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Semiconductor Memory Trends
(up to the 90’s)
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Semiconductor Memory Trends
(updated)
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Memory Architecture: Decoders
Intuitive architecture for N x M memory
Too many select signals:
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Array-Structured Memory Architecture
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Block Diagram of 4 Mbit SRAM
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Equivalent Transient Model for MOS NOR ROM

Model for NOR ROM

VDD
T
= | BL
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0 Word line parasitics
= Wire capacitance and gate capacitance
= Wire resistance (polysilicon)
Q Bit line parasitics
» Resistance not dominant (metal)
= Drain and Gate-Drain capacitance



Equivalent Transient Model for MOS NAND ROM

Model for NAND ROM

QO Word line parasitics
= Similar to NOR ROM
Q Bit line parasitics

= Resistance of cascaded transistors dominates
= Drain/Source and complete gate capacitance



Decreasing Word Line Delay
Driver
WL Polysilicon word line
N d
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Metal word line

Driving the word line from both sides
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Non-Volatile Memories
The Floating-gate transistor (FAMOS)
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A “Programmable-Threshold” Transistor
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Flash EEPROM
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Flash

Courtesy Intel



Basic Operations in a NOR Flash Memory—
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Basic Operations in a NOR Flash Memory—
Write
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Basic Operations in a NOR Flash Memory—

Read
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NAND Flash Memory
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Read-Write Memories (RAM)

S R S v

0 STATIC (SRAM)

Data stored as long as supply is applied
Large (6 transistors/cell)

Fast
Differential

Q DYNAMIC (DRAM)

Periodic refresh required
Small (1-3 transistors/cell)
Slower

Single Ended



6-transistor CMOS SRAM Cell
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CMOS SRAM Analysis (Read)
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CMOS SRAM Analysis (Write)
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Static power dissipation -- Want R | large
Bit lines precharged to V pp to address t, problem



3-Transistor DRAM Cell
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DRAM Cell Observations
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Q1T DRAM requires a sense amplifier for each bit line, due
to charge redistribution read-out.

1 DRAM memory cells are single ended in contrast to
SRAM cells.

dThe read-out of the 1T DRAM cell is destructive; read
and refresh operations are necessary for correct
operation.

d Unlike 3T cell, 1T cell requires presence of an extra
capacitance that must be explicitly included in the design.

d When writing a “1” into a DRAM cell, a threshold voltage
IS lost. This charge loss can be circumvented by
bootstrapping the word lines to a higher value than Vg,



Sense amp activated t
Word line activated




1-T DRAM Cell

Capacitor

leord
line

Metal word line

leld Oxide  pjffysed

: bit line
Poly Inversion layer _
induced by Polysilicon Polysilicon
plate bias gate plate
Cross-section Layout

Uses Polysilicon-Diffusion Capacitance
Expensive in Area



Word line
Insulating Layer Cell plate

Capacitor Insul Refilling Poly

Storage Node
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Trench Cell Stacked-capacitor Cell



Row Decoders
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Collection of 2M complex logic gates
Organized in regular and dense fashion

(N)AND Decoder
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Hierarchical Decoders

Multi-stage implementation improves performance
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Dynamic Decoders
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4-to-1 tree based column decoder

BL, BL, BL, BLj

e il
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Number of devices drastically reduced
Delay increases quadratically with # of sections; prohibitive for large decoders
Solutions: buffers

progressive sizing

combination of tree and pass transistor approaches



make AV as small
i = CAV +— " as possible

large small
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Differential Sensing — SRAM
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(a) SRAM sensing scheme (b) two stage differential amplifier



Latch-Based Sense Amplifier (DRAM)
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Initialized in its meta-stable point with EQ

Once adequate voltage gap is created, sense amp is enabled with SE
Positive feedback quickly forces output to a stable operating point.



Charge-Redistribution Amplifier
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Charge-Redistribution Amplifier—
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Single-to-Differential Conversion
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Open bitline architecture with

dummy cells
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DRAM Read Process with Dummy Cell
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DRAM Timing
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+ Semiconductor memories trade off noise-margin for density
and performance

.g.@.@» Highly Sensitive to Noise (Crosstalk, Supply Noise)

* High Density and Large Die size cause Yield Problems

Number" af'"Gooad" Chips" on"" Wafer
Number"" off" Chips""on"" Wafer

¥ =100

-AD_2

Increase Yield using Error Correction and Redundancy



Noise Sources in 1T DRam
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Open Bit-line Architecture —Cross Coupling
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Folded-Bitline Architecture
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Transposed-Bitline Architecture
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Redundancv

N W W WN WN N B UR WA R =

Row
Redundant Address
rows ¢
- . Fuse
= "Bank
Redundant =
columns =
\ Memory S
~ Array a
=
o)
nd

Column Decoder

E Column

Address



Error-Correcting Codes

Example: Hamming Codes

P P,B, P, BB By e.g. B3 Wrong
with
P@&@B, @B:®B,=0 1
P,@B, @B, ®B,=0 1 =3



Redundancy and Error Correction

Redundancy
and ECC

Percent yield
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Average number of failing cells per chip



Data Retention in SRAM
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SRAM leakage increases with technology scaling



Qiinnraccing | aalkkano in SRBAM
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Reducing the supply voltage



Conclusions

Q The field of memory design is a dynamic and
exciting specialty:

» Coordinated efforts from marketing and planning,

process design, device design, circuit design, test

& production engineering, and software
engineering are all needed.

= Many innovative approaches are possible in every
design stage.

* The market competition is fierce, but the winner is
awarded with a big prize.

= The leading memory technologies are being
pioneered by domestic companies/engineers.



Conclusions
a Think flexible and think “big.”

Q Succeed as an engineer.

Engineer =

sElf-Motivated
eNergetic
Self-manaGed
Insightful
iINnovative
Eye on data

Execute

Rewards




