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Outline	
  

•  Overview	
  of	
  x86	
  memory	
  and	
  soEware	
  
architecture	
  

•  Memory	
  types	
  
•  Memory	
  interfacing	
  
•  Virtual	
  memory	
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A	
  Memory	
  Component	
  

•  Figure	
  10-­‐1	
  in	
  Brey’s	
  book	
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Types	
  of	
  Memory	
  Components	
  

•  ROM,	
  PROM,	
  EPROM,	
  EEPROM	
  
•  RAM:	
  	
  
– SRAM	
  
– DRAM	
  (DDR,	
  DDR2,	
  DDR3)	
  

•  Flash	
  memory	
  (EEPROM,	
  NOVRAM)	
  
–  requires	
  more	
  `me	
  to	
  erase	
  than	
  RAM	
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EPROM	
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Timing	
  of	
  EPROM	
  2716	
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SRAM	
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DRAM	
  

•  retains	
  data	
  only	
  2	
  or	
  4ms	
  on	
  integrated	
  
capacitor	
  

•  needs	
  rewricen	
  (refreshed)	
  
•  too	
  many	
  address	
  pins!	
  

–  64K	
  x	
  4	
  DRAM	
  (16-­‐bit	
  address	
  required)	
  
–  use	
  8	
  address	
  pins	
  in	
  two	
  8-­‐bit	
  increments	
  
–  require:	
  column	
  address	
  strobe	
  (CAS*)	
  and	
  row	
  

address	
  strobe	
  (RAS*)	
  	
  
–  CAS*	
  is	
  also	
  chip	
  select	
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DRAM	
  `ming	
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Address	
  Mul`plexer	
  for	
  DRAM	
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•  Single	
  Inline	
  Memory	
  
Module	
  (SIMM)	
  

4Mx1	
  

4Mx9	
  

4Mx4	
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Dual	
  Inline	
  Memory	
  Module	
  (DIMM)	
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Flash	
  Memory	
  

•  To	
  store	
  informa`on	
  changed	
  occasionally	
  
– Fast	
  read,	
  slow	
  write	
  

•  Requires	
  12V	
  to	
  erase	
  and	
  write	
  data	
  
– Newer	
  ones	
  require	
  5V	
  or	
  even	
  3.3V	
  

•  Opera`on	
  
– Signals	
  similar	
  to	
  SRAM,	
  e.g.	
  CE*,	
  OE*,	
  WE*	
  
– Erase	
  and	
  write	
  data:	
  VPP	
  (12V)	
  and	
  PWD*	
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Serial	
  EEPROM	
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Serial	
  Data	
  Transfer	
  Protocol	
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Address	
  Decoding	
  

•  the	
  number	
  of	
  address	
  pins	
  mismatch	
  
– e.g.	
  8088	
  20-­‐bit	
  address	
  vs	
  EPROM2716	
  with	
  11-­‐
bit	
  address	
  

– 8088	
  thinks	
  it	
  has	
  1MB,	
  but	
  only	
  a	
  2KB	
  EPROM	
  is	
  
available	
  

– A10-­‐A0	
  are	
  connected	
  directly	
  
– what	
  about	
  A19-­‐A11	
  ?	
  
– decode	
  the	
  address	
  pins	
  that	
  do	
  not	
  connect	
  to	
  
memory	
  components	
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Example	
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3-­‐8	
  decoder	
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Exercise	
  [30	
  minutes]	
  

Problem:	
  given	
  enough	
  2764	
  EPROMs,	
  build	
  a	
  
64K	
  x	
  8	
  sec`on	
  of	
  memory	
  star`ng	
  from	
  
E0000H.	
  

Hints:	
  
	
  	
  	
  -­‐	
  2764	
  has	
  8K	
  bytes	
  :	
  ?-­‐bit	
  address	
  bus,	
  8-­‐bit	
  
data	
  bus	
  

	
  	
  -­‐	
  signals	
  coming	
  from	
  the	
  processor:	
  A19-­‐A0,	
  
RD*,	
  M*/IO	
  

	
  	
  -­‐	
  use	
  3-­‐8	
  decoder(s)	
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DRAM	
  revisited	
  
•  Benefits	
  
–  Higher	
  density	
  than	
  SRAM	
  
–  Less	
  expensive	
  than	
  SRAM	
  

•  Requires	
  address	
  mul`plexing	
  
–  Break	
  long	
  address	
  into	
  Row	
  and	
  Column	
  

•  refreshing	
  
–  Refresh	
  needed	
  as	
  internal	
  capacitor	
  lose	
  charge	
  in	
  a	
  short	
  
period	
  of	
  `me	
  

–  Any	
  read	
  or	
  write	
  automa`cally	
  refresh	
  a	
  sec`on	
  
–  Special	
  refresh	
  cycle	
  (i.e.	
  hidden	
  refresh	
  or	
  cycle	
  stealing)	
  

•  OEen	
  works	
  with	
  DRAM	
  controller	
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Internal	
  Structure	
  of	
  DRAM	
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Refreshing	
  DRAM	
  
•  Refresh	
  counter	
  supplies	
  a	
  refresh	
  address	
  

–  Counter	
  size	
  determined	
  by	
  type	
  of	
  DRAM	
  
–  Increment	
  counter	
  aEer	
  every	
  refresh	
  
–  E.g.	
  256	
  rows	
  in	
  4ms	
  -­‐>	
  one	
  row	
  per	
  15.6us.	
  Assuming	
  a	
  5MHz	
  8088	
  processor,	
  

800ns	
  per	
  read.	
  So	
  every	
  19	
  memory	
  read	
  or	
  write,	
  the	
  memory	
  needs	
  to	
  run	
  
a	
  refresh	
  cycle.	
  	
  About	
  5%	
  performance	
  loss	
  for	
  8088.	
  	
  	
  



SDRAM,	
  DDR,	
  DRAM	
  controller	
  
•  Burst	
  reads	
  
–  Reading	
  the	
  first	
  64-­‐bit	
  is	
  as	
  fast(slow)	
  as	
  standard	
  DRAM,	
  
4	
  bus	
  cycles	
  including	
  a	
  wait	
  state	
  

–  2nd,	
  3rd	
  and	
  4th	
  number	
  can	
  be	
  read	
  in	
  one	
  bus	
  cycle	
  each	
  
–  Total	
  7	
  bus	
  cycles	
  for	
  four	
  64-­‐bit	
  numbers	
  vs	
  12	
  bus	
  cycles	
  
for	
  standard	
  DRAM	
  

•  DDR	
  
–  Transfer	
  data	
  on	
  each	
  edge	
  of	
  the	
  clock	
  
–  Doubles	
  the	
  transfer	
  rate,	
  but	
  the	
  access	
  `me	
  s`ll	
  exists	
  

•  DRAM	
  controller	
  
–  Handle	
  address	
  mul`plexing	
  and	
  signal	
  genera`on	
  
–  OEen	
  built	
  into	
  the	
  processors.	
  



Quiz	
  


