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©  METHOD  OF  EVALUATING  CURRENT-DRIVEN  CONDUCTIVE  MATERIAL. 
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©  This  invention  aims  at  providing  a  method  of 
evaluating  a  current-driven  conductive  material  such 
as  wiring  conductor,  in  which  the  resistance  to  elec- 
tromigration  and  the  resistance  to  stress  migration 
are  independently  measured  in  a  short  time.  A  first 
current  is  supplied  to  a  conductor  to  measure  its 
resistance  value,  and  a  second  current  larger  than 
the  first  current  is  supplied  for  a  predetermined 
period  to  cause  its  physical  properties  to  change. 
Thereafter,  the  resistance  value  of  the  conductor  is 

F  i  a.  2 Second  current  load  period 

again  measured  by  using  the  first  current.  This  pro- 
cedure  is  repeated  for  accelerated  evaluation  of  re- 
liability  of  the  conductor.  In  this  method,  the  duration 
of  the  second  current  is  sufficiently  smaller  than  that 
of  the  first  current  so  that  electromigration  may  be 
measured  within  a  temperature  rise  of  50  °C.  To 
measure  stress  migration,  on  the  other  hand,  the 
second  current  is  set  so  that  electromigration  may 
not  occur,  and  it  is  fed  at  intervals  less  than  10  ms 
so  that  the  temperature  rise  may  exceed  100°C. 
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TECHNICAL  FIELD 

The  present  invention  relates  to  a  method  of 
evaluating  current-driven  conductive  material,  and 
more  particularly  to  a  method  of  evaluating  electro- 
migration  resistance  and  stress  migration  resis- 
tance  of  various  types  of  current-driven  conductive 
material  independently  and  efficiently. 

TECHNOLOGICAL  BACKGROUND 

The  conventional  technology  is  described  be- 
low  for  a  wiring  material  for  LSI  as  an  example  of 
current-driven  conductive  material.  As  wiring  ma- 
terial  for  LSI,  at  present,  such  materials  as  Al,  Al-Si 
alloy  prepared  by  mixing  several  percents  of  Si  in 
Al  or  Ai-Si-Cu  alloy  in  which  a  small  quantity  of  Cu 
is  mixed  have  been  used. 

As  a  degree  of  integration  in  LSI  becomes 
higher  and  higher,  a  width  of  wiring  therein  be- 
comes  thinner  and  thinner  with  the  length  becom- 
ing  increasingly  longer,  and  also  a  number  of  wires 
used  therein  is  becoming  larger.  On  the  other 
hand,  in  LSI,  a  higher  operating  speed  is  required 
together  with  a  higher  degree  of  integration,  and  as 
a  result,  a  current  flowing  in  a  wire  has  been 
becoming  increasingly  larger.  Namely  density  of  a 
current  flowing  per  unit  cross  section  has  been 
becoming  higher  and  higher  as  a  degree  of  integra- 
tion  becomes  increasingly  higher.  However,  when  a 
large  current  flows  in  a  metallic  wire,  metal  atoms 
moves  In  a  direction  reverse  to  that  in  which  the 
current  flows,  and  as  a  result  a  portion  of  the  wire 
may  become  thinner  and  thinner  and  sometimes 
result  in  breaking  of  wire.  This  phenomenon  is 
called  electro-migration.  Furthermore  when  density 
of  a  current  flowing  through  wiring  increases,  heat 
stress  due  to  Joule  heat  generation  in  the  wiring 
and  the  wiring  is  deteriorated.  This  phenomenon  is 
called  stress  migration,  it  is  not  too  much  saying 
that  reliability  of  metal  wiring  is  decided  by  the  two 
phenomena  described  above.  For  this  reason,  in 
order  to  develop  a  high  performance  LSI,  a  ma- 
terial  having  a  high  capability  to  withstand  the 
electro-migration  and  stress  migration  is  required, 
and  in  development  of  the  material,  it  is  important 
to  strictly  evaluate  the  material's  capability  to  with- 
stand  the  phenomena.  The  conventional  method  of 
evaluating  reliability  of  wiring  is  as  described  be- 
low. 

In  the  conventional  type  of  LSI  wiring,  only  a 
current  having  a  density  of  around  105  A/cm2  is 
flown,  but  in  the  reliability  test,  a  current  with  a 
current  density  of  10G  A/cm2,  10  times  or  more 
larger  than  the  usual  one,  is  flown  to  shorten  the 
time  required  for  a  wiring  reliability  test.  In  addition, 
to  furthermore  promote  deterioration,  a  method  is 
employed  in  which  a  temperature  of  atmosphere  is 

raised  to  around  250  °  C.  However,  also  in  the  dete- 
rioration  promoting  test  as  described  above,  break- 
ing  of  wiring  does  not  occur  within  a  month  in  case 
of  ordinary  Al-Si  alloy  wiring  having  a  short  life,  and 

5  actually,  for  instance,  resistance  of  wiring  is  mon- 
itorred,  and  a  time  required  until  the  resistance 
increases  by  5  %  or  by  10%  is  used  as  a  life  of 
the  wiring.  In  spite  of  that,  in  many  cases,  a  period 
of  time  ranging  from  several  weeks  up  to  around 

io  one  month  is  required  until  a  resistance  value  of 
wiring  shows  the  change  as  described  above,  and 
in  case  of  material  for  wiring  having  a  higher  re- 
liability,  which  is  a  target  for  material  development, 
a  further  longer  time  is  required,  and  for  the  rea- 

75  sons  as  described  above,  practically  the  method  is 
not  effective  as  a  method  of  evaluating  material  for 
wiring. 

So,  in  order  to  furthermore  shorten  a  time 
required  for  a  deteriorating  test,  it  is  desired  to  flow 

20  a  current  having  a  higher  density.  However,  if  it  is 
tried  to  flow  a  current  with  a  high  density,  the 
wiring  is  heated  because  of  Joule's  heat,  and  con- 
sequently  the  resistance  becomes  higher,  which 
furthermore  promote  heating  of  the  wiring,  and  as  a 

25  result  the  wiring  temperature  becomes  uncontrolla- 
ble,  which  results  in  melting  of  the  wiring. 

To  solve  this  problem,  the  present  inventor 
succeeded  in  shortening  a  time  required  for  a 
reliability  test  for  wiring,  without  causing  melting  of 

30  wiring,  by  repeating  the  operational  sequence  com- 
prising  the  steps  of  flowing  a  first  current  in  a 
wiring  pattern,  then  measuring  a  resistance  value  of 
the  wiring,  then  flowing  a  second  current  having  a 
larger  current  value  than  the  first  current  to  heat 

35  this  wiring,  simultaneously  controlling  temperature 
of  the  wiring  pattern  by  means  of  cooling  it  from 
the  outside  to  prevent  the  wiring  temperature  from 
becoming  uncontrollable,  turning  off  the  second 
current,  and  then  again  flowing  the  first  current 

40  (Japanese  Patent  Application  No.1  26732/1  991). 
However,  although  it  is  possible  to  shorten  a  time 
required  for  a  reliability  test  of  wiring,  a  problem 
was  found  that  whether  the  wiring  is  deteriorated 
due  to  electro-migration  or  due  to  stress  migration 

45  can  not  be  discriminated.  To  furthermore  minutely 
investigate  a  reliability  of  wiring,  it  is  required  to 
discriminate  which  of  these  phenomena  is  the  case 
for  deterioration  o  wiring. 

The  present  invention  was  made  in  the  light  of 
50  the  circumstances  as  described  above,  and  it  is  an 

object  of  the  present  invention  to  provide  a  method 
of  evaluating  current-driven  conductive  material 
which  enables  independent  evaluation  of  a  capabil- 
ity  of  wiring  material  to  withstand  electro-migration 

55  and  stress  migration  within  a  short  period  of  time 
and  also  enables  feedback  of  test  data  effective  for 
development  of  wiring  material. 

2 



3 EP  0  656  650  A1 4 

DISCLOSURE  OF  THE  INVENTION 

A  first  gist  of  of  the  present  invention  consists 
in  a  method  of  evaluating  current-driven  conductive 
material  characterized  in  that,  in  a  method  of  evalu- 
ating  within  a  shorter  period  of  time  a  capability  of 
the  wiring  pattern  to  withstand  electro-migration  by 
repeating  several  times  an  operating  sequence 
comprising  the  steps  of  flowing  a  first  current  in  a 
wiring  pattern  made  of  conductive  material,  then 
measuring  a  resistance  value  of  the  wiring,  then 
flowing  a  second  current  having  a  larger  current 
value  than  the  first  current  to  generate  electro- 
migration  in  the  wiring  pattern,  turning  off  the  sec- 
ond  current,  and  then  again  flowing  the  first  cur- 
rent,  a  capability  of  the  wiring  pattern  to  withstand 
electro-migration  is  measured  by  controlling  tem- 
perature  rise  while  the  second  current  is  flowing  at 
a  level  by  50  °C  lower  or  more  than  the  tempera- 
ture  while  the  first  current  is  flowing  by  means  of 
setting  a  time  for  flowing  the  second  current  fully 
shorter  than  the  time  for  flowing  the  first  current. 

A  second  gist  of  of  the  present  invention  con- 
sists  in  a  method  of  evaluating  current-driven  con- 
ductive  material  characterized  in  that,  in  a  method 
of  evaluating  within  a  shorter  period  of  time  a 
capability  of  the  wiring  pattern  to  withstand  stress 
migration  by  repeating  several  times  an  operating 
sequence  comprising  the  steps  of  flowing  a  first 
current  in  a  wiring  pattern  made  of  conductive 
material,  then  measuring  a  resistance  value  of  the 
wiring,  then  flowing  a  second  current  having  a 
larger  current  value  than  the  first  current  to  gen- 
erate  stress  migration  in  the  wiring  pattern,  turning 
off  the  second  current,  and  then  again  flowing  the 
first  current,  stress  migration  generated  in  the  wir- 
ing  pattern  is  measured  by  setting  the  second 
current  to  a  current  value  at  which  practically  elec- 
tro-migration  does  not  occur,  setting  a  repeat  cycle 
of  flowing  the  second  current  to  10  msec  or  less, 
and  also  setting  a  time  for  flowing  the  second 
current  so  that  temperature  of  the  wiring  pattern 
while  the  second  current  is  flowing  will  be  100°C 
or  more  higher  than  temperature  whole  the  first 
current  is  flowing. 

FUNCTION 

A  resistance  value  is  monitorred  by  flowing  a 
first  current  having  a  current  density  not  generating 
electro-migration,  electro-migration  is  generated  by 
flowing  a  second  current  having  a  high  current 
density,  and  a  capability  of  wiring  to  withstand 
electro-migration  is  measured  regarding  the  time 
required  until  the  resistance  value  drops  to  a  speci- 
fied  value  as  a  life  of  the  wiring.  In  this  step,  by 
setting  a  time  and  a  cycle  for  flowing  the  second 
current  so  that  temperature  due  to  Joule's  heat 

generated  when  the  second  current  is  loaded  to 
wiring  will  not  rise  to  50  °C  or  more  higher  than 
temperature  of  the  wiring  generated  when  the  first 
current  is  flow,  it  is  possible  to  prevent  acceleration 

5  of  electro-migration  caused  by  temperature  rise 
due  to  uncontrolable  heat  dissipation  which  can 
hardly  be  controlled  and  also  to  measure  electro- 
migration  at  a  specified  temperature.  Also  as  tem- 
perature  rise  in  the  wiring  is  held  under  50  °C, 

io  practically  stress  migration  does  not  occur,  and  as 
a  result  it  is  possible  to  accurately  estimate  only 
the  wiring  's  capability  to  withstand  electro-migra- 
tion  under  any  conditions  using  the  Black's  empiri- 
cal  expression  (Expression  (1)). 

is  On  the  other  hand,  in  measurement  of  stress 
migration,  by  setting  a  loading  time  and  a  current 
density  of  a  second  current  are  set  to  values  at 
which  electro  migration  does  not  occur  but  tem- 
perature  rise  due  to  Joule's  heat  can  be  observed, 

20  loading  this  second  current  repeatedly  to  cause 
stress  migration,  and  monitorring  a  resistance  value 
of  wiring  while  a  first  current  having  a  current 
density  not  causing  temperature  change  in  the 
wiring  is  flown,  it  is  possible  to  evaluate  the  capa- 

25  bility  to  withstand  stress  migration. 

EMBODIMENT  EXAMPLES 

Hereinbelow,  embodiment  examples  of  the 
30  present  invention  are  explained. 

Fig.1  shows  a  device  used  for  evaluation  of  a 
capability  of  wiring  to  withstand  electro-migration 
as  well  as  a  capability  thereof  to  withstand  stress 
migration.  In  this  figure,  designated  at  the  refer- 

35  ence  numeral  1  is  a  substrate  on  which  wiring 
made  of  conductive  material  is  formed,  at  2  a 
printed  board  having  a  pin  for  connection  with 
outside,  at  3  a  substrate  holding  means,  at  4  a 
vessel  for  heated  fluid,  at  5  a  heated  fluid  inlet  port, 

40  at  6  a  heated  fluid  discharge  port,  at  7  a  heated 
fluid  inlet  pipe,  at  8  a  partition,  at  9  a  flow  rate 
control  means,  at  10  a  flow  meter,  at  11  a  heated 
fluid  temperature  control  means,  and  at  12  piping. 

A  typical  example  of  conductive  material  is,  for 
45  instance,  material  for  LSI.  Material  for  LSI  includes, 

for  instance,  Al,  Al-Si  (2  to  5  %)  alloy,  Al-Si  (1  to  5 
%(-Cu  (1  to  5  %)  alloy,  Cu,  W,Mo,  Ti,  WSi2, 
MoSi2,  TiSi2,  or  polysilicon,  and  wiring  in  which 
these  materials  are  deposited  in  a  layered  form, 

50  such  as  wiring  in  which,  for  instance,  high  melting 
point  materials  are  overlaid  alternatively.  In  addi- 
tion,  also  superconductive  material  is  one  of  the 
conductive  materials. 

As  a  substrate,  for  instance,  Si  wafer,  a  sub- 
55  strate  with  a  0.01  to  1  urn  silicon  oxide  film  or  a 

silicon  nitride  film  formed  thereon,  a  glass  sub- 
strate,  a  ceramic  substrate  made  of  such  a  material 
as  alumina,  a  copper  substrate  with  an  insulating 

3 
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film  made  of  such  as  material  as  Si02  formed 
thereon  are  available.  In  case  of  a  copper  sub- 
strate,  the  thermal  conductivity  is  high  and  accord- 
ingly  the  cooling  efficiency  becomes  higher,  and 
for  this  reason  it  is  possible  to  carry  out  an  experi- 
ment  at  a  higher  current  density.  On  the  substrate 
as  described  above,  a  thin  film  made  of  wiring 
material  is  formed  by  means  of,  for  instance,  depo- 
sition,  sputtering,  CVD,  or  MOCVD  method  with  a 
thickness  from  0.7  to  1  urn,  and  a  wiring  pattern  for 
measuring  a  capability  of  the  wiring  to  withstand 
electro-migration  or  stress  migration  with  a  length 
in  a  range  from  0.1  to  1  mm  and  a  width  in  a  range 
from  0.3  to  5  urn  is  formed. 

As  a  means  for  holding  a  substrate  (substrate 
holding  means),  anything  is  allowable  on  the  con- 
dition  that  it  can  hold  a  substrate  with  a  wiring 
pattern  formed  thereon  and  can  be  fitted  to  a 
temperature  control  means,  but  a  copper  plate,  an 
aluminium  plate  or  a  ceramic  plate  having  a  diam- 
eter  larger  than  that  of  a  substrate  and  a  thickness 
from  2  to  5  mm  is  preferable.  Of  these,  a  copper 
plate  having  a  high  thermal  conductivity  is  espe- 
cially  preferable.  A  substrate  may  be  adhered  to 
the  substrate  holding  means  using,  for  instance, 
low  melting  point  metal  such  as  indium.  Further- 
more  a  plurality  of  substrates  may  be  held  by  a 
substrate  holding  means.  In  addition  to  a  substrate, 
a  printed  board  for  drawing  for  connecting  a  wiring 
pattern  to  a  power  supply  unit  or  a  measurement 
instrument  may  be  held  by  the  substrate  holding 
means. 

In  the  present  invention,  a  means  for  flowing  a 
first  current  in  wiring  comprises  a  connecting 
means,  such  as,  for  instance,  wire  bonding,  for 
connecting  a  pad  section  of  a  wiring  pattern  to  a 
corresponding  pad  of  a  printed  board,  a  connecting 
means,  such  as,  for  instance,  a  connector,  for  con- 
necting  a  drawing  pin  of  the  printed  board  to  a 
power  supply  unit,  and  a  power  supply  unit. 

A  means  for  measuring  a  resistance  value  of 
wiring  comprises  a  connecting  means  such  as  ,  for 
instance,  wire  bonding  for  connecting  a  pad  section 
of  a  wiring  pattern  to  a  corresponding  pad  of  a 
printed  board,  a  connecting  means  such  as,  for 
instance,  a  connector  for  connecting  a  pin  of  the 
printed  board  to  a  voltmeter,  and  a  voltmeter. 

As  a  means  for  flowing  a  second  current  hav- 
ing  a  larger  current  value  than  a  first  current,  a 
means  for  flowing  a  first  current  may  be  shared,  or 
it  may  be  provided  separately.  In  this  case,  power 
supply  is  not  limited  to  DC  power  supply,  and  AD 
power  supply  may  be  used.  Also  the  AD  power 
supply  may  be  either  one  having  a  sinosoidal  wave 
output  or  one  having  a  pulse  output.  It  is  needless 
to  say  that  DC  current  with  AD  current  superim- 
posed  thereon  may  be  used.  For  measuring  stress 
migration,  it  is  preferable  to  use  AD  power  supply, 

and  it  is  especially  preferable  to  use  AD  power 
supply  having  the  same  absolute  value.  With  this 
means,  electro-migration  can  be  suppressed  fur- 
thermore,  and  it  is  possible  to  measure  stress 

5  migration  under  a  high  current  density  and  high 
temperature. 

As  a  means  for  controlling  temperature  of  a 
substrate  (wiring),  for  instance,  what  is  shown  in 
Fig.1  is  used.  The  heated  fluid  inlet  port  5  is 

io  connected  to  the  heated  fluid  inlet  pipe  7  inside  the 
vessel  1,  and  heat  generated  in  the  wiring  is  effi- 
ciently  removed  or  heat  is  supplied  to  the  wiring, 
so  that  a  tip  of  the  inlet  pipe  is  located  just  under 
the  substrate  1.  Inside  the  vessel,  the  partition  8 

is  surrounding  the  inlet  pipe  7  is  provided  to  prevent 
air  from  residing  therein.  The  discharge  port  6  is 
fitted  to  a  position  lower  than  an  upper  edge  of  the 
partition  and  is  communicated  to  an  inlet  port  of 
the  heated  fluid  temperature  control  means  through 

20  a  heat-insulating  pipe  12.  On  the  other  hand,  the 
heated  fluid  inlet  port  5  is  connected  via  the  flow 
meter  10,  flow  rate  control  means  9,  and  heat- 
insulating  pipe  12  to  the  heated  fluid  temperature 
control  means  1  1  . 

25  The  heated  fluid  flow  rate  control  means  9  and 
the  heated  fluid  temperature  control  11  are  pro- 
vided  to  control  a  flow  rate  and  a  temperature  of 
heated  fluid  according  to  an  input  signal  provided 
from  the  wiring  temperature  detecting  means  and 

30  to  maintain  temperature  of  the  wiring  at  a  specified 
value. 

Anything  is  available  as  a  temperature  detect- 
ing  means  on  the  condition  to  it  can  measure 
temperature  of  wiring.  For  instance,  the  means  for 

35  flowing  the  second  current  and  the  means  for  mea- 
suring  a  resistance  value  can  be  used  as  they  are. 
Namely  it  is  possible  to  obtain  temperature  of 
wiring  by  previously  measuring  temperature  char- 
acteristics  of  specific  resistance  in  wiring,  obtaining 

40  a  wiring  resistance  value  from  a  voltage  difference 
between  both  edges  of  the  wiring  when  the  second 
current  is  flown,  and  them  referring  to  the  specific 
resistance  temperature  characteristics.  In  addition, 
a  contact  type  of  thermometer  such  as  a  ther- 

45  mocouple  or  a  non-contact  type  of  thermometer 
such  as  a  collector  element  or  a  thermopile  may  be 
used. 

Wiring  temperature  is  maintained  at  a  specified 
value  by  controlling  a  flow  rate  and  a  temperature 

50  of  a  heated  fluid.  As  a  means  for  controlling  a  flow 
rate  of  a  heated  fluid,  a  general  valve  may  be  used, 
but  an  electro-magnetic  valve,  which  can  control  a 
flow  rate  of  a  heated  fluid  according  to  an  output 
signal  from  the  temperature  detecting  means  de- 

55  scribed  above,  is  preferable.  As  a  means  for  con- 
trolling  temperature  of  a  heated  fluid,  for  instance, 
a  thermostatic  bath  is  used,  but  a  thermostatic  bath 
having  a  heater  and  a  cooler  for  controlling  a 

4 
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temperature  of  a  heated  fluid  according  to  an  out- 
put  signal  from  the  temperature  detecting  means 
like  in  case  of  the  flow  rate  control  means  is 
preferable.  Next  description  is  made  for  a  method 
of  evaluating  a  life  of  a  conductive  body  against 
only  electro-migration  with  reference  to  Fig.2(a). 
Fig.2(a)  shows  change  in  a  resistance  value  of  a 
wiring  pattern  when  a  first  current  and  a  second 
current  are  flown  repeatedly. 

A  current  not  causing  electro-migration,  for  in- 
stance,  a  current  with  a  current  density  in  a  range 
from  102  to  106  A/cm2  is  flowing  in  a  conductive 
wiring  pattern  and  an  initial  resistance  value  of  the 
wiring  is  obtained  from  a  voltage  difference  be- 
tween  two  edges  of  the  wiring.  Then  a  second 
current  having  a  pulse  width  so  small  that  tempera- 
ture  rise  due  to  Joule's  heat  dissipation  can  not 
follow  is  loaded.  This  pulse  width  is  decided  from  a 
relation  between  this  pulse  width  and  a  current 
density  to  be  used,  and  in  case  of  a  current  density 
in  range  from  106  to  109  A/cm2,  a  pulse  width  in  a 
range  from  10  psec  to  around  50  nsec  is  used. 
Also  a  duty  ratio  of  less  than  50  %  is  usually  used. 
For  this  reason,  the  wiring  temperature  then  is  set 
by  only  a  substrate  temperature  control  means. 
Intensity  of  a 
second  current  then  is  defined  with  an  output  cur- 
rent  value  of  a  pulse.  For  this  reason  intensity  and 
a  testing  temperature  of  a  current  causing  electro- 
migration  can  be  controlled  separately.  For  mea- 
suring  different  temperatures,  a  temperature  of  a 
heated  fluid  may  be  changed.  On  the  other  hand, 
temperature  rise  due  to  a  second  current  can  be 
suppressed  to  below  50  °C,  so  that  stress  migra- 
tion  can  practically  be  ignored. 

After  a  pulse  is  loaded,  a  resistance  value  is 
again  measured.  The  resistance  value  then  be- 
comes  larger  than  the  initial  value  because  of  the 
electro-migration  effect  caused  by  a  second  current 
loaded  thereto.  When  the  cycle  above  is  repeated, 
the  resistance  value  becomes  gradually  larger,  the 
time  required  until  the  resistance  value  becomes 
by  5  %  or  10  %  larger  than  the  initial  value  is 
regarded  as  a  life  of  the  wiring.  This  life  may  be 
defined  depending  on  any  period  of  time  required 
for  any  degree  of  change  in  a  resistance  value  on 
the  wiring.  Measurement  of  the  resistance  value 
when  a  first  current  is  flown  may  be  carried  out 
after  a  second  current  pulse  is  loaded  several 
times  repeatedly. 

In  the  present  invention,  the  first  current  may 
be  either  DC  current  or  AD  current.  In  case  of  AD 
current,  electro-migration  effect  generated  when 
the  resistance  value  is  measured  is  suppressed. 
Deterioration  of  wiring  due  to  electro-migration  is 
generally  as  indicated  by  the  empirical  expression 
(1)  below. 

t  =  (A/Jn).  exp  (E/kT)  (1) 

(Normally  n  =2) 
t:  Life 
k:  Boltzmann'  constant 
T:  temperature  (K) 
J:  Current  density 
E:  Activated  energy 
A:  Constant 

10  As  clearly  indicated  by  the  expression  (1),  un- 
known  constants  A  and  E  are  decided  by  carrying 
out  the  above  testing  under  two  or  more  different 
temperatures.  As  a  result,  a  product  of  a  life  by  a 
current  density  can  be  obtained  for  electro-migra- 

15  tion  under  any  temperature,  and  for  instance,  it  is 
possible  to  estimates  a  life  under  a  certain  current 
density  or  a  maximum  allowable  current  density  to 
a  required  life. 

As  described  above,  with  the  present  invention, 
20  as  heat  dissipation  from  wiring  little  contributes  to 

temperature  rise  thereof,  uncontrollable  tempera- 
ture  rise  can  be  suppressed,  and  resultantly  a 
current  having  a  higher  current  density  can  be 
flown,  and  also  it  is  possible  to  carry  out  a  with- 

25  stand  electro-migration  evaluation  test  under  a 
higher  temperature.  Namely,  it  becomes  possible 
to  carry  out  the  withstand  electro-migration  test 
within  a  shorter  period  of  time. 

Next  description  is  made  for  a  method  of  de- 
30  termining  a  life  of  a  conductive  body  only  against 

stress  migration.  Fig.2B  shows  change  in  a  resis- 
tance  value  of  a  wiring  pattern  when  a  first  current 
and  a  second  current  are  flown  repeatedly.  A  first 
current  with  a  current  density  in  a  range  from  102 

35  to  104  A/cm2  is  flown  in  a  conductive  wiring  pat- 
tern,  and  an  initial  resistance  value  of  wiring  is 
obtained  from  a  voltage  difference  between  both 
edges  of  the  pattern.  Then  a  second  current  is 
loaded  using  a  pulse  current  with  a  current  density, 

40  at  which  the  electro-migration  effect  is  small,  for 
instance  in  a  range  from  104  to  106  A/cm2  and  yet 
at  which  dissipation  of  Joule's  heat  occurs 
adequately.  The  wiring  temperature  then  is  decided 
not  only  by  the  substrate  temperature  control 

45  means,  but  also  by  Joule's  heat  generated  in  the 
wiring.  Intensity  of  the  second  current  is  defined 
with  an  output  current  value  of  the  pulse. 

After  a  pulse  is  loaded,  a  resistance  value  is 
again  measured.  The  resistance  value  then  be- 

50  comes  larger  than  the  initial  value  because  of  the 
stress  migration  effect  caused  by  a  second  current 
loaded  thereto.  When  the  cycle  above  is  repeated, 
the  resistance  value  becomes  gradually  larger,  the 
time  required  until  the  resistance  value  becomes 

55  by  5  %  or  10  %  larger  than  the  initial  value  is 
regarded  as  a  life  of  the  wiring.  This  life  may  be 
defined  depending  on  any  period  of  time  required 
for  any  degree  of  change  in  a  resistance  value  on 
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the  wiring.  Measurement  of  the  resistance  value 
when  a  first  current  is  flown  may  be  carried  out 
after  a  second  current  is  loaded  several  times 
repeatedly. 

In  the  present  invention,  the  first  and  second 
currents  may  be  either  DC  current  or  AD  current. 

As  described  above,  In  the  present  invention, 
heat  is  generated  when  a  second  current  is  flown, 
but  as  a  current  is  loaded  in  a  form  of  pulses,  the 
effect  by  stress  generated  by  dissipation  of  Joule's 
heat  becomes  larger,  and  it  becomes  possible  to 
obtain  change  of  a  resistance  value  due  to  only 
stress  migration  within  a  shorter  period  of  time. 
Also  as  unnecessary  heat  generated  when  a  sec- 
ond  current  is  flown  to  heat  wiring  can  effectively 
be  removed  by  the  substrate  temperature  control 
means,  and  as  a  result  uncontrollable  temperature 
rise  can  be  suppressed.  Namely  by  flowing  a  cur- 
rent  having  a  longer  pulse  width,  it  becomes  possi- 
ble  to  carry  out  the  withstand  stress  migration 
evaluation  test  under  a  higher  temperature. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.1  is  a  concept  diagram  illustrating  configura- 
tion  of  a  current-driven  conductive  material  eval- 
uating  apparatus; 
Fig.2  is  a  graph  showing  change  in  a  resistance 
value  of  a  wiring  pattern  when  a  first  current  and 
a  second  current  are  flown  repeatedly; 
Fig.3  is  a  concept  diagram  illustrating  configura- 
tion  of  an  evaluation/measurement  system; 
Fig.4  is  a  graph  showing  a  relation  between  a 
life  (t)  of  a  Cu  sputter  film  against  electro- 
migration  at  a  given  current  density  and  a  cur- 
rent  density  1/J2;  and 
Fig.5  is  a  graph  showing  a  number  of  pulses 
loaded  to  the  Cu  sputter  film  and  change  in  a 
resistance  value 

(Description  of  Reference  Numerals) 

1  :  Substrate 
2:  Printed  board 
3:  Substrate  holding  means 
4:  Vessel 
5:  Heated  fluid  inlet  port 
6:  Heated  fluid  discharge  port 
7:  Heated  fluid  inlet  pipe 
8:  Partition 
9:  FLow  rate  control  means 
10:  Flow  meter 
1  1  :  Heated  fluid  temperature  control  means 
12:  Piping 

BEST  MODE  FOR  CARRYING  OUT  THE 
PRESENT  INVENTION 

Next  description  is  made  for  embodiments  of 
5  the  present,  and  it  should  be  noted  that  the  present 

invention  is  not  limited  to  these  embodiments. 
A  cu  film  having  a  thickness  of  1  urn  was 

formed  by  means  of  deposition  or  sputtering  on  an 
Si  wafer  with  a  5  urn  thermally  oxidized  film  on  a 

io  surface  thereof.  Then  by  etching,  100  pieces  of  1 
mm  x  1  mm  VANDER  PAUW  pattern  were  formed 
on  a  substrate.  A  silicon  oxide  film  having  a  thick- 
ness  of  1  urn  was  formed  on  a  surface  of  the  wafer 
by  means  of  CVD  method,  and  the  pad  section 

is  was  removed  by  etching,  and  then  a  substrate  was 
formed  by  dicing. 

This  substrate  and  a  ceramic  printed  board 
having  a  pad  for  wire  bonding  as  well  as  a  pin  for 
drawing  to  outside  were  adhered  to  a  50  mm0  and 

20  2  mmt  copper  plate  using  indium,  and  then  wiring 
on  the  substrate  and  the  corresponding  pad  on  the 
printed  board  were  connected  to  each  other  by 
means  of  wire  bonding.  This  copper  plate  was  fixed 
through  an  O  ring  to  the  vessel  shown  in  Fig.1  with 

25  screws.  The  heated  fluid  inlet  port  and  a  discharge 
port  of  the  vessel  were  connected  to  a  thermostatic 
bath,  and  the  heated  fluid  was  always  maintained 
at  a  specified  temperature. 

As  shown  in  the  concept  diagram  in  Fig.  3,  a 
30  pulse  power  supply  source  and  an  oscilloscope  1 

are  connected  in  series  to  one  of  the  two  sets  of 
pad,  and  an  oscilloscope  2  was  connected  to  a  pad 
2  in  the  other  set.  In  this  embodiment,  signal  in- 
let/outlet  ports  of  the  pulse  power  source  and  oscil- 

35  loscopes  1,2  are  connected  to  a  computer,  and  a 
value  of  a  first  current,  a  value  of  a  second  current, 
on/off  timing,  a  resistance  value  of  wiring,  tempera- 
ture  of  the  wiring,  and  temperature  of  heated  fluid 
were  computed  and  controlled  by  the  computer. 

40  Then  a  life  of  the  wiring  against  electro-migration 
was  obtained  in  the  following  way. 

At  first,  a  first  current  was  flown  in  each  wiring, 
and  a  resistance  value  of  each  wiring  was  mea- 
sured.  Then,  the  current  value  was  transitionally 

45  risen  to  a  second  current  value  corresponding  to  a 
specified  current  density,  the  second  current  was 
maintained  for  a  short  period  of  time  so  that  the 
temperature  would  not  rise,  and  then  the  current 
value  was  transitionally  dropped  to  the  first  current 

50  value,  thus  a  resistance  value  being  measured.  The 
above  operating  sequence  was  repeated  until  the 
resistance  value  rose  by  5  %  from  the  initial  value. 

The  first  current  and  the  second  current  had  a 
current  density  of  1  x  10+  A/cm2  and  0.5  to  1.5  x 

55  107  A/cm2,  a  pulse  width  of  10  nsec,  and  a  duty 
ratio  of  0.5  respectively.  The  temperature  of  the 
heated  fluid  was  set  to  77  °C  and  127  °C  respec- 
tively.  The  wiring  temperature  when  the  current 

6 
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temperature  was  flown  was  obtained  from  a  resis- 
tance  value  when  the  second  current  was  flown, 
but  temperature  rise  was  not  observed  in  any  case 
of  current  density  in  a  range  from  0.5  to  5  x  107 
A/cm2. 

The  life  time  until  a  resistance  value  of  the 
wiring  rose  by  5  %  is  shown  in  Fig.4  (a),  (b).  The 
straight  lines  in  the  figures  were  obtained  by  sub- 
jecting  average  values  of  data  at  each  temperature 
to  linear  approximation  by  means  of  method  of 
least  square.  Slopes  of  straight  lines  in  Fig.4  (a), 
(b)  coincided  with  each  other.  Namely,  the  expres- 
sion  (1)  was  satisfied,  indicating  that  E  and  A  can 
accurately  be  measured  by  carrying  out  measure- 
ment  changing  a  temperature.  In  this  embodiment, 
E  was  1  .2,  while  A  was  3.  In  the  conventional  type 
of  measurement,  E  is  o.8  and  A  is  2.65,  indicating 
that,  according  to  this  embodiment,  effect  by  stress 
migration  can  be  eliminated  and  deterioration  of 
wiring  due  to  only  electro-migration  can  be 
achieved. 

As  described  above,  with  the  present  invention, 
it  is  possible  to  evaluate  a  capability  of  wiring 
material  to  withstand  electro-migration. 

Then,  a  life  of  wiring  against  stress  migration 
was  measured  in  the  following  way. 

At  first  a  first  current  was  flown  in  each  wiring, 
and  each  resistance  value  was  measured.  Then  the 
current  value  was  transitionally  raised  to  a  second 
current  value  corresponding  to  a  specified  current 
density  to  raise  the  temperature,  and  then  the 
current  value  was  transitionally  dropped  to  the  first 
current  value,  and  the  resistance  value  was  mea- 
sured. 

The  first  and  second  currents  had  a  current 
density  of  1  x  102  A/cm2  and  4  x  10+A/cm2,  the 
second  current  had  a  pulse  width  of  100  nsec  and 
10u.sec,  and  a  duty  ratio  of  0.5,  and  a  temperature 
of  the  heated  fluid  was  set  to  127°C.  Temperature 
of  the  wiring  when  the  second  current  was  flown 
rose  by  100°C  for  a  pulse  width  of  100  nsec  or  by 
210  °C  for  a  pulse  width  of  10  usee  as  compared 
to  the  temperature  when  the  first  current  was  flown. 

Change  of  a  resistance  value  in  wiring  in  case 
of  a  Cu  sputter  film  is  shown  in  Fig.5.  the  straight 
line  shown  in  the  figure  was  obtained  by  subjecting 
average  values  of  data  at  each  temperature  to 
linear  approximation  by  means  of  the  method  of 
least  square. 

As  described  above,  with  the  present  invention, 
change  in  a  resistance  value  due  to  only  stress 
migration  can  be  obtained,  and  it  becomes  possi- 
ble  to  evaluate  a  capability  of  wiring  material  to 
withstand  stress  migration. 

INDUSTRIAL  AVAILABILITY 

With  the  Invention  as  described  in  Claim  1  ,  it  is 
possible  to  accurately  measure  a  capability  of  wir- 

5  ing  material  to  withstand  electro-migration  within  a 
short  period  of  time,  and  with  the  invention  as 
claimed  in  Claim  2,  it  is  possible  to  evaluate  a 
capability  of  wiring  material  to  withstand  stress 
migration.  Namely  with  the  present  invention,  elec- 

io  tro-migration  and  stress  migration  can  indepen- 
dently  be  evaluated,  and  it  is  possible  to  provide  a 
method  of  current-driven  conductive  wiring  material 
which  enables  effective  data  feedback  to  develop- 
ment  of  materials  for  wiring. 

15 
Claims 

1.  A  method  of  evaluating  current-driven  conduc- 
tive  material  for  evaluating  a  capability  of  wir- 

20  ing  material  to  withstand  electro-migration  with- 
in  a  shorter  period  of  time  by  repeating  several 
times  an  operating  cycle  comprising  the  steps 
of:  flowing  a  first  current  in  a  wiring  pattern 
made  of  conductive  material  to  measure  a 

25  resistance  value  of  the  wiring  pattern,  then 
flowing  a  second  current  having  a  current  val- 
ue  larger  than  said  first  current  for  a  specified 
period  of  time  to  generate  electro-migration  in 
said  wiring  pattern,  then  turning  off  said  sec- 

30  ond  current,  again  flowing  said  first  current  to 
measure  a  resistance  value  in  said  wiring  pat- 
tern,  wherein  the  capability  of  said  wiring  to 
withstand  electro-migration  is  evaluated  by  ad- 
justing  a  time  for  flowing  said  second  current 

35  to  a  fully  smaller  value  than  a  period  of  time 
for  flowing  said  first  current  and  controlling 
temperature  rise  when  said  second  current  is 
flown  to  50  °C  or  more  lower  than  that  when 
said  first  current  is  flown. 

40 
2.  A  method  of  evaluating  current-driven  conduc- 

tive  material  according  to  Claim  1  ,  wherein  the 
time  for  loading  said  second  current  is  in  a 
range  from  10  psec  to  50  nsec  when  a  density 

45  of  said  second  density  is  in  a  range  from  10G 
to  109  A/cm2. 

3.  A  method  of  evaluating  current-driven  conduc- 
tive  material  for  evaluating  a  capability  of  wir- 

50  ing  material  to  withstand  stress  migration  with- 
in  a  shorter  period  of  time  by  repeating  several 
times  an  operating  cycle  comprising  the  steps 
of:  flowing  a  first  current  in  a  wiring  pattern 
made  of  conductive  material  to  measure  a 

55  resistance  value  of  the  wiring  pattern,  then 
flowing  a  second  current  having  a  current  val- 
ue  larger  than  said  first  current  for  a  specified 
period  of  time  to  generate  stress  migration  in 
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said  wiring  pattern,  then  turning  off  said  sec- 
ond  current,  again  flowing  said  first  current  to 
measure  a  resistance  value  in  said  wiring  pat- 
tern,  wherein  stress  migration  generated  in 
said  wiring  pattern  is  measured  by  adjusting  a  5 
value  of  said  second  current  to  a  current  value 
at  which  practically  electro-migration  does  not 
occur,  controlling  a  cycle  of  flowing  said  sec- 
ond  current  repeatedly  to  less  than  1o  msec, 
and  setting  a  time  for  flowing  said  second  10 
current  so  that  a  temperature  of  said  wiring 
pattern  will  be  100°C  or  more  higher  than  the 
temperature  when  said  first  current  is  flown. 

A  method  of  evaluating  current-driven  conduc-  is 
tive  material  according  to  Claim  3,  wherein, 
when  a  density  of  said  second  current  is  in  a 
range  from  10+  to  10G  A/cm2,  a  time  for  flowing 
said  second  current  is  in  a  range  from  10  nsec 
to  10  usee.  20 

A  method  of  evaluating  current-driven  conduc- 
tive  material  according  to  Claim  3  and  Claim  4, 
wherein  said  second  current  is  loaded  in  the 
position  direction  and  in  the  negative  direction  25 
alternately. 
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