagrammatic view in section and side
45  signs without offset view elevation of a portion of the disk drive
depicted  Fig. 12a, 12b and 12c respectively illustrate three in Fig. 1,
taken along the section line 2-2 in Fig. 1.  reverse flange mounting
structures in side view: Fig. Fig. 3 is an enlarged detail plan view of a
head  12a illustrating an upward or positive positional off- mounting
structure and loading ramp of one head and  set, Fig. 12b illustrating no
positional offset, and Fig. disk surface of the disk drive depicted in Fig.
1.  50  12c illustrating a negative positional offset. Fig. 3a is a head
end view in elevation of the head  Fig. 12d is a diagrammatic side view in
elevation mounting structure depicted in Fig. 3.            of a reverse
flange mounting structure having its leaf Fig. 3b is an enlarged,
diagrammatic view of a  spring region bent around a forming mandrel during
slightly modified form for the head mounting and load  fabrication. tab
region of the Fig. 3 mounting structure.  55     Fig. 12e shows the Fig.
12d reverse flange Fig. 3c is a sectional view of the Fig. 3b detail, tak-
mounting structure after deformation and following a en along the line
3c-3c in Fig. 3b.               stress relief process. Fig. 3d is a head
end view of the Fig. 3b mounting  Figs. 13a, 13b and 13c are three graphs
respec- 6    



11                  EP 0 400 946 B1                 12 tively Illustrating
phase loss compared to offset for a  nominal 95 millimeter diameters are
shown in Fig. 2, 70% mocro-Whitney mounting structure, phase loss   by way
of illustration. These disks 34 are rotated at a compared to offset for
first torsion mode of a reverse  predetermined angular velocity by the
in-hub spindle flange mounting structure without cross bracing, and  motor
29. resonance amplitude compared to offset for first tor-   5  Each disk 34
defines two data storage major sur- sion mode of a reverse flange mounting
structure.   faces, each of which is capable of storing up to 50 Fig. 13d
is a graph comparing resonance fre-    megabytes of user data, or more, in
a multiplicity of quencies of vibrational modes versus offset within a
concentric data storage tracks. One disk surface may reverse flange
mounting structure without cross-   be prerecorded with track centerline
servo correction bracing.                                      10
information, e.g. in a tri-bit pattern, for example. A Fig. 13e Is a graph
comparing resonance fre-    particular track Is selected by moving a ganged
ac- quencies of vibrational modes versus offset within a  tuator assembly
36 to a "cylinder" location, and then reverse flange mounting structure
having cross-    selecting a particular data transducer head 72 in or-
bracing.                                           der to obtain access to
the particular storage surface Figs. 13a, 13b, 13c, 13d and 13e are views
of  15  containing the desired track. (The term "head" is components
comprising a cross-braced reverse       sometimes used herein to include
both the electro- flange mounting structure in accordance with princi-
magnetic head winding and the slider structure which ples of the present
invention with Fig 13e being an  incorporates the head winding).
Additionally, or alter- end view of a load beam element depicted in top
plan  natively, servo information may be embedded within view in Fig. 13a
and side view in Fig. 13b; and, Fig.  20  the data sectors of each disk
surface. Fig. 1 shows 13f being an end view of a gimbal flexure element de-
two servo sectors 37a and 37b which are presented picted In Fig. 13d; Fig.
13c depicting a cross-brace  as representative of servo sectors embedded
element                                            throughout the area of
the disk surface and which With reference to Figs. 1 and 2, a disk drive
data  contain prerecorded track and sector identification storage subsystem
10 Includes a base 12, typically  25  numbers, and which also contain a
burst pattern ena- formed of cast aluminum and defining end walls 14  bling
calculation of track centerline offset values by and 16 and side walls 17
and 19. A cover 18 encloses  a digital controller of the disk drive acting
within a the space defined by the base 12 and walls 14, 16,  head position
servo control loop. Embedded servo 17 and 19 so that the interior of the
disk drive is ef-  sectors 37 may be included in addition to a servo sur-
fectively hermetically sealed from the ambient (ex-  30  face, or in lieu
of a servo surface. Embedded servo cept for a conventional breather filter
which is not  sectors 37 have the advantage of enabling each data shown in
these figures). A printed circuit board 13 car-  transducer head 72 to act
as a servo head during the ries the electronics components of the disk
drive sub-  time that the sector is passing under the head 72. In system 10
and it is secured by threaded screws to  this way, each data head 72 will
more accurately fol- bosses 15 extending downwardly from the base 12.   35
low its associated tracks despite shifts in position Adisk drive spindle
assembly 20 includes a shaft  due to thermal cycling of the drive or
mechanical jar- 22 which is press fit into an opening formed in the  ring,
etc., which might otherwise set up positional dif- base 12. A disk spindle
hub 24 defines an interior  ferentials between a servo track of a servo
surface, space for a fixed poly-phase stator winding 26 and a  and a
nominally aligned data track within the cylinder rotating permanent magnet
ring 28 secured to an an-  40  defined by the servo track. nular
ferromagnetic flux return ring 29 mounted on     The rotary voice coil
actuator assembly 36 in- the inside wall of the hub 24. The winding 26,
magnet  cludes a central shaft 38 pressed into an opening in ring 28 and
flux return ring 29 define an in-hub direct  the base 12. An actuator hub
40 is rotatably mounted drive DC brushless spindle motor. Commutation sen-
to the shaft 38 by an upper bearing 42 and a lower sors, such as one or
more Hall effect sensors (not  45   bearing 44. A flat, trapezoidal coil
46, encapsulated shown) may be provided for generation of appropriate
within a suitable plastic and molded as an integral part driving current
phases which are applied to the in-hub  of the actuator hub 40, is disposed
between two per- spindle motor in conventional fashion. Seals (such as
manent magnets 48 and 50. Flux return plates 52 and ferrofluid seals, not
shown) separate the spindle mo-  54 complete a magnetic circuit having a
flux gap torwithin the hub and spindle bearings 30 and 32 from   50
through which the coil 46 passes. Current passing the sealed Interior space
of the disk drive 10.    through the coil 46 in one direction causes the
actua- As many as eight data storage disks 34 may be  tor hub 40 to rotate
in one direction. Reversing the Journalled to the base 12 via the hub 24.
In accor-  current causes reverse direction movement ofthe ac- dance with
the principles of the present invention, the  tuator hub 40. The rotating
part of the actuatorstruo- disks 34 are so dimensioned and spaced as to
have  55  ture 36 is mass balanced about its axis of rotation, so
oppositely facing date storage surfaces spaced apart  that gravitational
forces will not influence position as closely as one hundred thousandths of
an inch   thereof with various orientations of the disk drive 10. (.100").
Six disks 34a, 34b, 34c, 34d, 34e, 34f, having  As seen in Fig. 2, the
actuator hub 40 includes a 7    



13              .  EP 0 400 946 B1                     14 series of
vertically aligned head arms 56 arranged in  mass of the load beam 58 and
advantageously signif- Interleaved relationship relative to the disks 34.
One  icantly increases the resistance of the load beam 58 or two load beams
58 are secured to each head arm  to torsional vibrations by providing a
completed "box 56 at an attachment region 60 at one end of the load
structure" in a stiffened region 70. While an X-shap- beam 58, depending
upon whether the arm  is   5   ed trussing member 68 is presently most
preferred, above/below a disk surface or in between two oppo-  any
structural member providing a trussing or diago- sitely facing disk
surfaces. The region 60 is made  nal reinforcementfunction In tension
across the lower more rigid by a thickened reinforcement load plate 61
edges of the reversed ribs will contribute significantly which is laser
welded to the load beam 58 at multiple  to the stiffening of the load beam.
In practical terms, locations surrounding a central opening 59. One man-
10  addition of the trussing member 68 results in approx- ner of attachment
of the load beam 58 to the arm 56  imately a 400 Hz increase in the
resonance frequency is to provide a grommet 62 which passes through and  of
the first torsional vibration mode, increasing this is swaged over the
opening 59 defined in the arm 56  resonance from approximately 1500 Hz to
approxi- and load plate 61. Other possible attachment meth-  mately 1900
Hz. As mentioned, shortening the leaf ods include use of screws, epoxy
adhesives, or other  15  spring region 66 and providing a central opening
forms of bonding or spot welding. The load plate 61  therein also increases
the first torsional resonance is typically a 300 series stainless steel
part and  mode and provides a unique way for"tuning" the load serves to
connect the load beam 58 to the arm 56.  beam 58 to the desired resonance
characteristics as With reference to Figs. 3, 4, 5 and 6, each load  may be
required by a particular head positioner servo beam 58 of the actuator
assembly 36 includes two re-  20  design. versed ribs 63 and 64 formed
along longitudinal       With further reference to Figs. 3, 4, 5, and 6, a
edges of the beam 58. The ribs 63 and 64 are re-   head loading tab 71 is
formed at the end of the load versed in the sense that they are L-shaped
flanges  beam 58 distant from its attachment region 60. The which are
folded downwardly and then outwardly to  tab 71 extends just beyond the
front end of the head define a lower shelf 65 extending generally parallel
25  slider72,and the tab71 enables dynamic loading and with the disk
surface of the disk 34 with which the  unloading of the head slider 72 from
its associated head 72 supported by the particular load beam 58 is  disk
surface in conjunction with a loading ramp struc- associated. The load beam
58 is formed by stamping  ture 73 associated therewith. 300 series
stainless steel sheet approximately 2.5    A damping plate 74 which may be
formed of a mils thick.                                   30  stainless
steel sheet nominally two mils thick and A preload-providing leaf spring
portion 66 of the  coated with a layer of adhesive damping material load
beam 58 enables the head slider 72 to be pre-  such as 3M's ISD 110, also
nominally two mils thick loaded with a predetermined force (e.g. 7 to 9
grams)  may be affixed to the top surface of the load beam 58 toward the
surface of the disk 34. (Formation of the  as shown in Fig. 3. When used,
the damping plate 74 load beam 58 with a deformation of the leaf spring 66
35  serves to damp out anyflexing dueto the first torsion- Is discussed
hereinafter in conjunction with the dis-  al mode of vibration which can
result from variations cussion of offset as illustrated in Figs. 12a
through  in flatness of the disks 34. The adhesive coating of 12e.) Each
load beam 58 must have low stiffness in  the damping plate 74 is pressed
onto the top of the a direction perpendicular to the disk 34 but must be
load beam 58 and then heat is applied to cure the ad- very stiff and
possess high natural frequencies of vi-  40  hesive and bond it to the load
beam. Backed pressure bration in directions parallel to the data storage
sur-  sensitive adhesives are also sometimes used as face of the disk 34.
As loading force is reduced, the  damping media for load beams but manifest
a lower longitudinal length of the leaf spring region 66 may be  heat
temperature range than heat-cured adhesives. shortened, and since torsional
mode stress is con-    While the damping plate 74 is effective to reduce
centrated in the outer segments of the section 66, a   45  the amplitude of
the first torsional mode, it is not ef- central opening 67 may be defined
without impair-  fective in increasing the frequency of this mode. Also,
ment of the preload function and with further reduc-  the damping plate 74
is expensive to make and apply tion in the mass of the load beam structure
58. This  in manufacturing and adds to the moment of inertia of approach
results in a further increase in frequency of  the head arm but is a useful
and sometimes needed thefirsttorsional resonance mode discussed In great-
50  technique In order to reduce vibrational instabilities er detail
hereinafter.                             within the load beam mounting
structure 58 which are A trussing member 68 is preferably but not nec-
excited by and/or interfere with the head positioner essarily formed as a
cross-brace shown in Fig. 4. The  servo system of the drive 10. The damping
plate 74 member 68 may be formed of 300 series stainless    may be used in
combination with the trussing mem- steel 2.5 mil sheet. It is spot welded
tothelower shelfs  55   ber 68; or, more preferably, the trussing member 68
65 at a minimum of four locations 69 during fabrica-  may be provided in
lieu of thedamping plate 74, there- tion of the mounting structure 58. The
trussing mem-  by considerably reducing the cost of the load beam ber 68
adds very little to the overall height or to the  structure 58 without
significant addition of mass and 8    
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the head arm assembly of the  der to avoid excessive wear of the dimple
pivot loca- disk drive subsystem 10.                         tion 76 while
preserving freedom of movementforthe As perhaps best seen in Figs. 7a, 7b,
7c and 7d,  flexure 75. To this end, the dimple point 76 of the gim- a
gimbal mounting flexure 75 is provided as a gimbel  bal flexure 75 can be
seen in Fig. 3a to be in contact mounting for the head 72,so thatthe head
mayfreely   5   with the downwardly projecting underside of a de- follow
the contour of the surface of the disk 34 above  pressed central channel
portion 84 of the load beam which it is flying on an air bearing cushion.
The mount-  58 spanned by the raised outer portions 83. The pro- ing
flexure 75 is attached by spot welds 76 to the load  vision of a depressed
channel portion 84 advanta- beam 58. The flexure 75 provides a low
stiffness gim-  geously provides a cam follower surface for the load- bal
action by connecting the load beam and a central  10  ing tab 71 in order
to follow the guiding surfaces of the contact point of the slider 72. A
hemispherical "dim-  ramp 73. ple" 76 is formed In a central leg 77 of the
flexure 75  Figs. 3b, 3c and 3e Illustrate a slightly modified which is
attached to the slider by an adhesive. The  load beam 58'in which the load
tab 71a has a longi- dimple76forms thecentral contactpoint between the
tudinal channel 93 which is formed to be below the head slider 72 and an
facing adjacent location of the  15  level of the main central channel 84
(shown in Fig. load beam 58. Two outer leg regions 78 separate the  3a).
This arrangement lowers slightly the cam follow- central leg 77 from the
body of the flexure 75 which  ersurfaceforfollowing the guiding surface of
the load is welded to the load beam 58, and they act as inde-  ramp 73 and
further decreases slightly the spacing pendent leaf springs, enabling the
slider 72 to pivot in-  achievable between adjacent storage disks 34.
dependently of the plane of the load beam 58 about  20  With reference to
Figs. 6, 8 and 9, a separate the pivot point defined by the dimple 76.
Angled con-  loading ramp 73 is provided for each load beam 58. necting web
regions 79 connect the central leg 77 and  The loading ramps 73 are
maintained in vertical align- the outer legs 78 together to complete the
gimbal  ment by a common post 85 secured to the base cast- structure 75.
The head slider 72 is affixed to the cen-  ing 12. Each ramp 73 includes a
radially outward park tral leg 77 of the flexure by a suitable adhesive,
and   25  region 86 and a radially Inward load and unload region an
inspection hole 91 (Figs. 3 and 4) enables the  88,
relativetothecenterofrotationofthedikspindle worker to observe that the
adhesive has flowed   20. The guiding surface of the load and unload region
throughout a contact area between the central leg 77  88 of the ramp 73
slopes from a flat plateau 90 toward and the top of the slider 72.
the storage surface of the disk 34, and the guiding The head slider 72 is
preferably a "micro" size  30  surface 76of the park region also slopes
from the pla- slider which is approximately 70% the size and mass  teau 90
downwardly and away from the peripheral of the Whitney sized slider
heretofore widely used in  edge of the disk 34. miniature fixed disk drives
of the micro-Winchester  It Is important to isolate each slider 72 away
from variety. The electromagnetic transducer data     the surface of the
disk 34 when unloaded, so that read/write head itself is preferably a thin
film coil  35  shocks and vibrations of the disk drive 10 will not formed
at an outermost rail at one end of the slider 72.    cause the gimbal
mounted sliders 72 to respond as Thin wires 80 carried in a small diameter
plastic insu-  pendulums and strike the disk surface. The slope of lator
tube 81 connect the head to appropriate head  the guiding surface 86 of the
park region therefore is write driver/read preamplifier circuitry (not
shown)  selected so that severe shocks and vibrations will not which is
preferably included on a flex circuit located  40  cause the actuator
structure 36 to rotate toward the within the enclosed space defined by the
base cast-  disk 34 and inadvertently cause the head sliders 72 ing 12 and
cover. Conveniently, the plastic tube 81  to come into contact with the
disk surface when nom- may be nested against the adjacent L shaped flange
inally In the unloaded position. The loading and fully 64, as shown in Fig.
3, and held in place by tab exten-  unloaded positions of the load beam 58
relative to the sions 82.                                    45  disk 34
are diagrammed in Figs. 6 and 9. Acrash stop Two raised outer portions 83,
as best seen in Fig.  of the actuator assembly 36 limits the arcuate locus
3a, are provided symmetrically about the location of  of rotation of the
actuator arms 56 and ganged load attachmenttothe gimbal
flexure75forthetransducer   beams 58, thereby keeping the load tab 71 on
the head 72. The raised portions 83, which are typically  slopes 86 in the
fully unloaded positions. symmetrical, provide a greater degree of freedom
of  50  The electromechanical rotor of the actuator as- movement for the
outer legs 78 of the gimbal flexure  sembly 36 develops sufficient torque
to cause the 70 and data transducer head 72 relative to the load  load tabs
71 of all of the load beams 58 to slide over beam 58. In addition, the
raised portions 83 provide  their associated loading ramps 73 in a
controlled additional longitudinal rigidity to the loading tab 71  manner
during dynamic head loading and unloading and the gimbal flexure 70.
Preferably, the location of  55  operations. By unloading the head sliders
72 from the attachment between the load beam 58 and the gimbal  disks 34
and moving them to the park position away flexure 70 is as close as
possible to the plane defined  from the disk surface, the torque required
of the in- by the neutral axis of the flexure outer legs 78, in or-  hub
spindle motor to start and rotate the disks 34 is    17                 EP
0 400 946 B1                18 



significantly reduced over what itwould be if the slid-  and down
displacements of the load beam relative to ers rested upon the disk
surfaces during power off  the data storage surface: a first bending mode
which conditions and starting friction ("stiction") resistances
constitutes a resonance at a fundamental frequency had to be overcome.
or period of vibration of the load beam, and a second By providing the
loading tab 71 at the end of the   5   bending mode which occurs at a
higher frequency. load beam 58, sufficient space is realized to enable
With in-line actuators of the type shown herein and the loading ramp 73 to
fit under the tab 71 without in-  shown in the referenced U.S. Patents Nos.
4,669,004 terference with the L-shaped reverse flanges 63 and  and
4,783,705, and U.S. Patent application Serial No. 64 as would occur with
reverse rib load beam designs  07/192,353 filed on May 10, 1988, the up and
down of the prior art. Also, by providing the loading and un-  10
oscillation of the bending modes contribute very little loading tabs 71
adjacent to the head sliders 72, more  to lateral (side to side)
displacement of a servo track positive control of the dynamic head loading
opera-  transducer, and consequently no damping or correc- tion occurs, and
vertical displacement due to toler-  tion processes are required to correct
for either bend- ance effects is minimized. Also, the loading tabs 71  ing
mode. extending at the end of the load beams 58 serve to  15  There are two
torsional mode vibrations which protectthe sliders 72 and their respective
flexures 75  represent rotation or twisting along the load beam: a from
handling damage during disk drive assembly.  first torsional mode at a
fundamental vibration fre- The mounting post 85 Is preferably integrally
quency and a second torsional mode at a higher fre- formed of the same
material as the loading ramps 73  quency. Torsional mode resonances are
shown as the and the resultant assembly enables the ramps 73 to  20  left
two discontinuities on the amplitude and phase be attached as an integral
unit to the base 12. A  angle plots of Figs. 10b and 10c respectively for
the mounting connection to the top plate 18 may also be  reverse flange in
line load beam without cross brac- provided in order to stabilize the
position of the load-  Ing. Torsional resonances occur at frequencies which
Ing ramp structure.                              are different from the
bending mode frequencies. Figs. 8 and 9 show a height compacted, two-disk
25  With the Whitney structure, the first torsional mode arrangement fora
head and diskassemblywithasin-   creates a significant servo loop phase
shift, but this gle head arm 56 interleaved between two oppositely  shift
may be corrected for by laminating a damping facing surfaces of two
adjacent disks 34a and 34b, for  medium, such as the damping plate 74 shown
in Fig. example. These two figures illustrate in greater detail  3, onto
the load beam 58. that the reverse flange load beams 58 may be posi-  so
The most severe vibrational mode of the Whitney tioned much closer together
than heretofore, and still  load beam is called the lateral mode and it
comprises effectively work within a disk drive 10 providing dy-
sidetosidevibrational displacements. Atlateral mode namic head loading and
unloading by virtue of the  resonance, the head moves from side to side
with loading tabs 71 and ramps 73. Fig. 9 illustrates that  such
displacement that the servo loop phase shifts the oppositely facing plateau
regions 90a and 90b of  35  by 180 degrees and is therefore uncorrectable.
The the ramps 73a and 73b must be spaced apart by a  lateral mode resonance
within an in-line actuator minimum distance denoted by the reference
numeral  structure constitutes a physical limitation upon servo 92 so that
the tabs 71 will still be slightly spaced apart  loop bandwidth and are
graphed for the reverse as the actuator 36 moves the head arm and load
flange 70% size load beam as the right most dip on beam structure across
the plateau regions 90.  40  the graphs of Figs. 10b and 10c. With
conventional load beams of the prior art In-  As graphed in Fig. 10a,
testing of a micro-Whit- cluding the IBM 3370 Whitney structure, as
described  ney load beam with upturned flanges facing away for example in
U.S. Patent No. 4,167,765, the disclo-  from the data storage surface has
shown thatthefirst sure of which is incorporated herein by reference, and
bending mode occurs at slightly below 2000 Hz. The with the so-called
micro-Whitney structure which is  45  first torsional mode occurs at
slightly above 2000 Hz approximately 70% the size of the original Whitney
and results in a correctable phase shift of about 25 to load beam
structure, there are at leastfive vibrational  30 degrees. The lateral mode
occurs at about 3800 modes which must be considered in analyzing dy-  Hz.
namic load beam performance within a disk drive.     With a flat reversed
flange load beam without There are five detectable bending modes associ-
50  cross brace, the first torsion mode of vibration occurs ated with a
load beam: first torsion, first bending, sec  at about 1800 Hz and
contributes little (20 degrees) ond torsion, lateral and second bending.
The reso-  of phase shift and low amplitude perturbation (1.5 nant
frequencies of these modes for the standard  dB) tothe open loop servo
bandwidth of the head pos- 3370 Whitney suspension, the 70% micro-Whitney
itioning servo system of the drive 10. The second tor- suspension, a
reverse flange load beam suspension  55  slon mode occurs at approximately
5400 Hz and without cross brace, and a reverse flange load beam  causes
approximately a 40 degree servo loop phase 58 having a cross brace are
charted in Fig. 10A.  shift. Sine this frequency is relatively high, very
little, The two bending modes are characterized by up  if any dampening
techniques are required in order to 10    19                  EP 0 400 946
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stabilize the servo loop. The second bending mode  of the load beam 58 is
bent around a mandrel 92 In occurs at approximately 5600 Hz and contributes
the manufacturing process, as diagrammed in Fig. nothing negatively to
servo phase. The lateral mode,  12d. This approximately 90 degree
deformation of the which causes a major phase shift of 180 degrees and
leaf spring actually causes a residual bend, Fig. 12e thereby constitutes
the physical limit of servo open   5   to remain in the unloaded load beam
58. After the Fig. loop bandwidth, occurs at approximately 5000 Hz.   12d
bending operation, the unloaded load beam 58 is The higher frequency
enables open loop bandwidths  then subjected to a suitable stress relief
process, to be increase, thus proviiing an improvement over  such as a
bakeout at about 500 degrees Fahrenheit contemporary head positioning servo
loops which are  for one hour. bandwidth limited by load beam lateral mode
toler-  10  Positive or negative offset results from the toler- ances. As
can be seen by the Fig. 10a comparative  ances arising from the bending of
the leaf spring re- graph, and the amplitude and phase plots of Figs.1Ob
gion illustrated in Fig. 12d and arises when the load and 10c, the reverse
flange load beam 58 of the pres-  beam 58 is actually loaded into proximity
with the sur- ent invention presents no uncorrectable resonances  face of
the data storage disk. At that time, the offset below the uncorrectable
lateral mode resonance fre-  15  characteristic becomes manifested. Offset
toleranc- quency, thereby eliminating any need fordamping de-  es can cause
significant resonance vibrations to re- vices or laminations.
suit in head positioner instability. Figs. 11a, 11b and 11c respectively
illustrate     Fig. 13a graphs phase loss versus offset for a three
different cross sections of head mounting struc-  70% size micro-Whitney
load beam. Even at zero tures: Fig. 11a showing a full channel structure;
Fig.  20  positional offset, the phase loss is about 25 degrees, 11 b
showing an L-shaped flange structure having the  and the characteristic is
not linear with negative and bottom shelf at each peripheral flange; and,
Fig. 11c  positive offset. Fig. 13b graphs offset for a reverse showing
load beam having downwardly dependent      flange load beam with and
without a damper struc- vertical flanges without further reinforcement Fig.
ture 74. It is readily apparent that there is no phase lid plots modal
resonancesforeachof the load beam   25  los for eitherreverseflangeload
beam atzerooffset, designs illustrated in Figs. 11a, 11 b and 11c for the
and that the offset varies substantially symmetrically five resonance modes
discussed above, as deter-    for both positive and negative offsets. The
damper mined analytically. While the flange angle for the  structure 74 is
seen to reduce phase loss by about cross sections as shown in Figs. 11a,11b
and 11c are  one half overthe undamped load beam structure. Fig nominally
on the order of 100 degrees, the actual an-  30  13c illustrates resonant
frequency amplitude versus gle may vary considerably in practice with
little  offset for the first torsion vibrational mode of a re- change in
results. Fig. lid confirms that the reverse  verse flange suspension
without a cross brace. This flange load beam 58 (Fig. 11b) manifests
resonance  graph shows a fairly symmetrical amplitude loss characteristics
which are very similar to the full chan-  characteristic for both positive
and negative offsets. nel design (Fig. 11a); however, the load beam 58 is
35  Fig. 13d graphs resonant frequencies of the five lightersince it
Includes less material and therefor may  vibrational modes as a function of
offset in a reverse be moved with less torque from the actuator 36.
flange load beam not having a cross brace. It is seen Figs. 12a, 12b and
12c illustrate generally in side  that the somewhat critical second torsion
mode and view three load beams 58a, 58b and 58c which are to  the very
critical lateral mode resonances vary non- be understood as being in a
fully loaded, "flying" ori-  40  symmetrically with positive and negative
offset of the entation with respect to a rotating disk surface (not  load
beam. Somewhat more symmetrical perfor- shown). Each load beam 58 is made
by the same      mance in the second torsional mode, and much more
manufacturing process, but each one manifests a dif-  symmetrical
performance in the lateral mode is ach- ferent offset characteristic due to
tolerances arising  ieved in a reverse flange load beam having cross from
the manufacturing process and from slight dif-  45   bracing, as shown in
Fig. 13e. ferences in material characteristics, etc.             From the
foregoing discussion, it will be apparent The load beam 58a of Fig. 12a
includes a leaf   to those skilled in the art that load beam vibration
spring region 66a which tilts upwardly slightly and  mode resonances can be
very sensitive to offset, therefore has a positive offsets The load beam
58b of  whether the offset is positive or negative. In addition, Figs 12b
is essentially flat and has zero offset. The   50  if either a positive or
negative offset exists, with the load beam 58c of Fig. 12c tilts downwardly
slightly  cross-bracing design as embodied In the preferred and therefore
has a negative offset characteristic. As  load beam 58, the first torsional
mode resonance is previously mentioned, the leaf spring region 66 of the
increased by about 400 Hz and couples to the data nominal load beam 58
provides a bias force to bias the  transducer head 72 with a correctable
phase shift. head against the disk surface so that it flies in close  55
Adding a shortened leaf spring with the cross brace proximity thereto upon
an air bearing. Loading forces  further increases torsional mode resonance.
of 7 to 12 grams are nominal for the load beams 58. In order to provide the
bias force, the leaf spring 66 11    21                 EP 0 400 946 B1
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Claims                                               generally L-shaped
channels thereby to form the stiffened load beam region (70) as a box
struc- 1. A fixed disk drive including a data storage disk  ture and to
resist torsional vibrations within the (34) rotating at a predetermined
angular velocity  stiffened load beam region (70). relative to a base (12),
said disk drive comprising   5 a rotary head actuator structure (36)
rotatably  5. The disk drive set forth in claim 4, wherein the mounted to
the base (12) and Including a head     elongated load beam has a
correctable first tor- arm (56) for supporting and moving at least one
sional mode vibration atafrequency notsubstan- data transducer head (72)
about a plurality of    tially lower than 1500 Hz. concentric data track
locations defined on a data  10 storage surface of the disk (34), and
further corn-  6. The disk drive set forth in any one of claims 1 to
prising                                           5, wherein the dynamic
loading tab (71) compris- a data transducer head mounting struc-      es a
channel structure in cross section having a ture being substantially in
line with the rotary ac-  central longitudinal depressed region (84) form-
tuator structure and comprising: an elongated   15  ing a loading ramp
follower surface for following load beam (58) including a head arm
attachment    the loading ramp means (73). end region (60) for attachment
to an outward end of the head arm (56), a leaf spring loading region  7.
The disk drive set forth in claim 6, wherein the (66), a flexure attachment
region at a head end   ramp follower surface (84) is inset to be between
region for attachment of a gimbal flexure (75) for  20  a major surface of
the load beam region and the mounting the transducer head (72), a
reinforced   disk surface. load beam region located between the leaf spring
loading region (66) and the flexure attachment  8. The disk drive set forth
in any one of claims 1 to region,
7, wherein the flexure attachment region further characterised by the load
beam (58) fur-  25  includes at least two raised portions (83) posi- ther
including a dynamic head loading tab (71)    tioned symmetrically about a
point (76) at which formed at the outermost part of the head end re-  the
load beam (58) attaches to the gimbal flexure gion beyond the transducer
head (72), and         (75). by the head mounting structure further
comprising loading ramp means (73) associated   30  9. The disk drive set
forth in any one of claims 1 to with the head and disk assembly at least
during   8, further comprising damping plate means (74) initial assembly
thereof, located adjacent to a per-  attached to the load beam region (70)
to provide ipheral edge of the storage disk (34) and cooper-  vibrational
damping thereto. ating with the dynamic head loading tab (71), so that as
the rotary actuator structure (36) moves  35  10. The disk drive set forth
in claim 9, wherein the the load beam (58) toward the periphery of the
damping plate means (74) comprises a metal disk, the dynamic loading tab
(71) thereof engag-  sheet and an adhesive coating thereon and es the
loading ramp means (73) and progressive-   wherein the damping plate means
(74) has been ly lifts the load beam (58) and the transducer    attached to
the load beam region by the steps of head (72) away from the data surface
as the ro-  40  pressing the damping plate means (74) against tary actuator
structure (36) continues to move    the load beam region and thereupon
applying the load beam (58) to and beyond the periphery    heat to bond the
damping plate means (74) to the of the data storage disk (34).
load beam region. 2. The disk drive setforth in claim 1, wherein there-  45
11. The disk drive set forth in any one of claims I to inforced load beam
region includes two peripher-  10, wherein the rotary head actuator
structure al substantially longitudinal flanges (63,64) fac-  (36)
comprises a mass balanced rotary voice coil ing toward the data storage
surface associated    actuator (46). with the data transducer head (72)
attached to said gimbal flexure (75).                 50  12. The disk
drive set forth in any one of claims 1 to 11, wherein the leaf spring
loading region (66) in- 3. The disk drive set forth in claim 2, wherein the
cluding two parallel outer segments defining a longitudinal flanges (63,64)
of the load beam re-  central longitudinal opening (67). gion comprise
generally L-shaped flanges. 55  13. The disk drive set forth in claim 12,
wherein the 4. The disk drive set forth in claim 3, further com-
longitudinal dimension of the outer segments, prising cross-shaped trussing
means (68) diago-   and thetransverse dimension width of the central nally
arranged and jointed to outersurfacesof the  longitudinal opening (67) are
selected to maintain 12    23                 EP 0 400 946 B1
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Bewegen von mindestens 



adjusting resonant frequency or torsional mode    einem
DatenObertragungskopf (72) Ober einer resonance of the head mounting
structure.         Vieizahl von auf einer Datenspeicherfilche der Platte
(34) definierten konzentrischen Daten- 14. The disk drive set forth in any
one of the preced-   5  spurstellen umfn*t, und welter eine DatenOber- ing
claims, wherein the loading ramp means (73)   tragungskopfeinbaustruktur
umfalt, die im we- comprises a first slope region (88) overlying an
sentilchen in eWner Linie mit der drehbaren Bet&- outer portion of the data
storage surface of the  tigungsstruktur bt und einen linglichen Ladetri-
disk (34) which slopes upwardly away from the     ger (58) miteinem
Kopfarmranbringendbereich (60) storage surface and a second slope region
(86)  10  zurAnbringung an ein uSeres Endedes Kopfarms beyond the disk
periphery which slopes toward    (58), sinen Blattfederbelastungsbereich
(56), einen the plane of the data storage surface, the second
Bandanbringbereich an einem Kopfendbereich zur slope region (86) being for
parking the data trans-  Anbringung eines Kardanbandes (75) zum Befesti-
ducer head (72) away from the data storage sur-   gen des
Obertragungskopfes (72) und einen zwi- face and beyond the outer periphery
of the disk  15  schen dem Blattfederbelastungsbereich (68) und (34).
dem  Bandanbringbereich angeordneten, ver- stirkten Ladetragerbereich
umfaSt, 1. The disk drive set forth In any one of the preced-  dadurch
gekennzeichnet, dal der Ladetrager ing claims, wherein the attachment end
region     (58) welter elne am AuISersten Teil des Kopfend- (60) includes a
mount plate laser-welded to the   20  bereichs Ober den Obertragungskopf
(72) hinaus load beam to provide stiffening at the attachment  ausgebildete
dynamische Kopfbelastungszunge end region (60).
(71) umfaSt, und daB die Kopfeinbaustrukturwel- ter eine dem Kopf und der
Plattenanordnung min- 16 The fixed diskdrive setforth in anyone of the pre-
destens wahrend der anfinglichen Zusammen- ceding claims, wherein the disk
drive comprises  25  stellung zugeordnete Belastungsrampeneinrich- a
plurality of commonly mounted, closely spaced   tung (73) umfalt, die
benachbart zu elnem Um- apart, parallel data storage disks (34a to f) and
fangsrand der Speicherplatte (34) angeordnet let wherein the rotary
actuator structure (36) pro-   und mit der dynamischen Kopfbelastungszunge
vides head arms (56) in interleave arrangement    (71) so zusammenwirkt,
daM, wenn die drehbare with the disk, (34), there being a said head  30
Betitigungsstruktur (36) den Ladetrager (58) in mounting structure for each
data storage of each  Richtung des Umfangs der Platte bewegt, die dy- disk
(34), and wherein at least one head arm (56)  namische Belastungszunge (71)
desselben die connects to and supports two said head mount-
Belastungsrampeneinrichtung (73) in Eingriff ing structures between two
adjacent data stor-    nimmt und almahlich den Ladetrager (5B) und age
disks (34).                           35      den Obertragungskopf (72) von
der Datenober- fliche weg anhebt, wenn die drehbare Betati- 17. The fixed
disk drive set forth in claim 16, wherein  gungsstruktur (36) welter den
Ladetrager (58) zu the loading ramp means includes a loading ramp    und
Ober den Umfang der Datenspeicherplatte means (73) associated with each
said load beam    (34) hinausbewegt. (56) and wherein each loading ramp
means (73)  40 is positioned and mounted to the base by a com-  2.
Plattenantrieb nach Anspruch 1, wobei der ver- mon mounting post.
starkte Ladetragerbereich zwei am Umfang an- geordnete, im wesentlichen
lingsverlaufende, in 18. The fixed disk drive set forth in either one of
Richtung der Datenspeicherfliche, die dem am claims 16 or 17, wherein the
disks are spaced   45  Kardanband (75) angebrachten Obertragungs- apart by
the metric equivalent of about one hun-  kopf (72) zugeordnet let, welsende
Flansche (63, dred thousandths of an inch, that is 0.254cm tak-  64)
umfait. ing 2.54cm to an inch. 3. Plattenantrieb nach Anspruch 2, wobei die
langs- so      verlaufenden Flansche (63, 64) des Ladetrager-
PatentansprOche                                      berelchs aligemein
L-formige Flansche umfas- sen. 1. Festplattenantrieb, umfassend elne
Datenspel- cherplatte (34), die sich mit olner vorbestimmten  4.
Plattenantrieb nach Anspruch 3, welter umfas- Winkelgeschwindigkelt relativ
zu einer Basis (12)  ss  send eine kreuzfOrmige Verstirkungseinrichtung
dreht, wobel der Plattenantrieb sine drehbare     (68), die diagonal
angeordnet ist und mit den Au- KopfbetAtigungsstruktur (36), die drehbar an
der  Benflichen der allgemein L-formigen Kanale ver- Basis (12) angebracht
iet, und elnen Kopfarm      bunden ist, um dadurch einen versteiften Lade-
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!1 tragerberelch (70)als sine Kastenstrukturzu bil-  13. Plattenantfieb
nach Anspruch 12, wobel die 



den und um Torsionsvibrationen Innerhalb des      Langsabmessungen der
auleren Segment. und verstelften Ladetrlgerbereichs (70) entgegenzu-   die
Querabmesaungsbreits der mittleren Llngsaff- wirken.
nung (67) so gewahlt sind, dall sine vorbestimnnte c
Kopfbelastungavorspannungskraft beim Elnatel- >   5. Plattenantrieb nach
Anspruch 4, wobei der lang-   len der Resonanzfrequenz oder der Torsionsmo-
liche Ladetrager sine korrigierbare erste Torsi-  dusresonanz der
Kopfeinbaustruktur erhalten onsmodusvibration be! elner Frequenz nichtwe-
wird. sentlich weniger ale 1500 Hz aufwelst. 10  14. Plattenantrieb nach
Irgendeinem der vorange- 6. Plattenantrieb nach irgendeinem der Ansprfiche
gangenen Anspruche, wobel die Belastungeram- I bWa 5, wobel die dynamische
Belastungszunge     peneinrichtung (73) elnen ersten, eonen luBeren (71) im
Querachnitt sine Kanalstrukturmit elnem   Bereich der Datbnspelcherflache
der Platte (34) mittleren, lingaverlaufenden, eingedrfickten Be-
iiberlappenden Neigungsbereich (88), der von reich (84), der sine
Belastungsrampenfoigeflf-  1m  der Speicherflche weg aufwartsgenelgt ist,
und che zum Folgen der Belastungsrampeneinrich-       einen zweiten, sich
iiber den Plattenumfang hin- tung (73) bildet, aufweist.
auserstreckenden Neigungsbereich (86), der in Richtung derEbene
derDatenspeicherflache go- 7. Plattenantrieb nach Anspruch 6, wobel die
Ram-    neigt ist, umfaelt, wobei der zweite Neigungsbe- penfolgefliche
(84) eingesetzt sta so da asie sich  20  reich (86) zum von der
Datenspeicherflfche ent- zwischen elner Hauptflache des Ladetrigerbe-
fernten und Ober den Au~eren Umfang der Platte relchs und der
Plattenoberfliche befindet.        (34) hinaus angeordnsten Parken des
Datenspel- cherkopfes (72) ausgelegt ist. S. Plattenantrieb nach
irgendeinem der Anspriche I bis 7, wobei der Bandanbringungaberelch wet-
25  15. Plattbnantfieb nach irgendeinem der vorange- ter mindestens zwel
erhabene Bereiche (83), die   gangenen AnsprOche, wobel der Anbrtingungs-
syrnmetrisch um eonen Punkt (76) angeordnet       endbereich (60) eine an
dem Ladetrager mittela sind, an dem der Ladetrager (58) an dem Kardan-
Laserachweigung befestigte Befestigungspiatte band (75) angebracht Ist,
umfagt                  zur Schaffung elner Versteifung an dem Anbrin- 90
gungsendberetch (60) umfaLt. 9. Plattenantrieb nach irgendeinem der
Ansprflche I bis 8, welter urnfassend eine an den Ladetra-  16.
Festplattenantrieb nach irgendetnern der voran- gerbereich (70) angebrachte
Dampfplattenein-      gegangenen Ansprfiche, wobei der Plattenan- richtung
(74), um fr den Ladetragerbereich sine   trieb sine VAizahl gemeinsam
montierter, eng Vibrationsdampfung zu schaffen.           35
benachbarter, paralleler Datenspeicherplatten (34a bl at umfalt, und wobel
die drehbare BetA- 10. Plattenantrieb nach Anspruch 9, wobel die
tigungsatruktur (36) Kopfarme (58) In geschach- Dampfplatteneinrichtung
(74) sin Metallblech     telter Anordnung mit der Platte (34) schafft, so
und sine darauf angeordnete Adhasivbeschich-      daS die
Kopfeinbaustrukturffrjeden Datenspet- tung umfagt, und wobei die
Dlmpfplattensinrich-  40  cher jeder Platte (34) vorhanden bat, und wobel
tung (74) an dem Ladetrigerbereich mittels        mindestens ein Kopfarm
(56) zwei der Kopfein- Pressen der Dampfplatteneinrichtung (74) gegen
baustrukturen zwischen zwei benachbarten Da- den Ladetrigerbereich und
darauffolgendes Auf-   tenspeicherplatten (34) verbindet und lagert.
bringen von WArme zurn Verbinden der Dampf- plattenetnrichtung (74) an den
LadetrAgerbe-  45  17. Festplattenantrieb nach Anspruch 16, wobel die relch
angebracht Ist.                             Belastungsrampeneinrichtung
sine jedem Lade- trager (56) zugeordnete Belastungsrampenein- 11.
Plattenantrieb nach irgendeinem der AnsprOche    richtung (73) umfaft, und
wobeijeds Belastungs- I bta 10, wobei die drehbare Kopfbetattgungs-
rampeneinrichtung (73) an der Basis mittels einer atruktur (38) sine
masseauageglichenes, drehba-  50  gumeinsamen Montagesaule angeordnet und
re Schwingspulenbetltigungseinrichtung (48)       montiert tat. umfalt. 18.
Festplattenantrieb nach einem derAnsprOche 16 12. Plattonantrieb nach
Irgendelnem der AnsprOche    oder 17, wobei die Platten durch das metrische
I bis 11, wobei der Blattfederbelastungsbereich  5s  Aquivalent von etwa
einern Hunderttausendstel (66) zwei Augere, parallels, sine mittlere
lingiO-  Inch, d.h. 0.254 cm fOr sin 2,54 cm entsprechen- che 6ffnung (67)
bildende Segments umfa~t.        des Inch, beabstandet sind. 14    27
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Revendications                                        tion de la surface de
stockage de donnees asso- ciee a la teto de transmission de donnees (72) 



1. Uniti de disques fixe comportant un disque de      fixee audit support
en balancier (75). stockage de donnees (34) tournant solon une vi- tesse
angulairo predteorminee par rapport a une   5   3. Unite de disques solon
la revendication 2, dans embase (12), ladite unite de disques compronant
laquelle les rebords longitudinaux (63, 64) du une structure d'entrathement
en rotation des te-  bras de charge comporent des bords generale- tea (36)
montee de facon a pouvoir pivoter par     ment en forme de L rapport A
l'embase (12) et qui comporte un bras porte-tte (56) pour supporter et
deplacer au   10  4. Uniti de disques solon la revendication 3, moins une
tWte de transmission de donneos (72)    compronant en outre un moyen de
renforcement par rapport A un ensemble d'emplacements de       en forms de
croix (68) dispose en diagonalo etas- plates de donnees concentriques
definies sur      semblI aux faces externes de la gouttiere gene- une
surface de stockage de donnees du disque      ralement en forms de L, pour
constituer la zone (34) et comprenant en outre               f5
rigidifle (70) du bras de charge en forme de cais- une structure de montage
de tteb de          son et pour rsister aux vibrations de torsion dans
transmission de donnees essentiellement ali-      la zone rigidiflie (70)
du bras de charge. gneo avec la structure d'entratnement en rota- tion et
constituee par: un bras de charge de for-  5. Unite de disques selon la
revendication 4, dans me allongee (58) comportant une extremite de   20
laquelle les vibrations compensables du premier fixation du bras porte-tteb
(60) pour raccorde-    mode de torsion du bras de charge de forme al- ment
A une extrimit6 extirieure du bras porte-ti-  longee apparaissent A une
frequence qui n'est to (56), une zone de miss en charge par ressort    pas
sensiblement inferleure A 1 500 Hz. A lame (66), une zone de fixation de
supportflexi- ble A une oxtremite de la tfte pour fixer un sup-  25  6.
Uniti de disques selon l'une quelconque des re- port flexible a balancier
(75) pour le montage de  vendications 1 a 5, dans laquelle la languette de
la tOte de transmission (72), une zone de bras de  miss en charge dynamique
(71) comprend une charge renforcee sltuee entre la zone du ressort
structure en forme de gouttibre presentant, vue a lame (66) et la zone de
fixation du supportflexl-  en coupe, une zone longitudinale centrale en
ble,                                      30      creux (84) formant une
surface de contact pour caracterise en co que le bras de charge      suivre
le profil du moyen servant de ramp. de (58) comportb en outre une languette
de miss on   miss en charge (73). charge dynamique de la tbte (71), formie
ala par- tie la plus exteiieure de l'extrimit6 de la trte, au-  7. Unite de
disques solon la revendlcation 6, dana dela de la tWte de transmission (72)
et   35      laquelle la surface do suivi de profil de ramps en ce que la
structure de montage de tte     (84) est enfoncee pour se trouverentre la
surface comprend en outre un moyen formant une rampe       principals du
bras de charge et la surface du dis- de miss en charge (73) associi a
l'ensemble        que. tete / disque au moins durant son assemblage
initial, sltue A proximited'un bord peripherique du   40  8. UntiM de
disques solon l'une quelconque des re- disque de stockage (34) et cooperant
avec la lan-  vendications 1 A 7, dane laquelle la zone de fixa- guette de
miss en charge dynamique (71), de tel-  tion du support flexible comporte,
en outre, au le sorte quo la structure d'entratnement en rota-  moins deux
parties relevees (83), placees syme- tion (36) deplace le bras de charge
(58) en direo-  triquement par rapport au point (76) obi le bras de tion de
la peiiph6rie du disque, oO la languette de   45  charge (58) se raccorde
au support flexible en miss en charge dynamlque (71) vient en contact
balancier (75). avec la ramps de mise en charge (73) et soulbve
progressivement de la surface de donnees le    9. Uniti de disques solon
l'une quelconque des re- bras de charge (58) t la tote de transmission
vendications I A 8, comprenant, en outre, un (72), lorsque la structure
d'entratnement on rota-  50  moyen formant plaque d'amortissement (74) fixe
tion (36) continue A deplacer le bras de charge    a la zone (70) du bras
de charge, pour y assurer (58) en direction - etau-dela - de la peripherle
du  l'amortissement des vibrations. disque de stockage de donnees (34). 10.
Unite de disques selon la revendication 9, dans 2. Unit6 de disques solon
la revendication 1, dans  55  laquelle le moyen formant plaque d'amortiase-
laquelle la zone renforcee du bras de charge       ment (74) comprend une
feulile de metal avec un comporte deux rebords piriphiriques essentiel-
revitement adhesif et dana laquelle le moyen for- lement longitudinaux (63,
64) tournea en direo-   mant plaque d'amortissement (74) a te fixe sur 15
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charge en appliquant sous pression le  desdites structures de montage de
tote etant af- moyen formant plaque d'amortissement (74) sur    fectee A
chacune des surfaces de stockage de 



Io bras de charge, puis en le chauffant pour coller  donnees des disques
(34), et dans laquelle un le moyon hormant plaque d'amortissement (74)
bras porte-tito (56), au moins, eat raccorde et sur Is bras de charge.
5      supporto deux desdites structures de montage de tWte entre deux
disques de stockage de don- 11. Unite de disques selon l'une quelconque des
re-  nees adjacents (34). vendications I A 10, dans laquelle la structure
d'entraTnement en rotation de la tOte (36)    17. Unito de disques selon la
revendicatlon 16, dans comprend un actionneur rotatif (46) A masse  io
laquelle Is moyen servant de ramp. de mise en 6qullibr6, A bobine
magnetique.                  charge comport. une rampe de miss en charge
(73) associ6e A chacun desdits bras de charge 12. Unite de disques selon
l'une quelconque des re-  (58), et dans laquelle chaque rampe de miso en
vendicatlons I A II, dans laquelle la zone A lame  charge (73) ost
positionnoe et fix6e surl'embaso de ressort (66) comport. deux branches
ext6rieu-  1s  au moyen d'un montant commun. res paralblels definissant une
ouverture centrale longitudinale (67).                           18. Unite
de disques selon l'une ou 'autre des reven- dications 16 et 17, dans
laquelle les disques sont 13. Unite de disques selon la revendication 12,
dans  espaces de 2,54 mm (100 milliemes de pouce) laquelle la longueur
axiale des branches exte-  20  environ. rieures et la largeur transversale
de Iouverture centrale longitudinale (67) sont choisles de fagon A
maintenir une contrainte de charge de tOte pre- dtebrminee, en
ajustantlafrequence de resonan- ce ou la resonance du mode de torsion de la
25 structure de montage de tOte. 14. Unite de disques selon l'une
quolconque des re- vendications precedentes, dans laquelle le moyen formant
ramps de miss en charge (73)  3o comprend une premiere zone en pente (88)
re- couvrant une partie exterieure de la surface de stockage de donnees du
disque (34) et qui re- monte en partant de la surface de stockage de
donn6es, et une secondo zone en pente (86), au-  35 dela de la peripherie
du disque qui descend en di- rectlon du plan de la surface de stockage de
don- n6es, cottb seconde zone en pent. (86) servant de zone de parc pour la
tbte de transmission de donnees (72) hors de la surface de stockage de  40
donnees et au-dela du bord exteriour du disque (34). 15. Unite de disques
selon l'une quelconque des re- vendications prec6dentbs, dans laquelle la
zone  45 d'extremit6 de fixation (60) comport. une plaque de montage soudee
au laser sur le bras de char- ge pour rigidifier la zone d'extremit6 de
fixation (60). 50 1. Unit6 de disques fixe solon l'une quelconque des
revendications pr6c6dentes, dans laquelle l'unit6 de disques comports
plusieurs disques de stockage de donn6es (34a A f) montes ensemble
paralilelment et faiblement espaces les uns des  ss autres, et dans
laquelle la structure d'entratne- ment en rotation (36) est 6quipee de bras
ports- tst (56) imbriques dans les disques (34), une 16    


