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@  Bumpless  tape  automated  bonding. 
@  A  tape  automated  bonding  method  and  structure  is 
disclosed.  Interconnection  using  prepatterned  metal  beam  tape 
interconnect  is  accomplished  by  providing  vias  (10,20)  in 
passivation  layer  (8)  overlaying  a  metal  region  (6)  in  or  on  the 
major  surface  (4)  of  the  device  which  is  to  receive  the 
interconnect  leads  (18),  eliminating  the  requirement  for  bond- 
ing  pad  bumps.  Ultrasonic  pressure  is  applied  to  the  beams  (18) 
as  they  superpose  the  vias,  bonding  each  lead  to  its  respective 
metal  region  (6). 
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Description 

BUMPLESS  TAPE  AUTOMATED  BONDING 

substrate.  In  addition  to  IC  fabrication  process 
difficulties  and  expenses  added  to  the  chips  to 
include  the  bonding  bumps,  in  other  technologies, 
such  as  a  thin-film  structure  for  an  ink-jet  printhead, 
topology  requirements  may  severely  limit  or  even 
prohibit  the  inclusion  of  bumps. 

Moreover,  heat  bonding,  such  as  by  laser  or 
thermode  probes,  may  be  inapplicable  to  structures 
not  designed  to  withstand  high  temperature  excur- 
sions. 

Hence,  there  is  a  need  for  a  heatless  and 
bumpless  TAB  technique. 

SUMMARY  OF  THE  INVENTION 
It  is  an  advantage  of  the  present  invention  that  it 

provides  a  heatless  TAB  process. 
Another  advantage  of  the  present  invention  is  that 

it  eliminates  the  need  for  bonding  bumps  on  the 
structure  to  be  TAB  interconnected,  thus  improving 
both  yield  and  cost  per  wafer. 

A  further  advantage  of  the  present  invention  is 
that  it  provides  a  TAB  process  which  can  be  used  to 
form  connections  on  places  of  the  structure  other 
than  the  periphery. 

Yet  a  further  advantage  of  the  present  invention  is 
that  it  allows  the  structure  to  be  placed  in  a  package 
before  bonding. 

Still  another  advantage  is  that  the  present  inven- 
tion  allows  the  forming  of  jumper  interconnects 
between  different  sections  of  the  structure. 

In  a  basic  aspect,  the  present  invention  provides  a 
thin-film  structure  for  tape  automated  bonding, 
comprising: 

a  substrate  layer  having  a  first,  substantially  planar 
surface; 

at  least  one  conductive  region  in  said  first  surface; 
a  passivation  layer  superjacent  said  first  surface, 

having  a  first  aperture  superjacent  at  least  a 
substantial  area  of  said  region;  and, 

a  barrier  layer  superposing  said  passivation  layer, 
having  a  second  aperture  superjacent  to  and 
encompassing  said  first  aperture,  such  that  an 
interconnect  beam  can  be  bonded  to  said  conduc- 
tive  region  through  said  first  and  second  apertures. 

Other  objects,  features  and  advantages  of  the 
present  invention  will  become  apparent  upon  con- 
sideration  of  the  following  detailed  description  and 
the  accompanying  drawings,  in  which  like  reference 
designations  represent  like  features  throughout  the 
FIGURES.  The  description  is  of  an  exemplary 
embodiment  of  the  invention. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
Figure  1  is  a  cross-sectional  drawing  of  the 

present  invention  structure  in  position  for 
bonding  taken  in  plane  A-A  of  Figure  2. 

Figure  2  is  a  plan  view  (top)  showing  two 
trace  beams  in  position  for  bonding  in  accord- 
ance  with  the  present  invention. 

Figure  3  is  a  plan  view  (top)  showing  an 
interconnect  layout  for  a  thin-film  structure  in 

BACKGROUND  OF  THE  INVENTION 
5 

1  .  Field  of  the  Invention 
The  present  invention  relates  generally  to  tape 

automated  bonding  (TAB)  of  thin  film  structures  and, 
more  particularly,  to  a  bumpless,  single  point  TAB 
process  and  structure.  10 

2.  Description  of  the  Related  Art 
In  the  manufacture  of  electronic  devices  (for 

example,  thin-film  structures  such  as  for  thermal 
ink-jet  resistor  array  devices  or  semiconductor  15 
integrated  circuits  (IC),  it  has  become  feasible  to 
make  a  large  number  of  metallic  interconnections  to 
microscopic  pads  on  the  structure  by  utilizing  a 
roll-type,  metal  film  cut  to  form  an  individual  set  of 
leads,  commonly  known  as  "beam  tape."  The  beam  20 
tape  can  be  patterned  in  customized  sections  to 
match  the  interconnections  required  for  the  particu- 
lar  application.  At  an  automated  bonding  station,  the 
beam  tape  and  structure  are  brought  together  by 
various  known  processes  to  connect  the  leads  to  25 
the  structure. 

Generally,  a  precision  ground  thermode  applies 
heat  and  pressure  to  the  metal  beams  and  under- 
lying,  raised,  interconnection  weld-spot  bumps 
(known  as  "bonding  pads")  which  lie  generally  atop  30 
the  structure  to  be  connected.  Both  high  tempera- 
ture  thermocompression  welding  and  lower  tem- 
perature,  lower  pressure  solder  reflow  welding  are 
known,  particularly  for  "gang-bonding"  (where  all 
welds  are  made  simultaneously  on  the  structure).  35 
Individual  circuits  may  be  bonded  to  inner  leads  of 
the  beam  tape  and  then  tested  while  still  in 
continuous  tape  form. 

Two-layer  beam  tape  is  fabricated  with  a  polyimide 
film  to  facilitate  the  bonding  process  where  it  is  40 
desirable  to  have  such  a  dielectric  barrier  between 
the  lead  traces  and  the  structure  to  be  intercon- 
nected. 

A  known,  typical  technique  is  described  in  U.S. 
Patent  No.  4,551,912  (Marks,  et  al.).  In  that  patent,  a  45 
method  of  forming  semiconductor  chips  is  shown 
wherein  a  continuous  sheet  TAB  material  is  moved 
to  a  cutting  station.  By  computer  control,  a  laser 
forms  a  "footprint"  (pattern  for  the  device  to  be 
attached),  the  material  is  moved  to  a  bonding  station  50 
where  it  is  aligned  with  the  chip,  and  a  computer 
controlled  bonding  tool  (an  ultrasonic  probe)  se- 
quentially  bonds  each  lead  in  the  pattern  to  a 
corresponding  bump  (raised  interconnection  weld 
spot)  previously  fabricated  into  the  chip  structure.  55 

Typical  bump  height  is  1  .0  to  1  .5  mils  above  the  die 
major  surface.  Alternatively,  prebumped  beams  are 
provided  by  beam  tape  manufacturers. 

A  difficulty  with  the  Marks,  et  al.  system  is  the 
requirement  of  the  bumps.  Column  4,  lines  4-27.  60 
Basically,  this  technique  is  used  to  prevent  short 
circuits  from  occurring  between  the  lead  and  the 
peripheral  edge  of  the  semiconductor  material  of  the 
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accordance  with  the  present  invention. 
The  drawings  referred  to  in  this  description  should 

be  understood  as  not  being  drawn  to  scale. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 
It  should  be  recognized  that  many  publications 

describe  the  details  of  common  techniques  used  in 
the  fabrication  processes  of  integrated  circuit 
components  and  other  thin  film  devices.  See,  e.g., 
Ghandi,  S.K.,  VLSI  Fabrication  Principles,  copyright 
1983,  John  Wiley  &  Sons,  or  Semiconductor  & 
Integrated  Circuit  Fabrication  Techniques,  Reston 
Publishing  Co.,  Inc.,  copyright  1979  by  the  Fairchild 
Corporation.  Those  techniques  can  be  generally 
employed  in  the  fabrication  of  the  structure  of  the 
present  invention.  Moreover,  the  individual  steps  of 
such  a  process  can  be  performed  using  commer- 
cially  available  integrated  circuit  fabrication  ma- 
chines.  As  specifically  helpful  to  an  understanding  of 
the  present  invention,  approximate  technical  data 
are  set  forth  based  upon  current  technology.  Future 
developments  in  this  art  may  call  for  appropriate 
adjustments  as  would  be  obvious  to  one  skilled  in 
the  art. 

Referring  now  to  FIGURE  1,  a  structure  formed  in 
accordance  with  the  present  invention  is  shown  in 
cross-section  (taken  in  plane  A-A  as  shown  in 
FIGURE  2).  As  will  be  apparent  to  a  person  skilled  in 
the  art,  the  depiction  is  only  intended  to  be  of  a  small 
section  of  an  entire  device,  such  as  an  edge  of  an 
integrated  circuit  chip. 

A  substrate  2,  such  as  silicon  IC  die,  has  a  first 
surface  4.  A  bonding  pad  6  is  formed  in  or  on  the 
substrate  surface  4.  The  pad  6  may  be  formed  by  any 
one  of  the  known  techniques  such  as  metal 
deposition  and  etching  to  desired  geometry.  For  the 
purpose  of  the  present  invention,  the  pad  6  should 
be  formed  of  aluminum  to  a  thickness  in  the  range  of 
0.3  to  1.0  micron.  In  the  preferred  embodiment,  the 
thickness  is  approximately  0.5  micron. 

A  passivation  layer  8  is  formed  on  substrate 
surface  4.  Many  well-known  materials,  such  as 
silicon  dioxide,  silicon  nitride,  silicon  oxynitride,  and 
silicon  carbide,  or  combinations  thereof,  can  be 
used  to  form  the  passivation  layer  8.  The  passivation 
layer  8  should  have  a  thickness  in  the  range  of  0.5  to 
3.0  microns.  In  the  preferred  embodiment,  the 
thickness  is  approximately  1  .38  microns,  comprising 
a  combination  of  silicon  nitride  and  silicon  carbide.  In 
the  preferred  embodiment,  the  passivation  layer  8 
comprises  a  three-stack  layer  where  the  bottom 
layer  is  silicon  nitride  which  is  0.52  micron  thick;  the 
middle  layer  is  formed  of  silicon  carbide  which  is  0.26 
micron  thick;  and  the  top  layer  is  tantalum,  which  is 
0.6  micron  thick. 

An  aperture,  or  via,  10  is  etched  to  expose  at  least 
a  portion  of  the  surface  12  of  pad  6.  Again,  there  are 
several  well-known  techniques  for  forming  such  a  via 
10.  In  the  preferred  embodiment,  via  10  is  formed  by 
wet-etch  for  the  tantalum  and  a  plasma  dry-etch  for 
the  middle  and  bottom  layers. 

In  the  preferred  embodiment,  the  aperture  10  has 
an  area  of  approximately  0.0040  inch  square. 

Referring  briefly  to  Figure  3,  an  entire  chip  14  is 
encased  in  a  poiymide  tape  16.  The  polyimide  has  a 

thickness  of  approximately  0.0005  inch.  In  accord- 
ance  with  a  predetermined  pattern  matching  the 
pattern  of  the  bonding  pads  6  on  the  structure  to  be 
interconnected,  vias  20  are  etched  in  the  poliymide. 

5  While  there  are  several  known  techniques  for 
forming  the  pattern  of  polyimide  vias  20,  in  the 
preferred  embodiment,  common  chemical  milling  is 
used. 

As  shown  in  Figure  1,  the  polyimide  vias  20  are 
10  greater  in  area  than  passivation  layer  vias  10  in  order 

to  allow  room  for  the  beam  being  attached  and 
registration  misalignments.  In  the  preferred  embodi- 
ment,  the  aperture  20  has  an  area  of  approximately 
0.0060  inch  square. 

15  Predesigned  and  interconnect  leads  18  formed  in 
a  beam  tape  strip  on  a  polyimide  layer  having  said 
apertures  20  can  be  aligned  with  the  structure  to  be 
bonded  at  a  bonding  station. 

The  conductive  tape  beam  is  placed  across  a  via, 
20  and  a  first  force  is  applied  to  said  beam  to  deform  it 

into  said  via  and  into  contact  with  said  contact 
region.  Simultaneously,  a  second  force  is  applied  to 
said  beam  to  bond  said  beam  to  said  contact  region. 

In  the  preferred  embodiment,  the  traces  are  1 
25  ounce  (0.0014  inch)  copper  traces  that  have  a 

hardness  of  approximately  60  to  100  Knoop,  which 
have  been  chemically  milled  to  the  desired  pattern. 
Beam  widths  and  spaces  in  the  range  of  approxi- 
mately  0.0025  to  0.0030  can  be  achieved  with 

30  currently  known  chemical  milling  techniques.  The 
copper  traces  are  plated  to  a  thickness  of  thirty  (30) 
microinches  with  99.99o/o  pure  gold. 

Once  the  copper  trace  beam  tape  is  properly 
aligned  to  the  structure,  a  commercial  bonding 

35  machine,  such  as  a  Hughes  Aircraft  2460-2  wirebon- 
der,  is  used  to  attach  the  trace  leads  18  to  the  pads 
through  the  vias  10  and  12.  In  the  preferred 
embodiment,  approximately  130  grams  force  is 
applied  for  about  50  milliseconds  with  approximately 

40  130  microinches  of  about  60  kHz  ultrasonic  scrub. 
These  bonding  parameters  yield  a  mean  pull 
strength  of  approximately  40  grams  with  a  standard 
deviation  of  about  4.0  grams.  A  range  of  about  100  to 
140  grams  for  30  to  80  milliseconds  with  100  to  150 

45  microinches  of  60  kHz  scrub  will  suffice  to  provide  a 
proper  connection. 

In  the  best  mode  for  practicing  the  TAB  process 
described,  single  point  TAB  techniques  are  applic- 
able. 

50  A  major  advantage  of  the  present  invention  as 
shown  in  Figure  3  is  that  pads  can  be  located 
anywhere  on  the  device  since  topology  remains  as 
close  to  planar  as  possible. 

55 

Claims 

1.  A  thin-film  structure  suitable  for  tape 
automated  bonding,  comprising:  a  substrate 
layer  (2)  having  a  first,  substantially  planar 
surface  (4)  ;  at  least  one  conductive  region  (6)  in 
said  first  surface;  a  passivation  layer  (8) 
superjacent  said  first  surface,  having  a  first 

60 

65 
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aperture  (10)  superjacent  at  least  a  substantial 
area  of  said  conductive  region;  and,  a  barrier 
layer  (16)  superposing  said  passivation  layer, 
having  a  second  aperture  (20)  superjacent  to 
and  emcompassing  said  first  aperture  (10),  5 
such  that  an  interconnect  beam  (18)  can  be 
bonded  to  said  conductive  region  through  said 
first  and  second  apertures. 

2.  The  structure  as  claimed  in  claim  1, 
wherein  said  structure  is  a  thermal  ink-jet  10 
printhead. 

3.  The  structure  as  claimed  in  claim  1  or  2, 
wherein  said  substrate  layer  is  a  semiconduc- 
tor. 

4.  The  structure  as  claimed  in  claim  1,2  or  3,  15 
wherein  said  conductive  region  comprises  a 
layer  of  aluminium. 

5.  The  structure  as  claimed  in  any  preceding 
claim,  wherein  said  passivation  layer  is  formed 
of  layers  of  tantalum,  silicon  nitride  and  silicon  20 
carbide. 

6.  The  structure  as  set  forth  in  any  preceding 
claim,  wherein  said  barrier  layer  is  a  polyimide. 

7.  A  thermal  ink-jet  printhead  structure 
comprising  a  thin-film  structure  as  claimed  in  25 
any  of  claims  1  to  6,  wherein  interconnect 
beams  are  connected  to  the  conductive  regions 
(6)  through  the  first  and  second  apertures 
(10,20),  each  beam  (18)  being  bent  from  the 
plane  of  a  tape  beam  into  contact  with  said  30 
region  (6)  with  said  barrier  layer  (16)  maintain- 
ing  the  beams  isolated  from  the  thin  film 
structure  elsewhere  than  at  the  apertures. 

8.  A  tape  automated  bonding  method  for  a 
thin  film  structure,  having  a  substrate,  a  contact  35 
region  in  a  surface  of  said  substrate,  and  at 
least  one  passivation  layer  superposing  said 
surface,  comprising:  forming  a  via  in  said 
passivation  layer  to  an  area  of  said  contact 
region;  superposing  a  conductive  tape  beam  40 
across  said  via;  applying  a  first  force  to  said 
beam  to  deform  said  beam  into  said  via  and  into 
contact  with  said  contact  region;  and,  applying 
a  second  force  to  said  beam  to  bond  said  beam 
to  said  contact  region.  45 

9.  The  method  as  claimed  in  claim  8  wherein 
said  step  of  applying  a  first  force  comprises: 
applying  approximately  100  to  140  grams  li- 
nearly  for  30  to  80  milliseconds. 

10.  The  method  as  claimed  in  claim  8  or  9  50 
wherein  said  step  of  applying  a  second  force 
comprises:  applying  100  to  150  microinches  or 
60  kHz  ultrasonic  scrub. 
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