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Lecture 20:  Lecture 20:  
Memory TechnologyMemory Technology
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Program NotesProgram Notes
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Old Stuff RevisitedOld Stuff Revisited
Mercury Delay Line MemoryMercury Delay Line Memory
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Core MemoryCore Memory
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Static RAM (SRAM)Static RAM (SRAM)
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The Transistor Makes It Possible!The Transistor Makes It Possible!
Static RAM (SRAM) CellStatic RAM (SRAM) Cell
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Replaced with pullup resistor
to save area

6-Transistor SRAM Cell
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Why is it Static?
�

Typical SRAM OrganizationTypical SRAM Organization



	

ThreeThree--State BuffersState Buffers
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Typical SRAM TimingTypical SRAM Timing
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Dynamic RAM (DRAM)Dynamic RAM (DRAM)
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Dynamic RAM CellDynamic RAM Cell
DRAMDRAM
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Classical DRAM Organization (Square)Classical DRAM Organization (Square)
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4Mx1 DRAM Organization4Mx1 DRAM Organization
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Logic Diagram of a Typical DRAMLogic Diagram of a Typical DRAM
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DRAM Read TimingDRAM Read Timing
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OE_L

256K x 8
DRAM9 8

WE_LCAS_LRAS_L

OE_L

A Row Address

WE_L

Junk

Read Access
Time

Output Enable
Delay

CAS_L

RAS_L

Col Address Row Address JunkCol Address

D High Z Data Out

DRAM Read Cycle Time

Early Read Cycle: OE_L asserted before CAS_L Late Read Cycle: OE_L asserted after CAS_L

Junk Data Out High Z
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DRAM Write TimingDRAM Write Timing
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D

OE_L

256K x 8
DRAM9 8

WE_LCAS_LRAS_L

WE_L

A Row Address

OE_L

Junk

WR Access Time WR Access Time

CAS_L

RAS_L

Col Address Row Address JunkCol Address

D Junk JunkData In Data In Junk

DRAM WR Cycle Time

Early Wr Cycle: WE_L asserted before CAS_L Late Wr Cycle: WE_L asserted after CAS_L
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Increasing Bandwidth Increasing Bandwidth -- InterleavingInterleaving

Access Pattern without Interleaving:

Start Access for D1

CPU Memory

Start Access for D2

D1 available

Access Pattern with 4-way Interleaving:

A
cc

es
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Access Bank 1

Access Bank 2

Access Bank 3

We can Access Bank 0 again

CPU

Memory
Bank 1

Memory
Bank 0

Memory
Bank 3

Memory
Bank 2

�	

““NewNew”” DRAMsDRAMs
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SummarySummary
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Enjoy Your Thanksgiving Break!


