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Description 

This  invention  relates  to  a  process  for  planariz- 
ing  a  substrate. 

Polyimide  coatings  are  known  in  the  art.  They 
are  shown,  for  example  in  US-A  3,882,085  and  US- 
A  4,467,000.  US-A  4,515,828  also  discloses  a  pro- 
cess  for  coating  a  substrate  with  a  planarizing 
layer. 

The  prior  art  contains  high  glass  transition  tem- 
perature  (>340°C)  polyamides  and  polyimides  with 
high  thermal  stability  and  mechanical  elongation. 
These  materials  have  poor  local  planarization.  The 
art  also  contains  examples  of  low  glass  transition 
temperature  (<320°C)  polyamides  and  polyimides 
which  have  excellent  local  planarization  but  poor 
mechanical  elongation  <15%. 

In  EP-0  005  609  a  method  of  making  a  sealing 
overcoat  for  electronic  switches,  and  a  coating  ma- 
terial  is  disclosed. 

The  coating  material  (polyimide)  is  formed 
from  a  polyamic  acid  amide  intermediate,  formed 
from  the  reaction  of  the  anhydride  and  a  diamine. 

The  subsequent  imidization  of  this  intermediate 
gives  off  water  and  occurs  at  a  relatively  low  tem- 
perature. 

The  resulting  polymer  would,  if  a  high  bp  sol- 
vent  were  to  be  used,  contain  residual  solvent,  a 
very  undesirable  effect  from  the  point  of  view  of 
the  object  of  the  present  invention. 

The  present  invention  describes  a  process  for 
obtaining  a  planarization  polymer  with  Tg  >  340  °C, 
mechanical  elongation  >15%,  and  thermal  stability 
of  .06  wt  %  loss/hr,  N2,  400°  C. 

The  invention  seeks  to  provide  a  process  for 
obtaining  not  only  a  smooth  upper  surface,  but  also 
for  filling  gaps  or  trenches  in  the  substrate  with  an 
insulating  coating  which  possesses  heat  stability 
and  mechanical  properties  better  than  those  ob- 
tained  in  the  prior  planarizing  processes. 

A  process  for  planarizing  a  substrate  according 
to  the  invention  is  disclosed  in  claims  1-8. 

In  the  fabrication  of  integrated  circuits,  it  is 
often  necessary  to  coat  a  substrate,  for  example,  a 
semiconductor  chip  such  as  a  silicon  chip,  or  a 
ceramic  packaging  module,  with  an  electrically  in- 
sulating  coating.  It  is  very  desirable  that  the  top 
surface  of  the  coating  be  as  smooth  as  possible,  ie 
that  there  be  a  high  degree  of  planarization.  It  is 
also  desirable  that  gaps  or  trenches  in  the  sub- 
strate  be  filled  by  the  coating.  The  coatings  applied 
by  a  process  embodying  the  present  invention 
meet  these  requirements  very  well,  and  also  have 
the  additional  advantage  over  the  prior  art  that  they 
are  very  much  more  thermally  stable  with  high 
glass  temperatures,  and  have  superior  mechanical 
properties. 

When  reference  is  made  to  a  pyromellitic  alkyl 

diester,  it  is  to  be  understood  that  the  compound  is 
one  having  an  ester  group  on  either  side  of  the 
ring.  Such  diesters  are  commonly  obtained  by  al- 
coholosis  of  pyromellitic  dianhydride  (PMDA).  Pre- 

5  ferred  compounds  include  the  dimethyl  ester  and 
the  diisopropyl  ester. 

The  polyamide  alkyl  ester  is  applied  to  the 
substrate  in  a  solution.  The  solution  should  contain 
at  least  10%  of  a  co-solvent  having  a  boiling  point 

io  of  220  °C  or  higher.  When  such  a  co-solvent  is  not 
used,  the  excellent  gap  filling  results  are  simply  not 
obtained.  One  such  preferred  co-solvent  is  N- 
cyclohexylpyrrolidone  (NCHP).  The  solvent  should, 
of  course,  be  non-reactive  with  the  dissolved 

75  polyamide.  Other  useful  high  boiling  co-solvents 
include  N-methyl  caprolactam,  N-methyl 
piperidone,  tetramethylene  sulfone,  and 
tetraethylene  glycol  dimethyl  ether. 

Several  types  of  para-linked  aromatic  diamines 
20  may  be  used  to  form  the  polyamide  alkyl  esters 

used  in  the  present  invention.  These  include,  for 
example,  p-phenylene  diamine;  4,4'-diamino  phenyl 
sulfone;  4,4'-diamino  biphenyl;  bis  (4'-amino 
phenoxy)-1  ,4-benzene;  3,3',5,5'-tetramethyl  benzi- 

25  dine,  4,4'-diamino  octafluoro  benzidine. 
Suitable  esters  produced  from  said  materials 

are  e.g.  poly(4,  4'-phenoxyphenylene  pyromel- 
litamide  ethyl  diester)  and  poly- 
(hexafluoroisopropylidine  diphenoxyphenylene 

30  pyromellitamide  ethyl  diester). 
Substrates  suitable  for  treatment  in  accordance 

with  the  process  of  the  invention  are  semiconductor 
chips  made  of  e.g.  silicon,  or  ceramic  packaging 
modules. 

35 
Example  1  -  PMDA/ODA  Polyamide  Ethyl  Ester 

Preparation:  A  500  ml  resin  kettle  equipped 
with  a  mechanical  stirrer,  thermocouple  well,  gas 

40  inlet,  and  gas  bubbler  was  charged  with  10.42  g 
(0.052  mole)  of  freshly  sublimed  p,  p-oxydianiline 
(ODA)  and  250  ml  of  dry  N-methylpyrrolidone.  The 
mixture  was  stirred  at  room  temperature  under  an 
Argon  flow  until  the  diamine  had  completely  dis- 

45  solved.  The  temperature  was  then  lowered  via  a 
dry-ice  acetone  bath  to  -10°  C  and  17.35  g  (0.050 
mole)  of  diethyl  pyromellitate  diacyl  chloride  was 
added  gradually  via  solid  addition  funnel.  When  the 
acyl  chloride  addition  was  complete,  vigorous  stir- 

so  ring  was  continued  for  another  hour  at  -10°C.  At 
this  point,  11.1  g  (0.110  mole)  of  N-methylpor- 
pholine  was  added  dropwise,  maintaining  the  reac- 
tion  temperature  at  -10°C.  After  all  of  the  tertiary 
amine  had  been  added,  the  reaction  temperature 

55  was  allowed  to  equilibrate  to  room  temperature 
over  a  period  of  approximately  three  hours.  The 
polyamide  ester  solution  was  now  precipitated  in 
distilled  water,  employing  a  Waring  blender  to  fine- 

2 
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ly  disperse  the  polymer  precipitate.  The  yellow 
polymer  powder  was  filtered,  resuspended  in  dis- 
tilled  water  to  continue  washing  and  filtered  again. 
This  washing  procedure  was  finally  repeated  with 
absolute  ethanol,  followed  by  vacuum  drying  at 
50  °C  for  24  hours.  The  yield  of  polyamide  ester 
was  nearly  quantitative. 

Formulation:  The  polyamide  ethyl  ester  was 
best  formulated  by  re-dissolution  in  a  mixture  of  N- 
methylpyrrolidone  and  N-cyclohexylpyrrolidone  in 
the  ratio  of  9/1,  respectively.  This  yielded  a  final 
solids  content  of  20-30  wt%.  The  formulation  ob- 
tained  in  this  fashion  was  then  filtered  through  a 
1  .0  urn  Millipore  filter  prior  to  coating  experiments. 

Example  2  -  PMDA/BDAF  Polyamide  Methyl  Ester 

Preparation:  19.86  g  (0.0383  mole)  of  2,2-bis(4- 
aminophenoxyphenyl)hexafluoropropane  (4-BDAF) 
was  dissolved  in  275  ml  of  dry  N-methypyrrolidone 
in  a  500  ml  resin  kettle  equipped  with  mechanical 
stirrer,  thermocouple,  well,  gas  inlet,  and  gas  bub- 
bler.  Once  dissolution  was  complete,  the  tempera- 
ture  was  lowered  to  -10°  C  via  a  dry-ice  acetone 
bath  and  11.50  g  (0.0360  mole)  of  dimethyl 
pyromellitate  diacyl  chloride  was  added  gradually 
while  maintaining  the  reaction  temperature  at  - 
10°  C.  When  the  diacyl  chloride  addition  was  fin- 
ished,  the  reaction  was  stirred  for  an  additional 
hour  at  -10°C,  followed  by  dropwise  addition  of 
7.30  g  (0.076  mole)  of  N-methylmorpholine.  The 
reaction  temperature  was  now  allowed  to  reach 
ambient  temperature  over  a  period  of  three  hours. 
The  polyamide  methyl  ester  solution  was  now 
precipitated  in  distilled  water  and  worked  up  as 
described  in  Example  1.  The  yield  was  nearly 
quantitative. 

Formulation:  This  material  was  best  formulated 
as  described  in  Example  1  by  dissolution  of  the 
polymer  in  a  mixture  of  N-methypyrrolidone/N-cycl- 
ohexylpyrrolidone  =  9/1  to  produce  solutions  with 
solids  contents  of  25-30  wt%. 

oligoamide  ethyl  ester  and  1  .92  g  (0.0045  mole)  of 
di(ethylglycolyl)-  pyromellitate  were  dissolved  in 
22.14  g  of  a  mixture  of  N-methylpyrrolidone/N- 
cyclohexylpyrrolidone  =  9/1  to  yield  a  final  solids 

5  content  of  35  wt%. 
The  PMDA  based  diester  polyamide  solution  is 

spin,  spray,  or  roller  coated  on  a  substrate.  The 
planarizing  coating  is  then  cured  by  heating  in  an 
oven,  hot  plate,  infrared  oven,  or  microwave  oven 

io  at  a  continuous  ramp  of  1-10°C/min  to  350-400  °C 
and  maintained  at  this  temperature  for  15  minutes 
to  one  hour. 

Claims 
15 

1.  A  process  for  planarizing  a  substrate,  compris- 
ing  dissolving  in  a  solvent,  a  polyamide  alkyl 
ester  formed  from  a  pyromellitic  alkyl  diester 
and  a  para-linked  aromatic  diamine,  coating 

20  the  substrate  with  the  resulting  solution  and 
curing  the  coating  into  a  planarized  layer  which 
fills  the  gaps  in  the  substrate  characterized  in 
that  said  solvent  is  a  mixture  of  low  and  high 
boiling  point  solvents  and  contains  at  least 

25  10%  of  the  high  boiling  point  co-solvent,  boil- 
ing  above  220  °  C. 

2.  A  process  as  claimed  in  claim  1  ,  wherein  said 
co-solvent  is  N-cyclohexylpyrrolidone  (NCHP). 

30 
3.  A  process  as  claimed  in  claim  1  or  claim  2, 

wherein  the  polyamide  alkyl  ester  is  poly(4,4'- 
phenoxyphenylene  pyromellitamide  ethyl 
diester). 

35 
4.  A  process  as  claimed  in  claim  1  or  claim  2, 

wherein  the  polyamide  alkyl  ester  is  poly- 
(hexafluoroisopropylidine  diphenoxyphenylene 
pyromellitamide  ethyl  diester). 

40 
5.  A  process  as  claimed  in  claim  1  or  claim  2,  in 

which  the  polyamide  alkyl  ester  is  oligomeric. 

Example  3  -  Amino  Terminated  PMDA/BDAF 
Oligoamide  Ethyl  Ester 

Preparation:  As  described  in  the  previous  two 
examples,  38.89  g  (0.074  mole)  of  4-BDAF  was 
dissolved  in  150  ml  of  N-methylpyrrolidone  and 
reacted  with  17.36  g  (0.050  mole)  of  diethyl 
pyromellitate  diacyl  chloride.  The  HC1  generated 
during  the  polymerisation  was  neutralised  with  10.5 
g  (0.105  mole)  of  N-methylmorpholine  and  the 
oligomeric  amide  ester  was  worked  up  as  before 
yielding  the  product  in  nearly  quantitative  amounts. 
The  use  of  such  an  oligomeric  polyamide  alkyl 
ester  is  one  preferred  variation  of  the  process. 

Formulation:  10.0  g  of  P  MDA/BDAF 

6.  A  process  as  claimed  in  any  preceding  claim, 
45  in  which  the  substrate  is  a  semi-conductor 

chip. 

7.  A  process  as  claimed  in  claim  6,  in  which  the 
substrate  is  a  silicon  chip. 

50 
8.  A  process  as  claimed  in  any  of  claims  1  to  5, 

in  which  the  substrate  is  a  ceramic  packaging 
module. 

55  Revendications 

1.  Procede  pour  aplanir  un  substrat,  comprenant 
la  dissolution  dans  un  solvant  d'un  polyamide 

3 
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alkyl  ester  forme  a  partir  d'un  diester  pyromel- 
lique  d'alkyle  et  d'une  diamine  aromatique  liee 
en  para,  I'enduction  du  substrat  avec  la  solu- 
tion  resultante  et  le  durcissement  du  revete- 
ment  en  une  couche  plane  qui  remplit  les 
lacunes  dans  le  substrat,  caracterise  en  ce  que 
ce  solvant  est  un  melange  de  solvants  a  haut 
et  a  bas  point  d'ebullition  et  contient  au  moins 
10%  du  co-solvant  a  haut  point  d'ebullition, 
bouillant  au-dela  de  220  °C. 

2.  Procede  suivant  la  revendication  1  ,  dans  lequel 
ce  solvant  est  la  N-cyclohexylpyrrolidone 
(NCHP). 

3.  Procede  suivant  la  revendication  1  ou  la  reven- 
dication  2,  dans  lequel  le  polyamide  alkyl  ester 
est  un  poly(4,4'-phenoxyphenylene  pyromella- 
mide  ethyl  diester). 

4.  Procede  suivant  la  revendication  1  ou  la  reven- 
dication  2,  dans  lequel  le  polyamide  alkyl  ester 
est  un  poly(hexafluoroisopropylidine  diphe- 
noxyphenylene  pyromellamide  ethyl  diester). 

5.  Procede  suivant  la  revendication  1  ou  la  reven- 
dication  2,  dans  lequel  le  polyamide  alkyl  est 
oligomere. 

Colosungsmittel  N-Cyclohexylpyrrolidon 
(NCHP)  ist. 

3.  Verfahren  nach  Anspruch  1  oder  2,  bei  wel- 
5  chem  der  Polyamidalkylester  Poly  (4,4'-phe- 

noxyphenylenpyromellitsaureamidethyldieeste- 
r)  ist. 

4.  Verfahren  nach  Anspruch  1  oder  2,  bei  wel- 
io  chem  der  Polyamidalkylester  Poly 

(hexafluorisopropylidindiphenoxyphenylenpyro- 
mellitsaureamidethyldiester)  ist. 

5.  Verfahren  nach  Anspruch  1  oder  2,  bei  wel- 
15  chem  der  Polyamidalkylester  oligomer  ist. 

6.  Verfahren  nach  einem  der  Vorigen  Anspruche, 
bei  welchem  das  Substrat  ein  Halbleiterchip 
ist. 

20 
7.  Verfahren  nach  Anspruch  6,  bei  welchem  das 

Substrat  ein  Siliziumchip  ist. 

8.  Verfahren  nach  einem  der  Anspruche  1  bis  5, 
25  bei  welchem  das  Substrat  ein  keramischer 

Baugruppenmodul  ist. 

6.  Procede  suivant  I'une  quelconque  des  revendi-  30 
cations  precedentes,  dans  lequel  le  substrat 
est  une  plaquette  semiconductrice, 

7.  Procede  suivant  la  revendication  6,  dans  lequel 
le  substrat  est  une  plaquette  de  silicium.  35 

8.  Procede  suivant  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  le  substrat 
est  un  module  de  conditionnement  ceramique. 

40 
Patentanspruche 

1.  Verfahren  zum  Einebnen  eines  Substrats,  bei 
welchem  in  einem  Losungsmittel  ein  aus  ei- 
nem  Pyromellitsaurealkyldiester  und  einem  in  45 
para-Stellung  gebundenen  aromatischen  Di- 
amin  gebildeter  Polyamidalkylester  gelost  wird, 
das  Substrat  mit  der  erhaltenen  Losung  be- 
schichtet  wird  und  die  Beschichtung  in  eine 
eingeebnete  Schicht  gehartet  wird,  welche  die  50 
Lucken  in  dem  Substrat  fullt,  dadurch  ge- 
kennzeichnet,  dafl,  das  Losungsmittel  eine 
Mischung  aus  Losungsmitteln  mit  niedrigem 
und  hohem  Siedepunkt  ist  und  zumindest  10 
%  des  Colosungsmittels  mit  hohem  Siede-  55 
punkt,  das  oberhalb  von  220  °C  siedet,  enthalt. 

2.  Verfahren  nach  Anspruch  1,  bei  welchem  das 

4 
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