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Advanced Design for Low Voltage and L ow Power Flash Memory
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Abstract

Flash memory has small area, low power
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dissipation, and long time retention advantages, these
make it promising as one of the most important
candidate in future nonvolatile memory technology. In
the past, due to the long term reliability problems
existing in the conventional CHE programming and the
FN-erase methods, the gate tunnel oxide can not be
further scaled and the operation voltage can not be
reduced further.

In the first year, we have developed a new
programming method which allows low voltage
operation, called DAHE i.e, Drain Avaanche
Hot-Electron Injection. By comparing with conventional
CHE (Channel Hot Electron) operation method, the new
method exhibits not only high performance but also high
reliability. In the second year, further verification of
n-channel cell and p-channel flash cell with the new
scheme has been achieved. Results show that the new
DAHE scheme is adequate for achieving high speed, low
voltage, and with appropriate reliable achievements for
both n-channel and p-channel flash cells. These results
provide us a way of designing flash memory cell which
facilitates a low voltage programming, high speed, as
well as high reliability.

Finally, in the third year, first an optimization of
the new scheme with higher injection efficiency has been
proposed. With the improvement of process technology,
reduction of drain substrate junction damage during
programming can be achieved by exactly controlling the
position of highly doped implanted boron. In terms of
the reliability, gate disturb and drain disturb are greatly
reduced as a result of a low voltage operation. The
present scheme is better than widely used channel
hot-electron (CHE) injection. As a whole, the AHE
programming scheme based on the improved ETOX cell
structure can be well-suited for the next generation high
performance and high reliability flash memory
applications.
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Sample #1 | Sample #2| Sample #3
Oxide
Thickness 100
ONO 160
Thickness (Effective Thickness)
Pocket 1.0E13 2.5E13 1.1E14
Doping cnr? cm? cm?
Gate Drain | Source | Substrate
Voltage | Voltage | Voltage | Voltage
AHE 4V 3V Floating -4V
Program
CHE v 4V ov ov
Erase -13V Floating 6V oV
Read 3.3V v ov ov

Tablel (a) The split table of flash memory. (b) The
Operating conditions of flash memory.
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Fig. 3 The programming characteristics for AHE
and CHE programming schemes with different

pocket characteristics.
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Fig. 4 Convergence properties of AHE which
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Fig. 1 The schematic and energy band diagram
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Fig. 2 The junction breakdown current and gate
Injection current for AHE programming with
Different pocket concentrations.
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Fig. 5 The comparison of the endurance with V.,
and G, yax for AHE and CHE programming

schemes.
0.10
| AHE
V.. =4V, V_=0V
G > D
0.08 V, =0V, V, =Floating

Threshold Voltage Shift (V)

o
o
>

0.04

©
o
o

0.0

CHE
Veg=1V. V=0V
V=0V, V =0V

10° 10" 10% 10° 10* 10° 10° 107 10°
Disturb Time (Program Times)

Fig. 6 Gate disturb measurements for both AHE and Fig. 10 The comparison of the data retention
CHE programming schemes after 10* P/E cycles.
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Fig. 7 Drain disturb measurements for both AHE
and CHE programming schemes after 104 P/E cycles.
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Fig. 8 Substrate disturb measurements for AHE
programming scheme after 104 P/E cycles.
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Fig. 9 The comparison of the read disturb lifetime
characteristics for AHE and CHE programming
schemes after 104 P/E cycles.
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Fig. 11 The schematic illustration for GIDL and
GIBL measurements.
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Fig. 12 The GIDL current measurements for
AHE and CHE injection stress after 107 program

times.
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Fig. 13 The GIBL current measurements for
AHE and CHE injection stress after 107 program

times.
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Fig. 15 The SILC induced by electric field

measurements for AHE and CHE injection stress

after 107 program times.
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Fig. 16 The SILC induced by high temperature

after 107 program times.
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Fig. 17 The junction leakage current
measurements for AHE and CHE injection stress  current between AHE and reported schemes for

after 107 program times.

Fig. 18 Simulation results of impact ionization
generation rate magnitude and position in AHE

programming scheme.

Fig. 19 Simulation results of impact ionization
generation rate magnitude and position in CHE
programming scheme.
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Fig. 20 Thedrain current degradation for AHE
measurements for AHE and CHE injection stress  injection scheme.
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Fig. 21 Comparison of the P/E cycling induced GIDL

AHE CHE
Progr'ammmg 1.8us | 20us
Time
Operation <iav| s>7v
Voltage
P
ower X | 6.8X
Consumption
Gate, Drain, Read
K ! Better| Worse
Disturb
Retention Better| Worse
Pumping Circuit Smaller| Larger
Area

Table2 A summary of the comparison between
AHE and CHE programming schemes.



