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The progress of information technology has led to great demand for semiconductors for application to servers, PCs, cellular
phones, and personal digital assistants (PDASs), resulting in a steady annual memory bit growth rate exceeding 60 %.
Miniaturization and design technologies have made it possible for memories, especially dynamic RAM (DRAM), to integrate four
times more bits in one chip every three years, and have significantly reduced bit-cost.

Recently, however, with the expansion of memory application fields, the market has been requesting higher-value-added
memory products featuring low-voltage operation, low power, and high functionality as benefits of these technologies. On the other
hand, in recent memory development more attention seems to have been paid to the rapid growth of flash memory, recovering
demand for static RAM (SRAM), and other emerging memories such as ferroelectric random access memory (FeERAM) and magnetic
random access memory (MRAM), which are expected to be an "ultimate memory" in the future.
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Worldwide semiconductor memory revenues
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Trends in DRAM design rule, chip size, and cell size
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Cross-sectional view and SEM photo of 0.13 y m DRAM cells

34

256 MOOO DRAMOODOODOOO
SF’0 000000000000 O0
gbooobbooooboboooon
000000008F 0000000
gboooboobooooboboooo
ooo
DRAMOOOOOOOODRAM
gboooobooooooobooo
ooooooobooobooooooo
gobooooooooooooooo
goooooboooooobobooon
gobooooooomomooon
gbooboobooobooobooon
gboooooooooooooon
Ooooooo0oO0OoD 200 30fFO
gobobooooooooobodn
oooooooooooooon
gboooboooooooooooon
ugboooobrOO0OO0OO0O0O0OO
goooobooooooooooo
gooooooooobooboon
gooooooooobooooon
gobooooooo
oooooooooobooooon
gboo4MOO0OO0DRAMOOOODO
goooooooooooooon
gooooooooobooooon
umoooooooooooodno
gboooooobooooobooon
gooooodoboooooooooon
oooooobobeaMODOODOOO
gooooooboooooogon
oooooooisgolowmddnn
gbooboooooooonoooon
oo
000000000000 o Win-
bond00OJO0D0O00O0OOOOOO0A3
wmO 00000000 DRAMOOO
0000000000000000%0
gooboooooboooan

OTa OO0 O000oooooonon

Ubb0MmrROooboooooonO
gobooooobosgoooooon
gooboboodooobooobon
gboboooooooooobooon
MoSOOoOooooooooooo
gooood

000000 Vol.O No.[OOITTIO



W 0000000 DRAM

010 DRAMOUOOOOOOO
ogooodboooooood oo
gopCcOO0O0ODODOODDOOO

ogoooodOopCcOOOODOD CPU
goooooooomoonoooo
goooooooobooobooon
goooooooooooe4aMOO
000000 0/RASI Row Address
StrobedJ0 O 0ODOOOD0DOOOO0O
/CAS] Column Address StrobelT]
odooooooooobooooo
Od0omrFPMOO OO ODOOOOO
goooooooobooooooo
ODRAMUOODOOOODODOOOOO
goooooooooooooooo
gooodoooodoobobd DDR
00 Double Data Ratel;DRAMO O 0
ogoodooooooooboooooo
gobooobooobooooooaoo
Oooooooooooooooo
ogooooood

gdooboOooooboooooooaa
ogjobooooooooodooooo
oodooooooooooooboon
oooooooooooooonoo
goosooMOOOo/sO0Ooooa
Rambus’ " *DRAMO OO 00000
00o0o0oooooooooooon
O0o0oDooDoDooDoDoooogoo
000ooooooooooooooono
0000 DLIO Delay Locked LoopO
0oooDoooooooooooon
oooooog

PCOODOODOOOOOOOOOD
o0oo0oooooDooooooo
o0Do0Doo0oooooDooooon
O0000000ODRAMOODO PC
O0o00Dooooooooooooon
O0oD00oooDoooooooo
ooooooooooooooooo
0oooooooDooooooooo
00o0o0Dooooooooooo
0oooooooooooooooo
0000000 ooooDooDooon
0000Ooooooooooooon

gooobooooooo

gooogoooooboboobogoo
gbooogooboobooboobo
gobooboboobooooooo
goboogoooobooboobooo
googbooooooobooobo
gooboooobooosrRAMOOO
gobooooboooboobgoo

gooooobrAMOOOD OO
gboboooboooooooobo
goooobboobooobooo
gobobogobooooboobooooo
goog

.DDDDDDDDDDDDD
0000 SRAM

gobooboboobooboo
goo0o0ooOO0O000OdEEPROM

0 Electrically Erasable and Program-

mable ROMIIT 0000”0000
gogooooooooooboboo
ggboobooboooooobooo

JodoooooooOooossodd
oooooboooooooooooa
O0O0DO0O0O00O0OOEPROM
0 Erasable and Programable ROMUO
dddooooooooooooo
goooboooooooooooo
JO0010000 DRAMO 10000
gooooboooooooooooo
ogooooooon
ogooooooooooooooo
gooooooobooooooooo
ooooooooooboooooon
0o0o0ooboo0dodd NAND
0 Negative AND circuittld 0O 0 0O
0 000 NORI Negative OR circuitd
godoooooooo
NANDO OO OOOOOOooo
dooooooooooooooooo
Ol10oooooooooooooo
00000000000 4F0000
oooo
OddbOd@Maooooooo

| -
B o 9.15um N -
| [ A
— — *
0.26 pm
1 = |
1
| A |
IDDEDDD 2000000 gooooag
Oooooooooa gooooooooa

rn &
T

WSipolyD OO0 0D0000000D000OO0OOOO0DOO

OooboiBuym NANDOOOOOOODOOODOOOODOOO0O0O0O00OAO ADODOODOO od
gopooosTiooooobobooooooooobobooo

Schematic layout and SEM photo of 0.13 y m NAND flash memory
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