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Description 

The  invention  relates  to  a  process  for  forming  a  metallurgical  system  comprising  a  top  layer  of  gold  ^ 
and  a  bottom  layer  of  nickel  on  a  semiconducting  or  insulating  substrate.  J 

5  In  the  metallization  of  ceramic  and  other  substrates  for  the  purpose  of  providing  electrical  contact 
terminals,  nickel  is  often  deposited  as  a  base  layer.  Nickel,  however,  is  known  to  oxidize  rather  readily  tf 
and  the  resulting  oxide  interferes  with  the  establishment  of  sound  electrical  contact.  Accordingly,  steps 
have  been  taken  in  the  prior  art  to  inhibit  or  prevent  the  oxidation  of  nickel  by  the  application  of  a  materi- 
al,  usually  gold,  over  the  nickel  as  soon  as  the  nickel  layer  has  been  formed.  In  some  instances  where  a 

10  thick  layer  of  gold  is  desired,  such  as  where  thermocompression  bonding  is  required,  a  thick  layer  of 
gold  is  electroplated  on  the  nickel.  This  is  disclosed  in  the  IBM  Technical  Disclosure  Bulletin  "Process 
For  Preventing  Chip  Pad  Corrosion"  by  M.M.  Haddad  et  al,  Vol.  19,  No.  12,  May  I977,  page  458I.  A  simi- 
lar  thick  gold  electroplating  process  is  described  in  the  Technical  Disclosure  Bulletin  "Selectively  Elec- 
troplating  Pad  Terminals  on  an  MLC  Substrate"  by  M.M.  Haddad,  Vol.  20,  No.  9,  February  I978,  page 

15  3443. 
In  the  Technical  Disclosure  Bulletin  "Nickel/Gold  Diffusion  Barrier"  by  J.R.  Lynch,  Vol.  14,  No.  4, 

September  I97i,  page  I099,  a  diffusion  barrier  is  formed  between  a  layer  of  electroplated  gold  and  an  ad- 
jacent  layer  of  nickel  in  order  to  prevent  the  diffusion  of  the  nickel  into  a  silicon  device  which  is  to  be 
bonded  to  the  gold  layer.  The  diffusion  barrier  is  formed  by  a  layer  of  electroplated  gold  placed  on  the 

20  nickel  and  then  fired  in  a  hydrogen  atmosphere  at  about  700°  C.  The  barrier  layer  is  left  in  place  and  lat- 
er  covered  by  an  additional  layer  of  gold  to  which  the  silicon  device  is  bonded. 

It  has  been  found  that  the  process  of  the  abovecited  1971  Technical  Disclosure  Bulletin  also  is  suitable 
for  use  in  applications  where  thermocompression  bonding  is  desired  and  where  a  diffusion  barrier,  as 
such,  is  not  needed.  More  recently,  however,  it  has  been  noted  that  the  "pull  strength"  of  a  thermocom- 

25  pression  bond  establixhed  upon  a  metallurgical  combination  of  a  second  gold  layer  upon  a  first  gold  layer 
(diffusion  barrier),  upon  a  nickel  layer,  upon  a  substrate,  is  insufficient.  In  some  cases,  it  is  necessary 
that  the  pull  strength  be  increased  by  a  factor  of  50%  or  more. 

It  is  the  object  of  the  invention  to  provide  a  simple,  reliable  process  for  reproducibly  producing  an  en- 
hanced  bond  strength  between  a  gold  layer  and  an  underlaying  nickel  layer  deposited  on  a  semiconduct- 

30  ing  or  insulating  substrate. 
This  object  is  achieved  by  a  process  as  defined  in  claim  1. 
The  pull  strength  of  a  metallurgical  system  comprising  a  bottom  layer  of  nickel  and  a  top  layer  of  heavy 

gold  is  increased  by  the  application  of  the  thin  immersion  layer  of  gold  on  the  nickel  layer  and  the  specific 
stripping  of  the  undiffused  immersion  gold  by  a  chemical  etchant  before  the  top  layer  of  heavy  gold  is 

35  placed  down.  According  to  another  feature  of  the  invention,  the  final  structure  of  nickel  and  heavy  gold 
is  subjected  to  a  550°  C  anneal  which  softens  the  heavy  gold  deposit  and  diffuses  the  gold  into  the  nickel 
and  improves  the  pull  strength  or  bondability  of  the  assemblage. 

Other  advantages  embodiments  of  the  inventive  process  are  disclosed  in  the  subclaims. 
The  invention  which  became  more  apparentfrom  the  following  detailed  description  taken  in  conjunction 

40  with  the  accompanying  figure. 
The  sole  Figure  is  a  simplified  cross-sectional  view  of  a  metallurgical  system,  in  accordance  with  the 

present  invention  for  making  electrical  contact  to  metallized  ceramic  substrate. 
Ceramic  substrate  1  is  metallized  by  a  layer  2  of,  for  example,  molybdenum  which  is  personalized  or 

shaped  by  conventional  lithography  techniques  into  a  pattern  of  desired  electrical  contact  areas  (not 
45  shown),  as  is  well  understood  in  the  semiconductor  chip  packaging  art.  A  nickel  layer  3  typically  is  placed 

over  the  molybdenum  contact  area  in  preparation  for  a  thick  or  heavy  gold  deposit  4  which  is  required 
for  thermocompression  bonding  of  a  wire  5,  as  generally  described  in  the  aforementioned  February  I978 
Technical  Disclosure  Bulletin. 

It  is  known  that  nickel  quickly  becomes  oxidized  causing  its  surface  to  become  passive  to  subsequent 
50  plating.  Such  oxidation  may  be  inhibited  by  the  application  of  a  "flash"  coating  of  a  different  metal,  for  ex- 

ample  gold,  according  to  the  teaching  of  U.S.  Patent  3,362,851  to  D.  Dunster,  issued  on  January  9,  1968. 
However,  while  a  flash  coating  of  gold  acts  as  an  oxidation  inhibiter,  it  has  been  found  that  the  pull 
strength  of  the  bond  between  the  heavy  or  thick  gold  and  the  nickel  is  limited  unnecessarily  when  an  in- 
tervening  flash  coating  of  gold  is  left  intact  and  completely  diffused  into  the  final  composite  structure. 

55  In  accordance  with  the  present  invention,  an  immersion  gold  layer  of  about  70  to  about  120  nm  thick- 
ness  placed  upon  the  nickel  without  any  further  step  to  enhance  the  diffusion  of  the  gold  into  the  nickel. 
Selective  masking  is  applied  to  cover  those  nickel  areas  which  are  not  to  receive  any  thermocompres- 
sion  bonding.  Then,  the  undiffused  immersion  gold  is  removed  from  the  the  un  masked  areas  by  a  chemi- 
cal  stripper  immediately  before  the  heavy  gold  is  electroplated  upon  the  unmasked  nickel.  It  is  preferred 

60  to  use  a  chemical  stripper  for  removing  the  immersion  gold  characterized  by  the  following  constituents 
and  approximate  concentrations: 

ff 1.  gold  complexing  agent  such  as  potassium  cyanide  -  16%;*) 
2.  oxidizing  agent  such  as  sodium  meta-nitro  benzoate  -  49%;  | 

65  3.  sodium  carbonate  (to  make  a  solution  PH  of  about  1  1  .5)  -  26%;  j  
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4.  sodium  sulfate  -  9%; 
5.  lead  ion  -  0.05%; 
6.  water. 
*)  all  the  percentages  are  %  by  weight 

Finally,  the  selective  masking  is  removed  and  the  heavy  gold  is  diffused  into  the  nickel  with  preferably 
a  550°  C  heat  treatment  cycle  to  produce  a  metallurgical  system  characterized  by  reduced  hardness  and 
enhanced  pull  strength  relative  to  that  attainable  using  the  prior  art  processes  cited. 

The  following  detailed  example  (which  contrasts  the  process  steps  of  a  prior  process  similar  to  the 
above-cited  1971  Technical  Disclosure  Bulletin  with  those  of  the  present  invention)  will  facilitate  a  more 
complete  understanding  of  the  present  invention. 

10 

Process 
Prior  Process  Steps  Present  Invention 
NiB  electroless  plate1'  (1)  NiB  electroless  plate1  ) 

24  hour  bake2'  (2)  24  hour  bake 
Ni  diffusion  (3)  Ni  diffusion 
Plasma  ash3>  (4)  Plasma  ash 
Immersion  Au  Deposition  (5)  Immersion  gold  deposition  (thin  gold) 
Au  Diffusion  550°C  (6)  Heavy  gold  screening  preclean 
Heavy  Au  screen  preclean  (7)  Heavy  gold  screening 
Heavy  Au  screen  (8)  Hot  water  soak 
Hot  water  soak  (9)  Air  dry 
Air  dry  (10)  Chemical  etching  of  thin  gold 

15-60  Gm/liter,  120  sec.-10  sec. 
Au  strike  (11)  Rinse 
Heavy  Au  plate  (12)  Gold  strike 
Vapor  degrease41  (13)  Heavy  gold  plate 
Post  clean  (14)  Vapor  degrease 
End  (15)  Post  clean 

(1  6)  Heavy  gold  diffusion  550°C  -  1  05  min. 
(17)  Plasma  ash 

End 

15 

20 

25 

30 

35 

40 
1)  deposition  of  a  Ni  and  B  containing  layer  by  means  of  electroless  plating 
2)  to  eliminate  moisture  in  the  underlying  substrate  and  the  molybdenum 
paste  ̂ removal  of  organic  material,  like  a  photoresist,  in  a  plasma,  preferably  an 
oxygen  plasma 
4)  removal  of  grease  from  a  work  piece  by  subjecting  it  to  the  vapor  of  a  sol- 
vent  being  able  to  dissolve  grease 

45 

Chemical  stripper  con-  Time  required  to  remove 
centration,  Gm/liter  immersion  Au 
15  60-120  sec. 
30  45-75  sec. 
40  30-50  sec. 
50  20-40  sec. 
60  10-20  sec. 

50 

55 

60 

It  will  be  noted  that  the  first  5  steps  of  the  present  invention  are  the  same  as  those  of  the  prior  pro- 
cess.  However,  the  gold  diffusion  step  6  of  the  prior  process  is  omitted  in  the  present  invention  and  re- 
placed  by  the  later-occurring  heavy  gold  diffusion  step  16.  Steps  6-9  of  the  present  invention  are  similar 
to  steps  7-1  0  of  the  prior  process. 65 



EP  0  203  423  B1 

The  undiffused  thin  gold  layer  resulting  from  step  5  is  etched  away  in  step  10  of  the  present  invention 
and  rinsed  (step  11).  Then  the  remaining  steps  1  1  -1  4  of  the  prior  process  are  used  as  steps  1  2-1  5  of  the 
present  present  invention.  Finally,  the  postponed  gold  diffusion  step  is  exercised  in  step  16  and  is  fol- 
lowed  by  a  plasma  ash  to  form  a  Au-Ni  diffusion  barrier  necessary  to  assure  proper  metallurgy  and  sub- 
sequent  bondability  in  the  use  of  the  present  invention. 

The  following  average  bond  pull  strength  results  were  obtained  in  a  comparison  test  between  3105  con- 
trol  samples  made  with  the  prior  process  and  423  samples  made  with  the  present  invention,  using  the 
steps  described  above: 

10 Prior  process  Present  invention 
68  ±2  grams  85  ±0  grams 

15  In  addition,  it  was  found  that  non-repairable  failures  (such  as  delamination  at  the  metallurgical  inter- 
faces)  were  eliminated  while  repairable  failures  (such  as  rupturing  of  the  gold  bulk)  were  reduced  in 
specimens  constructed  with  the  method  of  the  present  invention  relative  to  specimens  constructed  with 
the  prior  process. 

20  Claims 

1  .  Process  comprising  depositing  nickel  on  a  substrate,  forming  a  thin  layer  of  gold  over  said  nickel, 
chemically  stripping  said  gold  layer,  depositing  thick  gold  over  said  nickel,  and  diffusing  said  thick  gold 
into  said  nickel. 

2.  Process  according  to  claim  I  wherein  said  thick  gold  diffusing  step  is  done  at  a  temperature  of 
about  550°  C. 

3.  Process  according  to  claim  I  or  2  wherein  said  substrate  is  a  ceramic  material. 
4.  Process  as  described  in  claim  3  and  further  including  a  heating  step  for  diffusing  said  nickel  into 

30  said  substrate. 
5.  Process  according  to  any  one  of  claims  1  to  4,  wherein  said  thin  layer  of  gold  is  formed  by  an  immer- 

sion  process  to  a  thickness  in  the  range  of  about  70  to  about  120  nm. 
6.  Process  according  to  any  one  of  claims  1  to  5,  wherein  a  gold  stripper  is  used  comprising  a  gold 

complexing  agent,  like  potassium  cyanide,  an  oxidizing  agent,  like  sodium  meta-nitro  benzoate,  sodium 
g5  carbonate,  sodium  suifate,  lead  ion  and  water. 

7.  Process  according  to  any  one  of  claims  1  to  6  and  further  including  the  step  of  thermocompression 
bonding  an  electrode  to  said  thick  gold. 

8.  Process  according  to  any  one  of  claims  1  to  7,  wherein  prior  to  the  chemical  stripping  a  masking  ma- 
terial  is  selectively  placed  to  cover  certain  areas  of  said  thin  gold  layer  and  wherein  said  masking  materi- 

40  al  is  removed  after  depositing  said  thick  gold. 

Patentanspriiche 

45  1.  Verfahren,  in  welchem  Nickel  auf  ein  Substrat  aufgebracht,  eine  diinne  Goldschicht  iiber  dem 
Nickel  gebildet,  diese  Goldschicht  chemisch  entfernt,  eine  dicke  Goldschicht  auf  dem  Nickel  aufge- 
bracht  und  das  dicke  Gold  in  das  Nickel  eindiffundiert  wird. 

2.  Verfahren  nach  Anspruch  1  ,  bei  welchem  das  dicke  Gold  bei  einer  Temperatur  von  ca.  550°C  eindif- 
fundiert  wird. 

50  3.  Verfahren  nach  Anspruch  1  oder  2,  bei  welchem  das  Substrat  ein  keramisches  Material  ist. 
4.  Verfahren  nach  Anspruch  3,  bei  welchem  weiterhin  ein  Erhitzschritt  zum  Diffundieren  des  Nickels 

in  das  Substrat  vorgesehen  ist. 
5.  Verfahren  nach  einem  der  Anspruche  1  bis  4,  bei  welchem  die  dtinne  Goldschicht  durch  einen  Ein- 

tauchprozess  auf  eine  Dicke  zwischen  ca.  70  und  ca.  120  nm  gebracht  wird. 
55  6.  Verfahren  nach  einem  der  Anspruche  1  bis  5,  bei  welchem  ein  Goldentfernungsmittel  verwendet 

wird,  das  aus  einem  Komplexbildner  fiir  Gold  wie  Kaliumzyanid,  einem  Oxidationsmittel,  wie  Natriummetani- 
trobenzoat,  Natriumkarbonat,  Natriumsulfat,  Bleiionen  und  Wasser  besteht. 

7.  Verfahren  nach  einem  der  Anspruche  1  bis  6,  bei  welchem  weiterhin  eine  Elektrode  mit  dem  dicken 
Gold  durch  Thermokompression  verbunden  wird. 

60  8.  Verfahren  nach  einem  der  Anspruche  1  bis  7,  bei  welchem  vor  dem  chemischen  Entfernen  ein  Mas- 
kenmaterial  selektiv  zum  Abdecken  bestimmter  Bereiche  der  dunnen  Goldschicht  aufgebracht  und  nach 
dem  Aufbringen  des  dicken  Goldes  wieder  entfernt  wird. 

65 
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Revendications 

1  .  Precede  comprenant  le  depot  de  nickel  sur  un  substrat,  la  formation  d'une  couche  mince  d'or  sur  le 
dit  nickel,  I'enlevement  chimique  de  ladite  couche  d'or,  le  depot  d'or  epais  sur  ledit  nickel,  et  la  diffusion 

5  du  dit  or  epais  dans  ledit  nickel. 
2.  Precede  suivant  la  revendication  1,  dans  lequel  ladite  operation  de  diffusion  d'or  epais  est  effec- 

tuee  a  une  temperature  de  550°C  environ. 
3.  Precede  suivant  la  revendication  1  ou  2,  dans  lequel  ledit  substrat  est  une  matiere  ceramique. 
4.  Precede  suivant  la  revendication  3  et  comprenant  en  outre  une  operation  de  chauffage  pour  diffu- 

10  ser  ledit  nickel  dans  ledit  substrat. 
5.  Precede  suivant  I'une  quelconque  des  revendications  1  a  4,  dans  lequel  ladite  couche  mince  d'or  est 

formee  par  un  traitement  d'immersion,  a  une  6paisseur  comprise  entre  70  nm  environ  et  120  nm  environ. 
6.  Precede  suivant  I'une  quelconque  des  revendications  1  a  5,  dans  lequel  on  utilise  un  agent  d'enleve- 

ment  de  Tor,  comprenant  un  agent  de  complexage  de  Tor,  tel  que  le  cyanure  de  potassium,  un  agent  d'oxy- 
15  dation,  tel  que  le  meta-nitro  benzoate  de  sodium,  du  carbonate  de  sodium,  du  sulfate  de  sodium,  des  ions 

plomb  et  de  l'eau.  ,  . 7.  Precede  suivant  I'une  quelconque  des  revendications  1  a  6,  comprenant  en  outre  I'operation  de 
liaison  par  thermocompression  d'une  electrode  audit  or  epais. 

8.  Precede  suivant  I'une  quelconque  des  revendications  1  a  7,  dans  lequel,  avant  I'operation  d'enleve- 
20  ment  chimique,  une  matiere  de  masquage  est  selectivement  placee  de  maniere  a  recouvrir  certaines  zo- 

nes  de  ladite  couche  d'or  mince,  et  dans  lequel  ladite  matiere  de  masquage  est  enlevee  apres  depot  dudit 
or  epais. 
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