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— L 41F3,
[x%ﬂ v % RAM (DRAM)

— ROM (¥ X% ROM)

— ROM ——
— THEHEM X £1) —— EPROM
— EEPROM

— A FoBalTy
RAM: Random Access Memory

SRAM: Static RAM

DRAM: Dynamic RAM

ROM: Read Only Memory

NVM: Non Volatile Memory FiEF AT
PROM: Programmable ROM

EPROM: Electrically PROM

EEPROM: Electrically Erasable PROM

Flash Memory: ESIIC—1EHEE. BETAATETHAEY
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Memory —— RAM Static RAM (SRAM)
— Dynamic RAM (DRAM)
— ROM —— ROM (Mask ROM)

— Nonvolatile Memory -

— EPROM
— EEPROM

® Ferroelectric
® Magnetic

® Phase change
® Resistive

— Flash

— Novel
Nonvolatile Memory

FeERAM
— MRAM
— PRAM

— ReRAM



Scaling of integrated circuit ~_ / 5

G , I/OArea _ Bt

MPU (Intel 4004)
1971, 2,3k Tr,
10um, 108kHz

21.72mm

State-of-Art
Many Core MPU  x/m=

FERE SRR (Inte], 2007) 65nm, 108Tr/3mm?-Tile
| | Miniaturization has brought

« High performance

« High density(integration)

 Low power

LESTEELKIZT B L,

o [&] CHBED MR 5, HEEKSE.
,ﬁE%m/kz

® Hl{EILITLEGreen !

Invention of transistor, 1947
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45nm 70134 L gb
32nm 30164

22nm

http://www-lab13.kuee.kyoto-u.ac.jp/~tsuchiya/LSI-3D-CG.html



cfE Scaling

TOKyd TEECH
Device Parameters

Channel length L 1/k Drain current Io 1/k
Channel width W 1/k  Capacitance Cox = &S/t 1/k
Oxide thickness tox 1/k  Gate delay time CV/l, 1/k
Junction depth X; 1/k  Consumption power per gate VI, 1/k?
Depletion layer width x4 1/k  Chip area Achip 1/k?

Sub. doping conc. N, K Power per unit area V /A 1

Supply voltage \ 1/K  Line Resistance R, =p lentgh/S k

RC constant R, C 1

Current density J=1/S Kk

Electric field strength E 1

TEZINSKTDHHAE




MOSFET performance
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Cut-off frequency [GHZz]

0.1

INP HBT —,
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BiCMOS/SiGe

Frequency for

personal communication

0

/5 77 79 81 83 85 87 89 91 93 95 97 99 01 03 05 07 09 11

Year

CMOS supply voltage [V]
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Miniaturization of MOSFET/GCMOS
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TOK YO TIECH
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Watts happening in technology
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Source: Bernard S. Meyerson, IBM, 2005

IEDM 2009 Short Course « Low Power ! Low Energy Circuits: From Device to System Aspects



ZE [W/cm?]

Heat flux of module/chip
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45nm- 32nm, and heyond /
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