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ONE-TIME PROGRAMMABLE MEMORY CELL IN 
CMOS TECHNOLOGY 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to the ?eld of one 
time programmable (OTP) non-volatile memory cells, 
Which can keep a programmed state even after the circuit is 
poWered off. The present invention more speci?cally relates 
to such a memory cell comprising an oxide capacitor. 

[0003] 2. Discussion of the Related Art 

[0004] An eXample of application of OTP cells is the 
formation of redundancy elements, Which are generally 
provided in memories made in the form of one or several 
integrated circuit arrays, to functionally replace a defective 
memory element. The function of the OTP cells is to 
program the shifting of the memory roWs or columns upon 
use of a redundancy element to overcome the failure of a 
column or a roW of the array. 

[0005] In this type of application, either elements fusible 
by a laser, for eXample, or OTP memory cells of EEPROM 
type or of the ?oating-gate transistor type are used. All these 
conventional structures have the major disadvantage of not 
being compatible With simple CMOS manufacturing meth 
ods. In particular, non-volatile EPROM-type memory cells 
require tWo gate oXide thicknesses While a standard CMOS 
manufacturing method only uses one. 

[0006] In a standard CMOS method, after the forming of 
source and drain regions of P-channel and N-channel MOS 
transistors in a silicon substrate, a single oXide layer (gen 
erally, silicon oxide) and a single polysilicon layer are 
deposited to form the transistor gates before the metalliZa 
tion levels. 

[0007] Polysilicon fusible structures are also knoWn, hoW 
ever, Which require a strong programming current to obtain 
the fusion (on the order of 100 mA). 

[0008] The category of OTP cells to Which the present 
invention applies is generally called an “anti-fuse” structure 
since the unprogrammed state of the cell is a state of 
isolation of tWo electrodes and its programmed state is a 
state of current ?oW. The cells are, more speci?cally, formed 
of a capacitor formed of an oXide thickness likely to be made 
conductive (to break doWn) after application of an overvolt 
age betWeen the tWo electrodes of the capacitor. 

[0009] A problem Which arises in the making of such an 
oXide breakdoWn structure With a standard CMOS method is 
linked to the sWitching of the high voltage required to break 
doWn the capacitors. Indeed, standard transistors cannot 
sWitch this high voltage Without being, themselves, in a 
breakdoWn state. 

[0010] For eXample, in a technology Where the minimum 
dimension of a mask pattern is 0.25 pm, the CMOS circuit 
supply voltage generally is on the order of 2.5 V, While an 
oXide breakdoWn OTP cell requires on the order of 10 V for 
an oXide having a thickness on the order of 5 nm, Which is 
the usual thickness of the gate oXide in this technology. 

[0011] While such a 10-V voltage is generally available on 
the integrated circuit boards for Which the memory inte 
grated circuits are intended, this voltage is not compatible 
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With addressing selection structures and memory input 
output stages, the operating voltage of Which is linked to the 
CMOS method used. 

[0012] US. Pat. No. 4,943,538 discloses an anti-fuse 
memory cell Wherein several oXide levels are necessary. 
Accordingly, this memory cannot be implemented Without 
additional steps With respect to a conventional CMOS 
process using only one oXide level. 

[0013] US. Pat. No. 5,324,681 and European Patent 
Application 0528417 disclose anti-fuse memory cells using 
a DRAM manufacturing method With tWo oXides (the 
CMOS oXide and the oXide of the DRAM capacitors that is 
thinner so as to be breakable With a conventional transistor). 
It is accordingly necessary to add steps With respect to a 
conventional CMOS process. 

SUMMARY OF THE INVENTION 

[0014] The present invention aims at providing a novel 
OTP memory cell of oXide breakdoWn type, Which is com 
patible With a simple CMOS manufacturing method. In 
particular, the present invention aims at providing a solution 
Which requires a single gate oXide level in the manufacturing 
method. 

[0015] The present invention also aims at making it pos 
sible for the memory cells to be manufactured With no 
additional step With respect to a conventional CMOS 
method. 

[0016] Thus, the present invention provides an OTP 
memory cell in CMOS technology, including a capacitor 
associated in series With an unbalanced programming tran 
sistor, the drain of Which is made of a region that is deeper 
and less doped than the source. 

[0017] According to an embodiment of the present inven 
tion, this series association is connected betWeen tWo ter 
minals of application of a supply voltage. 

[0018] According to an embodiment of the present inven 
tion, a ?rst electrode of the capacitor is formed by said 
region. 

[0019] According to an embodiment of the present inven 
tion, the capacitor is formed in an oXide level constitutive of 
transistor gates. 

[0020] According to an embodiment of the present inven 
tion, a second electrode of the capacitor is adapted to 
receiving, in read mode, a relatively loW voltage and, in 
programming, a relatively high voltage. 

[0021] According to an embodiment of the present inven 
tion, the transistor and the capacitor are siZed so that, in a 
programming cycle and for an unselected cell, the voltage 
across the capacitor remains smaller than its breakdoWn 
voltage When the currents in the capacitor and in the 
transistor are balanced. 

[0022] According to an embodiment of the present inven 
tion, the transistor is siZed to limit the current in a selected 
cell While alloWing a breakdoWn of the oXide constitutive of 
the capacitor. 

[0023] The invention also provides a method for manu 
facturing OTP memory cells of the anti-fuse type Wherein 
the unbalanced drain regions of the programming transistors 
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of a ?rst channel type are formed simultaneously With the 
Wells aimed at receiving MOS transistors of a second 
channel type. 

[0024] The foregoing features and advantages of the 
present invention, Will be discussed in detail in the folloWing 
non-limiting description of speci?c embodiments in connec 
tion With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 schematically shoWs an embodiment of an 
OTP cell according to the present invention; 

[0026] FIG. 2 is a cross-section of a memory cell accord 
ing to the present invention; 

[0027] FIG. 3 illustrates the programming of a cell 
according to the present invention; 

[0028] FIG. 4 illustrates the siZing criteria of a capacitor 
and of the programming transistor of an OTP memory cell 
according to the present invention; and 

[0029] FIG. 5 is an eXample of a differential read circuit 
of OTP memory cells according to the present invention. 

DETAILED DESCRIPTION 

[0030] The same elements have been designated by the 
same references in the different draWings. For clarity, only 
those elements Which are necessary to the understanding of 
the present invention have been shoWn in the draWings and 
Will be described hereafter. 

[0031] Afeature of the present invention is to associate, in 
CMOS technology, an oXide capacitor in series With a 
programming transistor to form a non-volatile memory cell. 

[0032] FIG. 1 shoWs the electric diagram of such a 
non-volatile memory cell according to the present invention. 
Oxide capacitor C has a terminal 1 adapted for connection 
to a more positive supply terminal and a terminal 2 forming 
an interconnection node With drain d of a MOS program 
ming transistor T, the source s of Which is connected to a 
more negative supply terminal (generally, the ground). 

[0033] According to the present invention, transistor T is 
an unbalanced transistor, the drain of Which is formed by a 
region that is less doped and deeper than the source. Pref 
erentially, one uses the step of formation of Wells having the 
same conductivity type as the channel to form the drain, the 
source remaining formed of a more reduced region (than the 
drain), like the sources and drains of the other transistors of 
the conventional CMOS integrated circuit. Thus, in the 
eXample shoWn Where transistor T is an NMOS transistor, 
the drain of this transistor is formed by a deep N type region. 
FIG. 2 is a schematic section vieW of such a transistor. The 
drain of the NMOS transistor is symboliZed by an N Well 3. 
The memory cell of the present invention such as shoWn in 
FIG. 2 thus includes, for eXample, starting from a P-type 
substrate 7, an N Well intended for forming not only the 
drain of transistor T, but also a ?rst electrode 2 of capacitor 
C. The use of such an asymmetric or unbalanced transistor 
having its drain formed of a “Well” enables applying a 
greater voltage on the transistor drain Without damaging it. 
This type of transistor is generally designated as a drift MOS 
transistor. 
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[0034] According to the invention, the making of such an 
unbalanced transistor requires no additional step With 
respect to the conventional CMOS method. Indeed, Wells are 
conventionally formed to house the transistors having a 
channel of same type as the substrate. Thus, an advantage of 
the present invention is that the making of the programming 
transistors (Which must Withstand a greater voltage than the 
CMOS transistors of the rest of the circuit, as Will be seen 
hereafter) is performed by means of the pattern of the mask 
for forming the Wells (for eXample, of type N, if the substrate 
is of type P) in Which are formed the transistors having 
channels of same type as the substrate, to provide the drains 
of the unbalanced transistors. 

[0035] As illustrated in FIG. 2, capacitor C is formed of 
an oXide region 4 formed in the same oXide as oXide 5 of 
gate g of the transistors. A polysilicon layer added on the 
oXide layer enables forming second electrode 1 of capacitor 
C as Well as gate electrode g of transistor T. 

[0036] In the eXample of FIG. 2, the oXide region 4 of 
capacitor C is separated from the gate oXide region 5 and 
from the neighboring devices (not shoWn) by tWo lateral 
shalloW trench isolations 6 and 6‘ ?lled With oxide. The 
trenches 6 and 6‘ have also the purpose of creating an access 
resistance to the transistor. The loWly doped region 3 
eXtends on both sides of region 6, and under this region, and 
ends at the region 6‘, the region 6 separating the surface of 
regions 4 and 5. 

[0037] Aregion (not shoWn) more heavily doped than Well 
3 (N+), that is, for eXample, doped like region s, can be 
provided in the Well 3. This region has the function of 
enabling contact With drain of transistor T, and thus With 
storage node 2 of the cell. It should hoWever be noted that 
such a contact area is optional. Indeed, Well 3 may also form 
the drain Well of an N-channel MOS transistor of a read 
circuit, as Will be seen hereafter in relation With FIG. 5, in 
Which case no contact area is necessary. 

[0038] It should also be noted that the representation of 
FIG. 2 is simpli?ed and symbolical. In particular, the 
capacitor may, for eXample, be separated from transistor T 
by a thick oXide guard ring. In this case, the connection 
betWeen electrode 2 and the drain of transistor T Will be 
ensured by an upper metalliZation level. 

[0039] The function of transistor T is to enable selection, 
for a programming, of the memory cell thus formed by 
causing the breakdoWn of gate oXide 4 of the capacitor, to 
make the (anti-fuse) cell conductive. 

[0040] According to the present invention, a cycle of 
programming a memory cell illustrated by FIGS. 1 and 2 is 
performed in three main steps. 

[0041] In a ?rst step, the involved cell is selected by means 
of transistor T of this cell, by bringing its gate g to a potential 
Vdd (for eXample, 2.5 V) corresponding to the potential of 
a CMOS logic circuit. 

[0042] In a second step, a voltage ramp Vprog (for 
eXample, from 0 to 10 V in a feW hundreds of milliseconds) 
is applied to capacitor programming electrode 1. 

[0043] Voltage ramp Vprog causes the breakdoWn of 
oXide 4 of capacitor C. In this breakdoWn, transistor T, the 
drain of Which is formed by Well 3, limits the current 
betWeen capacitor electrode 1 and source s of transistor T. 
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[0044] Since a memory cell according to the present 
invention is generally contained in an array in Which it is 
chosen to select one or several cells such as illustrated in 
FIGS. 1 and 2, only the selected cells must be programmed 
While voltage step Vprog is applied to all cells. 

[0045] Accordingly, upon programming of an array of 
OTP memory cells according to the present invention, the 
cells that are not selected by their respective transistors T 
must not see the oXide of their respective capacitors break 
doWn upon application of voltage ramp Vprog. 

[0046] Assuming that a memory cell is not selected, gate 
g of its transistor is in the loW CMOS logic state, for 
eXample, 0 V. Accordingly, at the beginning of the program 
ming ramp, it is assumed that capacitor C is not charged. A 
10-V voltage thus is present across transistor T and a Zero 
voltage is present across capacitor C. This results in a 
leakage current Ioff ?oWing from transistor T Which charges 
node 2 of the cell until a balance is reached betWeen the 
current in transistor T and the current in capacitor C. 

[0047] This phenomenon is illustrated by FIG. 3, Which 
shoWs, in the form of timing diagrams, the variation of the 
potential at node 2 of interconnection betWeen capacitor C 
and transistor T upon application of a programming voltage 
step or ramp Vprog When the cell is not selected. 

[0048] Voltage ramp Vprog is applied betWeen times t0 
and t1. BetWeen these times, the shape of voltage V2 at node 
2 folloWs voltage Vprog (the voltage across capacitor C 
being Zero). At time t1 When voltage Vprog reaches its 
maXimum (for eXample, 10 V), potential V2 of terminal 2 
starts decreasing until the current in transistor T reaches the 
current in capacitor C. This voltage Ve is the point of 
equilibrium of an unprogrammed memory cell according to 
the present invention. 

[0049] Capacitor C and transistor T of a memory cell 
according to the present invention are siZed so that the point 
of equilibrium (current in capacitor C=current in transistor 
T) is such that the potential difference across capacitor C 
remains smaller than its breakdoWn voltage. This condition 
guarantees the maintaining in an unprogrammed state of a 
cell that is not selected. 

[0050] FIG. 4 illustrates the characteristic of the point of 
equilibrium Ve according to the present invention in the 
association of a capacitor and of an unbalanced transistor. 
This draWing shoWs several current-voltage characteristics 
of a memory cell according to the present invention. 

[0051] A ?rst curve Aprovides the current in the transistor 
T of a selected cell. This current Ion abruptly increases to 
reach a high asymptotic value While the gate voltage of 
transistor T is, for example, 2.5 V. 

[0052] A second curve B illustrates the leakage current in 
transistor T for an unselected cell, that is, a cell having its 
gate at the same potential as its source. In this case, leakage 
current Ioff increases as the voltage across the transistor 
increases. 

[0053] A third curve C illustrates the shape of the current 
in capacitor C. For clarity, this curve has been shoWn With 
curves A and B, but it should be noted that its voltage scale 
is inverted. Thus, curve C indicates a beginning of “Fowler 
Nordheim”-type conduction for a voltage on the order of 5 
V. The current in the capacitor then increases With the 
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electric ?eld until the breakdoWn (reversal point of curve C), 
Which occurs for a voltage on the order of 9 V, is reached. 

[0054] Curve C crosses curves A and B. The intersection 
betWeen curve A and curve C represents the breakdoWn 
point of the capacitor oXide in the programming of a selected 
cell. The intersection betWeen curve B and curve C indicates 
the point of equilibrium (Ie, Ve) of an unselected cell. 

[0055] According to the present invention, the respective 
dimensions of transistor T and of capacitor C Will be chosen 
to ful?ll, preferably simultaneously, the folloWing condi 
tions: 

[0056] 1) for transistors T, to have a gate length-to 
Width ratio such that leakage current Ioff is minimal. 
A compromise Will hoWever be selected to maintain 
a suf?cient read current. Indeed, the higher current 
Ion, the loWer the capacitor oXide resistance, once 
the capacitor has broken doWn. 

[0057] 2) for capacitor C, a compromise Will be 
selected betWeen the smallest possible siZe to mini 
miZe the density of cells according to the present 
invention, but suf?cient to obtain a voltage across the 
capacitor that is the smallest possible at the point of 
equilibrium, so as not to break doWn the cells Which 
are not selected. 

[0058] As a speci?c eXample of embodiment, a memory 
cell according to the present invention may be made, in 
0.25-pm technology, by using transistors T having gate 
length-to-Width ratios included betWeen 0.5 and 5 and, 
preferably, close to 1. The surfaces of capacitors C Will 
range, for eXample, from 0.2 pm2 to 50 pmz, preferably on 
the order of 25 pmz. 

[0059] It should be noted that an OTP cell according to the 
present invention is perfectly compatible With the use of a 
conventional electric diagram to form the read addressing 
structures. HoWever, in the embodiment described here 
above (N-type Well), the reading Will preferably be per 
formed in accumulation, that is, With a positive gate voltage. 
In other Words, the reading Will be performed While the 
voltage of electrode 1 is positive and greater than the voltage 
of drain 3, this, to have a sufficient read mode current. 

[0060] FIG. 5 shoWs an embodiment of a complete cell 
architecture, including a differential read stage, made from 
a memory cell structure such as illustrated in FIGS. 1 and 
2. 

[0061] Thus, relating to a differential structure, tWo 
memory cells 10, 11 are shoWn in FIG. 5 and use a same 
logic output circuit or read ampli?er 12. Capacitors C and C‘ 
of the cells each have their terminal 1, 1‘ connected to a 
common terminal 13 of application of a more positive 
voltage. According to the present invention, the voltage 
applied on terminal 13 is voltage Vprog during the program 
ming and voltage Vdd during read cycles. 

[0062] The respective terminals 2, 2‘ of capacitors C, C‘ 
are connected to the respective drains d, d‘ of programming 
transistors T, T‘ of the involved cells. The sources s, s‘ of 
transistors T, T‘ are connected to the ground and their 
respective gates receive complementary selection signals 
VSel and NVSel. 

[0063] To read from a cell, respective nodes 2 and 2‘ are 
connected, each via an NMOS transistor 14, 15, to respec 
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tive inputs E, E‘ of logic read circuit 12. The respective gates 
of transistors 14 and 15 receive a read control signal RSel 
When a transfer of the data stored by cells 10 and 11 is 
required. 

[0064] Conventional for a differential read system, read 
circuit 12 is formed of tWo inverters 16, 17 connected in 
antiparallel betWeen terminals E and E‘. Terminal E is 
further connected to the input of an output ampli?er-inverter 
18 providing the read data D. Terminal E‘ is connected to the 
input of an ampli?er-inverter 19, the output terminal of 
Which provides the complemented read data ND. 

[0065] The operation of a logic differential decoding cir 
cuit such as illustrated in FIG. 5 is applied herein to OTP 
cells according to the present invention. Since a differential 
reading is involved, one of cells 10 or 11 is used as a 
reference to read from the other, so that the cell program 
ming must take account of the need for the coupled cells to 
be complementary. 

[0066] To protect logic read circuit 12 (formed from 
CMOS transistors) upon programming of the memory cells, 
transistors 14 and 15 are, like transistors T and T‘, unbal 
anced transistors, that is, the respective drains of Which are 
made of N Wells While their respective sources are conven 
tional regions. This enables them to Withstand the voltage 
When the potential of one of terminals 2 and 2‘ exceeds 
voltage Vdd in a programming cycle. 

[0067] During programming, either cell 10 or cell 11 is 
selected to break doWn. Complementary control voltages 
VSel and NVSel de?ne Which of the capacitors C and C‘ is 
to break doWn. Signal RSel is grounded to block transistors 
14 and 15. Accordingly, the read stage is protected from high 
voltage Vprog applied on terminal 13 during the program 
ming cycle. 

[0068] During a read cycle, terminal 13 is connected to the 
standard CMOS potential (for eXample, 2.5 V). Capacitors C 
and C‘ are precharged to level Vdd by applying a high state 
(Vdd) on signals VSel and NVSel. Then, nodes 2 and 2‘ are 
left ?oating by turning off transistors T and T‘ by a sWitching 
to the loW level (the ground) of signals VSel and NVSel. A 
leakage current then ?oWs through the oXide of the capacitor 
C or C‘ Which has broken doWn. Node 2 or 2‘ of the 
corresponding N Well is brought to voltage Vdd While 
remaining grounded for the unprogrammed cell, the capaci 
tor of Which remains charged to voltage Vdd. The voltage 
difference is detected by coupled inverters 16 and 17 When 
the potential of signal RSel is brought to potential Vdd, to 
turn on transistors 14 and 15. 

[0069] It should be noted that, instead of a differential read 
ampli?er, a conventional non-differential ampli?er may also 
be used. In such a case, the charge time of capacitor C may 
for eXample be eXamined to detect Whether it has or not 
broken doWn. 

[0070] HoWever, an advantage of using a differential read 
ampli?er such as illustrated in FIG. 5 is that the reading does 
not depend on possible technological dispersions of the 
oXide impedances of the broken doWn capacitors. 

[0071] Whatever the read ampli?er used, it Will be ascer 
tained to isolate it from the cell upon programming, by 
means of transistors Withstanding a high voltage (on the 
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order of 10 V), preferably, unbalanced transistors of the type 
of those used to form the memory cell. 

[0072] Preferably, the transfer of the data stored in the cell 
by means of signal RSel in a read cycle is performed to 
transfer the data to a volatile memory point (for eXample, a 
register), to enable de-biasing cells 10 and 11, to increase the 
lifetime of the gate oXide capacitors Which have been forced 
at medium voltage during the programming (capacitors 
Which did not break doWn but Which have aged during the 
programming). 

[0073] It should be noted that it is not indispensable for the 
programming voltage to be available on the ?nal device. 
This depends on the application. Thus, in an application to 
the organiZation of an array of memory cells provided With 
redundancy elements, possible defective elements are, most 
often, detected during an electric test at the end of the 
manufacturing. Thus, the programming is not performed by 
the user. The ?nished integrated circuit thus does not require 
receiving voltage Vprog, since cell supply terminal 13 only 
needs receive voltage Vdd (for eXample, 2.5 V) in the read 
mode. In another application Where memory cells of the 
present invention are used Within a memory circuit to be 
programmable by the user (for eXample, in a memory for 
storing parameters to be kept after poWer-off), the circuit 
Will have a terminal for receiving voltage Vprog. 

[0074] It should also be noted that adapting the cell 
addressing signals, be it in the read mode or in programming 
mode, is Within the abilities of those skilled in the art. In 
particular, the programming ramps, as Well as the variation 
of the read control signals, may be modi?ed according to 
applications. 

[0075] An advantage of the present invention is that it 
enables forming an OTP memory cell of loW cost and 
relatively small bulk. As a speci?c eXample of embodiment, 
a cell of the present invention may be formed in 0.25-pm 
technology on a surface on the order of 400 pm2 to contain 
the entire cell and its read ampli?er. 

[0076] As a speci?c eXample of embodiment, for a capaci 
tor of a 0.31am2 surface, and unbalanced transistors of a 
0.5-pm gate Width and of a l-pm gate length, the measured 
programming current is 1 mA (this current is determined by 
the programming transistor gate Width). The read current 
then is 50 pA With a 2.5-volt gate voltage. 

[0077] It should be noted that the Well forming the drain 
of the unbalanced programming transistor may also be used 
as a Well for the capacitor as illustrated in FIG. 2. A 
relatively dense solution is thus obtained. 

[0078] Of course, the present invention is likely to have 
various alterations, modi?cations, and improvements Which 
Will readily occur to those skilled in the art. In particular, the 
respective siZing of an oXide capacitor and of a program 
ming transistor of a cell according to the present invention 
is Within the abilities of those skilled in the art according to 
the application and, in particular to obtain a satisfactory 
point of equilibrium for the memory cell. 

[0079] Further, it should be noted that a cell according to 
the present invention may be integrated in a conventional 
memory cell array, the organiZation of a cell selection and 
biasing being perfectly compatible With usual techniques. 



US 2002/0027822 A1 

[0080] Further, although the present invention has been 
described in relation With an example of cell made With an 
N-channel programming transistor, transposing the present 
invention to a cell having a P-channel programming tran 
sistor can be done based on the functional indications given 
hereabove. In this case, the substrate is of type N and the 
Wells of the N-channel transistors and the drain regions of 
the P-channel unbalanced transistors are of type P. 

[0081] Such alterations, modi?cations, and improvements 
are intended to be part of this disclosure, and are intended to 
be Within the spirit and the scope of the present invention. 
Accordingly, the foregoing description is by Way of eXample 
only and is not intended to be limiting. The present invention 
is limited only as de?ned in the folloWing claims and the 
equivalents thereto. 

What is claimed is: 
1. An OTP memory cell in CMOS technology, comprising 

a capacitor associated in series With an unbalanced program 
ming transistor, the drain of Which is made of a region 
deeper and less doped than the source. 

2. The cell of claim 1 Wherein this series association is 
connected betWeen tWo terminals of application of a supply 
voltage. 

3. The cell of claim 1 Wherein a ?rst electrode of the 
capacitor is formed by said region. 

4. The cell of claim 1 Wherein the capacitor is formed in 
an oXide level constitutive of the transistor gate. 

5. The cell of claim 4 Wherein a second electrode of the 
capacitor is adapted to receive in read mode a relatively loW 
voltage, and in programming mode a relatively high voltage. 

6. The cell of claim 5 Wherein the transistor and the 
capacitor are siZed so that, in a programming cycle and for 
an unselected cell, the voltage across the capacitor remains 
smaller than its breakdoWn voltage When the currents in the 
capacitor and in the transistor are balanced. 

7. The cell of claim 6 Wherein the transistor is siZed to 
limit the current in a selected cell While alloWing a break 
doWn of the oXide constitutive of the capacitor. 

8. Amethod for manufacturing an OTP anti-fuse memory 
cell in CMOS technology, comprising forming the drain 
regions of the unbalanced programming transistors of a ?rst 
channel type simultaneously With the Wells aimed at receiv 
ing MOS transistors of a second channel type. 

9. The method of claim 8, Wherein a capacitor serially 
connected With each unbalanced programming transistor has 
a ?rst electrode made of the drain region of said transistor. 

10. An array of non-volatile integrated memory cells, 
comprising: 

a plurality of capacitors formed Within oXide layers; and 

a plurality of Write transistors, each Write transistor 
coupled in series to a respective one of the capacitors 
to form a single memory cell coupled betWeen a 
voltage source and a ground potential, the Write tran 
sistor having a gate coupled to a control terminal of the 
Wherein the Write transistor is cut off during a read 
operation and is enabled during a Write operation. 

11. The memory cell of claim 10 Wherein each Write 
transistor is unbalanced With a drain formed in a Well having 
the same conductivity type as the Write transistor channel, 
and Wherein each capacitor has an oXide level that is the 
level of gate oXide for the Write transistors, each capacitor 
further having a ?rst electrode formed in the Well as the 
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Write transistor drain and a second electrode con?gured to 
accept a ?rst voltage in a read mode and a second voltage in 
a Write mode, the second voltage having a voltage level 
higher than the ?rst voltage and great enough to break doWn 
the oXide of the capacitor. 

12. The memory cell of claim 11 Wherein each Write 
transistor is siZed to limit current in the associated memory 
cell While enabling breakdoWn of the capacitor oXide, and 
Wherein each Write transistor and capacitor are siZed to limit 
voltage across the capacitor to less than the capacitor’s 
breakdoWn voltage When the capacitor is unselected during 
a Write operation. 

13. A non-volatile integrated memory cell architecture, 
comprising: 

?rst and second capacitors having an oXide formed at 
transistor gate level, each capacitor having a ?rst ter 
minal coupled to a voltage source and a second termi 

nal; 

?rst and second transistors, each transistor having a drain 
terminal coupled to the second terminal of a respective 
one of the ?rst and second capacitors to form ?rst and 
second nodes, respectively, and each transistor further 
having a source terminal coupled to a ground potential 
and a gate terminal coupled to ?rst and second select 
lines, respectively; 

a read circuit having ?rst and second inputs and having 
?rst and second complementary outputs; and 

?rst and second sWitches having ?rst terminals coupled to 
the ?rst and second nodes, respectively, and second 
terminals coupled to the ?rst and second inputs of the 
read circuit, respectively, and each sWitch having a 
control terminal coupled to a common control line. 

14. The memory cell architecture of claim 13 Wherein 
each transistor is unbalanced With a drain formed in a Well 
having the same conductivity type as the transistor channel, 
and Wherein each capacitor has an oXide level that is the 
level of gate oXide for the transistors, each capacitor further 
having a ?rst electrode formed in the Well as the transistor 
drain and a second electrode con?gured to accept a ?rst 
voltage in a read mode and a second voltage in a Write mode, 
the second voltage having a voltage level higher than the 
?rst voltage and great enough to break doWn the oXide of the 
capacitor. 

15. The memory cell architecture of claim 14 Wherein 
each transistor is siZed to limit current in the associated 
memory cell While enabling breakdoWn of the capacitor 
oxide, and Wherein each transistor and capacitor are siZed to 
limit voltage across the capacitor to less than the capacitor’s 
breakdoWn voltage When the capacitor is unselected during 
a Write operation. 

16. A method of forming an OTP non-volatile memory 
cell With CMOS technology, comprising: 

forming an unbalanced transistor, the drain of the tran 
sistor formed in a Well of same conductivity type as a 
channel of the transistor; and 

forming a capacitor associated in series With the unbal 
anced programming transistor. 
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17. The method of claim 16 wherein the capacitor is 
formed to have a ?rst electrode formed in the Well in Which 
the drain of the transistor is formed. 

18. The method of claim 16 Wherein the capacitor is 
formed in an oxide level that is constitutive of the transistor 
gate. 

19. The method of claim 18 Wherein the capacitor is 
formed to have a second electrode that is con?gured to 
accept a ?rst voltage in a read mode and a second voltage in 
a Write mode, the second voltage being higher than the ?rst 
voltage and great enough to break doWn the oXide of the 
capacitor to enable Writing of data to the capacitor. 
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20. The method of claim 18 Wherein the transistor and the 
capacitor are formed to a siZe that the voltage across the 
capacitor remains smaller than its breakdown voltage When 
the current in the capacitor and in the transistor are balanced 
during a Write operation When the capacitor is unselected for 
Writing data. 

21. The method of claim 20 Wherein the transistor is 
formed to a siZe that limits current in the memory cell While 
alloWing a breakdoWn of the capacitor oxide. 


