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6T MEMORY CELL "READ" STABILITY
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MEMORY CELL ASYMETRY
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CAUSES:
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4T _MEMORY CELL READ/WRITE OPERATION
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6T MEMORY CELL READ/WRITE OPERATION

BIT[-INE/' VOLTAGE

(1)

<4D0:A (BFA) R P
%77 (o C+A :
READ
:elimﬂalrtl

(1)

.7
L

rdgcl

rgh/

"READ" OPERATING REGION

(2) MEM CELL "TRIP" VOLTAGE

(3)

"WRITE" OPERATING REGION

H LT

MEE '

Lvwrite

SHRAM-8



MEMORY CELL SPEED VR. POWER

=c\/ —% Lyr=ad - At = Chot - dV
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'DRAM - Dynamic Random-Access Memofy

1988 IEDM Short Course on Microprocessor
and Memories

Nicky C.-C. Lu

= = Research Division
Z%¥Z Thomas J. Waison Research Center, Yorktown Heights, NY 10598
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1. DRAM And lts Deveiopment

1.1 Background And Definition
1.2 DRAMSs in Systems: Examples
1.3 Product Environments And Trends



DRAM Chip

o Cell Arrays And Peripheral Circuits
s Array Utilization = (Cell Area x Total Bits)/(Chip Area)

o Key: Small Cell Area

Nicky Lu 888



One-Transistor Cell

« An Access Transistor Plus A Storage Capacitor
— Selected By Wordline
— Signal Developed on Bitline

Wordline Driver

Bitline Sense
Amplifier

Nichy Lu & BE



Planar Cell Structure

+ Planar Transistor Plus Planar Capacitor in Silicon
* Uses Two Polysilicon Layers
» Storage-Node Leakage Requires Refreshing Data Periodically
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DRAM Definition

« Randomly Addressable Memory (Versus Serial
Memory)

o Electrically Read and Write Data at Will in
Any Sequence

e Needs Refresh Periodically
+ Volatile (Unless By Battery Backup)

Nicky Lu 8/88



DRAM in Mainframe

« Today: ~1GB (8,000 TMb DRAM Chips)
« By 1995: >64GB (Needs 8,000 64Mb DRAM Chips)
Main Memory
MOS
DRAM

|

Memory Management Unit

Buffer ! Memory

Address ;Array

Bipolar Bipolar 1o} 11O
CAM® SRAM Processor Units
[
L tl tio _1 »cache “E,s-‘-i;.:-_‘_
nstruction ; p
Control EXCL?nu.tIIOn *Content Addressable Memory
Unit ‘

{Fiqure from Ref. B-6) Nicky Lu B/B8



2. Chip/Circuit Design

2.1 Basic DRAM Qperations

2.2 Design Example: A §12Kb CMOS High
Speed DRAM

2.3 Notes on NMOS and BiCMOS DRAMSs



Basic Array Design
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Signal Development

],.—"" Rewrite and Gating
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Charge Transfer Ratio Concept

CeV(1) + CgV
C’S + CB
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Cell Design Basics

1 eA Ve

¢ Vien + AV =

Where AV : Noise
¢ . Dielectric Constants
A Slorage Area
Vg : Storage Signal
d : Dielectric Thickness

2(Cs+Cq)  d

¢ V¢/d Limited By Maximum Dielectric Streng:h

Nicky Lu 8/88



Cross-Coupled Sense Amplifier

o Differential Signal Established
e Latching

« Amplification

Micky Lo 85
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Sensing Circuits

e CMOS Cross-Coupled Latch
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Sensing Circuits

e Bitline Precharge

« Reference Cell Concept
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Sensing Circuiis

+ Self Restore * Refresh
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