Memory Systems
Architecture and
Performance
Analysis

Spring 2005

ENEE 759H
Lecture2.fm

Bruce Jacob
David Wang

University of
Maryland
ECE Depit.

SLIDE 1

UNIVERSITY OF MARYLAND

ENEE 759H, Spring 2005
Memory Systems:
Architecture and
Performance Analysis

DRAM Device Circuits and
Architecture

Credit where credit is due:
Slides contain original artwork (© Jacob, Wang 2005)




Memory Systems
Architecture and
Performance
Analysis

Spring 2005

ENEE 759H
Lecture2.fm

Bruce Jacob
David Wang

University of
Maryland
ECE Depit.

SLIDE 2

UNIVERSITY OF MARYLAND

Overview

r—— - - - -"-"-=-—- - - = A __|
| b | 1 Module
rocessor i

I L I i

| System Controller | in

| = Memory [— |

| Processor —, Controller— L - RAM
| Devices

-ingston’

OLOGY

ValueRAM
KVR133X64C3/128 (€

Warranty Void If Removed

531405
ASSY IN USA




Memory Systems
Architecture and

eriemence . DRAM Device Architecture

- '_ _______________________________
Spring 2005 WE# | . BRAM |
evice
ENEE 759H CASL#—$®O_ |
Lecture2.fm CASH#l ¢ casH |
| no. 2 clock |
Bruce Jacob | generator |-e data out = M~ I
David Wang | A buffer L1 |
- ®
. , I N ggldurrgsns S column /\ data in 6
University of 2O uffer decoder buffer
Maryland | 024 16
ECE Dept. I 1
add refresh
SLIDE 3 NN controller < sense amp array
bus i I/O gating
12

|
|
|
|
|
|
refresh 1024 |
counter x 16 I
|
|
|
|
|
|
|
|

I
I
I
| 12 - RENERE| Ipobti
@ © DRAMZ 16 b'tCO umnsI
I N FOW ) = — its per col.
| ddress 12'\, § 4096 > & Arrays—
| buffer /% ko) =
| - =
| g[no. T clock}-
RASH generator

UNIVERSITY OF MARYLAND




Memory Systems
Architecture and

“ieme  Storage Cells

Spring 2005
write read wordline
bitline bitline storage o
ENEE 759H A : e capaitor read/ J wite
Lecture2.fm J_ = L / e 1
T3 bitine [ ]
Bruce Jacob T1 II T2 / 1" |f ]
David Wang /(? Sorege el T
input_tOr node transi stor = it - - bitline
University of kg 'tine
Maryland
ECE Dept, 3T1C 1T1C 6T
storage cell storage cell storage cell
SLIDE 4 (classic DRAM) (classic SRAM)

DRAM: Dynamic Random Access Memory
How long does “memory storage” last?

Cell capacitance vs Leakage current
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Load value from address bus with special command.
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Package and Pincount |

2004 2007 2010 2013 2016
Semi Generation (nm) 90 65 45 32 22
High Perf. device pin 2263 3012 4009 5335 7100
count
High Perf. device 1.88 1.61 1.68 1.44 1.22
cost (cents/pin)
Memory device pin count 48-160 48-160 62-208 81-270 105-351
Memory device pin cost 0.34 - 0.27 - 0.22 - 0.19 - 0.19 -
(cents/pin) 1.39 0.84 0.34 0.39 0.33

ITRS Roadmap

DIP

Package Evolution

(higher pin count, higher datarate)
(higher costs, testing etc.)
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