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(57) ABSTRACT 

An EEPROM cell is described that is programmed and 
erased by electron tunneling across an entire portion of 
separate transistor channels. The EEPROM cell has three 
transistors formed in a semiconductor substrate. The three 
transistors are a tunneling transistor (PMOS), a sense tran 
sistor (NMOS) and a read transistor (NMOS). Electron 
tunneling occurs to program the EEPROM cell through a 
sense tunnel oxide layer having a thickness to alloW the 
electron tunneling across an entire portion of a sense channel 
upon incurrence of a suf?cient voltage potential betWeen a 
?oating gate and the tunnel channel. Electron tunneling also 
occurs to erase the EEPROM cell through a tunnel oxide 
layer having a thickness to alloW electron tunneling across 
an entire portion of a tunneling channel upon incurrence of 
a suf?cient voltage potential betWeen the ?oating gate and 
the tunneling channel. 
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EEPROM CELL WITH TUNNELING ACROSS 
ENTIRE SEPARATED CHANNELS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates generally to semiconductor 
devices, and more particularly, to an electrically erasable 
programmable read only memory (“EEPROM”) cell. 

[0003] 2. Description of Related Art 

[0004] The semiconductor community faces increasingly 
dif?cult challenges as it moves into production of semicon 
ductor devices at feature siZes approaching 0.1 micron. Cell 
designs for typical semiconductor devices must be made 
more reliable, scalable, cost effective to manufacture and 
able to operate at loWer poWer in order for manufacturers to 
compete in the semiconductor industry. EEPROM devices 
are one such device that must meet these challenges. 

[0005] EEPROM devices are generally knoWn as read 
only memory in Which the memory cells that store infor 
mation may be erased and reprogrammed electrically. An 
EEPROM cell is typically made up of three separate tran 
sistors, namely, a Write transistor, a sense transistor and a 
read transistor. The EEPROM cell is able to be programmed, 
erased and read by removing or adding electrons to a ?oating 
gate. Thus, for example, the ?oating gate is programmed by 
removing free electrons from the ?oating gate and thereby 
giving the ?oating gate a positive charge. When it is desired 
to erase an EEPROM cell, the ?oating gate is given a net 
negative charge by injecting electrons onto the ?oating gate. 
The read operation is performed by reading the state (cur 
rent) of the sense transistor. In order to give the ?oating gate 
a positive charge (program) or negative charge (erase), 
electron tunneling, for example using the Well-knoWn 
FoWler-Nordheim tunneling technique, may be performed 
by applying the appropriate voltage potentials betWeen the 
?oating gate and a region, such as a source region, of a 
transistor. Upon applying the appropriate voltage potentials, 
electron tunneling occurs through a tunnel oxide layer 
betWeen the ?oating gate and the region. 

[0006] As the feature siZes of EEPROM cells are scaled 
doWnWard, the prior art EEPROM cells exhibit certain 
scaleablity, cost and reliability limitations. First, the manu 
facturing process for a smaller EEPROM cell becomes more 
complex and, accordingly, manufacturing costs rise as tran 
sistor channel lengths are reduced. For example, as the 
channel length of a transistor of the EEPROM cell is scaled 
doWnWard, the thickness of the gate oxide overlying the 
channel must also be reduced since the gate oxide thickness 
must be scaled With the channel length. In vieW of the fact 
that EEPROM cells already have a complex process to form 
multiple oxide thicknesses, additional oxide thicknesses for 
the transistors Would add additional steps to further com 
plicate the manufacturing process and thereby increase 
manufacturing costs. 

[0007] In addition to this scaling problem, reliability prob 
lems also exist With previous EEPROM cells. First, the 
EEPROM cell is typically both programmed and erased 
through the same small tunnel oxide WindoW at the edge of 
a transistor region that may deteriorate the cell quickly. In 
general, the tunnel oxide WindoW deteriorates after tens of 
thousands of program/erase cycles and that deterioration 
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cycle is shortened by only using the small tunnel oxide 
WindoW. In addition to the siZe of the tunnel oxide WindoW, 
the use of the WindoW for both programming and erasing of 
the EEPROM cell causes the cell to be signi?cantly less 
reliable. A further reliability limitation of previous 
EEPROM cells is that the tunnel oxide WindoW is often 
composed of a less reliable, highly doped program junction 
(PRJ). The high doping concentration of the PR] degrades 
the surface immediately beloW the PR] and thereby reduces 
the EEPROM cell’s reliability. A still further limitation of 
the EEPROM cell is that the voltages needed to program, 
erase and read the cell are high due to the relatively large 
feature siZes of the cell. Thus, in order to achieve loWer 
voltages to operate the EEPROM cell, feature siZes of the 
cell must be scaled doWnWard. 

[0008] Thus, a need exists for a redesigned EEPROM cell 
that (1) does not add costly steps to the manufacturing 
process, (2) does not suffer from reliability problems caused 
by programing and erasing through the edge of a small 
tunnel oxide WindoW, (3) does not deteriorate through use of 
a PR], and (4) operates at a loWer poWer by using smaller 
feature siZes. 

SUMMARY OF THE INVENTION 

[0009] An EEPROM cell is described that is programmed 
and erased by electron tunneling across an entire portion of 
separate transistor channels. The EEPROM cell has three 
transistors formed in a semiconductor substrate: a tunneling 
transistor, a sense transistor and a read transistor. The 
tunneling transistor has a tunneling source, a tunneling 
drain, and a tunneling channel betWeen the tunneling source 
and the tunneling drain. The tunneling transistor is formed in 
a Well that has a second conductivity type opposite the ?rst 
conductivity type of the semiconductor substrate. The tun 
neling source and the tunneling drain also have the ?rst 
conductivity type. A tunnel oxide layer is formed over the 
tunneling channel, the tunnel source and the tunnel drain. 
BetWeen the tunneling transistor and the sense transistor is 
a program junction region, also formed in the semiconductor 
substrate, and separated from the tunneling transistor by a 
?rst oxide and separated from the sense transistor by a 
second oxide. The program junction region, having the 
second conductivity type, also has a program junction oxide 
layer overlying the program junction region. The sense 
transistor is also formed in the semiconductor substrate. The 
sense transistor has a sense source, sense drain and a sense 

channel betWeen the sense source and the sense drain Where 
both the sense source and the sense drain have the second 
conductivity type. A sense tunnel oxide layer overlies the 
sense channel, the sense source and the sense drain. The read 
transistor, also formed in the semiconductor substrate, is 
electrically coupled to the sense transistor through the sense 
drain. A ?oating gate overlies the tunnel oxide layer, the 
program junction oxide layer and the sense tunnel oxide 
layer. The tunnel oxide layer is of a thickness that alloWs 
electron tunneling through the tunnel oxide layer overlying 
the tunnel channel upon incurrence of a suf?cient voltage 
potential betWeen the ?oating gate and the tunneling chan 
nel. The sense tunnel oxide layer is of a thickness that alloWs 
electron tunneling through the sense tunnel oxide layer 
overlying the sense channel upon incurrence of a suf?cient 
voltage potential betWeen the ?oating gate and the sense 
channel. 
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[0010] The EEPROM cell of the present invention further 
provides electron tunneling through the tunnel oxide layer 
overlying the tunneling channel to occur across the entire 
portion of the tunneling channel instead of only across an 
edge of a region as in previous EEPROM cells. Likewise, 
the EEPROM cell of the present invention provides electron 
tunneling through the sense tunnel oxide layer overlying the 
sense channel to occur across the entire portion of the sense 
channel. The EEPROM cell of the present invention further 
alloWs erasing only across the tunneling channel and pro 
gramming only across the sense channel to thereby separate 
the program and erase operations. The EEPROM cell further 
has reduced thicknesses for the tunnel oxide layer, the 
program junction oxide layer, the sense tunnel oxide layer 
and the read gate oxide layer to improve scaleablity and 
reduce operating voltages of the EEPROM cell of the 
present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Abetter understanding of the present invention can 
be obtained When the folloWing detailed description of a 
preferred embodiment is considered in conjunction With the 
folloWing draWings, in Which: 

[0012] FIG. 1 is a cross-sectional vieW of an embodiment 
the EEPROM cell of the present invention; and 

[0013] FIG. 2 is a circuit diagram vieW of an embodiment 
the EEPROM cell of the present invention. 

[0014] It Will be appreciated that for simplicity and clarity 
of illustration, elements illustrated in the draWings have not 
necessarily been draWn to scale. For example, the dimen 
sions of some of the elements are exaggerated relative to 
other elements for purposes of clarity. Further, Where con 
sidered appropriate, reference numerals have been repeated 
among the draWings to represent corresponding or analo 
gous elements. 

DETAILED DESCRIPTION 

[0015] Alternative embodiments of the structure of the 
EEPROM cell of the present invention are described beloW, 
along With the general process for manufacturing those 
embodiments. The operation of those embodiments is then 
provided in Table 1 and described in detail to explain the 
programming, erasing and reading functions of the 
EEPROM cell embodiments of the present invention. 

[0016] FIG. 1 is a cross-sectional vieW of an embodiment 
of the EEPROM cell of the present invention. In FIG. 1, the 
embodiment of the EEPROM cell 100 is formed on a 
semiconductor substrate 110, for example a silicon substrate, 
and has a ?rst conductivity type such as a P-type conduc 
tivity. In alternative embodiments, the semiconductor sub 
strate 110 may be alternative silicon materials Well-knoWn in 
the semiconductor industry such as germanium, germanium/ 
silicon, gallium arsenide, polysilicon, silicon on insulator or 
the like. The EEPROM cell 100 has three separate transis 
tors formed in the semiconductor substrate 110, namely, a 
tunneling transistor 120, a sense transistor 130 and a read 
transistor 140. Aprogram junction region 170 is also formed 
in the semiconductor substrate 110 and is electrically sepa 
rated from the tunneling transistor 120 by a ?rst oxide 150, 
eg silicon dioxide, also formed in the semiconductor sub 
strate 110. The program junction region 170 is formed of a 
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second conductivity type that is opposite the ?rst conduc 
tivity type, such as an N+ conductivity type. Asecond oxide 
160 is used to separate the sense transistor 130 from the 
program junction region 170. The second 160 oxide, like the 
?rst oxide 150 and oxide region 220, is composed of an 
insulating material, such as silicon dioxide. Returning to the 
tunneling transistor 120, the tunneling transistor 120 has a 
tunneling source 190 and a tunneling drain 200, all formed 
Within a Well 180. The Well 180 has a second conductivity 
type opposite the ?rst conductivity type, such as an N+ 
conductivity type. In contrast, the tunneling source 190 and 
tunneling drain 200 have the ?rst conductivity type, e. g. a P 
type conductivity. The tunneling transistor 120 is therefore 
a PMOS transistor in this embodiment. By using a PMOS 
transistor, the entire tunneling channel 230 may be used to 
perform electron tunneling as described beloW. This is 
because the Well 180, in addition to the tunneling source 190 
and tunneling drain 200, may be electrically coupled 
together to alloW the entire tunneling channel 230 to be used 
for electron tunneling. An N+ region 210 is also located in 
Well 180 to provide appropriate electrical contact to metal 
lines in the EEPROM cell 100, such as Word bit line (WBL). 
A tunneling channel 230 is formed in Well 180 betWeen the 
tunneling source 190 and tunneling drain 200. Overlying the 
tunneling source 190, the tunneling channel 230 and the 
tunneling drain 200 is a tunnel oxide layer 240. The tunnel 
oxide layer 240 is typically composed of an insulating 
material, such as silicon dioxide, and has a thickness of 
approximately 80 angstroms. It is noted that such a thickness 
for the tunnel oxide layer 240 is considerably less than the 
approximate 150 angstroms or greater used in prior art 
devices. Overlying the program junction region 170 is a 
program junction oxide layer 250 that is composed of an 
insulating material, such as silicon dioxide. The program 
junction oxide layer 250 has a thickness of approximately 96 
angstroms, Which is also an improvement over prior art 
devices that had thicknesses greater than 180 angstroms. It 
is noted that While the thickness of the tunnel oxide layer 
240 is 80 angstroms and the thickness of the program 
junction oxide layer is 96 angstroms, both layers may be 
deposited or groWn (using conventional oxide deposition 
techniques) in a single process step. This is because the 
program junction oxide layer 250 is groWn on a highly 
doped N+ program junction region 170 that characteristi 
cally, as is Well knoWn to one skilled in the art, “expands” 
the thickness of the program junction oxide layer 250 to 96 
angstroms, While the tunnel oxide layer 240, overlying the 
P+ type tunneling source 190 and the P+ type tunneling 
drain 200, remains at 80 angstroms. Thus, additional process 
steps, to form oxide layers With different thicknesses, are 
avoided. 

[0017] Returning to FIG. 1, the sense transistor 130 has a 
sense source 260 and a sense drain 270 formed in the 
semiconductor substrate 110. A sense channel 280 is formed 
betWeen the sense source 260 and the sense drain 270. The 
conductivity of the sense source 260 and the sense drain 270 
is of the second conductivity type, for example, an N+ 
conductivity type. Overlying the sense source 260, the sense 
drain 270 and the sense channel is a sense tunnel oxide layer 
290 having an approximate thickness of 80 angstroms. As 
earlier described, the sense tunnel oxide layer 290 may also 
be simultaneously formed With the tunnel oxide layer 240 
and the program junction oxide layer 250. Depending on the 
mode of sense transistor 140 (depletion or enhancement 
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mode), the relevant voltages for operating the EEPROM cell 
100 are adjusted. The sense transistor 130 is, in one embodi 
ment, a depletion mode transistor, as is commonly under 
stood in the industry. In a further embodiment, the sense 
transistor 130 is an enhancement mode transistor (also as 
commonly knoWn in the industry). 

[0018] The read transistor 140 shares the sense drain 270 
With the sense transistor 130 Which acts as the read source 
270. The read transistor 140 also has a read drain 300 that 
has the second conductivity type, eg an N+ conductivity 
type. Overlying the read drain 300 is a read drain oxide 315 
layer that is composed of an insulating material, such a 
silicon dioxide, and has an approximate thickness of 80 
angstroms. The read drain oxide layer 315 is formed in the 
same step as the tunnel oxide layer 240, the program 
junction oxide layer 250 and the sense tunnel oxide layer 
290. BetWeen the read source 270 and the read drain 300 is 
a read channel 310. Overlying the read channel 310 is a read 
gate oxide layer 320 that has a thickness of approximately 35 
angstroms and is composed of an insulating material, such 
as silicon dioxide. The formation of the read gate oxide layer 
320 requires additional separate process steps then the oxide 
layers 240, 250, 290 and 315 since the thickness of the read 
gate oxide layer 320 is considerably less than the others. A 
read gate 330 overlies the read gate oxide layer 320 and is 
composed of a conducting material, such as a polycrystalline 
silicon material. A?oating gate 340 overlies the tunnel oxide 
layer 240 overlying the tunneling channel 230 of the tun 
neling transistor 120, the program junction oxide layer 250 
and the sense tunnel oxide layer 290 overlying the sense 
channel 280 of the sense transistor 130. The ?oating gate 
340 is also formed of a conducting material, such as a 
polycrystalline silicon material. 

[0019] The transistors 120, 130, 140 of the EEPROM 100 
are electrically coupled to certain electrical lines and gates 
in order to operate and control the functions of the EEPROM 
cell 100. As shoWn in FIG. 1, WBL is electrically coupled 
to the Well 180, tunneling source 190, tunneling drain 200, 
and N+ region 210. WBL uses the N+ region 210 to provide 
electrical contact to the Well 180. The WBL is electrically 
coupled to the entire tunneling transistor 120 so that the 
entire portion of the tunneling channel 230 may be used to 
erase the EEPROM cell 100 as described beloW. An Array 
Control Gate (ACG) is electrically coupled to the program 
junction region 170 While a Product Term Gate (PTG) is 
electrically coupled to the sense source 260 of the sense 
transistor 130. A Word Line Read (WLR) is electrically 
coupled to the read gate 330 of the read transistor 140 and 
a Product Term (PT) is electrically coupled to the read drain 
300. It is understood that electrical coupling includes any 
manner of transmitting charge betWeen the tWo items being 
coupled. 

[0020] The method of manufacturing the EEPROM cell 
100 of FIG. 1 includes standard deposition and etching 
techniques for forming the EEPROM cell 100 shoWn in 
FIG. 1. For example, in one embodiment, the EEPROM cell 
100 is formed as folloWs. The semiconductor substrate 110, 
Which may have an epitaxial layer (not shoWn) on the top 
surface of the semiconductor substrate 110, is patterned and 
etched (using conventional techniques) to form deep 
trenches in the semiconductor substrate 110 for the oxide 
regions 220, 150, and 160 of FIG. 1. After the oxide region 
trenches have been formed, the tunnel oxide layer 240, the 
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program junction oxide layer 250, the sense tunnel oxide 
layer 290 and the read oxide layer 310 are deposited using 
common deposition or oxide groWing techniques. The thick 
ness of these oxides is approximately 80 angstroms, except 
for the program junction oxide layer 250 that is approxi 
mately 96 angstroms. The Well 180 is then formed by 
implanting the appropriate conductivity type into the semi 
conductor substrate 110 and the channels 230, 280, and 310 
are then de?ned. After these oxide layers have been formed, 
conventional patterning techniques are used to form the read 
gate oxide layer 320 having a thickness of approximately 35 
angstroms. Next, the source and drain implants are formed 
for each transistor 120, 130, 140 and standard back end (as 
is commonly knoWn to those skilled in the art) is performed. 
It is understood that a plurality of EEPROM cells are 
manufactured into an EEPROM device in order to store a 
multitude of information. The EEPROM cell further 
includes numerous metalliZation layers (not shoWn) overly 
ing the cell 100 to electrically connect the cell 100 to other 
cells and other devices in an EEPROM device, as Well as 
passivation layers (not shoWn) to protect the cell 100. 

[0021] The three operations of the EEPROM cell 100 are 
program, erase and read. The various voltages applied to the 
EEPROM cell to perform these operations are shoWn in 
Table 1 beloW. 

TABLE 1 

WBL ACG PTG WLR PT 

Program HiZ VPp ground VCC ground 
Erase Vpp ground ground ground HiZ 
Read (Depletion Mode) HiZ ground ground VCC Vet/2 (V‘) 
Read (Enhancement HiZ VCC ground VCC Vet/2 (V‘) 
Mode) 

[0022] The program operation of the EEPROM cell 100 of 
FIG. 1 is de?ned, for this embodiment, as providing a net 
negative charge on the ?oating gate 340. For the erase 
operation, a positive charge is provided on the ?oating gate 
340. It is understood, hoWever, that alternative embodiments 
may deviate from this de?nition, yet fall Within the scope of 
the present invention as claimed beloW. That is, the erase 
operation may put a negative charge on the ?oating gate 340 
as long as the program operation puts the opposite charge 
(positive) on the erase operation. Thus, alternative embodi 
ments may create potentials betWeen the ?oating gate 340 
and the appropriate channels that provide a net negative 
charge on the ?oating gate 340 to erase the EEPROM cell 
100 of FIG. 1 and provide a positive charge on the ?oating 
gate 340 to program the EEPROM cell 100. Again, the erase 
operation is merely the consistent opposite of the program 
operation. In a further embodiment, the difference in charge 
level may differentiate betWeen a program and erase opera 
tion. Thus, by increasing a charge to a suf?cient level, the 
operation may change from a program operation to an erase 
operation, or vice versa. 

[0023] In order to program the EEPROM cell 100 of FIG. 
1, in one embodiment, the ?oating gate 340 is given a 
negative charge by moving electrons to the ?oating gate 340. 
The method of moving electrons to the ?oating gate 340 is 
commonly knoWn to those skilled in the art as FoWler 
Nordheim tunneling. In general, this process has electrons 
tunnel through a barrier, for example a thin oxide layer, in 
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the presence of a high electric ?eld. However, unlike pre 
vious EEPROM cells that performed the electron tunneling 
through a small oxide WindoW at the edge of a source region, 
the present invention provides for electron tunneling across 
a transistor channel, rather than a source/drain region. Fur 
ther, the entire portion of the channel is used for electron 
tunneling rather than only an edge of a region as has been 
previously done since a PMOS transistor is used for the 
tunneling transistor 120. The advantages of such electron 
tunneling are described beloW. 

[0024] In one embodiment, programming of the EEPROM 
cell 100 of FIG. 1 is performed by moving electrons to the 
?oating gate 340 through the sense tunnel oXide layer 290 
and across the entire portion of the sense channel 280. It is 
understood that the entire portion of the sense channel 280 
means the distance betWeen the sense source 260 and the 
sense drain 270 underlying the sense tunnel oXide layer 290. 
In order to move the electrons to ?oating gate 340 to 
program the EEPROM cell 100, Vpp, for eXample 10 volts, 
is applied to ACG. Since the program junction region 170 is 
capacitively coupled to the ?oating gate 340 through the 
program junction oXide layer 250, approximately 8 volts is 
placed on the ?oating gate 340. WBL is placed at a ?oating 
voltage of HiZ, that is, WBL is not connected to a voltage 
or ground and therefore has a varying potential. PTG and PT 
are grounded While WLR is set to V00, for eXample 1.8 volts. 
Since the ?oating gate 340 is at a high voltage and the sense 
source 260 is grounded as Well as the substrate 110, a 
potential is created betWeen the ?oating gate 340 and the 
sense channel 280. The sense tunnel oXide layer 290 imme 
diately above the sense channel 280 has a thickness of 
approximately 80 angstroms, in one embodiment, so that 
electron tunneling occurs across the entire portion of the 
sense channel 280 and through the sense tunnel oXide layer 
290 since the programming voltages previously mentioned 
provide a su?icient voltage potential betWeen the ?oating 
gate 340 and the sense channel 280. The voltages provided 
in this embodiment may vary in alternative embodiments as 
long as a su?icient potential is created to move electrons 
through the sense tunnel oXide layer 290 onto the ?oating 
gate 340 across the sense channel 280. Likewise, the oXide 
layer thicknesses, of all oXide layers used for electron 
tunneling, may also vary as long as the thickness is su?icient 
to permit electron tunneling at the disclosed potentials. 

[0025] To erase the ?oating gate 340, in this same embodi 
ment, electrons are removed from the ?oating gate 340 
through the tunnel oXide layer 240 across the entire portion 
of the tunnel channel 230 to give the ?oating gate 340 a 
positive charge. To erase the EEPROM cell 100, Vpp, for 
eXample 10 volts, is applied to WBL While ACG, PTG, and 
WLR are all grounded. PT is provided a HiZ voltage. Since 
the tunneling source 190, tunneling drain 200 and the Well 
180 are at a relatively high voltage (10 volts) While the 
?oating gate 340 is at a loW voltage, a potential is created 
betWeen the ?oating gate 340 across the entire portion of the 
tunnel channel 230 so that an electrons tunnel through the 
tunnel oXide layer 240 onto the ?oating gate 340 across the 
entire portion of the tunnel channel 230. The erasing opera 
tion, in this embodiment, is done in bulk (multiple cells are 
erased at one time), While the programming operation is 
selective to certain cells. 

[0026] The EEPROM cell 100 has numerous advantages 
over previous EEPROM cells. First, the channels 280 and 
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230 are used to erase and program the EEPROM cell. The 
electron tunneling is therefore performed through a transis 
tor channel rather than a source/drain region. By using a 
PMOS transistor for tunneling transistor 120, the entire 
tunneling channel 230 may be used to perform electron 
tunneling. This is because the Well 180, in addition to the 
tunneling source 190 and tunneling drain 200, may be 
electrically coupled together to alloW the entire tunneling 
channel 230 to be used for electron tunneling. By tunneling 
across a channel, the reliability of the EEPROM cell is 
increased since a larger oXide is used for programing and 
erasing operations. Further, the entire channel is used to 
program and erase as opposed to the edge of a source/drain 
region. By using the entire channel, reliability of the 
EEPROM device increases since the entire oXide layer is 
used rather than only an edge of an oXide layer. Still further, 
the reliability of the EEPROM device of FIG. 1 increases 
over prior art devices since the erase and program functions 
are performed over separate regions, tunnel channel 230 and 
sense channel 280, rather than the same tunneling WindoW 
as previously used to perform both program and erase 
operations. The EEPROM cell of FIG. 1 further has the 
advantage of having thinner oXide layers 240, 250, 290, and 
310 Which decreases the cell siZe. Prior art devices had oXide 
layer thicknesses in eXcess of 150 angstroms While the 
present oXide layers have angstroms in the range of 35 to 96 
angstroms. Additionally, the present EEPROM cell 100 does 
not perform the electron tunneling through the PR] and 
therefore the tunnel oXide quality is not degraded Which 
provides better cell data retention. Furthermore, the scaling 
of the tunnel oXide regions from 96 to 80 angstroms means 
that Vpp may also be scaled doWn Which provides an 
EEPROM cell that operates at loWer poWer. 

[0027] The EEPROM cell 100 of FIG. 1 is read by 
determining the state of sense transistor 130. In one embodi 
ment, the sense transistor 130 is a depletion mode transistor 
in Which WBL is set to a HiZ, ACG and PTG are grounded, 
WLR is set to V00, for eXample 1.8 volts, and PT is set to VT 
(Va/2), for eXample 0.7 volts. If the sense transistor 130 is 
an enhancement mode transistor, ACG is set to V00, for 
eXample 1.8 volts, While the remaining voltages remain the 
same. Thus, the state of sense transistor 140 is a logical 1 
during erase since a positive charge is on ?oating gate 340 
While a logical 0 is the state of sense transistor 140 during 
program. The sense transistor 140 reads a logical 1 if current 
?oWs from sense source 260 to sense drain 270. If no current 

?oWs, a logical 0 results. 

[0028] FIG. 2 is a circuit diagram vieW of the embodiment 
of the EEPROM cell of FIG. 1. In FIG. 2, the three 
transistors of FIG. 1 including the tunneling transistor 120, 
the sense transistor 130, and the read transistor 140 are 
shoWn. LikeWise, the tunneling transistor 120 is shoWn to be 
electrically coupled to WBL, While the sense source 260 is 
electrically coupled to PTG and ACG is capacitively 
coupled through the tunnel oXide layer 250 to the ?oating 
gate 340. 

[0029] The EEPROM cell of the present invention has 
been described in connection With the embodiments dis 
closed herein. Although an embodiment of the present 
invention has been shoWn and described in detail, along With 
variances thereof, many other varied embodiments that 
incorporate the teachings of the invention may be easily 



US 2001/0030343 A1 

constructed by those skilled in the art that may fall Within the 
scope of the present invention as claimed below. 

What is claimed is: 
1. An EEPROM cell, comprising: 

a semiconductor substrate, said semiconductor substrate 
having a ?rst conductivity type; 

a Well formed in said semiconductor substrate, said Well 
having a second conductivity type, said second con 
ductivity type being opposite said ?rst conductivity 
type; 

a tunneling transistor formed in said Well, said tunneling 
transistor having a tunneling source, a tunneling drain 
and a tunneling channel betWeen said tunneling source 
and said tunneling drain, said tunneling drain and said 
tunneling source having said ?rst conductivity type; 

a tunnel oxide layer overlying said tunneling channel, said 
tunneling source and said tunneling drain; 

a program junction region formed in said semiconductor 
substrate, said program junction region separated from 
said tunneling transistor by a ?rst oxide, said program 
junction region having said second conductivity type; 

a program junction oxide layer overlying said program 
junction region; 

a sense transistor formed in said semiconductor substrate 
and separated from said program junction region by a 
second oxide, said sense transistor having a sense 
source, a sense drain and a sense channel betWeen said 
sense source and said sense drain, said sense source and 

said sense drain having said second conductivity type; 

a sense tunnel oxide layer overlying said sense channel, 
said sense source and said sense drain; 

a read transistor formed in said semiconductor substrate, 
said read transistor electrically coupled to said sense 
transistor through said sense drain; and 

a ?oating gate overlying said tunnel oxide layer, said 
program junction oxide layer and said sense tunnel 
oxide layer. 

2. The EEPROM cell of claim 1, Wherein said ?rst 
conductivity type is a P type conductivity. 

3. The EEPROM cell of claim 2, Wherein said second 
conductivity type is an N type conductivity. 

4. An EEPROM cell, comprising: 

a semiconductor substrate, said semiconductor substrate 
having a ?rst conductivity type; 

a Well formed in said semiconductor substrate, said Well 
having a second conductivity type, said second con 
ductivity type being opposite said ?rst conductivity 
type; 

a tunneling transistor formed in said Well, said tunneling 
transistor having a tunneling source, a tunneling drain 
and a tunneling channel betWeen said tunneling source 
and said tunneling drain, said tunneling drain and said 
tunneling source having said ?rst conductivity type; 

a tunnel oxide layer overlying said tunneling channel, said 
tunneling source and said tunneling drain; 
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a program junction region formed in said semiconductor 
substrate, said program junction region separated from 
said tunneling transistor by a ?rst oxide, said program 
junction region having said second conductivity type; 

a program junction oxide layer overlying said program 
junction region; 

a sense transistor formed in said semiconductor substrate 
and separated from said program junction region by a 
second oxide, said sense transistor having a sense 
source, a sense drain and a sense channel betWeen said 

sense source and said sense drain, said sense source and 
said sense drain having said second conductivity type; 

a sense tunnel oxide layer overlying said sense channel, 
said sense source and said sense drain; 

a read transistor formed in said semiconductor substrate, 
said read transistor electrically coupled to said sense 
transistor through said sense drain; and 

a ?oating gate overlying said tunnel oxide layer, said 
program junction oxide layer and said sense tunnel 
oxide layer, Wherein electron tunneling through said 
tunnel oxide layer overlying said tunneling channel 
occurs upon incurrence of a sufficient voltage potential 
betWeen said ?oating gate and said tunneling channel, 
and Wherein electron tunneling through said sense 
tunnel oxide layer overlying said sense channel occurs 
upon incurrence of a suf?cient voltage potential 
betWeen said ?oating gate and said sense channel. 

5. The EEPROM cell of claim 4, Wherein said electron 
tunneling through said tunnel oxide layer overlying said 
tunneling channel occurs across an entire portion of said 
tunneling channel. 

6. The EEPROM cell of claim 4, Wherein said electron 
tunneling through said sense tunnel oxide layer overlying 
said sense channel occurs across an entire portion of said 
sense channel. 

7. The EEPROM cell of claim 4, Wherein said electron 
tunneling through said tunnel oxide layer only erases said 
EEPROM cell. 

8. The EEPROM cell of claim 4, Wherein said electron 
tunneling through said sense tunnel oxide layer only pro 
grams said EEPROM cell. 

9. The EEPROM cell of claim 4, further comprising: 

a Word bit line (WBL) electrically coupled to said tun 
neling transistor and said Well; 

an array control gate (ACG) electrically coupled to said 
program junction region; 

a product term ground (PTG) electrically coupled to said 
sense source; 

a product term (PT) electrically coupled to a read drain of 
said read transistor; and 

a Word line read (WLR) electrically coupled to said read 
transistor, Wherein said WBL, ACG, PTG, PT and 
WLR provide said sufficient voltage potential betWeen 
said ?oating gate and said tunneling channel and said 
suf?cient voltage potential betWeen said ?oating gate 
and said sense channel. 

10. The EEPROM cell of claim 9, Wherein said suf?cient 
voltage potential betWeen said ?oating gate and said sense 
channel is accomplished by providing a ?oating voltage to 
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said WBL, approximately 10 volts to said ACG, approxi 
mately 0 volts to said PTG and said PT, and approximately 
1.8 volts to said WLR. 

11. The EEPROM cell of claim 9, Wherein said suf?cient 
voltage potential betWeen said ?oating gate and said tun 
neling channel is accomplished by providing approximately 
10 volts to said WBL, approximately 0 volts to said ACG, 
said PTG and said WLR, and a ?oating voltage to said PT. 

12. The EEPROM cell of claim 9, Wherein said sense 
transistor is a depletion mode transistor. 

13. The EEPROM cell of claim 12, Wherein a current 
?oWs betWeen said sense source and said sense drain When 
said WBL has a ?oating voltage, said ACG and said PTG has 
approximately 0 volts, said WLR has approximately 1.8 
volts and said PT has approximately 0.7 volts. 

14. The EEPROM cell of claim 9, Wherein said sense 
transistor is an enhancement mode transistor. 

15. The EEPROM cell of claim 14, Wherein a current 
?oWs betWeen said sense source and said sense drain When 
said WBL has a ?oating voltage, said ACG and said WLR 
has approximately 1.8 volts, said PTG has approximately 0 
volts and said PT has approximately 0.7 volts. 

16. The EEPROM cell of claim 4, Wherein said ?rst 
conductivity type is a P type conductivity. 

17. The EEPROM cell of claim 4, Wherein said second 
conductivity type is an N type conductivity. 

18. An EEPROM cell, comprising: 

a semiconductor substrate, said semiconductor substrate 
having a ?rst conductivity type; 

a Well formed in said semiconductor substrate, said Well 
having a second conductivity type, said second con 
ductivity type being opposite said ?rst conductivity 
type; 

a tunneling transistor formed in said Well, said tunneling 
transistor having a tunneling source, a tunneling drain 
and a tunneling channel betWeen said tunneling source 
and said tunneling drain, said tunneling drain and said 
tunneling source having said ?rst conductivity type; 

a tunnel oxide layer overlying said tunneling channel, said 
tunneling source and said tunneling drain; 

a program junction region formed in said semiconductor 
substrate, said program junction region separated from 
said tunneling transistor by a ?rst oxide, said program 
junction region having said second conductivity type; 

a program junction oxide layer overlying said program 
junction region; 

a sense transistor formed in said semiconductor substrate 
and separated from said program junction region by a 
second oxide, said sense transistor having a sense 
source, a sense drain and a sense channel betWeen said 

sense source and said sense drain, said sense source and 
said sense drain having said second conductivity type; 

a sense tunnel oxide layer overlying said sense channel, 
said sense source and said sense drain; 

a read transistor formed in said semiconductor substrate, 
said read transistor electrically coupled to said sense 
transistor through said sense drain; and 

a ?oating gate overlying said tunnel oxide layer, said 
program junction oxide layer and said sense tunnel 
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oxide layer, said tunnel oxide layer being of a thickness 
to alloW electron tunneling through said tunnel oxide 
layer overlying said tunneling channel upon incurrence 
of a suf?cient voltage potential betWeen said ?oating 
gate and said tunneling channel, said sense tunnel oxide 
layer being of a thickness to alloW electron tunneling 
through said sense tunnel oxide layer overlying said 
sense channel upon incurrence of a suf?cient voltage 
potential betWeen said ?oating gate and said sense 
channel. 

19. The EEPROM cell of claim 18, Wherein said ?rst 
conductivity type further comprises a P type material. 

20. The EEPROM cell of claim 18, Wherein said second 
conductivity type further comprises an N type material. 

21. The EEPROM cell of claim 18, Wherein said tunnel 
oxide layer has a thickness of approximately 80 angstroms. 

22. The EEPROM cell of claim 18, Wherein said program 
junction oxide layer has a thickness of approximately 96 
angstroms. 

23. The EEPROM cell of claim 18, Wherein said sense 
tunnel oxide layer has a thickness of approximately 80 
angstroms. 

24. An EEPROM cell, comprising: 

a semiconductor substrate, said semiconductor substrate 
having a P conductivity type; 

a Well formed in said semiconductor substrate, said Well 
having an N+ conductivity type; 

a tunneling transistor formed in said Well, said tunneling 
transistor having a tunneling source, a tunneling drain 
and a tunneling channel betWeen said tunneling source 
and said tunneling drain, said tunneling drain and said 
tunneling source having said P conductivity type, said 
tunneling transistor and said Well being electrically 
coupled to a Word bit line; 

a tunnel oxide layer overlying said tunneling channel, said 
tunneling source and tunneling drain; 

a program junction region in said semiconductor sub 
strate, said program junction region separated from said 
tunneling transistor by a ?rst oxide, said program 
junction region having said N+ conductivity type, said 
program junction region being electrically coupled to 
an array control gate; 

a program junction oxide layer overlying said program 
junction region; 

a sense transistor formed in said semiconductor substrate 
and separated from said program junction region by a 
second oxide, said sense transistor having a sense 
source, a sense drain and a sense channel betWeen said 

sense source and said sense drain, said sense source and 
said sense drain having said N+ conductivity type, said 
sense source being electrically coupled to a product 
term ground; 

a sense tunnel oxide layer overlying said sense channel, 
said sense source and said sense drain; 

a read transistor formed in said semiconductor substrate, 
said read transistor electrically coupled to said sense 
transistor through said sense drain, said sense transistor 
being electrically coupled to a product term through a 
read drain, said read drain having said N+ conductivity 
type; and 
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a ?oating gate overlying said tunnel oxide layer, said 
program junction oxide layer and said sense tunnel 
oXide layer, said tunnel oXide layer being of a thickness 
to alloW electron tunneling through said tunnel oXide 
layer overlying said tunneling channel and across an 
entire portion of said tunneling channel upon incur 
rence of a suf?cient voltage potential betWeen said 
?oating gate and said tunneling channel, said sense 
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tunnel oXide layer being of a thickness to alloW electron 
tunneling through said sense tunnel oXide layer over 
lying said sense channel and across an entire portion of 
said sense channel upon incurrence of a suf?cient 
voltage potential betWeen said ?oating gate and said 
sense channel. 


