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Description 

BACKGROUND  OF  THE  INVENTION 

The  invention  relates  to  an  electronic  system  of  5 
the  type  defined  in  the  precharacterizing  part  of  claim 
1  .  This  system  is  used  to  provide  a  video  display  sys- 
tem  using  a  bit-mapped  memory  system  for  the  video 
data. 

An  electronic  system  of  this  type  is  disclosed  in  10 
US-A-4,326,202.  This  system  includes  an  image 
processing  memory  unit  incorporated  into  a  universal 
image  processing  device  and  an  address  switching 
control  circuit  connected  thereto,  wherein  an  address 
data  for  display  and  an  address  data  fed  from  an  ex-  15 
ternal  input-output  device  are  periodically  selected  by 
an  address  switching  control  circuit  for  supply  to  the 
image  processing  memory  unit,  so  that  the  memory 
unit  may  be  accessed  by  an  external  input-output  de- 
vice  without  intercepting  the  display  with  reduced  20 
data  transfer  time. 

Video  displays  are  used  with  a  wide  variety  of  mi- 
crocomputer-based  systems,  such  as  word  proces- 
sors,  home  computers,  business  computers  and  ter- 
minals,  and  the  like.  The  data  displayed  on  the  video  25 
screen  in  a  typical  implementation  of  such  system  is 
read  from  a  video  memory  which  is  bit-mapped,  i.e., 
contains  a  one-for-one  correspondance  between  the 
data  bits  stored  in  the  memory  array  and  the  visable 
dots  (called  pixels)  on  the  screen.  The  memory  must  30 
be  quite  large,  particularly  for  color  video,  and  the  ac- 
cess  rate  for  video  data  must  be  quite  high,  20  MHz 
or  higher.  Further,  the  microcomputer  must  be  able  to 
access  the  memory  for  update  during  a  substantial 
fraction  of  the  available  time,  making  the  operating  35 
speed  of  the  memory  more  critical.  The  speed  re- 
quirements  might  be  met  by  bipolar  or  static  MOS 
RAMs,  but  these  are  expensive  and  the  bit  density  is 
low,  adding  to  volume,  complexity  and  cost  of  the  sys- 
tem.  40 

Memory  devices  of  the  N-channel  silicon-gate 
MOS  type  employing  one-transistor  dynamic  cells 
provide  the  smallest  cell  sizes,  the  highest  bit  density 
and  lowest  cost,  and  are  thus  the  most  widely  used  in 
computers  and  digital  equipment.  The  extremely  high  45 
volume  of  manufacture  of  such  devices  has  resulted 
in  a  continuing  reduction  in  cost  according  to  "learn- 
ing  curve"  theory,  and  this  trend  will  continue  as  vol- 
ume  increases.  In  addition,  improvements  in  line  re- 
solution  and  other  process  factors  have  made  possi-  50 
ble  increases  in  bit  density  during  the  last  ten  years 
from  1K  through  4K  and  16K  to  64K  bits  for  devices 
now  in  volume  production,  with  256K-bit  and  1-Meg- 
abit  devices  being  designed.  The  MOS  dynamic  RAM 
has  a  relatively  slow  access  time,  however,  compared  55 
to  bipolar  or  static  MOS  RAMs,  and  in  a  given  produc- 
tion  run  the  faster  dynamic  RAMs  are  usually  of  lower 
yield  and  thus  the  most  expensive. 

Dynamic  RAM  devices  with  serial  ports  are  dis- 
closed  in  U.S.  Patents  4,347,587,  issued  to  G.R.  Mo- 
han  Rao,  4,281,401  and  4,330,852,  issued  to  Donald 
J.  Redwine  Lionel  S.  White  and  G.R.  Mohan  Rao,  and 
4,322,635  and  4,321,695  issued  to  Donald  J.  Red- 
wine,  all  assigned  to  Texas  Instruments.  These  devic- 
es  are  similar  in  structure  to  the  widely  used  64K-bit 
"by  1"  dynamic  RAM  devices  as  described  in  U.S.  Pa- 
tent  4,239,993,  but  a  256-bit  serial  shift  register  is 
added  for  serial  I/O. 

It  is  the  principal  object  of  this  invention  to  provide 
a  dual-port  semiconductor  memory  arangement  for 
use  in  a  system  such  as  a  video  display  by  employing 
the  same  basic  design  of  a  widely-used  MOS  dynamic 
RAM,  with  additional  sequential  serial  access  capa- 
bility  to  meet  the  high  bit  rate  performance  required 
by  high  resolution  color  video  displays  while  also  re- 
taining  the  traditional  parallel  random  access  capabil- 
ity  without  performance  loss,  still  retaining  the  eco- 
nomics  of  large  scale  manufacture  and  taking  advan- 
tage  of  the  design  improvements  of  the  MOS  DRAM. 
Another  object  is  to  provide  this  improved  serial/par- 
allel  type  of  access  in  memory  devices  which  are  of 
lower  cost  and  susceptible  to  volume  production,  es- 
pecially  for  applications  such  as  video  display  sys- 
tems. 

SUMMARY  OF  THE  INVENTION 

In  accordance  with  the  invention,  the  electronic 
system  mentioned  above  includes  the  features  of  the 
characterizing  part  of  claim  1. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  novel  features  believed  characteristic  of  the 
invention  are  set  forth  in  the  appended  claims.  The  in- 
vention  itself,  however,  as  well  as  other  features  and 
advantages  thereof,  will  be  best  understood  by  refer- 
ence  to  the  detailed  description  which  follows,  read  in 
conjuction  with  the  accompanying  drawings,  wherein: 

Figure  1  is  an  electrical  diagram  in  block  form  of 
a  video  display  system. 
Figure  2  is  an  electrical  diagram  in  block  form  of 
a  semiconductor  memory  device  which  uses  the 
parallel  and  serial  access  features,  for  use  in  the 
system  of  Figure  1  ; 
Figures  3a-3q  are  graphic  representations  of  vol- 
tage  vs.  time  or  other  conditions  vs.  time  existing 
for  various  parts  of  the  device  of  Figure  2; 
Figure  4  is  an  electrical  schematic  diagram  of  the 
cell  array  in  the  device  of  Figure  2; 
Figure  5  is  an  electrical  diagram  in  block  form  of 
a  microcomputer  device  which  may  be  used  in  the 
system  of  Figure  1  . 
Figure  6  is  an  electrical  diagram  in  block  form  of 
a  video  display  system  corresponding  to  Fig.  1; 
Figure  7  is  an  electrical  diagram  in  block  form  of 
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a  video  display  system  corresponding  to  Fig.  1 
according  to  the  invention;  and 
Figure  8  is  an  electrical  diagram  in  block  form  of 
a  video  display  memory  corresponding  to  Fig.  2 
according  to  another  embodiment  of  the  invne- 
tion  . 

DETAILED  DESCRIPTION  OF  SPECIFIC 
EMBODIMENT 

In  the  following  description  the  portions  relating 
to  Fig.  1  through  Fig.  6  contain  general  explanations 
intended  to  facilitate  the  understanding  of  problem, 
object  and  solution  aimed  at  by  the  invention  as 
claimed. 

Referring  to  Fig.  1  a  video  display  system  is 
shown  which  employs  the  dual-port  bit-mapped  mem- 
ory  arrangement.  A  video  display  1  of  the  convention- 
al  raster-scanned  CRT  type  is  employed,  and  a  video 
signal  input  2  to  this  display  consists  of  bit-serial  data 
at  a  rate  of  about  20  MHz  or  more.  The  standard  TV 
signal  provides  60  frames  per  second,  interlaced,  at 
512  lines  per  frame,  and  each  line  may  be  thought  of 
as  containing  several  hundred  dots  or  pixels;  the 
product  of  these  numbers  is  in  the  order  of  20  MHz. 

For  a  black  and  white  picture,  each  dot  can  be  de- 
fined  byfrom  one  bit  for  simple  white  or  black  display, 
up  to  perhaps  four  bits  for  sixteen  shades  of  gray.  Col- 
or  may  require  three  or  four  streams  or  planes  of  data 
and  will  require  at  least  one  byte  (8-bits)  per  pixel  for 
even  a  relatively  simple  display.  The  horizontal  and 
vertical  scanning  and  synchronizing  circuitry  3  and 
video  signal  shaping  circuitry  4  are  not  part  of  this  in- 
vention  and  will  not  be  discussed,  but  it  is  assumed 
that  a  complete  TV  monitor  or  receiver  as  needed  is 
associated  with  the  display  1  .  The  video  data  on  input 
2  is  received  from  a  bit-mapped  video  memory  5  as 
will  be  described,  and  this  memory  is  assumed  to 
have  one  bit  for  each  corresponding  bit  on  the  video 
screen  1  for  the  simple  case  of  a  two  level  black  and 
white  TV  display.  The  memory  5  has  a  "parallel"  port 
6  in  addition  to  the  serial  port  2,  and  this  port  6  is  cou- 
pled  to  a  multiplexed  address/data  input/output  bus  7 
of  a  micocomputer  (or  microprocessor)  8.  The  mem- 
ory  5  receives  addresses  on  the  bus  7  to  define  the 
address  for  the  serial  port  2  and  also  to  define  ad- 
dresses  for  writing  into  the  memory  (or  reading  from 
the  memory)  via  the  parallel  port  6.  A  control  bus  9 
coupling  the  microcomputer  8  to  the  memory  5  pro- 
vides  the  basic  clock  frequency  <P  which  clocks  the 
serial  video  data  out  on  the  line  2,  as  well  as  memory 
controls  such  as  Address  Latch,  RAS,  CAS,  Serial 
Select,  Write  Enable,  etc.,  as  may  be  required,  de- 
pending  upon  the  characteristics  of  the  memory  de- 
vice  and  microcomputer. 

The  memory  5  includes  a  memory  array  1  0  com- 
posed  of  rows  and  columns  of  memory  cells,  parti- 
tioned  according  to  the  size  and  type  of  video  display 

1  and  the  chosen  memory  type.  That  is,  a  standard 
two-level  black  and  white  TV  raster  requires  about 
5  1  2x5  1  2  or  256K-bits  of  memory  per  complete  frame, 
so  if  64K  memory  devices  are  used  then  four  are  re- 

5  quired  to  make  up  the  memory  5.  These  four  may  al- 
ternate  in  feeding  256-bit  blocks  serially  onto  the  line 
2,  or  other  formats  as  may  be  appropriate.  A  black  & 
white  display  having  less  resolution  may  employ  only 
one  64K  memory  array,  providing  256x256  pixels. 

10  One  example  of  a  memory  device  5  which  may  be 
used  in  the  system  of  Fig.  1  is  shown  in  Fig.  2.  This 
is  a  64K-bit  MOS  dynamic  read/write  memory  using 
one-transistor  cells,  as  shown  in  U.S.  Patent 
4,239,993  issued  to  McAlexander,  White  and  Rao,  as- 

15  signed  to  Texas  Instruments,  but  with  a  serial  register 
added,  and  the  random  access  portion  is  byte  wide  in 
this  example  to  accomodate  a  typical  8-bit  mirocom- 
puter  8. 

As  setforth  below,  if  the  memory  is  partitioned  so 
20  as  to  include  eight  chips,  for  example,  then  the  indi- 

vidual  devices  may  be  X1  ,  and  eight  of  these  connect- 
ed  in  parallel  for  access  by  the  microcomputer.  Other 
partitioning,  such  as  X4,  could  also  be  employed. 

The  memory  device  of  Fig.  2  is  typically  made  by 
25  an  N-channel,  self-aligned,  silicon  gate  double-level 

-polysilicon,  MOS  process,  with  all  of  the  device  being 
included  in  one  silicon  chip  of  about  1/30  of  a  square 
inch  in  size  which  usually  would  be  mounted  in  a  stan- 
dard  dual-in-line  package  having  twenty-four  pins  or 

30  terminals.  The  device  includes  in  this  example  an  ar- 
ray  split  into  two  halves  10a  and  10b  of  32,768  cells 
each,  in  a  regular  pattern  of  256  rows  and  256  col- 
umns.  Of  the  256  rows  orX  lines,  there  are  128  in  the 
array  half  1  0a  and  1  28  in  the  half  1  0b.  The  256  column 

35  or  Y  lines  are  each  split  in  half  with  one  half  being  in 
each  of  the  halves  10a  and  10b.  There  are  256  sense 
amplifiers  11  in  the  center  of  the  array;  these  are  dif- 
ferential  type  bistable  circuits  made  according  to  the 
invention  disclosed  and  claimed  in  said  Patent 

40  4,239,993,  or  in  U.S.  Patent  4,081,701,  issued  to 
White,  McAdams  and  Redwine,  also  assigned  to 
Texas  Instruments.  Each  sense  amplifier  is  connect- 
ed  in  the  center  of  a  column  line,  so  128  memory  cells 
are  connected  to  each  side  of  each  sense  amplifier  by 

45  a  column  line  half.  The  chip  requires  only  a  single  5V 
supply  Vdd,  along  with  a  ground  terminal  Vss. 

A  row  or  X  address  decoder  12,  split  into  two 
halves,  is  connected  by  sixteen  lines  13  to  eight  ad- 
dress  buffers  or  latches  14.  The  buffers  14  are  made 

so  according  to  the  invention  disclosed  in  U.S.  Patent 
4,288,706  issued  to  Reese,  White  and  McAlexander, 
assigned  to  Texas  Instruments.  An  eight-bit  X  ad- 
dress  is  applied  to  inputs  of  the  address  buffers  14  by 
eight  address  input  terminals  15.  The  X  decoder  12 

55  functions  to  select  one  of  the  256  row  lines  as  defined 
by  an  eight  bit  address  on  the  input  terminals  15  re- 
ceived  via  bus  7  from  the  microcomputer  8. 

A  column  address  is  also  received  on  the  input 
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pins  and  latched  into  column  address  latches  16.  For 
a  byte-wide  random-access  data  input/output,  only 
five  column  address  bits  are  needed,  although  the  mi- 
crocomputer  may  output  additional  column  address 
bits  to  select  among  several  chips;  these  are  taken 
care  of  by  chip-select  decoders  of  conventional  con- 
struction.  The  outputs  of  the  column  address  latches 
16  are  connected  by  lines  17  to  a  decoder  18  in  the 
center  of  the  array  which  selects  eight-of-256  col- 
umns  to  produce  a  byte  wide  input/output  on  eight 
lines  19.  Rows  of  dummy  cells  (not  shown)  are  includ- 
ed  on  each  side  of  the  sense  amplifiers  as  is  the  usual 
practice. 

As  thus  far  described,  the  memory  device  is  sim- 
ilar  to  a  standard  dynamic  RAM,  but  with  byte-wide  or 
other  such  parallel  access;  however,  according  to  the 
invention,  serial  input/output  is  provided  in  addition  to 
single-bit  or  byte-wide  random  access.  A256  bit  serial 
shift  register  20  split  into  two  identical  halves  20a  and 
20b  is  utilized,  with  the  halves  positioned  at  opposite 
sides  of  the  array  10.  The  shift  register  20  may  be 
loaded  from  the  column  lines  of  the  array  1  0  for  a  read 
cycle,  or  loaded  into  the  column  lines  for  write  (not 
needed  in  the  simplist  video  applications  as  in  Fig.  1), 
by  1  28  transfer  gates  2  1  a  on  one  side  or  a  li  ke  number 
of  gates  21  b  on  the  other  side.  Data  input  to  the  de- 
vice  for  serial  write  is  by  a  data-in  terminal  22  which 
is  connected  by  a  multiplex  circuit  23  to  inputs  24a 
and  24b  of  the  shift  register  halves.  Data  is  read  out 
serially  from  the  register  halves  20a  and  20b  by  lines 
25a  and  25b,  a  data-out  multiplex  circuit  26,  a  buffer, 
and  a  data-out  terminal  27.  The  shift  register  20a  and 
20b  is  operated  by  a  clock  ©which  is  used  to  shift  the 
bits  through  the  stages  of  the  register,  two  stages  for 
each  clock  cycle.  For  read  operations  it  takes  only  1  28 
cycles  of  the  clock  <P  to  output  256  bits  from  the  256 
bits  of  the  split  register  20a  and  20b.  Acontrol  <PT  ap- 
plied  to  the  gates  21a  and  21b  connects  the  256  bits 
of  the  shift  registerto  the  256  column  lines  in  the  array 
halves  10a  and  10b.  In  a  serial  write  operation,  the 
sense  amplifiers  1  1  are  operated  by  <Ps  occuring  after 
<PT  to  set  the  column  lines  at  a  full  logic  level,  after 
which  one  row  line  (selected  by  the  address  in  the 
latches  14)  is  actuated  by  Xw  and  the  data  forced  into 
the  memory  cells  of  this  row.  Aserial  read  cycle  starts 
with  an  address  on  the  input  15  which  is  decoded  to 
activate  one  of  the  256  X  or  row  address  lines  (and  a 
dummy  cell  on  the  opposite  side).  The  sense  amplifi- 
ers  1  1  are  then  actuated  by  a  <Ps  clock  to  force  the  col- 
umn  lines  to  a  full  logic  level,  and  then  the  transfer 
gates  21a  and  21b  actuated  by  <PT  to  move  the  256 
bits  from  the  selected  row  into  the  corresponding 
shift  register  halves  20a  and  20b.  The  shift  clock  <P 
is  then  applied  to  move  the  256  bits  onto  the  output 
pin  27  in  serial  format  via  the  multiplex  circuit  26,  at 
two  stages  per  clock  cycle  requiring  128  clock  <P  cy- 
cles.  The  output  pin  27  is  connected  to  the  video  input 
2  of  Fig.  1. 

The  X  address  must  appear  on  the  inputs  15 
when  a  row  address  strobe  RAS  seen  in  Figure  3a  is 
applied  to  a  control  input  28.  Acolumn  address  strobe 
CAS,  and  a  read/write  control  W  as  seen  in  Figure  3b 

5  are  other  controls  28  for  random  parallel  access  to  the 
device.  These  inputs  are  applied  to  clock  generator 
and  control  circuitry  30  which  generates  a  number  of 
clocks  and  control  signals  to  define  the  operation  of 
various  parts  of  the  device.  For  example,  when  RAS 

10  goes  low  as  seen  in  Figure  3a,  these  clocks  derived 
from  RAS  cause  the  buffers  14  to  accept  and  latch  the 
eight  bits  then  appearing  on  the  input  lines  15.  The 
row  address  must  be  valid  during  the  time  period 
shown  in  Figure  3c.  Serial  access  is  controlled  by  an 

15  SS  serial  select  command  on  input  29.  For  a  serial 
read  operation,  SS  goes  to  active-low  and  the  W  sig- 
nal  is  high  during  the  period  seen  in  Figure  3b,  and  the 
data  output  on  the  terminal  27  will  occur  during  the 
time  period  of  128  cycles  seen  in  Figure  3d.  Fora  ser- 

20  ial  write  operation,  the  SS  and  W  signal  must  be  ac- 
tive-low  as  seen  in  Figure  3b  and  the  data-in  bits  must 
be  valid  during  the  preceeding  time  period  of  128  cy- 
cles  seen  in  Figure  3e.  Refresh  occurs  every  time  a 
row  address  appears  on  the  inputs  16  and  RAS  goes 

25  low.  Thus,  during  the  128  cycles  when  the  shift  reg- 
ister  halves  20a  and  20b  are  be  read  out  through  data- 
out  pin  27,  refresh  can  be  occurring  by  loading  a  new 
row  address  into  the  chip  5  along  with  a  RAS  signal. 
The  shift  register  20a  and  20b  is  not  disturbed  so  long 

30  as  <PT  does  not  occur;  the  transfer  command  <PT  is 
controlled  by  SS.  Serial  data  can  be  shifted  into  the 
register  halves  20a  and  20b  while  data  is  being  shift- 
ed  out,  and  so  a  write  operation  can  begin  just  after 
a  read  operation  is  initiated;  although  not  needed  in 

35  the  system  of  Fig.  1  ,  this  feature  is  important  for  the 
other  embodiments. 

Parallel  access  occurs  as  illustrated  in  the  timing 
diagram  of  Figs.  3j-3q;  note  that  those  Figures  are  on 
an  expanded  time  scale  compared  to  Fig.  3a-3i.  The 

40  X  address  must  appeal  on  the  inputs  15  when  a  row 
address  strobe  signal  RAS  is  applied  to  an  input  28. 
Likewise,  the  Y  or  column  address  must  appear  dur- 
ing  a  column  address  strobe  signal  CAS  on  another 
input  28.  A  read/write  control  W  on  an  input  28  is  the 

45  other  control  signal  for  the  parallel  access.  When 
RAS  goes  low  as  seen  in  Figure  3j,  clocks  derived 
from  RAS  cause  the  buffers  14  to  accept  and  latch  the 
eight  TTL  level  bits  then  appearing  on  the  input  lines 
15.  When  CAS  goes  low  as  seen  in  Figure  3k  then 

so  clocks  generated  in  the  circuitry  30  cause  the  buffers 
16  to  latch  on  the  TTL  level  Y  address  signals  on  the 
inputs  15.  The  row  and  column  addresses  must  be 
valid  during  the  time  periods  shown  in  Figure  3m.  For 
a  read  cycle,  the  W  signal  on  input  29  must  be  high 

55  during  the  period  seen  in  Figure  3n,  and  the  output  on 
the  terminals  19  will  be  valid  during  the  time  seen  in 
Figure  30.  For  a  write-only  cycle,  the  W  signal  must 
be  low  as  seen  in  Figure  3p  and  the  data-in  bits  must 
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be  valid  on  terminals  1  9  during  the  time  seen  in  Figure 
3q. 

The  serial  access  via  terminals  22  and  27  and 
shift  register  20  is  usually  sequential  in  that  the  row 
address  is  incremented  by  one  following  each  access.  5 
The  video  data  is  a  continuous  stream  of  256-bit  serial 
blocks,  one  after  the  other,  so  the  next  address  for 
serial  access,  after  the  ©T  transfer  occurs,  will  al- 
ways  be  the  last  row  address  plus  one.  In  the  simplist 
embodiment,  the  microcomputer  8  sends  out  the  row  10 
addresses  for  serial  read,  so  an  address  counter  in 
the  microcomputer  will  be  incremented  after  each 
serial  read  is  commanded.  This  function  may  be  done 
on  the  chip  of  Fig.  2  as  will  be  explained.  In  contrast, 
the  parallel  access  via  terminals  19  is  random  rather  15 
than  sequential  and  addresses  must  be  generated  in 
the  microcomputer  8. 

In  Figure  4,  a  portion  of  the  cell  array  10  and  the 
associated  shift  register  stages  20a  and  20b  for  the 
device  of  Fig.  2  are  shown  in  schematic  form.  Four  of  20 
the  256  identical  sense  amplifiers  11  positioned  at  the 
center  of  the  array  are  shown  connected  to  the  four 
column  line  halves  38a  or  38b.  Connected  to  each  col- 
umn  line  half  38a  or  38b  are  128  one-transistor  cells 
each  having  a  storage  capacitor  40  and  a  transistor  25 
41.  The  cells  are  of  the  type  described  in  U.S.  Patent 
4,240,092  issued  to  C-K  Kuo,  assigned  to  Texas  In- 
struments,  or  U.S.  Patent  4,012,757.  Row  lines  43 
are  the  outputs  of  the  row  decoders  12  and  are  con- 
nected  to  the  gates  of  all  of  the  transistors  41  in  each  30 
row;  there  are  256  identical  row  lines  43  in  the  array. 
Also  connected  to  each  column  line  half  38a  or  38b 
are  dummy  cells  of  conventional  form,  not  shown. 
When  the  Xw  address  selects  one  of  the  lines  43  in 
the  array  half  1  0a  on  the  left,  the  associated  transistor  35 
41  is  turned  on  to  connect  the  capacitor  40  for  this  se- 
lected  cell  to  the  column  line  half  38a,  while  at  the 
same  time  a  dummy  cell  select  line  on  the  opposite 
side  is  activated,  connecting  a  dummy  capacitor  to 
the  column  line  half  38b.  40 

The  serial  I/O  register  20a  and  20b  is  composed 
of  shift  register  stages  50a  or  50b  positioned  on  op- 
posite  sides  of  the  cell  array.  The  input  51  of  each 
stage  is  connected  to  receive  the  output  52  of  the  next 
preceeding  stage,  in  the  usual  manner.  The  register  45 
is  operated  by  a  two  phase  clock  ©1,  ©2,  plus  delayed 
clocks  ©1d  and  ©2d,  which  are  derived  from  a  clock 
©  supplied  from  external  to  the  chip.  That  is,  the  clock 
©  is  used  to  generate  another  clock  in  phase  opposi- 
tion  then  each  of  these  is  used  to  generate  the  de-  50 
layed  clocks.  The  input  24a  or  24b  of  the  first  of  the 
stages  50a  or  50b  is  from  the  data-in  multiplex  circuit 
23,  and  the  output  from  the  last  of  the  stages  50a  and 
50b  goes  to  the  data-out  multiplex  circuit  26.  The 
transfer  gates  21a  or  21  b  consist  of  256  identical  tran-  55 
sistors  53  having  source-to-drain  paths  in  series  be- 
tween  the  column  line  halves  38a  or  38b  and  the  shift 
register  stages  50a  or  50b.  The  gates  of  the  transis- 

tors  53  are  connected  by  a  line  54  to  the  ©T  source. 
The  stages  50a  or  50b  of  the  shift  register  are  of 

the  four-phase  dynamic  ratioless  type,  with  improved 
noise  margin  and  speed  characterics,  as  disclosed  in 
U.S.  Patent  4,322,635  issued  to  Donald  J.  Redwine, 
assigned  to  Texas  Instruments.  This  type  of  shift  reg- 
ister  stage  uses  minimum  size  transistors  and  dissi- 
pates  low  power,  yet  can  be  clocked  at  a  high  rate. 
Each  register  stage  50a  or  50b  consists  of  first  and 
second  inverter  transistors  55  and  56  with  a  clocked 
load  transistor  57  or  58  for  each  inverter.  A  transfer 
transistor  59  or  60  couples  each  inverter  to  the  next. 
The  drains  of  loads  57  and  58  go  to  +Vdd,  and  the 
sources  of  inverter  transistors  55  and  56  are  connect- 
ed  to  ©1  or  ©2  on  lines  61  and  62. 

The  operation  of  one  stage  may  be  understood  by 
examining  the  circuit  conditions  at  each  of  four  dis- 
tinct  instants  in  time,  T1  through  T4  seen  in  Figures 
3f1  to  3f4.  At  time  T1,  ©1  and  ©1d  are  high  while  ©2 
and  ©2d  are  low;  this  is  an  unconditioned  precharge 
period  in  which  transistors  57  and  59  are  on  and 
nodes  63  and  64  are  charged  to  a  high  level.  During 
this  time  the  transistors  58  and  60  are  off,  implying 
that  the  voltage  on  the  nodes  51  and  52  may  be  either 
high  or  low  depending  upon  the  data  in  the  register. 
Since  ©2  is  low  and  node  64  is  being  precharged,  the 
transistor  56  will  be  turned  on;  discharging  node  66 
to  a  low  state  or  Vss  back  through  the  source  of  tran- 
sistor  56.  This  action  sets  up  a  favorable  charge  stor- 
age  condition  on  node  64  by  forcing  the  drain,  chan- 
nel,  and  source  of  transistor  56  to  a  low  state. 

At  time  T2,  ©1  goes  low,  ©1d  remains  high,  and 
it  is  during  this  time  that  nodes  63  and  64  may 
change;  they  may  remain  high  if  there  is  a  low  stored 
on  input  node  51  or  they  may  go  low  by  discharging 
through  transistor  55  to  Vss  (©1  being  low)  if  there  is 
a  high  stored  on  the  node  51.  In  either  case  the  com- 
plement  of  the  data  on  the  input  node  51  is  transmit- 
ted  to  the  node  64.  As  ©1d  goes  low,  we  enter  time 
T3  in  which  the  transistor  59  is  cut  off  and  the  voltage 
on  the  node  64  is  isolated;  all  clocks  are  low  and  the 
circuit  is  in  a  quiescent  condition. 

The  time  T4  initiates  an  unconditional  precharge 
time  for  the  second  half  of  the  stage,  similar  to  that 
occuring  during  T1  for  the  first  half,  with  the  final  re- 
sult  being  that  by  the  end  of  ©2d  the  data  has  been 
recomplemented  and  appears  on  the  output  node  52. 
A  one-bit  or  one-stage  delay  time  therefore  requires 
one  ©1,  ©1d  clock  pair  plus  one  ©2,  ©2d  clock  pair. 

The  shift  register  stages  are  connected  to  alter- 
nate  ones  of  the  column  lines  38a  or  38b  on  opposite 
sides  of  the  array  10.  The  advantage  of  this  split  ar- 
rangement  is  that  the  six  transistors  per  stage  may  be 
more  easily  laid  out  to  fit  between  the  two  alternate 
column  lines  rather  than  between  adjacent  column 
lines.  The  pitch  of  column  lines  in  a  dynamic  RAM  ar- 
ray  of  the  type  discussed  here  is  only  a  few  microns; 
a  greater  layout  area  for  the  six  transistors  of  a  shift 
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registerstage  is  obviously  available  in  twice  this  pitch. 
The  same  result  could  be  accomplished  by  plac- 

ing  both  halves  50a  and  50b  of  the  split  shift  register 
on  the  same  side  of  the  array,  but  laid  out  one  above 
the  other.  The  layout  of  Figures  1  or  3  with  all  even  bits 
on  one  side  and  all  odd  bits  on  the  other  side  of  the 
array  is  advantageous,  however,  because  of  the  bal- 
ance  for  optimum  operation  of  the  sense  amplifiers. 
Adynamic  RAM  employing  folded  bit  lines  as  illustrat- 
ed  in  Electronics,  March  24,  1982,  p.  134,  would  have 
the  shift  register  halves  on  the  same  side  of  the  array, 
but  connected  to  Alternate  Columns,  the  electrical 
equivalent  of  Fig.  4. 

A  dummy  transfer  transistor  53'  is  positioned  at 
the  end  of  each  column  line  when  not  used  on  that 
side  to  connect  to  a  shift  register  stage.  This  electri- 
cally  and  physically  balances  the  inputs  to  the  sense 
amplifiers  11  and  also  connects  to  a  dummy  capacitor 
67  which  functions  when  sensing  the  voltage  trans- 
ferred  from  the  register  20a,  20b.  When  the  ©T  signal 
appears  on  lines  54,  the  same  amount  of  noise  is  cou- 
pled  to  both  sides  of  the  column  line  38a  and  38b 
through  the  capacitance  of  the  transistors  53  or  53'  on 
each  side,  so  the  noise  pulse  is  in  effect  cancelled  out 
as  an  input  to  the  differential  sense  amplifiers;  for  bal- 
ance,  a  capacitance  67  like  the  dummy  capacitance 
(not  shown)  is  coupled  to  the  column  line  on  the  side 
opposite  the  stage  50a  or  50b  being  sensed. 

Aserial  data-in  multiplex  circuit  23  for  directing  al- 
ternate  bits  to  the  inputs  24a  or  24b  includes  a  pair 
of  transistors  70a  and  70b  which  have  gates  driven  by 
©1d  and  ©2d.  A  transistor  71  in  series  with  these  has 
the  serial  select  latched  SS  on  its  gate,  so  data  only 
goes  into  the  shift  register  of  the  selected  chip  or 
chips  in  a  multichip  memory  board.  Aserial  data  out- 
put  multiplex  circuit  26  includes  transistors  72a  and 
72b  having  ©1  or  ©2  on  their  drains  and  the  last  stage 
outputs  25a  or  25b  on  their  gates;  gated  capacitors 
73a  or  73b  couple  each  gate  to  its  respective  source. 
Transistors  74a  and  74b  short  the  output  of  one  to  Vss 
when  the  other  is  valid,  being  driven  by  ©1  and  ©2.  A 
NOR  gate  75,  produces  the  output  to  terminal  27. 

The  serial  data-in  or  data-out  rate  is  twice  the 
clock  rate  ©.  Only  128  cycles  are  needed  to  transfer 
in  or  transfer  out  256  ©  serial  bits  as  seen  in  Figs.  3d 
or  3e.  This  result  is  accomplished  due  to  the  fact  that 
the  shift  register  is  split.  Two  clocks  are  needed  to 
shift  a  bit  of  data  one  position,  so  if  all  256  stages 
were  in  series,  then  256  clock  cycles  would  be  need- 
ed.  A  part  of  this  type  can  be  clocked  at  about  1  0  MHz, 
for  example,  so  a  serial  data  rate  of  20  MHz  is  possi- 
ble. 

In  the  circuit  of  Fig.  4,  random  access  is  provided 
by  sets  of  eight  data  lines  70  and  eight  data  bar  lines 
71  postitioned  on  opposite  sides  of  the  sense  ampli- 
fiers  (only  four  of  each  are  shown).  The  column  lines 
38a,  38b  are  selectively  connected  to  the  data  and 
data  bar  lines  70,  71  by  Y-select  transistors  72  which 

have  the  Y  decoder  18  outputs  on  their  gates.  The  Y 
decoder  1  8  selects  eight  columns  (out  of  256)  and  ap- 
plies  a  logic-1  voltage  to  the  gates  of  eight  transistors 
72  on  the  side  of  data  lines  70  and  the  corresponding 

5  eight  transistors  72  on  the  side  of  the  data  lines  71, 
thus  coupling  the  selected  eight  column  lines  38a, 
38b  to  the  input/output  terminals  19  (through  suitable 
buffers,  of  course).  A  random-access  or  parallel  ac- 
cess  by  the  lines  70,  71  and  terminals  1  9  requires  only 

10  about  one  cycle  time,  compared  to  128  clock  ©  peri- 
ods  for  serial  access.  A  cycle  time  for  the  memory  is 
not  necessarily  the  same  as  the  ©  period.  For  exam- 
ple,  if  the  clock©  is  at  10  MHz,  its  period  is  100  nsec, 
whereas  the  parallel  read  access  time  may  be  150 

15  nsec. 
The  timing  of  the  ©T,  ©S  and  Xw  signals  is  dif- 

ferent  for  serial  read,  refresh  and  serial  write.  The  vol- 
tages  are  seen  in  Figures  3g,  3h  and  3i;  read  and  re- 
fresh  are  the  same  except  refresh  has  no  transfer 

20  command  ©T,  and  reversal  for  write  is  necessary  be- 
cause  of  the  reversed  sequence.  In  the  case  of  a  ser- 
ial  read  cycle  the  data  from  a  row  of  the  memory  ca- 
pacitors  40  is  transferred  through  a  row  of  transistors 
41  by  the  Xw  voltage  to  the  column  lines,  then  detect- 

25  ed  by  the  sense  amplifiers  11  at  ©S,  then  coupled 
through  the  transfer  gates  21a,  21b  at  ©T  to  the  shift 
register  20a,  20b.  The  opposite  sequence  must  occur 
for  the  serial  write  cycle  where  the  transfer  gates 
21a,21b  must  turn  on  first  at  ©T  as  the  data  in  the 

30  shift  register  is  transferred  to  the  column  lines  38b, 
then  data  is  sensed  at  ©S,  after  which  Xw  goes  high 
momentarily  to  turn  on  a  selected  row  of  transistors 
41  and  thus  load  the  data  state  of  the  serial  shift  reg- 
ister  into  the  selected  row  of  capacitors  40  in  the  cell 

35  array  10. 
The  proper  sequence  is  selected  by  sensing  the 

W  command  at  the  start  of  a  cycle,  just  as  an  address 
is  sensed,  and  employing  this  information  in  the  clock 
generators  30.  The  command  ©T,  generated  from  oc- 

40  currence  of  RAS  and  SS,  is  switched  in  timing  be- 
tween  early  or  late  compared  to  RAS  depending  upon 
whether  W  is  low  or  high,  as  seen  in  Figs.  3g-3i. 

Referring  to  Fig.  5,  a  microcomputer  which  may 
be  used  with  the  system  of  the  invention  may  include 

45  a  single-chip  microcomputer  device  8  of  conventional 
construction,  along  with  additional  off-chip  program 
ordata  memory  80  (if  needed),  and  various  peripheral 
input/output  devices  81,  all  interconnected  by  an  ad- 
dress/data  bus  7,  and  a  control  bus  9. 

so  A  single  bidirectional  multiplexed  address/data 
bus  7  is  shown,  but  instead  separate  address  and 
data  busses  may  be  used,  and  also  the  program  ad- 
dresses  and  data  or  I/O  addresses  may  be  separated 
on  the  external  busses;  the  microcomputer  may  be  of 

55  the  Von  Neumann  architecture,  or  of  the  Harvard  type 
or  a  combination  of  the  two. 

The  microcomputer  8  could  be  one  of  the  devices 
marketed  by  Texas  Instruments  under  the  part  num- 

6 



11 EP  0  374  127  B1 12 

ber  of  TMS  7000,  for  example,  or  one  of  the  devices 
commercially  available  under  part  numbers  Motorola 
6805,  Zilog  Z8  or  Intel  8051,  or  the  like.  These  devic- 
es,  while  varying  in  details  of  internal  construction, 
generally  include  an  on-chip  ROM  or  read-only  mem- 
ory  82  for  program  storage,  but  also  may  have  pro- 
gram  addresses  available  off-chip,  but  in  any  event 
have  off-chip  data  access  for  the  memory  5. 

Atypical  microcomputer  8  as  illustrated  may  con- 
tain  a  RAM  or  random  access  read/write  memory  83 
for  data  and  address  storage,  an  ALU  84  for  executing 
arithmetic  or  logic  operations,  and  an  internal  data 
and  program  bus  arrangement  85  for  transferring 
data  and  program  addresses  from  one  location  to  an- 
other  (usually  consists  of  several  separate  busses). 
Instructions  stored  in  the  ROM  82  are  loaded  one  at 
a  time  into  an  instruction  register  87  from  which  an  in- 
struction  is  decoded  in  control  circuitry  88  to  produce 
controls  89  to  define  the  microcomputer  operation. 
The  ROM  82  is  addressed  by  a  program  counter  90, 
which  may  be  self-incrementing  or  may  be  increment- 
ed  by  passing  its  contents  through  the  ALU  84.  A 
stack  91  is  included  to  store  the  contents  of  the  pro- 
gram  counter  upon  interrupt  or  subroutine.  The  ALU 
has  two  inputs  92  and  93,  one  of  which  has  one  or 
more  temporary  storage  registers  94  loaded  from  the 
data  bus  85.  An  accumulator  95  receives  the  ALU  out- 
put,  and  the  accumulator  output  is  connected  by  the 
bus  85  to  its  ultimate  destination  such  as  the  RAM  83 
or  a  data  input/output  register  and  buffer  96.  Inter- 
rupts  are  handled  by  an  interrupt  control  97  which  has 
one  or  more  off-chip  connections  via  the  control  bus 
9  for  interrupt  request,  interrupt  acknowledge,  inter- 
rupt  priority  code,  and  the  like,  depending  upon  the 
complexity  of  the  microcomputer  device  8  and  the 
system.  A  reset  input  may  also  be  treated  as  an  inter- 
rupt.  A  status  register  98  associated  with  the  ALU  84 
and  the  interrupt  control  97  is  included  for  temporarily 
storing  status  bits  such  as  zero,  carry,  overflow,  etc., 
from  ALU  operations;  upon  interrupt  the  status  bits 
are  saved  in  RAM  83  or  in  a  stack  forthis  purpose.  The 
memory  addresses  are  coupled  off-chip  through  the 
buffers  96  connected  to  the  external  bus  7;  depend- 
ing  upon  the  particular  system  and  its  complexity,  this 
path  may  be  employed  for  addressing  off-chip  data  or 
program  memory  80  and  I/O  81  in  addition  to  off-chip 
video  memory  5.  These  addresses  to  bus  7  may  orig- 
inate  in  RAM  83,  accumulator  95  or  instruction  regis- 
ter  87,  as  well  as  program  counter  90.  A  memory  con- 
trol  circuit  99  generates  (in  response  to  control  bits 
89),  or  responds  to,  the  commands  to  or  from  the  con- 
trol  bus  9  for  address  strobe,  memory  enable,  write 
enable,  hold,  chip  select,  etc.,  as  may  be  appropriate. 

In  operation,  the  microcomputer  device  8  exe- 
cutes  a  program  instruction  in  one  or  a  sequence  of 
machine  cycles  or  state  times.  A  machine  cycle  may 
be  200  nsec,  for  example,  for  a  5  MHz  clock  input  ap- 
plied  by  a  crystal  to  input  100  to  the  microcomputer 

chip.  So,  in  successive  machine  cycles  or  states,  the 
program  counter  90  is  incremented  to  produce  a  new 
address,  this  address  is  applied  to  the  ROM  82  to  pro- 
duce  an  output  to  the  instruction  register  87  which  is 

5  then  decoded  in  the  control  circuitry  88  to  generate 
a  sequence  of  sets  of  microcode  control  bits  89  to  im- 
plement  the  various  steps  needed  for  loading  the  bus 
85  and  the  various  registers  94,  95,  96,  98,  etc.  For 
example,  a  typical  ALU  arithmetic  or  logic  operation 

10  would  include  loading  addresses  (fields  of  the  in- 
struction  word)  from  instruction  register  87  via  bus  85 
to  addressing  circuitry  for  the  RAM  83  (this  may  in- 
clude  only  source  address  or  both  source  and  destin- 
ation  addresses),  and  transferring  the  addressed 

15  data  words  from  the  RAM  83  to  a  temporary  register 
94  and/or  to  the  input  92  of  the  ALU;  microcode  bits 
89  would  define  the  ALU  operation  as  one  of  the 
types  available  in  the  instruction  set,  such  as  add, 
subtract,  compare,  and,  or,  exclusive  or,  etc.  The  sta- 

20  tus  register  98  is  set  dependent  upon  the  data  and 
ALU  operation,  and  the  ALU  result  is  loaded  into  the 
accumulator  95.  As  another  example,  a  data  output  in- 
struction  may  include  transferring  a  RAM  address 
from  a  field  in  the  instruction  to  the  RAM  83  via  bus 

25  85,  transferring  this  addressed  data  from  the  RAM  83 
via  bus  85  to  the  output  buffer  96  and  thus  out  onto 
the  external  adress/data  bus  7;  certain  control  out- 
puts  are  produced  by  memory  control  99  on  lines  of 
the  control  bus  9  such  as  write  enable,  etc.  The  ad- 

30  dress  for  this  data  output  could  be  an  address  on  the 
bus  7  via  buffer  96  in  a  previous  cycle  where  it  is  latch- 
ed  in  the  memory  80  or  memory  5  by  an  address 
strobe  output  from  the  memory  control  99  to  the  con- 
trol  bus  9.  An  external  memory  controller  device  may 

35  be  used  to  generate  the  RAS  and  CAS  strobes.  Atwo- 
byte  address  for  the  memory  5  would  be  applied  to  the 
bus  7  in  two  machine  cycles  if  the  bus  7  is  8-bit,  or  in 
one  cycle  if  the  bus  is  16-bit. 

The  instruction  set  of  the  microcomputer  10  in- 
40  eludes  instructions  for  reading  from  or  writing  into  vid- 

eo  memory  5,  the  additional  memory  80  or  the  I/O 
ports  81  ,  with  the  internal  source  or  destination  being 
the  RAM  83,  program  counter  90,  temporary  registers 
94,  instruction  register  87,  etc.  In  a  microcoded  proc- 

45  essor  each  such  operation  involves  a  sequence  of 
states  during  which  addresses  and  data  are  transfer- 
red  on  internal  bus  85  and  external  bus  7.  Alternative- 
ly,  the  invention  may  use  a  microcomputer  8  of  the 
non-microcoded  type  in  which  an  instruction  is  exe- 

50  cuted  in  one  machine  state  time.  What  is  necessary 
in  selecting  the  microcomputer  8  is  that  the  data  and 
addresses,  and  various  memory  controls,  be  avail- 
able  off-chip,  and  that  the  data-handling  rate  be  ade- 
quate  to  generate  and  update  the  video  data  within 

55  the  time  constraints. 
The  video  memory  arrangement  as  described 

herein  is  described  in  terms  of  8-bit  data  paths  for  the 
bus  7,  although  it  is  understood  that  the  microcomput- 

7 
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er  system  and  the  memory  technique  is  useful  in  eith- 
er  8-bit  or  16-bit  systems,  or  other  architectures  such 
as  24-bit  or  32-bit.  One  utility  is  in  a  small  system  of 
the  type  having  8-bit  data  paths  and  12-bit  to  16-bit 
addressing,  in  which  no  external  memory  80  is  need- 
ed  and  the  peripheral  circuitry  81  consists  of  merely 
a  keyboard  or  like  interface,  plus  perhaps  a  disc 
drive.  A  bus  interface  chip  such  as  an  IEEE  488  type 
of  device  could  be  included  in  the  peripheral  circuitry 
81,  for  example. 

As  illustrated  in  Fig.  6,  the  video  memory  5  may 
be  configured  as  eight  x1  memory  devices  instead  of 
one  x8  device.  In  this  embodiment  eight  semiconduc- 
tor  chips  5  are  used,  all  eight  being  64Kx1  or  perhaps 
16Kx1,  each  with  serial  output  registers  as  before  in 
Fig.  2,  but  with  one  bit  wide  I/O  instead  of  eight  I/O 
lines  19.  For  a  full-color  TV  type  display  1,  using  8- 
bits  per  tri-color  dot,  a  memory  system  consisting  of 
four  banks  (eight  chips  per  bank)  of  64Kx1  memory 
devices  would  be  required.  Each  line  on  the  screen 
would  use  two  256-bit  registers,  clocked  out  one  fol- 
lowing  the  other,  for  each  of  eight  video  signal  input 
lines  2  (instead  of  only  one  video  data  input  2  as 
shown).  The  microprocessor  8  and  bus  7  would  ac- 
cess  the  8-bit  video  data  in  parallel  in  a  "x1  "  format  on 
each  chip  (instead  of  x8  as  seen  in  Fig.  2)  by  the  eight 
data  lines  6,  one  for  each  chip,  as  seen  in  Fig.  6.  The 
address  inputs  15  for  all  eight  chips  receive  the  same 
addresses  from  the  bus  7,  and  all  eight  chips  receive 
the  same  control  inputs  from  bus  9.  The  eight  serial 
outputs  27,  one  from  each  chip,  are  connected  to  re- 
spective  bits  of  an  eight-bit  shift  register  127.  The  ser- 
ial  clock©  is  divided  by  eight  before  application  to  the 
eight  chips  5;  the  clock  ©  applied  to  the  serial  register 
127  thus  shifts  out  eight  bits  onto  the  video  signal  in- 
put  line  2  and  then  another  eight  bits  are  loaded  in  to 
register  127  from  the  registers  20  on  the  individual 
chips.  Alternatively,  instead  of  using  the  auxiliary 
shift  register  127,  the  eight  outputs  27  can  be  con- 
nected  to  eight  parallel  video  signal  inputs  of  the  color 
TV. 

An  important  feature  of  the  invention  for  some 
systems  is  the  serial  data  input  22  of  Fig.  2.  The  serial 
input  may  be  video  data  from  a  receiver  or  a  video 
tape  playback  mechanism  1  05  shown  in  Fig.  7  supply- 
ing  a  continuous  serial  video  feed  on  line  106  to  the 
input  22  of  a  chip  as  in  Fig.  2.  This  incoming  video  data 
is  written  into  the  cell  array  1  0  from  the  serial  registers 
20a,  20b,  and  while  in  the  RAM  array  it  is  processed 
by  the  microcomputer  8  using  the  parallel  access  port 
1  9,  and  then  supplied  to  the  video  signal  line  2  via  the 
register  20a,  20b  and  the  terminal  27.  An  example  of 
one  use  of  this  arrangement  is  to  add  text  or  graphics 
via  the  microcomputer  on  top  of  video  supplied  from 
the  receiver  or  tape  1  05.  Another  example  would  be 
to  enhance  or  correct  the  video  from  receiver  or  tape 
1  05  by  writing  it  serially  into  the  array  1  0,  reading  the 
data  out  in  parallel  to  store  bytes  temporarily  in  the 

RAM  83  of  the  microcomputer,  performing  operations 
via  the  ALU  84,  then  writing  the  corrected  data  back 
into  the  array  10  via  bus  7,  from  whence  it  is  read  out 
serially  onto  the  video  signal  input  2.  The  advantage 

5  of  the  system  of  the  invention  in  this  regard  is  that  the 
register  20a,  20b  can  be  serially  loaded  at  the  same 
time  it  is  being  serially  read;  that  is,  data-in  and  data- 
out  overlap  as  seen  in  Figs.  3d  and  3e.  During  the  128 
clock  cycles  used  forserial-in  and  serial-out,  the  array 

10  10  can  also  be  accessed  in  parallel  by  microcomputer 
8  for  the  write-over,  update  or  correction  operation. 

Referring  to  Fig.  8,  the  semiconductor  chip  con- 
taining  the  array  10  may  also  include  a  row  address 
counter  108  which  generates  an  8-bit  1-of-256  row 

15  address  for  coupling  to  the  input  13  of  the  row  decod- 
ers  12  by  multiplex  circuitry  109,  so  the  row  decoder 
can  accept  an  address  from  either  the  address  input 
terminals  15  via  buffers  14  or  from  the  counter  108. 
This  counter  may  be  self-incrementing  so  that  a  count 

20  of  one  is  added  to  the  existing  count  whenever  an  in- 
put  Inc  is  received.  The  counter  108  may  function  as 
an  on-chip  refresh  address  generator  as  set  forth  in 
U.S.  Pats.  4,207,618  and  4,344,157,  issued  to  Lionel 
S.  White  &  G.R.  Mohan  Rao,  or  U.S.  Pat.  4,333,  167, 

25  issued  to  David  J.  McElroy,  all  assigned  to  Texas  In- 
struments.  A  column  address  is  not  needed  for  re- 
fresh;  a  row  address  Xw  followed  by  a  ©s  clock  func- 
tions  to  refresh  all  256  cells  in  the  addressed  row,  as 
discussed  in  reference  to  Figs.  3a,  3h,  and  3i.  When 

30  a  row  is  addressed  for  serial-read  or  serial-write,  this 
also  refreshes  the  data  in  this  row;  likewise,  a  parallel 
access  refreshes  a  row  upon  read  or  write.  Thus,  if 
the  video  data  is  being  sampled  via  serial  read  at  the 
usual  rates  needed  for  TV  scan  then  each  row  is  not 

35  addressed  within  the  4ms  refresh  period  (60 
frames/second  is  about  17  milliseconds  between 
sampling).  During  the  time  between  serial  reads,  the 
microcomputer  8  will  probably,  but  not  necessarily, 
access  all  rows  for  parallel  read  or  write  often  enough 

40  for  refresh.  Thus,  the  microcomputer  program  in  the 
ROM  82  could  include  a  counter  loop  to  send  out  an 
incremented  row  address  and  RAS  at  some  fixed  rate 
to  assure  that  the  refresh  address  specifications  are 
met.  However,  to  avoid  occupying  the  microcomputer 

45  program  execution  with  refresh  overhead,  the  em- 
bodiment  of  Fig.  8  employs  a  counter  108  to  provide 
the  address  on-chip,  and  the  microcomputer  need 
only  apply  the  RAS  control.  That  is,  upon  receipt  of 
RAS  and  no  CAS,  with  W  and  SS  high,  the  multiplex 

so  109  is  switched  to  apply  the  contents  of  the  counter 
1  08  to  the  row  decode  1  2,  and  ©S  is  activated,  to  re- 
fresh  a  row;  no  serial  or  parallel  data  in  or  out  is  ins- 
tated.  An  Inc  command  is  produced  to  increment  the 
counter  108  for  the  next  refresh.  Further,  as  another 

55  alternative  embodiment,  an  on-chip  refresh  signal 
may  be  generated  on-chip  from  a  timer  11  0,  as  in  U.S. 
Pat.  4,344,157,  for  example.  The  timer  110  produces 
a  refresh  command  at  least  once  every  (4  m 

8 
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sec.)x(1/256)=16  microsec.  This  refresh  command 
activates  multiplex  1  09,  <Ps  and  Inc  just  as  the  off-chip 
refresh  request  previously  discussed. 

The  serial  I/O  via  register  20,  in  most  uses  such 
as  video,  will  always  require  access  to  sequential 
rows.  Thus,  an  on-chip  8-bit  1-of-256  counter  111  may 
be  employed  as  seen  in  Fig.  8  to  avoid  the  necessity 
of  applying  a  row  address  from  the  microcomputer  8 
for  serial  access.  If  the  sampling  rate  is  high  enough, 
this  may  be  the  same  as  the  refresh  counter  108;  i.e., 
only  one  counter  is  needed  as  no  separate  provision 
for  refresh  is  necessary.  As  in  Fig.  8,  however,  the 
counter  111  produces  a  row  address  to  the  multiplex 
109  whenever  the  SS  command  occurs,  initiating  a 
serial  read  or  write  (depending  upon  W),  and  so  RAS 
and  CAS  are  used  only  for  parallel  access.  The  coun- 
ter  11  1  is  self-incrementing,  so  every  time  it  is  activat- 
ed  to  produce  an  address  to  multiplex  109,  it  is  also 
incremented  so  the  next  request  will  produce  the  next 
sequential  row. 

Another  feature  of  the  invention  is  that  the  shift 
clock  <P  may  be  generated  separate  from  the  micro- 
computer  8.  As  seen  in  Fig.  8,  a  clock  generator  113 
may  be  used  to  produce  the  shift  clock  <P,  and  this 
clock  divided  by  128  in  the  divider  114  to  produce  an 
input  115  to  the  row  address  counter  111  as  well  as 
an  input  to  the  clock  circuitry  30  to  initiate  a  serial  read 
after  every  1  28  ©  cycles.  The  <P  generator  113  and 
divide-by-128  circuit  114  may  be  off-chip  as  seen  in 
Fig.  8,  or  alternatively  on  the  chip  with  the  array  10. 
Note  that  serial  access  and  parallel  access  to  the  ar- 
ray  10  via  register  20  and  lines  19  may  be  asynchron- 
ous;  that  is,  the  <P  generator  113  need  not  be  syn- 
chronized  with  the  clock  of  the  microcomputer  8,  but 
instead  may  be  synched  with  the  video  display  1  of 
Fig.  1  orthe  video  signal  106  from  receiver  105  of  Fig. 
7. 

A  system  that  advantageously  utilizes  these  fea- 
tures  of  the  embodiment  of  Fig.  7  with  serial  input  is 
an  interactive  home  TV  adapted  for  games,  education 
use,  or  catalog  ordering,  as  examples.  That  is,  a  video 
background  is  fed  into  serial  input  22  from  cable  or 
VCR,  and  the  user  superimposes  his  input  via  micro- 
computer  8  (employing  a  keyboard,  joystick,  or  the 
like  coupled  via  I/O  81),  and  the  resulting  composite 
video  is  applied  to  the  screen  1  via  line  2.  This  same 
video  data,  or  alternatively  only  the  variable  added 
data,  may  be  retransmitted  via  cable  or  rf  to  the  orig- 
inator  for  applications  such  as  catalog  ordering,  bank- 
by-cable,  educational  test  scoring,  etc. 

The  concepts  of  the  invention  are  useful  in  com- 
munications  systems  other  than  video.  For  example, 
multiplexed  voice  (telephone)  or  digital  data  is  trans- 
mitted  serially  at  very  high  bit  rates  via  microwave  or 
fiberoptic  transmission  channels.  This  data  is  similar 
in  format  to  the  serial  video  data  in  line  2  or  line  106 
in  Fig.  7.  Accordingly,  the  memory  device  5  as  descri- 
bed  above  is  very  useful  in  processing  this  type  of 

data.  The  data  is  written  into  the  memory  5  from  the 
communications  link  by  the  serial,  sequentially-ad- 
dressed  (auto  incrementing)  port,  and/or  read  from 
the  memory  5  to  the  communications  link  by  this  port. 

5  That  is,  the  memory  5  to  and  microcomputer  8  can  be 
part  of  a  receiver,  a  transmitter,  a  relay  station,  or  a 
transciever.  Once  in  the  array  1  0  of  the  memory  5,  the 
data  is  accessed  in  parallel  in  random  fashion  by  the 
microcomputer  8  for  utilization  by  D-to-A  or  A-to-D 

10  converters  for  telephone  systems,  by  error  detection 
and  correction  algorithms,  demultiplexing  or  multi- 
plexing  various  channels,  station-select,  encrypting 
or  decoding,  conversion  to  formats  for  local  area  net- 
works,  and  the  like. 

15  Another  use  of  the  concepts  of  the  invention  is  in 
a  microcomputer  system  employing  a  magnetic  disc 
for  bulk  storage.  For  example,  the  so-called  Winches- 
ter  disc  provides  several  megabytes  of  storage  which 
is  accessed  serially  at  bit  rates  of  many  megabits/sec- 

20  ond,  similartothe  video  data  rates  of  Fig.  7.  Programs 
can  be  down-loaded  from  disc  to  memory  5  in  large 
blocks  of  64K-bytes  or  128K-byt.es,  then  the  micro- 
computer  executes  from  the  memory  5  until  a  given 
task  is  completed  or  interrupted.  The  contents  of 

25  memory  5  can  be  read  out  and  sent  to  the  disc  storage 
via  line  2  while  another  block  is  being  written  into 
memory  5  via  input  22. 

30  Claims 

1.  An  electronic  system  comprising: 
a  display  (1)  for  producing  an  image; 
a  source  (105)  of  data  from  which  an  im- 

35  age  can  be  formed; 
a  memory  (5)  arranged  for  both  parallel 

and  serial  access; 
said  parallel  access  being  arranged  for  ac- 

cess  by  a  processor  (8)  such  that  stored  data  may 
40  be  processed  and  such  that  processed  data  may 

be  stored; 
characterized  in  that  said  source  (105)  ap- 

plies  data  serially  to  said  memory  (5)  and  said 
display  (1)  receives  data  serially  from  said  mem- 

45  ory  (5),  said  serial  access  being  by  virtue  of  a  ser- 
ial  register  (20)  arrangement  of  said  memory  (5) 
such  that  said  data  from  said  source  (105)  may 
be  stored  into  said  memory  (5)  and  such  that  stor- 
ed  data  may  be  read  therefrom  to  enable  the  dis- 

50  play  (1  )  to  produce  the  image  in  correspondence 
therewith. 

2.  The  electronic  system  of  claim  1,  wherein  said 
microprocessor  (8)  adds  text  or  graphics  to  said 

55  source  (105)  of  serial  data  in  correspondence 
with  which  a  video  signal  can  be  made. 

3.  The  electronic  system  of  claim  1,  wherein  said 

9 
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source  (105)  of  serial  data  is  supplied  by  a  video 
receiver  or  video  tape  machine,  and  wherein  said 
processor  (8)  enhances  or  corrects  the  video 
from  said  video  receiver  or  tape  machine  prior  to 
display  on  said  display  (1). 

4.  The  electronic  system  according  to  any  of  claims 
1,  2  or  3,  characterized  in  that  said  said  memory 
(5)  includes  a  RAM. 

Patentanspruche 

1.  Elektronisches  System,  enthaltend: 
eine  Wiedergabevorrichtung  (1)  zum  Erzeugen 
eines  Bildes; 
eine  Quelle  (105)  von  Daten,  aus  denen  ein  Bild 
erzeugt  werden  kann; 
einen  Speicher  (5),  der  sowohl  fur  einen  paralle- 
len  als  auch  einen  seriellen  Zugriff  ausgebildet 
ist; 
wobei  der  parallele  Zugriff  fur  einen  Zugriff  durch 
einen  Prozessor  (8)  ausgebildet  ist,  so  dali  ge- 
speicherte  Daten  verarbeitet  und  die  verarbeite- 
ten  Daten  gespeichert  werden  konnen; 
dadurch  gekennzeichnet,  daft  die  Quelle  (105) 
Daten  seriell  an  den  Speicher  (5)  anlegt  und  die 
Wiedergabevorrichtung  (1)  Daten  seriell  ausdem 
Speicher  (5)  empfangt,  wobei  der  serielle  Zugriff 
mittels  einer  seriellen  Registeranordnung  (20) 
des  Speichers  (5)  so  erfolgt,  dali  die  Daten  aus 
der  Quelle  (5)  in  dem  Speicher  (5)  gespeichert 
werden  konnen  und  dali  die  gespeicherten  Daten 
aus  ihm  gelesen  werden  konnen,  urn  der  Widerg- 
abevorrichtung  (1)  zu  ermoglichen,  das  ihnen 
entsprechende  Bild  zu  erzeugen. 

2.  Elektronisches  System  nach  Anspruch  1  ,  bei  wel- 
chem  der  Mikroprozessor(8)  der  Quelle  (105)  der 
seriellen  Daten  Text-  oder  Graphikkomponenten 
hinzufugt,  entsprechend  denen  ein  Videosignal 
erzeugt  werden  kann. 

3.  Elektronisches  System  nach  Anspruch  1  ,  bei  wel- 
chem  die  Quelle  (5)  der  seriellen  Daten  von  ei- 
nem  Videoempfanger  oder  einer  Videobandma- 
schine  gespeist  wird  und  bei  welchem  der  Pro- 
zessor  (8)  das  Videosignal  aus  dem  Videoemp- 
fanger  oder  der  BandmaschinevorderWiederga- 
be  auf  der  Wiedergabevorrichtung  (1  )  verbessert 
oder  korrigiert. 

4.  Elektronisches  System  nach  einem  der  Anspru- 
che  1,  2  oder  3,  dadurch  gekennzeichnet,  dali 
der  Speicher  (5)  einen  RAM  enthalt. 

Revendications 

1.  Systeme  electronique  comprenant  : 
-  un  dispositif  d'affichage  (1)  pour  produire 

5  une  image; 
-  une  source  (105)  de  donnees  a  partir  des- 

quelles  une  image  peut  etre  formee; 
-  une  memoire  (5)  agencee  pour  un  acces  a 

la  fois  parallele  et  serie; 
10  -  ledit  acces  parallele  etant  agence  pour  un 

acces  par  un  processeur  (8)  de  maniere 
que  des  donnees  stockees  peuvent  etre 
traitees  et  de  maniere  que  des  donnees 
traitees  peuvent  etre  stockees; 

15  caracterise  en  ce  que  ladite  source  (105)  appli- 
que  des  donnees  de  maniere  serie  a  ladite  me- 
moire  (5)  etque  ledit  dispositif  d'affichage  (1)  re- 
goit  des  donnees  en  serie  a  partir  de  ladite  me- 
moire  (5),  ledit  acces  serie  etant  permis  par  un 

20  agencement  (20)  de  registre  en  serie  de  ladite 
memoire  (5)  de  telle  maniere  que  lesdites  don- 
nees  a  partir  de  ladite  source  (105)  peuvent  etre 
stockees  dans  ladite  memoire  (5)  et  de  telle  ma- 
niere  que  des  donnees  stockees  peuvent  etre 

25  lues  a  partir  de  celle-ci  pour  permettre  au  dispo- 
sitif  d'affichage  (1)  de  produire  I'image  en  corres- 
pondence  avec  celles-ci. 

2.  Systeme  electronique  selon  la  revendication  1, 
30  dans  lequel  ledit  microprocesseur  (8)  ajoute  du 

texte  et  des  graphiques  a  ladite  source  (105)  de 
donnees  en  serie  en  correspondance  avec  les- 
quels  un  signal  video  peut  etre  produit. 

35  3.  Systeme  electronique  selon  la  revendication  1, 
dans  lequel  ladite  source  (105)  de  donnees  serie 
estfournie  par  un  recepteur  video  ou  une  machi- 
ne  a  bande  video  et  dans  lequel  ledit  processeur 
(8)  ameliore  ou  corrige  la  video  a  partir  dudit  re- 

40  cepteur  video  ou  de  ladite  machine  a  bande  avant 
d'aff  icher  sur  ledit  dispositif  d'affichage  (1). 

4.  Systeme  electronique  selon  la  revendication  1  ,  2 
ou  3,  caracterise  en  ce  que  ladite  memoire  (5) 

45  comprend  une  RAM. 
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