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ABSTRACT

As flash memories move toward giga-bits era, several challenges limit their
scalability. The major problem of floating gate flash memories is un-scalable
tunnel oxide. Although SONOS (Silicon Oxide-Nitride-Oxide Silicon) type flash
memories show better scalability and simpler process, there are still some
difficulties. Both charge gain at erase state.and charge loss at program state after
cycles will diminish read ‘window and finally decrease data retention after
cycling.

In this study, charge~gain at erase state was investigated. In the
investigation, we found moisture’in passivation layer is the key factor to affect
charge gain at erase state. The moisture will increase positive charge trapped in
bottom oxide of NROM (NROM is a registered trademark of Saifun) memory.
Reduce moisture in passivation layer and prevent moisture diffuse to memory
cell is investigated to reduce charge gain at erase state.

To reduce moisture in passivation layer, we bake experiment wafer at 420
‘C for 30min after SAUSG (Sub Atmosphere Undoped Silicate Glass) film deposition.

The threshold voltage shift at erase state can decrease from 1.6V to 0.2V even
with worst passivation film structure.

To prevent moisture diffuse to memory cell, change first passivation film
material from low power plasma enhanced oxide to silicon nitride can reduce
erase state threshold voltage shift from 1.6V to 0.3V. Increasing titanium
thickness in via barrier from 15nm to 40nm can lower threshold voltage shift
from 1.7V to 0.3V. Combine passivation film modify and increase titanium
thickness not only threshold voltage shift can keep under 0.3V no threshold
voltage shift samples also can exceed 30%.

Charge gain at erase state was greatly improved in these investigates. The
enlarged of read “1” window can improve data retention after cycling and make
NROM cell has chance from multi time programming become true flash.
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Table 1 : Properties of Silicon Nitride for LPCVD vs. PECVD
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Figure Captions

: MOS memory tree

: MOS and Flash memory structure compare

: Floating-gate MOSFET reading operation

: Threshold voltage distribution for 2b/cell compared with the standard

1b/cell

: (a) Cross section and (b) top view of an NROM cell
: Band diagram of oxide trapped charge induce barrier lower
: Schematics of band diagrams and carrier transport mechanisms at various

bias conditions

: NROM device fabrication flow, (a) after well engineer and (b) after field

oxidization
: TEM cross-section of LOCOS field oxide
Dopant segregation at Si/SiO, interface
Illustration of Kooi effect
NROM device fabrication flow, (a) after cell S/D implantation and (b)
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NROM device fabrication flow;.(a)after gate patterning and (b) after
periphery circuit S/D.implantation
TEM cross-section of metal film

NROM device fabrication flow: - after metal 1 patterning

NROM device fabrication flow = after metal 2 patterning

passivation film structure, (a) Without SAUSG, (b) With SAUSG
NROM device fabrication flow — after pad window opening
Schematics illustration of cross section of NROM cell and the program

and erase injected charge distributions
Illustration of hot hole generation mechanism

Equivalent device structure of NROM memory cell
Ilustration of NROM cell in read operation
V1t shift versus disturb time of a 10-K P/E cycled cell at various drain
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various disturb of NROM device during read operation

V1t shift versus applied gate bias of a 10-K P/E cycled cell

P/E cycle dependence of erase-state Vt drift after 10* sec storage

Read disturb characteristics of a fresh cell and a 10-K P/E cycled cell
Schematic illustration of the cross section of the spatial distribution of

the charge before ((a),(b)) and after ((c),(d)) retention bake
Vt compare of SAUSG and HDP experiment in WAT test key
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Cell current compare of SAUSG and HDP experiment in WAT test key
V1t shift distribution of SAUSG and HDP experiment after 100 cycles
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Depth profiles of Ti 2p XPS-spectra for TIN/TI/TEOS-O;3; SiO,, before
and after TDS measurment, (a)before TDS measurement, (b)after TDS
measurement

Depth profiles of O 1s XPS-spectra for TiN/TiI/TEOS-O;3 SiO,, before
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