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This  application  is  related  to  the  following  patent  applications: 

US  SERIAL  NO  TITLE  EP  APPLICATION  NO 

5  08/006745  Combination  Prefetch  Buffer  and  (our  reference  HRW/TT0138/BEP) 
Instruction  Cache 

08/006744  Data  Cache  Reloading  System  and  (our  reference  HRW/TT01  68/BEP) 
Method 

08/006731  Circuit  for  Delaying  Data  Latching  (our  reference  HRW/TT01  67/BEP) 
io  from  a  Precharged  Bus  and  Method 

Our  above  listed  European  Patent  applications  are  all  filed  on  the  same  date  as  this  application  and  are 
all  hereby  incorporated  herein  by  reference  as  if  reproduced  in  their  entirety  herein. 

The  present  invention  relates  generally  to  memories  employed  in  computer  systems,  such  as  methods 
for  accessing  data  stored  in  page-mode  memories  employed  in  such  systems. 

It  has  been  and  continues  to  be  desired  to  increase  the  operating  speed  of  computer  systems.  One 
approach  to  accomplish  this  has  been  to  increase  the  clock  frequency  of  the  central  processing  unit 
("CPU")  of  the  computer.  This  allows  a  greater  number  of  instructions  to  be  processed  per  unit  time. 
However,  this  approach  is  limited  if  the  access  time,  that  is,  the  amount  of  time  required  to  read  data  from 
memory,  is  not  correspondingly  shortened. 

One  technique  those  skilled  in  the  art  have  heretofore  developed  to  reduce  access  time  is  use  of  page- 
mode  memory.  In  this  technique,  memory  is  divided  into  a  number  of  pages,  each  of  which  consists  of  a 
row  having  a  particular  address.  Each  row,  in  turn,  consists  of  a  number  of  columns  having  corresponding 
column  addresses.  With  memory  so  structured,  a  row  address  can  be  supplied  to  the  memory  to  enable 
selection  of  a  particular  page  in  the  memory  where  certain  data  is  located.  Then,  the  column  address 
associated  with  the  certain,  desired  data  can  be  supplied  to  the  memory  to  enable  selection  of  that  data 
within  the  addressed  row  or  page.  This  process  effectively  allows  access  to  a  particular  piece  of  data  stored 
in  a  page-mode  memory. 

To  facilitate  the  understanding  of  the  concepts  referred  to  herein,  which  concepts  are  most  clearly 
expressed  with  reference  to  specific  examples,  an  example  of  a  prior  art  page-mode  system  will  now  be 
discussed  in  detail. 

A  block  diagram  of  a  page-mode  memory  system  is  depicted  in  FIG.  1.  This  system  (generally 
designated  by  reference  numeral  10)  includes  a  CPU  12  and  a  memory  controller  14  interconnected  by  a 
control  bus  16,  an  address  bus  18,  and  a  data  bus  20.  The  memory  controller  14  is  further  coupled  to  at 
least  one  memory  module  22  consisting  of  random  access  memory  ("RAM").  A  data  bus  24  is  coupled 
between  the  memory  controller  14  and  the  memory  module  22  to  permit  the  transfer  of  data  therebetween. 

Continuing  to  refer  to  FIG.  1,  it  may  be  seen  that  a  multiplexed  ("mux")  address  bus  26  is  coupled 
between  the  memory  controller  14  and  the  memory  module  22.  This  bus  26  allows  row  and  column  address 
information  to  be  passed  from  the  memory  controller  14  to  the  memory  module  22.  This  bus  26  is 
multiplexed  to  allow  delivery  of  a  row  or  page  address  during  a  memory  access  cycle  and  subsequently  to 
allow  delivery  of  a  column  address. 

The  memory  controller  14  also  provides  row  address  strobe  ("RAS"  )  and  column  address  strobe 
("CAS")  signals  to  the  memory  module  22.  The  nature  and  function  of  these  signals  is  discussed  in  detail 
hereinbelow. 

Referring  now  to  FIG.  2,  there  is  shown  several  typical  memory  cycles  associated  with  the  computer 
memory  system  10.  By  way  of  example,  it  may  be  assumed  that  the  CPU  12  desires  to  access  a  first  piece 
of  data  from  the  memory  module  22.  This  piece  of  data  has  an  associated  address.  To  access  this  piece  of 
data,  the  CPU  12  first  sends  its  address  to  the  memory  controller  14.  The  memory  controller  14  divides  the 
address  into  a  row  or  page  address  portion,  and  a  column  address  portion.  The  two  portions  -that  is,  the 
row  address  portion  and  the  column  address  portion-  are  then  multiplexed  onto  the  mux  address  bus  26.  In 
FIG.  2,  point  28  designates  the  point  at  which  the  memory  controller  14  first  provides  the  row  address  to  the 
mux  address  bus  26.  At  this  time,  the  RAS  signal  will  be  "high"  or  "off".  That  is,  as  negative  logic  is 
employed  in  this  example,  "high"  corresponds  to  an  "off"  state,  and  "low"  corresponds  to  an  "on"  state. 
The  RAS  signal  goes  on  at  point  30  to  select  the  row  address  portion  presently  supplied  to  the  mux 
address  bus  26.  By  this  means,  the  memory  module  22  selects  the  particular  page  or  row  in  which  the 
address  data  is  stored. 

After  RAS  goes  on  and  the  row  address  is  selected,  at  point  32  the  column  address  portion  of  the 
desired  data  is  supplied  to  the  mux  address  bus  26.  The  CAS  signal  is  then  driven  "on"  at  point  34  to 
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select  the  column  address  portion  presently  supplied  to  the  mux  address  bus  26.  At  this  point,  as  the 
memory  module  22  has  received  both  the  row  and  column  address  portions  for  a  particular  piece  of  data, 
the  module  22  can  access  the  data  thus  addressed  and  provide  the  accessed  data  to  the  memory  data  bus 
24  (see  FIG.  1).  The  data  on  the  memory  data  bus  24  becomes  valid  at  point  36  after  a  predetermined 

5  period  of  time  (designated  TD)  passes  after  completion  and  selection  of  the  address  at  point  34.  The 
microprocessor  can  then  receive  the  addressed  data  via  data  bus  20  (shown  in  FIG.  1). 

Continuing  the  example  presented,  it  may  now  be  assumed  that  a  second  piece  of  data  located  in  the 
same  page  or  row  as  the  first  piece  of  data  is  to  be  accessed  from  the  memory  module  22.  Those  skilled  in 
the  art  use  the  term  "pipelining"  to  describe  the  act  of  changing  the  address  (for  example,  by  changing  the 

io  column  address  portion  thereof)  prior  to  the  end  of  the  current  memory  cycle  in  preparation  for  the  next 
memory  cycle.  Pipelining  itself  saves  time  since  it  permits  address  decoding  circuitry  in  the  memory 
controller  14  to  start  processing  the  address  earlier  than  would  otherwise  be  possible.  An  example  of  such 
pipelining  is  seen  in  FIG.  2  where  subsequent  to  the  date  of  becoming  valid  at  point  36,  and  prior  to  the 
end  of  the  first  memory  cycle  at  point  38,  the  column  address  is  changed  to  a  new  column  address  at  point 

is  40,  such  column  address  corresponding  to  the  second  piece  of  data.  Since  the  second  piece  of  data  to  be 
accessed  in  the  second  memory  cycle  is  in  the  same  page  as  the  data  accessed  in  the  first  memory  cycle, 
the  column  address  portion  changes  at  point  40  while  the  row  address  portion  remains  the  same.  This 
situation  is  referred  to  as  a  "page  hit".  Since  it  is  not  necessary  to  resend  the  row  address  portion  to  the 
memory  module  22  when  a  "page  hit"  occurs,  valuable  time  can  be  saved  in  a  page-mode  memory 

20  arrangement. 
Before  the  memory  module  22  can  select  and  actually  use  the  column  address  information  now  present 

on  the  mux  address  bus  26,  it  is  necessary  to  drive  the  CAS  signal  "off"  for  a  predetermined  period  of  time 
referred  to  as  the  CAS  precharge  42.  Once  the  CAS  precharge  is  completed,  CAS  is  driven  "on"  again  at 
point  44,  such  that  the  column  address  portion  of  the  second  piece  of  data  is  selected  by  the  memory 

25  module  22.  The  address  of  the  second  piece  of  data  is  thus  completed  and  the  data  "on"  memory  address 
bus  24  becomes  valid  at  point  46  after  a  predetermined  time  delay  (also  designated  TD  in  FIG.  2)  from 
completion  and  selection  of  the  address  at  point  44.  The  microprocessor  12  can  then  pick  up  the  addressed 
data  from  the  data  bus  20  (shown  in  FIG.  1).  The  second  memory  cycle  then  ends  at  point  48. 

Still  further  continuing  the  example  presented,  it  may  now  be  assumed  that  a  third  piece  of  data  located 
30  in  a  different  page  or  row  than  the  first  and  second  pieces  of  data  is  accessed  in  a  third  memory  cycle 

commencing  at  point  48  in  FIG.  2.  Only  a  portion  of  such  a  third  memory  cycle  is  shown  in  FIG.  2.  This 
situation  is  referred  to  as  a  "page  miss".  That  is,  a  new  row  address  portion  corresponding  to  the  location 
of  a  third  piece  of  data  must  be  provided  to  the  memory  module  22.  Such  new  row  address  portion  appears 
on  the  mux  address  bus  26  via  pipelining  at  point  50.  At  the  beginning  of  the  third  memory  cycle,  RAS  is 

35  driven  off  in  preparation  for  the  next  row  address.  The  new  row  address  is  actually  selected  when  RAS  is 
driven  "on"  at  point  52.  The  remainder  of  the  third  memory  cycle  is  substantially  similar  to  the  first  memory 
cycle  in  FIG.  2  with  CAS  precharge  being  provided  at  point  54  near  the  beginning  of  the  third  memory 
cycle. 

The  detailed  description  set  forth  above  of  the  timing  diagram  shown  in  FIG.  2  should  render  the  timing 
40  diagrams  shown  in  FIGs.  4-7  clearly  understandable  to  those  skilled  in  the  art.  The  timing  diagrams  shown 

in  FIGs.  4-7  illustrate  signal  status  in  a  high  performance  DRAM  access  system  (i.e.,  systems  operating  at 
high  frequency  as  now  conventionally  understood).  Because  these  timing  diagrams  clearly  and  succinctly 
illustrate  the  advances  made  by  the  present  invention,  they  will  be  discussed  in  considerable  detail  in  the 
detailed  description  of  the  invention  section  below. 

45  As  those  skilled  in  the  art  are  well  aware,  DRAM  controllers  must  provide  read,  write,  and  page-mode 
access  to  DRAMs  and  they  must  also  meet  all  of  the  specifications  of  associated  DRAMs  for  setup  and  hold 
times.  DRAM  controller  and  DRAM  system  specifications  are  based  on  the  rising  and  falling  edges  of  the 
system  clock. 

In  a  load  request  to  a  DRAM,  load  data  is  normally  latched  by  internal  clocks  which  duplicate,  or  mirror, 
50  the  system  clock.  As  those  skilled  in  the  art  should  be  able  to  appreciate  based  upon  the  signal  statuses 

depicted  in  FIGs.  4-7,  for  a  high  performance  DRAM  page-mode  access  the  timing  of  valid  data  does  not 
match  well  with  the  system  clock.  Therefore,  if  the  system  clock  is  employed  to  latch  data,  a  DRAM  page- 
mode  access  requires  at  least  two  cycles.  This  fact  runs  counter  to  design  desires  to  reduce  access  time  in 
and  to  increase  operating  speed  of  computer  systems.  Such  a  two  cycle  DRAM  page-mode  access  is  a 

55  shortcoming  and  deficiency  of  the  prior  art. 
We  wall  describe  a  system  which  overcomes  the  shortcoming  and  deficiency  of  the  prior  art  described 

above  by  providing  a  high-performance  DRAM  access  system  and  method  in  which  CAS  signals  are  used 
to  latch  data. 
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We  will  describe  a  high  performance  DRAM  page-mode  access  system  and  method  that  can  latch  data 
in  one  cycle. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
5 

For  a  more  complete  understanding  of  the  present  invention,  and  for  further  objects,  advantages,  and 
novel  features  thereof,  reference  may  now  be  had  to  the  following  detailed  description  of  the  invention  taken 
in  conjunction  with  the  accompanying  drawings  wherein: 

FIG.  1  (already  discussed)  is  a  simplified  block  diagram  of  a  conventional  computer  system  with  a  page- 
io  mode  memory; 

FIG.  2  (also  already  discussed)  is  a  timing  diagram  associated  with  a  typical,  conventional  page-mode 
memory; 
FIG.  3  is  a  block  diagram  of  a  conventional  DRAM; 
FIG.  4  depicts  the  timing  for  a  DRAM  read  cycle  in  a  high  performance  system; 

is  FIG.  5  depicts  the  timing  for  a  DRAM  write  cycle  in  a  high  performance  system; 
FIG.  6  depicts  the  timing  for  a  page-mode  DRAM  read  cycle  in  a  high  performance  system;  and 
FIG.  7  depicts  the  timing  for  a  page-mode  DRAM  write  cycle  in  a  high  performance  system. 

DETAILED  DESCRIPTION  OF  THE  DRAWINGS 
20 

Although,  as  previously  mentioned,  the  present  invention  is  clearly  and  succinctly  described  by  the 
timing  diagrams  depicted  in  FIGs.  4-7,  to  facilitate  actual  implementation  of  the  principles  of  the  present 
invention  some  understanding  of  DRAMs  is  helpful.  Thus,  to  provide  such  help,  a  conventional  DRAM  will 
be  discussed  prior  to  describing  the  timing  diagrams  of  FIGs.  4-7. 

25  Referring  now  to  FIG.  3,  a  prior  art  DRAM,  generally  designated  by  reference  numeral  56,  is  illustrated. 
DRAM  56  consists  of  a  memory  array  58  which  comprises  a  matrix  of  memory  cells.  Between  a  bit  line  pair 
of  memory  array  58  and  an  input/output  line  pair  is  coupled  a  bit  line  sense  amplifier  and  input/output 
gating  circuit  60  or  a  series  of  sense  amplifiers  to  amplify  the  memory  cell  output. 

Row  and  column  decoders  62  and  64,  respectively,  are  coupled  to  memory  array  58  to  decode  the  row 
30  and  column  address  of  the  cell  being  accessed.  Row  and  column  address  buffers  66  and  68,  respectively, 

are  coupled  to  the  address  input  lines  (A0-A8)  and  to  row  and  column  decoders  62  and  64.  These  buffers 
serve  to  store  the  address  signals. 

First  and  second  clock  generators  70  and  72  are  coupled  to  the  Row  Access  Strobe  (RAS)  and  Column 
Access  Strobe  (CAS)  inputs.  These  inputs  control  the  operation  of  the  row  and  column  buffers  and 

35  decoders,  that  is,  elements  62,  64,  66,  and  68. 
Since  dynamic  memories  are  volatile  and  can  loose  data  if  not  accessed  or  refreshed  on  a  regular 

basis,  a  refresh  controller/counter  74  is  provided  to  refresh  the  memory  array  58.  Data  In  and  Data  Out 
buffers  76  and  78  are  provided  to  store  data  that  is  being  written  to  or  read  from  memory  array  58.  Buffers 
76  and  78  are  controlled  by  a  write  enable  signal  (W),  through  an  AND  gate  80  and  an  output  enable  signal 

40  (G).  A  substrate  bias  generator  82  is  provided  coupled  to  a  power  line  (Vcc)  and  ground  (Vss). 
A  system  clock  drives  a  processor  which  provides  control  signals  to  a  DRAM  controller  which  in  turn 

generates  the  RAS  and  CAS  signals. 
Reference  may  now  be  taken  to  the  timing  diagrams  depicted  in  FIGs.  4-7.  There  are  shown  in  FIGs.  4, 

5,  6,  and  7,  respectively,  a  timing  diagram  for  a  DRAM  read  cycle,  a  timing  diagram  for  a  DRAM  write 
45  cycle,  a  timing  diagram  for  a  DRAM  page-mode  read  cycle,  and  a  timing  diagram  for  a  DRAM  page-mode 

write  cycle,  all  in  a  high  performance  system. 
To  facilitate  discussing  the  timing  diagrams  shown  in  FIGs.  4-7,  and  also  to  facilitate  the  understanding 

of  those  diagrams,  signals  common  to  the  diagrams  will  now  be  discussed.  There  are  eight  "common" 
signals  depicted  in  FIGs.  4-7:  clock  signals  84,  address  signals  86,  read/write  signals  88,  RAS  signals  90, 

50  CAS  signals  92,  write  enable  signals  94,  output  enable  signals  96,  and  data  signals  98.  Clock  signals  84  are 
timing  signals  generated  by  clocks  within  the  memory  controller.  The  "memory  clocks"  duplicate  the 
system  clock  and  the  timing  signals  generated  by  them  have  heretofore  been  used  to  latch  load  data.  The 
address  signals  86  comprise  the  multiplexed  row  and  column  address  portions  discussed  in  the  description 
of  related  art  section  above.  The  read/write  signals  88  indicate  which  of  the  two  operations  are  being 

55  performed.  The  RAS  and  CAS  signals  90,  92  are  inputs  used  to  strobe  in  the  row  and  column  addresses, 
respectively,  in  the  multiplexed  address  random  access  memory.  The  write  enable  signals  94  are  inputs 
that  can  (e.g.,  when  true)  enable  writing  data  into  the  memory.  The  output  enable  signals  96  can  (e.g.,  when 
false)  cause  the  output  to  be  in  the  "off"  or  high  impedance  state.  Finally,  the  data  signals  98  comprise  the 

4 
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accessed  data  on  the  memory  data  bus  discussed  in  the  description  of  related  art  section  above. 
Referring  now  specifically  to  FIG.  4,  as  previously  mentioned,  there  is  shown  the  timing  for  a  normal 

DRAM  read  cycle.  Five  complete  cycles,  labeled  CYCLE  1  -  CYCLE  5,  are  depicted  in  FIG.  4. 
DRAM  accesses  require  two  cycles.  Also,  an  additional  cycle  is  taken  after  the  data  is  read  to  permit 

5  time  for  RAS  precharge.  As  may  be  seen  in  FIG.  4,  the  rising  edge  of  the  RAS  signal  90  (designated  by 
reference  numeral  100)  occurs  on  the  second  falling  edge  of  the  clock  signal  84  (designated  by  reference 
numeral  102)  after  the  beginning  of  the  pertinent  cycle. 

Referring  now  to  FIG.  5,  regarding  normal  access  timing  on  a  write,  it  may  be  seen  that  data  104  is 
driven  in  the  same  cycle  (designated  CYCLE  2  in  FIG.  4)  as  the  one  in  which  RAS  90  falls. 

70  RAS  address  setup  time  Oasr)  may  be  met  by  delaying  the  assertion  of  RAS.  The  CAS  address  can  be 
driven  halfway  into  the  first  cycle  to  meet  the  CAS  address  setup  time  (tAsc)-  Also,  the  processor  can  be 
guaranteed  to  meet  a  RAS  low  time  (tRAs)  that  is  1  .5  times  the  clock  cycle  time  and  a  RAS  precharge  time 
(tRP)  that  is  1  .2  times  the  clock  cycle  time.  For  DRAM  reads,  each  byte  of  data  is  latched  into  the  processor 
with  the  rising  edge  of  the  clock. 

75  In  preferred  embodiments  of  the  present  invention.  DRAM  timing  may  be  designed  so  that  80  ns 
DRAMs  can  be  used  as  16  MHz  clock  frequency,  70  ns  DRAMs  at  20  MHz,  and  60  ns  DRAMs  at  25  MHz. 

Discussing  now  page-mode  access  timing,  in  embodiments  of  the  present  invention  page-mode 
accesses  can  be  enabled  for  each  bank  of  a  memory  to  reduce  the  average  access  time  for  a  sequence  of 
accesses.  If  enabled,  page-mode  accesses  can  be  performed  for  instruction  accesses,  data-cache  reload, 

20  and  for  other  instructions.  In  embodiments  of  the  present  invention,  page-mode  accesses  permit  an  access 
time  of  one  cycle  for  all  but  the  first  access.  When  a  DRAM  bank  is  16  bits  wide,  two  accesses  would  be 
required  to  obtain  a  32-bit  word.  Page-mode  accesses  may  be  performed  to  access  the  second  16  bits  in 
such  a  case,  provided  that  such  accesses  are  enabled. 

FIG.  6  shows  the  timing  for  a  page-mode  DRAM  read  cycle  and  FIG.  7  shows  the  timing  for  a  page- 
25  mode  DRAM  write  cycle.  The  CAS  low  time  (tCAs)  and  available  CAS  access  time  (tCAc)  are  both 

guaranteed  to  be  0.4  times  the  clock  cycle  time.  The  available  CAS  access  time  is  guaranteed  by  latching 
each  data  byte  with  the  rising  edge  of  the  respective  CAS.  This  removes  the  skew  between  the  falling  edge 
of  CAS  and  the  rising  edge  of  the  clock  as  a  factor  in  the  available  access  time.  Therefore,  the  CAS  signal 
is  used  to  latch  data. 

30  FIG.  6  also  shows  how  page-mode  accesses  might  be  used  to  reload  a  data  cache  block. 
Based  upon  the  foregoing,  those  skilled  in  the  art  should  appreciate  that  the  present  invention  provides 

a  method  of  high-performance  DRAM  access.  As  is  known  to  those  skilled  in  the  art,  a  DRAM  controller 
must  provide  the  read,  write,  and  page-mode  accesses  to  the  DRAM  and  it  must  also  meet  all  of  the 
specifications  of  the  DRAM  for  setup  and  hold  times.  In  designing  a  DRAM  controller,  the  operation 

35  frequencies  of  both  the  DRAM  must  be  considered.  The  system  specification  is  generally  based  upon  the 
rising  and  falling  edges  of  the  system  clack. 

For  a  load  request  to  a  DRAM,  the  load  data  is  normally  latched  by  the  internal  clocks  which  mirror  or 
duplicate  the  system  clock.  For  a  high-performance  DRAM  page-mode  access,  the  timing  of  valid  data  does 
not  match  well  with  the  system  clock  which  would  cause  a  two  cycles  DRAM  page-mode  access.  According 

40  to  the  teachings  of  the  present  invention,  this  problem  is  solved  by  using  CAS  signals  to  latch  the  data.  Use 
of  such  signals  provides  a  one  cycle  page-mode  access,  whereas  conventional  controllers  require  two 
cycles. 

Obviously,  numerous  modifications  and  variations  are  possible  in  view  of  the  teachings  above. 
Accordingly,  within  the  scope  of  the  appended  claims,  the  present  invention  may  be  practiced  otherwise 

45  than  as  specifically  described  herein. 

Claims 

1.  In  a  system  including  a  memory  and  a  memory  controller,  a  method  for  accessing  data  in  said  memory 
50  comprising  the  steps  of: 

generating  a  column  address  strobe  signal  within  said  memory  controller;  and 
latching  desired  data  within  said  memory  with  said  column  address  strobe  signal. 

2.  A  method  as  recited  in  claim  1,  wherein  said  memory  is  a  dynamic  random  access  memory  and 
55  wherein  said  memory  controller  is  a  dynamic  random  access  memory  controller. 

3.  A  method  as  recited  in  claim  1  ,  wherein  said  system  is  operated  at  a  high  frequency  so  that  latching  of 
data  with  a  system  clock  could  not  be  effected  within  a  single  cycle. 

5 
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.  A  method  as  recited  in  claim  1  ,  wherein  said  method  for  accessing  data  operates  in  page-mode  access 
manner. 

.  A  memory  and  memory  control  system  in  which  stored  data  has  associated  column  addresses,  said 
system  comprising: 

means  for  generating  a  column  address  strobe  signal;  and 
means  for  latching  data  using  said  column  address  strobe  signal. 

.  A  system  as  recited  in  claim  5,  wherein  said  memory  is  a  dynamic  random  access  memory  and 
wherein  said  memory  control  comprises  a  dynamic  random  access  memory  controller. 

.  A  system  as  recited  in  claim  5,  wherein  said  system  is  operated  at  a  high  frequency  so  that  latching  of 
data  with  a  system  clock  could  not  be  effected  within  a  single  cycle. 

.  A  system  as  recited  in  claim  5,  wherein  said  system  operates  in  a  page-mode  access  manner. 

.  A  memory  system  comprising: 
means  for  generating  a  control  strobe  signal;  and 
means  for  latching  data  using  said  control  strobe  signal, 
whereby  said  control  strobe  signal  is  used  to  read  data  from  memory  to  a  control  means. 

0.  A  system  as  recited  in  claim  9,  wherein  said  control  means  comprises  a  processor. 

1.  A  system  as  recited  in  claim  9,  wherein  said  control  means  comprises  a  memory  controller. 
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