
J  
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets ©  Publication  number: 0  6 5 6   6 2 2   A 1  

E U R O P E A N   PATENT  A P P L I C A T I O N  

©  Application  number:  94119075.3 

@  Date  of  filing:  02.12.94 

int.ci.6:G11B  5/60,  G11B  21/21 

®  Priority:  03.12.93  US  161168  ©  Applicant:  READ-RITE  CORPORATION 
345  Los  Coches  Street 

@  Date  of  publication  of  application:  Milpitas 
07.06.95  Bulletin  95/23  California  95035  (US) 

©  Designated  Contracting  States:  @  Inventor:  Khan,  Amanullah 
DE  FR  GB  NL  3464  Vermont  PI. 

Pleasanton, 
California  94588  (US) 

©  Representative:  Korber,  Wolfhart,  Dr.  rer.nat. 
et  al 
Patentanwalte  Mitscherlich  &  Partner, 
Sonnenstrasse  33 
D-80331  Munchen  (DE) 

©  Magnetic  head  suspension  assembly. 

©  A  magnetic  head  suspension  assembly  is  fab- 
ricated  with  a  flexure  (12)  that  is  formed  with  a  U- 
shaped  finger  (40)  surrounded  by  a  cutout  (42)  at 
the  front  end  of  the  flexure  12).  A  load  dimple  (50)  is 
provided  on  the  flexure  (12).  The  flexure  supports  an 
air  bearing  slider  (16)  that  pitches  and  rolls  relative 
to  a  disk  surface  and  is  subject  to  lateral  displace- 

ment  during  operation  in  a  disk  drive.  The  flexure 
(12)  is  formed  with  primary  stabilizer  sections  (48) 
and  secondary  stabilizer  arms  (52)  which  reduce 
pitch  and  roll  stiffnesses  while  increasing  lateral  stiff- 
ness,  thereby  maintaining  a  substantially  constant 
slider  flying  height. 
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Cross-Reference  To  Copending  Patent  Application 

Copending  U.S.  patent  application  Serial  Num- 
ber  07/926,033  filed  August  5,  1993  in  behalf  of 
M.R.  Hatch  et  al.,  and  assigned  to  the  same  as- 
signee,  discloses  a  magnetic  head  suspension  as- 
sembly  which  incorporates,  inter  alia,  a  load  beam 
and  a  flexure  that  supports  a  slider.  The  subject 
matter  of  the  copending  application  is  incorporated 
herein  by  reference.  The  present  invention  is  di- 
rected  to  a  modification  of  the  head  suspension 
assembly  for  reducing  flying  height  variations  by 
reducing  pitch  and  roll  stiffnesses  and  increasing 
lateral  stiffness. 

Field  of  the  Invention 

This  invention  relates  to  an  improved  magnetic 
head  suspension  assembly  and  in  particular  to  a 
modified  flexure  design  for  reducing  flying  height 
variations  and  for  providing  better  static  attitude 
control  (flatness). 

Description  of  the  Prior  Art 

Presently  known  disk  drives,  such  as  used  in 
laptop  or  notebook  computers,  include  at  least  one 
rotatable  magnetic  disk,  at  least  one  magnetic  head 
assembly  for  transducing  data  recorded  on  the 
disk,  and  a  rotary  head  actuator  for  transporting  the 
magnetic  head  to  selected  data  tracks  on  the  rotat- 
ing  disk.  The  magnetic  head  assembly  comprises  a 
head  suspension  fabricated  with  a  rigid  load  beam 
element  and  a  spring-loaded  flexure.  An  air  bearing 
slider  is  mounted  at  the  end  of  the  flexure  and 
supports  a  thin  film  magnetic  transducer  which 
coacts  with  the  magnetic  disk  for  recording  or 
reading  data.  When  assembling  the  flexure  to  the 
slider,  it  is  necessary  to  position  a  load  dimple 
formed  on  the  flexure  at  a  predetermined  point 
relative  to  the  top  surface  of  the  slider  in  order  to 
achieve  proper  gimballing  action  of  the  suspension. 

During  operation  of  the  disk  drive,  the  rotating 
magnetic  disk  provides  an  aerodynamic  lift  force 
through  forming  a  boundary  layer  to  the  slider, 
while  an  opposing  gram  load  force  is  applied  to  the 
slider  through  the  flexure  and  load  beam.  The 
resultant  of  the  two  opposing  forces  determines  the 
flying  height  of  the  slider  and  its  transducer  relative 
to  the  disk  surface.  In  its  operating  flying  mode,  the 
slider  gimbals  about  a  load  dimple  formed  in  the 
flexure.  The  motion  of  the  slider  is  subject  to  pitch 
and  roll,  while  the  flexure  encounters  oscillations  in 
a  vertical  direction  perpendicular  to  the  plane  of  an 
associated  rotating  disk,  and  also  experiences 
bending  forces  as  well  as  swing  and  sway  in  a 
lateral  direction.  These  movements  of  the  flexure 
and  slider  adversely  affect  the  desired  constancy 

of  the  flying  height  unless  controlled  and  mini- 
mized.  By  controlling  these  motion  characteristics 
of  the  flexure,  the  slider  can  be  made  to  follow 
closely  the  variations  in  topography  of  the  asso- 

5  ciated  rotating  disk  surface. 
A  major  objective  in  the  design  of  flexures 

used  in  head  suspension  assemblies  is  to  reduce 
flying  height  variations  by  controlling  and  reducing 
pitch  and  roll  stiffnesses  while  increasing  lateral 

io  stiffness.  The  flexure  and  attached  slider  are  sub- 
ject  to  oscillation  and  vibration,  particularly  at  high 
resonant  frequencies,  and  also  are  subject  to  bend- 
ing  and  twisting  forces  and  sway  or  lateral  dis- 
placement.  During  the  startup  of  a  disk  drive  and 

75  during  the  seek  mode,  when  the  head  accesses  the 
data  tracks  and  is  moved  radially  between  selected 
data  tracks,  the  flexure  may  experience  undue  vi- 
bration  at  a  resonant  frequency.  Also,  if  the  head 
assembly  is  suddenly  stopped  at  a  crash  stop, 

20  which  is  typically  located  near  the  radial  ends  of 
the  data  tracks,  the  unit  may  undergo  track  failure 
or  other  mechanical  disturbance  so  that  the  flexure 
and  its  slider  will  experience  shock  and  oscillate, 
particularly  at  a  high  resonant  frequency.  In  addi- 

25  tion,  excessive  bending  of  the  flexure  during  disk 
drive  operation  can  cause  fatigue  of  the  flexure 
metal  body  and  may  result  in  breakage  at  high 
amplitude  oscillations.  A  desired  objective  of  flex- 
ure  design  is  to  increase  all  the  resonance  fre- 

30  quencies  to  reduce  the  amplitude  of  the  oscilla- 
tions. 

Summary  of  the  Invention 

35  An  object  of  this  invention  is  to  provide  a  head 
suspension  assembly  wherein  flying  height  vari- 
ations  of  an  air  bearing  slider  are  effectively  re- 
duced. 

Another  object  of  this  invention  is  to  provide  a 
40  head  suspension  assembly  with  reduced  pitch  and 

roll  stiffnesses  and  increased  lateral  stiffness. 
Another  object  is  to  provide  a  head  suspension 

assembly  including  a  flexure  and  slider  which  ex- 
perience  a  reduction  in  vertical  motion  and  oscilla- 

45  tions  when  flying  over  a  rotating  disk. 
A  further  object  is  to  provide  a  head  suspen- 

sion  assembly  wherein  the  flexure  and  slider  exper- 
ience  a  significant  reduction  in  swing  or  sway  dur- 
ing  disk  drive  operation. 

50  According  to  this  invention,  a  head  suspension 
assembly  incorporates  a  flexure  which  is  formed 
with  a  finger  bounded  by  a  U-shaped  cutout.  The 
flexure  has  a  load  dimple  formed  on  the  finger 
about  which  an  air  bearing  slider  can  pitch  and  roll 

55  in  a  gimbal  action  relative  to  the  surface  of  a 
rotating  disk.  The  flexure  is  configured  with  primary 
stabilizer  sections  and  secondary  stabilizer  arms 
that  are  separated  by  elongated  slots.  The  stabi- 
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lizer  sections  and  arms  act  to  reduce  pitch  and  roll 
stiffnesses  while  increasing  lateral  stiffness.  As  a 
result,  the  flying  height  of  the  slider  is  maintained 
substantially  constant  during  transducing  of  the 
data  registered  on  a  surface  of  a  rotating  magnetic 
disk. 

The  invention  disclosed  herein  is  particularly 
applicable  to  magnetic  head  suspension  assem- 
blies  incorporating  nanosliders,  which  are  about 
0.080  inch  long,  0.063  inch  wide  and  0.017  inch  in 
height,  but  is  not  limited  to  such  a  particular  ap- 
plication. 

Brief  Description  of  the  Drawings 

The  invention  will  be  described  in  greater  detail 
with  reference  to  the  drawing  in  which: 

Figure  1  is  a  top  plan  view  of  a  head  suspension 
assembly  comprising  a  load  beam  and  a  the 
novel  flexure  of  this  invention; 
Figure  2  is  a  side  elevation  view  of  the  head 
suspension  assembly  shown  in  Fig.  1; 
Figure  3  is  an  enlarged  front  end  view  of  the 
head  suspension  of  Fig.  1; 
Figure  4  is  an  isometric  view  illustrating  a  twist- 
ing  mode  of  the  flexure  during  operation  in  a 
disk  drive; 
Figure  5  is  an  isometric  view  illustrating  a  sway 
or  swing  mode  of  the  novel  flexure  during  op- 
eration  in  a  disk  drive; 
Figure  6  is  an  isometric  view  illustrating  a  bend- 
ing  mode  of  the  flexure  during  operation  in  a 
disk  drive;  and 
Figure  7  is  an  enlarged  plan  view  of  the  flexure 
shown  in  Fig.  1.  Similar  numerals  refer  to  similar 
elements  in  the  drawing.  It  should  be  under- 
stood  that  the  sizes  of  the  different  components 
in  the  Figures  may  not  be  in  exact  proportion, 
and  are  shown  for  visual  clarity  and  for  the 
purpose  of  explanation. 

Detailed  Description  of  the  Invention 

Figs.  1-3  illustrate  a  head  suspension  assembly 
that  is  fabricated  with  a  load  beam  10,  a  flexure  12, 
a  swage  plate  14  and  an  air  bearing  slider  16.  A 
thin  film  transducer  (not  shown)  having  a  trans- 
ducing  gap  is  deposited  at  the  end  of  the  slider  16, 
as  is  well  known  in  the  art.  As  illustrated  in  Fig.  1, 
the  head  suspension  assembly  is  fabricated  with  a 
central  triangular-type  major  section  20,  a  leaf 
spring  or  flexible  section  22  and  a  rectangular  rear 
mount  section  26.  A  hole  28  is  provided  in  the  rear 
section  26  of  the  load  beam  10  to  allow  joinder  by 
laser  welding  of  the  swage  plate  14  to  the  load 
beam  by  a  boss  30.  The  swage  plate  14  provides 
stiffness  to  the  rear  section  26  of  the  load  beam. 
Relief  slots  24  are  provided  to  reduce  stresses 

caused  by  bent  flanges  34  and  to  avoid  kinking 
thus  maintaining  the  flatness  of  the  rear  section  26. 
Aperture  ears  38  facilitate  the  bending  of  the  front 
portion  of  the  flexure  12  which  serves  to  strengthen 

5  the  front  end  section  of  the  flexure  and  to  preclude 
distortion  of  the  flexure  body. 

The  flexure  12  is  attached  at  the  front  end  of 
the  load  beam  10,  by  welding  for  example.  The 
flexure  12  is  fabricated  with  an  oval  rear  end  36 

io  and  a  U-shaped  finger  40  at  the  front  end.  The 
base  of  the  U-shaped  finger  points  towards  the  oval 
rear  end  36  of  the  flexure.  The  finger  40  is  defined 
by  a  surrounding  horseshoe-shaped  or  U-shaped 
cutout  42  that  is  formed  around  the  finger  40. 

is  Outrigger  sections  44  are  disposed  between  the 
cutout  42  and  the  perimeter  or  sides  of  the  flexure. 
The  outriggers  44  serve  as  stabilizer  sections  to 
achieve  low  roll  stiffness  during  operation  of  a  disk 
drive  using  the  head  suspension  assembly. 

20  By  widening  the  middle  portion  of  the  flexure 
12  and  by  narrowing  the  front  end  and  its  rear  end 
36,  the  external  roll  moment  effect  is  effectively 
reduced.  The  modified  flexure  design  is  character- 
ized  by  high  resonance  frequencies  and  the  de- 

25  sired  high  lateral  stiffness.  The  width  of  the  flexure 
finger  40  is  made  relatively  wide  to  improve  the 
bond  strength  between  the  slider  and  the  flexure.  A 
wide  flexure  designs  allows  a  flatter  shape,  i.e.,  a 
better  planarity  of  the  structure,  in  forming  and 

30  fabricating  the  suspension.  Roll  stiffness  is  reduced 
by  tapering  the  cutout  section. 

When  the  head  suspension  is  loaded  to  a  rotat- 
ing  disk  in  a  disk  drive,  the  flexure  12  allows  the 
slider  to  follow  the  variations  in  topography  of  the 

35  rotating  disk  surface.  A  hemispherical  load  dimple 
50  is  stamped  in  the  flexure  finger  40.  The  height 
of  the  load  dimple  50  is  minimized  to  keep  the  Z- 
height  (vertical  height  of  the  head  suspension)  as 
small  as  possible.  However  sufficient  clearance 

40  space  is  provided  between  the  load  beam  10  and 
the  slider  16  to  allow  free  gimbaling  of  the  slider  as 
it  pitches  and  rolls  about  the  load  dimple  50  with- 
out  interference  by  the  load  beam. 

In  accordance  with  this  invention,  elongated 
45  slots  46  are  formed  in  the  outrigger  sections  44 

between  the  cutout  42  and  perimeter  of  the  flexure 
12  to  create  inner  primary  stabilizer  sections  48 
and  outer  secondary  stabilizer  arms  52.  The  narrow 
longitudinal  slots  46  are  preferably  triangular-type 

50  in  shape  having  the  triangle  apex  facing  to  the  front 
end  of  the  flexure  and  the  triangle  base  facing  to 
the  rear  end  of  the  flexure.  This  triangular  shape 
maintains  uniform  stresses  in  the  structure. 

A  tooling  hole  54  used  for  alignment  purposes 
55  provides  a  reference  point  for  locating  the  slots  46. 

Using  the  center  of  the  circular  tooling  hole  54  as 
the  reference  point,  the  front  of  each  of  the  slots  46 
is  located  at  approximately  2/3  of  the  distance  from 

3 
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the  reference  point  to  the  front  end  of  the  flexure 
12,  while  the  rear  end  of  each  slot  is  located  at 
about  1/3  of  the  same  distance  from  the  reference 
point.  The  distance  of  the  center  of  the  tooling  hole 
54  to  the  center  of  the  load  dimple  50  is  about 
0.210  inch.  The  sides  of  the  slots  46  facing  the 
perimeter  of  the  flexure  substantially  follow  the 
path  of  the  sides  of  the  flexure  so  that  a  substan- 
tially  constant  width  is  provided  for  the  secondary 
stabilizer  arms  52.  The  secondary  stabilizer  arms  in 
combination  with  the  primary  stabilizer  sections  48 
provide  a  significant  improvement  in  lateral  stiff- 
ness  of  the  flexure. 

During  operation  in  a  disk  drive,  when  the 
slider  16  is  flying  over  an  associated  rotating  disk, 
the  slider  generally  experiences  forces  that  pro- 
duce  twisting,  swaying  and  bending.  A  twisting 
mode  of  the  flexure  is  portrayed  in  Fig.  4.  The 
secondary  stabilizer  arms  52  produce  tension  in 
one  side  of  the  flexure  12  while  the  other  side  of 
the  flexure  experiences  compression,  which  causes 
a  swing  or  sway  of  the  flexure,  as  illustrated  in  Fig. 
5.  Fig.  6  illustrates  the  flexure  being  subjected  to 
bending  in  a  vertical  direction,  which  is  orthogonal 
to  the  surface  of  an  associated  rotating  disk  (not 
shown). 

By  virtue  of  the  modified  flexure  configuration 
which  incorporates  primary  stabilizer  sections  and 
secondary  stabilizer  arms  separated  by  elongated 
slots,  the  head  suspension  assembly  realizes  a 
significant  improvement  in  low  pitch  and  roll  stiff- 
nesses,  and  an  increased  lateral  stiffness  so  that 
slider  flying  height  is  maintained  substantially  con- 
stant  during  disk  drive  operation.  Lateral  stiffness  is 
increased  by  the  formation  of  the  secondary  stabi- 
lizer  arms,  which  produces  tension  in  one  side  of 
the  flexure  and  compression  in  the  other  side. 

In  an  actual  implementation  of  the  invention,  a 
flexure  which  supports  a  nanoslider  was  made  of 
type  304  stainless  steel  of  about  0.0012  inch  thick 
material  having  a  maximum  width  of  0.080  inch,  a 
front  end  of  width  of  about  0.063  inch,  a  rear  end 
width  of  about  0.060  inch  and  a  length  of  about 
0.025  inch.  The  flexure  finger  was  formed  with  a 
depression  or  bend  of  about  0.002  to  0.003  inch 
relative  to  the  plane  of  the  flexure  body.  The  width 
of  each  secondary  stabilizer  arm  52  was  about 
0.006  inch  whereas  the  width  of  each  primary  sta- 
bilizer  section  48  was  about  0.008-0.010  inch.  The 
length  of  each  slot  46  was  about  0.09  inch  and  the 
width  of  the  base  of  each  triangular-type  slot  was 
about  0.005  inch. 

Using  the  modified  flexure  of  this  invention  in  a 
head  suspension  assembly  as  disclosed  herein  in  a 
disk  drive  wherein  the  disk  is  rotating  at  about  4500 
rpm  (revolutions  per  minute),  the  roll  and  pitch 
stiffnesses  were  modeled  at  about  2.9  and  3.6 
micronewton-meters  respectively,  whereas  the  lat- 

eral  stiffness  was  modeled  at  about  12.97  micro- 
newton-meters  per  degree  of  rotation.  The  sway 
mode  is  predicted  to  be  greater  than  7500  Hertz. 
With  the  modified  flexure  design,  the  motion  of  the 

5  flexure  in  the  lateral  and  vertical  directions  was 
effectively  reduced.  It  should  be  noted  that  with 
prior  art  head  suspensions,  pitch  stiffness  was  less 
than  roll  stiffness,  which  makes  the  flexure  more 
susceptible  to  distortion  and  to  suffer  mechanical 

io  damage. 

Claims 

1.  A  magnetic  head  suspension  assembly  for 
is  transducing  data  that  is  recorded  and  read  out 

from  a  surface  of  a  rotating  magnetic  disk 
drive  comprising: 
a  load  beam  (10)  formed  with  a  central  major 
section  (20);  a  flexure  (12)  joined  to  said  load 

20  beam  (10)  said  flexure  (12)  having  a  front  end 
and  a  rear  end  and  a  finger  (40)  projecting 
within  a  cutout  (42)  close  to  said  front  end, 
said  flexure  (12)  having  primary  stabilizer  sec- 
tions  (48)  and  secondary  stabilizer  arms  (52) 

25  with  a  least  one  slot  (46)  between  said  primary 
stabilizer  sections  (48)  and  said  secondary  sta- 
bilizer  arms  (52); 
an  air  bearing  slider  (16)  having  leading  and 
trailing  ends  joined  to  said  flexure  (12)  for  free 

30  gimbaling  motion  while  flying  above  an  asso- 
ciated  disk  during  operation  in  a  disk  drive; 
whereby  said  slider  (16)  is  maintained  at  a 
substantially  constant  flying  height  during  op- 
eration  in  a  disk  drive. 

35 
2.  A  head  suspension  assembly  as  in  claim  1, 

including  a  horseshoe  shaped  cutout  (42)  de- 
lineating  said  finger  (40). 

40  3.  A  head  suspension  assembly  as  in  claim  1  or 
2,  wherein  said  slot  (46)  is  substantially  trian- 
gular  in  shape  and  has  one  side  defining  a 
shape  substantially  similar  to  the  shape  of  an 
adjacent  portion  of  the  perimeter  of  said  flex- 

45  ure  (12)  and  said  other  side  of  said  slot  (46) 
defining  a  path  substantially  parallel  to  a  side 
of  said  cutout  (42) 

4.  A  head  suspension  assembly  as  in  claim  2  or 
50  3,  including  apertured  ears  at  the  front  end  of 

said  cutout  (42)  for  facilitating  the  formation  of 
a  bend  of  the  front  end  of  said  flexure  (12). 

5.  A  head  suspension  assembly  as  in  one  of 
55  claims  1  to  4,  including  a  tooling  hole  (54) 

having  a  reference  center  point  for  positioning 
said  slot  (46)  within  said  flexure  (12). 

4 
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6.  A  head  suspension  assembly  as  in  claim  5, 
wherein  the  front  end  of  said  slot  (46)  is  lo- 
cated  about  2/3  of  the  distance  from  said  refer- 
ence  center  point  (54)  to  said  front  end  of  said 
flexure  (12)  and  the  rear  end  of  said  slot  (46)  is  5 
located  about  1/3  of  the  distance  from  said 
reference  center  point  (54)  to  said  front  end  of 
said  flexure  (12). 

7.  A  head  suspension  assembly  as  in  one  of  10 
claims  1  to  6,  wherein  said  finger  (40)  is 
formed  with  a  load  dimple  (50)  for  providing 
gimbaling  of  said  slider  (16). 

75 
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