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Memory Hierarchy / 3
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Smaller,
faster, Lo/
egisters CPU registers hold words retrieved from
an d } L1 cache
costlier L%n-chip L1
(p er byte) cache (SRAM) } L1 cache holds cache lines retrieved
. from the L2 cache memory
storage off-chip L2
devices cache (SRAM) } L2 cache holds cache lines
retrieved from main memory
L3: main memory
(DRAM)
Main memory holds disk
L arger, blocks retrieved from local
disk:
slower, e
and L4 local secondary storage
(local disks)
cheaper Local disks hold files
retrieved from disks on
(p er byte) remote network servers
storage, . remote secondary storage
| devices (distributed file systems, Web servers)
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RAM —]: ABT 4y Y RAM (SRAM)
#4147+ 3y RAM (DRAM)

ROM (¥ Z % ROM)
ROM —[
EPROM

TEEMEA T
E EEPROM
7592 AEY

RAM: Random Access Memory

SRAM: Static RAM

DRAM: Dynamic RAM

ROM: Read Only Memory

NVM: Non Volatile Memory FEFHEMHEAE!)

PROM: Programmable ROM

EPROM: Electrically PROM

EEPROM: Electrically Erasable PROM

Flash Memory: BERHIIC—1EHE. BEETRAHATED LR masu
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Read action of SRAM
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SRAM

P RELZA
fa=

MERDD

AFYOAHNET

F—ai (Y27 L)

/ '
TOKyO TECH—
ENFERRTENERD S
vt ® o MR Ra AT I
/ . 4y Ps
|5 ' RIRE N AT — K8
- 5_ T 1 — _'_
: 3 = -
Py | |
z l gl |
: - 1
& I J |
, e | 11
L |4 | [ ]
FA- e / BRIRERE
coREks  =l% e } #8015 OF THIES 3

nacdya Masu

= Ceal

\ PRI 3 75
Zikmicim s hT [
VD E) KRR, YA TS AW
WAREIC RS hs,

@7 Fri4 ARBEORZIN

0 EEAA WordfRIZEEZFEMLT. BitfRICEEE (1) F=1E€0Oy
FRAO0)ET D, AvTUoHICERLEREIND,

® SiAHL :WordfRICEEZEML T, BESN-BRDHEZDItREAND

FAHHT

8

4

o —E BAHLILBFRMNULDIDNT, BEESAHET D, T, B
REFFREIAREL D TRefresh (BEEAHA) & 5, Msec~H+msect

EO

Kazuya Masu




DRAM structures / 9 Refresh of DRAM / 10
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Read action of DRAM 11 Read and write of DRAM 12
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SRAM and DRAM / 13
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® SRAM
B SRAM consists of only transistors.
B Feature is high access time (nsec order).
Appropriate to cache memory on MPU/CPU.
® DRAM

B DRAM cell consists of 1Transistor and 1
capacitor.

B Area per bit is smaller than SRAM, but larger
read time (several tens nsec).

B Larger integration density than SRAM
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PROM: Programmable ROM / 15
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Nonvolatile memory / 16
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EPROM, EEPROM, Flash
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EPROM / 18
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EPRQM, EEPROM, Flash / 21
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EPROM. EEPROM, Flash / 22
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Flash memory / 23
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NOR and NAND Flash / 24
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NAND Flash / 25
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NAND Flash&1E: #IHA1E /26
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NAND Flash&) 4k :
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NOR and NAND Flash / 30
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Memory RAM —1—=Static RAM (SRAM)
— Dynamic RAM (DRAM)
ROM —1— ROM (Mask ROM)

— Nonvolatile Memory

® Ferroelectric
® Magnetic

® Phase change
® Resistive

— EPROM
— EEPROM
— Flash

— Novel
Nonvolatile Memory

FeRAM
— MRAM
— PRAM

— ReRAMyasy

FRAM: Ferroelectric RAM (B&REEE(X) / 32
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FeRAM

PZTH5 Skl
FRAMAz)L (3578 h1/BR88/Pb(Zr,Ti)03)

Qr> @i @0

/ 33

PZTHRDEATI/ARE
0°Daty PEE

gsw

L
“1"Data

1.EBREMNMT HEMBELRE, (ZNTIAF U ERNBTLETTS)

2BRENTDDEPLOHTELRBILES. RBEIT)

3.22M&REREIOINMIT—2ELTERIE,

Kazuya Masu

MRAM / 34
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MRAM
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MRAM: read and write
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ReRAM Resistive RAM / 37
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PRAM : Phase Change Memory / 38
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Progress of MPU
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Memory Trend in Conference
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Memory Trend
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HDD Trend
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Global IP Traffic, 2011-2016

Data from Cisco Visual Networking Index*,
http:/iwww.cisco.com/en/US/solutions/collateral/ns341/ns525/ns537/ns705/ns827/white
_paper_c11-481360_ns827_Networking_Solutions_White_Paper.html
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Global IP Traffic, 2011-2016

Data from Cisco Visual Networking Index*,
http:/Awww.cisco.com/en/US/solutior

341/ns525/ns537/ns705/ns827/white

_paper_c11-481360_ns827_Networking_Solutions_White_Paper.html

Plotted by K. Masu,

Total:29%, Mobile:78%

106 — ZettaByte/Month I _
105 Tptal G ]
e Fixed Interrfet 3
= 3
o Managed|IP 4
2 ]
f‘i 10 Mobile dta 3
i) 3
S -
D B
a 103 [— ExaByte/Month ()/ g
102 ]
2005 2010 2015 2020 2025

CAGR: Compound Annual Growth Rate

Year

Mobile: Includes mobile data and Internet traffic generated by handsets, notebook cards, and mobile broadband gateways
Internet: Denotes all IP traffic that crosses an Internet backbone

Managed IP: Includes corporate IP WAN traffic and IP transport of TV and VoD

107

106

10°

104

1108

/ 49
- rul?’ﬂ' ECH—
CAGR 2011-2016 Pursuing Excellence

PetaByte/Year

Kazuya Masu

Bl | / 50

O E(CEKICRED,

B ERMGIEE AELFATIZ.HLOER
HFBHIENTES,
O EI(Z. RIFESLGAIMIEEZLD,
B ESRYDEZZEDIENTEEE, —FHDOH
RETHY. BiiTE.,
B DR, FIZIETRERIZG>TERILTY,

Kazuya Masu




