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Title: SONOS gate stack with multiple oxynitride layers and high
workfunction gate electrode

Inventors: Igor Polishchuk, Sagy Levy, Ramkumar Krishnaswamy.

Current technology:

Significant improvements in SONOS memory performance have been achieved
through band-gap engineering of the gate dielectric (ONO) stack.

Further enhancements are possible if the work function of the gate electrode is
increased. Current publications refer to a TANOS technology, where the
blocking silicon dioxide layer is replaced with an aluminum oxide layer and the
N+ gate electrode is replaced with a metal — tantalum. This new materiais
(Al203 and Ta) present a significant challenge for integration into a present day
CMOS fabrication flow.

In contrast, the present invention relies exclusively on the materials with long and
proven integration history: A gate stack consisting of a unique combination of
silicon oxide, silicon nitride and silicon oxynitride layers (and no exotic high-K
dielectrics) and a P+ doped polysilicon gate electrode are used to create an
NMOS-type SONOS non-volatile memory device. This proposed device can be
easily and inexpensively integrated into a standard duai poly CMOS logic flow
(that already has P+ poly implant).

New invention.

The unique features of the proposed process flow are outline below, in reference
to the diagrams in Figure1.
The ONO stack is created on silicon substrate by sequentially forming the
following layers:

1. tunnel oxide layer

2. 2 or more of distinct nitride layers

3. blocking oxide layer.
In the subsequent steps the ONO stack is selectively removed from the logic
areas of the substrate, and a thermal oxide is grown in the logic areas.
Later a polysilicon layer is deposited over the entire substrate to form the gate
electrodes. The poiysilicon layer is also implanted with appropriate species
either prior to, or following, the gate patterning process. Boron or BF2 implants
can be used to implant the gate electrodes of both non-volatiie NMOS SONOS
memory transistors and the PMOS logic transistors.

The advantages of the proposed device are further illustrated by the available
experimental data in the following figures. Figure 2 shows that the P+ SONOS
gate electrode results in a deeper erase. Figure 3 shows that the P+ SONOS
gate electrode additionally improves data retention.
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Figure 1.

Key features of fabrication process.
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Figure 2. Comparison of the erase/program characteristics for
SONOS FETs with N+ and P+ poly gates.
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Figure 3. Comparison of the data retention characteristics for SONOS FETs with
N+ and P+ poly gates.
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IN THE CLAIMS
What is claimed is:
1. A non-volatile NMOS transistor memory structure:
where the gate stack of the transistor is comprised of an oxide tunneling
layer, an oxynitride charge trapping layer that in turn is comprised of 2 or
more distinct sub-layers, an oxide blocking layer and a P+ doped
semiconductor gate electrode.

2. A structure of claim | that is produced in a standard dual-poly gate CMOS logic
flow.

3. A structure of claim 2, where the P+ doped semiconductor gate electrodes for the
memory NMOS transistors and for the logic PMOS transistor are made by
separate processing steps including

deposition
masking
implantation
anneal

4. A structure of claim 2, where the P+ doped semiconductor gate electrodes for the
memory NMOS transistors and for the logic PMOS transistor are made
simultaneously by the same processing steps including

deposition
masking
implantation
anneal

5. A non-volatile transistor meniory structure:
where the gate stack of the transistor is comprised of an oxide tunneling
layer, an oxynitride trapping layer that in turn is comprised of 2 or more
distinet sub-layers, an oxide blocking layer and a gate electrode formed
from a high workfunction material other than P+ doped silicon.

6. A method of programming a non-volatile transistor memory structure by Fowler-
Norheim tunneling.

7. A method of programming a non-volatile transistor memory structure by hot
carrier injection.

8. A non-volatile PMOS fransistor memory structure:

where the gate stack of the transistor is comprised of an oxide tunneling
layer, an oxynitride trapping layer that in turn is comprised of 2 or more
distinct sub-layers, an oxide blocking layer and a N+ doped semiconductor
gate electrode.

9. A structure of claim 8 that is produced in a standard dual-poly gate CMOS logic
flow or in a standard single-poly gate NMOS flow.

10. A structure of claim 9, where the N+ doped semiconductor gate electrodes for the
memory PMOS transistors and for the logic NMOS transistor are made by
separate processing steps including
deposition
masking
implantation
anneal
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11.

12,

A structure of claim 9, where the P+ doped semiconductor gate electrodes for the
memory NMOS transistors and for the logic PMOS transistor are made
simultaneously by the same processing steps inchiding

deposition

masking

implantation

anneal

A non-volatile transistor memory structure:

where the gate stack of the transistor is comprised of an oxide tunneling layer, an
oxynitride trapping layer that in turn is comprised of 2 or more distinct sub-layers,
an oxide blocking layer and a gate electrode formed from a low workfunction
material other than N+ doped silicon.
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