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(57) ABSTRACT 

An asymmetric non-volatile memory (NVM) cell for a 
CMOS IC formed by a standard CMOS process flow used to 
form both low Voltage and high Voltage transistors on a Sub 
strate. The NVM cell includes an NMOS floating gate tran 
sistor and an optional select transistor. The floating gate tran 
sistor includes an elongated floating gatehaving a first portion 
disposed over the channel region Cso a second portion 
extending into an enlarged drain diffusion area Diso away 
from the channel region, whereby the gate-to-drain capaci 
tance is higher than the gate-to-source capacitance. The width 
of the floating gate extension portion is minimized, while 
both HVLDD and LV LDD implants are introduced together 
enabling LDD implant merging under the floating gate exten 
sion. HV LDD implant in the NVM transistor is replaced by 
LV LDD. The floating gate is formed using substantially 
U-shaped or J-shaped polysilicon structures. Various array 
addressing schemes are disclosed. 
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ASYMMETRIC SINGLE POLY NMOS 
NON-VOLATILE MEMORY CELL 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 12/037,051, entitled “Asymmetric Single 
Poly NMOS Non-Volatile Memory Cell” filed Feb. 25, 2008. 

FIELD OF THE INVENTION 

0002 The present invention relates to non-volatile 
memory (NVM) cells. More specifically, the present inven 
tion relates to NVM cell arrays that are “embedded in (i.e., 
integrally formed with) complementary metal-oxide-semi 
conductor (CMOS) integrated circuits (ICs), and to methods 
for fabricating the NVM cells in an inexpensive manner using 
standard CMOS process flows. 

BACKGROUND OF THE INVENTION 

0003 “CMOS' refers to both a particular style of digital 
circuitry design, and the family of processes used to imple 
ment that circuitry on IC “chips' or “die”. CMOS logic uses 
a combination of p-type and n-type metal-oxide-semiconduc 
tor field-effect transistors (MOSFETs) to implement logic 
gates and other digital circuits found in computers, telecom 
munication equipment, and signal processing equipment. 
Typical commercial CMOS ICs include millions (or hun 
dreds of millions) of n-type and p-type MOSFETS. 
0004 Most CMOS IC manufacturers (aka, “fabs') gener 
ate standardized process “flows' for generating CMOS ICs 
on monocrystalline silicon wafers. Each CMOS process flow 
includes a series of processing steps (e.g., material deposi 
tion, photolithographic exposure, and etching) that are 
required to produce a desired CMOS IC product. Standard 
CMOS process flows are typically developed to produce 
“normal CMOS IC devices (i.e., CMOS IC devices that 
comprise mainly volatile n-type and p-type MOSFETS) 
using a minimum number of processing steps in order to 
minimize overall production costs. Significant effort is typi 
cally expended by each manufacturer to make their standard 
CMOS process flow as time and cost efficient as possible. 
Once a standard CMOS flow is optimized, it can typically be 
used to make a large number of CMOS IC designs by merely 
by providing a different set of photolithograpy masks for each 
IC design, and then repeating the standard CMOS process 
flow using the selected set of photolithograpy masks. 
0005. Although most standard CMOS process flows 
facilitate the inclusion of non-MOSFET circuit components 
into the CMOS IC products, a problem arises when a circuit 
design requires a circuit component that cannot be produced 
by the standard CMOS process flow. In this case, the CMOS 
process flow must be modified at great expense to include 
additional steps in order to produce the needed circuit com 
ponent. It is therefore desirable to develop methods for pro 
ducing the non-standard circuit component using the steps of 
the existing CMOS process flow. 
0006 Non-volatile memory (NVM) or “floating gate' 
cells represent one type of non-standard circuit component 
that is often needed in large scale CMOS ICs. In contrast to 
Volatile (aka primary storage) memory such as typical n-type 
and p-type MOSFETs, which require continuous power to 
retain stored information, NVM cells are able to retain a 
stored state even when power to an IC is turned off, thereby 
allowing the IC to “remember important operating condi 
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tions and information upon restart. Several types of NVM 
cells have been developed that can be produced with minimal 
changes to a standard CMOS process flow. One NVM cell 
that has a small floating gate capacitively coupled to the drain 
area is disclosed in U.S. Pat. No. 6,678,190. This NVM cell is 
a programmable read only memory comprising two serially 
connected P-type metal-oxide semiconductor (MOS) transis 
tors. A problem with the PMOS NVM cells of U.S. Pat. No. 
6,678,190 is that the disclosed structure is impractical for 
performing erase operations due to the large Voltage on the 
control gate that is needed to stimulate electron back-tunnel 
ing from or hole injection to the floating gate—even for 
Voltages approaching the breakdown of the N-well junction, 
the potential difference between the floating gate and N-well 
is Smaller than several Volts. Further, the symmetric arrange 
ment of the NVM cell of U.S. Pat. No. 6,678,190 requires a 
select transistor to address the cell. 
0007 Another NVM cell that also includes two PMOS 
transistors is described in U.S. Pat. No. 7,078,761. The float 
ing gate includes an extension acting as a control gate and 
located over a special N-well that is spaced from the source 
and drain of the NVM transistor. A problem with this arrange 
ment is that, along with the two-PMOS arrangement, the 
special N-well requires additional space, thus making the 
overall cell size undesirably large. The NVM cell of U.S. Pat. 
No. 7,078,761 also has a problem similar to that of the NVM 
cell of U.S. Pat. No. 6,678,190 in that it requires a select 
transistor to address the cell. 
0008 What is needed is an NVM cell that is small to 
medium in size, can be produced using a standard CMOS 
process flow having a single polysilicon layer, and exhibits 
high endurance. 

SUMMARY OF THE INVENTION 

0009 FIGS. 1 and 2 The present invention is directed to 
medium-sized, asymmetric NVM (logic) cells that are pro 
duced using standard single-poly CMOS process flows and 
exhibit high endurance. Each NVM cell is asymmetric in that 
it includes a floating gate that has a first portion disposed over 
a channel region and a second (extension) portion that over 
laps (i.e., extends “over”) an enlarged drain (diffusion) region 
at a location away from the channel region, thereby providing 
a gate-to-drain capacitance that is higher than the gate-to 
Source capacitance. This asymmetric arrangement facilitates 
desirable hot electron programming of the floating gate by 
applying a positive programming Voltage to the drain region 
and coupling the Source region to ground, thereby causing 
channel hot electron (CHE) injection from the drain region 
into both portions of the floating gate. In one embodiment, the 
programming process is enhanced by applying a bias to the 
channel region. By programming in this way, the need for 
separate control gate diffusions may be avoided, thus mini 
mizing the size of the asymmetric NVM cell. Erasing the 
floating gate involves coupling the drain diffusion to ground 
and applying the positive Voltage to the Source, thereby caus 
ing Band-to-Band Tunneling (BBT) generation of holes and 
their injection into the floating gate. Tests performed on 
asymmetric NVM cells produced in accordance with the 
present invention exhibit Superior endurance (over several 
hundred programming cycles). Accordingly, asymmetric 
NVM cells produced in accordance with the present invention 
are ideal for incorporating into low cost CMOS integrated 
circuits (ICs) that require high endurance, high density (i.e., 
several Kbits to 1 Mbit) NVM cells. 
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0010. According to an embodiment of the invention, a 
CMOS IC includes both high voltage (HV) MOSFETs and 
low voltage (LV) MOSFETs and at least one asymmetric 
NVM cell formed on a substrate using a standard CMOS 
process flow. The HV MOSFET and the LV MOSFET are 
fabricated using processing steps that are optimized for pro 
ducing these different devices. For example, HV MOSFETs 
are produced using lower density LDD (HV-LDD) implants, 
thicker gate oxides (HV-OX) and wider polysilicon gate lines 
that are optimized for the higher (e.g., 5V) applied Voltages 
expected on HV MOSFETs during operation. In contrast, LV 
MOSFETs are produced using higher density LDD (LV 
LDD) implants, thinner gate oxides (LV-OX) and narrower 
polysilicon gate lines that are optimized for the lower (e.g., 
1V) applied voltages expected on LV MOSFETs during 
operation. The various process steps used to fabricate HV and 
LV MOSFETs are included in standard CMOS process flows. 
In accordance with an aspect of the invention, these various 
HV and LV process steps are utilized to optimize the asym 
metric NVM cells by using the LV gate design rules (LVDR) 
to define the width of the extension portion of the floating 
gate, and utilizing one or more of the LDD implants to form 
a continuous implant region that merges (i.e., extends entirely 
across) the N+ drain diffusion under the extension portion. 
The present inventors have found that Superior asymmetric 
NVM cells are produced by forming the floating gate on the 
thicker HV gate oxide, utilizing the LV-LDD processing step 
in the source/drain/channel region of the NVM cells, and 
generating the implant region under the extension portion 
using the both LV-LDD and HV-LDD processing steps. 
0011. In accordance with another aspect of the present 
invention, various drain region and floating gate configura 
tions are used to optimize cell function and minimize cell 
size. In one embodiment, the first (channel) and second (ex 
tension) portions of the floating gate form two sides of a J- or 
U-shaped polysilicon structure that is connected by a third 
portion extending therebetween. In another embodiment, the 
floating gate is formed in a digitated manner Such that two 
extension portions extend from opposite ends of the first 
(channel) portion into the drain region. Optional select tran 
sistors are included in each NVM cell to provide selective 
access to the drain region for purposes of Supporting E2 
operations, and for guarding again possible large array 
effects. In yet another embodiment, an NVM cell without 
select transistor is provided with a minimal cell size using a 
contact disposed inside the U-shaped floating gate for 
increasing of capacitive coupling of drain to the floating gate. 
0012. In accordance with another aspect of the present 
invention, the asymmetric NVM cells are arranged in arrays 
that facilitate cell operations while minimizing occupied chip 
space. In one embodiment, each NVM cell is connected 
between one bit line and one word line, and programferase 
operations are performed by applying programming Voltages 
to one word line and one bit line at a time. In another embodi 
ment, alternative schemes are utilized in conjunction with 
NVM cells having select transistors that include two word 
lines or two bit lines per cell, which provides an additional 
immunity to overerase, that can be important for NVM cells 
cycled a large number of times. In yet another embodiment, 
the source regions of adjacent pairs of NVM cells are con 
nected to a common word line in order to decrease the size of 
the select transistors and thus save area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 These and other features, aspects and advantages of 
the present invention will become better understood with 
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regard to the following description, appended claims, and 
accompanying drawings, where: 
0014 FIG. 1 is a simplified circuit diagram showing a 
CMOS IC including LV and HV MOSFETs and an asymmet 
ric NMOS NVM cell according to an embodiment of the 
present invention; 
0015 FIG. 2 is a flow diagram depicting a standard CMOS 
flow utilized to produce CMOS circuit of FIG. 1 according to 
another embodiment of the present invention; 
0016 FIG. 3 is simplified top plan (layout) view showing 
portions of a CMOS IC including an asymmetric NMOS 
NVM cell according to a specific embodiment of the present 
invention; 
0017 FIG. 4 is a cross-sectional side view showing the 
CMOS IC taken along section line 4-4 of FIG. 3; 
0018 FIG. 5 is simplified top plan (layout) view showing 
an asymmetric NMOS NVM cell according to another spe 
cific embodiment of the present invention; 
0019 FIG. 6 is simplified top plan (layout) view showing 
an asymmetric NMOS NVM cell according to yet another 
specific embodiment of the present invention; 
0020 FIG. 7 is simplified top plan (layout) view showing 
an asymmetric NMOS NVM cell according to yet another 
specific embodiment of the present invention; 
0021 FIG. 8 is simplified top plan (layout) view showing 
an asymmetric NMOS NVM cell according to yet another 
specific embodiment of the present invention; 
0022 FIG. 9 is a simplified circuit diagram showing an 
array of asymmetric NMOS NVM cells connected to an 
addressing scheme according to a specific embodiment of the 
present invention; 
(0023 FIGS. 10(A) and 10(B) are simplified circuit dia 
grams showing arrays of asymmetric NMOS NVM cells con 
nected to addressing schemes according to another specific 
embodiment of the present invention; 
0024 FIG. 11 is a simplified circuit diagram showing an 
array of asymmetric NMOS NVM cells connected to an 
addressing scheme according to another specific embodiment 
of the present invention; 
0025 FIG. 12 is a simplified circuit diagram showing an 
array of asymmetric NMOS NVM cells connected to an 
addressing scheme according to another specific embodiment 
of the present invention; 
0026 FIG. 13 is a graph showing experimental cell pro 
gramming test data generated for asymmetric NMOS NVM 
cells formed with various drain diffusions; 
0027 FIG. 14 is a graph showing experimental cell pro 
gramming test data generated for asymmetric NMOS NVM 
cells formed with and without select transistors; 
0028 FIG. 15 is a graph showing experimental cell pro 
gramming test data generated for asymmetric NMOS NVM 
cells using various bulk biases; 
0029 FIG. 16 is a graph showing experimental cell pro 
gramming test data generated for asymmetric NMOS NVM 
cells indicating current/voltage characteristics for various 
programming times; 
0030 FIG. 17 is a graph showing experimental cell eras 
ing test data generated for asymmetric NMOS NVM cells for 
various erase periods; 
0031 FIG. 18 is a graph showing experimental cell eras 
ing test data generated for asymmetric NMOS NVM cells 
indicating current/voltage characteristics for various erasing 
times; 
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0032 FIG. 19 is a graph showing cell program/erase 
cycling data generated for asymmetric NMOS NVM cells 
showing programmed and erased States; and 
0033 FIG. 20 is a graph showing retention data generated 
for asymmetric NMOS NVM cells showing voltage shifts 
caused by a 250° C. thermal bake for one hour. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0034. The present invention relates to an improvement in 
embedded CMOS NVM cells. The following description is 
presented to enable one of ordinary skill in the art to make and 
use the invention as provided in the context of a particular 
application and its requirements. The terms "coupled and 
“connected', when used alone herein, are defined as follows. 
The term “connected' is used to describe a direct connection 
between two circuit elements or structures, for example, by 
way of a conducting diffusion or metal line formed in accor 
dance with normal integrated circuit fabrication techniques. 
In contrast, the term “coupled' is used to describe either a 
direct connection or an indirect connection between two cir 
cuit elements. For example, two coupled elements may be 
directly connected by way of a metal line, or indirectly con 
nected by way of an intervening circuit element (e.g., a 
capacitor, resistor, inductor, or by way of the source/drain 
terminals of a transistor). In contrast to “coupled (alone), the 
phrases "capacitive coupling” and “capacitively coupled 
indicates the transfer of energy by means of the capacitance 
between two nodes or circuit structures. In addition, the term 
“region' is defined herein to describe a volumetric (three 
dimensional) area having Substantially identical electrical 
properties and/or doping concentrations. Various modifica 
tions to the preferred embodiment will be apparent to those 
with skill in the art, and the general principles defined herein 
may be applied to other embodiments. Therefore, the present 
invention is not intended to be limited to the particular 
embodiments shown and described, but is to be accorded the 
widest scope consistent with the principles and novel features 
herein disclosed. 
0035 FIG. 1 is a simplified circuit diagram showing a 
CMOS IC 100 including an LV MOSFET 110, an HV MOS 
FET 130, and an asymmetric NMOS NVM cell 150 accord 
ing to an embodiment of the present invention. CMOS IC 100 
is fabricated on a monocrystalline silicon “chip’ 101 by a 
standardized CMOS process, and includes a large number of 
each memory cell type, as well as other circuit components 
that are omitted for brevity. LV MOSFET 110 is typically 
utilized to perform logic functions, and is therefore located in 
a central area 102 of chip 101 and designed and fabricated for 
low internal (device) operating Voltages (e.g., 1V) in order to 
minimize cell size and power consumption. In contrast, HV 
MOSFET 130 is typically utilized to perform voltage conver 
sion and other interface functions, and is therefore designed 
and fabricated for high external (system) operating Voltages 
(e.g., 5V), and are typically located on exterior peripheral 
areas 103 of chip 101. NVM cell 150 is located in an area 104 
that is located either in internal area 102, external area 103 or 
both, and serves to store control and/or data bits that is needed 
after power down. 
0036 Referring to the top left portion of FIG. 1, as is well 
known in the art, NMOS LV MOSFET 110 includes an N+ 
Source region. So and an N+ drain region Do separated by 
a p-type channel region Co. Formed over channel region 
Co is a polysilicon gate structure 120-1 that is separated 
from an upper surface of substrate 101 by a low-voltage gate 
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oxide layer LV-OX. NMOS LV MOSFET 110 also includes 
low Voltage n-type LDD regions LDDo having a first (rela 
tively high) doping concentration that are connected to each 
of source region. So and drain region Do and extend into 
channel region Co. 
0037 Referring to the top right portion of FIG.1, as is also 
well known in the art, NMOSHV MOSFET 130 includes an 
N+ Source region. So and an N+ drain region Do separated 
by a p-type channel region Co. Formed over channel region 
Co is a polysilicon gate structure 120-3 that is separated 
from an upper Surface of substrate 101 by a high-voltage gate 
oxide layer HV-OX. Note that high-voltage gate oxide layer 
HV-OX is typically thicker than low-voltage oxide layer LV 
OX Of LV MOSFET 110. NMOS HV MOSFET 130 also 
includes high-voltage n-type LDD regions LDDso having a 
second, relatively low doping concentration (i.e., lower than 
the doping concentration LDD of LV MOSFET 110) that 
are connected to each of Source region. So and drain region 
Do and extend into channel region Co. 
0038 Referring to the lower portion of FIG. 1, asymmetric 
NVM cell 150 includes a floating gate NMOS transistor 151 
having a source region Slso and a drain region Diso diffused 
into Substrate 101 and separated by a p-type channel region 
Clso, and a polysilicon floating gate 120-5 that is at least 
partially disposed over channel region Cso, and also includes 
at least one additional portion formed over drain region Dso 
Such that a gate-drain capacitance Cs between floating gate 
120-5 and drain region Diso is Substantially (i.e., at least 4 
times) higher than a gate-source capacitance Cs between 
floating gate 120-5 and source region Siso. In particular, as 
indicated in FIG. 1, floating gate 120-5 includes a first portion 
121 disposed over channel region Cso (i.e., Such that first 
portion 121 is disposed adjacent to a first section DS1 of drain 
region Ds and a second portion 123 extending over a sec 
ond section DS2 of drain region Diso, wherein second section 
DS2 is spaced from first section DS1. As described in the 
various specific embodiments below, floating gate 120-5 is an 
integral polysilicon structure that is etched from a single 
polysilicon layer (e.g., using a single photolithographic mask 
and etching step) Such that first portion 121 is connected to 
second portion 123 either directly (i.e., second portion 123 is 
connected to and extends from first portion 121) or connected 
by an optional intermediate (third) portion 125, as shown in 
FIG.1. As such, floating gate 120-5 is formed such that when 
floating gate 120-5 is programmed, both first portion 121 and 
second portion 123 have the same program Voltage (e.g., 4V), 
and when floating gate 120-5 is erased, both first portion 121 
and second portion 123 have the same erase voltage (below 
-0.5V). Referring to the bottom portion of NVM cell 150, in 
accordance with an aspect of the present invention, NVM cell 
150 also includes LDD region LDDso that are connected to 
each of Source region Slso and drain region Diso and extend 
into channel region Cso, and also includes a second implant 
region 152 under second section DS2 of drain region Diso. 
The purpose and function of second implant region 152 is 
described in detail below. 

0039 Referring again to FIG. 1, in addition to the above 
described transistor types, CMOS IC 100 includes a memory 
address/control circuit 160 and NVM program/erase circuitry 
170 that are utilized in the manner described below to access 
LV MOSFET 110 and HV MOSFET 130, and used for pro 
gramming floating gate 120-5 of NVM cell 150 by transfer 
ring a positive programming potential from drain region Dso 
to floating gate 120-5, and for erasing floating gate 120-5 by 
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transferring an approximately Zero Volt potential from the 
drain region Dso to the floating gate 120-5. 
0040 CMOS 100 is produced using a standardized CMOS 
process flow that is depicted in relevant part in FIG. 2. Fab 
rications steps that are not essential to describe the present 
invention, such as those utilized to produce p-type MOS 
FETs, are omitted for brevity. The CMOS process flow 
includes a process of forming P-well regions in substrate101 
(block 210) that define the boundaries of LV MOSFET 110, 
HV MOSFET 130 and NMOS cell 150. Referring to the left 
and central portions of FIG. 2, gate oxide layers are then 
formed on the upper surface of substrate 101 using separated 
processing steps. This gate oxide layer production includes 
forming a relatively thin gate oxide LV-OX (e.g., 30 Ang 
stroms); step 220A) for LV MOSFET 110 and a relatively 
thick gate oxide HS-OX (e.g., 70 Angstroms; step 220B) for 
HV MOSFET 130. Next, a single polysilicon layer having a 
thickness of approximately 2000 Angstroms is formed and 
patterned using known techniques (block 230). Note that LV 
gate structure 120-1 of LV MOSFET 110 has a first (relatively 
narrow) gate line width (e.g., 0.14 um (microns)) that is 
defined by the design rules (DR) of the standard CMOS 
process flow. In contrast, that HV gate structure 120-3 of HV 
MOSFET 130 has a second (relatively wide) gate line width 
(e.g., 0.35um) that is selected to facilitate high Voltage opera 
tion. Following the polysilicon etch process, two separate 
LDD implants are performed using two masks and implant 
processes. LDD implants consist of combinations of donor 
and acceptor (pocket) implants with the dominance of donor 
implants for both LV and HV NMOS transistors. In particular, 
an LV-LDD implant (block 240A) is performed using a first 
mask to provide LDD regions LDD of LV MOSFET 110, 
and an HV-LDD implant (block 240B) is performed using a 
second mask to provide LDD regions LDD of HV MOS 
FET 130. Following the LV LDD and the HV LDD implant 
processes, Sidewall spacers are formed on the polysilicon 
structures (block 260), and N+ source/drain region diffusions 
(block 270) are formed in accordance with known techniques. 
Finally, first pre-metal dielectric, contacts, metallization, 
including interlayer dielectrics and metal Vias, and passiva 
tion are performed according to known techniques. 
0041 Referring to the right side of FIG. 2, in accordance 
with an aspect of the present invention, NVM cell 150 (FIG. 
1) is entirely fabricated utilizing the existing LV and HV 
process steps of the standard CMOS process flow that are 
utilized to form LV MOSFET 110 and HV MOSFET 130. In 
particular, NVM cell 150 is produced using only the process 
steps of a standard CMOS process flow (i.e., no extra masks 
are required), which in turn facilitate the incorporation of 
NVM cell 150 into CMOS ICs without any additional manu 
facturing costs. As indicated on the right side of FIG. 2, Source 
region Sso, and drain region Ds of NVM cell 150 are formed 
using the same p-well process step (block 210) as that used to 
form LV MOSFET 110 and HV MOSFET 130. Next, NVM 
cell 150 is produced using the same gate oxide HV-OX step 
(block 220C) that is used to form HV MOSFET 130. The 
single polysilicon layer used to form gates 120-1 and 120-3 is 
also patterned to form NVM cell 150 (step 230), with modi 
fications to the floating gate shape being incorporated into the 
poly mask that are described in detail below. In accordance 
with an aspect of the present invention, NVM cell is then 
subjected to two LDD implant steps (blocks 240C1 and 
240C2), with the LV LDD implant step utilized for LV MOS 
FET 110 being used to form LDD regions LDDs (i.e., 
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adjacent channel Cso; see FIG. 1) and to provide a first 
implant dose to second diffusion region 152 (block 240C1), 
and the HV-LDD implant step utilized to for HV MOSFET 
130 being used to provide a second implant dose to second 
diffusion region 152 (see FIG. 1; block 240C2). As set forth 
below, by forming NVM cell 150 using the thicker HV gate 
oxide and utilizing both the LV-LDD and HV-LDD implant 
processes in the manner described above, the present inven 
tion facilitates forming an implant region that extends entirely 
under the second portion 123 offloating gate 120-5, whereby 
an optimal high drain field is provided that facilitates CHE 
programming. Following the LDD implants, floating gate 
120-5 is subject to the same sidewall spacer process (block 
260), N+ source/drain diffusion process (block 270) and same 
passivation, metal via, and metallization processes (block 
280) that are utilized in the fabrication of LVMOSFET 110 an 
HV MOSFET 130. 

0042 FIGS. 3 and 4 are simplified plan and cross-sec 
tional views showing an exemplary CMOS IC 100A fabri 
cated on substrate 101A in accordance with a specific 
embodiment of the present invention. CMOS IC 100A includ 
ing an LV MOSFET 110A, an HV MOSFET 130A, and an 
asymmetric NMOSNVM cell 150A. Referring to the left side 
of FIGS. 3 and 4, LV MOSFET 110A includes an N+ source 
region So, and an N+ drain region Do, separated by a 
p-type channel region Co., a polysilicon gate structure 120 
1A formed on LV gate oxide layer LV-OX, and includes 
n-type LDD regions LDDo that are connected to each of 
Source region So, and drain region Do and extend into 
channel region Co. Referring to the right side of FIGS. 3 
and 4, HV MOSFET 130A includes an N+ source region 
Slso and an N+ drain region Diso separated by a p-type 
channel region Co., a polysilicon gate structure 120-3A 
formed on HV gate oxide layer HV-OX, and includes n-type 
LDD regions LDDso. Referring to the central portions of 
FIGS. 3 and 4, asymmetric NVM cell 150A includes a float 
ing gate NMOS transistor 151A having a source region Sso 
and an enlarged drain region Dso separated by a channel 
region Cso, and a polysilicon floating gate 120-5A that is 
formed on a gate oxide HV-OX. Referring to FIG.4, NVM 
cell 150 also includes LDD regions LDDs (formed using 
the LV-LDD implant) that are connected to each of source 
region Sso, and drain region Diso. In FIG. 3, the square 
boxes with internal “X” shapes designated contact structures 
uses to provide electrical connection to the Source? drain and 
gate structures of CMOS IC 100A. 
0043. In accordance with an aspect of the present embodi 
ment, floating gate 120-5A comprises a substantially U- or 
J-shaped structure (herein collectively referred to as 
“U-shaped for brevity) including a first portion 121A dis 
posed over channel region Cso, a second portion 123A 
extending parallel to first portion 121A and extending over a 
central area of enlarged drain region Dso, and a third (inter 
mediate) portion 125A that is connected between respective 
ends of first portion 121A and second portion 123A, and is 
disposed over an area located outside of the boundaries of 
channel region Clso and drain region Diso. First portion 
121A has a gate line width defined by the high Voltage design 
rule (HV-DR) of the standardized CMOS process flow (i.e., 
first portion 121A has the same width as gate 120-3A of HV 
MOSFET 130A). Second portion 123A has a width defined 
by the minimum low voltage design rule (LV-DR) of the 
standardized CMOS process flow. The relatively wide width 
of first portion 121A is required to support the relatively high 
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Voltage potentials that are generated between source region 
Slso, and drain region Diso (across channel region Cso) 
without breakdown. In contrast, second and third portions 
123A and 125A are not subject to the operating constraints 
and potentials of first portion 121A, and therefore are made 
narrower than first portion 121A in order to save space and 
decrease parasitic capacitance to VSS. 
0044. In accordance with another aspect of the present 
embodiment, NVM cell 150 includes both LV-LDD and HV 
LDD implants during the respective LV-LDD and HV-LDD 
implant process steps. That is, as indicated in FIG.3, the mask 
use during the HV-LDD process defines a first opening 310 
that is positioned over the Source/drain/channel regions of 
HV MOSFET 130, and a second opening 310s that is posi 
tioned over second section DS2A offloating gate cell 151A. 
Similarly, the mask use during the LV-LDD process defines a 
first opening 320 that is positioned over the source/drain/ 
channel regions of LV MOSFET 110, and second and third 
openings 320so and 320so that are positioned over sec 
tions DS1A and DS2A, correspondingly. As shown in FIG.4, 
during the HV-LDD implant process, the mask openings 
310, and 310so respectively produce HV-LDD implant 
regions HV-LDD under gate 120-3A, and an HV LDD 
implant undergate 123A (i.e., in region 152A). In addition, 
during the LV-LDD implant process, the mask openings 
320io, 320so and 320so produce LV-LDD implant 
regions LV-LDD under gate 120-1A, a LV-LDD implant 
in region 152A under second portion 123A, and implant 
region LDDso under gate portion 121A of floating gate 
120-5A. As such, implanted region 152A has the sum of both 
HV-LDD and LV-LDD doping concentrations of LDD 
regions LDDo and LDDso, shown in FIG. 4. The present 
inventors have found that superior asymmetric NVM cells are 
produced by forming floating gate 120-5 on the relatively 
thick HV gate oxide such that second portion 123A has the 
minimal width set by the LV-DR, using LV-LDD implants in 
the source/drain/channel region below first portion 121A, and 
generating implant region 152A under second portion 123A 
using both the LV-LDD and HV-LDD implants. This combi 
nation of processes are believed to form implant region 152A 
Such that it merges under (i.e., extends entirely under) second 
portion 123A, as depicted in FIG. 4, whereby implant region 
152A extends between opposing edges of N+ drain region 
Dso that are located below opposing side edges of second 
portion 123A. 
0045. In accordance with another aspect of the present 
embodiment, NVM cell 150A is programmed using channel 
hot electron (CHE) injection and erased using band-to-band 
tunneling (BBT). During programming, a positive program 
ming Voltage (e.g., 4.5V) is applied to drain region Dso and 
source region Sso, is connected to ground (OV), thereby 
causing CHE injection from drain region Dso into the float 
ing gate 120-5A. In one embodiment, the programming pro 
cess is enhanced by applying a body bias Voltage (e.g., -3V to 
the P-well in which transistor 151 is formed). In one specific 
embodiment, the body bias from -3V to -5V voltage is 
applied to the isolated P-well containing channel region 
Clso with a delay period of 1 to 100 uS (100 microseconds) 
before asserting the programming Voltages 4.5V to drain 
region Diso and OV to Source region Siso. In yet another 
alternative embodiment, the all programming Voltages (i.e., 
applied to drain region Diso and Source region Suso.) are 
positive with respect to bulk, which is maintained at Vss=OV 
(e.g., VSS-0; Vsso-4V, and Viso.8V). In this embodi 
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ment, the programming Voltage is first applied to the Source 
and then (with a lag of 1-100 us) to the drain (the lag is needed 
to exclude large Voltage built up at the gate oxide under first 
portion 121A. By programming NVM cell 150A using one of 
these techniques, the need for separate control gate diffusions 
may be avoided, thus minimizing the size of asymmetric 
NVM cell 150A. Erase operations are performed by connect 
ing drain region Diso to ground and applying the positive 
programming Voltage to Source region Sso, thereby causing 
BBT generation of holes in the region Sso, their accelera 
tion in the field of Source junction and tunneling into the 
floating gate 120-5. 
0046 FIG. 5 is simplified top plan view showing an asym 
metric NMOS NVM cell 150B according to another specific 
embodiment of the present invention. NVM cell 150B is 
formed as part of a CMOS IC, similar to that described above, 
which includes both LV MOSFETs and HV MOSFETs, 
which are omitted from the discussion below for brevity. 
Similar to NVM cell 150A (discussed above), NVM cell 
150B includes a floating gate NMOS transistor 151B having 
a source region Slso and an enlarged drain region Disor 
separated by a channel region Cso, and a polysilicon float 
ing gate 120-5B. Floating gate 120-5B is essentially identical 
to floating gate 120-5A (discussed above) in that it is formed 
onan HV oxide (not shown), and includes a first portion 121B 
disposed over channel region Cso and adjacent to a first 
section DS1B of drain region Diso, a second portion 123B 
disposed over second section DS2B of drain region Diso. 
Floating gate NMOS transistor 151B is subjected to the LDD 
implant processes in the manner described above Such that a 
windows LV-LDDso and LV-LDDso facilitate LV-LDD 
implant regions disposed under first portion 121B offloating 
gate 120-5B and under second portion 123B offloating gate 
120-5B, and a window HV-LDDso facilitates the HV-LDD 
implant under second portion 123B of floating gate 120-5B 
(i.e., region DS2B includes both LV-LDD and HV-LDD 
implants). 
0047. In accordance with an aspect of the present embodi 
ment, NVM cell 150B further includes a select transistor 
155B formed by a separate Source region Siss, a channel 
region Ciss disposed between Source region Siss and a 
third portion DS3B of drain region Diso, and a polysilicon 
gate structure 120-7B that is disposed over channel region 
Css. Select transistor includes HV-LDD implants that are 
formed through window HV-LDDs, which is defined in 
the same mask as that of window HV-LDDso mentioned 
above. Although the provision of select transistor 155B 
increases the size of NVM cell 150B over that of NVM cell 
150A (described above), select transistor 155B provides 
advantages in some instances over the embodiments dis 
closed herein that do not include select transistors. In princi 
pal, there is no need for a select transistor in the proposed 
NVM cells because the proposed NVM memory cells are 
asymmetric. That is, each proposed NVM cell (e.g., NVM 
cell 150A) is read-out in one direction only, similar to cross 
wise memories where the memory element is a Switching 
resistor connected in series diode. The select transistor (e.g., 
transistor 155B) is provided for two reasons. First, the select 
transistoris provided to cover special array architectures, e.g., 
to allow EEPROM (sometimes called “E”) mode of opera 
tion wherein programming/erase of a single bit is possible. In 
the embodiments of present patent that do not include select 
transistors, erase operations are “flash' type operations 
wherein a whole block (or row/column) is erased. Second, the 
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select transistor is provided to account for possible array 
effects that can appear in the qualification of large arrays 
(program and read disturbs, overerase, etc.). At the time of 
filing, the inventors tested only small-sized arrays without 
select transistors and disturb effects were not revealed. 

0048 FIG. 6 is simplified top plan view showing an asym 
metric NMOS NVM cell 150C according to another specific 
embodiment of the present invention. Similar to NVM cell 
150A (discussed above), NVM cell 150C includes a floating 
gate NMOS transistor 151C having a source region Sso, and 
an enlarged drain region Diso, separated by a channel region 
Clso, and a polysilicon floating gate 120-5C formed on an 
HV oxide (not shown). However in this embodiment, 
enlarged drain region Diso, is shaped such that it extends to 
both sides of channel region Cso, and floating gate 120-5C 
includes a digitated structure including an elongated first 
portion 121C disposed over channel region Cso, and adja 
cent to a first section DS1C of drain region Diso, an elon 
gated second portion 123C extending from a first (right) end 
of first portion 121C over a second section DS2C of drain 
region Diso, and an elongated third portion 127C extending 
from a second (left) end of first portion 121C over a third 
section DS3C of drain region Diso. Floating gate 120-5C is 
patterned such that first portion 121C has a width determined 
by the HV-DR, and second and third portions 123C and 127C 
have widths determined by the LV-DR for the reasons set 
forth above with reference to NVM cell 150A. Floating gate 
NMOS transistor 151C is subjected to the LDD implant pro 
cesses in the manner described above such that a window 
HV-LDDso facilitates the blocking of HV-LDD regions 
disposed under first portion 121C offloating gate 120-5C, and 
a window LV-LDDso facilitates the formation of a merged 
implant region under second portion 123C of floating gate 
120-5C and serves to form the LV LDD implant in the region 
of region 121C. The benefit of the geometry cell 150C is 
minimum cell area combined with simultaneously high cou 
pling of the drain diffusion over the floating gate. 
0049 FIG. 7 is simplified top plan view showing an asym 
metric NMOS NVM cell 150D according to yet another spe 
cific embodiment of the present invention. NVM cell 150D is 
substantially identical to NVM cell 150C (discussed above) 
in that NVM cell 150D includes a floating gate NMOS tran 
sistor 151D having a source region Sso, an enlarged drain 
region Diso, and a digitated floating gate 120-5C. However, 
in addition to floating gate NMOS transistor 151D, NVM cell 
150D also includes a select transistor 155D formed by a 
separate Source region Diss, that is separated from Source 
region Sso, by a channel region Css, and a polysilicon 
gate structure 120-7D that is disposed over channel region 
Css. Although the provision of select transistor 155D 
increases the size of NVM cell 150D over that of NVM cell 
150C (described above), select transistor 155D provides 
selective access to the source region Sso, to provide the 
advantages set forth above. 
0050 FIG. 8 is simplified top plan (layout) view showing 
an asymmetric NMOS NVM cell 150E according to yet 
another specific embodiment of the present invention. Similar 
to NVM cell 150A (discussed above), NVM cell 150E 
includes a source region Slso and an elongated drain region 
Dso separated by a channel region Cso, and a U-shaped 
polysilicon floating gate 120-5E formed on an HV oxide (not 
shown). However in this embodiment, the size of drain region 
Disor and floating gate 120-5E are minimized to provide for 
a minimum cell size. An additional mask is used, and the area 
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under second portion 123E is implanted with N+dopant using 
an additional N+ implant process. The additional N+ implant 
merges with source/drain N+ implant (additional N+ implant 
is performed before polysilicon formation, and source/drain 
implants are performed after polysilicon formation). The 
additional N+ implant allows the width of second portion 
123E to be larger in comparison with previous embodiments 
(e.g., second portion 123E can have a width similar to first 
portion 121E or wider). Floating gate 120-5E is patterned 
such that first portion 121E has a width determined by the 
HV-DR, and second portion 123E has a width determined by 
criterions of high coupling. NVM cell 150E is subjected to the 
LDD implant processes in the manner described above such 
that a window HV-LDDso facilitates the blocking of HV 
LDD regions and implanting of LV LDD. 
0051 FIGS. 9-12 are simplified circuit diagrams showing 
various arrays of asymmetric NMOS NVM cells, which are 
constructed in the manner described above with reference to 
the specific embodiments of FIGS. 3-8, as arranged and con 
nected to associated addressing schemes. These addressing 
schemes facilitate cell operations while minimizing occupied 
chip space, and are optimized in the manner described below 
to facilitate programming and erasing operations. 
0.052 FIG. 9 is a simplified circuit diagram showing a 
portion of a CMOS IC 100F including asymmetric NMOS 
NVM cells 150F-x,y arranged in an array including three 
rows and three columns, where “x,y' represents the row num 
ber and column number, respectively. The array includes 
word lines W11 to W13 and bit lines B11 to B13 that are 
connected to associated NVM cells 150F-X.y, and are also 
connected to addressing/control circuitry (e.g., circuits 160 
and 170; see FIG. 1) in order to perform program/erase and 
read operations on the NVM cells. Word line W11 to W13 is 
disposed parallel to the rows of asymmetric NVM cells, and 
each word line is connected to the drain region of each NVM 
cell of an associated row. For example, word line W11 is 
connected to drain region Disor of NVM cell 150F-11, 
and also to the drain regions of NVM cells 150F-1.2 and 
150F-13. Similarly, bit lines B11 to B13 disposed parallel to 
the columns of NVM cells, and each bit line is connected to 
the source region of each NVM cell of an associated column. 
For example, bit line B11 is connected to source region Sso 
1, 1 of NVM cell 150F-1,1, and also to the source regions of 
NVM cells 150F-2.1 and 150F-3.1. With this arrangement, 
the program/erase/read circuitry (not shown) addresses a 
selected NVM cell (e.g., NVM cell 150-1,1) by selectively 
applying predetermined programming Voltages to the word 
line (e.g., W11) and the bit line (e.g., B11) that is associated 
with the selected NVM cell. Note that the remaining word 
lines and bit lines are disconnected (floating) during the pro 
gram/erase and read operations directed to the selected NVM 
cell. 

0053 FIGS. 10(A) and 10(B) are alternative embodiments 
including portions of IC circuits 100G and 100H, respec 
tively, wherein each NVM cell (e.g., NVM cell 150G-1,1) 
includes both a floating gate transistor 151G and a select 
transistor 155G. NVM cell 150G-11 is consistent with NVM 
cell 150B, described above with reference to FIG. 5. In these 
embodiments, each row of NVM cells is coupled between two 
word lines, but differ in that the rows in the array of CMOS 
circuit 100G share adjacent word lines, and the rows in the 
array of CMOS circuit 100H do not share adjacent word lines. 
For example, in FIG. 10(A), the uppermost row including 
NVM cells 150G-11 to 150G-13 are connected between 
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word lines W21 and W22, and the next row including NVM 
cells 150G-2.1 to 150G-2,3 are connected between word lines 
W22 and W23, whereby word line W22 is shared by these 
adjacent rows. In contrast, in FIG. 10(B), the uppermost row 
including NVM cell 150H-1.1 is connected between word 
lines W31 and W32, and the next row including NVM cell 
150H-2.1 is connected between word lines W33 and W34 
(not that one shared word line, W34, is used for each pair of 
rows). In order to accommodate the shared word lines, the 
array of CMOS IC 100G requires an extra set of bit lines that 
are coupled to alternating NVM cells in each column. For 
example, a first bit line B21 is used to select NVM cells 
150G-2.1 and 150G-41, and a second bit line B22 is used to 
select NVM cells 150G-11 and 150G-31. In contrast, all of 
the NVM cells in each column of the array shown in FIG. 
10(B) are connected to an associated (single) bit line B31 to 
B33. 

0054 FIG. 11 shows a portion of a CMOS IC 100J includ 
ing an array of NVM cells arranged according to another 
embodiment, wherein the source regions of pairs of adjacent 
NVM cells in each row are connected together and to a shared 
word line. For example, the source regions of NVM cells 
150J-11 and 150J-1,2 are connected to word line W41, where 
the drain region of NVM cell 150J-1.1 is connected to bit line 
B41 and the drain region of NVM cell 150J-12 is connected 
to bit line B42. Such an array arrangement allows facilitates 
convenient logic read-out circuitry. Each memory cell con 
sists of two asymmetric transistors, while only one is pro 
grammed. The readout is performed by measuring potential 
in the point between transistors (e.g., between NVM cells 
150J-11 and 150J-1.2). Similar to operation of a CMOS 
inverter, the point between transistors will have potential Vcc 
(from bit line B41) or OV (from bit line B42), depending on 
which of the transistors is programmed. This allows low 
power consumption in read-out and simple read-out circuitry. 
0055. In yet another embodiment shown in FIG. 12, a 
CMOS IC 100K includes an array of NVM cells wherein 
pairs of adjacent NVM cells in each row share a select tran 
sistor. For example, the source regions of NVM cells 150K 
1.1 and 150K-12 are connected together and are coupled to 
word line W51 by way of select transistor SEL-11 where the 
drain region of NVM cell 150K-1.1 is connected to bit line 
B51 and the drain region of NVM cell 150K-12 is connected 
to bit line B52, and a select line S.51 is needed to control select 
transistor SEL-11. This arrangement provides a benefit of 
simplifying the sensing operation at the expense of Substrate 
area (i.e., the area needed per cell is larger, but allows E 
operation). 
0056 FIGS. 13-20 include graphs showing experimen 

tally generated data on prototype asymmetric NVM cells (on 
silicon) at the single cell and miniArray level. 
0057 FIG. 13 is a graph showing cell programming test 
data generated for asymmetric NMOS NVM cells formed 
with various drain diffusions. This graph indicates that when 
diffusion regions of the NVM cell (e.g., cell 100A; see FIG.3) 
is treated using the LVLDDimplant (only), then the program 
ming time is reduced. 
0058 FIG. 14 is a graph showing cell programming test 
data generated for asymmetric NMOS NVM cells formed 
with and without select transistors. The graph shows the 
trade-off of using select transistors. While additional features 
like E operation and immunity to over-erase are achieved, 
the programming time is larger. 
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0059 FIG. 15 is a graph showing experimental cell pro 
gramming test data generated for asymmetric NMOS NVM 
cells using various bulk (P-well) biases. This graph indicates 
that a higher bulk bias shortens the programming time needed 
to achieve a selected programmed State, and allows lower 
programming currents (not shown in the graphs) because of 
utilization of secondary electrons in the NVM cell program 
ming. 
0060 FIG. 16 is a graph showing experimental cell pro 
gramming test data generated for asymmetric NMOS NVM 
cells indicating drain current/voltage characteristics for vari 
ous programming times. The parallel shifts of Id(Vg) curves 
show high coupling ratios of the drain diffusion over the 
floating gate and absence of degradation. 
0061 FIG. 17 is a graph showing experimental cell eras 
ing test data generated for asymmetric NMOS NVM cells for 
various erase periods. High erase efficiency is evident in this 
graph. The last point of the Von curve is in the region of 
over-erase. This regime is connected with Switching on an 
additional erase mechanism (CHE induced hot hole injection) 
which is intentionally avoided in the related products by 
keeping the drain current blocked (i.e., by keeping drain 
floating or using a select transistor at the drain side of the 
device). 
0062 FIG. 18 is a graph showing experimental cell eras 
ing test data generated for asymmetric NMOS NVM cells 
indicating drain current/voltage characteristics for various 
erasing times. The data is used for selecting optimum erase 
time in corresponding applications. 
0063 FIG. 19 is a graph showing cell program/erase 
cycling data generated for asymmetric NMOS NVM cells 
showing Voltage levels in the programmed and erased State. 
This graph indicates that the test cells retained nearly identi 
cal programmed and erased Voltage levels over several hun 
dred programferase cycles, thereby indicating that the asym 
metric NMOS NVM cells of the present invention are well 
suited for high endurance CMOS applications. 
0064 FIG. 20 is a graph showing retention data generated 
for asymmetric NMOS NVM cells showing voltage shifts 
caused by a 250° C. thermal bake for one hour. Higher pro 
gram windows result in increased retention loss (as typical for 
all types of floating gate memories. The data is used for 
operation window (programmed and erased threshold Voltage 
(Vt) levels) selection. 
0065. Although the present invention has been described 
with respect to certain specific embodiments, it will be clear 
to those skilled in the art that the inventive features of the 
present invention are applicable to other embodiments as 
well, all of which are intended to fall within the scope of the 
present invention. For example, in alternative embodiments a 
number of different programming and erasing methods may 
be used, e.g., erasing with ultraviolet (UV) light, use of CHE 
induced hot hole injection, programming using an avalanche 
breakdown in the drain region, etc. In addition, a pocket 
implant or another special drain engineering scheme may be 
performed in the transistor Source? drain regions to enhance 
lateral electrical fields and thus increase the efficiency of 
programming erase, while it is absent in the extension area. 
Moreover, although the present invention is described with 
reference to NMOS NVM cells, those skilled in the art will 
recognize that the concepts described above may be utilized 
to produce PMOS NVM cells having similar characteristics, 
e.g., a PMOS NVM cell programmed using BBT of electrons 
and array organization without select transistors. 
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1. A complimentary metal-oxide-silicon (CMOS) inte 
grated circuit (IC) comprising: 

a substrate 101; and 
an asymmetric non-volatile memory (NVM) cell includ 

1ng: 
a source region and a drain region diffused into the Sub 

strate and separated by a channel region; and 
a polycrystalline silicon (polysilicon) floating gate at least 

partially disposed over the channel region, 
wherein the floating gate, Source region and drain region 

are formed Such that a gate-drain capacitance between 
said floating gate and said drain region is substantially 
higher than a gate-source capacitance between said 
floating gate and said source region, and 

wherein the CMOS IC further includes means for program 
ming the floating gate by transferring a positive pro 
gramming potential from the drain region to the floating 
gate, and for erasing the floating gate by transferring a 
potential lower than 0.5V from the drain region to the 
floating gate. 

2. The CMOS IC of claim 1, wherein the floating gate 
comprises: 

an elongated first portion disposed over the channel region 
Such that the first portion is disposed adjacent to a first 
section of the drain region, and 

an elongated second portion extending into a second sec 
tion of the drain region, the second section being spaced 
from the first section. 

3. The CMOS IC of claim 2, wherein the first and second 
portions of the floating gate are connected by an elongated 
third portion such that the first, second and third portions 
comprise a Substantially U-shaped polysilicon structure. 

4. The CMOS IC of claim 2, further comprising: 
a low voltage (LV) MOSFET including a first polysilicon 

gate having predefined first width that is formed on a first 
gate oxide having a first oxide thickness, and first lightly 
doped drain (LDD) regions having a first doping con 
centration; and 

a high voltage (HV) MOSFET including a second polysili 
congate having predefined second width that is formed 
on a second gate oxide, the second gate oxide having a 
second oxide thickness that is greater than the first oxide 
thickness, the HV MOSFET also including second LDD 
regions having a second doping concentration, 

wherein said floating gate of said asymmetric NVM cell is 
formed on a third gate oxide that has the second oxide 
thickness, and 

wherein said asymmetric NVM cell further comprises an 
implanted region disposed below the second portion of 
the floating gate and abutting said first section of the 
drain region, said implanted region having a third dop 
ing concentration including a sum of said first doping 
concentration and said second doping concentration. 

5. The CMOS IC of claim 4, wherein said implanted region 
extends entirely under said second portion of said floating 
gate Such that said implanted region extends between oppos 
ing edges of said drain region located below opposing side 
edges of said second portion. 

6. The CMOS IC of claim 4, wherein said asymmetric 
NVM cell further comprises third LDD regions formed under 
said first portion of said floating gate, wherein said third LDD 
regions have said first doping concentration. 

7. The CMOS IC of claim 4, wherein said means for pro 
gramming the floating gate comprises means for generating 
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channel hot electrons (CHE) in the drain region, and said 
means for erasing comprises means for generating band-to 
band tunneling (BBT) holes in the source region. 

8. The CMOS IC of claim 7, wherein said means for pro 
gramming the floating gate further comprises means for gen 
erating a first bias Voltage in said channel region Such that 
secondary electrons are generated in the channel region and 
injected into the floating gate. 

9. The CMOS IC of claim 8, wherein said means for pro 
gramming further comprises, following a delay period of 1 to 
100 microseconds after the first bias voltage is applied to the 
channel region, applying a first programming Voltage to said 
drain region and a second programming Voltage to said source 
region. 

10. The CMOS IC of claim 9, wherein said means for 
programming further comprises generating said first and sec 
ond programming Voltages and bias Voltage Such that said 
first and second programming Voltages are positive with 
respect to the bias Voltage. 

11. The CMOS IC of claim 1, wherein the asymmetric 
NVM cell further comprises a select transistor including a 
second source region disposed adjacent to a predetermined 
section of said drain region Such that a second channel is 
defined between the second source region and the predeter 
mined section, and a polysilicon gate structure disposed over 
the second channel region. 

12. The CMOS IC of claim 2, wherein floating gate further 
comprises a third portion extending over a third section of the 
drain region. 

13. The CMOS IC of claim 12, 
wherein the second portion extends from a first end of the 

first portion over the second section of the drain region, 
wherein the third portion extends from a second end of the 

first portion over the third section of the drain region, and 
wherein the first, second and third portions comprise a 

Substantially U-shaped polysilicon structure. 
14. The CMOS IC of claim 1 further comprising: 
an array including a plurality of said asymmetric NVM 

cells arranged in rows and columns, a word line disposed 
parallel to an associated said row of said asymmetric 
NVM cells, and a bit line disposed parallel to an associ 
ated said column of said asymmetric NVM cells, 
wherein said word line is connected to at least one of the 
drain region and the source region of each NVM cell of 
said rows of NVM cells, and said bit line is connected to 
one of the Source region and a select terminal of each 
said NVM cell of said column of NVM cells, and 

means for programming and erasing a selected NVM cell 
by selectively applying predetermined programming 
Voltages to said word line and said bit line. 

15. The CMOS IC of claim 14, wherein the source regions 
of each adjacent pair of NVM cells in each row are connected 
together and to an associated word line. 

16. An asymmetric non-volatile memory (NVM) cell com 
prising: 

a source region and a drain region diffused into a substrate 
and separated by a channel region; and 

a polycrystalline silicon (polysilicon) floating gate dis 
posed over the substrate, 

wherein the floating gate comprises a first portion disposed 
over the channel region, a second portion disposed over 
the drain region, and a third portion connected between 
said first portion and said second portion, whereby a 
gate-drain capacitance between said floating gate and 
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said drain region is substantially higher than a gate 
Source capacitance between said floating gate and said 
Source region. 

17. The asymmetric NVM cell of claim 16, wherein the 
first, second and third portions comprise a Substantially 
U-shaped polycrystalline silicon structure. 

18. The asymmetric NVM cell of claim 16, further com 
prising an implanted region disposed below the second por 
tion of the floating gate, said implanted region extending 
entirely under said second portion of said floating gate Such 
that said implanted region extends between opposing edges of 
said drain region located below opposing side edges of said 
second portion. 

19. The asymmetric NVM cell of claim 16, further com 
prising a select transistor including a second source region 
disposed adjacent to a predetermined section of said drain 
region Such that a second channel is defined between the 
second source region and the predetermined section, and a 
polysilicon gate structure disposed over the second channel 
region. 
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20. The asymmetric NVM cell of claim 19, 
wherein said asymmetric NVM cell further comprises first 
LDD regions formed under said first portion of said 
floating gate, wherein said first LDD regions have a first 
doping concentration, 

wherein said select transistor further comprises second 
LDD regions formed under said polysilicon gate struc 
ture having a second doping concentration, the second 
doping concentration being greater than the first doping 
concentration, and 

wherein said asymmetric NVM cell further comprises an 
implanted region disposed below the second portion of 
the floating gate, said implanted region having third 
doping concentration, said third doping concentration 
being greater than said first doping concentration and 
said second doping concentration. 

c c c c c 


