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INTRODUCTION

The Chemica l  Mechanica l  Pol i shing (CMP) process has been deve loped for  planar iz ing the

dielect r ic  layers tha t  insula te the leve ls o f meta l  in terconnec t  in  in tegra ted circui t  ( IC)  chips.

Most  CMP machines  are  currently us ing ba l l  bear ings  in the main sp indles  and table  sp indles.

However ,  a long wi th the enhancement o f the  required sur face per formances  and the predic t ion

of increased leve ls  o f interconnect  [1] ,  the s t i f fness,  speed,  and error  motion o f spind les have

become the key proper t ies  for  achieving advanced  CMP process requirements.  Air  bear ing

spindles are  idea l  a l terna t ive products for  CMP machines.  Air  bear ing spindles possess  much

lower  error  motion than bal l  bear ings.   In app lying air  bear ing spind les into  CMP machines,  one

of the  most  important  proper t ies o f a ir  bear ing sp indles  i s  st i f fness.  This paper  wi l l  present  the

result s  o f the s tudies.

Because the c r i t ical  per formance parameters o f  CMP spind les are  the  most  important

factors for  sat isfying advanced  CMP requirements  for  speed,  error  motion,  and st i f fness,  the

bearing se lect ion and des ign should be careful ly considered.  Air  bear ings possess many

advantages over  bal l  bear ings and o i l - lubr ica ted bear ings.  For  instance,  oi l  bear ings produce

fr ict ion heat  a t  higher  speeds and the o i l  degrades  at  higher  tempera tures.  These a re  fa ta l

problems of o i l - lubr ica ted bear ings in the  CMP process .  Although bal l  bear ings have some

advantages over  a ir - lubr ica ted bear ings,  the  error  motion o f  bal l  bear ings i s  much larger  than

that  o f  a ir  bear ings.  In addi t ion,  the  PV va lue o f bal l  bear ings l imi ts  thei r  app licat ion at  high

speeds,  such as in the  CMP process.  Air  bear ings possess  lo w error  mot ion and high-speed

charac ter i st ics.   The major  exist ing problem of air  bear ings  i s  lo wer  s t i f fness  relat ive to  oi l

bear ings.

In order  to  achieve  high st i f fness o f a ir  bear ing spind les for  CMP appl icat ions,  s tudies

have been conducted on a ir  bear ing spind les.  The pressure d istr ibut ion of the a ir  f i lm became

the targe t  to  reduce the s ide-f lo w effect  for  increas ing the st i f fness when us ing or i fice-typ e

res tr ic t ion.  In add it ion to  the  theoret ical  s tudies,  exper imental  s tudies have also  been conducted

on the a ir  bear ing sp indle .  In the tests ,  the s t i f fness o f  the  ai r  bear ing reached 8.7 x 108  N/m

(4.97 lbs. /µ in)  in the axia l  d irect ion,  and 1.9 x 109 N/m (11 lbs. /µ in)  in the radial  d irect ion.  Al l

of the test ing data o f  s t i f fnesses reached the target va lues from theoret ical  simulat ion wi thin

10%.  The spind le was also ve loci ty tested to 6,500 rpm (390 meter/sec sur face speed at the

rotor per iphery).



CONSIDERATIONS OF AIR BEARING DESIGN

Because o f the high st i f fness requirements,  the  bear ing design should be  careful ly

considered.  In order  to  sa t i sfy the  speci f ica t ions,  the  fol lowing i ssues need to  be addressed:

1.  Pressure rat io

2.  Line feed coeffic ient

3 .  Pneumatic  hammer

4.  Air f low rate

In an a ir  bear ing des ign,  the pressure ra t io  (outlet  pressure o f or i fice/ inlet  pressure)  i s  an

important  parameter  because o f i t s  e ffec t  on loading capaci ty and s t i f fness .  Due to  the

machining erro r ,  the  pressure  rat io  was given be tween 0.55 to  0 .75.  This var ia t ion wi l l  give

~20% change  in st i f fness ,  which sat i s fies the speci f icat ion requirements.  However ,  once the

pressure  rat io  was de termined,  the s ide f low of  a i r  caused  a  decrease in s t i f fness when us ing

ori fices as the res tr ic tors.   According to  Precision  Machine  Design  [2] ,  a  di fference in the l ine

feed correc t ion coeff icient  (1 /λ ) ,  which i s  a  measure o f side f low,  may resul t  in a  s igni f icant

change in st i f fness.  In order  to  increase the l ine feed coeff ic ient ,  narro w and shal low grooves

were used on the thrus t  bear ings,  whi le  long and shal lo w pockets were  used on the journal .

(Fig.1 ) .

The most  common issue ,  which remains  a  ser ious concern,  is  pneumatic  hammer.  In  order

to reduce the res tr ic t ion o f a irf lo w through the grooves (which increase  the  l ine feed

coeffic ient) ,  the depth and width o f the grooves was r e la t ive ly large.  Consequent ly,  these large

grooves may cause pneumat ic  hammer.  In an e ffor t  to  counterac t  th i s  occur rence,  the grooves

were reduced  to the minimum size.  This resul ted

in a  reduct ion in the l ine feed coeff icient ,  which

in turn reduced  the  r i sk of pneumatic  hammer.

The width and dep th o f the  grooves was

0.0125mm (0.0005”) .

The f inal  concern was the air f low rate.

There is  no doubt that the a ir  gap is the key

parameter involved in the air f low rate.  To

sat is fy the speci f icat ion,  the air  gap could not

be larger than 0.0127mm (0.0005”) .  In order  to

sat isfy the st i f fness requi rements,  the air  gap

had to be smal ler  than 0.0125mm, which a lso

sat is f ied the a ir  f low requirements. Fig. 1  Air Bearing Structure



Radial Load vs. Displacement 
of Air Bearing Spindle for CMP

y = 5.0236x + 19.982

R 2  = 0.9886
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Fig. 2  Radial Load vs. Displacement

EXPERIMENTAL RESULTS

The load versus disp lacement  curves in bo th the rad ial  and axia l  direc t ions  are  i l lus tra ted

in  Figures 2  and 3.  The disp lacements  sho wn are  o f the  bear ing fi lm only.  The  data  was obta ined

by f ir st  measuring the  combined

disp lacements  of the bear ing f i lm

and  the deformations o f  the

bearing s truc ture .   The

deformat ions o f the struc ture

alone were then measured.  The

di fferences be tween the two are

the resultant  d isp lacements  o f the

bear ing f i lm only.

Capaci tance probes

measured the d isp lacements and

deformat ions,  whi le  an air

cyl inder  app lied the loads.  The

bear ing supp ly pressure  was

operated a t  90 psi .

Below is  a  compar ison of  the theore t ical  and actua l  bearing s t i f fness and capac it ies:

Calculated Stiffness Calculated
Load Capacity Tested Stiffness Tested

Load Capacity

Newton/meter Newton Newton/meter Newton

Axial 8.89 x 108 2558 8.84 x 108 > 2180

Radial 1.03 x 109 2891 8.89 x 108 > 2180

Axial Load vs. Displacement 
of Air Bearing Spindle for CMP

y = 5.4101x + 21.519

R 2  = 0.9886
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Fig. 3 Axial Load vs. Displacement



CONCLUSIONS

1.  The app licat ion o f a ir  bear ings into  the CMP process is  feas ible .

2 .  The st i f fness requirements  o f most  CMP machines  ( rad ial  direct ion:  2 .8  x 108  Newton/meter

and  axial  d irect ion:  6 .13 x 10 8  Newton/meter)  can be me t  by this  design.

3 .  Both the  pressure rat io  and the l ine  feed  coeff ic ient  were reasonably designed .  The  pressure

rat io  was 0 .57 and the l ine  feed  coeff ic ient  was 0 .65.

4. The ba lance o f the l ine feed coeff ic ient  and the pneumat ic  hammer should be considered

when de termining the  depth and wid th o f the  grooves.

5.  The error  between theoret ical  calcula t ion and experimental  data  i s  within 10%.
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