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(57) ABSTRACT 

The present invention provides a novel erase method and 
apparatus for flash memory cells, with Special emphasis on 
Source-Side injection cells, which enhances the erase effi 
ciency of the cell. By activating the Select-gate terminal of 
the cell using a negative Voltage, it has been found for the 
first time that the erase performance can be improved. In one 
preferred embodiment, the present invention provides for 
three overlapping Voltage Signals applied to the cell termi 
nals, of which two are negative and one positive. In another 
preferred embodiment, the memory cell is built on an 
“internal P-well' within an isolating N-well on the P-type 
Substrate. In this case, by shifting the memory cell's body 
potential, the erase-mode uses four overlapping erase Sig 
nals, two of which are negative, and two positive. With 
experimental data, it is demonstrated that better “magnitude 
balance' has been achieved for the highest erase Voltages of 
opposite polarities. Since only moderate Voltages are needed 
for the erase operation while maintaining the erase Speed, 
the otherwise Stringent requirement on transistor breakdown 
Voltages for on-chip charge pumpS and driver circuitry can 
be relaxed. 
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METHOD FOR ERASING ANONVOLATILE 
MEMORY CELL FORMED INA BODY REGION 

OFA SUBSTRATE 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to non-volatile semi 
conductor memory devices known as flash EEPROM (elec 
trically erasable and programmable read-only-memory), and 
methods for operating Such devices, and more particularly 
the present invention addresses the method and conditions of 
erasing flash memory cells, with Special emphasis on triple 
polysilicon Source-Side injection cells. 
0003 2. Description of Related Art 
0004. A flash memory cell relies on a floating-gate to 
Store electrical charges. The amount and the polarity of these 
charges affect the ability of the underlying channel to 
conduct electrical current. Flash memory cells as known 
today are constructed either in the form of a four-terminal 
device (with drain, control-gate, Source, and Substrate), 
which is typically made using a double-polysilicon process, 
or in the form of a five-terminal device (with drain, control 
gate, Select-gate, Source, and Substrate), which is typically 
made using a triple-polysilicon process. In either form, the 
floating-gate is situated between the control-gate and the 
Substrate. 

0005 FIG. 1A is a cross-sectional view of a typical 
four-terminal, drain-side injection cell 10. The cell 10 
includes a P-type Substrate 12, N-- Source 14, control-gate 
16, floating-gate 18, and N+ drain 20. The erase action in 
this cell takes place at Source region 14, which may be a 
singly or doubly diffused junction as indicated. FIG. 1B is 
the erase-mode biasing condition of the memory cell 10, 
which involves two erase Signals, namely, the positive 
Source Voltage (VS) 22 and the negative control-gate (Vcg) 
24. 

0006 FIG. 2A is a cross-sectional view of a five-terminal 
flash memory cell 30. Cell 30 includes P-type substrate 32, 
N+ source 34, sidewall gate 36, control-gate 38, floating 
gate 40, and N+ drain 42. FIG. 2B is the erase-mode biasing 
condition of the cell 30, which also involves two erase 
Signals, namely, the negative control-gate Voltage (Vcg) 44 
and positive drain voltage (Vd) 46. 
0007 FIG. 3A shows a typical source-side injection cell 
60 which includes a P-type silicon Substrate 62, a pair of 
heavily doped N-type Source and drain regions 64, 72, and 
three polysilicon (poly) layerS Surrounded by insulating 
dielectric. The first polysilicon layer comprises the floating 
gate 70, on which charge is Stored, while the Second poly 
Silicon layer comprises the control-gate 68. AS is character 
istic of all Source-Side injection cells, the cell also 
incorporates a Select-gate 66 which is made of a third poly 
layer which overlaps or extends over the Source 64, a portion 
of the channel region 74, control-gate 70, and drain 72. In 
the operation of such memory cell 60, the source 64, drain 
72, control-gate 68, and Select-gate 66 are each connected to 
Voltage Supplies, while the Substrate terminal 62 is tied to 
ground. The cell channel 74, defined on the substrate surface 
62 between the source and drain terminals 64, 72, is split 
into two Serial Sections, with one Section connecting to the 
drain 72 and lying under the floating-gate 70, and the other 
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Section connecting to the Source 64 and lying under the 
Select-gate 66. With an applied drain-to-Source Voltage, the 
channel current is controlled by the Voltages at (1) the 
floating-gate 70 and (2) the select-gate 66. To conduct 
current, the Voltages at the floating-gate 70 and the Select 
gate 66 need to be positive; to shut off current requires only 
a Voltage at or below the ground potential appear on either 
the floating-gate 70 or the select-gate 66. 

0008 FIG. 3B is a cross-sectional view of another five 
terminal cell 80. The cell 80 includes a P-type substrate 82, 
N+ Source 84, Select-gate 86, control-gate 88, floating-gate 
90, and N+ drain 92. The select-gate 86 extends over a 
portion of the channel region 74, and only partially overlaps 
or extends over control-gate 88, whereas select-gate 66 of 
FIG. 3A completely overlaps source 64, control-gate 68 and 
drain 72. The source-side injection cell 80 of FIG. 3B is 
functionally equivalent to that of FIG. 3A. FIG. 3C is the 
erase-mode biasing condition of the cell 80. Of the two 
involved erase signals, the positive voltage (Vd) 94 is on the 
drain 92 and the negative voltage (Vcg) 96 is on the 
control-gate 88. Note that exact Same erase condition can be 
applied to the cell 60 of FIG. 3A. 

0009 Source-side injection cells as set forth by Y. Ma et 
al., for triple-polysilicon flash memory arrays (U.S. Pat. 
Nos. 5,280,446 and 5,278,439) have two basic advantages 
over the conventional four-terminal (a.k.a. “drain-side injec 
tion’) cells: (1) in write-mode, Source-side injection cells 
provide Superior programming efficiency in terms of reduc 
tion of the required channel current, and (2) in erase-mode, 
the requisite Split-gate eliminates the So-called “over erase' 
condition, thus avoid a problematic issue which the non 
Split-gate cell must confront. Based on triple-polysilicon 
technology, the patent of Fukumoto (U.S. Pat. No. 5,394, 
360) describes various implementations of the source-side 
injection memory cell. 

0010 Applications of flash memory cells involve three 
basic operation modes: write, erase, and read. To write a cell 
means to inject negative charges onto the floating-gate. To 
erase a cell means to remove the negative charges from the 
floating-gate, or to displace the negative charges with posi 
tive charges. To read a cell means to detect the State of the 
floating-gate's Stored charges by Sensing the current flowing 
through the drain-to-Source channel located underneath the 
floating-gate, thereby resulting in binary logic States or in 
multi-level logic States. 

0011 Fowler-Nordheim tunneling is the dominant erase 
mechanism for transporting electrical charges from the 
floating-gate to the Substrate. The patent of Haddad et al 
(U.S. Pat. No. 5,077,691) teaches a method using a very 
large negative control-gate voltage (e.g., -12V to -17V) 
combined with a low positive Source Voltage (e.g., +0.5V to 
+5.0V) for erasing a four-terminal cell. During erase, the 
charge transfer occurs at the overlapped capacitor between 
the floating-gate and the Source junction. The patent of 
Caywood (U.S. Pat. No. 5,235,544) teaches a method using 
similar conditions (e.g., Vcg=-11V and Vd=+5V) for eras 
ing a five-terminal cell, however the Select-gate terminal is 
inactive or left floating. The charge transfer in this case 
occurs at the overlapped capacitor between the floating-gate 
and the drain junction. Common to both cases, there are two 
Signals involved in the cell erase: one is negative, one 
positive; and the Substrate (the body-terminal) is kept at 
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ground potential. The relatively low positive erase signal is 
taken directly, without charge pumping, from the "standard 
5V power-Supply Voltage.” The negative erase signal for the 
control-gate, however, requires intensive charge pumping in 
order to Support a Strong electric field for the electrons to 
tunnel. AS addressed below, the resulting "magnitude dis 
parity” between the required negative and positive Voltages 
is not a favorable condition for advanced technologies. More 
Specifically, the magnitude disparity results in Voltage 
Stresses concentrated on one of the cell dielectrics. 

0012 Advanced memory chips, containing higher 
memory density and Smaller transistors, demand that the 
power-supply voltage be reduced below the “old 5V stan 
dard” levels. Indeed, modern power-Supplies are re-stan 
dardized to such voltages as 3.3V, 2.5V, or 1.8V. For the low 
power-Supply Voltage cases, Voltage pumping is now 
required for both positive as well as negative polarities in 
order to Satisfy the erase conditions. In this case, the 
magnitude disparity between the negative and positive Volt 
ages becomes very undesirable for three reasons: (1) voltage 
pumping from a low level (e.g., 3.3V) Supply-Voltage is 
more difficult than from the “old 5V standard” power 
Supply; (2) the Voltage pumping is now likely limited by the 
breakdown voltages of the available on-chip transistors, 
especially when transistors become Smaller; and (3) because 
as the memory cell size becomes Smaller, the associated 
array decoderS must also be Small in order to fit into the 
cell-pitch, which makes high Voltage decoding operation 
difficult or unworkable. 

0013 AS will be described below, for the five-terminal 
“Source-Side injection' memory cells, the present invention 
provides an enhanced erase method that can improve the 
erase efficiency of the cell. Furthermore, by building the 
memory cells in an “internal P-well' within an isolating 
N-Well on the Substrate, experimental data shows, during 
erase operation, the various required Voltages for the device 
terminals can achieve a better magnitude balance while 
maintaining the fast erase Speed. These lead to advantages in 
product reliability and in fabrication margins. 

SUMMARY OF THE INVENTION 

0.014. It is an object of the present invention to provide a 
method and apparatus for operating flash memory cells, with 
Special emphasis on Source-Side injection flash memory 
cells. 

0.015 While the Superior programmability of source-side 
injection cells has been demonstrated in various patented 
prior art and published technical literature, the present 
invention plumbs the depth of such five-terminal cell struc 
tures in the erase-mode operation. AS will be described 
below with experimental data, by activating the Select-gate 
terminal of the cell using a negative Voltage, it has been 
found for the first time that the erase performance can be 
improved. The improvements include: (1) the cells erase 
efficiency in terms of erasing Speed or erasing Voltages 
reduction; and (2) the cell's reliability in terms of reduction 
of the Voltage StreSS existing between the Select-gate and the 
control-gate. Although the mechanism responsible for Such 
enhancement is not obvious, the fact that these effects are 
Stable and reproducible for three generations of processing 
technologies (which include 0.35um, 0.5 um, and 0.6 um 
lithography available at the present) Suggests the present 
invention is universal for all triple polysilicon Source-side 
injection cells. 
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0016. It is possible to take further advantage of the 
five-terminal cell Structure by implementing the Source-side 
injection cell in an “internal P-well” located in a deep N-well 
on the original P-type Substrate. In doing this, favorable 
erase operation conditions can be achieved if the “internal 
P-well' is biased at a small positive voltage. For advanced 
processing technologies of fine line lithography, favorable 
erase operating conditions are defined as those able to 
achieve a good "magnitude balance' between the negative 
and positive Voltages for the control-gate and drain terminals 
in the memory cell. Such favorable conditions allow both the 
N-channel and P-channel transistors to perform at their 
modest breakdown levels without requiring different gate 
oxide thicknesses or deep diode junctions. 
0017. Other objects, features, and advantages of the 
present invention will become apparent from the following 
detailed description when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018. The accompanying drawings, which are incorpo 
rated in and form part of this specification, illustrate embodi 
ments of the invention and, together with the description, 
Serve to explain the principles of the invention: 
0019 FIG. 1A is a cross-sectional view of a typical 
four-terminal, drain-side injection cell. 
0020 FIG. 1B is the erase-mode biasing condition of the 
memory cell in FIG. 1A. 
0021 FIG. 2A is a cross-sectional view of a five-terminal 
flash memory cell known in the prior art. 
0022 FIG. 2B is the erase-mode biasing condition of the 
cell in FIG. 2A. 

0023 FIG. 3A is a cross-sectional view of a five-termi 
nal, Source-Side injection memory cell known in the prior 
art. 

0024 FIG. 3B is a cross-sectional view of another five 
terminal, Source-side injection memory cell known in prior 
art. 

0025 FIG. 3C is the erase-mode biasing condition of the 
cell in FIG. 3B. 

0026 FIG. 4A shows the application of three erase 
signals to the cell in FIG. 3B in accordance with the present 
invention. 

0027 FIG. 4B shows experimental data gathered from 
the condition displayed in FIG. 4A. 
0028 FIG. 5A shows a cross-sectional view of a five 
terminal memory cell fabricated in an “internal P-well', 
which is isolated from the Substrate by a partitioning deep 
N-well. 

0029 FIG. 5B shows the erase-mode biasing condition 
of the memory cell in FIG. 5A. 
0030 FIG. 6 shows experimental data collected from the 
condition shown in FIG. 5B. 

0031 FIG. 7 shows a cross-sectional view of the “inter 
nal P-well' body-isolating structure of the present invention 
applied to the three kinds of floating gate cells. 
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DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0.032 The present invention will be first described within 
the context of a generic five-terminal flash memory cell. AS 
will become clear in the following description, this inven 
tion is applicable to all five-terminal Source-Side injection 
memory cell Structures, including examples as those shown 
in FIGS. 2 and 3. A new memory cell structure having an 
isolatable cell body terminal will be described, as well as the 
operation advantages of this cell as compared to the con 
ventional cell Structure. This particular feature of the inven 
tion is applicable to both four-terminal and five-terminal 
flash memory cells, as will be explained below. While the 
invention will be described in conjunction with the preferred 
embodiments, it will be understood that they are not 
intended to limit the invention to those embodiments. On the 
contrary, the invention is intended to cover alternatives, 
modifications and equivalents, which may be included 
within the spirit and scope of the invention as defined by the 
appended claims. 
0033. A five terminal source-side injection cell is said to 
be “selected” when the Source-side channel section under 
the Select-gate is turned on, while applying a Voltage acroSS 
the drain and Source terminals. In this case the channel 
current is dictated by the charge Stored on the floating-gate 
as well as the Voltage applied to the control-gate. For 
engineering convenience, in order to Sense the Status of 
floating-gate's Stored charges, we define the cell threshold 
voltage (Vt) as the required control-gate voltage at which the 
channel just begins to conduct a 1 uA current. We further 
define the written state as one of relatively high Vt, in which 
there is an excess of negative charge (electrons) Stored on 
the floating-gate, and the erased State as one of low or 
negative Vt, in which the negative charge on the floating 
gate is depleted or displaced by positive charge. Vt(W) and 
Vt(E) denote the cell thresholds in the written and erased 
states, respectively; with Vt(W)>Vt(E), binary logic can be 
created. 

0034. It is also possible to create multi-level logic by 
implementing multiple cell thresholds, by either write mode 
or erase mode, or combinations of both. For simplicity, 
however, we shall confine our description to binary logic 
applications. Such applications are Sufficient to clearly 
explain the principles involved. It will be understood, how 
ever, that the techniques of the present invention apply 
equally well to multi-level memory applications. 
0035 Complimentary to using the cell threshold (Vt) to 
Sense the Status of the floating-gate's charge, we can just as 
effectively use the cell current, measured at a fixed control 
gate Voltage, as is common practice. To read the State of the 
cell in this way, in a typical case, 3.3 V or 5V is applied to 
the select-gate, a moderate voltage smaller than Vt(W), 4V 
for example, is applied to the control-gate, and about 1 V or 
2V is applied to the Source, while the drain and Substrate are 
grounded. For binary memory applications, the two logic 
levels of the memory cell, “0” and “1”, are defined as the low 
current (written) state, and high current (erased) State, 
respectively. Note that in the read-mode, depending on the 
applications, the channel current can be directed to flow 
either from the Source toward drain, or from drain toward 
SOCC. 

0036) A source-side injection cell is typically written by 
applying a large positive voltage, (around 10V for example) 
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to the control-gate, a moderate voltage (around 5V for 
example) to the drain, with the Select-gate set to around 2V. 
The Source and Substrate are both held at ground potential. 
With this bias configuration, hot electrons are generated in 
the cell's conduction channel near the Source side of the 
floating-gate, in a region between the two Serial channel 
Sections mentioned. Some of these hot electrons are 
deflected by the vertical electric field set up by the control 
gate Voltage, and are injected into the floating-gate. With an 
excess of electrons thereby Stored in the floating-gate, Vt is 
moved toward a high value and the cell is in the “written” 
State. During the read-mode operation, if a cell in written 
State is Selected, the channel current is cut off and a logic 
state of “0” is signified in that bit. 
0037 Conventionally, using two overlapping erase sig 
nals, the cell is erased by applying a large negative Voltage 
(around -11V for example) to the control-gate, and around 
5V to the drain, while the source is floating, and the 
select-gate and substrate are grounded. FIG. 3C shows one 
Such erase method used in the prior art. The large potential 
developed between the floating-gate and the drain induces 
so-called Fowler-Nordheim tunneling of electrons from the 
floating-gate to the drain. With the floating-gate's Stored 
electrons removed, or displaced by Some positive charges, 
the "erased” state is characterized by a low Vt. During the 
read-mode, if a cell in this State is Selected the cell current 
is high (relative to the written state), a logic State of “1” is 
Signified. 
0038. Using three erase signals, FIG. 4A shows an 
example of the first embodiment of the present invention as 
it is applied to a generic five-terminal Source-Side injection 
memory cell 100. The cell 100 includes a P-type substrate 
102, N-- source 104, select-gate 106, control-gate 108, 
floating-gate 110, and N-- drain 112. In marked contrast to 
the prior arts inactive Select-gate condition, the Select-gate 
terminal 106 is activated by a negative voltage (Vsg) 118 
during the erase operation (a positive voltage (Vd) 114 is 
applied to drain 112 and a negative voltage (Vcg) 116 is 
applied to control-gate 108 during erasure). While applying 
the high control-gate Voltage (about -10V) and the moderate 
drain voltage (about +5V), similar to those applied to cell 80 
in FIG. 3C, the activated select-gate 106 in FIG. 4A is 
biased with a negative voltage of about OV to -5V. As an 
example, the effect of the Select-gate bias on the erase 
characteristics of the cell 100 is shown in FIG. 4B, where 
the erased cell's threshold Vt(E) is plotted as a function of 
the Select-gate Voltage used during the erase operation. The 
data in FIG. 4B were gathered under the conditions of 
control-gate voltage of -10V, the drain voltage of 5V, with 
the Source floating and the body grounded. 
0039 For an erase time of 500 msec, these data show that 
the erased threshold varies linearly with the Select-gate 
Voltage. With the Select-gate biased negatively, enhanced 
erase performance is achieved. For example, with the Select 
gate at -5V, the cell erases to a threshold of about -4.8V. 
Compared to the conventional case of a grounded Select 
gate, where the cell's erased threshold is about -3.9V, there 
is about 1 V gain in the erase performance. This erase-mode 
enhancement effect of the Select-gate's negative bias is 
robust, and has been Verified on Several different processing 
technologies and various cell sizes. 
0040. In addition to the gain in erased threshold depth, 
the negative Select-gate bias helps improve the reliability of 
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the memory cell. Using the aforementioned examples of 
erase conditions, consider the electrical Stresses on the cell 
dielectrics resulting from the bias conditions in FIG. 4A in 
comparison to those of FIG.3C. In the case of FIG. 3C, the 
StreSS Voltage acroSS the dielectric between the Select-gate 
and the control-gate is about 10V, the full magnitude of the 
control-gate voltage. In the case of FIG. 4A however, the 
Select-gate to control-gate Voltage StreSS can be reduced to as 
little as 5V, half that of the conventional case. The voltage 
stresses on the cell dielectrics have effectively been “shared” 
between two different dielectrics of the cell instead of one, 
thus eliminating the Single "hot Spot' that exists in the case 
of the prior art. From the memory array reliability stand 
point, especially for high density arrays, this reduction of 
Voltage StreSS on the inter-gate dielectric is very significant 
in that it will result in fewer charge retention and dielectric 
breakdown-related cell failures. 

0041. The utility of the select-gate bias effect is more 
fully realized, and additional benefits are gained, by fabri 
cating the memory cell 130 inside an “internal P-well', as 
shown in FIG. 5A. On top of the P-type substrate 132, an 
N-well 134 is formed. In turn, on top of the N-well 134, an 
internal P-well 136 is formed which forms the body of the 
memory cell 130. Contact to the internal P-well 136 is made 
through a P+ diffusion 138. The remaining components of 
cell 130 include source 140, select-gate 142, control-gate 
144, floating-gate 146, and drain 148. This triple-well struc 
ture electrically isolates the body of the memory cell 130 
from the common substrate 132, allowing the memory cell's 
body (the internal P-well 136) to become an active terminal. 
FIG. 5B shows the bias configuration for erasing the cell 
130 of FIG. 5A, which includes the positive drain voltage 
(Vd) 160, positive body voltage (Vb) 162, negative select 
gate voltage (Vsg) 164, and negative control-gate Voltage 
(Vcg) 166. With this embodiment, unlike the case of the 
prior art, the body of the cell 130 can be biased indepen 
dently of the grounded common substrate 132. 
0042. To illustrate the operational advantages of this cell 
Structure in erase-mode, three example Sets of experimental 
data collected using the memory cell 130 of FIG. 5 are 
compared in FIG. 6. In FIG. 6, the erased threshold is 
plotted as a function of erase-time for each of the bias 
conditions listed in the figure. The set of Solid symbols 
corresponds to conventional conditions like those cited for 
FIG. 3C, with an inactive or grounded select-gate. The set 
of open Symbols shows the effect of biasing the Select-gate 
at -5V. AS in the experiment described above for the setup 
of FIGS. 4A and 4B, the data here also show that the erased 
threshold achieved with the new Select-gate bias is 
improved, lying about 1 V deeper than the curve obtained 
using a conventional grounded Select-gate. 
0043. The set of cross symbols in FIG. 6 corresponds to 
the erase conditions indicated in FIG. 5B, with -2.5V on the 
Select-gate, and +2.5V on the cell's body (i.e., the internal 
P-well 136). The control-gate voltage is set to -7.5V, and the 
drain Voltage is at +7.5V, while the Source is floating and the 
common Substrate is grounded. These conditions were cho 
Sen to produce exactly the same erase performance as that of 
the Set of open Symbols, and in fact are easily Seen to be 
entirely equivalent. Inspection of the legend in FIG. 6 shows 
that the latter conditions are derived from the former by 
adding a constant offset of +2.5V to each of the bias values. 
The drain Voltage, for example, is increased from 5V in the 
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former case, to 7.5V in the latter, while the control-gate is 
increased from -10V to -7.5V, and so forth. Because the cell 
terminal Voltages are referenced to the chip's common 
ground or substrate 132, which is electrically isolated from 
the cell's body 132 by an N-well 134, only the relative 
Voltage difference of the cell's terminals is meaningful from 
the point of View of the memory cell alone. Although adding 
a constant offset Voltage changes none of the cell physics, as 
the data clearly Show, the benefit of this Voltage displace 
ment is significant in terms of the charge pumping operation 
as will be explained below. 
0044) For chips with single supply-voltage, the elevated 
Voltages used in the internal circuitry are acquired through 
charge pumping. The highest pumped Voltage levels achiev 
able are limited by the breakdown voltages of the transistors 
in the peripheral circuitry. AS discussed in the background 
Section above, any disparity in magnitude between the 
positive and negative pumped Voltage levels places disparate 
demands on gate-oxide as well as junction breakdown 
Voltages of the N-channel and P-channel transistors, respec 
tively, and is therefore disadvantageous. However, by add 
ing a constant offset bias to the memory cell body, it 
becomes possible to bring into balance the magnitudes of the 
positive and negative Voltages required from the on-chip 
charge pumps during erase. In the example of FIG. 6, for the 
biased cell body case, the required negative and positive 
charge pump Voltages have been exactly balanced, both 
equal in magnitude to 7.5V. The data in FIG. 6 (cross 
symbols) show that this balancing is achieved without 
Sacrificing erase performance. 
0045. Noting the similarity between the basic cell struc 
tures of FIG. 5A and FIG. 3B, it is clear that the same 
isolated body triple-well Structure can be adapted to the cells 
of FIGS. 3A, 2A and 1A. This is shown schematically in 
FIG. 7, where an internal P-well 170 in an N-well 172 on a 
P-type substrate 174 contains two five-terminal cells 180 
and 182, and a four-terminal cell 184. 
0046 For comparison, using four equivalent operating 
Voltage conditions, Table-1 Summarizes the aforementioned 
erase configurations of the two-signal, three-signal, and 
four-signal cases for erasing a Source-side injection memory 
cell of isolated body type (FIG. 5B). Essentially, column A 
represents the method used in prior art, and columns B and 
C represent the first and Second embodiments of the present 
invention. Column D will be discussed below. Each of the 
conditions erases the cell to the same Vt(E) of -4.8V in a 
fixed time of 0.5 sec. 

TABLE 1. 

Erase Conditions on Cell Structure of FIG. 5B. 
All values are in Volt: 'F' denotes floating. 

A. B C D 

Drain Vd 5 5 7.5 7.5 
Control-Gate Vcg -11 -10 -7.5 -8 
Select-Gate Vsg O -5 -2.5 O 
Source Vs F F F F 
Body Vb O O 2.5 2.5 
Substrate WSub O O O O 
Resulting Vt(E) -4.8 -4.8 -4.8 -4.8 

0047. In column A, we list the conditions required to 
achieve this Vt(E) for a cell as operated in accordance with 
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the conventional erase method, with the Select-gate and 
body grounded. In column B, we show conditions of the 
present invention applied to an established cell Structure, 
with the negative Select-gate Voltage and body grounded. 
The required control-gate Voltage magnitude has been 
reduced by 1V (i.e., from -11V to -10V) because of the 
enhanced efficiency provided by the Select-gate bias. Also, 
as discussed above, the maximum StreSS Voltage on the cell 
dielectric between the Select-gate and control-gate has been 
drastically reduced. In column C, we have activated the 
body terminal, which allows the addition of a constant offset 
of 2.5V to each of the cell terminals. Maintaining the same 
erase threshold of Vt(E)=-4.8V, this configuration achieves 
good balance of magnitudes for the highest positive and 
negative erase Voltages. Compared to the case of using a 
conventional cell Structure (column B), here the highest 
erase signal is only 7.5V for both Vd and Vcg. From the 
Supporting circuitry and peripheral transistors breakdown 
Voltages requirement Standpoint, Such reduction in the maxi 
mum driver voltage from 10V to 7.5V is very substantial in 
terms of fabrication margins, manufacturing yields, and the 
products operating life. 
0.048 Column D gives an example of an alternative 
implementation of the present invention, applicable to all 
prior art cells discussed above, including those of the 
four-terminal kind (FIG. 1A). In this example, the select 
gate is grounded (or absent for the case of a four-terminal 
cell), while the triple-well Structure still provides significant 
advantage by allowing the body to be biased independent of 
the Substrate ground. Compared to the prior art condition as 
listed in column A, although not as favorable as the column 
C condition, the case of column D allows the reduction of 
the peak voltage from 11V down to 8V. Thus the present 
invention provides a mechanism for improved magnitude 
balance of operating erase Voltages even in cases where the 
Select-gate is unbiased or unused. For example, in the case 
of four-terminal cells, the erase operation can be performed 
between the floating-gate and the Source, with the drain left 
floating. 

0049. In Summary, the present invention is seen to pro 
vide Substantial advantages in the erase-mode operation of 
Source-Side injection memory cells. At the memory cell 
level, the negative Select-gate bias improves the erase per 
formance, reduces the unnecessary Voltage StreSS on the 
dielectric between the gate electrodes, and enhances the 
reliability of the memory cell. When combined with the 
triple-well technology, the new memory cell Structure pro 
vides additional advantages with regard to the peripheral 
Supporting circuitry and proceSS requirements by allowing 
the required on-chip Voltages to be reduced. The advantage 
of the triple-well technology is shown to extend to the cases 
of grounded and absent Select-gate configurations. 
0050. The foregoing descriptions of specific embodi 
ments of the present invention have been presented for 
purposes of illustration and description. They are not 
intended to be exhaustive or to limit the invention to the 
precise forms disclosed, and it should be understood that 
many modifications and variations are possible in light of 
the above teaching. The embodiments were chosen and 
described in order to best explain the principles of the 
invention and its practical application, to thereby enable 
others skilled in the art to best utilize the invention and 
various embodiments with various modifications as are 
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Suited to particular use contemplated. It is intended that the 
Scope of the invention be defined by the claims appended 
hereto and their equivalents. 

What is claimed is: 
1. A flash EEPROM memory cell comprising: 
a portion of a Semiconductor Substrate of P-type conduc 

tivity; 
a Source region and a drain region of N-type conductivity 

formed in Spaced alignment in Said Substrate with a 
channel region therebetween; 

a first gate insulation layer on a major Surface of Said 
Substrate; 

a floating-gate on Said first gate insulation layer, Said 
floating gate extending acroSS a portion of Said channel 
region; 

a Second gate insulation layer on Said floating-gate; 
a control-gate on Said Second gate insulation layer, Said 

control-gate extending acroSS Said floating-gate; 

a third insulation layer over Said control-gate and Said 
channel region; and 

a Select-gate on Said third insulation layer, 
wherein Said cell is erased by applying a positive Voltage 

to Said drain region, a negative Voltage to Said control 
gate, a negative Voltage to Said Select-gate, and allow 
ing the potential of said Source region to float, with Said 
Substrate connected to ground potential Serving as a 
reference Voltage. 

2. The memory cell as in claim 1 wherein the drain 
Voltage is approximately 5 volts, the control-gate Voltage is 
approximately -10 volts, and the Select-gate Voltage is 
approximately -5 volts. 

3. In a flash EEPROM memory cell, said memory cell 
including a portion of a Semiconductor Substrate of P-type 
conductivity; a Source region and a drain region of N-type 
conductivity formed in Spaced alignment in Said Substrate 
with a channel region therebetween; a first gate insulation 
layer on a major Surface of Said Substrate; a floating-gate on 
Said first gate insulation layer, Said floating-gate extending 
acroSS a portion of Said channel region; a Second gate 
insulation layer on Said floating-gate; a control-gate on Said 
Second gate insulation layer, Said control gate extending 
acroSS Said floating-gate; a third insulation layer over Said 
control-gate and Said channel region; and a Select-gate on 
Said third insulation layer, the method of erasing Said cell 
comprising the Steps of: 

applying a positive Voltage to Said drain region; 
applying a negative Voltage to Said control-gate, and 
applying a negative Voltage to Said Select-gate, 

wherein the potential of Said Source region floats, and Said 
Substrate is connected to ground potential Serving as a 
reference Voltage. 

4. A flash EEPROM memory cell comprising: 
a portion of a Semiconductor Substrate of P-type conduc 

tivity; 

a well of N-type conductivity in said substrate; 
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a well of P-type conductivity in said N-type well, the 
p-type well forming the cell body; 

a Source region and a drain region of N-type conductivity 
formed in Spaced alignment in Said body with a channel 
region therebetween; 

a first gate insulation layer on a major Surface of Said 
body; 

a floating-gate on Said first gate insulation layer, Said 
floating-gate extending acroSS a portion of Said channel 
region; 

a Second gate insulation layer on Said floating-gate; 
a control-gate on Said Second gate insulation layer, Said 

control gate extending acroSS Said floating-gate; 
a third insulation layer over Said control-gate and Said 

channel region; and 
a Select-gate on Said third insulation layer, 
wherein Said cell is erased by applying a positive Voltage 

to Said drain region, a negative Voltage to Said control 
gate, a negative Voltage to Said Select-gate, a positive 
Voltage to Said body region, and allowing the potential 
of Said Source region to float, with Said Substrate 
connected to ground potential Serving as a reference 
Voltage. 

5. The memory cell as in claim 4 wherein the drain 
Voltage is approximately 7.5 volts, the control-gate Voltage 
is approximately -7.5 volts, and the Select-gate voltage is 
approximately -2.5 volts. 

6. The memory cell as in claim 5 wherein the body voltage 
is approximately 2.5 volts. 

7. In a flash EEPROM memory cell, said memory cell 
including a portion of a Semiconductor Substrate of P-type 
conductivity; a well of N-type conductivity in Said Substrate; 
a well of P-type conductivity in said N-type well, the p-type 
well forming the cell body; a Source region and a drain 
region of N-type conductivity formed in Spaced alignment in 
Said body with a channel region therebetween; a first gate 
insulation layer on a major Surface of Said body; a floating 
gate on Said first gate insulation layer, Said floating gate 
extending acroSS a portion of Said channel region; a Second 
gate insulation layer on Said floating-gate; a control-gate on 
Said Second gate insulation layer, the control-gate extending 
over Said floating-gate; a third insulation layer over Said 
control-gate and Said channel region; and a Select-gate 
formed on Said third insulation layer, the method of erasing 
Said cell comprising the Steps of: 

applying a positive Voltage to Said drain region; 
applying a negative Voltage to Said control-gate; 
applying a negative Voltage to Said Select-gate; and 
applying a positive Voltage to Said body region, 

wherein the potential of Said Source region is allowed to 
float, and Said Substrate is connected to ground poten 
tial Serving as a reference Voltage. 

8. A flash EEPROM memory cell comprising: 

a portion of a Semiconductor Substrate of P-type conduc 
tivity; 

a well of N-type conductivity in said substrate; 
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a well of P-type conductivity in said N-type well, the 
P-type well forming the cell body; 

a Source region and a drain region of N-type conductivity 
in Spaced alignment in Said body with a channel region 
therebetween; 

a first gate insulation layer on a major Surface of Said 
body; 

a floating-gate on Said first gate insulation layer, Said 
floating gate extending acroSS a portion of Said channel 
region; 

a Second gate insulation on Said floating-gate; 
a control-gate on Said Second gate insulation, Said control 

gate extending acroSS Said floating-gate; 
a third insulation layer over Said control-gate and Said 

channel region; and 
a Select-gate on Said third insulation layer, 
wherein Said cell is erased by applying a positive Voltage 

to Said drain region, a negative Voltage to Said control 
gate, grounding Said Select-gate, a positive Voltage to 
Said body region, and allowing the potential of Said 
Source region to float, with Said Substrate connected to 
ground potential Serving as a reference Voltage. 

9. The memory cell as in claim 8 wherein the drain 
Voltage is approximately 7.5 volts, the control-gate Voltage 
is approximately -8 Volts, and the Select-gate Voltage is 
approximately 0 volts. 

10. The memory cell as in claim 9 wherein the body 
Voltage is approximately 2.5 volts. 

11. In a flash EEPROM memory cell, said memory cell 
including a well of N-type conductivity in Said Substrate; a 
well of P-type conductivity in said N-type well, the P-type 
well forming the cell body; a Source region and a drain 
region of N-type conductivity in Spaced alignment in Said 
body with a channel region therebetween; a first gate insu 
lation layer on a major Surface of Said body; a floating-gate 
on Said first gate insulation layer, Said floating gate extend 
ing acroSS a portion of Said channel region; a Second gate 
insulation on Said floating-gate; a control-gate on Said Sec 
ond gate insulation, Said control-gate extending acroSS Said 
floating-gate; a third insulation layer over Said control-gate 
and Said channel region; and a Select-gate on Said third 
insulation layer, the method of erasing Said cell comprising 
the Steps of: 

applying a positive Voltage to Said drain region; 
applying a negative Voltage to Said control-gate; 
grounding Said Select-gate; and 
applying a positive Voltage to Said body region, 

wherein the potential of Said Source region floats, and Said 
Substrate is connected to ground potential Serving as a 
reference Voltage. 

12. A flash EEPROM memory cell comprising: 
a portion of a Semiconductor Substrate of P-type conduc 

tivity; 

a well of N-type conductivity in said substrate; 
a well of P-type conductivity in said N-type well, the 

p-type well forming the cell body; 
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a Source region and a drain region of N-type conductivity 
formed in Spaced alignment in Said body with a channel 
region therebetween; 

a first gate insulation layer on a major Surface of Said 
body; 

a floating-gate on Said first gate insulation layer, Said 
floating-gate extending acroSS Said channel region; 

a Second gate insulation layer on Said floating-gate; and 
a control-gate on Said Second gate insulation layer, Said 

control gate extending acroSS Said floating-gate, 
wherein Said cell is erased by applying a positive Voltage 

to Said drain region, a negative Voltage to Said control 
gate, a positive Voltage to Said body region, and allow 
ing the potential of Said Source region to float, with Said 
Substrate connected to ground potential Serving as a 
reference Voltage. 

13. In a flash EEPROM memory cell, said memory cell 
including a portion of a Semiconductor Substrate of P-type 
conductivity; a well of N-type conductivity in Said Substrate; 
a well of P-type conductivity in said N-type well, the p-type 
well forming the cell body; a Source region and a drain 
region of N-type conductivity formed in Spaced alignment in 
Said body with a channel region therebetween; a first gate 
insulation layer on a major Surface of Said body; a floating 
gate on Said first gate insulation layer, Said floating-gate 
extending acroSS Said channel region; a Second gate insula 
tion layer on Said floating-gate; and a control-gate on Said 
Second gate insulation layer, said control gate extending 
acroSS Said floating-gate, the method of erasing Said cell 
comprising the Steps of: 

applying a positive Voltage to Said drain region; 
applying a negative Voltage to Said control-gate; and 
applying a positive Voltage to Said body region, 
wherein the potential of Said Source region floats, and Said 

Substrate is connected to ground potential Serving as a 
reference Voltage. 

14. A flash EEPROM memory cell comprising: 
a portion of a Semiconductor Substrate of P-type conduc 

tivity; 
a well of N-type conductivity in said substrate; 
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a well of P-type conductivity in said N-type well, the 
p-type well forming the cell body; 

a Source region and a drain region of N-type conductivity 
formed in Spaced alignment in Said body with a channel 
region therebetween; 

a first gate insulation layer on a major Surface of Said 
body; 

a floating-gate on Said first gate insulation layer, Said 
floating-gate extending acroSS Said channel region; 

a Second gate insulation layer on Said floating-gate; and a 
control-gate on Said Second gate insulation layer, Said 
control gate extending acroSS Said floating-gate, 

wherein Said cell is erased by applying a positive Voltage 
to Said Source region, a negative Voltage to Said control 
gate electrode, a positive Voltage to Said body region, 
and allowing the potential of Said drain region to float, 
with Said Substrate connected to ground potential Serv 
ing as a reference Voltage. 

15. In a flash EEPROM memory cell, said memory cell 
including a portion of a Semiconductor Substrate of P-type 
conductivity; a well of N-type conductivity in Said Substrate; 
a well of P-type conductivity in said N-type well, the p-type 
well forming the cell body; a Source region and a drain 
region of N-type conductivity formed in Spaced alignment in 
Said body with a channel region therebetween; a first gate 
insulation layer on a major Surface of Said body; a floating 
gate on Said first gate insulation layer, Said floating-gate 
extending acroSS Said channel region; a Second gate insula 
tion layer on Said floating-gate; and a control-gate on Said 
Second gate insulation layer, Said control gate extending 
acroSS Said floating-gate, the method of erasing Said cell 
comprising the Steps of: 

applying a positive Voltage to Said Source region; 
applying a negative Voltage to Said control-gate electrode, 

and 

applying a positive Voltage to Said body region, 
wherein the potential of Said drain region floats, and Said 

Substrate is connected to ground potential Serving as a 
reference Voltage. 
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