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METHOD THEREFOR Field of the Invention PCT/LJ 5112/(1-L323 The present
invention relates to semiconductor integrated circuits. More particularly,
the present invention relates to MOSFET technology for programmable address
decode and correction. 10 Background Many electronic products use memory
devices to store data. Non-volatile memory, such as electrically
programmable read-only memory (EPROM) and electrically-erasable
programmable read-only memory (EEPROM), are extensively used for storing
data in, for example, computer systems. EPROM 15 and EEPROM typically
comprise a large number of memory cells having electrically isolated gates,
referred to as floating gates. Data is stored in the memory cells in the
form of charge on the floating gates. Charge is transported to or removed
from the floating gates by program and erase operations, respectively. 20
Another type of non-volatile memory is flash memory. Flash memory is a
derivative of EPROM and EEPROM. Although flash memory shares many
characteristics with EPROM and EEPROM, the current generation of flash
memory differs in that erase operations are performed in blocks. Flash
memories have the potential of replacing hard storage disk drives in
computer systems. 25 The advantages would be replacing a complex and
delicate mechanical system with a rugged and easily portable small
solid-state non-volatile memory system. There is also the possibility that,
given their very high potential densities, flash memories might be used to
replace DRAMS if certain improvements in operating speed, e.g., in the
erase operation, were realized. 30 A typical flash memory device comprises
a memory array that includes a large number of memory cells arranged in row
and column fashion. Each memory cell includes a floating gate field-effect
transistor capable of holding a charge. The cells are usually grouped into
blocks. Each of the cells in a block    VNO 112/0(S~7C PCTI L1S02/0-t323
can be electrically programmed on a random basis by charging the floating
gate. The charge can be removed from the floating gate by a block erase
operation. The data in a cell is determined by the presence or absence of
the charge in the floating gate. $ Programmable address decode circuits and
buffers are needed in conjunction with the memory array to allow faulty
rows and/or columns of the array to be replaced by functional redundant
rows and/or columns. An example of a redundancy repair scheme is shown in
U.S. Patent No. 5,324,681, issued to Lowrey on June 28, 1994. Another is
provided in U.S. Patent No. 4,051,354, 10 issued to Choate on September 27,
l997. Another is provided in U.S. Patent No. 5,327,380, issued to Kersh III
on July 5, 1994. 



With the increasing array density of successive generations of flash memory
devices, the desirability of incorporating other functions, such as
programmable address decode logic, into the chip also increases. Any
successful 15 incorporated technology, however, must be cost competitive
with the existing alternative of combining separate chips at the card or
package level, each being produced with independently optimized
technologies. Any significant addition of process steps to an existing
flash memory technology in order to provide added functions, such as high
speed logic, static random access memory 20 (SRAM), or EEPROM, becomes
rapidly cost prohibitive due to the added process complexity cost and
decreased yield. Accordingly, there is a need to provide additional
functions on a flash memory chip with little or no modification of the
optimized process flow. Programmable address decode circuits conventionally
employ one time 25 programmable (OTP) switches. Fuses and antifuses,
present in peripheral circuits, are one method for constructing address
decode logic. The fuse or antifuse integrally combines the functions of a
switching element, which makes the interconnection, and a programming
element, which stores the state of the switching element, i. e., either
"off ' (a blown fuse) or "on" (an unblown fuse). 30 Fusible elements are
employed in integrated circuits to permit changes in the configuration of
the integrated circuits after fabrication. For example, fusible elements
can be used to replace defective circuits with redundant circuits. 2   WO
1)2/(IGS.t7G PCT/U S02/l1-t323 Memory devices are typically fabricated with
redundant memory cells. The redundant memory cells may be enabled with
fusible elements after fabrication to replace defective memory cells found
during a test of fabricated memory devices. 5 One type of fusible link that
can be used is a standard polysilicon fuse. The fuse comprises a
polysilicon conductor approximately 0.5u thick that is fabricated on the
integrated circuit such that in its normal state there is a complete
electrical path through the fuse. To program the fuse, a high power laser
is used to open the electrical path by evaporating a portion of the 10
polysilicon. The laser can be used to open selected polysilicon fuses in an
integrated circuit to change its configuration. The use of polysilicon
fuses, however, is attended by several disadvantages. Polysilicon fuses
must be spaced apart from each other in an integrated circuit such that
when one of them is being opened by a laser, the other polysilicon fuses
are not damaged. A bank of 15 polysilicon fuses therefore occupies a
substantial area of an integrated circuit. As integrated circuits continue
to be fabricated with high density circuitry, the need for more fusible
links also increases. In addition, polysilicon fuses cannot be opened once
an integrated circuit is placed in an integrated circuit package, or is
encapsulated in any manner. 20 Another type of fusible link that has been
used in integrated circuits is the antifuse. An antifuse comprises two
conductive terminals separated by an insulator or a dielectric, and is
fabricated as an open circuit. In this respect, the antifuse is
electrically opposite of the fuse. To program the antifuse, a high voltage
is applied across its terminals to rupture the insulator and form an 25
electrical path between the terminals. One type of antifuse that is
commonly used in integrated circuits is an oxide-nitride-oxide (ONO)
antifuse. A typical ONO antifuse has a layer of nitride sandwiched between
two layers of oxide, where the bottom layer of oxide is in contact with
polysilicon and the top layer of oxide is also in contact with polysilicon.
The ONO sandwich is a dielectric 30 such that the unprogrammed antifuse
functions as a capacitor. To program the ONO antifuse, a large potential is
applied across the dielectric such that the dielectric is ruptured and the
two polysilicon layers are shorted together. 3   V1'O 0210(S.176
PCT/US02/0-4323 Antifuses have several advantages that are not available
with fuses. A bank of antifuses takes up much less area of an integrated
circuit because they are programmed by a voltage difference that can be
supplied on wires connected to the terminals of each of the antifuses. The
antifuses may be placed close 5 together in the bank, and adjacent
antifuses are not at risk when one is being programmed. Antifuses can also
be programmed after an integrated circuit is placed in an integrated
circuit package, or encapsulated, by applying appropriate signals to pins
of the package. This is a significant advantage for several reasons. First,
an integrated circuit may be tested after it is in a package, and 10 may
then be repaired by replacing defective circuits with redundant circuits by
programming selected antifuses. A generic integrated circuit may be tested
and placed in a package before it is configured to meet the specifications
of a customer. This reduces the delay between a customer order and
shipment. The use of antifuses to customize generic integrated circuits
also improves the 15 production yield for integrated circuits because the
same generic integrated circuit can be produced to meet the needs of a wide
variety of customers. Despite these advantages, the use of antifuses in
integrated circuits is limited by a lack of adequate circuitry to support
the programming and reading of the antifuses. In addition, another
disadvantage with ONO antifuses is that 20 they are fabricated with
separate, extra steps when an integrated circuit is fabricated.
Conventional fuses and antifuses also share a number of significant 



drawbacks that limit their usefulness. One such significant drawback is
that neither fuses nor antifuses are reprogrammable. Rather, they are one
time 25 programmable devices, making them difficult to test and unsuitable
for a large class of applications where reprogrammability is desirable or
required. Fuses and antifuses suffer from the further disadvantage of not
being fabricated according to the flash memory process flow. Micron
Technology, Inc. taught in U.S. Patent No. 5,324,681, which 30 issued to
Lowrey et al. on June 28, 1994, that one time programmable (OTP) memory
cells formed as MOSFETs could be used to replace laser/ fuse programmable
memory cells for applications such as OTP repair of DRAMS 4   WO
02/OGS-471i PCT/US(12/0-4323 using redundant rows and columns of DRAM
memory cells and OTP selection of options on a DRAM (such as fast page mode
(FPM) or extended data out (EDO)). One of the key advantages of that
capability is the ability to program the OTP memory cells after the DRAM
memory chip is packaged, a decided 5 advantage over previous solutions.
However, the invention in the Lowrey patent still has the disadvantage of
single time programmability. Another approach to solving the programmable
switching problem is described in U.S. patent No. 5,764,096, which issued
to Lipp et al. on June 9, l998. U.S. patent No. 5,764,096 provides a
general-purpose nonvolatile, 10 reprogrammable switch, but does not achieve
the same using the commonality in the basic DRAM cell structure. Thus, the
Lipp patent does not achieve the desired result of providing nonvolatile
memory functions on a DRAM chip with little or no modification of the DRAM
process flow. Still another alternative to programmable interconnects,
e.g., logic 15 switching circuits, uses a metal oxide semiconductor field
effect transistor (MOSFET) as the switching element. The MOSFET is
controlled by the stored memory bit of a programming element. Most
commonly, this programming element is a dynamic random access memory (DRAM)
cell. Such DRAM based field programmable gate arrays (FPGAs) are
reprogrammable and use a DRAM 20 process flow, but have a disadvantage in
that the programming of the switching elements is lost whenever power is
turned off. A separate, nonvolatile memory cell must be used to store the
programmed pattern on power down, and the FPGA must be reprogrammed each
time the device is powered back up. This need again increases the
fabrication complexity and requires significant 25 additional chip surface
space. Accordingly, a need continues to exist for fuse and antifuse
elements that can be reprogrammed and that are compatible with MOSFET
memory technology. Such elements should be capable of being fabricated on a
MOSFET memory chip with little or no modification of the MOSFET memory
process 30 flow.   WO 021(IGS.~7G PCT/US02/11.4323 Summary of the Invention
The above mentioned and other deficiencies are addressed in the following
detailed description. According to various implementations of the present
invention, p-channel MOSFET devices are used as reprogrammable fuse 5 or
antifuse elements in a memory decode circuit by utilizing anomalous hole
generation. A sufficiently large negative gate bias voltage is applied to
cause tunnel electrons to gain enough energy to exceed the band gap energy
of the oxide. As a result, energetic hole-electron pairs are generated in
the silicon substrate. The holes are then injected from the substrate into
the oxide, where 10 they remain trapped. A large shift in the threshold
voltage of the p-channel MOSFET results. The device can subsequently be
reset by applying a positive gate bias voltage. Accordingly, particular
benefits are realized for applications in which reprogrammability is
desired or required. Further, such fuse or antifuse elements can be
implemented readily in the context of a MOSFET memory 15 process flow.
According to one embodiment, the present invention is directed to a
programmable switch including a metal oxide semiconductor field effect
transistor (MOSFET} in a substrate. The MOSFET has first and second
source/drain regions, a channel region between the first and second
source/drain 



20 regions, and a gate separated from the channel region by a gate oxide. A
wordline is coupled to the gate. A first transmission line is coupled to
the first source/drain region. A second transmission line is coupled to the
second source/drain region. The MOSFET is a programmed MOSFET having a
positive charge trapped in the gate oxide such that a threshold voltage of
the MOSFET is 25 significantly altered compared to a threshold voltage of
the MOSFET in an unprogrammed state. The switch may be embodied as a fuse
or an antifuse. In another embodiment, a programmable switch includes a
p-channel MOSFET in a substrate. The MOSFET has a source region, a drain
region, a channel region between the source region and the drain region,
and a gate 30 separated from the channel region by a gate oxide. A wordline
is coupled to the gate. A sourceline is coupled to the source region. A
bitline is coupled to the drain region. The MOSFET is a programmed MOSFET
having a positive charge 6   V1'O 02/1165-476 PCT/US02/11.4323 trapped in
the gate oxide such that a threshold voltage of the MOSFET is significantly
altered compared to a threshold voltage of the MOSFET in an unprogrammed
state. The switch may be embodied as a fuse or an antifuse. Other
embodiments of the present invention include integrated circuits, 5
programmable decoders, and electrical systems incorporating the
programmable switch. Still another embodiment is directed to a method for
programming a p channel MOSFET in a substrate into a reprogrammable switch.
First and second voltage potentials are applied to source and drain
regions, respectively, of the 10 MOSFET. A negative gate potential is
applied to a gate region of the MOSFET. Applying the first and second
voltage potentials and the negative gate potential causes hot hole
injection from the substrate into a gate oxide of the MOSFET. In another
method embodiment for programming a p-channel MOSFET in a substrate into a
reprogrammable switch, both source and drain regions of the 1 S MOSFET are
coupled to ground. A negative gate potential to a gate region of the
MOSFET, causing hot hole injection from the substrate into a gate oxide of
the MOSFET. Yet another embodiment is directed to a method for performing
address decoding in a memory, including coupling a plurality of address
lines and a 20 plurality of output lines to a programmable decoder having a
plurality of rows and a plurality of redundant rows. A row is unselected by
using hot hole injection to program a programmable switch associated with
the row. The programmable switch includes a MOSFET in a substrate. The
MOSFET has a first source/drain region, a second source/drain region, a
channel region between 25 the first and second source/drain regions, and a
gate separated from the channel region by a gate oxide. The MOSFET is a
programmed MOSFET having a positive charge trapped in the gate oxide such
that a threshold voltage of the MOSFET is significantly altered compared to
a threshold voltage of the MOSFET in an unprogrammed state. 30 Another
method embodiment for performing address decoding in a memory includes
writing to a MOSFET associated with a row of the address decoder, thereby
causing a positive charge to be trapped in a gate oxide of the   WO
U2/U(S.t7G PCT/U 5112/I1323 MOSFET associated with the row. Writing to the
MOSFET associated with the row causes the row to be uncoupled from a row
driver. A MOSFET associated with a redundant row of the address decoder is
erased by removing a positive charge trapped in a gate oxide of the MOSFET
associated with the redundant 5 row. Erasing the MOSFET associated with the
redundant row causes the redundant row to be coupled to a redundant row
driver. The above summary of the present invention is not intended to
describe each illustrated embodiment or every implementation of the present
invention. The figures and the detailed description that follow more
particularly exemplify 10 these embodiments. 



Brief Description of the Drawings These and other aspects and advantages of
the present invention will become apparent upon reading the following
detailed description and upon reference to the drawings, in which: 1$
Figure 1 A is a block diagram of a conventional metal oxide semiconductor
field effect transistor (MOSFET). Figure 1 B illustrates the MOSFET of
Figure 1 A operated in a forward direction showing some device degradation
due to holes being trapped near the drain region with continued use. 20
Figure 2A is a block diagram of a conventional semiconductor device having
a bipolar transistor-like structure. Figure 2B illustrates the device of
Figure 2A operated in a forward direction showing some device degradation
due to holes being trapped near the drain region with continued use. 25
Figure 3 is a diagram of a programmable MOSFET device that can be used as a
circuit switch, or a nonvolatile, reprogrammable switch, according to one
embodiment of the present invention. Figure 4 depicts the device of Figure
3 after application of a large negative gate bias voltage. 30 Figure 5
depicts a shift in the threshold voltage of a p-channel MOSFET device
resulting from trapped positive charge in the oxide, according to an
embodiment of the present invention. 8   WO 02/0C5-47G PCT/USU2/(1~323
Figure 6 is a flowchart depicting a method of programming the device of
Figure 3, according to another embodiment of the present invention. Figure
7 depicts an example integrated circuit incorporating a programmable fuse,
according to another embodiment of the present invention. Figure 8 depicts
an example integrated circuit incorporating a programmable antifuse,
according to still another embodiment of the present invention. 



Figure 9 is a block diagram illustrating an example electronic system
according to another embodiment of the present invention. 10 The invention
is amenable to various modifications and alternative forms. Specifics
thereof have been shown by way of example in the drawings and will be
described in detail. It should be understood, however, that the intention
is not to limit the invention to the particular embodiments described. On
the contrary, the intention is to cover all modifications, equivalents, and
15 alternatives falling within the spirit and scope of the invention as
defined by the appended claims. Detailed Description In the following
detailed description of the invention, reference is made to the
accompanying drawings, which form a part hereof, and in which is shown, 20
by way of illustration, specific embodiments in which the invention may be
practiced. In like drawings, like numerals describe substantially similar
components throughout the several views. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the
invention. Other embodiments may be utilized and structural, logical, and
electrical changes may 25 be made without departing from the scope of the
present invention. The following detailed description is, therefore, not to
be taken in a limiting sense, and the scope of the present invention is
defined only by the appended claims, along with the full scope of
equivalents to which such claims are entitled. The terms wafer and
substrate used in the following description include 30 any structure having
an exposed surface with which to form the integrated circuit {IC) structure
of the invention. The term substrate is understood to include semiconductor
wafers. The term substrate is also used to refer to semiconductor 9   WO
02/l1(>5-t7G PCT/US02/O.1323 structures during processing, and may include
other layers that have been fabricated thereon. Both wafer and substrate
include doped and undoped semiconductors, epitaxial semiconductors
supported by a base semiconductor or insulator, as well as other
semiconductor structures well known to one skilled in 5 the art. The term
conductor is understood to include semiconductors, and the term insulator
is defined to include any material that is less electrically conductive
than the materials generally referred to as conductors by those skilled 



in the art. The term "horizontal" as used in this application is defined as
a plane 10 substantially parallel to the conventional plane or surface of a
wafer or substrate, regardless of the orientation of the wafer or
substrate. The term "vertical" refers to a direction substantially
perpendicular to the horizontal as defined above. Prepositions, such as
"on," "upper," "side" (as in "sidewall"}, "higher," "lower," "over," and
"under" are defined with respect to the conventional plane or surface 15
being on the top surface of the wafer or substrate, regardless of the
orientation of the wafer or substrate. P-type conductivity is conductivity
associated with holes in a semiconductor material, and n-type conductivity
is conductivity associated with electrons in a semiconductor material.
Throughout this specification the 20 designation "n+" refers to
semiconductor material that is heavily doped n-typed semiconductor
material, e.g., monocrystalline silicon or polycrystalline silicon.
Similarly, the designation "p+" refers to semiconductor material that is
heavily doped p-type semiconductor material. The designations "n-" and "p-"
refer to lightly doped - and p-type semiconductor materials, respectively.
25 In this description, a transistor is described as being activated or
switched on when it is rendered conductive by a control gate voltage that
is greater than its source voltage by at least its threshold voltage. The
transistor is described as being in an inactive state or switched off when
the control gate voltage is greater than the source voltage by less than
the threshold voltage and the transistor is 30 rendered non-conductive. A
digital signal of 1 may also be called a high signal and a digital signal
of 0 may also be called a low signal. All embodiments of the present
invention described herein may be coupled to receive a supply voltage 10
WO 02/(I1S~47C PCT/US02/11~323 VCC, which is within approximately 1-5
volts. VCC is generated by a circuit that is not shown for purposes of
brevity, but is known to those skilled in the art. In some types of
conventional flash memories, erasure is achieved using a positive source
bias voltage and negative control gate voltages. This technique 5 has been
employed to allow large erase voltage differences between the control gate
and source while avoiding hot hole injection from the substrate into the
tunnel oxide. Hot (i.e., high energy) hole injection can result in trapped
holes in the tunnel oxide and, consequently, erratic over-erasure and
anomalous charge loss rates. 10 Certain conventional flash memories, e.g.,
some types that are based on p-channel MOSFETs, use hot hole injection as a
memory technique. In such memories, holes in the silicon substrate are
generated by light or by injection from bipolar transistor-like structures.
Figure 1 A depicts a conventional metal oxide semiconductor field effect
transistor (MOSFET) in a substrate 100. The 15 MOSFET includes a source
region 102, a drain region 104, and a channel region 106 in the substrate
100 between the source region 102 and the drain region 104. A gate 108 is
separated from the channel region 10G by a gate oxide 110. A source line
112 is coupled to the source region 102. A bitline 114 is coupled to the
drain region 104. A wordline 116 is coupled to the gate 108. 20 Holes are
generated within the device by a photoelectric effect. In conventional
operation, a drain to source voltage potential (VAS) is set up between the
drain region 104 and the source region 102. A negative voltage potential is
then applied to the gate 108 via the wordline 116. Once the negative
voltage potential applied to the gate exceeds the characteristic voltage
threshold (V,) of 25 the MOSFET, the channel 106 forms in the substrate 100
between the drain region 104 and the source region 102. Formation of the
channel 106 permits conduction between the drain region 104 and the source
region 102, and a current Ids can be detected at the drain region 104. The
negative voltage potential applied to the gate causes holes to be 30
injected into the gate oxide 110. During normal operation of the
conventional MOSFET of Figure 1 A, some device degradation gradually occurs
for MOSFETs operated in the forward direction due to holes being trapped in
the 



11   WO 1)2/IIGS-47C PCT/LIS02/(1-4323 gate oxide 110 near the drain region
104. This effect is depicted in Figure 1 B. Since the holes are trapped
near the drain region 104, however, they are not very effective in changing
the characteristics of the MOSFET. Figure 2A depicts a conventional
semiconductor device having a bipolar 5 (pnp) transistor-like structure.
The device includes a source region 202, a drain region 204, a back gate
region 206, and a channel region 208 in the substrate 200 between the
source region 202 and the drain region 2U4. A gate 210 is separated from
the channel region 208 by a gate oxide 212. A source line 214 is coupled to
the source region 202 and to ground. A bitline 216 is coupled to the drain
10 region 204. A wordline 218 is coupled to the gate 210. A terminal 220 is
coupled to the back gate region 206. When a positive voltage Veb is applied
to the back gate region 206 via the terminal 220 and a negative voltage is
applied to the gate 2I0 via the wordline 218, holes are injected from the
pn junction in the back gate region to the gate 15 oxide 212. This effect
is depicted in Figure 2B and results in a change in the device threshold
voltage. It is also well-known in the art that the positive charge
generated in gate oxides by hot hole injection can be erased by avalanche
electron injection. In avalanche multiplication and electron injection, the
electrons just jump over the 20 barrier at the silicon surface, i.e., 3.2
eV, and become less energetic and are trapped once they reach the oxide.
Some of these electrons can be trapped at the positive charge centers,
thereby eradicating them. This phenomenon has been used as the basis for a
memory device based on hot hole injection, with erasure being achieved by
hot electron injection. 25 Hot hole injection, however, is but one
mechanism that can result in positive charge generation and trapping in
tunnel oxides. According to the teachings of the present invention,
p-channel MOSFET devices are used as reprogrammable fuse or antifuse
elements in a memory decode circuit by utilizing anomalous hole generation.
Specifically, a sufficiently large negative 30 gate bias voltage is applied
to cause tunnel electrons to gain enough energy to exceed the band gap
energy of the oxide. As a result, energetic hole-electron pairs are
generated in the silicon substrate. The holes are then injected from the 12
WO 02/0(S-47~ PCT/US0210-4323 substrate into the oxide, where they remain
trapped. A large shift in the threshold voltage of the p-channel MOSFET
results. The device can subsequently be reset by applying a positive gate
bias voltage. Accordingly, particular benefits are realized for
applications in which reprogrammability is 



5 desired or required. Further, such fuse or antifuse elements can be
implemented readily in the context of a MOSFET memory process flow.
Referring again to the drawings, Figure 3 depicts a p-channel MOSFET device
300. The MOSFET device 300 is formed on a substrate 302 and includes a
first source/drain region 304, a second source/drain region 306, and a
channel 10 region 308 in the substrate 302 between the source/drain regions
304 and 306. A gate region 310 is separated from the substrate 302 by a
gate oxide 312. In one embodiment, the first source/drain region 304
includes a source region for the MOSFET, and the second source/drain region
30G includes a drain region for the MOSFET. 15 In the device 300 of Figure
3, both the source/drain regions 304 and 306 are coupled to ground. A large
negative gate bias voltage is applied to the gate region 310 via a wordline
314. This bias voltage generates holes and causes them to jump to the gate
oxide 312. Vox denotes the voltage difference across the tunnel oxide. If
Vox exceeds a critical value, e.g., 8 V, during Fowler 20 Nordhiem
tunneling, the tunnel electrons can gain enough energy to exceed the band
gap energy of the oxide, which is approximately 8-9 eV. Potential drops are
large, and the electrons only have to tunnel a short distance. Once the
electrons are in the oxide, they are accelerated by the high electric
fields and potential drops. They can then gain the 8 eV required to
generate energetic hole 25 electron pairs at the surface of the silicon
substrate 302. The holes are then injected into the oxide. When the
substrate 302 is inverted, an electric field is present in the silicon
substrate 302, and the holes can then be injected from the substrate 302
into the gate oxide 312. The holes remain trapped in the oxide 312 in the p
30 channel MOSFET device 300, as depicted in Figure 4. As a result, a net
positive trapped charge is generated. This positive trapped oxide charge
results in a large 13   WO 02lOCa~7l~ PCT/USll2/11:4323 shift in the
threshold voltage VT of the p-channel MOSFET device 300, as shown in Figure
5. The device 300 can be reset by applying a positive gate bias. Figure 5
is a graph depicting a current signal IBS detected at the second
source/drain region 304 of Figure 3 plotted against a gate voltage VAS with
a 5 drain voltage applied between the first and second source/drain regions
304 and 306. In one embodiment, V65 represents the voltage potential
applied to the gate region 310. In Figure 5, the curve plotted as A depicts
the conduction behavior of an unprogrammed p-channel MOSFET. The curves
plotted as B, C, and D depict the conduction behavior of the same p-channel
MOSFET at various points 10 in time after application of a large negative
gate bias voltage. The p-channel MOSFET device 300 thus has a programmable
and variable threshold voltage. Figure 6 is a flowchart suitable for
explaining a method 600 by which the MOSFET device can be programmed to
achieve embodiments of the present invention. To program the p-channel
MOSFET 15 device 300, the source/drain regions 304 and 306 are both
grounded, as illustrated at a block 602. Next, at a block 604, a large
negative gate potential 



VAS is applied to the gate region 310 via the wordline 314. As shown in
Figure 6, applying the gate potential Vbs causes energetic hole-electron
pairs to be generated in the substrate 302. At a block 606, the holes are
then injected from 20 the substrate 302 into the gate oxide 312, where they
remain trapped. In one embodiment of the present invention, the method is
continued at a block 608 by subsequently operating the p-channel MOSFET
device 300 in a forward direction in its programmed state. Accordingly, the
method includes coupling a sourceline 318 to the source/drain region 306. A
bitline 316 is 25 coupled to the source/drain region 304. A gate potential
is then applied to the gate region 310 via the wordline 314, such that a
conduction channel 308 is formed between the source/drain regions 304 and
306. According to embodiments of the present invention, the device 300 is
used to implement fuse and/or antifuse elements in memory address decode 30
circuits for removing rows with faulty devices and substituting instead
redundant rows in the array, as depicted in Figures 7 and 8.
Advantageously, a separate latch circuit arrangement is not needed in the
embodiments of Figures 7 and 8. 14   VVO 02/(IG;.17G PCT/U S02/0.1323
Further, the arrangement depicted in Figure 8 can be implemented using only
pchannel MOSFET devices of the type illustrated and described above in
connection with Figure 3 and can thus be fabricated in a single well.
Figure 7 illustrates an example integrated circuit 700 that incorporates a
5 programmable fuse, according to an embodiment of the present invention.
In one embodiment, the integrated circuit 700 includes an address decoder
portion for a memory. As shown in Figure 7, the integrated circuit 700
includes a programmable decoder 702. According to this embodiment, the
decoder 702 includes an array of NMOS transistors 704 arranged in a matrix
of rows and 10 columns. According to this embodiment of the present
invention, the array of NMOS transistors 704 are disposed at the
intersection of a number of first transmission lines, shown collectively at
reference numeral 706, and a number of second transmission lines, shown
collectively at reference numeral 708. The 1 S first transmission lines 706
couple an address driver 710 to the array of NMOS transistors 704 in the
programmable decoder 702. In one embodiment, the first transmission lines
706 include a number of address input lines. The second transmission lines
708 couple at least one row driver 712 and at least one redundant row
driver 714 to the array of NMOS transistors 704 in the 20 programmable
decoder 702. While Figure 7 depicts only one row driver 712 and one
redundant row driver 714, it will be appreciated by those skilled in the
art that the integrated circuit 700 may include any number of row drivers
712 and redundant row drivers 714. In one embodiment, the second
transmission lines 708 include a number of output lines. 25 According to a
particular embodiment of the present invention, a programmable fuse 716 is
used to remove rows with faulty devices, e.g., faulty NMOS transistors 704.
In particular, if a row is found to have faulty devices, it is removed by
applying a large negative gate potential to the gate of the programmable
fuse 716, thereby programming it. Redundant rows are 30 substituted in
place of the removed rows. In a method embodiment of the present invention,
address decoding is performed in a memory by coupling first transmission
lines 706, e.g., address 15   WO 02/OCS~7l PCT/US02/Oa323 lines, to a
number of NMOS transistors 704 in the programmable decoder 702. Second
transmission lines 708, e.g., output lines, are also coupled to the NMOS
transistors 704. At least one programmable fuse 716 is used to replace a
faulty row with a redundant row by programming the fuse 716 as described
above in 5 connection with Figure 6. Specifically, a fuse 716 associated
with the faulty row is placed in a programmed state, and a fuse 7l6
associated with a corresponding redundant row is placed in an unprogrammed
state. The fuse 716 associated with the redundant row is placed in the
unprogrammed state by removing the charge trapped in the gate oxide region
adjacent to the source region of the fuse 



10 716. Figure 8 depicts an example integrated circuit 800 that
incorporates a programmable antifuse, according to another embodiment of
the present invention. In one embodiment, the integrated circuit 800
includes an address decoder portion for a memory. As shown in Figure 8, the
integrated circuit 800 15 includes a programmable decoder 802. According to
this embodiment, the decoder 802 includes an array of programmable
antifuses 804 arranged in a matrix of rows and columns. The antifuses are
implemented using MOSFET devices as depicted in Figure 3. According to this
embodiment of the present invention, the array of 20 programmable antifuses
804 are disposed at the intersection of a number of first transmission
lines, shown collectively at reference numeral 806, and a number of second
transmission lines, shown collectively at reference numeral 808. The first
transmission lines 806 couple an address driver 810 to the array of
programmable antifuses 804 in the programmable decoder 802. In one 25
embodiment, the first transmission lines 806 include a number of address
input lines. The second transmission lines 808 couple at least one row
driver 812 and at least one redundant row driver 814 to the array of
antifuses 804 in the programmable decoder 802. While Figure 8 depicts only
one row driver 8l 2 and one redundant row driver 814, it will be
appreciated by those skilled in the art 30 that the integrated circuit 800
may include any number of row drivers 812 and redundant row drivers 814. In
one embodiment, the second transmission lines 808 include a number of
output lines. 16   WO 112/(16y7( PCT/US(12/(1.(323 According to a
particular embodiment of the present invention, a switch 816 is used to
remove rows with faulty devices. In particular, if a row is found to have
faulty devices, it is removed upon closing the switch 816 and causing the
gate-source voltage VAS for each antifuse 804 to increase in magnitude. If
the 5 antifuse is not programmed, the gate-source voltage Vas will exceed
the threshold voltage VT, and the device will conduct, removing the row. If
the antifuse has been programmed with a positive charge trapped in the
gate, it will not conduct, and the row can be selected. 1n this way, the
antifuses 804 are used to select redundant rows to replace faulty rows. As
mentioned above, the 10 arrangement shown in Figure 8 can be implemented
using only p-channel MOSFET devices of the type illustrated and described
above in connection with Figure 3. Thus, the integrated circuit 800 can be
fabricated in a single well. Figure 9 is a block diagram illustrating an
example electronic system 900 according to another embodiment of the
present invention. As shown in Figure 15 9, the electronic system includes
a memory 910 and a processor 920 coupled to the memory 910 by a system bus
930. In one embodiment, the processor and memory are located on a single
semiconductor chip. The memory 910 includes a programmable decoder that has
at least one progammable fuse or antifuse as explained and described in
detail in connection with Figures 7 and 8. 20 Conclusion Accordingly,
techniques for using MOSFET devices as programmable fuse and antifuse
elements has been shown by the present invention. Advantages of the present
invention include reprogrammability of the fuse and antifuse elements, as
well as compatibility with existing MOSFET memory technology. 25 Moreover,
the fuse and antifuse elements of the present invention can be fabricated
on a flash memory chip with little or no modification of the memory process
flow. The various embodiments described above are provided by way of
illustration only and should not be construed to limit the invention. Those
30 skilled in the art will readily recognize various modifications and
changes that can be made to these embodiments without strictly following
the example embodiments and applications illustrated and described herein,
and without 



17   VVO 02/0G;~7G PCT/US02/0.1323 departing from the true spirit and scope
of the present invention, which is set forth in the following claims. 18
WO (12/IIIiS-47C What is claimed is: PCT/US(12/(1~323 1. A programmable
switch element, comprising: a metal oxide semiconductor field effect
transistor (MOSFET) in a ( 5 substrate, the MOSFET having a first
source/drain region, a second source/drain region, a channel region between
the first and second source/drain regions, and a gate separated from the
channel region by a gate oxide; a wordline coupled to the gate; a first
transmission line coupled to the first source/drain region; and 10 a second
transmission line coupled to the second source/drain region, wherein the
MOSFET is a programmed MOSFET having a positive charge trapped in the gate
oxide such that a threshold voltage of the MOSFET is significantly altered
compared to a threshold voltage of the MOSFET in an unprogrammed state. 15
2. The programmable switch of claim 1, wherein the MOSFET is a pchannel
MOSFET. 3. The programmable switch of claim 1, wherein the programmable
switch 20 comprises a programmable fuse. 4. The programmable switch of
claim 1, wherein the programmable switch comprises a programmable antifuse.
25 5. The programmable switch of claim 1, wherein the first source/drain
region of the MOSFET is a source region and the second source/drain region
of the MOSFET is a drain region. 6. The programmable switch of claim 1,
wherein the first transmission line 30 comprises a sourceline and the
second transmission line comprises a bitline. 19  



WO 02/OGS-47G PCT/U S02/0323 7. A method for programming a p-channel MOSFET
in a substrate into a reprogrammable switch, the method comprising:
applying a first voltage potential to a source region of the MOSFET;
applying a second voltage potential to a drain region of the MOSFEET; 5 and
applying a negative gate potential to a gate region of the MOSFET, wherein
applying the first and second voltage potentials and the negative gate
potential causes a hot hole injection from the substrate into a gate oxide
of the MOSFET. 10 8. The method of claim 27, wherein applying the first
voltage potential to the source region of the MOSFET comprises grounding
the source region of the MOSFET. 15 9. The method of claim 27, wherein
applying the second voltage potential to the drain region of the MOSFET
comprises grounding the drain region of the MOSFET. 10. The method of claim
27, wherein applying the negative gate potential to 20 the gate region of
the MOSFET comprises applying a sufficiently large negative gate potential
to form a conduction channel between the source and drain regions of the
MOSFET. 11. The method of claim 27, further comprising operating the MOSFET
in a 25 forward direction in a programmed state by: coupling a sourceline
to the source region; coupling a bitline to the drain region; and applying
a gate potential to the gate region such that a conduction channel is
formed between the source region and the drain region. 20
.AL.A9&?.ALL.AL!9?.AL9
.A99R.AL.AL9?.AL!L?.A9L?.AL9R.AL9?.AL9e.AL9R.A`&R.ALL.AL9,.AL!9R.A!9.AL!`&C
Zn(+6O       



~ytojd_ZU]ca]ca]caU]ca]ca]ca]ca]ca]ca]caV]ca]caU]ca]cRa]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca U]c^a]c^a]c^a]cRa]caU]ca]ca
FUhmo###A$v%%&&&&&Z((***--%..//$///{vqlfa[]ca]]c^a]caU]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca
//=/1$35308589<=>D?@@AA*A;
ACCDDDD%EkEEE!FFGEGGG~ytoje`[V]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]
ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a!GHHjHHHHHHFIIIJUJJJJ,KrKLMM&MpMM
NNNIOO5PPPQ{vqlgb]X]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca!QkQQQQQQqRRS`SSSTSTNUKVcVVV
;WYfY\ZO[U[d[t[`]g]]]
``{vqkfa\W]]]ca]ca]ca]caV]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca!``hccdddddeefgggh\hOiiiijkk(n.n1n<n
Lnnnoppq{vqlgb]X]]]]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca!q"r*rvrLtuuu?vv2w8w;
wFwXwwzVzzi{||<}}9t~m{vqlgb]X]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]caV]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!xv T9[
!1{vqlgb]X]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca!*J`<BEP_]cORzupkfa\W]]]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]c^a]caU]ca!6`<BEP_]cORzupkfa\W]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]]ca]ca]ca]ca]ca&CZniK-!910%&
'()-10%&'()-` 10%&'()- , 10%&'()-10%&'()-L10%&'()-F+]10%&'()-n(6RfE-!910%&'
@ 10%&'()-   @ 10%&'()-10%&'()-  -10%&'()- ,10%&'()-Z910%&'()-FOu
]>-!910%y2f 10%&'()-:!y2f 10%&'()-:&/10%&'()-3# 10%4&'()- !#3# 10%&'()-  3#
10%&'()-         bC!910%10%&'()-l!&10%&'()-9s10%&'()- 10 10
10F=10%&'()-&910%&'()->   !|Z8bC!9!l 10%UU&'()-#!l 10%''&'()-#!l 10%&'()-#
f 10%&'()- 



!_ f 10%&'()-   f 10%&'()- !(zodY:!9!L10%&'()- 10 10 10;s10%&'()-!yl
10%@@&'()-#!l 10%&'()-#!,l 10%--&'()-#oF^<dY:!9!!#`z 10%&'()-!`z
10%&'()-!r`z 10%&'()-10%&'()-10%&'()-!L10%&'()-FeU}hjkyW8-: 10;
s10%&'()-!6YL*10%&'()- !YL*10%&'()- !YL*10%__&'()- !3#y 10%&'()- 3#y 10%
&'()-klmM !"a?: 10!1L10%&'()-!L10%&'()-!mL10%&'()-!~L9!10%22&'()-z!;
L9!10%&'()-z 10 10"###A$$v%^<?: 10!Y+m10%&'()-!Y+m10%&'()-`&*l10%&'()-
&(310%&'()-L&'10%&'()-!@L10%&'()-v%%&&&&&&&{\=10!!910%&'()-L10%&'()- 10 10
10;10%&'()-!210%&'()-!210%MM&'()-&(Z((n)**}^?{\=10!10%&'()-S 10%&'()-!S
10%rr&'()- 10%&'()-
310%&'()-!310%44&'()-**>,--%..}^?{\=10!`0L10%&'()-m&/s10%&'()-3F-
10%&'()-!,@ 10%&'()- !@ 10%&'()- 910%&'()- .////=/01$3{Y710!yS
10%&'()-!c99!10%OO&'()-!p99!10%77&'()-!V99!10%&'()- 10 10
10l610%&'()-$353U456D708zX6{Y710!, 10%JJ&'()-!p, 10%77&'()-!N,
10%XX&'()-!,, 10%&'()-!`, 10%&'()-, 10%&'()-0828384858399::{Z810!!,g
10%&'()-z +,g 10%dd&'()-z!ZL'!10%BB&'()-m !XL'!10%&'()-m  10 10 



10;s10%&'()-:;<<<t==xV7{Z810!3f S 10%*&'()-!`3f S 10%&'()- 3f S
10%%&'()-!,,g 10%&'()-z!,g 10%&'()-z!,g 10%&'()-z=>D?@>@@AAbC8810!
10F7-10%&'()-34310%B&'()- 34310%M&'()-&.`10%&'()-YL--
10%&'()-4&&`10%&'()-9AAA*A;AgBBCgE810! 10! 10%ww&'()-!^ 10%dd&'()-!
10%BB&'()-!910%&'()-L10%&'()- 10 10CCDDDD%EaBE810! 10&:10%&'()-
'10%&'()-3sY 10%&'()-!Y10%&'()-fY 10%&'()- s10%&'()-%EkEEE!FMFFdBE810!
10!9'10%&'()-F9'10%p&'()-F3 %10%&'()-Y9#10%&'()- &!10%&'()-F,
10%&'()-ZFGEGGGHHdEE810! 10!Y410%&'()-
`y2s10%&'()-G110%&'()-s/f10%&'()-3Ys-10%&'()-F`,10%&'()-HjHHHHHHHHxmbC10!
10!LL!10%&'()- 10 10 10;t10%&'()-s9
10%&'()-l710%&'()-G510%&'()-YHFIIIJUJJdEmbC10! 10!10%&'()- y`10%&'()-
10%&'()- y10%&'()-Y10%&'()- f`10%&'()-JJJ,KrKLMdEmbC10!
10!10%&'()-Y-10%&'()-10%&'()-10%&'()-S10%&'()- 10%&'()-MM&MpMM NNdEmbC10!
10!&10%"&'()-F%&10%&'()- #'10%&'()-!10%&'()- f
@10%&'()-s10%&'()-NNIOO5PPPdEmbC10! 10!3410%&'()-2`10%&'()- 



,/,10%&'()--10%&'()- +10%&'()-9*10%&'()-PQkQQQQQQQxmbC10! 10!910%&'()- 10
10 10;s10%&'()-&&910%&'()-7 10%&'()-5T 10%&'()- QQqRRS`SSdEmbC10! 10!
10%&'()- L10%&'()- 10%&'()- 10%&'()-t10%&'()-!L10%&'()-SSTSTNUUKV^?mbC10!
10S 10%&'()-!S 10%&'()-! 10%&'()-Y10%&'()-10%&'()-M10%&'()- KVcVVV;
WXYaBmbC10! 103% 10%&'()-`!#3% 10%&'()-`#10%&'()- !10%&'()- S 10%&'()-
S10%&'()-YfY\ZO[R[S[T[U[d[}rg\=10! 10L10%&'()- 10 10 10;10%&'()-!# 0f
10%&'()-! 0f 10%&'()-&,/`10%&'()- d[t[\]]]~_z[9g\=10! !yS
10%&'()-310%&'()-! 10%ZZ&'()-!T 10%&'()-!{ 10%////&'()-!910%&'()-~_
```bhcc}[9g\=10! !ly2410%&'()-!1  % 10%&'()-!  % 10%&'()-#910%&'()- ,
10%L&'()-!;yS 10%&'()-cddddddde~_@10! !910%&'()-!910%&'()-L10%&'()- 10 10
10`;10%&'()-!ly2410%&'()-eefgggh}^?~_@10! ! 



10%&'()-S10%&'()-!S10%&'()-!q3`10%LL&'()-Y :10%&'()- s10%&'()-
h\hhOiiiiVja?~_@10! !! !10%&'()-Z@
10%&'()-`10%&'()-G10%&'()-m!G10%&'()-m10%&'()- Vjjkk4m(n+n,n^?4@10 10L;
10%&'()-!@3-- 10%&'()-!3-- 10%&'()-9,'10%&'()- &&:10%&'()-
!10%&'()-Z,n-n.n<nLnnnuomK@10 10L! 10%LL&'()-m310%&'()- y10%&'()-
!910%&'()-Ls10%&'()- 10 10uoooppq"r^?K@10 10`10%&'()-!yf 10%&'()-m10%&'()-
! M10%&'()-3 M10%E&'()-3 10%&'()-m"r*rvrsLt;uu}[<K@10 10l(T 10%&'()-!l(T
10%&'()-!s10%&'()-`!s10%&'()-`10%&'()- `10%&'()-uuu?vvv2waBK@10
109F7M10%&'()-333S 10%&'()-!33S 10%&'()-9S2g10%&'()-
0l10%&'()-&,/10%&'()-2w5w6w7w8wFwXww<xb@10 10!+Ff 10%L?L?&'()-10%&'()-
!910%&'()-L10%&'()- 10 10 10&;10%&'()-<xxzVzzi{|zX6b@10
!G10%&'()-!G10%||&'()-!Ff 10%&'()-Ff 10%&'()-!_Ff 10%&'()-!Ff
10%@@&'()-||<}}e~9^<b@10 !!Yf2z
10%&'()-!(3(F10%&'()-L!3(F10%&'()-L&`10%&'()-  3%10%&'()- , `10%&'()-t~_@10
!!10%&'()-!&10%&'()-`10%&'()- 10 10 10`;10%&'()-!Yf2z 10%&'()-t~2mzX6~_@10
!,33y 10%&'()-!33y 10%&'()-!33y
10%&'()-T10%&'()-!^FZ10%&'()--!FZ10%.A.A&'()--mx1vdB~_@10 



!,33!5 10%&'()-5 10%&'()-f210%&'()-s/10%&'()-l-10%&'()- s+10%&'()-v~\=10
!,10%&'()-!hLL!10%77&'()-!fLL!10%&'()- 10 10 10;10%&'()-910%&'()-Y {Y7~\=10
!! 3" 10%&'()-! 3" 10%gg&'()-  3" 10%&'()-!10%&'()-`!10%&'()-`l10%&'()-4
T9#zX9~\=10 !!s9 10%&'()-!l0T 10%  &'()-!l0T
10%&'()-!F,10%&'()-F!F,10%jj&'()-FLL*10%&'()- TF{Y710
!!L9'!10%\0\0&'()-!~mL9'!10%22&'()-!fL9'!10%&'()-!1L9'!10%&'()- 10 10 10`;
10%&'()-[zX6{Y710 !F9*10%&'()-!9&`10%LL&'()- l%l10%&'()-!Fg 10%&'()-!Fg
10%&'()-!Fg 10%&'()-& }[<171 10`;10%&'()-!l 4G10%&'()-9!l
4G10%&'()-9&y210%&'()- ` 110%&'()-!F9*10%&'()-!1mNC810 10 10s;10%&'()-l
10%&'()-10%&'()-G!910%&'()-L10%&'()- 10 10 L*vT2NC8!U`&10%uu&'()- !
`&10%&'()-  `&10%&'()- !910%-u&'()-S&10%-u&'()- L10%-u&'()- 10*J`|Z;
2NC8!U#10%-u&'()-4!(- 10%UU&'()-$!- 10%8u8u&'()-$10%-u&'()- ! 



`&10%&'()-   `&10%i&'()- `aB2NC8!U9410%-u&'()-F&l110%-u&'()-!-
10%=U=U&'()-* 10%-u&'()- (10%-u&'()-F%@10%-u&'()-
<?@ABP_bC8!US@10%&'()-!`10%&'()-Ls10%&'()- 10-u 10-u
10-u99<10%-u&'()-39610%-u&'()-G]cORaBbC8!Us10%&'()-fS10%&'()-!fS10%$$&'()-1
0%&'()-, -10%&'()-,910%&'()- R2dBbC8!U!1s# 10%&'()-Zy 10%&'()-@f
10%&'()-y10%&'()-yL10%&'()-yS10%&'()-26b}[9bC8!!F1`10%&'()-3!F1`10%''&'()-3
!-10%EE&'()-@,10%&'()-)`10%&'()-!(s#
10%&'()-Z6b}[9bC8!!F1`10%&'()-3!F1`10%''&'()-3!-10%EE&'()-@,10%&'()-)`10%&'
()-!<10%&'()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading
43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading
93]c"A "Default Paragraph Fontl#,45>ENTXa-k7t}A//GQ`qhijklmnopqn
!Fk"v%&*.$308:=AC%EFHHJMNPQSKVYd[~_cehVj,nuo"ru2w<x|tmv
*`R2rstuvwxyz{|}~6Times New RomanArialCourier New"h Root
EntryWordDocument$g   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


