
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number: 0  3 2 2   8 6 5  

A 2  

©  E U R O P E A N   PATENT  A P P L I C A T I O N  

©  Application  number:  88121730.1 

©  Date  of  filing:  27.12.88 

©  IntCI*  G11C  2 9 / 0 0  

©  Priority:  29.12.87  JP  335812/87  ©  Applicant:  ADVANTEST  CORPORATION 
32-1,  Asahi-cho  1-chome 

©  Date  of  publication  of  application:  Nerima-ku  Tokyo(JP) 
05.07.89  Bulletin  89/27 

©  Inventor:  Fujisaki,  Kenichi 
©  Designated  Contracting  States:  c/o  Advantest  Corporation  32-1,  Asahi-cho 

OE  GB  NL  1-chome 
Nerima-ku  Tokyo(JP) 

©  Representative:  Blumbach  Weser  Bergen 
Kramer  Zwirner  Hoffmann  Patentanwalte 

*  Radeckestrasse  43 
O-8000  Munchen  60(DE) 

©  Memory  testing  device. 

©  In  a  memory  testing  device  for  testing  a  memory 
capable  of  effecting  a  write  and  a  read  in  pixel,  plane 
and  block  modes,  there  are  provided  a  pattrn  gener- 
ator  (100)  for  generating  an  address  and  data  for 
supply  to  the  memory  under  test  (200)  and  a  buffer 
memory  (400)  which  has  memory  chips  equal  in 
number  to  the  square  of  the  number  of  bits  of  the 
data.  The  same  data  as  that  to  be  written  in  the 
memory  under  test  is  written  in  the  buffer  memory  in 
the  same  mode  as  in  the  memory  under  test,  and 
the  data  is  read  out  in  the  same  mode  as  in  the 
memory  under  test.  The  data  thus  read  out  of  the 
buffer  memory  is  used  an  expected  value  data  for 

^1  logical  comparison  with  data  read  out  of  the  memory 
^   under  test. 
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MEMORY  TESTING  DEVICE 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  a  device  for 
testing  memories  which  are  used  to  store  images, 
for  instance. 

In  general,  a  semiconductor  memory  testing 
device  has  such  an  arrangement  as  shown  in  Fig. 
1  .  An  address  signal  is  applied  to  a  memory  under 
test'  200  from  an  address  terminal  101  of  a  pattern 
generator  100  and  data  created  by  the  pattern 
generator  100  at  that  time  is  provided  from  its  data 
terminal  102  to  the  memory  200  and  written  therein 
at  the  specified  address.  Then,  an  address  signal  is 
applied  from  the  pattern  generator  100  to  the  mem- 
ory  200  to  read  out  therefrom  the  stored  data.  The 
thus  read-out  data  and  data  output  from  the  pattern 
generator  100,  that  is,  expected  value  data,  are 
compared  by  a  logic  comparator  300  to  determine 
whether  the  memory  under  test  200  is  good  or 
bad. 

The  pattern  generator  100  is  made  up  of  an 
address  generator  103,  a  data  generator  104,  a 
data  memory  105,  a  clock  control  signal  generator 
106,  and  a  sequence  controller  107.  The  aqueous 
controller  107  controls  the  address  generator  103, 
the  data  generator  104,  and  the  clock  control  signal 
generator  106.  The  address  generator  103  gen- 
erates  an  address  signal  which  is  applied  to  the 
memory  under  test  200.  The  data  generator  104 
generates,  by  a  logical  operation,  data  for  input  into 
the  memory  200,  that  is,  write  data,  and  expected 
value  data  for  input  into  the  logical  comparator  300. 
The  data  memory  105  also  generates  data  for  input 
into  the  memory  200  and  expected  value  data  for 
input  into  the  logical  comparator  300  which  are 
prestored  in  the  memory  1  05. 

The  data  generator  104  is  used  to  generate 
regular  data  and  the  data  memory  105  to  generate 
irregular,  random  data.  A  multiplexer  108  switches 
between  the  data  generator  104  and  the»data  mem- 
ory  105.  The  clock  control  signal  generator  106 
generates  a  clock  control  signal  which  is  applied  to 
the  memory  under  test  200. 

The  conventional  semiconductor  memory  test- 
ing  device  shown  in  Fig.  1  cannot  test  image 
memories  recently  developed.  The  image  memo- 
ries  are  each  provided  with  a  random  access  port 
and  a  serial  access  port.  The  memory  is  randomly 
accessed  through  the  random  access  port. 
Through  the  serial  access  port  an  initial  address  is 
set  and  is  then  incremented  one  by  one  at  high 
speed  in  response  to  a  clock,  for  sequential  access 
to  respective  memory  addresses.  A  device  for  test- 
ing  such  a  dual  port  type  memory  has  been  pro- 

posed  in  Japanese  Patent  Application  Kokai  No. 
269076/87,  "Semiconductor  Memory  Testing  De- 
vice",  laid  open  on  November  21,  1987. 

There  have  also  been  proposed  image  memo- 
5  ries  which  operate  in  pixel,  plane  and  block  modes. 

In  the  case  of  an  image  memory  for  color  display, 
a  total  of  four  bits  for  three  color  information  R,  G 
and  B  and  control  information  C  are  employed  as 
minimum  pixel  information  PIX  as  shown  in  Fig.  2. 

10  The  pixel  information  PIX  may  sometimes  be  made 
eight  bits  long  so  as  to  increase  the  number  of 
colors  used  for  display.  As  shown  in  Fig.  2,  the 
pixel  information  PIX  of  an  arbitrary  address  is 
accessed  using  an  N  +  1  bits  long  address  signal 

rs  (Ao  ...  AN)  and  sequentially  stored  in  a  memory  in 
the  depthwise  direction  of  the  address.  By  sequen- 
tially  or  randomly  reading  out  the  address  in  the 
direction  of  its  depth,  the  pixel  information  PIX  can 
be  read  out  or  written.  This  read/write  mode  is 

20  called  a  pixel  mode. 
In  the  plane  mode  only  single-color  information 

line  is  accessed  by  the  same  number  of  bits  as 
that  of  the  pixel  information  PIX. 

According  to  the  plane  mode,  single-color  in- 
25  formation  can  be  re-written  and  read  out  in  units  of 

four  bits,  and  a  desired  area  of  the  display  screen 
can  be  painted  over  with  the  color  at  high  speed. 
The  four-bit  signal  for  effecting  the  re-write  and  the 
read-out  at  one  time  will  hereinafter  be  referred  to 

30  as  plane  information  PLN. 
In  the  block  mode  a  memory  space  of,  for 

example,  a  four-by-four  bit  plane  can  be  read  and 
written  at  one  time.  This  mode  is  used  for  clearing, 
at  high  speed,  a  limited  area  of  the  display  screen, 

35  for  example,  a  multi-window. 
Since  the  dual  port  type  image  memory  has 

such  various  functions  as  mentioned  above,  it  is 
difficult  for  the  testing  device  to  create  expected 
value  data  for  testing  such  functions.  It  is  difficult, 

40  in  particular,  to  produce  expected  value  data  nec- 
essary  for  reading  out,  in  the  plane  or  block  mode, 
data  written  in  the  pixel  mode,  or  for  reading  out,  in 
the  pixel  or  block  mode,  data  written  in  the  plane 
mode. 

45  In  the  testing  of  a  memory  capable  of  inhibiting 
a  write  for  each  bit  of  data,  test  data  is  written  into 
an  uninhibited  bit  but  previous  data  is  held  in  an 
inhibited  bit.  The  expected  value  data  is  therefore 
determined  by  previous  data,  data  to  be  written, 

so  and  mask  data  which  determines  the  bit  to  be 
inhibited,  and  consequently,  the  number  of  their 
combinations  is  large,  making  it  more  and  more 
difficult  to  generate  the  expected  value  data. 

In  the  testing  of  a  memory  which  possesses  a 
logical  operation  function,  it  is  necessary  to  deter- 
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nine  the  expected  value  data  according  to  data  to 
do  applied  from  a  pattern  generator,  data  already 
written  in  the  memory  under  test,  and  the  kind  of 
ogical  operation  which  is  performed  in  the  mem- 
Dry.  Also  in  this  instance,  the  generation  of  the 
3xpected  value  data  is  difficult. 

SUMMARY  OF  THE  INVENTION 

It  is  therefore  an  object  of.  the  present  invention 
to  provide  a  memory  testing  device  which  permits 
testing  of  memories  which  have  a  variety  of  func- 
tions. 

According  to  an  aspect  of  the  present  inven- 
tion,  a  memory  testing  device  for  testing  a  memory 
capable  of  effecting  a  read  and  a  write  in  the  pixel, 
plane  and  block  modes  includes:  a  buffer  memory 
which  is  formed  by  memory  chips  equal  in  number 
to  the  square  of  the  number  of  bits  of  data  to  be 
written  into  and  read  out  of  each  address  of  a 
memory  under  test  and  which  is  arranged  so  that  a 
desired  one  of  the  memory  chips  is  selected  by  a 
chip  select  signal  for  access  thereto,  thereby  effec- 
ting  a  write  and  a  read  in  the  pixel,  plane  or  block 
mode  equivalent  to  that  used  in  the  memory  under 
test;  means  whereby  data  identical  with  that  to  be 
written  into  the  memory  under  test  is  written  into 
the  buffer  memory  in  the  same  mode  as  that  used 
in  the  memory  under  test  and  the  data  thus  written 
is  read  out  of  the  buffer  memory  in  the  same  mode 
as  that  used  in  the  memory  under  test;  and  a 
logical  comparator  which  uses  the  read-out  signal 
from  the  buffer  memory  as  an  expected  value 
signal  and  makes  a  logical  comparison  between  it 
and  the  read-out  output  from  the  memory  under 
test,  thereby  determining  whether  the  memory  un- 
der  test  is  good  or  bad. 

The  memory  testing  device  described  above  is 
provided  with  the  buffer  memory  which  operates 
equally  to  the  memory  under  test.  That  is,  when 
the  memory  under  test  operates  in  the  pixel,  plane 
or  block  mode,  the  buffer  memory  also  operates  in 
the  same  mode  as  does  the  memory  under  test, 
and-  when  data  is  read  out  of  the  memory  under 
test,  the  buffer  memory  is  also  read  in  the  same 
mode. 

Thus,  the  data  that  is  read  out  of  the  buffer 
memory  can  be  utilized  as  expected  value  data, 
and  consequently,  memories  of  complex  operations 
can  be  tested  with  a  relatively  simple  arrangement. 

According  to  another  aspect  of  the  present 
invention,  a  memory  testing  device  for  testing  a 
memory  capable  of  effecting  a  write  and  a  read  in 
the  pixel,  plane  and  block  modes,  making  a  logical 
operation  of  input  data  bit  by  bit  and  writing  the 
result  of  the  logical  operation,  includes:  a  buffer 
memory  which  is  formed  by  memory  chips  equal 

in  number  to  the  square  of  the  number  of  bits  of 
data  to  be  written  into  and  read  out  of  each  ad- 
dress  of  the  memory  under  test  and  which  is 
arranged  so  that  a  desired  one  of  the  memory 

5  chips  is  selected  by  a  chip  select  signal  for  access 
thereto  so  as  to  effect  a  write  and  a  read  in  the 
pixel,  plane  or  block  mode  equivalent  to  that  used 
in  the  memory  under  test;  logical  operation  means 
which  processes  input  data  bit  by  bit  and  writes  the 

w  result  of  processing  into  the  buffer  memory;  and  a 
logical  comparator  by  which  data  identical  with  that 
to  be  written  into  the  memory  under  test  is  written 
into  the  buffer  memory  in  the  same  mode  and  the 
data  thus  written  is  read  out  in  the  same  mode  as 

15  in  the  memory  under  test  and  which  employs  the 
read-out  signal  as  expected  value  data  and  com- 
pares  it  and  the  read-out  signal  of  the  memory 
under  test. 

The  memory  testing  device  described  above  is 
20  provided  with  the  buffer  memory  which  operates 

equally  to  the  memory  under  test.  That  is,  when 
the  memory  under  test  operates  in  the  pixel,  plane 
or  block  mode,  the  buffer  memory  also  operates  in 
the  same  mode  as  does  the  memory  under  test, 

25  and  when  data  is  read  out  of  the  memory  under 
test,  the  buffer  memory  is  also  read  in  the  same 
mode. 

Thus,  the  data  that  is  read  out  of  the  buffer 
memory  can  be  utilized  as  expected  value  data, 

30  and  consequently,  memories  of  complex  operations 
can  be  tested  with  a  relatively  simple  arrangement. 

Besides,  since  the  buffer  memory  is  provided 
with  the  logical  operation  means  equivalent  to  that 
built  in  the  memory  under  test,  a  write  can  be 

35  effected  in  the  buffer  memory  by  the  same  pro- 
cessing  as  that  in  the  memory  under  test. 

Consequently,  even  if  the  operating  function  is 
worked  in  the  memory  under  test,  it  is  possible  to 
store  in  the  buffer  memory  the  result  of  the  same 

40  processing  as  in  the  memory  under  test. 
Thus,  even  if  the  operating  function  is  ac- 

tivated,  data  which  is  read  out  of  the  memory 
under  test  in  each  mode  can  be  utilized  as  ex- 
pected  value  data. 

45 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  block  diagram,  for  explaining  the 
50  prior  art; 

Fig.  2  is  a  diagram,  for  explaining  the  inter- 
nal  structure  of  an  image  memory; 

Fig.  3  is  a  block  diagram,  for  explaining  the 
general  arrangement  of  the  present  invention; 

55  Fig.  4  is  an  imaginary  solid  diagram,  for 
explaining  an  example  of  the  internal  structure  of 
the  buffer  memory  for  use  in  the  present  invention; 

3 
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Fig.  5  is  a  connection  diagram,  for  explaining 
an  example  of  a  chip  selector  for  use  in  the 
present  invention; 

Fig.  6  is  a  connection  diagram;  for  explaining 
an  example  of  a  write  formatter  for  use  in  the 
present  invention; 

Fig.  7  is  a  connection  diagram,  for  explaining 
an  example  of  a  write  formatter  which  operates 
during  the  block  mode; 

Fig.  8  is  a  connection  diagram,  for  explaining 
an  example  of  a  read  formatter  for  use  in  the 
present  invention; 

Fig.  9  is  a  connection  diagram,  for  explaining 
an  example  of  expected  value  data  extracting 
means  in  the  block  mode  for  use  in  the  present 
invention; 

Fig.  10  is  a  block  diagram  illustrating  an 
embodiment  of  the  present  invention; 

Fig.  11  is  a  connection  diagram,  for  explain- 
ing  a  concrete  circuit  arrangement  of  a  mask  for- 
matter  which  forms  the  principal  part  of  the  present 
invention; 

Figs.  12A  and  12B  are  diagrams,  for  explain- 
ing  in  the  pixel  mode  the  operation  of  the  mask 
formatter  depicted  in  Fig.  1  1  ; 

Figs.  13A  and  13B  are  diagrams,  for  explain- 
ing  in  the  plane  and  block  modes  the  operation  of 
the  mask  formatter  depicted  in  Fig.  1  1  ; 

Fig.  1  4  is  a  block  diagram  illustrating  another 
embodiment  of  the  present  invention;  and 

Fig.  1  5  is  a  block  diagram  illustrating  another 
embodiment  of  the  present  invention. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Fig.  3  illustrates  the  general  constitution  of  the 
present  invention.  In  Fig.  3,  the  parts  corresponding 
to  those  in  Fig.  1  are  identified  by  the  same  refer- 
ence  numerals. 

The  basic  constitution  of  the  present  invention 
resides  in  that  expected  value  data  for  application 
to  the  logical  comparator  300  is  read  out  of  a  buffer 
memory  400.  The  buffer  memory  400  is  formed  by 
memory  chips  equal  in  number  to  the  square,  W2, 
of  the  number  of  bits  (i.e.  the  data  width),  W,  of 
data  which  is  written  into  and  read  out  of  each 
address  of  the  memory  under  test  200.  In  general, 
the  above-mentioned  number  of  bits,  W,  is  se- 
lected  so  that  W  =  2m  (where  m  is  an  integer 
greater  than  unity).  The  memory  chips  are  selected 
by  a  chip  selector  502,  by  which  a  read  and  a  write 
can  be  effected  in  the  pixel,  plane  or  block  mode 
equivalent  to  that  used  in  the  memory  under  test 
200.  When  supplied  with  a  load  corand  LC  from  the 
pattern  generator  100,  a  mode  selector  503  loads 
and  decodes  a  mode  select  code  SC  provided  on  a 

data  bus  'D-BUS  from  the  pattern  generator  100  at 
that  time  and  yields  a  pixel  mode  signal  PIX,  a 
plane  mode  signal  PLN,  or  a  block  mode  signal 
BLK.  In  accordance  with  this  mode  signal  a  write 

5  formatter  501,  the  chip  selector  502  and  a  read 
formatter  504  are  set  to  the  mode  thus  selected. 

In  this  example  the  buffer  memory  400  is  made 
up  of  W2  =  16  (i.e.  W  =  4  and  m  =  2)  memory 
chips  401  to  416  as  shown  in  Fig.  4.  The  memory 

ro  chips  401  to  416  may  each  be  a  memory  chip  of  1 
x  64K  or  1  x  256K  bits,  for  example,  and  the 
response  speed  of  this  memory  chip  is  sufficiently 
higher  than  the  response  speed  of  the  memory 
under  test  200.  Each  of  the  16  memory  chips  401 

75  to  416  has  its  address  input  terminals,  except  m 
bits,  i.e.  low-order  two  bits,  connected  in  common 
to  address  input  terminals  of  the  memory  under 
test  200  and  is  supplied  with  an  address  signal 
identical  with  that  which  is  applied  to  the  memory 

20  under  test  200.  Address  signals  Ao  and  Ai  of  the 
low-order  two  bits  in  the  address  signal  are  pro- 
vided  to  the  chip  selector  502,  wherein  a  chip 
select  signal  is  produced. 

The  chip  selector  502  can  be  formed  by,  for 
25  instance,  two  decoders  502B  and  502C  and  four 

OR  gate  groups  502D,  502E,  502F  and  502G  as 
shown  in  Fig.  5.  The  OR  gate  groups  502D,  502E, 
502F  and  502G  are  each  composed  of  four  OR 
gates  ORi,  OR2,  OR3  and  OR*,  which  have  their 

30  output  terminals  connected  to  chip  select  terminals 
CSi  to  CS16  of  the  memory  chips  401  to  416 
forming  the  buffer  memory  400. 

The  mode  select  signals  PIX,  PLN  and  BLK 
from  the  mode  selector  503  are  each  applied  as  an 

35  H-logic  signal  to  enable  terminals  EN  of  the  decod- 
ers  502B  and  502C.  The  decoders  502B  and  502C 
are  each  supplied  at  an  input  terminal  with  the 
signals  Ao  and  A1  of  the  low-order  two  bits  of  the 
address  signal  and,  when  supplied  at  the  enable 

40  terminal  EN  with  the  H-logic  signal,  sequentially 
provides  at  output  terminals  Qo,  Q1,  Q2  and  Q3  H- 
logic  signals  corresponding  to  the  values  of  the 
signals  Ao  and  A1  .  That  is  to  say,  in  the  pixel  mode 
the  decoder  502B  is  supplied  at  its  enable  terminal 

45  EN  with  the  H-logic  mode  select  signal  PIX  and,  in 
this  state,  provides  at  the  output  terminals  Qo  to  Q3 
H-logic  signals  corresponding  to  the  values  of  the 
address  signals  Ao  and  A1  .  The  decoder  502B  will 
hereinafter  be  referred  to  as  the  pixel  decoder.  The 

50  H-logic  signals  output  from  the  pixel  decoder  502B 
are  applied  to  the  OR  gate  groups  502D,  502E, 
502F  and  502G,  respectively.  In  other  words,  the 
OR  gates  OR1  to  OR*  of  each  of  the  OR  gate 
groups  502D  to  502G  are  connected  together  at 

55  one  input  terminal  and  the  output  terminals  Qo  to 
Q3  of  the  pixel  decoder  502D  are  connected  to  the 
thus  connected  input  terminals  of  the  OR  gate 
groups,  respectively. 

4 
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In  the  plane  mode  the  decoder  502C  is  sup- 
plied  at  its  enable  terminal  EN  with  the  H-logic 
mode  select  signal  PLN  from  the  mode  selector 
503  and,  in  this  state,  sequentially  provides  at  the 
output  terminals  Qo  to  Q3  H-logic  signals  cor- 
responding  to  the  values  of  the  address  signals  Ao 
and  A1.  The  decoder  502C  will  hereinafter  be  re- 
ferred  to  as  the  plane  decoder.  The  corresponding 
OR  gates  of  the  OR  gate  groups  502D  to  502G  are 
connected  together  at  another  input  terminal  and 
the  output  terminals  Qo  to  Q3  of  the  plane  decoder 
502C  are  connected  to  thus  interconnected  input 
terminals,  respectively. 

The  OR  gates  of  the  OR  gate  groups  502D  to 
502G  are  all  connected  together  at  yet  another 
input  terminal,  and  in  the  block  mode  the  H-logic 
mode  select  signal  BLK  is  applied  from  the  mode 
selector  503  to  the  input  terminals  thus  intercon- 
nected. 

With  such  an  arrangement,  the  pixel  decoder 
502B  is  enabled  in  the  pixel  mode  and  provides  H- 
logic  signals  at  the  output  terminals  Qo  to  Q3  in 
accordance  with  the  values  of  the  signals  A0  and 
A1  of  the  low-order  two  bits  of  the  address  signal 
which  is  applied  to  the  input  terminal.  Assume  that 
the  address  signals  Ao  and  A1  vary  step  by  step  in 
the  order  of  "0,  0",  "1,  0",  "0,  1",  "1,  1",  "0,  0", 
"1,  0"  When  the  address  signals  Ao  and  A1  are 
"0,  0",  the  pixel  decoder  502B  yields  an  H-logic 
signal  at  the  output  terminal  Qo  and  applies  it  to  all 
the  OR  gates  OR1  to  OR*  of  the  OR  gate  group 
502D,  and  consequently,  these-  OR  gate  ORi  to 
OR*  all  output  H-logic  signals,  selecting  memory 
chips  401  to  404. 

When  the  address  signals  Ao  and  A1  step  to 
"1,  0",  the  pixel  decoder  502B  provides  an  H-logic 
signal  via  the  output  terminal  Q1  to  the  OR  gates 
OR1  to  OR*  of  the  OR  gate  group  502E.  As  a 
result  of  this,  the  memory  chips  405  to  408  are 
selected.  When  the  address  signals  A0  and  A1  step 
to  "0,  1",  the  pixel  decoder  502B  applies  an  H- 
logic  signal  via  the  output  terminal  Q2  to  the  OR 
gates  OR1  to  OR*  of  the  OR  gate  group  502F,  from 
which  H-logic  signals  are  provided  to  the  chip 
select  terminals  CS  of  the  memory  chips  409  to 
412  to  select  them.  When  the  address  signals  step 
to  "1,  1",  the  pixel  decoder  502B  applies  an  H- 
logic  signal  via  the  output  terminal  Q3  to  the  OR 
gates  OR1  to  OR*  of  the  OR  gate  group  502G,  and 
consequently,  the  memory  chips  412  to  416  are 
selected. 

Thus,  in  the  pixel  mode,  a  memory  space  of  a 
four-by-four  bit  plane  is  selected  by  signals  of  the 
high-order  bits  of  the  address  signal.  In  the  thus 
selected  memory  space,  single  pixel  information 
PIX  (Fig.  2)  is  selected  by  the  signals  Ao  and  A1  of 
the  low-order  two  bits  of  the  address  signal,  and 
pixel  information  is  written  into  and  read  out  of  a 

block. 
In  the  plane  mode,  the  memory  chips  401  to 

416  are  selected  four  by  four  in  the  direction  of 
plane  when  the  signals  Ao  and  A1  of  the  low-order 

5  two  bits  step  to  "0,  0",  "1,  0",  "0,  1",  "1,  1" 
That  is,  when  the  signals  Ao  and  A1  are  "0,  0",  the 
plane  decoder  502C  outputs  an  H-logic  signal  at  its 
output  terminal  QO.  The  H-logic  signal  is  applied  to 
the  first  OR  gates  OR1  of  the  OR  gate  groups 

;o  502D,  502E,  502F  and  502G.  As  a  result  of  this, 
the  first  OR  gates  OR1  of  the  OR  gate  groups 
502D  to  502G  provide  H-logic  chip  select  signals  to 
the  chip  select  terminals  CS  of  the  memory  chips 
401,  405,  409  and  413,  and  consequently,  these 

76  memory  chips  are  accessed. 
When  the  signals  Ao  and  A1  step  to  "1,  0",  the 

plane  decoder  502C  provides  an  H-logic  signal  at 
its  output  terminal  Q1  .  The  H-logic  signal  is  applied 
to  the  second  OR  gates  OR2  of  the  OR  gate 

20  groups  502D  to  502G,  from  which  H-logic  chip 
select  signals  are  applied  to  the  chip  select  termi- 

.  nals  CS  of  the  memory  chips  402,  406,  410  and 
414,  and  consequently,  these  memory  chips  are 
accessed.  When  the  signals  Ao  and  A1  step  to  "0, 

25  1",  the  plane  decoder  502C  provides  an  H-logic 
signal  at  its  output  terminal  Q2,  which  is  applied  to 
the  third  OR  gates  OR3  of  the  OR  gate  groups 
502D  to  502G,  from  which  H-logic  chip  select  sig- 
nals  are  applied  to  the  chip  select  terminals  CS  of 

30  the  memory  chips  403,  407,  411  and  415,  and 
consequently,  these  memory  chips  are  accessed. 

When  the  signals  Ao  and  Ai  step  to  "1,  1",  the 
plane  decoder  502C  provides  an  H-logic  signal  at 
its  output  terminal  Q3.  The  H-logic  signal  is  applied 

35  via  the  fourth  OR  gates  OR*  of  the  OR  gate  groups 
502D  to  502G  to  the  chip  select  terminals  CS  of 
the  memory  chips  404,  408,  412  and  416,  and 
consequently,  these  memory  chips  are  accessed. 
Thus,  in  the  plane  mode  the  memory  chips  are 

40  accessed  in  groups  of  four  chips,  i.e.  (401,  405, 
409,  413),  (402,  406,  410,  414),  (403,  407,  411, 

@>  415)  and  (404,  408,  412,  416),  and  the  plane  in- 
formation  PLN  (Fig.  2)  can  be  written  and  read  out 
in  groups  of  4  bits. 

45  When  the  block  mode  select  signal  BLK  is 
provided  from  the  mode  selector  503,  this  H-logic 
signal  is  applied  to  all  of  the  OR  gates.  In  this  case, 
the  memory  chips  401  to  416  are  ail  accessed  at 
one  time. 

50  The  arrangement  of  the  chip  selector  502  and 
its  mode  select  operation  can  be  understood  from 
the  above  description. 

Next,  the  write  formatter  501  will  be  described 
with  reference  to  Fig.  6,  which  shows  only  the 

55  circuit  arrangements  necessary  for  the  pixel  and 
plane  modes.  As  is  the  case  with  the  chip  selector 
502,  the  write  formatter  501  also  has  four  OR  gate 
groups  501  D,  501  E,  501  F  and  501  G,  to  which  data 
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Do  to  D3  are  provided  from  AND  gate  groups  501  A 
ind  501  B. 

in  the  pixel  mode,  the  AND  gate  group  501  A  is 
;ontrolled  by  the  mode  signal  PIX  to  provide  the 
lata  Do  to  D3  to  OR  gates  OR1  to  OR3  of  the  OR  5 
gate  groups  501  D  to  501  G.  That  is  to  say,  the  AND 
gate  group  501  A  provides  the  data  Do  to  the  first 
3R  gates  OR1,  the  data  D1  to  the  second  OR 
gates  OR2,  the  data  D2  to  the  third  OR  gates  OR3 
and  the  data  D3  to  the  fourth  OR  gates  OR*  of  the  ro 
DR  gate  groups  501  D  to  501  G.  In  this  way,  the 
data  Eo  to  D3  are  written  into  the  memory  chips 
selected  by  the  chip  selector  502.  The  direction  in 
which  this  data  is  written  is  a  pixel  direction. 

In  the  plane  mode,  the  AND  gate  group  501  B  75 
s  enabled  by  the  mode  signal  PLN  and  provides 
data  Do  to  the  OR  gates  OR1  to  OR*  of  the  first 
DR  gate  group  501  D,  data  D1  to  the  OR  gates  OR1 
to  OR*  of  the  second  OR  gate  group  501  E,  data  D2 
to  the  OR  gates  OR1  to  OR*  of  the  third  gate  group  20 
501  F  and  data  D3  to  the  OR  gates  OR1  to  OR*  of 
the  fourth  gate  group  501  G.  In  this  way,  any  one  of 
the  single  color  data  D0,  D1,  D2  and  D3  is  written 
into  a  set  of  memory  chips  selected  by  the  chip 
selector  502,  that  is,  any  one  of  the  memory  chip  25 
groups  401  to  404,  405  to  408,  409  to  412  and  413 
to  416.  The  direction  in  which  the  above  data  is 
written  is  a  plane  direction. 

The  memory  access  operation  in  the  pixel  and 
plane  modes  will  be  understood  from  the  above  30 
description.  Next,  the  arrangement  of  the  write  for- 
matter  501  for  operation  in  the  block  mode  will  be 
described. 

For  operation  in  the  block  mode,  as  shown  in 
Fig.  7,  the  write  formatter  501  is  provided  with  two  35 
registers  501  L  and  501  M  and  four  multiplexers 
501  H,  5011,  501J  and  501  K.  The  registers  501  L 
and  501  M  have  preset  therein  4-bit  data  through 
the  data  bus  D-BUS.  Data  D0  to  D3  are  applied  to 
control  terminals  S  of  the  multiplexers  501  H  to  j o  
501  L,  respectively.  When  the  data  supplied  to  the  @ 
control  terminal  S  is  H-logic,  each  multiplexer  se- 
lects  and  outputs  the  4-bit  data  stored  in  the  regis- 
ter  501  L.  When  the  data  supplied  to  the  control 
terminal  S  is  L-logic,  each  multiplexer  selects  and  45 
outputs  the  4-bit  data  stored  in  the  register  501  M. 

The  4-bit  data  from  the  multiplexer  501  H  is 
provided  to  the  OR  gates  OR1  to  OR*  of  the  OR 
gate  group  501  D,  from  which  it  is  provided  to  data 
input  terminals  DS1,  DS2,  DS3  and  DS*  of  the  so 
memory  chips  401,  402,  403  and  404.  The  4-bit 
data  from  the  multiplexer  501  1  is  applied  to  the  OR 
gates  OR1  to  OR*  of  the  OR  gate  group  501  E, 
from  which  it  is  provided  to  data  input  terminals 
DS5,  DSs,  DS7  and  DSs  of  the  memory  chips  405,  55 
406,  407  and  408.  When  the  4-bit  data  from  the 
multiplexer  501J  is  applied  to  the  OR  gates  OR1  to 
OR*  of  the  OR  gate  group  501  F,  from  which  it  is 

jrovided  to  data  input  terminals  Dbs,  ubio,  ubn  
ind  DS12  of  the  memory  chips  409,  410,  411  and 
H2.  The  4-bit  data  from  the  multiplexer  501  K  is 
jrovided  to  the  OR  gates  OR1  to  OR*  of  the  OR 
gate  group  501  G,  from  which  it  is  provided  to  data 
nput  terminals  DS13,  DSu,  DS15  and  DSis. 

The  data  which  is  stored  in  the  registers  501  L 
jnd  501  M  is  supplied  via  the  data  bus  D-BUS  from 
he  pattern  generator  100  shown  in  Fig.  3.  That  is 
:o  say,  there  are  provided  also  in  the  memory 
jnder  test  200  facilities  corresponding  to  the  regis- 
:ers  501  L  and  501  M  and  the  multiplexers  501  H  to 
501  K,  and  in  the  block  mode  the  data  stored  in  one 
Df  the  two  registers  is  written  in  the  memory  chips 
n  accordance  with  the  logical  values  of  the  data  D0 
:o  D3.  Consequently,  by  selecting  and  writing  the 
data  stored  in  one  of  the  two  registers  501  L  and 
501  M  in  accordance  with  the  logical  values  of  the 
data  Do  to  D3  also  in  the  buffer  memory  400,  the 
same  data  as  in  the  memory  under  test  200  can  be 
written  in  all  of  the  16  memory  cells  401  to  416.  By 
reading  the  written  data,  expected  value  data  in  the 
block  mode  can  be  obtained. 

Turning  next  to  Fig.  8,  the  read  formatter  504 
will  be  described.  The  read  formatter  504  can  be 
formed  by,  for  instance,  a  pixel  data  extracting 
section  504A,  a  plane  data  extracting  section  504B, 
a  block  data  extracting  section  504C,  a  setting 
register  504D  and  a  multiplexer  504E. 

The  pixel  data  extracting  section  504A  can  be 
formed  by,  for  example,  four  OR  gates  OR1  to 
OR*.  The  OR  gate  OR1  extracts  signals  read  out  of 
the  memory  chips  401,  405,  409  and  413.  The  OR 
gate  OR2  extracts  signals  read  out  of  the  memory 
chips  402,  406,  410  and  414.  The  OR  gate  OR3 
extracts  signals  read  out  of  the  memory  chips  403, 
407,  411  and  415.  The  OR  gate  OR*  extracts 
signals  read  out  of  the  memory  chips  404,  408, 
412  and  416. 

With  such  an  arrangement,  when  the  memory 
chips  401  to  404,  405  to  408,  409  to  412  and  413 
to  418  are  sequentially  selected  in  the  pixel  mode 
by  the  chip  selector  502  depicted  in  Fig.  5,  pixel 
data  of  four  bits  (RDo,  RD1,  RD2,  RD3)  is  sequen- 
tially  output  from  the  pixel  data  extracting  section 
504A  in  Fig.  8.  This  pixel  data  is  supplied  to  one 
input  terminal  A  of  the  multiplexer  504E. 

The  plane  data  extracting  section  504B  can 
also  be  formed  by  four  OR  gates  OR1  to  OR*.  The 
OR  gate  OR1  extracts  signals  read  out  of  the 
memory  chips  401  ,  402,  403  and  404.  The  OR  gate 
OR2  extracts  signals  read  out  of  the  memory  chips 
405,  406,  407  and  408.  The  OR  gate  OR3  extract 
signals  read  out  of  the  memory  chips  409,  410, 
411  and  412.  The  OR  gate  OR*  extracts  signals 
read  out  of  the  memory  chips  413,  414,  415  and 
416. 

With  such  an  arrangement,  when  the  memory 
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chips  are  sequentially  selected,  by  the  chip  selec- 
tor  502  depicted  in  Fig.  5,  in  the  order  of  401  ,  405, 
409,  413  -  402,  406,  410,  414  -  403,  407,  411,  415 
-  404,  408,  412,  416,  4-bit  (RD0,  RDi,  RD2,  RD3) 
plane  data  is  sequentially  output  from  the  plane 
data  extracting  section  in  Fig.  8.  This  plane  data  is 
supplied  to  an  input  terminal  B  of  the  multiplexer 
504E. 

In  the  block  data  extracting  section  504C  de- 
scribed  below,  the  read  outputs  of  the  memory 
chips  401  to  416  are  each  compared  with  a  value 
preset  in  the  setting  register  504D,  and  in  accor- 
dance  with  their  agreement  or  disagreement,  the 
logical  values  of  the  data  Do  to  D3  are  determined, 
and  this  logical  output  is  provided  as  block  data  to 
an  input  terminal  C  of  the  multiplexer  504E. 

Referring  now  to  Fig.  9,  the  arrangement  and 
operation  of  the  block  data  extracting  section  504C 
will  be  described.  The  block  data  extracting  section 
504C  has  four  exclusive  OR  circuit  groups  EOR1  , 
EOR2,  EOR3  and  EOR*  so  as  to  perform  the  same 
operation  as  that  of  the  memory  under  test  200  in 
the  block  mode.  The  exclusive  OR  circuit  groups 
EOR1  to  EOR*  are  each  made  up  of  four  exclusive 
OR  circuits  EXO1,  EX02,  EXO3  and  EXO*  for  com- 
paring  read  outputs  Doo  to  D33  of  the  memory 
chips  401  to  41  6  and  set  values  Co  to  C3  stored  in 
the  setting  register  504D,  and  NOR  circuits  NOR1  , 
NOR2,  NOR3  and  NOR*  for  obtaining  NOR's  of  the 
four  exclusive  OR  circuits  EXO1,  EXO2,  EXO3  and 
EXO*. 

In  the  block  mode  all  the  memory  chips  401  to 
416  are  selected  as  shown  in  Fig.  5.  Consequently, 
for  example,  when  the  data  Doo  to  Do3  read  out  of 
the  memory  chips  401  to  404  and  the  set  values 
Co  to  C3  stored  in  the  setting  register  504D  agree 
with  each  other,  the  output  signal  Ro  of  the  first 
exclusive  OR  circuit  group  EOR1  goes  to  a  "1", 
and  when  even  one  piece  of  the  data  disagrees, 
the  output  signal  Ro  goes  to  a  "0".  The  other 
exclusive  OR  circuit  groups  EOR2,  EOR3  and 
EOR*  also  operate  in  the  same  manner  as  men- 
tioned  above  and  yield  output  signals  R1,  R2  and 
R3,  respectively.  The  output  signals  Ro  to  R3  are 
applied  to  the  input  terminal  C  of  the  'multiplexer 
504E,  wherein  in  the  block  mode  they  are  selected 
and  provided  as  expected  value  data  to  the  logical 
comparator  300. 

Fig.  10  illustrates  an  embodiment  for  furnishing 
the  buffer  memory  400  with  a  mask  function.  Refer- 
ence  numeral  505  indicates  a  multiplexer,  through 
which  mask  data  provided  via  either  one  of  the 
address  bus  A-BUS  and  the  data  bus  D-BUS  is 
passed  on  to  a  mask  register  506.  That  is,  the 
mask  data  is  sent  over  the  address  bus  or  data  bus 
depending  on  the  standard  of  the  memory  under 
test  200.  The  mask  data  thus  sent  via  the  address 
bus  or  data  bus  is  loaded  in  the  mask  register  506. 

According  to  the  standard  of  the  memory  un- 
der  test  200  it  is  determined  whether  to  use  the 
mask  data  sent  via  the  address  bus  A-BUS  or  the 
mask  data  stored  in  the  mask  register  506.  A 

5  multiplexer  507  is  provided  for  this  selection.  The 
mask  data  selected  by  the  multiplexer  507  and  the 
mask  data  stored  in  the  mask  register  506  are 
provided  to  a  mask  formatter  508.  The  mask  for- 
matter  508  defines  the  bit  positions  to  be  masked 

10  according  to  the  modes  and  selectively  enables 
and  disables  AND  gates  509A  to  509P,  placing 
them  in  masked  and  unmasked  states.  In  accor- 
dance  with  the  enabled  and  disabled  states  of  the 
AND  gates  509A  to  509P  a  write  command  signal 

75  from  the  pattern  generator  100  passes  through  the 
respective  gates  and  are  applied  to  write  enable 
terminals  WE  of  the  respective  chips  of  the  buffer 
memory  400,  placing  them  into  a  write  or  masked 
state. 

20  Fig.  11  illustrates  the  internal  structure  of  the 
mask  formatter  508.  Its  input  terminal  508A  is  sup- 
plied  with  mask  data  M0,  Mi,  M2  and  M3  selected 
by  the  multiplexer  507,  and  an  input  terminal  508B 
is  supplied  with  mask  data  MRo,  MR1,  MR2  and 

25  MR3  stored  in  the  mask  register  506.  The  mask 
data.  Mo  to  M3  applied  to  the  input  terminal  508A 
are  input  into  an  AND  gate  group  508I.  The  mask 
data  MRo  to  MR3  applied  to  the  input  terminal 
508B  are  ORed  with  the  mask  data  M0  to  M3  in  OR 

30  gates  508D,  and  their  outputs  are  applied  to  an 
input  terminal  B  of  a  multiplexer  508C.  In  the  pixel 
mode  the  multiplexer  508C  selects  the  input  termi- 
nal  B  and  supplies  NOR  gates  NOR1  to  NOR*  of 
OR  gate  groups  508E,  508F,  508G  and  508H  with 

35  data  Do,  D1,  D2  and  D3  obtained  by  ORing  the 
mask  data  provided  to  the  input  terminals  508A 
and  508B.  In  other  words,  data  Do  of  4-bit  data  Do 
to  D3  is  provided  to  first  NOR  gates  NOR1  of  the 
NOR  gate  groups  508E  to  508H,  data  D1  to  second 

40  NOR  gates  NOR2  of  the  NOR  gate  groups  508E  to 
508H,  data  D2  to  third  NOR  gates  NOR3  of  the 
NOR  gate  groups  508E  to  508H,  and  data  D3  to 
fourth  NOR  gates  NOR*  of  the  NOR  gate  groups 
508E  to  508H. 

45  In  the  plane  and  block  modes  the  multiplexer 
508C  selects  an  input  terminal  A  and  provides  the 
mask  data  MRo  to  MR3,  applied  to  the  input  termi- 
nal  508E,  to  the  NOR  gate  groups  508E  to  508H. 
At  the  same  time,  the  mask  data  Mo  to  M3  are 

so  provided  to  four  AND  gates  AN1,  AN2,  AN3  and 
AN*  which  form  the  AND  gate  group  508I.  In  the 
plane  and  block  modes  the  AND  gates  AN1  to  AN* 
are  enabled,  permitting  the  passage  therethrough 
of  the  mask  data  Mo  to  M3  . 

55  The  output  of  the  AND  gate  AN1  is  applied  to 
all  the  NOR  gates  NOR1  to  NOR*  of  the  NOR  gate 
group  508E.  The  output  of  the  AND  gate  AN2  is 
applied  to  all  the  NOR  gates  NOR1  to  NOR*  of  the 
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NOR  gate  group  508F.  The  output  of  the  AND  gate 
AN3  is  applied  to  all  the  NOR  gates  of  the  NOR 
gate  group  508G.  The  output  of  the  AND  gate  AN* 
is  applied  to  all  the  NOR  gates  NORi  to  NOR*  of 
the  NOR  gate  group  508H. 

Thus,  in  the  plane  and  block  modes,  the  input 
mask  data  Mo  to  M3  provided  from  the  AND  gate 
group  508I  and  the  mask  data  MRo  to  MR3  stored 
in  the  mask  register  506  and  provided  through  the 
multiplexer  508C  are  NORed  by  the  NOR  gates 
NORi  to  NOR*,  thereby  ensuring  normal  masking 
in  the  plane  and  block  modes. 

In  the  pixel  mode,  assuming  that  the  data  Mo 
in  the  input  mask  data  Mo  to  M3  and  the  data  MR2 
in  the  mask  data  MRo  to  MR3  stored  in  the  mask 
register  506  are  set  to  the  H-logic  and  specified  for 
masking  as  shown  in  Fig.  12A,  corresponding  por- 
tions  of  these  mask  data  are  ORed  in  the  OR  gate 
group  508D,  and  as  a  result,  the  output  Do  and  D2 
of  the  multiplexer  508C  go  H-logic  and  the  NOR 
gates  NORi  and  NOR3  of  the  NOR  gate  groups 
508E  to  508H  yield  H-logic  data,  by  which  the  AND 
gates  509A,  509C,  509E,  509G,  509I,  509M  and 
509O  are  disabled.  In  consequence,  the  memory 
chips  401,  405,  409,  413  and  403,  407,  411,  415 
are  masked  as  indicated  by  hatching  in  Fig.  12B, 
and  inhibited  from  re-writing  data. 

In  the  plane  and  block  modes,  the  mask  data 
MRoto  MR3  are  provided  from  the  multiplexer  508C 
and  the  input  mask  data  Mo  to  M3  are  provided 
from  the  AND  gate  group  508I.  These  mask  data 
Mo  to  M3  and  MRo  to  MR3  are  NORed  in  the  NOR 
gate  groups  508E  to  508H. 

Now,  let  it  be  assumed  that  the  data  Mo  in  the 
input  mask  data  Mo  to  M3  and  the  data  MR2  in  the 
mask  data  MRoto  MR3  are  set  to  the  H-logic  and 
specified  for  masking  as  shown  in  Fig.  13A.  In  this 
case,  L-logic  signals  are  output  from  all  the  NOR 
gates  NORi  to  NOR*  of  the  NOR  gate  group  508E 
and  the  NOR  gates  NOR3  of  the  NOR  gate  groups 
508E  to  508H.  The  L-logic  signals  disable  the  AND 
gates  509A  to  509D,  509G,  509K  and  509O,  and 
consequently,  the  memory  chips  401,  402,  403, 
404  and  407,  41  1  ,  41  5  are  masked  as  indicated  by 
hatching  in  Fig.  13B  and  are  inhibited  from  re- 
writing  data.  As  evident  from  Figs.  1  3A  and  1  3B, 
masking  in  the  plane  and  block  modes  can  be 
achieved  by  a  common  circuit  arrangement. 

Fig.  14  illustrates  another  embodiment  of  the 
present  invention,  in  which  a  logical  operation  sec- 
tion  600  is  provided  between  the  data  input  termi- 
nal  Df  of  the  buffer  memory  400  and  the  write 
formatter  501.  Data  from  the  pattern  generator  100 
is  input  via  the  write  formatter  501  into  one  input 
terminal  of  the  logical  operation  section  600,  which 
is  supplied  at  the  other  input  terminal  with  read-out 
data  of  the  buffer  memory  400.  The  results  of 
operation  are  written  into  the  buffer  memory  400. 

The  memory  under  test  200  and  the  buffer  mem- 
ory  400  are  supplied  with  the  same  address  signal 
from  the  pattern  generator  100  via  the  address  bus 
A-BUS.  The  data  created  by  the  pattern  generator 

5  100  is  provided  via  the  data  bus  D-BUS  to  the 
memory  under  test  200  and  the  logical  operation 
section  600. 

That  portion  contained  in  the  address  signal 
provided  on  the  address  bus  A-BUS  which  sets  the 

10  operation  mode  of  a  logical  operation  section  built 
in  the  memory  under  test  200  is  also  provided  as 
operation  mode  setting  data  to  the  logical  operation 
section  600.  Consequently,  exactly  the  same  op- 
eration  as  that  for  a  data  write  in  the  memory  under 

75  test  200  is  performed  in  the  logical  operation  sec- 
tion  600,  and  the  results  of  operation  are  written 
into  the  buffer  memory  400.  It  is  controlled  by  a 
signal  OP  from  a  control  signal  generator  109 
whether  or  not  the  operation  is  performed  in  the 

20  logical  operation  section  600. 
By  such  an  operation  the  contents  of  the  mem- 

ory  under  test  200  and  the  contents  of  the  buffer 
memory  400  are  always  in  agreement  with  each 
other.  It  is  therefore  possible  whether  the  memory 

25  under  test  200  is  good  or  bad  by  accessing  the 
memory  200  and  the  buffer  memory  400  by  the 
same  address  and  comparing  their  read-out  data  in 
the  logical  comparator  300.  Incidentally,  the  load 
command  LC  for  loading  the  mode  select  code  SC 

30  into  the  mode  selector  503  from  the  data  bus  D- 
BUS  is  also  created  by  the  control  signal  generator 
1  09,  though  not  described  in  the  above. 

Next,  a  description  will  be  given,  with  reference 
to  Fig.  15,  of  an  example  of  testing  a  memory 

35  provided  with  the  random  access  port  and  the 
serial  access  port. 

In  Fig.  15,  a  two-input  multiplexer  700  is  con- 
nected  in  series  with  the  address  input  terminal  A 
of  the  buffer  memory  400  and  a  counter  701  is 

40  connected  to  one  input  of  the  multiplexer  700.  The 
counter  701  has  a  function  of  loading  an  address 
created  by  the  pattern  generator  100  and  a  function 
of  incrementing  (by  one),  decrementing  (by  one) 
and  holding  the  value  of  the  counter  701.  The 

45  multiplexer  700  selects  whether  the  address  to  be 
applied  to  the  buffer  memory  400  is  the  address 
produced  by  the  pattern  generator  100  or  the  count 
value  of  the  counter  701  ! 

The  counter  701  is  controlled  by  a  counter 
50  control  signal  CC  which  is  produced  by  the  control 

signal  generator  109  of  the  pattern  generator  100. 
The  switching  of  the  multiplexer  700  is  also  con- 
trolled  by  a  multiplexer  control  signal  MC  which  is 
generated  by  the  control  signal  generator  109. 

55  In  the  memory  equipped  with  the  random  ac- 
cess  port  and  the  serial  access  port,  its  SAM 
(Serial  Access  Memory)  section  is  accessed  by  a 
pointer.  The  initialization  of  the  point  is  performed 
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using  an  address  which  is  provided  from  outside, 
and  the  initial  value  is  set  in  the  counter  701  . 

The  address  and  data  from  the  pattern  gener- 
ator  100  are  provided  to  a  RAM  (Random  Access 
Memory)  section  of  the  memory  under  test  200, 
and.  at  the  same  time,  the  address  is  provided  via 
the  multiplexer  700  to  the  buffer  memory  400  to 
access  it  for  writing  therein  the  data.  Thereafter 
data  in  the  RAM  section  of  the  memory  under  test 
200  is  transferred  to  the  SAM  section  and  the 
pointer  of  the  SAM  section  of  the  memory  under 
test  200  is  initialized  using  an  address  signal  from 
the  pattern  generator  100.  At  the  same  time,  the 
counter  701  is  initialized  by  the  same  address 
signal  and  the  buffer  memory  400  is  accessed  and 
read  by  the  counter  701  .  Then  the  data  read  out  of 
the  SAM  section  of  the  memory  under  test  200  in 
synchronization  with  the  readout  of  the  buffer 
memory  400  and  the  read-out  data  from  the  latter 
are  subjected  to  logical  comparison.  Thus,  the 
memory  under  test  200  can  be  tested. 

As  described  above,  according  to  the  present 
invention,  the  buffer  memory  400  is  made  up  of  the 
plurality  of  memory  chips  401  to  41  6,  which  can  be 
accessed  by  the  chip  selector  502  for  write  and 
read  in  each  of  the  pixel,  plane  and  block  modes. 
This  enables  the  buffer  memory  400  to  perform  the 
write/read  operation  equivalent  to  that  of  the  mem- 
ory  under  test  200.  For  example,  data  written  in  the 
pixel  mode  can  be  read  out  in  the  plane  or  block 
mode  in  accordance  with  the  mode  in  the  memory 
under  test  200.  Similarly,  it  is  possible  to  write  data 
in  the  plane  mode  and  read  it  out  in  the  pixel  or 
block  mode  and  to  write  data  and  read  it  out  in  the 
block  mode.  Thus,  the  buffer  memory  400  can  be 
enabled  to  perform  an  operation  equivalent  to  that 
of  the  memory  under  test  200,  and  consequently, 
expected  value  data  of  the  memory  under  test  200 
can  be  obtained.  By  using,  as  the  chips  401  to  416, 
nondefective  memory  chips  higher  in  operation 
speed  than  the  memory  under  test  200,  data  writ- 
ten  in  the  memory  200  can  be  obtained  from  the 
buffer  memory  400  faster  than  the  read  output  of 
the  memory  200.  The  data  thus  read  out  of  the 
buffer  memory  400  can  therefore  be  used  as  ex- 
pected  value  data,  and  error-free  expected  value 
data  can  easily  be  obtained  regardless  of  the  mode 
of  operation  of  the  memory  under  test  200. 

According  to  the  present  invention,  memories 
with  logical  operation  functions  can  also  be  tested. 
This  does  not  call  for  a  complicated  program  for 
the  expected  value  generating  section  of  the  pat- 
tern  generator  100,  and  hence  affords  reduction  of 
manufacturing  costs  of  the  memory  testing  device. 
Further,  memory  with  random  and  serial  access 
ports  can  also  be  tested. 

While  in  the  above  the  number  of  bits  of  data 
in  the  pixel  and  plane  modes  has  been  described 

to  be  four,  it  will  be  understood  that  the  present 
invention  is  not  limited  specifically  to  this  number 
of  bits. 

It  will  be  apparent  that  many  modifications  and 
5  variations  may  be  effected  without  departing  from 

the  scope  of  the  novel  concepts  of  the  present 
invention. 

70  Claims 

1  .  A  memory  testing  device  for  testing  a  mem- 
ory  capable  of  effecting  a  write  and  a  read  in  a 
pixel  mode,  a  plane  mode  and  a  block  mode, 

75  comprising: 
pattern  generating  means  for  generating  an  ad- 
dress  and  data  for  supply  to  the  memory  under 
test; 
buffer  memory  means  which,  letting  the  number  of 

20  bits  to  be  written  in  and  read  out  of  each  address 
of  the  memory  under  test  be  represented  by  W, 
has  W2  memory  chips  which  define  a  matrix  with 
W  row  and  W  columns; 
mode  select  means  which  generates  a  mode  select 

25  signal  for  selecting  and  specifying  the  same  mode 
as  that  in  each  of  a  write  and  a  read  used  in  the 
memory  under  test; 
chip  select  means  responsive  to  the  mode  select 
signal  to  select  the  memory  chips  so  that  data  is 

so  written  in  the  buffer  memory  means  in  the  same 
mode  as  in  the  memory  under  test  and  read  out  in 
the  same  mode  as  in  the  memory  under  test; 
write  format  means  responsive  to  the  mode  select 
signal  from  the  mode  select  means,  whereby  the 

35  same  data  as  in  the  memory  under  test  is  written  in 
the  buffer  memory  means  in  the  same  mode  as  in 
the  memory  under  test; 
read  format  means  responsive  to  the  mode  select 
signal,  for  reading  the  buffer  memory  means  in  the 

40  same  mode  as  in  the  memory  under  test;  and 
logical  comparison  means  which  receives,  as  ex- 
pected  value  data,  the  data  output  from  the  read 
format  means  and  compares  it  with  data  read  out 
of  the  memory  under  test. 

45  2.  The  memory  testing  device  of  claim  1,  fur- 
ther  comprising  mask  means,  for  inhibiting  an  ar- 
bitrary  bit  of  data  to  be  written  in  the  buffer  mem- 
ory  means  in  the  mode  selected  by  the  mode 
select  means. 

50  3.  The  memory  testing  device  of  claim  1  or  2, 
wherein  the  write  format  means  includes  logical 
operation  means  for  performing  a  logical  operation 
for  each  bit  of  input  data  from  the  pattern  generat- 
ing  means  and  writing  the  results  of  operation  in 

55  the  buffer  memory  means. 
4.  The  memory  testing  device  of  claim  1  or  2, 

further  comprising  counter  means  for  presetting  an 
arbitrary  address  provided  from  the  pattern  gen- 
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erating  means  and  incrementing  or  decrementing 
the  preset  address,  and  multiplexer  means  where- 
by  an  address  generated  by  the  pattern  generating 
means  and  the  contents  of  the  counter  means  are 
selectively  provided  as  an  address  to  the  buffer 
memory  means. 

5.  The  memory  testing  device  of  claim  1  or  2, 
wherein  the  number  of  bits,  W,  of  the  data  is  W  = 
2m,  m  being  an  integer  •  greater  than  unity,  and 
wherein  the  chip  select  means  includes  decode 
means  which  is  enabled  by  the  mode  select  signal 
from  the  mode  select  and  decodes  low-order  m 
bits  of  the  address  from  the  pattern  generating 
means,  and  a  plurality  of  OR  gate  groups  which 
responds  to  the  decoded  output  of  the  decode 
means  to  apply  chip  select  signals  to  predeter- 
mined  rows  of  the  W  x  W  memory  chips  in  the 
pixel  mode  and  to  predetermined  columns  of  the 
memory  chips  in  the  plane  mode. 

6.  The  memory  testing  device  of  claim  1  or  2, 
wherein  the  write  format  means  includes:  a  plurality 
of  OR  gate  groups  which,  in  the  pixel  mode,  pro- 
vide  the  same  W-bit  data  from  the  pattern  generat- 
ing  means  to  data  input  terminals  of  the  W  mem- 
ory  chips  of  each  row  and,  in  the  plane  mode, 
provide  the  said  same  data  to  data  input  terminals 
of  the  W  memory  chips  of  each  column,  first  and 
second  registers  for  presetting  first  and  second 
block  data  of  W  bits  which  are  provided  from  the 
pattern  generating  means  in  the  block  mode;  and 
W  multiplexer  means  which  are  supplied  with  the 
outputs  of  the  first  and  second  registers  and  selec- 
tively  output  one  of  them  in  accordance  with  the 
logical  value  of  each  bit  of  the  W  bit  data  provided 
from  the  pattern  generating  means,  the  outputs  of 
the  multiplexer  means  being  provided  via  the  OR 
gate  groups  to  data  input  terminals  of  the  memory 
chips  of  the  corresponding  rows. 

7.  The  memory  testing  device  of  claim  1  or  2, 
wherein  the  read  format  means  includes:  a  first  OR 
gate  group  which  outputs  the  OR  of  data  read  out 
of  the  W  data  memory  chips  of  each  columns  in 
the  pixel  mode;  a  second  OR  gate  group  which 
outputs  the  OR  of  data  read  out  of  the  W  memory 
chips  of  each  row  in  the  plane  mode;  and  mul- 
tiplexer  means  which  selectively  outputs,  as  the 
expected  value  data,  the  output  of  either  one  of  the 
first  and  second  OR  gate  groups  in  accordance 
with  the  mode  select  signal  from  the  mode  select 
means. 

8.  The  memory  testing  device  of  claim  7, 
wherein  the  read  format  means  further  includes  a 
register  for  setting  W-bit  data  from  the  pattern 
generating  means,  and  an  agreement  detecting  cir- 
cuit  group  which  compares  the  W-bit  data  set  in 
the  register  and  W-bit  data  read  out  of  the  memory 
chips  of  each  row  and,  when  the  corresponding 
bits  are  all  in  agreement,  outputs  the  logic  of  either 

one  of  them,  the  output  of  the  agreement  detecting 
circuit  group  being  applied  to  the  multiplexer 
means,  and  wherein  the  multiplexer  means  selec- 
tively  outputs,  as  the  expected  value  data,  the 

5  output  of  one  of  the  first  and  second  OR  gate 
groups  and  the  agreement  detecting  circuit  group 
in  accordance  with  the  mode  select  signal  from  the 
mode  select  means. 

9.  The  memory  testing  means  of  claim  2, 
10  wherein  the  mask  means  includes:  mask  register 

means  for  storing  fixed  mask  data  supplied  in 
advance  from  the  pattern  generating  means;  mul- 
tiplexer  means  for  selecting  either  one  of  the  fixed 
mask  data  of  the  mask  register  and  a  mask  pattern 

75  provided  from  the  pattern  generating  means;  and 
mask  format  means  whereby,  in  the  pixel  mode, 
the  OR  of.  the  output  of  the  multiplexer  means  and 
the  mask  pattern  from  the  generating  means  is 
provided  to  write  enable  terminals  of  the  memory 

20  chips  of  each  row  and,  in  the  plane  mode  and  the 
block  mode,  the  output  of  the  multiplexer  means  is 
applied  to  the  write  enable  terminals  of  the  mem- 
ory  chips  and  the  mask  pattern  from  the  pattern 
generating  means  is  provided  to  the  write  enable 

25  terminals  of  the  memory  chips  of  each  row. 
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