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(54)  A  method  of  testing  a  random  access  memory 

(57)  A  method  of  testing  a  RAM.  The  RAM  array  is 
arranged  in  rows  and  columns.  The  rows  are  grouped 
into  word  line  groups.  The  method  includes  the  steps  of: 
a)  asserting  an  array  select  signal;  b)  selecting  a  group 
of  rows  in  the  array;  c)  selecting  at  least  one  row  of  the 
selected  group  of  rows;  and,  d)  repeating  steps  b  and  c 
until  all  of  the  groups  are  selected.  Array  Sense  Amps 
may  be  set  when  the  first  group  is  selected  and  remain 

set  until  the  last  group  is  selected.  In  one  test,  word  lines 
in  all  of  the  selected  rows  are  activated  and  remain  ac- 
tivated  until  the  final  selected  row  is  selected.  In  a  sec- 
ond  test,  word  lines  in  selected  groups  are  toggled  with 
RAS.  If  a  group  contains  a  known  defective  word  line, 
that  group  is  either  not  addressed  or  its  selection  is  dis- 
abled.  In  each  selected  group,  one  row,  alternating  rows 
or,  all  of  the  rows  may  be  selected. 
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Description 

FIELD  OF  THE  INVENTION 

The  present  invention  relates  generally  to  semicon- 
ductor  memories  and  more  particularly  to  testing  semi- 
conductor  memories. 

BACKGROUND  OF  THE  INVENTION 

Memory  cell  defects  and  memory  array  defects 
have  many  sources  and,  as  a  result,  many  signatures. 
While  single,  isolated  cell  failures  may  be  spread 
throughout  the  array,  very  often,  multiple  cells  in  the 
same  vicinity  fail.  When  multi-cell  failures  occur,  the  fail- 
ure  may  be  characterized  as  a  word  line  failure,  (i.e.  fail- 
ing  cells  with  the  same  word  line  address),  a  bit  (or  col- 
umn)  line  failure  (i.e.  failing  cells  with  the  same  bit  ad- 
dress),  or  both.  The  sources  of  these  multi-cell  failures 
vary.  Consequently,  memory  arrays  are  tested  exten- 
sively  to  identify  defective  cells. 

Very  often,  chips  with  defective  cells  can  be  re- 
paired.  Once  identified,  defective  cells  can  be  replaced, 
electrically,  with  spare  cells,  provided  spare  cells  are  in- 
cluded  in  the  array.  Providing  on-chip  spare  cells  to  re- 
pair  cell  failures  is  known  in  the  art  as  on-chip  redun- 
dancy.  A  typical  state  of  the  art  redundancy  scheme  has 
one  or  more  spare  rows  (row  redundancy)  and/or  one 
or  more  spare  columns  (column  redundancy).  These 
spare  rows/columns  have  fuse  programmable  decoders 
that  can  be  programmed  to  be  responsive  to  the  address 
of  the  defective  row/column,  while  simultaneously  disa- 
bling  selection  of  the  row/column  with  the  defective  cell. 
Electrically,  a  repaired  chip  cannot  be  discerned  from  a 
completely  good  chip. 

FIG.  1  is  a  schematic  representation  of  a  prior  art 
16Mb  DRAM  chip.  The  chip  100  is  organized  with  two 
Redundant  Bit  Lines  (RBL)  102  and  104  providing  two 
spare  columns  in  each  subarray  106.  Each  subarray 
106  includes  2n  Bit  Lines  (BL)  108  (where  n  is  typically 
between  5  and  8)  and  redundant  bit  lines  (2  in  this  ex- 
ample).  Each  of  the  subarrays  106  is  part  of  a  subarray 
block  110.  All  of  the  subarray  blocks  110,  collectively, 
form  the  entire  RAM  array.  So,  for  example,  a  16Mb 
RAM  has  16  blocks  110  of  1Mb  each.  Block  size,  sub- 
array  size  and  the  number  of  subarrays  106  per  block 
110  are  interdependent  and,  selected  based  on  per- 
formance  and  logic  objectives. 

A  subarray  1  06  is  accessed  when  one  word  line  1  1  2 
is  selected  and  driven  high.  Data  from  accessed  cells 
are  provided  simultaneously  to  the  bit  lines  108  and  re- 
dundant  bit  lines  102  and  104.  After  a  predetermined 
minimum  delay,  sufficient  to  allow  the  redundancy  de- 
coder  to  determine  whether  a  spare  column  is  ad- 
dressed,  a  single  bit  line  1  08  or  a  redundant  bit  line  1  02, 
104  is  selected  in  each  subarray  106.  In  each  subarray, 
the  selected  bit  line  108  or  redundant  bit  line  102,  104 
is  coupled  to  a  Local  Data  Line  (LDL)  1  1  4.  LDLs  1  1  4  are 

coupled  to  Master  Data  Lines  (MDLs)  116.  The  MDLs 
116  couple  corresponding  subarrays  106  in  each  sub- 
array  block  1  1  0.  Data  is  transferred  between  the  subar- 
rays  106  and  the  chip  l/O's  on  the  MDLs  116. 

5  Fig.  2  is  a  transistor  level  cross-sectional  schematic 
of  a  subarray  1  06.  Cells  1  20,  1  22  connected  to  adjacent 
word  lines  112,  118  also  are  connected  to  opposite  lines 
1  24,  1  26  of  each  bit  line  pair.  Thus,  half  of  the  word  lines 
112  (e.g.,  word  lines  with  even  addresses)  select  cells 

10  1  20  on  one  line  1  24  of  the  bit  line  pair.  While  the  remain- 
ing  half  of  the  word  lines  118,  (odd  addressed  word 
lines)  select  the  cells  122  on  the  other  lines  126  of  the 
bit  line  pair.  Each  cell's  storage  capacitor  1  28  is,  typical- 
ly,  a  trench  capacitor  or  a  stacked  structure  for  density. 

is  As  is  known  in  the  art,  the  maximum  voltage  that  an  FET 
will  pass  is  its  gate  to  source  voltage  (VGS)  reduced  by 
the  FET's  turn-on  or  threshold  voltage  (VT),  i.e.,  VGS-VT. 
So,  if  a  bit  line  1  24,  1  26  is  charged  to  the  supply  voltage 
level  Vdd  (or  VH)  and  the  word  line  112,  118  is  also  at 

20  vdd,  then  the  largest  bit  line  signal,  i.e.,  the  voltage 
stored  on  or  read  from  the  storage  capacitors  128,  138 
is  Vdd-VT.  Therefore,  to  maximize  bit  line  signal,  the 
word  line  112,  118  is  boosted  during  a  read  or  a  write, 
typically,  to  at  least  Vdd  +  VT  so  that  Vdd  is  written  into/ 

25  read  from  the  cell.  This  boosted  level,  called  Vpp,  is  nor- 
mally  generated  on-chip. 

Operation  of  the  circuit  of  FIG.  2A  is  according  to 
the  timing  diagram  of  FIG.  2B.  A  "one"  is  stored  in  the 
array  such  that  it  sets  the  sense  amp  in  a  predefined 

30  "one"  condition.  So,  if  a  "one"  is  defined  as  1  24  high  and 
126  low,  then  a  "one"  is  stored  in  cell  120  (and  all  the 
other  cells  connected  to  1  24)  by  charging  the  cell's  stor- 
age  capacitor  128.  Conversely,  a  "one"  is  stored  in  122 
(and  all  other  cells  connected  to  126)  by  charging  that 

35  cell's  storage  capacitor  1  38.  Prior  to  selecting  a  cell  1  20 
or  1  22,  the  array  is  at  its  steady-state  standby  condition. 
The  voltage  on  the  bit  line  pair  124,  126  is  equalized  to 
Vh/2,  with  the  gate  132  of  equalization  transistor  134 
held  high.  The  Word  Lines  (WL)  112,  118  and  Column 

40  SeLect  (CSL)  lines  136  are  held  low  during  standby.  In 
prior  art  RAMs,  each  word  line  was  clamped  low  (unless 
driven  high)  by  a  simple  resetable  latch  (not  shown). 
When  a  word  line  112  (or  118)  is  driven  high,  cell  pass 
gate  130  is  turned  on  in  each  cell  120  on  the  word  line 

45  112,  coupling  the  cell's  storage  capacitor  1  28  to  line  1  24 
of  the  pair.  Thus  charge  is  transferred  between  the  stor- 
age  capacitor  1  28  and  line  1  24.  Typically,  bit  line  capac- 
itance  is  at  least  one  order  of  magnitude  larger  than  that 
of  the  storage  capacitor  1  28.  So,  the  voltage  on  line  1  24 

so  rises  slightly  if  a  one  is  stored  on  storage  capacitor  1  28 
or  it  falls  slightly  if  a  zero  is  stored  on  the  storage  capac- 
itor  128.  To  maximize  charge  transfer  between  the  bit 
line  124  and  the  storage  capacitor  128,  the  word  line 
112  is  boosted  to  Vpp  >  Vdd  +  Vt.  The  other  line  126  of 

55  the  bit  line  pair  remains  at  its  pre-charge  voltage  level 
Vdd/2  and,  serves  as  a  reference  voltage  for  the  Sense 
Amplifier  140. 

After  a  delay  sufficient  that  enough  charge  is  trans- 

2 
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ferred  to  sense  "1  "  or  "0",  the  sense  amplifier  140  is  set. 
The  sense  amp  is  set  by  driving  both  the  Sense  Amp 
Enable  (SAE)  line  1  42  high  and  its  inverse  1  44  low.  Data 
transferred  to  the  bit  line  pair  124,  126  is  amplified  and 
redriven  on  the  bit  line  pair,  124,  126  by  setting  the  sense 
amplifier  forcing  124,  126  High/Low  or  Low/High  de- 
pending  on  data  stored  in  the  cell  1  20.  Setting  the  sense 
amp,  writes  the  sensed  data  back  into  the  selected  cell 
120.  Once  all  of  the  bit  lines  124,  126  have  been  redriven 
by  setting  the  Sense  Amplifier,  SEGment  select  signal 
(SEGEj)  rises  driving  CSL  146  high  to  select  a  single 
column  in  each  accessed  subarray  106.  A  high  on  CSL 
1  46  connects  the  selected  redriven  bit  line  pair  1  24,  1  26 
to  the  LDLs  1  48,  1  50  through  pass  gates  1  52,  1  54.  CSL 
timing  is  substantially  identical  to  SEGE-,  but  slightly  de- 
layed  therefrom. 

Testing  a  memory  chip  to  identify  failed  cells  is  com- 
plicated,  requiring  special  test  patterns,  designed  for 
identifying  each  type  of  failure.  Cell  defects  or  weak- 
nesses  may  cause  either  hard  DC  failures  or  AC  (cou- 
pling)  failures.  Typical  DC  failures  are:  Leakage  be- 
tween  a  cell  and  a  Passing  Word  Line(WL);  Bit  Line(BL) 
to  WL  leakage;  WL  to  Substrate/channel  leakage;  or, 
WL  to  WL  leakage.  Typical  AC  failures  are  noise  result- 
ing  from  capacitive  coupling  to  a  WL  or  Sense  Amp  (SA) 
Set. 

Many  such  tests  require  the  simultaneous  activa- 
tion  of  several  word  lines  in  order  to  reduce  test  time 
and,  therefore,  to  reduce  cost.  One  example  is  the  Mul- 
tiple  Word  Line  Select  Test  used  to  test  for  leakage  be- 
tween  cell  and  a  passing  WL  and  between  BL  and  WL. 
Forthistest,  typically,  one  or  more,  but  not  all,  word  lines 
are  driven  high  (activated),  simultaneously,  while  setting 
the  Sense  Amps  (SA).  The  activated  word  lines  are  held 
active  for  an  extended  period  of  time  (long  tRAS).  For 
certain  defects,  cell  leakage  from  a  passing  activated 
word  line  will  charge  the  defective  cell's  storage  capac- 
itor  128,  thereby  changing  the  data  stored  in  the  cell. 
Also,  for  other  types  of  defects,  bit  line  to  cell  leakage 
will  discharge  the  defective  cell's  charged  storage  ca- 
pacitor  1  28,  to  reduce  the  stored  charge,  making  the  de- 
fective  cell  impossible,  or  nearly  impossible  to  read  and, 
therefore,  identifiable.  Since  each  word  line  needs  to  be 
activated  for  a  relatively  long  time  and  because  the 
DRAMs  have  a  large  number  of  word  lines,  many  word 
lines  must  be  activated  simultaneously  in  this  test  in  or- 
der  to  reduce  test  time. 

Another  example  is  the  Transfer  Gate  Stress  Test 
is  used  to  identify  cells  with  defective  or  weak  gate  ox- 
ide.  For  this  test,  typically,  all  of  the  word  lines  are  driven 
high,  above  VH,  e.g.  to  Vpp,  while  all  of  the  bit  lines  are 
forced  low,  to  GND.  With  all  of  the  word  lines  at  Vpp  and 
all  bit  lines  at  GND,  the  gate  oxide  electric  field  is  max- 
imum.  If  a  gate  has  defective  or  weak  oxide,  a  short  will 
form. 

Often,  tests  involving  multiple  word  lines  are  ham- 
pered  by  abnormally  large  plate  voltage  bounce  on  the 
storage  capacitor  plate  or  by  array  well  voltage  bounce, 

both  of  which  result  from  simultaneously  switching  mul- 
tiple  word  lines  in  these  prior  art  DRAMs.  These  voltage 
bounces  can  cause  abnormal  disturbance  to  the  cells 
under  stress  and  destroy  the  data  stored  in  the  cell. 

5  Another  problem  of  simultaneously  activating  mul- 
tiple  word  lines  is  the  high  probability  of  word  line  shorts 
which  can  reduce  local  Vpp  level  through  an  IR  drop.  If 
for  example,  a  word  line  is  shorted  to  ground,  the  voltage 
drop  across  the  supply  bus  resistance  may  be  very  sig- 

10  nificant.  Also,  word  line  to  word  line  shorts  may  occur. 
Such  shorts  produce  unreliable  and  unpredictable  test 
results.  However,  in  prior  art  DRAMs,  selecting  defec- 
tive  word  lines,  even  if  previously  identified  and  re- 
placed,  is  unavoidable  during  the  above  multiple  word 

is  line  tests.  Thus,  there  is  a  need  for  RAMs  wherein  mul- 
tiple  word  lines  may  be  tested  more  easily,  flexibly  and 
reliably. 

PURPOSES  OF  THE  INVENTION 
20 

It  is  a  purpose  of  the  present  invention  to  reduce 
semiconductor  memory  test  time. 

It  is  another  purpose  of  the  present  invention  to  sim- 
plify  semiconductor  memory  test. 

25  It  is  yet  another  purpose  of  the  present  invention  to 
reduce  the  time  required  to  identify  defective  semicon- 
ductor  memory  chips. 

It  is  yet  another  purpose  of  the  present  invention  to 
simplify  initial  semiconductor  memory  chip  test  screen- 

30  ing. 
It  is  yet  another  purpose  of  the  present  invention  to 

simultaneously  select  multiple  word  lines  to  a  RAM  ar- 
ray. 

The  present  invention  is  a  method  of  testing  a  RAM. 
The  RAM  array  is  arranged  in  rows  and  columns.  The 
rows  are  grouped  into  word  line  groups.  The  method  in- 

40  eludes  the  steps  of:  a)  asserting  an  array  select  signal; 
b)  selecting  a  group  of  rows  in  the  array;  c)  selecting  at 
least  one  row  of  the  selected  group  of  rows;  and,  d)  re- 
peating  steps  b  and  c  until  all  of  the  groups  are  selected. 
Array  Sense  Amps  may  be  set  when  the  first  group  is 

45  selected  and  remain  set  until  the  last  group  is  selected. 
In  one  test,  word  lines  in  all  of  the  selected  rows  are 
activated  and  remain  activated  until  the  final  selected 
row  is  selected.  In  a  second  test,  word  lines  in  selected 
groups  are  toggled  with  RAS.  If  a  group  contains  a 

so  known  defective  word  line,  that  group  is  either  not  ad- 
dressed  or  its  selection  is  disabled.  In  each  selected 
group,  one  row,  alternating  rows  or,  all  of  the  rows  may 
be  selected. 

FIG.  1  is  a  schematic  representation  of  a  prior  art 
RAM  array. 

20 

25 

30 

ray. 

35  SUMMARY  OF  THE  INVENTION 

55  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
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FIG.  2A  is  a  transistor  level  cross-sectional  sche- 
matic  of  a  RAM  subarray. 

FIG.  2B  is  a  timing  diagram  for  the  schematic  of  FIG. 
2A. 

Fig.  3A-E  are  a  schematic  diagram  of  a  latched  row  s 
decoder  and  partial  address  decoders  according  to  the 
preferred  embodiment  of  the  present  invention. 

Fig.  4  is  a  normal  random  access  timing  diagram  of 
a  RAM  including  the  latched  row  decoder  of  Fig.  3. 

Fig.  5  is  a  timing  diagram  for  prior  art  multiple  word  10 
line  select  test. 

Fig.  6  is  a  timing  diagram  for  a  first  multiple  word 
line  select  (long  tRAS  disturb)  test  according  to  the 
present  invention. 

Fig.  7  is  a  timing  diagram  for  a  toggled  word  line  15 
disturb  test  according  to  the  present  invention. 

Fig.  8  is  a  timing  diagram  for  a  prior  art  transfer  gate 
stress  test. 

Fig.  9  is  a  timing  diagram  for  a  transfer  gate  stress 
test  according  to  the  present  invention.  20 

Fig.  1  0  is  a  timing  diagram  for  a  word  line  stress  test 
according  to  the  preferred  embodiment  of  the  present 
invention. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT  25 

The  present  invention  is  a  semiconductor  memory 
with  a  row  decoder  with  an  address  enabled  latch  that, 
once  latched,  remains  set  until  reset.  Setting  the  decod- 
er  latch  enables  individual  selection  of  each  of  a  plurality  30 
of  word  lines  through  individual  addresses.  A  sense-am- 
plifier  (SA)  is  set  after  turning  on  the  first  of  the  plurality 
of  word  lines.  The  word  lines  are  restored  low  when  a 
reset  signal  resets  the  enable  latches,  thereby  disabling 
the  decoders,  returning  them  to  their  unselected  state.  35 

Fig.  3A  is  a  schematic  diagram  of  a  latched  row  de- 
coder  200  according  to  the  present  invention.  The 
latched  row  decoder  200  is  a  word  line  decoder  in  a 
256MB  DRAM  with  256  word-lines  in  each  subarray. 
The  latched  decoder  200  of  the  present  invention  in-  40 
eludes  a  latch  202  (cross  coupled  inverters  204  and 
206),  address  select  logic  (NFETs  208,  210,  and  212), 
a  reset  device  (PFET  21  4),  a  latch  buffer  216  and  4  gat- 
ed  word  line  drivers  218,  220,  222,  and  224.  For  256 
word  lines  WL;  0_3  there  are  64  (i=0  to  63)  such  latched  45 
decoders  200. 

The  latched  decoder  200  is  selected  by  turning  on 
the  three  NFETs  208,  21  0,  and  21  2  in  the  address  select 
logic.  These  three  NFETs  208,  210,  212  form  a  three 
way  NAND  gate  and  are  turned  on  by  driving  high  each  so 
of  A23,  A45,  and  A67,  respectively.  A23  is  a  partially 
decoded  address  signal  from  a  partial  decoder  (a  three 
way  NOR  gate)  226  in  Fig.  3B.  A45  and  A67  are  each 
partially  decoded  address  signals  from  a  two  way  NOR 
gate  228  in  Fig.  3C.  A4,  A5,  A6  and  A7  are  inputs  to  230  55 
or  232  to  generate  A45  or  A67  on  234,  as  appropriate. 

The  word  line  address  bits  are  paired,  01,  23,  45, 
and  67,  and  the  pairs  partially  decoded  as  A01,  A23, 

A45,  and  A67,  respectively,  in  partial  decoders  226,  228 
and  240.  Each  A23  partial  decoder  226  may  be  disabled 
by  a  Row  Redundancy  Disable  Not  (RRDN)  signal, 
thereby  preventing  selection  of  defective  word  lines 
even  during  multiple  word  line  tests.  RRDN  remains  low, 
normally,  and  is  driven  high  only  to  disable  the  A23  par- 
tial  decoders  if  a  previously  replaced-defective  row  is 
selected.  This  avoids  the  problem  in  selecting  these  de- 
fective  word  lines  inherent  in  prior  art  DRAMs.  Each  par- 
tial  decoder  input  (e.g.  A2or  A3)  is  a  true  or  complement 
each  from  an  address  receiver  such  that  A2  is  either  A2T 
or  A2C  and  A3  is  either  A3T  or  A3C.  There  are  1  6  partial 
decode  signals.  These  partially  decoded  signals  are 
represented  by  A01  ,  A23,  A45,  or  A67  wherein: 

A01=A0C1C,  A0T1C,  A0C1T,  or  A0T1T 
A23=A2C3C,  A2T3C,  A2C3T,  or  A2T3T 
A45=A4C5C,  A4T5C,  A4C5T,  or  A4T5T 
A67=A6C7C,  A6T7C,  A6C7T,  or  A6T7T 

Each  one  of  the  four  word  line  drivers  218,  220,  222, 
and  224  are  selected  by  A01.  A01  is  generated  in  a 
latched  partial  decoder  240  in  Fig.  3D.  The  latched  par- 
tial  A01  decoder  240  is  functionally  identical  to  the  three- 
way  NAND  gate  and  latch  of  Fig.  3A  except  that  reset 
PFET  214  and  decode  NFET  208  are  both  driven  by  a 
common  reset  signal,  WL  RESET  at  242.  AO  and  Al  are 
connected  to  gates  210  and  21  2  at  244  and  246,  respec- 
tively,  and  combined  to  generate  A01.  Preferably,  the 
A01  partial  decoder  240  output  217  drives  a  level  shifter 
(not  shown)  which,  in  turn,  inverts  and  shifts  A01  from 
Vdd  at  21  7  to  Vpp  for  word  line  drivers  218,  220,  222  and 
224  (250  in  Fig.  3E). 

The  word  line  driver  250  is  a  PFET  252  and  NFET 
254.  As  represented  in  Fig.  3E,  the  gates  of  both  FETs 
252,  254  are  driven  by  latch  buffer  216  output  217.  The 
NFET  254  is  connected,  drain  to  source,  between  the 
word  line  256  and  ground.  The  PFET  252  is  connected, 
drain  to  source,  between  A01  and  the  word  line  256. 
When  the  row  decoder  latch  202  is  reset,  217  is  high 
turning  NFET  254  on,  holding  the  word  line  low,  and 
turning  PFET  252  off,  isolating  the  word  line  256  from 
A01  .  When  the  decoder  latch  202  is  set,  217  is  low  turn- 
ing  NFET  254  off,  isolating  the  word  line  256  from 
ground,  and  turning  on  PFET  252,  coupling  the  word  line 
256  to  A01. 

Thus  as  the  addressed  row  decoder  latch  202  is  set 
by  turning  on  NFETs  208,  210  and  212  to  pull  Ai  low. 
Latch  inverter  206  inverts  the  low  on  Ai.  Latch  buffer  21  6 
reinverts  the  output  of  inventer  206  to  provide  a  low  to 
the  input  of  all  4  inverting  word  line  drives  218,  220,  222, 
and  224.  Each  word  line  driver  218,  220,  222,  and  224 
in  Fig.  3E;  drives  a  word  line  high  when  its  respective 
gate  input  A0C1C,  A0T1C,  A0C1T,  or  A0T1T  from  its 
respective  latched  partial  decoder  240  is  driven  high. 
The  row  decoder  latch  202,  once  set,  remains  set  until 
PRE  is  driven  low,  turning  PFET  214,  which  resets  the 
latch  202. 

4 
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Each  WL  is  actively  held  high  or  low  by  its  respec- 
tive  word  line  driver.  So,  the  WL  latch,  required  to  clamp 
unselected  word  lines  low  on  prior  art  RAMs,  is  obviated 
by  the  present  invention.  Further,  as  a  decoder  is  ena- 
bled,  four  WLs  are  partially  selected  simultaneously. 

There  are  5  modes  of  operation  for  a  RAM  with  a 
latched  row  decoder  according  to  the  present  invention. 
Besides  the  normal  random  access  mode,  there  are  4 
test  modes.  These  test  modes  are:  long-tRAS  WL  disturb 
mode;  toggled  WL  disturb  mode;  transfer-gate  stress 
mode;  and  WL  stress  mode. 

Fig.  4  is  a  timing  diagram  for  a  random  access  mode 
of  operation.  In  stand-by,  partially  predecoded  address- 
es  A23,  A45,  A67,  and  reset  signal  PRE  are  low,  pre- 
charging  the  decoder  nodes  A;  to  Vpp.  Partially  prede- 
coded  addresses  A01  are  also  low,  and  so,  consequent- 
ly,  are  all  the  256  word  lines  WL;  0  .  3.  The  array  access 
begins  when  RAS  goes  low.  PRE  of  a  selected  sub-ar- 
ray  rises  to  disable  therein,  the  decoder  reset.  Subse- 
quently,  one  of  each  of  the  partially  decoded  addresses 
(e.g.  A2C3C,  A4C5C,  and  A6C7C)  rise.  As  a  result,  one 
decoder  A;  (A0)  out  of  64  is  pulled  low  setting  its  latch. 
Setting  the  latch  partially  selects  a  group  of  four  of  the 
256  word  lines  (i.e.  WL0  03).  One  of  this  group  is  selected 
by  one  of  the  partially  predecoded  addresses  A01  (e.g., 
A0C1C)  rising.  The  selected  word  line  (WL0  0)  is  thus 
driven  high.  The  sense  amplifiers  are  set  normally. 

After  the  array  is  accessed,  all  predecoded  signals 
A01  ,  A23,  A45,  A67,  and  PRE  are  reset  low  when  RAS 
rises.  During  reset,  the  previously  set  latch  is  reset  by 
the  low  on  PRE  so  that  A;  is  pulled  to  the  Vpp  through 
PFET  214.  Also,  the  previously  selected  WL  (i.e.  WL0) 
is  restored  low. 

Testing  a  RAM  with  the  preferred  embodiment 
latched  row  decoder  is  improved  significantly  over  prior 
art  RAMs.  To  facilitate  understanding  of  the  advantages 
of  the  present  invention,  timing  diagrams  for  multiple 
word  line  tests  are  provided  for  each  of  the  above  tests 
both  on  prior  art  RAMs  and  for  testing  a  RAM  with  the 
latched  row  decoder  of  Fig.  3. 

Fig.  5  is  a  timing  diagram  for  a  prior  art  multiple  word 
line  long  tRAS  disturb  test.  In  this  prior  art  test,  when  RAS 
falls,  64  word  lines  WL;  0  are  driven  high  simultaneously. 
The  sense  amps  are  set  shortly  thereafter.  All  of  the  cells 
on  activated  wordlines  are  turned  on  and  sensed  simul- 
taneously.  This  simultaneous  cell  switching  induces 
noise  onto  the  cell's  plate  voltage  and  on  Vpp.  Noise  cur- 
rent  and  resistance  on  Vpp  and  on  the  plate  hampers 
testing  and  reduces  the  reliability  of  this  test  on  this  prior 
art  RAM. 

By  contrast,  Fig.  6  is  a  long  tRAS  disturb  test  accord- 
ing  to  the  present  invention  wherein  latched  row  decod- 
er  circuits  are  sequentially  selected  and,  as  selected, 
latched,  each  latched  decoder  enables  groups  of  1  to  4 
selected  word  lines. 

In  this  test,  the  sense  amplifiers  are  set  after  the  first 
WL  has  been  selected.  To  further  the  stress  the  RAM, 
the  bit-lines  may  be  grounded  by  forcing  precharge  volt- 

age  Vpre  to  ground  (GND)  through  the  bit-line  equaliz- 
ers,  after  all  64  decoders  have  been  selected  and 
latched.  The  number  of  selected  word  lines  and  their  ac- 
tivation  sequence  is  selected,  externally,  at  the  tester. 

5  Also,  PRE  is  externally  controllable  by  the  tester  so  that 
the  tester  independently  resets  the  latches  also.  Thus, 
because  the  number  of  activated  word  lines  and  set 
sense  amps  is  the  same  during  each  subsequent  selec- 
tion  in  this  test  as  for  a  normal  random  access,  (i.e.,  the 

10  normal  number  of  word  lines,  bit  lines  and  sense  amps 
are  switching)  this  test  is  no  less  reliable  than  a  normal 
read  or  write  and,  is  significantly  improved  over  the  prior 
art. 

At  the  beginning  of  the  long  tRAS  disturb  test,  when 
is  the  chip  is  enabled  (RAS  low),  PRE  rises  and  remains 

high  to  disable  the  A;  decoder  latch  reset.  Subsequently, 
partially  decoded  addresses  (e.g.  A2C3C,  A4C5C,  and 
A6C7C)  rise  as  in  the  random  access  mode.  As  a  result, 
one  decoder  A;  (e.g.  A0)  out  of  64  is  pulled  low  and 

20  latched.  This  set  latch  selects  four  out  of  256  WLs,  in 
this  example,  WL0  0.  One  of  the  partially  predecoded 
word  line  driver  addresses  A01,  such  as  A0C1C  rises, 
enabling  one  of  the  four  partially  selected  word  line  driv- 
ers,  which  drives  word  line  WL0  0,  high.  Then,  the  sense 

25  amplifiers  are  set,  normally,  as  for  a  normal  random  ac- 
cess.  After  this  first  access  during  the  long  tRAS  word 
line  disturb  test,  PRE  remains  high,  even  when  RAS  is 
high,  so  that  selected  word  lines  remain  selected.  In 
each  subsequent  RAS  cycle,  another  latch  is  set  as  par- 

30  tially  decoded  addresses  (e.g.  A2T3C,  A4C5C,  A6C7C) 
rise.  As  each  latch  is  set,  another  group  of  word  line  driv- 
ers  are  partially  selected  and,  therefore,  another  word 
line  is  driven.  Previously  set  latches  remain  set  and  pre- 
viously  active  word  lines  remain  active.  This  sequence 

35  is  repeated  until  all  the  word  line  decoders  have  been 
enabled,  or  the  test  complete. 

Once  the  test  is  complete  the  active  word  lines  are 
reset  by  first  pulling  A01  low.  Because  the  A01  level 
shifter  are  each  designed  to  charge  and  discharge  a  sin- 

40  gle  WL  in  normal  operation,  the  instantaneous  ground 
current  during  reset  is  limited  by  these  level  shifters, 
which  each  discharge  a  major  portion  of  the  selected 
word  lines.  So,  when  A01  is  pulled  low,  discharging  the 
word  line  through  the  word  line  drivers  218,  220,  222, 

45  and  224.  When  the  word  line  falls  to  the  Vtp,  discharging 
stops.  When  PRE  falls,  the  latch  is  reset  as  latch  nodes 
A;  are  pulled  to  Vpp.  Resetting  the  latches  resets  the  row 
decoders  and  discharges  the  residual  word  line  voltage 
(Vtp)  to  ground  through  NFET  259.  Finally,  the  sense 

so  amplifiers  are  reset,  normally. 
This  long  tRAS  disturb  test  requires  one  RAS  cycle 

per  word  line  selected  (=1  00ns).  However,  the  test  time 
is  still  significantly  shorter  than  the  cell  retention  time 
(256ms),  even  allowing  for  a  thousand  RAS  test  cycles. 

55  Fig.  7  is  the  toggled  multiple  word  line  disturb  test 
according  to  the  present  invention  wherein  each  latched 
row  decoder  is  sequentially  selected  and,  for  this  test, 
WLRESET  is  toggled  with  RAS,  which  in  turn  toggles 

5 
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A01.  As  each  decoder  latch  is  set,  it  remains  set.  So, 
the  enabled  word  lines  are  all  toggled  with  RAS.  The 
sense  amplifier  may  be  set  when  the  first  latch  is  set,  or, 
alternatively,  set  and  reset  with  the  toggled  word  lines. 
As  with  the  long  tRAS  disturb  test,  the  word  line  group 
size  and  their  activation  sequence  is  controlled  exter- 
nally  at  the  tester.  Should  Vpp  noise  be  a  concern  be- 
cause  of  toggling  too  many  word  lines,  simultaneously, 
the  number  of  simultaneously  toggling  (selected)  word 
lines  may  be  reduced  by  the  tester. 

Fig.  8  is  a  timing  diagram  for  a  prior  art  transfer  gate 
stress  test.  In  this  DC  test,  all  256  word  lines  in  a  Sub- 
array  are  selected  and  driven  high,  simultaneously.  Co- 
incidentally  with  driving  the  word  lines,  the  bit  line  pre- 
charge  voltage  Vpre  is  forced  to  ground.  This  prior  art 
test  is  hampered  by  simultaneous  switching  and,  espe- 
cially,  by  ground  bounce. 

Fig.  9  is  a  timing  diagram  of  a  transfer-gate  stress 
test  according  to  the  present  invention.  In  this  test,  all 
four  A01  signals  are  held  high,  enabling  all  four  drivers 
of  any  enabled  row  decoder.  RAS,  PRE,  A23,  A45,  and 
A67  are  toggled  to  sequentially  set  row  decoder  latches. 
Each  group  of  four  word  lines  (WL;  0_3)  is  sequentially 
enabled  and  all  four  word  lines  are  driven  high.  In  this 
test  as  in  the  prior  art  test  of  Fig.  8,  the  sense  amplifiers 
are  not  set.  Instead,  the  bit-lines  are  forced  to  GND 
through  the  bit-line  equalizers  by  forcing  Vpre  to  ground. 
Also,  defective  word  lines  are  disabled  to  avoid  the  Vpp 
drop  across  the  short  otherwise  encountered  in  prior  art 
DRAMs,  and  thereby,  significantly  improving  test  relia- 
bility. 

Fig.  10  is  a  timing  diagram  for  the  word  line  stress 
test  according  to  the  present  invention.  This  test  is  sim- 
ilar  to  the  transfer  gate  stress  test.  However,  alternating 
word  lines  are  selectively  activated  by  2  instead  of  4  A01 
signals  (e.g.  A0C1  C  and  A0C1  T).  In  this  test,  alternating 
word  lines  are  forced  high  (Vpp)  and  low  (GND)  providing 
maximum  electric  field  between  adjacent  word  lines.  WL 
to  WL  shorts  may  be  identified  or,  may  form,  between 
word  lines  during  this  test.  So,  RAS,  PRE,  A23,  A45, 
and  A67  are  toggled  as  in  the  long-tRAS  word  line  disturb 
test  Fig.  12.  The  latches  are  set  sequentially  and,  as 
each  latch  is  set,  alternating  word  lines  (e.g.  WL;  0  and 
WL;  2)  are  selected  and  driven  sequentially.  Once  acti- 
vated,  the  word  lines  stay  active  such  that,  eventually 
an  alternating  high/low  world  line  pattern  results. 

For  these  4  tests,  known  defective  word  lines  may 
be  disabled  by  gating  the  partial  addresses  with  the  re- 
dundancy  control  signal  RRDN  or,  prior  to  fuse  program- 
ming,  by  masking  the  address  at  the  tester.  As  noted 
above,  in  prior  art  RAMs,  during  test,  all  the  word  lines 
switched  simultaneously. 

However,  the  preferred  latched  row  decoders  allow 
gradually  selecting  all  or  many  of  the  word  lines,  so  that 
only  a  small  fraction  of  word  lines  switch  in  a  selected 
sub-array  during  in  any  RAS  test  cycle.  Therefore,  Vpp 
line  noise  is  minimized,  eliminating  the  need  for  external 
Vpp  supply. 

Also,  plate  coupling  noise,  from  bit-line  sensing  dur- 
ing  the  WL  disturb  test,  is  minimized,  because  the  sense 
amplifiers  are  set  after  the  first  word  lines  is  selected. 
So  the  bit  lines  remain  in  a  steady  state,  as  driven  in 

5  response  to  data  from  the  first  word  line.  Additionally 
with  the  decoder  of  the  present  invention,  after  two  or 
more  decoders  have  been  enabled,  multiple  Word  Lines 
(those  enabled)  may  be  toggled  for  AC  testing.  Switch- 
ing-current  induced  ground-bounce,  that  might  result 

10  from  discharging  multiple  word  lines  simultaneously,  is 
also  reduced  by  reducing  bit  line  and  word  line  switching 
during  tests. 

Furthermore,  the  tester  can  control  the  number  of 
active  word  lines,  their  selection  and  their  activation  se- 

15  quence.  Thus,  the  present  invention  has  significant  test 
mode  flexibility.  Prior  to  fuse  programming  to  replace 
known  defective  word  lines,  the  tester  can  use  previous 
test  results  to  mask  out  the  known  bad  row  addresses. 
Also,  after  identifying  and  replacing  defective  word  lines, 

20  defective  word  lines  are  by-passed  by  gating  the  row 
decoder  select  signals  with  redundancy  compare  sig- 
nals.  Thus  if  a  row  address  matches  a  replaced  WL,  then 
that  address  is  blocked,  and  not  sent  to  the  row  decod- 
ers. 

25  Finally,  an  array  including  this  latched  decoder  can 
be  stressed  for  burn  in  or  for  reliability  analysis  by  of  all 
word  lines  or,  alternating  word  lines  active  for  extended 
periods  of  time. 

While  the  present  invention  is  described  in  terms  of 
30  preferred  embodiments,  it  is  understood  that  numerous 

variations  and  modifications  will  occur  to  a  person 
skilled  in  the  art  without  departing  from  the  scope  of  the 
claimed  invention. 

35 
Claims 

1.  A  method  of  testing  a  RAM  array,  said  array  being 
arranged  in  rows  and  columns,  said  rows  being 

40  grouped  into  a  plurality  of  groups,  said  method  com- 
prising  the  steps  of: 

a)  asserting  an  array  select  signal; 

45  b)  selecting  a  group  of  rows  in  said  array; 

c)  selecting  at  least  one  row  of  said  selected 
group  of  rows;  and, 

so  d)  repeating  steps  b  and  c  until  all  of  said 
groups  are  selected. 

2.  The  method  of  Claim  1  further  including  after  the 
step  (c)  of  selecting  at  least  one  row,  the  step  of: 

55  c1  )  setting  sense  amplifiers. 

3.  The  method  of  Claim  1  further  including  after  the 
step  (c)  of  selecting  at  least  one  row,  the  step  of: 

6 
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c1)  grounding  a  plurality  of  bit  lines  in  columns  of 
said  array. 

4.  The  method  of  Claim  1  wherein  the  step  (a)  of  as- 
serting  an  array  select  signal  includes  disabling  a  s 
reset  signal. 

5.  The  method  of  Claim  1  wherein  the  step  (d)  of  re- 
peating  steps  b  and  c  further  includes  toggling  said 
array  select  signal.  10 

6.  The  method  of  Claim  5  wherein  the  step  (d)  further 
includes  toggling  said  word  line  driver  enable. 

7.  The  method  of  Claim  1  wherein  the  sep  (b)  of  se-  15 
lecting  the  group  of  rows  further  includes  disabling 
selection  of  a  first  group  of  rows  and  selecting  a  sec- 
ond,  redundant  group  of  rows. 

8.  The  method  of  Claim  1  wherein  each  group  is  a  20 
group  of  4  rows  and  said  at  least  one  row  is  one  row. 

9.  The  method  of  Claim  1  wherein  each  group  is  a 
group  of  4  rows  and  said  at  least  one  row  is  two 
rows.  25 

10.  The  method  of  Claim  1  wherein  each  group  is  a 
group  of  4  rows  and  said  at  least  one  row  is  four 
rows. 
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