oottt ood

Simulation of Flash Memory Programming Characteristics

ool

ISHIHARA Takamitsu

MATSUZAWA Kazuya

ogooobooooooooooobooooooooooooooooooobooobobobobouboooDooobo
ooooooooooobooooooooboooboo0booooooooooboobooUoboooobDoDOOobDon

ooooboooooo0oobooooooooobobooboooooooooooooobooobDOoDoUOObOOobDOn

oooooooooooooooOoooooooooo

0000000000000 0D0O00000D0000DONORI Negative OR circuitdD OO0OOOONAND
O Negative AND circuitlO 0000000000000 0O000O00OO000O00O0OO0OOOOOOOOOOOOO

ooooo

Flash memories are indispensable in the information-oriented society, especially for mobile equipment.
The programming characteristics are therefore influenced by various factors as each

tunneling phenomena are utilized to program a flash memory.
memory cell is scaled down with ULSI miniaturization.

Hot electron and quantum mechanical

Toshiba has developed device simulation techniques in which hot electron and quantum mechanical phenomena are taken into account, in order to

predict the characteristics of flash memory programming with various structures.

memories.

The present simulator is applicable to both NOR and NAND flash
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Structure of flash memory
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Electron temperature distribution in substrate of NOR flash
memory
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Distribution of hot electrons injected into insulator in NOR
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[ ]
ooooooono
oooooon e
[
oooooo
oooooooo oooooon
ooooooo
00000000
00000000
goooo goooooag gooooag

goONOROOOOOOOOOOOOOOOOODOOOODOOOD
oo0o0ooO0O00o0o0o0oO0o0o0oo0oO0o0oooonooooon
oooo00oo0ooo0o0o0o0o0o00o00000

Schematic of writing in NOR flash memory
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Transient of floating gate voltage of NOR flash memory
under writing operation
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Schematic of writing in NAND flash memory
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Distribution of electrons injected into insulator by quantum
mechanical tunneling in NAND flash memory
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Schematic of floating gate shape with and without post-
oxidation process
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Effect of floating gate shape on programming characteris-
tics of NAND flash memory
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