Reliability Issues of Flash EEPROM Cellswith Different Floating Gate Materials
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Abstract

The n-doped floating gate n-channel
flash cell is the most popular one in
nonvolatile memories but it has low injection
efficiency, large power dissipation, serious
disturb, and data retention problems.
Therefore, in a recent work presented by us
[1] showed that these conventional flash cells
can be improved by adopting p-type dopant
as the floating gate material, such that cell
performance and reliability can be largely
improved. No matter whether it is n-channel
or p-channel cell, tunneling leakage or oxide
damage is dtill a major concern. This will
lead to serious cell reliabilities, such as
operation window closure, disturb and
reduced ability of data retention. As a
consequence, it is still mandatory for us to
make effort to study the reliability problems
existing in these types of flash memories.

In this project, we design and fabricate a
set of different types of floating-gate dopants
made on both n-channel and p-channel flash
memory cells. Studies of the cell performance
and reliability after P/E cycling are carried
out. Results shows that for p-doped floating



gate, it exhibits superior reliability in terms (interface state,
of endurance, disturbance, and in particular  Ny) (oxide charge, Qo)

data retention by comparing the n-doped (oxide traps, Q)

floating gate counterpart. For the p-doped
floating gate p-channé cell, it has faster
programming speed, lower erase speed, better
gate- and read-disturb. In particular, the drain
disturb has been improved with 3-order in
magnitude, which is a very important result
for the design of pchannel cells. In addition, 1997IEDM p-channel
p-doped one also shows good data retention [6]
capability. These results are expected to be

useful as a design guideline for flash memory

cells with emphasis on reliability.
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Table 1 The split table of stacked-gate flash memories.
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Fig. 3  Long-time programming states for

different dopants and doping types of floating
gates.
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Fig.6  Comparison of the erase timefor

different dopants and doping types of the
floating gates.
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Fig. 7  Schematic diagrams for the

floating-gate measurement and the
measurement procedures.
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Fig. 10
n-type floating-gate cell after P/E cycling
at 300°C.
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Fig. 11
p-type floating-gate cell after P/E cycling at
300°C.
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Fig. 12 Comparison of the programming

characterigtics for Flash cells with different dopant

typesin the floating gate.
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Fig. 13 Comparison of the erase characteristics

for Flash cells with different dopant typesin the

floating gate.
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Table2 Calculation of the éectric potentialsin
aflash memory cell.
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Fig. 14 Endurance characteristics of n- and
p-type floating-gate p-channel Flash cells. Both of
the results are almost identical .
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Fig. 15 The gate disturb characteristic for n-
and p-type floating-gate Flash cells after 10* PIE
cycles.
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Fig. 18 The gate current characteristic of
p-channed Fash cellswith n- and p- type
floating-gate. The p-type cell has less gate
current injection during CHH.
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Fig. 19 Charge loss characteristics of
n-type floating-gate cell before and after
P/E cycling at 250°C.
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Fig. 16 Read disturb lifetime characteristic for n- Fig. 20 Charge loss characteristics of

and p-type floating-gate Flash memories. The

control gate voltage for 10 year lifetimein p-type
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Fig. 17 Thedrain disturb characteristics for n-

and p- type floating-gate Flash cells after 10* P/IE

cycles. The p-type floating-gate cell has 3 order
improvement.
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	page1
	page2
	page3
	page4
	page5
	page6
	page7

