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DAHE(I) DAHE(Il) | DAHE(II)
Veo 10.5v 9.0v 6.5V
Vee | 8.2V~6.2V| 7.5V~5.5V | 5.5V~3.5V
Vp 8.0v 8.0v 8.ov
Vs Float Float Float
Vg GND GND GND
Torog | 0-25us 4.0us 100us

Table1 The operating conditions for the
DAHE programming scheme in n-channel
flash cell at different control gate voltages.
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Fig. 1 The program transient
characteristics by the DAHE for different
control gate voltagesin n-channel flash
cell.
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Fig. 2 The measured endurance characteristics
for al different programming conditions by the

DAHE scheme after program/erase cycles.
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Fig. 3 The GIDL current measurement at
Vp =2V. Itisnoted that the shift of GIDL
current for post stressed MOSFET is dueto
the oxide trap charges.
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Fig. 4 The measurement maximum charge
pumping current shift after the DAHC stress
in an n-channel MOSFET.
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Fig. 5 The measured results of the charge

pumping current before and after 104
program/erase cycles for different conditions.
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Fig. 6 The comparison of the read disturb
characteristics for al programming conditions
before and after 104 program/erase cycles.
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Fig. 7 Simulation result of electron injection
current in n-MOSFET during drain junction
avalanche breakdown at V,= 8.0V.
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Fig. 8 Simulation result of holeinjection
current in n-MOSFET during drain junction
avalanche breakdown at V= 8.0V.
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Fig.9 Simulation results of the injection
current for DAHH along the Si/SiO,
interface at V= 8.0V.
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Fig.10 Simulation results of the injection
current for DAHE aong the Si/SiO,
interface at V,= 8.0V.
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Fig. 11 The experimental and simulation
results of the impact ionization current for
different gate voltages at afixed Vo= 8.0V.



n g
ol 310 02 =
€ @
3 &
& 30.5¢

©
= 015 @
O 300} IS

o
5 @)
o =
S 205} o1
g %

1%
% 29.0+ o5 £

05 5

(3_ 285} E
= o
x 1 L L
3 29020 a0 60 8l %
= =

Gate Voltage, V(V)

Fig. 12 Simulation results for position and
strength of the maximum ionization at
different gate voltages and afixed V,= 8.0V.

DAHE BBHE
Vee 2.0V 10.0v
Ve | -0.5V~2.5V| 8.7V~6.7V
Vp -7.0V -5.5v
Vg Float Float
Vg GND GND
Torog 4.0us 40.01s

Table2 The detailed operating conditions for
DAHE or BBHE programming schemesin p-
channel flash cells
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Fig. 13 The schematic illustration of the
BBHE injection mechanism in a p-channel
flash cell.
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Fig. 14 The schematic illustration of the
DAHE injection mechanism in a p-channel
flash cell.
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Fig. 15 The calculated injection efficiencies

(I/1p) for both DAHE and BBHE injection
schemes in a p-channel flash cell.
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Fig. 16 The gate current is composed of

three components, FN current 11, BBHE
12, and DAHE current 13.
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Fig. 17 Measurement result for gate current
versus gate voltagesin ap-MOSFET during
drain junction avalanche breakdown.
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Fig. 18 The extracted gate current caused by
drain disturb for different drain biases. The

FN, BBHE, and CHE gate currents dominate

at different gate voltages.
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Fig. 19 The endurance characteristics for
DAHE and BBHE. Both of them have the
same erase operation by the channel FN
tunneling.
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Fig. 20 The read retention characteristics for
flash cell after P/E cycling by the DAHE and
the BBHE.



