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(57) ABSTRACT 

A multiple time programmable (MTP) memory cell, in 
accordance With an embodiment, includes a ?oating gate 
PMOS transistor, a high Voltage NMOS transistor, and an 
n-Well capacitor. The ?oating gate PMOS transistor includes 
a source that forms a ?rst terminal of the memory cell, a 
drain and a gate. The high Voltage NMOS transistor includes 
a source connected to ground, an extended drain connected 
to the drain of the PMOS transistor, and a gate forming a 
second terminal of the memory cell. The n-Well capacitor 
includes a ?rst terminal connected to the gate of the PMOS 
transistor, and a second terminal forming a third terminal of 
the memory cell. The ?oating gate PMOS transistor can 
store a logic state. Combinations of Voltages can be applied 
to the ?rst, second and third terminals of the memory cell to 
program, inhibit program, read and erase the logic state. 
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MULTIPLE TIME PROGRAMMABLE (MTP) 
PMOS FLOATING GATE-BASED 

NON-VOLATILE MEMORY DEVICE FOR A 
GENERAL-PURPOSE CMOS TECHNOLOGY 

WITH THICK GATE OXIDE 

PRIORITY CLAIM 

[0001] This application claims priority under 35 U.S.C. 
119(e) to US. Provisional Patent Application No. 60/739, 
770, ?led Apr. 21, 2006. 

FIELD OF INVENTION 

[0002] Embodiments of the present invention relate to 
multiple time programmable (MTP) memory devices. 

BACKGROUND 

[0003] US. Pat. No. 6,271,560, Which is incorporated 
herein by reference, teaches the use of a ?oating gate 
avalanche PMOS (FAMOS) device structure programmable 
With CMOS compatible voltages as a non-volatile storage 
element. The ?oating gate PMOS is placed in series With an 
NMOS transistor Which serves as a Write enable sWitch. 

[0004] US. Pat. No. 6,157,574, Which is incorporated 
herein by reference, teaches the use of the FAMOS device 
structure programmable With CMOS compatible voltages in 
a multiple time programmable (MTP) mode by adding a 
?oating gate poly-poly coupling capacitor to enable the 
erase operation. An erase operation is carried out by appli 
cation of a negative voltage pulse to the poly-2 plate of the 
coupling capacitor. Alternatively, an erase operation can be 
accomplished by application of the high positive voltage to 
the n-Well housing the ?oating gate device. 
[0005] US. Pat. No. 6,137,723, Which is incorporated 
herein by reference, teaches the use a gate oxide to p-Well 
coupling capacitor for an erase operation. This approach 
requires an additional isolating Well (3rd Well) to isolate the 
negative cell erase voltage (applied to the p-Well) from the 
substrate (Which is typically p-type in CMOS technologies). 
Alternatively, an erase operation can be accomplished by 
application of the high positive voltage to the n-Well housing 
the ?oating gate device. Application of high positive erase 
voltage to the n-Well containing the FAMOS device in series 
With the access transistor is limited to voltages that are loWer 
than the junction breakdown of the P+N diode or the gate 
oxide breakdown (PMOS access device) or the series com 
bination of the P+N and N+P diodes (NMOS access device). 
This limits the applicability of existing cells for the MTP use 
to relatively thin (less than 10 nm, 3.3V I/O devices) gate 
oxides requiring less than ~12V erase voltage. 
[0006] Since many CMOS technologies use and Will con 
tinue to use 5V I/O devices With gate dielectric thickness in 
the 10-15 nm range (Which Would require erase voltages of 
~12V to ~18V), there is a clear need for a MTP device that 
is capable of Withstanding high positive erase voltages. 

SUMMARY 

[0007] Embodiments of the present invention are directed 
to multiple time programmable (MTP) memory cells. In 
accordance With an embodiment of the present invention, an 
MTP memory cell includes a ?oating gate PMOS transistor, 
a high voltage NMOS transistor, and an n-Well capacitor. 
The ?oating gate PMOS transistor includes a source that 
forms a ?rst terminal of the memory cell, a drain and a gate. 
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The high voltage NMOS transistor includes a source con 
nected to ground, an extended drain connected to the drain 
of the PMOS transistor, and a gate forming a second 
terminal of the memory cell. The n-Well capacitor includes 
a ?rst terminal connected to the gate of the PMOS transistor, 
and a second terminal forming a third terminal of the 
memory cell. The ?oating gate PMOS transistor can store a 
logic state. Combinations of voltages can be applied to the 
?rst, second and third terminals of the memory cell to 
program, inhibit program, read and erase the logic state 
stored by the ?oating gate PMOS transistor. 
[0008] In accordance With speci?c embodiments, the gate 
of the ?oating gate PMOS transistor is formed on a gate 
oxide layer having a thickness in the range of 10 nm to 15 
nm, and preferably at least 12 nm. 
[0009] The gate of the high voltage NMOS transistor is 
formed on a gate oxide layer. In accordance With an embodi 
ment of the present invention, to produce the high voltage 
NMOS transistor, the extended drain of the high voltage 
NMOS transistor is isolated from the gate oxide of the high 
voltage NMOS transistor by a ?eld oxide region or a 
dielectric region. 
[0010] In accordance With an embodiment of the present 
invention, the ?oating gate transistor used to store a logic 
state (also referred to as the memory transistor) includes a 
Well of a ?rst conductivity type (e.g., an n-Well) formed in 
a substrate material (e.g., a p-type substrate), a layer of gate 
oxide groWn on the n-Well and a layer of polysilicon that 
forms the ?oating gate over the oxide. Spaced apart source 
and drain regions of a second conductivity type (e.g., p+ 
regions) formed in the Well by means of ion implantation 
that also dopes the ?oating gate poly p+. A channel region 
is formed betWeen the source and drain regions, a layer of 
gate oxide is formed over the channel region, and a ?oating 
gate is formed over the layer of gate oxide. 
[0011] In accordance With an embodiment, the high volt 
age transistor, Which is used to access the memory transistor, 
is also formed in the substrate. More speci?cally, the high 
voltage transistor includes both a ?rst Well of the ?rst 
conductivity type (e.g., an n-Well) and a second Well of a 
second conductivity type (e.g., a p-Well) formed in the 
substrate material. The drain of the high voltage transistor is 
formed by the ?rst Well, and the source of the high voltage 
transistor is formed in the second Well. The channel region 
is de?ned betWeen the source and drain regions, With the 
channel being in the second Well. A layer of gate oxide is 
formed over the channel, With the gate formed over the layer 
of gate oxide. A silicide layer is formed over the drain region 
(more speci?cally, over an ohmic tie to the drain region), the 
gate and the source-substrate tie regions, to form a contact 
surface. An isolating material isolates the silicide layer from 
the gate. In accordance With an embodiment, the isolating 
material is a ?eld oxide at least partially formed in the ?rst 
Well. In another embodiment, the isolating material is a 
dielectric formed on a portion of the ?rst Well, e.g., using a 
masking operation. 
[0012] In accordance With an embodiment, the capacitor, 
for coupling the gate of the memory transistor to ground, 
includes a Well of the ?rst conductivity type (e.g., an n-Well) 
formed in the substrate, a gate oxide groWn on the Well and 
the gate polysilicon layer deposited over the gate oxide to 
form the coupling capacitor top plate. Spaced apart ?rst and 
second diffusion regions (e.g., N+ regions), i.e., Well taps, 
are formed by means of ion implantation that also dopes the 
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polysilicon. This embodiment provides part of the ?oating 
gate (storage element) that is doped P+ and another part of 
the ?oating gate (control gate) that is doped N+, With the tWo 
being shorted by eg by silicide over the ?eld oxide. 
[0013] In accordance With another embodiment, the cou 
pling capacitor is formed in an n-Well, a gate oxide groWn 
over the Well and the gate polysilicon layer is deposited over 
the gate oxide to form the capacitor top plate. Spaced apart 
?rst and second diffusion regions (eg P+ regions) are 
formed by ion implantation that also dopes the polysilicon 
gate. An N+ tap contact (shorted to the P+ di?usion by 
silicide or metal With contacts provided to both the P+ and 
the N+ regions) is also provided to contact the n-Well. This 
embodiment provides P+ doped ?oating gate disposed over 
both n-Well regions. 
[0014] In accordance With yet another embodiment, the 
coupling capacitor is formed betWeen the gate poly and the 
second poly layer if such is available in the process. 
[0015] This summary is not intended to be a complete 
description of the embodiments of the present invention. 
Further and alternative embodiments, and the features, 
aspects, and advantages of the present invention Will 
become more apparent from the detailed description set 
forth beloW, the draWings and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 illustrates a multiple time programmable 
(MTP) memory device according to an embodiment of the 
present invention. 
[0017] FIG. 2 illustrates a multiple time programmable 
(MTP) memory device according to another embodiment of 
the present invention. 
[0018] FIG. 3 is a schematic diagram of the MTP memory 
devices shoWn in FIGS. 1 and 2. 
[0019] FIG. 4 illustrates hoW the MTP memory devices of 
the present invention can be organiZed in an array. 
[0020] FIGS. 5 and 6 illustrate alternative coupling 
capacitors that can be used With the embodiments of FIGS. 
1 and 2. 

DETAILED DESCRIPTION 

[0021] FIG. 1 shoWs a cross section of a multiple time 
programmable (MTP) PMOS ?oating-gate based non-vola 
tile memory cell 100. As shoWn in FIG. 1, the MTP memory 
cell 100 includes a memory transistor 120, a coupling 
capacitor 140 and a high voltage access transistor 160. 
[0022] The memory transistor 120 includes spaced apart 
p-type source and drain regions 122 and 124, respectively, 
Which are formed in an n-type Well 121 (n-Well). The n-type 
Well 121 is in turn formed in a p-type substrate 102. A 
channel region 126 is de?ned betWeen the source region 122 
and the drain region 124. A layer of gate oxide 128 is formed 
over the channel region 126, and a poly silicon gate 130 is 
formed over the gate oxide 128. Since the gate 130 is 
isolated, it is often referred to as a ?oating gate. An n-type 
region 123 is also formed Within the n-type Well 121, next 
to (likely touching, but not necessarily touching) the p-type 
source region 122. The n-type region 123 provides an ohmic 
body tie to the n-Well 121, so the n-Well 121 is tied to a Vpp 
terminal (if absent, the n-Well 121 Would ?oat). A layer of 
silicide 132 is formed over the p-type and n-type regions 122 
and 123, to thereby form a contact region for the Vpp 
terminal. A layer of silicide 134 is also formed over the 
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p-type drain region 124. Customary side Wall spacers used 
in modern CMOS technologies to space source/drain 
implants from the gate and to prevent di?‘usion to gate 
silicide shorts can be used, but for simplicity, are not shoWn 
in the draWings. The ?oating gate 130 can optionally be 
covered With silicide or can have silicide formation excluded 
from this region by conventional (silicide block) means. In 
the embodiment shoWn, the memory transistor 120 is a 
?oating gate PMOS transistor. The memory transistor 120 
may also be referred to as a storage transistor, because it can 
be programmed to store a logic state. 
[0023] The capacitor 140 includes spaced apart N-type 
di?usion regions 143 and 145 (also knoWn as Well taps) 
formed Within an n-type Well 141, Which is formed in the 
p-type substrate 102. A channel region 146 is de?ned 
betWeen the N-type regions 143 and 145, a layer of gate 
oxide 148 is formed over the channel region 146, and a poly 
silicon gate layer 150 is formed over the gate oxide 148 to 
form the coupling capacitor top plate. A layer of silicide 153 
is formed over the n-type region 143, and a layer of silicide 
155 is formed over the n-type region 145. A ?eld oxide 
(FOX) region 135, e.g., formed using a shalloW trench 
isolation (STI) process, local oxidation of silicon (LOCOS) 
process, poly bu?er LOCOS process, etc., isolates the 
coupling capacitor 140 from the memory transistor 120. In 
the embodiment shoWn, the capacitor 140 is a depletion 
NMOS device, and can also be referred to as an n-Well 
capacitor. A further ?eld oxide (FOX) region 136 isolates the 
high voltage access transistor 160 from the memory tran 
sistor 120. 
[0024] The P+ doped gate region 130 of the memory 
transistor 120 and the N+ doped gate region 150 of the 
coupling capacitor device may be optionally protected by a 
salicide exclusion block to improve the cell retention time. 
If this approach is taken the N+ and the P+ doped regions of 
the ?oating gate can be strapped by a silicide outside the 
active device areas. 

[0025] Alternative capacitors 140' and 140", for use in the 
embodiment of FIGS. 1 and 2, are shoWn in FIGS. 5 and 6. 
Referring to FIG. 5, the capacitor 140' includes spaced apart 
P-type di?usion regions 143' and 145' formed Within the 
n-type Well 141, Which the formed in the p-type substrate 
102. An additional N+ region 144 is provided as an ohmic 
contacts to the n-Well 141. The layer of silicide 153 is 
formed over the n-type region 144 and the p-type region 
143', and the layer of silicide 155 is formed over the p-type 
region 145' to short these tWo regions. In the embodiment of 
FIG. 5, the capacitor 140 is an enhancement PMOS device, 
and can also be referred to as an n-Well capacitor. 

[0026] The P+ doped gate region 130 of the memory 
transistor 120 and the P+ doped gate region 150 of the 
coupling capacitor device may be optionally protected by a 
salicide exclusion block to improve the cell retention time. 
FIG. 5 shoWs such a salicide exclusion block at 149. FIG. 6 
is similar to FIG. 5, but does not include the salicide 
exclusion block 149. 

[0027] The high voltage access transistor 160 includes 
both a p-type Well 161 (p-Well) and an n-type Well 171 
(n-Well). The n-Well 171 forms the drain of the transistor 
160, With an n-type region 174 providing an ohmic body tie 
to a silicide contact region 176. An n-type source region 162 
is formed in the p-type Well 161. A channel region 166 is 
de?ned betWeen the n-type source region 162 and the n-type 
Well drain region 171. A layer of gate oxide 168 is formed 
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over part of the p-Well and part of the n-Well 171 (including 
Where they abut one another), and a gate 180 is formed over 
the gate oxide 168, resulting in the gate 180 being over the 
channel 166. A p-type region 163 is also formed Within the 
p-type Well 161, next to (likely touching, but not necessarily 
touching) the n-type source region 162. The p-type region 
163 provides an ohmic body tie to the p-Well 161 so the 
p-Well 121 is tied to ground (if absent, the p-Well 161 Would 
?oat). It is noted that explaining that a terminal is connected 
or tied to ground is also meant to encompass such a terminal 
connected or tied to a voltage that is very close to ground, 
but slightly offset from ground. A layer of silicide 165 is 
formed over the n-type and p-type regions 162 and 163, to 
thereby form a contact region that is shoWn as being 
connected to ground. The layer of silicide 176 is formed over 
the n-type region 174. A ?eld oxide (FOX) region 178 is 
formed in the n-Well 171 to isolate the silicide contact region 
176 (Which is the contact for the drain 171) from the gate 
180. It is this isolation that enables the access transistor 160 
to Withstand the higher voltages Which occur during an erase 
operation. 
[0028] In the embodiment shoWn, the high voltage access 
transistor 160 is a high voltage NMOS device. The high 
voltage access transistor 160 may also be referred to as a 
high voltage select transistor. Because of its extended drain 
171, the access transistor 160 can also be referred to as a 
high voltage extended drain NMOS transistor. 
[0029] The above mentioned silicide regions 132, 134, 
153, 155, 165 and 176 provide loW resistance contact 
regions to the silicon. Such regions are generally self 
aligned, meaning that any non-dielectric region of exposed 
silicon Will be silicided. Additionally, the poly silicon gate 
180 Will likely be silicided, but for simplicity this is not 
shoWn, and is not important to the embodiments of the 
present invention. In accordance With speci?c embodiments 
of the present invention, the gates 130 and 150 are speci? 
cally not silicided, to prevent possible charge leakage from 
the gates to the corresponding source and drain regions and 
thus improve retention characteristics of the cell. 
[0030] In accordance With embodiments of the present 
invention, each gate oxide layer 128, 148 and 168 preferably 
has a gate oxide thickness that is the same as the gate oxide 
thickness of CMOS devices that are used as input/output 
interface devices having an operating voltage of 5V. In other 
Words, the thickness for gate oxide layers 128, 148 and 168 
is preferably native to the fabrication process for 5V I/O 
devices. This enables devices 120, 140 and 160 to be made 
using standard CMOS processes. More speci?cally, in 
accordance With embodiments of the present invention, each 
gate oxide layer 128, 148 and 168 has a thickness in the 
range of 10-15 nm (i.e., 100-150 A). Preferably, the thick 
ness of each gate oxide layer 128, 148 and 168 is at least 12 
nm (i.e., at least 120 A). It is believed that embodiments of 
the present invention Will Work With a gate oxide thickness 
up to about 20 nm (i.e., 200 A), enabling such embodiments 
to be useful With devices having even higher I/O voltages. 
[0031] The top plate 150 of the n-Well capacitor 140 is 
electrically connected to the gate 130 of the memory tran 
sistor, e.g., by a trace 137. There is no contact to the ?oating 
gate 130 of the memory transistor 120. The capacitor 140 
capacitively couples the ?oating gate 130 to ground (Which 
need not be exactly 0V), so that When a high erase voltage 
(e.g., 14-20V) is applied to the Vpp terminal, electrons are 
tunneled off the ?oating gate 130. As also shoWn in FIG. 1, 
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the p-type drain region 124 of the memory transistor 120 is 
electrically connected to the n-type drain region 171 
(through the ohmic body tie 174) of the high voltage access 
transistor 160, e.g., by a trace 138. 
[0032] In accordance With embodiments of the present 
invention, the MTP memory cell includes three terminals. A 
capacitor terminal (V cap) is formed by the n-type di?‘usion 
region 143 of the n-Well capacitor 140. A program terminal 
(Vpp) is formed by the p-type source region 122 of the 
memory transistor 120. A control terminal (V c), also 
referred to as a select or access terminal, is formed by the 
gate 180 of the high voltage access transistor 160. 
[0033] Table 1, shoWn beloW, is used to summariZe the 
operation of the MTP memory cell 100. 

TABLE 1 

Operation Vpp (V) Vc (V) Vcap(V) 

Program ~5i7 V ~5 V 0 V 
Inhibit Program ~5i7 V 0 V 0 V 
Read ~l V ~5 V 0 V 
Erase ~15 V 0 V 0 V 

[0034] As can be appreciated from Table 1, the Vcap 
terminal can be connected to ground (GND), e.g., to a GND 
bus or plane, because it should be at about 0 V for each 
operation. To program the MTP memory cell, a program 
voltage level should be applied to the Vpp terminal, and a 
select voltage level should be applied to the Vc terminal. The 
select voltage should be su?icient to turn on the access 
transistor 160. The program voltage level should be su?i 
cient to induce channel punch-thru in the ?oating gate 
PMOS memory transistor 120. The punch through current in 
turn generates hot electrons that are injected on the ?oating 
gate 130 and trapped there to turn on the PMOS memory 
transistor 120. 
[0035] The Vpp voltage may be externally applied or 
generated on chip. Increasing Vpp may shorten the time 
needed to program the cell. The magnitude of Vpp Will also 
be a function of the length of the channel 126 of the ?oating 
gate memory transistor 120. 
[0036] To inhibit programming of the cell 100, the Vc 
terminal should be connected to GND. The memory cell 100 
can be read by applying a signi?cantly loWer read voltage 
(e.g., approximately 1V), to the Vpp terminal, While the Vc 
terminal receives the select voltage level. 
[0037] To erase the memory cell 100, an erase voltage that 
is likely at least tWice the program voltage level should be 
applied to the Vpp terminal, While the Vc terminal is 
connected to GND. Thus, in accordance With speci?c 
embodiments, the Vpp terminal is used for both program 
ming the memory cell 100, and erasing the memory cell 100. 
In accordance With speci?c embodiments of the present 
invention, the program voltage level is approximately 
5V-7V and the erase voltage level is approximately 15V. The 
erase operation Will result in the simultaneous erasure of all 
cells connected to the common Vpp bus. In accordance With 
speci?c embodiments, the select voltage level is approxi 
mately 5V. 
[0038] The high voltage NMOS access transistor 160 in 
FIG. 1 is made from elements that are native to a CMOS 

device, i.e., an n-Well, p-Well, FOX, source, drain, gate oxide 
and gate. HoWever, this need not be the case, as described 
beloW. 
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[0039] FIG. 2 illustrates an MTP memory cell 200, in 
accordance With an alternative embodiment of the present 
invention, Where an alternative high voltage NMOS access 
transistor 160' is used. Since a majority of the elements in 
FIGS. 1 and 2 are the same, common reference numbers are 

used to indicate common elements. The signi?cant differ 
ence betWeen memory cell 200 and memory cell 100 is that 
the high voltage access transistor 160' in FIG. 2 does not 
include the FOX region 178 to isolate the silicide region 176 
(and thus the drain 174) from the gate oxide 168 and the 
portion of the channel 166 Within the p-Well 161, but rather 
includes the dielectric region 179 for that same purpose. The 
dielectric region 179 can be, e.g., silicon nitride, but is not 
limited thereto. While the dielectric 179 may be native to the 
fabrication process, a masking operation used to form the 
dielectric 179 may not be native. The same masking step 
used to prevents silicide from forming on gates 130 and 150 
can also be used to pattern the dielectric 179. 

[0040] As explained above, embodiments of the present 
invention use a high voltage transistor (e.g., 160 or 160') as 
the access transistor. As mentioned above, to erase the cells 
100/200, a relatively high voltage (e.g., approximately 15V) 
is applied to the Vpp terminal, to form a voltage drop across 
the gate oxide 128 of the memory device su?icient for the 
FoWler-Nordheim tunneling. HoWever, in the case of the 
access transistor 160/160', the high voltage is applied across 
the series connection of the diode formed by the n-Well 121 
and P+ region 124 of the memory transistor 120, and the 
diode formed by the N+ region 174, n-Well 171 and p-Well 
161 of the access transistor 160. The standard MOS tran 
sistors inherent in the fabrication process Would not be able 
to Withstand such high erase voltages. This is Why high 
voltage transistors 160/160' are used as access transistors. 
More speci?cally, during erase, the access transistor is 
turned off, causing a relatively high voltage (e.g., 15V) to 
appear at the extended lightly doped drain 171 of the access 
transistor 160/160'. For the access transistor 160/160' to 
function, some of the voltage must be dropped in the silicon 
before the current reaches the channel 166 in the p-Well 161. 
If the silicide 176 extended all the Way to the gate oxide 
layer 168, then all the current Would go through the silicide 
176 (because of its loW resistance) and there Would be little 
voltage drop. By breaking the silicide prior to the channel 
166 in the p-Well 161 (using FOX 178 in FIG. 1, or dielectric 
179 in FIG. 2), the current is forced into the relatively high 
resistance silicon. By designing the length of the un-sili 
cided region properly, the voltage at the edge of the portion 
of the channel 166 Within the p-Well 161 is relatively loW 
(e.g., to 5V) compared to the drain voltage during an erase 
operation. 
[0041] A high voltage MOS transistor, as the term is used 
herein, is a transistor capable of sustaining (Without break 
doWn) a higher voltage on at least one terminal (e.g., the 
drain) than the standard NMOS and/or PMOS transistors 
inherent in a fabrication process. TWo different types of high 
voltage NMOS access transistors (160 and 160') Were 
described above. One of ordinary skill in the art Would 
understand that the use of alternative types of high voltage 
NMOS (or PMOS) devices as an access transistor for a 
?oating gate based non-volatile memory cell are also Within 
the scope of the present invention, and thus, that embodi 
ments of the present invention are not limited to the tWo 
devices disclosed herein. 
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[0042] FIG. 3 is schematic representation of the MTP 
memory cells 100/200 of the present invention. ShoWn in 
FIG. 3 is the ?oating gate PMOS memory transistor 120, the 
high voltage NMOS access transistor 160/160', and the 
n-Well CMOS capacitor 140. The ?oating gate PMOS tran 
sistor 120 includes a source that forms the Vpp terminal, a 
drain connected to a drain of the high voltage NMOS access 
transistor 160/160', and a ?oating gate connected to one 
terminal of the n-Well CMOS capacitor 140. The other 
terminal of the n-Well CMOS capacitor forms the Vcap 
terminal. The high voltage NMOS access transistor 160/160' 
has a source that is connected to ground, a drain connected 
to the drain of the ?oating gate PMOS memory transistor 
120 (as just mentioned above), and a gate that forms the Vc 
terminal. 
[0043] FIG. 4 illustrates hoW the MTP memory devices of 
the present invention can be organiZed in an array or roW 

(Which can be a page, or portion thereof). As shoWn, the Vpp 
terminals of the cells 100/200 in a roW are connected 
together, e.g., by a Vpp bus or a page line. Additionally, the 
Vcap terminals of the cells 100/200 in a roW are connected 
together, e.g., by a GND bus. In contrast, the Vc terminals 
of the cells 100/200 are not connected together. To program 
a single cell Within a roW, the program voltage level (e.g., 
approximately 7V) is applied to the Vpp bus, and the select 
voltage level (e.g., approximately 5V) is applied to the Vc 
terminal of the cell 100/200 to be programmed, While all 
cells not being programmed should be connected to ground. 
If the desire is to program multiple cells 100/200 at once 
(i.e., cells in parallel), then the select voltage level can be 
applied to more than one cell 100/200 in a roW. Cells 
100/200 can be programmed sequentially, by sequentially 
applying the select voltage levels to the Vc terminals of the 
roW. 

[0044] As is knoWn in the art, a sense ampli?er (not 
shoWn) can be used to read the contents of a cell by sensing 
the voltage at the drain of the PMOS memory transistor 120 
of a cell 100/200, While the read voltage level (e.g., approxi 
mately 1V) is applied to the Vpp terminal of that cell. More 
than one cell 100/200 can be read at a time, e.g., entire roWs 
or pages can be read at one time. The drain of a transistor of 
the sense ampli?er Will need to Withstand high voltages, and 
thus, can be formed in a similar manner as access transistors 

160/160' (but may have smaller dimensions because of 
loWer current requirements). 
[0045] Multiple roWs ofthe cells 100/200 can be placed in 
parallel such that multiple columns of the cells 100/200 are 
also formed. The Vpp bus associated With a roW Would 
thereby act as a roW or page select bus. The Vc terminals of 
each cell 100/200 in a column can be connected together, to 
form a column select bus. 

[0046] Additional exemplary details of hoW arrays of 
memory cells can be con?gured, programmed and read are 
disclosed in US. Pat. Nos. 6,055,185, 6,081,451, 6,118,691, 
6,122,204, 6,130,840, 6,137,721, 6,137,722, 6,137,723, 
6,137,724, 6,141,246 and 6,157,574, each of Which are 
incorporated herein by reference. 
[0047] While various embodiments of the present inven 
tion have been described above, it should be understood that 
they have been presented by Way of example, and not 
limitation. It Will be apparent to persons skilled in the 
relevant art that various changes in form and detail can be 
made therein Without departing from the spirit and scope of 
the invention. 
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[0048] The present invention has been described above 
With the aid of functional building blocks illustrating the 
performance of speci?ed functions and relationships thereof. 
The boundaries of these functional building blocks have 
often been arbitrarily de?ned herein for the convenience of 
the description. Unless otherWise speci?ed, alternate bound 
aries can be de?ned so long as the speci?ed functions and 
relationships thereof are appropriately performed. Any such 
alternate boundaries are thus Within the scope and spirit of 
the claimed invention. 
[0049] The breadth and scope of the present invention 
should not be limited by any of the above-described exem 
plary embodiments, but should be de?ned only in accor 
dance With the folloWing claims and their equivalents. 

What is claimed is: 
1. A multiple time programmable (MTP) memory cell, 

comprising: 
a ?oating gate PMOS transistor including a source that 

forms a ?rst terminal of the memory cell, a drain and 
a gate; 

a high voltage NMOS transistor including a source, an 
extended drain connected to the drain of the PMOS 
transistor, and a gate forming a second terminal of the 
memory cell; and 

an n-Well capacitor including a ?rst terminal connected to 
the gate of the PMOS transistor, and a second terminal 
forming a third terminal of the circuit; 

Wherein the ?oating gate PMOS transistor can store a 
logic state; and 

Wherein combinations of voltages can be applied to the 
?rst, second and third terminals of the memory cell to 
program, inhibit program, read and erase the logic state 
stored by the ?oating gate PMOS transistor. 

2. The MTP memory cell of claim 1, Wherein the source 
of the high voltage NMOS transistor is connected to ground. 

3. The MTP memory cell of claim 1, Wherein the gate of 
the ?oating gate PMOS transistor is formed on a gate oxide 
layer having a thickness in the range of about 10 nm to about 
15 nm. 

4. The MTP memory cell of claim 1, Wherein the gate of 
the ?oating gate PMOS transistor is formed on a gate oxide 
layer having a thickness of at least 12 nm. 

5. The MTP memory cell of claim 1, Wherein: 
the gate of the high voltage NMOS transistor is formed on 

a gate oxide layer; and 
the extended drain of the high voltage NMOS transistor is 

isolated from the gate oxide of the high voltage NMOS 
transistor by a ?cld oxidc region. 

6. The MTP memory cell of claim 1, Wherein: 
the gate of the high voltage NMOS transistor is formed on 

a gate oxide layer; and 
the extended drain of the high voltage NMOS transistor is 

isolated from the gate oxide of the high voltage NMOS 
transistor by a dielectric region. 

7. The MTP memory cell of claim 6, Wherein the dielec 
tric comprises silicon nitride. 

8. The MTP memory cell of claim 1, Wherein: 
to program the cell a program voltage is applied to the ?rst 

terminal and a select voltage is applied to the second 
terminal; 

to inhibit programming of the cell the second terminal is 
connected to ground; 

Oct. 25, 2007 

to read the cell a read voltage is applied to the ?rst 
terminal and a select voltage is applied to the second 
terminal; and 

to erase the cell an erase voltage is applied to the ?rst 
terminal and the second terminal is connected to 
ground. 

9. The MTP memory cell of claim 8, Wherein the third 
terminal is connected to ground. 

10. The MTP memory cell of claim 8, Wherein the erase 
voltage is at least tWice the program voltage. 

11. The MTP memory cell of claim 8, Wherein: 
the program voltage is approximately 5-7 volts; 
the read voltage is approximately 1 volt; and 
the erase voltage is approximately 15 volts. 
12. A multiple time programmable (MTP) memory cell 

formed in a substrate material, comprising: 
a ?rst transistor for storing a logic state, the ?rst transistor 

including 
a Well of a ?rst conductivity type formed in the sub 

strate material; 
spaced apart source and drain regions of a second 

conductivity type formed in the Well; 
a channel region formed betWeen the source and drain 

regions; 
a layer of gate oxide formed over the channel region; 

and 
a ?oating gate formed over the layer of gate oxide; 

a second transistor for accessing the logic state stored on 
the ?rst transistor, the second transistor including 
a ?rst Well of the ?rst conductivity type formed in the 

substrate material; 
a second Well of a second conductivity type formed in 

the substrate and abutting the ?rst Well; 
a drain region formed by the ?rst Well; 
a source region formed in the second Well and spaced 

apart from the drain region; 
a channel region de?ned betWeen the source and drain 

regions; 
a layer of gate oxide formed over the channel region; 
a gate formed over the layer of gate oxide; 
a silicide layer providing a contact surface for the drain 

region; and 
an isolating material to isolate the silicide layer from 

the gate; and 
a capacitor for coupling the gate of the ?rst transistor to 

ground, the capacitor including 
a Well of the ?rst conductivity type formed in the 

substrate; 
spaced apart Well taps formed in the Well; 
a channel region formed betWeen the Well taps; 
a layer of gate oxide formed over the channel region; 

and 
a poly silicon layer formed over the gate oxide; 

Wherein the drain region of the ?rst transistor is electri 
cally connected to the drain region of the second 
transistor; and 

Wherein the ?oating gate of the ?rst transistor is electri 
cally connected to the poly silicon layer of the capaci 
tor. 

13. The MTP memory cell of claim 12, Wherein the 
isolating material comprises a ?eld oxide. 

14. The MTP memory cell of claim 12, Wherein the 
isolating material comprises a dielectric. 
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15. The MTP memory cell of claim 12, wherein: 
the source of the ?rst transistor forms a ?rst terminal of 

the memory cell; 
the gate of the second transistor forms a second terminal 

of the memory cell; and 
the gate of the capacitor forms a third terminal of the 
memory cell; 

Wherein combinations of Voltages can be applied to the 
?rst, second and third terminals of the memory cell to 
program, inhibit program, read and erase the memory 
cell. 

16. The MTP memory cell of claim 12, Wherein: 
the ?rst conductivity type comprises n-type; and 
the second conductivity type comprises p-type. 
17. The MTP memory cell of claim 12, Wherein the layers 

of gate oxide have a thickness in the range of about 10 nm 
to about 15 nm. 

18. The MTP memory cell of claim 12, Wherein the layers 
of gate oxide have a thickness of at least 12 nm. 

19. A method for operating a multiple time programmable 
(MTP) memory cell that comprises: 

a ?oating gate PMOS transistor including a source that 
forms a ?rst terminal of the memory cell, a drain and 
a gate; 

a high Voltage NMOS transistor including a source, an 
extended drain connected to the drain of the PMOS 
transistor, and a gate forming a second terminal of the 
memory cell; and 
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an n-Well capacitor including a ?rst terminal connected to 
the gate of the PMOS transistor, and a second terminal 
forming a third terminal of the circuit; 

the method comprising: 
programming the cell by applying a program Voltage to 

the ?rst terminal and a select Voltage to the second 
terminal; 

inhibiting programming of the cell by connecting the 
second terminal to ground; 

reading the cell by applying a read Voltage to the ?rst 
terminal and a select Voltage to the second terminal; 
and 

erasing the cell applying an erase Voltage to the ?rst 
terminal and connecting the second terminal to ground. 

20. The method claim 19, Wherein the source of the high 
Voltage NMOS transistor is connected to ground. 

21. The method of claim 19, further comprising connect 
ing the third terminal to ground. 

22. The method of claim 19, Wherein the erase Voltage is 
at least tWice the program Voltage. 

23. The method of claim 19, Wherein: 
the program Voltage is approximately 5-7 Volts; 
the read Voltage is approximately 1 Volt; and 
the erase Voltage is approximately 15 Volts. 


