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Abstract

For nonvolatile memory cells, the flash memory
has the characteristics of small area, low power
dissipation, and long time retention, thus make it become
the most important cell unit. In the past, due to the long
term reliability problems existing in the conventional
CHEI programming and the FN-erase methods, the gate
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tunnel oxide can not be further scaled and the operation
voltage can not be reduced lower.

In this project, we propose a new programming
method that allows low voltage operation, called DAHE
i.e, Drain Avaanche Hot-Electron Injection. The
operating voltage is kept within £5V. By comparing with
conventional CHE (Channel Hot Electron) operation
method, the new method exhibits not only high
performance but also high reliability. These results
provide us a way of designing flash memory cell that
facilitates a low voltage programming with adequate
tunnel oxide thickness.
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Fig. 1 The schematic illustration of the
DAHE injection mechanism.
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Fig.2 Thelgand IdwithVg=8V,V =V,
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and V, = floating for DAHE.
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Fig. 4 The programming transient
characteristics with different program
schemes, CHE and DAHE.
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Fig. 5 Demonstration of the impact-ionization
region from 2-D simulation for CHE injection

scheme.
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Fig. 6 Demonstration of the EIP from 2-D
simulation for CHE injection, where the

electron injection is shown.
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Fig. 7 Demonstration of the impact-
ionization region from 2-D simulation for
DAHE injection scheme
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Fig. 8 Demonstration of the EIP from 2-D
simulation for DAHE injection, where the
electron injection region is shown.
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Fig. 9 The endurance characteristics for two
different program schemes, CHE and DAHE.
Both have the same erase operation.
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Fig. 10 The generated interface states (N,
for different program schemes, CHE and
DAHE after 104 P/E cycles.

DAHE(l) | DAHE(Il) | DAHE(lI)
Vee 9.0V 6.5V
Vg | 8.2V~6.2V| 7.5V~5.5V | 5.5V~3.5V
Vp 8.0v 8.0v 8.0v
Vs Float Float Float
Vg GND GND GND
Torog | 0.25us 4.01s 100us

Table1 The operating conditions for the
DAHE programming scheme at for
different control gate voltages.
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Fig. 11 The charging characteristics by the
DAHE for different control gate voltages
in N-channel flash cell.
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Fig. 12 The measured endurance characteristics

for all different programming conditions by the
DAHE scheme during program/erase cycle.
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Fig. 13 The comparison of the read disturb
characteristics for al programming conditions
Rdore and after 104 program/erase cycles.
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Fig. 14 The measured results of the charge

pumping current before and after 104 times
program/erase cycle for different conditions.
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Fig. 15 The GIDL current measurement at
Vp, =2V. It is noted that the shift of GIDL
current for post stressed MOSFET is due to
the oxide trap charges.

Threshold Voltage, V., (V)

DAHE BBHE
Veo -2.0v 10.0v
Veg | -0.5V~2.5V| 8.7V~6.7V
Vp -7.0v 5.5V
Vs Float Float
Vg GND GND
Torog 4.0us 40.0¢s

Table 2 The detailed operating conditions for
DAHE or BBHE programming schemes and
erasing by the Channel-FN tunneling.
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Fig. 16 The schematic illustration of the
BBHE injection mechanism.
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Fig. 17 The calculated injection efficiencies
(Ig/1p) for both DAHE and BBHE injection
schemes.
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Fig. 19 The SILC &fter 105 cycles by the DAHE
and the channel-FN. The vertical tail of extracte
current ios the transient component of SILC.

10°F

10°F

AV, / At

[ ® DAHE 10%ycles(SILC)

A BBHE 10cycles (SILC)
x Fresh (FN)

10-57‘|‘|‘|‘|‘|‘
40 45 50 55 6.0 65 7.0

Eox (MV/cm)

Fig. 20 The comparison of extracted SILC after
P/E cycles by the DAHE and the BBHE. Both of
two extracted SILC show similar characteristics at
higher oxide field up to 5to 6 MV/cm.
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Fig. 21 Theread retention characteristics for
flash cell after P/E cycling by the DAHE and
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Fig. 18 The endurance characteristics for
two different program schemes, the DAHE
and BBHE. Both of them have the same
erase operation by the channel FN
tunneling.

Table3 A summary of the comparison
between DAHE and BBHE.



