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(54)  Stress  test  for  memory  arrays  in  integrated  circuits. 

(57)  A  method  for  stress  testing  a  memory  array  in 
an  integrated  circuit.  Control  circuitry  selects  a 
plurality  of  row  lines  at  one  time.  An  overvoltage 
suitable  for  stressing  the  cells  of  the  array  is 
placed  on  the  bit  lines.  Because  a  block  of  cells 
has  been  selected,  the  overvoltage  is  applied  to 
all  cells  of  the  block.  The  block  of  cells  selected 
may  be  either  the  entire  memory  array  or  a 
portion  of  the  memory  array.  The  selected  rows 
remain  selected  for  the  duration  of  the  stress 
test.  Because  the  overvoltage  is  applied  directly 
to  selected  cells,  the  full  overvoltage  will  be 
used  to  stress  the  transistor  gates  for  the  entire 
test  period.  In  this  manner,  latent  defects  within 
the  memory  array  can  be  detected. 
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The  present  invention  relates  in  general  to  inte- 
grated  circuits,  and  more  particularly  to  memory  ar- 
rays  in  integrated  circuits.  Still  more  particularly,  the 
present  invention  relates  to  a  method  for  stress  test- 
ing  a  memory  array. 

Stress  testing  of  memory  arrays  is  typically  ac- 
complished  by  applying  an  overvoltage  to  the  gates 
of  the  transistors  in  the  array.  To  perform  this  test,  it 
is  typical  to  apply  the  overvoltage  to  all  of  the  bit  and 
complementary  bit  lines,  and  then  sequentially  acti- 
vate  each  word  line  in  the  memory.  In  this  manner,  a 
stress  voltage  is  applied  to  every  cell  in  the  array. 

This  method  of  stress  testing  a  memory  array  has 
several  problems.  First,  the  amount  of  time  available 
to  stress  a  memory  cell  is  I  imited  to  t  he  amount  of  time 
a  word  line  is  activated.  As  each  of  the  word  lines  are 
sequentially  activated,  a  memory  cell  is  stressed  for 
only  the  amount  of  time  its  corresponding  word  line  is 
activated. 

Second,  if  latent  defects  exist  in  the  memory  ar- 
ray,  this  method  of  stress  testing  may  not  detect  all 
the  defects.  This  is  due  to  charge  leakage  through  a 
marginal  defect.  Once  the  memory  cell  has  stored  the 
overvoltage,  current  leakage  may  occur  and  lower 
the  voltage  stored  in  the  cell.  Although  some  of  the 
lost  charge  can  be  replaced  by  current  flowing 
through  the  load  element,  the  amount  of  replaced 
charge  may  be  less  than  the  charge  lost.  This  is  es- 
pecially  true  in  low  power  memory  cells  because  the 
load  resistor  is  very  large,  typically  a  teraohm,  so  very 
little  current  will  flow  through  the  resistor.  Conse- 
quently,  the  voltage  in  the  memory  cell  is  not  main- 
tained  at  the  stress  level  for  the  proper  amount  of 
time,  and  marginal  cells  may  survive  the  stress  test. 
This  allows  latent  defects  in  the  memory  cell  to  go  un- 
detected,  resulting  in  the  production  of  marginal 
memory  arrays. 

Therefore,  it  would  be  desirable  to  provide  a 
method  for  stress  testing  a  memory  array  where  the 
memory  cells  are  maintained  at  the  stress  voltage  lev- 
el  for  the  proper  amount  of  time.  It  is  also  desirable 
that  such  a  method  not  increase  the  complexity  of  the 
fabrication  of  integrated  circuit. 

A  technique  is  provided  for  stress  testing  a  mem- 
ory  array  in  an  integrated  circuit.  Control  circuitry  se- 
lects  a  plurality  of  row  lines  at  one  time.  An  overvol- 
tage  suitable  for  stressing  the  cells  of  the  array  is 
placed  on  the  bit  lines.  Because  a  block  of  cells  has 
been  selected,  the  overvoltage  is  applied  to  all  cells 
of  the  block.  The  block  of  cells  selected  may  be  either 
the  entire  memory  array  or  a  portion  of  the  memory 
array.  The  selected  rows  remain  selected  for  the  dur- 
ation  of  the  stress  test.  Because  the  overvoltage  is 
applied  directly  to  selected  cells,  the  full  overvoltage 
will  be  used  to  stress  the  transistor  gates  for  the  entire 
test  period.  In  this  manner,  latent  defects  within  the 
memory  array  can  be  detected. 

The  novel  features  believed  characteristic  of  the 

invention  are  setforth  in  the  appended  claims.  The  in- 
vention  itself  however,  as  well  as  a  preferred  mode  of 
use,  and  further  objects  and  advantages  thereof,  will 
best  be  understood  by  reference  to  the  following  de- 

5  tailed  description  of  an  illustrative  embodiment  when 
read  in  conjunction  with  the  accompanying  drawings, 
wherein: 

Figure  1  is  a  circuit  diagram  illustrating  a  memory 
cell  within  a  memory  array; 

10  Figure  2  is  a  block  diagram  illustrating  a  portion 
of  the  circuitry  in  a  memory  integrated  circuit;  and 
Figure  3  is  a  circuit  diagram  illustrating  a  test 
mode  pin  circuit  utilized  in  testing  a  memory  array 
according  to  the  present  invention. 

15  Referring  to  Figure  1  ,  a  circuit  diagram  of  a  mem- 
ory  cell  is  illustrated.  As  can  be  seen,  a  first  transistor 
10,  a  second  transistor  12,  a  first  load  element  14,  and 
a  second  load  element  16  are  arranged  in  a  flip-flop 
configuration.  In  the  preferred  embodiment,  load  ele- 

20  ments  14,  16  are  resistors,  but  those  skilled  in  the  art 
will  recognize  that  p-channel  transistors  may  also  be 
used  for  load  elements  14,  16. 

Row  line  18,  labeled  word,  is  connected  to  the 
gate  of  a  third  transistor  20  and  fourth  transistor  22. 

25  Row  line  18  is  utilized  to  activate  the  cell.  Signal  lines 
24,  26  labeled  bit  and  bit  bar,  respectively,  are  then 
utilized  to  store  data  to  and  read  data  from  the  cell.  In 
this  manner,  third  and  fourth  transistor  20,  22  act  as 
select  transistors,  and  first  transistor  10  and  second 

30  transistor  12  are  storage  transistors. 
Data  is  stored  as  voltage  levels  with  the  two  sides 

of  the  flip-flop  in  opposite  voltage  configurations.  The 
memory  cell  has  two  stable  states,  high  or  logic  1  ,  and 
low  or  logic  0.  If  the  memory  cell  is  storing  a  logic  1, 

35  node  28  is  high  and  node  30  is  low,  with  first  transistor 
10  turned  off  and  second  transistor  12  turned  on.  The 
logic  0  state  would  be  the  opposite,  with  node  28  low 
and  node  30  high. 

The  memory  cell  illustrated  in  Figure  1  is  imbed- 
40  ded  in  an  array  of  similar  cells.  Figure  2  is  a  block  di- 

agram  of  the  circuitry  associated  with  a  memory  ar- 
ray  in  an  integrated  circuit  according  to  the  present  in- 
vention.  Memory  array  32  is  accessed  by  a  row  de- 
coder  34  which  selects  a  word  line  from  a  plurality  of 

45  word  lines  36.  Acolumn  decoder  38  selects  the  appro- 
priate  bit  and  bit  bar  lines  from  a  plurality  of  bit  and  bit 
bar  lines  40.  Write  decoder  42  is  utilized  to  write  data 
into  the  memory  array  32.  Although  column  decoder 
38  and  write  decoder  42  are  depicted  as  separate  cir- 

50  cuits,  those  skilled  in  the  art  will  recognize  that  col- 
umn  decoder  38  and  write  decoder  42  may  be  com- 
bined  in  one  circuit. 

As  known  in  the  prior  art,  stress  testing  of  the 
memory  array  is  accomplished  by  selecting  one  word 

55  line  at  a  time  within  the  memory  array.  An  overvol- 
tage,  typically  seven  volts,  is  applied  from  Vcc  to  all  of 
the  bit  and  complementary  bit  lines,  while  each  word 
line  in  the  memory  is  sequentially  activated.  In  this 

2 



3 EP  0  590  982  A2 4 

manner,  a  stress  voltage  is  applied  to  every  cell  in  the 
array. 

This  method  of  stress  testing  may  not  detect  all 
the  defects  which  exist  in  the  array.  This  is  due  to 
charge  leakage  through  a  marginal  defect.  For  exam-  5 
pie,  with  reference  to  Figure  1,  a  charge  is  stored  in 
the  memory  cell  at  node  28.  Current  may  leak 
through  the  gate  of  transistor  12  and  lower  the  charge 
stored  in  the  cell.  Although  some  of  the  lost  charge 
can  be  replaced  by  current  flowing  through  the  load  10 
element  14,  the  amount  of  replaced  charge  may  be 
less  than  the  charge  lost.  Consequently,  the  charge 
in  the  memory  cell  is  not  maintained  at  the  stress  lev- 
el  for  the  proper  amount  of  time,  and  marginal  cells 
may  survive  the  stress  test.  This  allows  latent  defects  15 
in  the  memory  cell  to  go  undetected,  resulting  in  the 
production  of  marginal  memory  arrays. 

A  technique  for  stress  testing  a  memory  array  ac- 
cording  to  the  present  invention  will  now  be  descri- 
bed.  Referring  now  to  Figure  2,  block  44  represents  20 
control  circuitry  which  generates  a  control  signal  util- 
ized  by  row  decoder  34  and  write  decoder  42.  The 
control  signal  from  block  44  causes  row  decoder  34 
to  select  all  or  a  portion  of  the  word  lines  at  one  time. 
The  selected  word  lines  remain  activated  for  the  dur-  25 
ation  of  the  stress  test.  The  control  signal  from  block 
44  is  also  utilized  by  the  write  decoder  42  to  set  all  or 
a  portion  of  the  bit  lines  in  the  array  to  a  high  voltage 
level,  usually  seven  volts,  and  all  or  a  portion  of  the 
bit  line  bars  to  a  low  voltage  level.  After  a  predeter-  30 
mined  amount  of  time,  the  voltage  levels  are  switch- 
ed,  with  all  the  bit  lines  in  the  array  set  to  a  low  voltage 
level  and  all  the  bit  line  bars  set  to  a  high  voltage  level. 
By  applying  the  overvoltage  through  control  circuitry 
44  to  bit  lines  and  complementary  bit  lines,  instead  of  35 
from  Vcc  through  load  elements  14,  16,  the  overvol- 
tage  level  is  maintained  throughout  the  duration  of 
the  stress  test  and  completely  stresses  first  and  sec- 
ond  transistors  10,  12.  By  stress  testing  the  memory 
array  in  the  manner,  latent  defects  within  memory  40 
cells  can  be  detected. 

If  current  transients  are  a  concern,  it  is  possible 
to  begin  the  stress  test  with  Vcc  set  at  a  low  voltage 
level,  and  then  ramp  up  Vcc  to  a  desired  level.  This 
would  reduce  current  transients.  Furthermore,  alter-  45 
native  methods  for  stress  testing  the  array  could  be 
utilized.  In  one  alternative  method,  only  portions  of 
the  array  are  selected  and  tested  at  one  time.  For  ex- 
ample,  some  of  the  word  lines  may  be  selected  at  one 
time,  perform  the  test  on  the  memory  cells  associat-  50 
ed  with  those  word  lines,  and  then  select  another 
group  of  word  lines.  This  process  continues  until  the 
entire  array  of  memory  cells  has  been  tested.  De- 
pending  on  how  the  row  decoder  is  setup,  another  al- 
ternative  is  to  select  the  word  lines  in  one  quadrant  of  55 
the  array  and  test  the  quadrant,  then  move  onto  the 
next  quadrant.  This  would  also  minimize  current  tran- 
sients. 

Figure  3  is  a  circuit  diagram  illustrating  a  test 
mode  pin  circuit  for  stress  testing  a  memory  array  ac- 
cording  to  the  present  invention.  Resistor  46  is  con- 
nected  to  Vcc  and  is  an  input  into  inverter  48.  Input  pad 
50  is  also  input  into  inverter  48.  The  test  mode  circuit 
44  illustrated  in  Figure  3  allows  the  memory  array  to 
be  stress  tested  while  at  the  wafer  level  of  fabrication 
of  an  integrated  circuit.  A  probe  can  ground  input  pad 
50,  causing  the  output  line  52  of  inverter48  to  go  high. 
Output  line  52  may  be,  for  example,  an  additional  in- 
put  into  a  gate.  A  high  voltage  level  on  output  52  may 
be  utilized  to  activate  all  of  the  word  lines  within  the 
memory  array  at  one  time.  It  is  possible,  however,  to 
utilize  this  method  of  stress  testing  a  memory  array 
at  other  steps  along  the  fabrication  process  or  once 
the  memory  array  is  packaged.  For  example,  a  test 
pin  in  the  packaged  integrated  circuit  may  be  utilized 
to  stress  test  the  memory  array.  Typically,  the  test 
mode  can  be  entered  using  a  selected  over  or  under 
voltage,  or  a  patterned  input  signal,  as  known  in  the 
art. 

An  alternative  method  for  stress  testing  a  mem- 
ory  array  will  now  be  described  with  reference  to  Fig- 
ures  1-2.  As  described  above,  the  control  signal  from 
block  44  causes  row  decoder  34  to  select  all  or  a  por- 
tion  of  the  word  lines  at  one  time.  The  selected  word 
lines  remain  activated  for  the  duration  of  the  stress 
test.  The  control  signal  from  block  44  is  also  utilized 
by  the  write  decoder  42  to  set  all  or  a  portion  of  the 
bit  lines  in  the  array  to  a  high  voltage  level,  usually 
seven  volts,  while  voltage  level  on  the  bit  line  bars  is 
allowed  to  float.  The  bit  line  bars  will  then  be  pulled 
to  a  low  voltage  by  the  memory  cells.  After  a  prede- 
termined  amount  of  time,  the  voltage  levels  are 
switched,  with  all  the  bit  line  bars  set  to  a  high  voltage 
level  and  the  bit  lines  floating.  As  before,  the  bit  lines 
will  be  pulled  low  by  the  memory  cells. 

Furthermore,  a  method  for  stressing  select  tran- 
sistors  20,  22  involves  writing  data  into  a  memory  cell, 
preferably  at  a  high  voltage.  In  a  first  part  of  the  stress 
procedure,  a  one  is  written  to  each  cell.  This  may  be 
done  for  all  cells  simultaneously,  or  one  row  at  a  time. 
After  writing  the  data,  node  28  and  signal  line  24  are 
high,  and  node  30  signal  line  26  are  low.  The  word  line 
18  is  then  not  activated.  The  voltage  levels  on  the  bit 
lines  and  complementary  bit  lines  are  then  switched, 
so  that  the  data  on  the  bit  lines  is  complementary  to 
that  stored  in  the  cells.  This  creates  a  voltage  stress 
across  the  select  transistors  20,  22,  allowing  marginal 
select  transistors  to  be  ferreted  out.  The  procedure 
can  be  repeated  using  complementary  data  written 
into  the  memory  cells,  causing  both  select  transistors 
20,  22  to  be  stressed  in  both  directions. 

Those  skilled  in  the  art  will  recognize  that  the  in- 
vention  provides  a  method  for  stress  testing  a  mem- 
ory  array  which  maintains  an  overvoltage  on  the 
memory  cells  so  that  latent  defects  within  the  array 
are  detected.  Furthermore,  the  stress  test  described 
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above  does  not  significantly  increase  the  complexity 
of  the  fabrication  process. 

While  the  invention  has  been  particularly  shown 
and  described  with  reference  to  a  preferred  embodi- 
ment,  it  will  be  understood  by  those  skilled  in  the  art 
that  various  changes  in  form  and  detail  may  be  made 
therein  without  departing  from  the  spirit  and  scope  of 
the  invention. 

Claims 

1.  A  method  for  testing  an  array  of  memory  cells  in 
an  integrated  circuit,  comprising  the  steps  of: 

selecting  a  plurality  of  row  lines  simultane- 
ously,  wherein  said  array  of  memory  cells  is  se- 
lected;  and 

applying  a  stress  voltage  to  the  array  of 
memory  cells  for  a  predetermined  time  period. 

2.  The  method  of  Claim  1  ,  wherein  said  step  of  ap- 
plying  the  stress  voltage  comprises  the  steps  of: 

setting  a  plurality  of  bit  lines  to  an  overvol- 
tage  level  for  a  predetermined  time  period;  and 

setting  the  plurality  of  complementary  bit 
lines  to  the  overvoltage  level  fora  predetermined 
time  period. 

3.  The  method  of  Claim  1  ,  wherein  said  step  of  se- 
lecting  the  plurality  of  row  lines  simultaneously 
comprises  selecting  all  of  the  row  lines  in  the  ar- 
ray  of  memory  cells  simultaneously. 

4.  The  method  of  Claim  1,  wherein  the  selected 
plurality  of  row  lines  is  less  than  all  of  the  row 
lines  in  the  array  of  memory  cells  in  the  integrat- 
ed  circuit. 

5.  The  method  of  Claim  4,  wherein  said  stress  vol- 
tage  is  applied  to  only  a  selected  portion  of  the  ar- 
ray  of  memory  cells. 

6.  The  method  of  Claim  1  ,  wherein  said  step  of  ap- 
plying  the  stress  voltage  to  the  array  of  memory 
cells  for  the  predetermined  time  period  compris- 
es  applying  the  stress  voltage  to  the  array  of 
memory  cells  for  the  duration  of  the  entire  stress 
testing  time  period. 

7.  The  method  of  Claim  2,  wherein  said  step  of  set- 
ting  the  plurality  of  bit  lines  to  the  overvoltage  lev- 
el  for  the  predetermined  time  period  comprises 
setting  a  portion  of  the  bit  lines  in  the  array  of 
memory  cells  to  the  overvoltage  level  for  the  dur- 
ation  of  a  testing  time  period. 

8.  The  method  of  Claim  2,  wherein  said  step  of  set- 
ting  the  plurality  of  complementary  bit  lines  to  the 

overvoltage  voltage  level  for  the  predetermined 
time  period  comprises  setting  all  of  the  comple- 
mentary  bit  lines  to  the  overvoltage  level  for  the 
duration  of  a  testing  time  period. 

5 
9.  A  method  for  testing  an  array  of  memory  cells, 

comprising  the  steps  of: 
selecting  a  plurality  of  row  lines  simultane- 

ously  for  a  testing  period; 
10  setting  a  plurality  of  bit  lines  to  an  overvol- 

tage  level  for  a  predetermined  time  period;  and 
setting  the  plurality  of  complementary  bit 

lines  to  the  overvoltage  level  fora  predetermined 
time  period. 

15 
10.  The  method  of  Claim  2  or  Claim  9,  further  com- 

prising  the  steps  of: 
setting  the  plurality  of  complementary  bit 

lines  to  a  low  voltage  while  the  plurality  of  bit  lines 
20  are  set  to  the  high  voltage;  and 

setting  the  plurality  of  bit  lines  to  a  low  vol- 
tage  while  the  plurality  of  complementary  bit  lines 
are  set  to  the  high  voltage. 

25  11.  The  method  of  Claim  2  or  Claim  9,  further  com- 
prising  the  steps  of: 

letting  the  plurality  of  complementary  bit 
lines  float  while  the  plurality  of  bit  lines  are  set  to 
the  high  voltage;  and 

30  letting  the  plurality  of  bit  lines  float  while 
the  plurality  of  complementary  bit  lines  are  set  to 
the  high  voltage. 

12.  The  method  of  Claim  9,  wherein  said  step  of  se- 
35  lecting  the  plurality  of  row  lines  simultaneously 

for  the  testing  period  comprises  selecting  all  of 
the  row  lines  in  the  array  of  memory  cells  for  the 
testing  period. 

40  13.  The  method  of  Claim  9,  wherein  the  selected 
plurality  of  row  lines  is  less  than  all  of  row  lines 
in  the  array  of  memory  cells  in  the  integrated  cir- 
cuit. 

45  14.  The  method  of  Claim  9,  wherein  said  step  of  set- 
ting  the  plurality  of  bit  lines  to  the  overvoltage  lev- 
el  comprises  setting  all  of  the  bit  lines  in  the  array 
of  memory  cells  to  the  overvoltage  level  for  the 
predetermined  time  period. 

50 
15.  The  method  of  Claim  9,  wherein  said  step  of  set- 

ting  the  plurality  of  complementary  bit  lines  to  the 
overvoltage  level  comprises  setting  all  of  the 
complementary  bit  lines  to  the  overvoltage  level 

55  for  the  predetermined  time  period. 

16.  A  method  for  testing  an  array  of  memory  cells, 
comprising  the  steps  of: 

4 
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writing  data  into  said  array  of  memory 
cells;  and 

setting  a  plurality  of  bit  lines  and  comple- 
mentary  bit  lines  to  complementary  voltage  lev- 
els  from  the  voltage  levels  associated  with  the  5 
data  written  into  the  array  for  a  predetermined 
time  period. 

17.  A  memory  in  an  integrated  circuit,  comprising: 

a  column  decoder; 
a  memory  array  comprised  of  a  plurality  of 

memory  cells,  wherein  said  row  decoder  and  col- 
umn  decoder  are  utilized  to  access  said  memory 

a  control  circuit,  wherein  said  control  cir- 
cuit  is  used  to  place  the  plurality  of  memory  cells 
in  a  test  mode  so  that  an  overvoltage  is  applied 
to  the  memory  array  in  order  to  stress  test  the 
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