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Description

FIELD OF THE DISCLOSURE

[0001] The present disclosure relates to memory circuits, and more particularly, to integrated antifuse programmable
memory.

BACKGROUND

[0002] Programmable memory devices such as programmable read-only memory (PROM) and one-time programma-
ble read-only memory (OTPROM) are typically programmed by either destroying links (via a fuse) or creating links (via
an antifuse) within the memory circuit. In PROMs, for instance, each memory location or bit contains a fuse and/or an
antifuse, and is programmed by triggering one of the two. Once programming is performed, it is generally irreversible.
The programming is usually done after manufacturing of the memory device, and with a particular end-use or application
in mind.
[0003] Fuse links are commonly implemented with resistive fuse elements that can be open-circuited or ’blown’ with
an appropriate amount of high-current. Antifuse links, on the other hand, are implemented with a thin barrier layer of
non-conducting material (such as silicon dioxide) between two conductor layers or terminals, such that when a sufficiently
high voltage is applied across the terminals, the silicon dioxide or other such non-conducting material is effectively turned
into a short-circuit or otherwise low resistance conductive path between the two terminals.
[0004] Conventional fuse and antifuse links for use in programming memory are associated with a number of problems,
including a number of non-trivial design and layout considerations. US6243294 B1 discloses an array of one-time
programmable non-volatile memory cells each including a storage transistor and an access transistor coupled to one
another. The memory cells can be programmed by selecting a word line and a bit line associated with the memory cell
being programmed. A zero voltage is applied to a third signal line coupled to the memory cell and extending parallel to
the word line. A programming voltage is applied to the selected bit line to program the memory cell.
[0005] US2007/0076463A1 discloses a one-time programmable (OTP) cell including an access transistor coupled to
an antifuse transistor. In one embodiment, access transistor has a gate oxide thickness that is greater than the gate
oxide thickness of the antifuse transistor so that if the antifuse transistor is programmed, the voltage felt across the
gate/drain junction of the access transistor is insufficient to cause the gate oxide of the access transistor to break down.
[0006] US 6115283 describes a capacitor-type anti-fuse wherein capacitance elements having the same structure as
memory cell capacitors are arranged alignedly along a row or column direction and coupled in parallel with each other
for implementing a capacitor-type anti-fuse.
[0007] US2005247997 A1 describes a fuse resistance monitoring system comprising at least one non-regenerative
sense amplifier; at least one fuse module having at least one fuse cell coupled to a first terminal of the sense amplifier;
and a reference resistor coupled to a second terminal of the sense amplifier, wherein a source voltage node between
the fuse module and the sense amplifier is monitored to reflect a resistance of the fuse cell.
[0008] US 6618311 describes a fuse state sensing circuit that senses the state of a fuse, which is coupled between
a ground rail and a fuse state sensing node.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Figure 1a illustrates an antifuse memory device configured in accordance with an embodiment of the present in-
vention.
Figure 1b illustrates an antifuse memory device configured in accordance with another embodiment of the present
invention.
Figure 2 illustrates an example bitcell that can be used in the devices of Figures 1a and 1b, configured in accordance
with an embodiment of the present invention.
Figure 3 illustrates an example program mode operation of a memory device configured in accordance with an
embodiment of the present invention.
Figure 4 illustrates an example sense mode operation of a memory device configured in accordance with an em-
bodiment of the present invention.
Figure 5 illustrates example sense circuitry that can be used in the devices of Figures 1a and 1b, in accordance
with an embodiment of the present invention.
Figure 6 illustrates an example level shifter circuit that can be used in the devices of Figures 1a and 1b, in accordance
with an embodiment of the present invention.
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Figure 7 illustrates an example pull-down circuit that can be used in the device of Figure 1b, in accordance with an
embodiment of the present invention.
Figure 8 illustrates a computing system configured with an antifuse memory array in accordance with an embodiment
of the present invention.

DETAILED DESCRIPTION

[0010] A memory device according to the invention is set out in the appended claims.
[0011] Techniques and circuitry are disclosed for efficiently implementing programmable memory array circuit archi-
tectures, such as PROM, OTPROM, and other such programmable non-volatile memories. The circuitry employs an
antifuse scheme that includes an array of memory bitcells, each containing a program device and an antifuse element
for storing the memory cell state. The bitcell configuration, which can be used in conjunction with column/row select
circuitry, power selector circuitry, and/or readout circuitry, allows for high-density memory array circuit designs and
layouts. The techniques can be embodied, for example, in discrete memory devices (e.g., non-volatile memory chips),
integrated system designs (e.g., purpose-built silicon), or on-chip memory (e.g., microprocessor with on-chip non-volatile
cache).

General Overview

[0012] The techniques disclosed herein allow for building high-density non-volatile memory arrays using antifuse
technology. Antifuse technology has a number of benefits over conventional fuse technology, and when employed as
described herein, allows for simplification of bitcells and peripheral circuitry.
[0013] For instance, programming of antifuse elements requires only a relatively high-voltage difference across a
capacitor or other suitable antifuse element, which is in contrast to fuse-based technology which depends on high-
current. Thus, using antifuses instead of fuses leads to reduced current delivery requirements and associated IR drops.
In addition, the elimination of high current further allows for better yield due to potentially reduced row dependence, as
well as test time reduction via multi-bit programming.
[0014] Normally, high-voltages used to program an antifuse give rise to a unique set of design problems, particularly
with respect to damaging peripheral componentry that is exposed to the high-voltage. In addition, conventional antifuse
bitcells are associated with problems, such as unintended leakage of the sense current signal to the common bulk of
the bitcell (such as the substrate). However, the techniques disclosed herein address such problems, and allow the
bitcells to use smaller access transistors which effectively leads to reduced overall die area of the memory device.
[0015] In more detail, and in accordance with one example embodiment, a programmable ROM device includes an
array of rows/columns of antifuse bitcells and peripheral circuits, wherein each column has rows of antifuse bitcells, a
column selector, a power selector circuit, and sense circuitry. Each bitcell may include, for example, one thick gate
PMOS programming transistor and one programmable antifuse element (i.e., a two element bitcell). The antifuse element
may be realized, for example, utilizing the gate oxide of logic or analog thin gate NMOS transistors. The sense circuitry
generally allows for readout of a bitcell or groups of bitcells. Row and column decoding logic circuits allows selection of
particular bitcells for programming or readout. Level shifters can be provided at voltage domain boundaries, for adjusting
voltage levels between nominal and high voltages.
[0016] The antifuse-based programmable memories described herein can be used in numerous applications, such as
discrete memory devices as well as in microprocessors or other on-chip programmable memory applications, where the
programmable nature enables functions such as cache repair, post-silicon circuit trimming/tuning, code storage, and
security applications such as on-chip encryption key storage. Other suitable applications will be apparent in light of this
disclosure, due to lower physical damage rates enabled by the antifuse bitcell configuration or overall array design.

Memory Device Architecture

[0017] Figure 1a illustrates an antifuse memory device configured in accordance with an embodiment of the present
invention. As can be seen, the device includes column select circuitry, row select circuitry, power selector circuitry, and
an MxN array of bitcells (only 2x2 array is shown, but M and N can be any integer values, as will be apparent in light of
this disclosure. The actual array size will depend on the given application. Specific examples include a 32-row by 32-
column organization, a 64-row by 64-column organization, or a 32-row by 128-column organization. Further note that
the number of rows M need not match the number of columns N.
[0018] In this example configuration shown in Figure 1a, each of the N columns share a common power selector
circuit. As such, the gate lines (gl0, gl1, ..., glN-1) are connected together to effectively provide a gate line node, which
is driven by the power selector circuit. One terminal of the antifuse element C in each bitcell of a column is connected
to a corresponding gate line. The power selector circuit, which in this example embodiment includes a thick gate PMOS
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transistor and two thick gate NMOS transistors serially connected, is configured to provide one of two voltages on the
gate line node. In the example shown, these two voltages effectively are Vss (e.g., 0V) during programming, or Vcc
(e.g., 1.1V) after programming. Note that after programming the device, the high-voltage nodes generally designated
HV in the figures can be tied to Vcc or other appropriate nominal voltage supply (i.e., high voltage supply would no longer
be needed after programming), if so desired. The gate of the PMOS transistor is driven by a logic signal, sense, which
is adjusted and inverted by a level shifter LS configured to interface the nominal voltage domain (e.g., Vss to Vcc, such
as 0 to 1.1V) with the high-voltage domain (e.g., Vss to HV, such as 0 to 4V). The gate of the top NMOS transistor of
the power selector circuit is connected to Vcc, and the gate of the bottom NMOS transistor is driven by a logic signal,
prgctl. The output of the power selector circuit is taken at the drain of the PMOS transistor.
[0019] Table 1 illustrates the output of the power selector circuit given the state of its input logic signals, sense and
prgctl, in accordance with one example embodiment of the present invention. For this example configuration, assume
a logic low equals 0V, a logic high equals 1.1V, Vcc equals 1.1V, Vss equals 0V, and HV = 4V. Note, however, that any
suitable power/logic schemes can be used and the claimed invention is not intended to be limited to any particular one
or set. Further note that reasonable tolerances may be applied to both power and logic levels (e.g., +/-20%), as long as
proper functionality can be achieved within those tolerances.

[0020] Each column is associated with its own source line (sl0, sl1, ..., slN-1), and each source line is driven by a
corresponding column select circuit included in the column select circuitry. In this example embodiment, each column
select circuit includes a PMOS transistor (p0, p1, ..., pN) that has its gate directly driven by a level shifter LS which is
directly controlled by a corresponding column signal (e.g., col0, col1, ..., colN). The level shifters can be implemented,
for example, as shown in Figure 6. As can be seen with that example level shifter circuit, a low level (0V) input signal
provides a high-voltage (HV) output signal. Other suitable level shifter circuits will be apparent in light of this disclosure,
and the claimed invention is not intended to be limited to any particular one; rather, any circuitry capable of converting
from one voltage domain to another can be used, assuming more than one voltage domain is desirable. Table 2 illustrates
the output of a level shifter given the state of its input, in accordance with one example embodiment of the present invention.

In operation, a logic high column signal (e.g., col0, etc) causes the corresponding level shifter LS to output a logic low,
which in turn cause the corresponding PMOS transistor to turn on (closed switch), effectively selecting that column for
programming, as will be explained in turn. On the other hand, a logic low column signal causes the corresponding level
shifter to output a logic high, which in turn cause the corresponding PMOS transistor (e.g., p0, etc) to turn off (open
switch), effectively deselecting that column. With further reference to Figure 1a, source lines (sl0, sl1, ..., slN-1) become
respective bit lines (bl0, bl1, ..., blN-1), each of which is connected to its own sense circuitry. The sense circuitry will be
discussed in more detail with reference to Figure 5.
[0021] Thus, in this example embodiment of Figure 1a, each column includes a PMOS transistor (p0, p1, etc) for
column selection, M rows of bitcells, and sense circuitry. A common power selector circuit drives the common gate line
node shared by all gate lines (gl0, gl1, etc). In addition, the row select circuitry of this example embodiment is implemented
with M level shifters LS, which can be configured in a similar fashion to the level shifter included in the power selector
and/or column select circuitries. Each level shifter is driven by a corresponding logic signal (e.g., row0, row1, ..., rowM),
and outputs a corresponding word line (wl0, wl1, ..., wlM-1). The column and row select circuitries can be controlled to
select specific bitcells (or groups of bitcells) for either programming (where data is written to a cell) or sensing (where
data is read from a cell).

Table 1: Power Selector Logic/Output

sense prgctl output to common gate line node

low low don’t care

low high Vss

high low Vcc

high high not applicable

Table 2: Level Shifter Logic/Output

Input Output

low (e.g., 0V) high (e.g., 4V)

high (e.g., 1.1V) low (e.g., 0V)
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[0022] As previously explained, each bitcell of the MxN array includes a program device and an antifuse element for
storing the memory cell state. In the example embodiment shown, the program device is implemented with a thick gate
PMOS transistor T, and the antifuse element is implemented with a thin gate oxide capacitor C. Further details of an
example bitcell will be discussed with reference to Figure 2. In addition, details with respect to programming and reading
a bitcell will be discussed with reference to Figures 3 and 4, respectively. To assist in that discussion, Tables 3 and 4
are provided, which demonstrate the operation of the thick gate PMOS transistors (generally depicted with a bold line
at the gate) and NMOS transistor (generally depicted with a relatively thin line at the gate), respectively, in accordance
with one example embodiment of the present invention. Note that other devices included in the memory device can be
thick gate or thin gate. Further note that if the antifuse element C does not require a high voltage for triggering, then
even the program device T in the antifuse cell can have a thin gate.

[0023] Figure 1b illustrates an antifuse memory device configured in accordance with another embodiment of the
present invention. The bitcells, row select circuitry, and sense circuitry can be configured and implemented in the same
fashion as in the embodiment shown in Figure 1a, and the related previous discussion is equally applicable here.
However, in this alternative embodiment, each column is associated with its own power selector circuit. In more detail,
each of the gate lines (gl0, gl1, ..., glN) becomes a corresponding bit line (bl0, bl1, ..., blN), each of which has its own
sense circuitry and column select circuit. Each column select circuit is driven by a level shifter LS as previously described
with reference to Figure 1a. This embodiment in Figure 1b further includes control circuitry for driving each level shifter.
As can be seen, the control circuitry in this example embodiment is implemented with a dual input OR-gate, and the two
inputs to the control circuitry are column control signal (e.g., colO, coll, etc) and a common antifuse sense signal (sense).
In addition, each of the source lines (sl0, sl1, ..., slN) connects to a pull-down circuit (PD).
[0024] The pull-down circuits can be implemented, for example, as shown in Figure 7, which includes two serial gates
configured as commonly done for pull-down functionality. In particular, the upper transistor essentially holds the line at
some relatively high potential such as Vcc; when pull-down is enabled (e.g., when the pull-down enable signal is logic
high), the lower transistor turns-on and switches in a relatively lower potential such as ground, thereby pulling down the
corresponding source line (sl0, sl1, etc). As can be seen in the particular example of Figure 7, the pull-down circuit is
enabled or effectively turned on to pull-down the corresponding source line (sl0, sl1, etc) to Vss (which is ground in this
example), when pull-down enable signal is active, during programming mode. The pull-down enable signal may be a
dedicated control signal, or representative of a collection of logic signals that indicate pull-down is necessary. In operation,
for cells in the selected row but not the selected column, the pull-down enable signal is active thereby enabling the
corresponding pull-down circuit to pull-down the corresponding source line. For cells in the selected row and the selected
column, the pull-down enable signal is inactive thereby disabling the corresponding pull-down circuit. During sensing
mode, the pull-down circuits are disabled. Other suitable pull-down circuits will be apparent in light of this disclosure,
and the claimed invention is not intended to be limited to any particular one; rather, any circuitry capable of pulling down
unselected column source lines for a selected row during programming mode, and not pulling down selected column
source lines of a selected row during programming mode or any column source line during sensing mode, can be used
here.

Bitcell

[0025] Figure 2 illustrates an example bitcell that can be used in the devices of Figures 1a and 1b, configured in

Table 3: Thick Gate PMOS Transistor 
Switching

Gate Switch State

low (e.g., 0V) On (closed)

high (e.g., 4V) Off (open)

Table 4: Thin Gate NMOS Transistor 
Switching

Gate Switch State

low (e.g., 0V) Off (open)

high (e.g., 1.1V) On (closed)
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accordance with an embodiment of the present invention. As can be seen, the access element of this particular embod-
iment is implemented with a single access transistor T, and the antifuse element is implemented with a single gate oxide
capacitor C. The antifuse element stores the bitcell state (1 or 0), and the access device provides access to the antifuse
element for either programming or readout. Variations on this configuration will be apparent in light of this disclosure
(such as configurations with two gate oxide capacitors C and/or two access transistors T, etc, as well as configurations
implemented for non-high voltage applications).
[0026] The access transistor T can be implemented, for example, with a thick gate PMOS transistor that can withstand
high-voltages. Note that if high-voltage is not needed for programming, then the access transistor T can be implemented,
for example, with a thin gate PMOS transistor if so desired. The P+ regions provide the source and drain, and the N+
region provides an ohmic body tied to the N Well (if absent, the N Well would float). A number of access transistor T
configurations will be apparent in light of this disclosure, and the claimed invention is not intended to be limited to any
particular type (e.g., PMOS, NMOS, thin or thick gate, etc). In this example embodiment, the word line is connected to
the gate, the source (or drain) is connected to the source line, and the drain (or source) is connected to the gate electrode
of the antifuse element.
[0027] The antifuse element C is based on an NMOS transistor having its source and drain tied together, and may
exercise a thin analog or logic gate oxide, thereby enabling a lower HV supply level necessary for device breakdown
(programming). The antifuse element C of this example includes NMOS sitting in an N Well. Without an N Well, the
sensing current can flow into the common bulk material without going though the sense amplifier. Given this unintended
leakage, the sense amplifier is unable to compare that current with a reference current, potentially leading to an incorrect
state being sensed. In contrast, for a bitcell configured with NMOS sitting in an N Well (as the example shown in Figure
2), the post-breakdown current is contained within an N Well and can therefore be directed to the sense amplifier. By
comparing the current with a reference, the sense amplifier can readout the correct state. The gate electrode of the
antifuse element C is formed on the gate oxide (or other suitable gate insulator) and can be configured, for example,
with an n+ polysilicon. The gate electrode is one terminal of the antifuse element (which is connected to the access
device as previously explained), and the strapped source/drain forms the other terminal which is connected to the gate line.
[0028] Thus, the N Well surrounding the N+ source/drain of the antifuse capacitor C enables current path isolation
and facilitates simpler sensing circuits (e.g., such as those described with reference to Figure 5). The two sets of N Wells
(associated with both devices T and C) can be shared across the entire array. This eliminates the need for multiple N
Well contacts and allows area efficient bit cell layouts. For instance, and in accordance with one example embodiment,
measured area of the bit cell layout is about 1.08mm2 (2.32mm x 0.464mm), although other sizes can be implemented
if so desired. Standard semiconductor processes suitable for implementing metal oxide devices (e.g., epitaxial growth,
photolithograpy, chemical vapor deposition, doping, etc) can be used to fabricate the bitcell.
[0029] Thus, as will be appreciated in light of this disclosure, the bitcell structure disclosed herein may employ features
from both PMOS and NMOS devices. A regular inversion mode NMOS transistor, when used as an antifuse, generally
has a lower breakdown voltage (e.g., 500 to 1000 mV lower) than does a regular inversion mode PMOS transistor. As
such, an NMOS transistor requires a lower programming voltage, which leads to lower oxide reliability risk on peripheral
circuitry. On the other hand, NMOS transistors are susceptible to post-breakdown current leakage into the substrate,
that may lead to readout inaccuracy. The example bitcell structure illustrated in Figure 2 features the lower gate breakdown
voltage of an NMOS device and the leakage containment of a PMOS device. As will further be appreciated, antifuse
elements according to an embodiment of the present invention can be designed either in separate N-wells (as shown)
or in common wells applied to multiple bitcells of the array (e.g., an entire row).
[0030] The post-breakdown oxide resistance of a triggered antifuse element C is generally a relatively low value, such
as 10KΩ or less, whereas the pre-breakdown oxide resistance of an untriggered antifuse element C is very high (e.g.,
1MΩ or higher). In one example embodiment, the pre/post resistance ratio is about 50 to 150 (e.g., 105), with an HV
between 3.5V-4V (although other suitable programming voltages can be used). In a more general sense, any post-
breakdown gate oxide resistance that is distinguishable relative to the pre-breakdown gate oxide resistance can be
used, so as long a clear distinction between programmed and non-programmed bitcells is allowed.

Bitcell Programming

[0031] Figure 3 illustrates a program mode operation of a memory device configured in accordance with an embodiment
of the present invention. This particular memory device is similar to that shown in Figure 1a.
[0032] For programming a bitcell, the respective column is first selected, via the corresponding column select circuitry.
Note that all columns along a selected row can be simultaneously programmed if so desired, enabling multi-bit program-
ming as well as test time reduction. In the example shown, coll signal is set to logic high (1.1V, or other suitable logic
high level), which is applied to the input of the corresponding level shifter LS. The output of the level shifter is logic low,
which causes the corresponding PMOS transistor p1 to turn on, thereby placing a high-voltage (HV, such as 4V or other
suitable high-voltage level) on the selected bit line (bl1 in the example case shown in Figure 3). As can further be seen,



EP 2 513 909 B1

7

5

10

15

20

25

30

35

40

45

50

55

column 0 is not selected in this example (col0 is set to logic low) which causes the corresponding PMOS transistor p0
to turn off. As such, the corresponding source line (sl0), which becomes bit line (bl0), is left in a floating state.
[0033] The sense signal is set to logic low (0V, or other suitable logic low level) to effectively disable sense mode. In
addition, by setting the pgmctl signal to high (about 1.1V, or other suitable logic high level), the power selector circuitry
is setup to drive Vss (0V or ground, in this example case) onto the gate line node (essentially a shared network in Figure
1a), such that each of the gate lines (gl0, gl1, ..., glN) is at 0V.
[0034] The respective row (row0 in this particular case) is then selected by setting the row0 signal to high, which
causes the corresponding level shifter of that row select circuit to drive a logic low signal (e.g., 0V) onto the corresponding
word line wl0. This low word line signal wl0 causes the thick gate PMOS access transistor T of that bitcell (lower left
cell, generally designated as programmed cell in Figure 3) to turn on (close), thereby allowing the HV (4V in this example)
on the bl0 to be applied across the antifuse element C of that cell, which in turn causes oxide stress and eventual
programming of that cell. Recall that the other side of the antifuse element C is at 0V potential, so a total of about 4V is
dropped across the antifuse element for programming.
[0035] Other embodiments may use a larger or smaller potential difference, depending on factors such as the semi-
conductor materials with which the bitcell is made and what is needed to cause sufficient oxide stress for programming.
In general, thick gate PMOS devices are able to endure about 4V (or higher) across their gate oxide for short programming
intervals. However, NMOS devices (although thick gate) cannot sustain such high voltages. Hence, during programming,
such NMOS devices that are exposed to HV must be protected, for example, by adopting a cascode connection, which
involves additional bitcell componentry to ensure the reliability and lifetime of the array. Note that after programming the
device, the high-voltage nodes can be tied to Vcc or other suitable nominal supply (i.e., high voltage would no longer
be needed after programming).
[0036] Programming for the embodiment shown in Figure 1b can be carried out in a similar fashion, but with some
differences as will be appreciated in light of this disclosure. In particular, during programming, the sense signal is set to
logic low (e.g., Vss or 0V) to effectively disable the sense mode, and the prgctl signal is set to logic high (e.g., Vcc or
1.1V). If the lower left cell (row0, coll) is selected for programming (as generally shown in Figure 3), then the row0 and
coll signals are each set to logic high. These selections in turn cause a number of circuit responses.
[0037] In particular, the output of the OR-gate in the column select circuit for column 1 outputs a logic high, which is
applied to the input of the corresponding level shifter LS. The output of the level shifter is low, which causes the corre-
sponding PMOS transistor p1 to turn on, thereby placing a high-voltage (e.g., 4V or other suitable logic high voltage
level) on the source line sl1. The corresponding pull-down circuit is disabled. In addition, by setting the pgmctl and coll
signals to high (e.g., 1.1V or other suitable logic high level), the power selector circuit for column 1 is setup to drive Vss
(e.g., 0V or other suitable logic low level) onto the gate line gl1, which is also the bit line bl1.
[0038] Also, by setting the row0 signal to high, the corresponding level shifter drives a logic low signal (e.g., 0V) onto
the corresponding word line wl0. This low word line signal wl0 causes the thick gate PMOS access transistor T of that
bitcell (lower left cell, designated as programmed cell in Figure 3) to turn on (close), thereby allowing the HV (e.g., 4V)
on the sl0 to be applied across the antifuse element C of that cell, which in turn causes oxide stress and eventual
programming of that cell. Recall that the other side of the antifuse element C is at 0V potential (by way of the stacked
NMOS transistors of the corresponding power selector circuit), so a total of about 4V is dropped across the antifuse
element to induce oxide breakdown for programming.
[0039] For cells at unselected rows, such as row 1, signal row1 is set to low (e.g., Vss), causing word line wl1 to be
at high voltage level, thereby turning off the PMOS access transistors T driven by wl1, so as to inhibit antifuse programming
on that row. For cells in the selected row but not the selected column, such as the lower right cell (row0, col0), the PMOS
column select transistor p0 is off, due to the col0 and sense signals being low. The corresponding source line sl0 is
pulled down by the corresponding pull-down circuitry. After programming, the high-voltage node can be tied to Vcc or
other suitable nominal supply (i.e., high voltage would no longer be needed after programming).

Bitcell Sensing

[0040] Figure 4 illustrates a sense mode operation of a memory device configured in accordance with an embodiment
of the present invention. This particular memory device is similar to that shown in Figure 1a.
[0041] For sensing, all column select PMOS devices (p0, p1, etc) of the column select circuitry are shut off by setting
all column select signals (col0, col1, etc) to 0V. In this example, the high-voltage supply HV node is tied to or otherwise
maintained at the nominal voltage level Vcc (e.g., 1.1V). The power selector circuit applies the nominal supply voltage
level (e.g., 1.1V) on the gate line node, due to the sense signal being set to high (e.g., 1.1V) and the pgmctl signal being
set to low (e.g., 0V). The desired word line (wl0, in this example) is set to low (due to row0 signal being set to high) to
open all the access transistors T of the bitcells along the row. A voltage division is thus created between the antifuse
capacitor resistance (pre/post breakdown resistances for unprogrammed/programmed cells, respectively) and a voltage
divider within the sense circuitry, allowing for readout of the cell. During sensing, all columns along a row are sensed
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simultaneously.
[0042] As can be seen with the example sense amplifier configuration shown in Figure 5, the voltage divider can be
made tunable to facilitate process learning and margin mode measurements, as is sometimes done. This voltage divided
signal is passed through a thick gate transmission gate to an analog P/N ratio skewed inverter. The transmission gate
also protects downstream components such as the analog inverter from the high-voltage bit lines during programming.
A logical high or low value is delivered at the output (Dout) for unprogrammed/programmed cells. The sense signal
effectively enables the sense amplifier, and is provided via a level shifter in this example configuration. Any number of
other suitable sense amplifiers can be used here, as will be apparent in light of this disclosure, and Figure 5 is merely
one example. For instance, the voltage divider and transmission gate are provided with thick gate PMOS transistors in
this example. In other embodiments, the voltage divider and transmission gate can be thin gate construction, if so desired,
given the removal of high-voltage after programming. The claimed invention is not intended to be limited to any particular
sense circuit; rather, any circuitry capable of reading out a bitcell value can be used. Recall, however, that given the
current path isolation surrounding the N+ source/drain of the antifuse device C (e.g., N Well in case of the example
shown in Figure 2), the readout current is generally more accurate and the sense amplifier need not be configured to
calibrate for current loss to bulk material as necessitated by conventional antifuse elements.
[0043] Sensing for the embodiment shown in Figure 1b can be carried out in a similar fashion, but with some differences
as will be appreciated in light of this disclosure. During sensing, all column signals (col0, col1, etc) and the prgctl signal
are set to logical low (e.g., Vss), and the sense signal is logical high (e.g., Vcc). In addition, all pull-down circuits are
disabled (e.g., pull-down enable signal set to logic low). If row 0 is selected for readout (as generally shown in Figure
4), then the row0 signal is set to logic high. These selections in turn cause a number of circuit responses.
[0044] In particular, the output of the OR-gate in each column select circuit outputs a logic high (due to sense signal
being high), which is applied to the input of the corresponding level shifter LS. The output of the level shifter is low, which
causes the corresponding PMOS transistor (p0, p1, etc) to turn on, thereby placing a logic high on each of the source
lines (sl0, sl1, etc). Recall that the high-voltage HV node can be tied to nominal Vcc after programming is completed.
Thus, Vcc is shown in the sensing example of Figure 4, while HV is shown in the programming example of Figure 3. So,
the source lines (sl0, sl1, etc) can actually be at Vcc (e.g., 1.1V) during post-programming sensing operations. The
desired word line is set to low (due to that corresponding row signal being set to high) to open all the access transistors
T of the bitcells along that row. A voltage division is thus created between the antifuse capacitor resistance (pre/post
breakdown resistances for unprogrammed/programmed cells, respectively) and a voltage divider within the sense cir-
cuitry, allowing for readout of the cell. During sensing, all columns along a row are sensed simultaneously. The antifuse
elements can then be sensed (read) row by row, just as with the embodiment shown in Figure 1a.

System

[0045] Figure 8 illustrates a system configured with an antifuse memory array in accordance with an embodiment of
the present invention. The system can be, for example, a computing system (e.g., laptop or desktop computer, server,
or smart phone) or a network interface card or any other system that employs non-volatile memory. As will be appreciated,
memory technology effectively has an almost unlimited number of applications at the system level, and the specific
system shown is merely provided as an example.
[0046] As can be seen, the system generally includes a ROM and central processing unit (CPU, or processor) configured
with on-chip cache. Any suitable processor can be used, such as those provided by Intel Corporation (e.g., Intel® Core™,
Pentium®, Celeron®, and Atom™ processor families). The processor can access its on-chip cache and/or the ROM
and execute functionality particular to a given application, as commonly done. Each of the ROM and/or on-chip cache
can be implemented as an antifuse memory device, as described herein. Other system componentry (such as display,
keypad, random access memory, co-processors, bus structures, etc) are not shown, but will be apparent given the
particular system application at hand.
[0047] Numerous embodiments and configurations will be apparent in light of this disclosure. For instance, one example
embodiment of the present disclosure provides a memory device that includes an array of bitcells, each bitcell having
two elements including a single antifuse element for storing a bitcell state and a single access element for providing
access to the antifuse element for bitcell programming and readout. The device further includes power select circuitry
for biasing a gate line of the array to a first voltage level for bitcell programming and a second voltage level for bitcell
readout, the gate line connected to at least one of the antifuse elements. The access element can be, for example, a
MOS transistor. In one specific example case, the access element is a thick gate PMOS transistor. The antifuse element
can be, for example, a MOS transistor having its source and drain tied together. In one specific example case, the
antifuse element is a thin gate NMOS transistor having its source and drain tied together and a gate oxide that decreases
in resistance after bitcell programming. In one particular example case, post-breakdown current is inhibited from unin-
tended leaking by a doped well of the antifuse element. In one such case, the antifuse element is an NMOS transistor
having its source and drain tied together and the doped well is an N Well surrounding +N source and drain regions. In
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another particular example case, the N Well is shared with all bitcells within a row of the array (in other cases, each
bitcell can have its own distinct N Well). The device may include, for example, at least one of column select circuitry for
selecting a column of the array, row select circuitry for selecting a row of the array, and/or sense amplifier circuitry for
sensing bitcell state during readout. Numerous other configurations and variations will be apparent in light of this dis-
closure.
[0048] For instance, another example embodiment provides a memory device that includes an array of bitcells, each
bitcell having two elements including a single antifuse element for storing a bitcell state and a single access element for
providing access to the antifuse element for bitcell programming and readout. The access element is a PMOS transistor
and the antifuse element is an NMOS transistor having its source and drain tied together, and post-breakdown current
is inhibited from unintended leaking by an N Well surrounding +N source and drain regions of the antifuse element. The
access element can be, for example, a thick gate PMOS transistor, and the antifuse element can be, for instance, a thin
gate NMOS transistor. In some cases, the N Well can be shared with multiple bitcells of the array. The device may
include power select circuitry for biasing a gate line of the array to a first voltage level for bitcell programming and a
second voltage level for bitcell readout, the gate line connected to at least one of the antifuse elements. The device may
include at least one of column select circuitry for selecting a column of the array, row select circuitry for selecting a row
of the array, and/or sense amplifier circuitry for sensing bitcell state during readout.
[0049] Another example embodiment of the present disclosure provides a system that includes a memory device and
a processor for accessing the memory device. The memory device includes an array of bitcells, each bitcell having two
elements including a single antifuse element for storing a bitcell state and a single access element for providing access
to the antifuse element for bitcell programming and readout. The memory device further includes power select circuitry
for biasing a gate line of the array to a first voltage level for bitcell programming and a second voltage level for bitcell
readout, the gate line connected to at least one of the antifuse elements. The access element can be, for example, a
MOS transistor and the antifuse element can be, for instance, a MOS transistor having its source and drain tied together.
In one specific example case, the access element is a thick gate PMOS transistor. In another specific example case,
the antifuse element is a thin gate NMOS transistor having its source and drain tied together and a gate oxide that
decreases in resistance after bitcell programming. In one particular example case, post-breakdown current is inhibited
from unintended leaking by a doped well of the antifuse element. In one such case, the antifuse element is an NMOS
transistor having its source and drain tied together and the doped well is an N Well surrounding +N source and drain
regions. In another particular example case, the N Well is shared with all bitcells within a row of the array. The system
may include at least one of column select circuitry for selecting a column of the array, row select circuitry for selecting
a row of the array, and/or sense amplifier circuitry for sensing bitcell state during readout.
[0050] The foregoing description of the embodiments of the disclosure has been presented for the purposes of illus-
tration and description. It is not intended to be exhaustive or to limit the disclosure to the precise forms disclosed. Many
modifications and variations are possible in light of this disclosure. It is intended that the scope of the disclosure be
limited not by this detailed description, but rather by the claims appended hereto.

Claims

1. A memory device, comprising:

an array of bitcells, each bitcell having two elements including a single antifuse element for storing a bitcell state
and a single access element for providing access to the antifuse element for bitcell programming and readout,
wherein the antifuse element is an NMOS transistor having its source and drain tied together and comprises a
doped well, wherein the doped well is an N Well surrounding +N source and drain regions;
power select circuitry for biasing a gate line of the array to a first voltage level for bitcell programming and a
second voltage level for bitcell readout, the gate line connected to at least one of the antifuse elements; and
sense amplifier circuitry for sensing bitcell state during readout, wherein the sense circuitry comprises a voltage
divider coupled to a transmission gate coupled to a skewed inverter, wherein the sense amplifier circuitry is
operable to pass a voltage divided signal through the transmission gate to the skewed inverter and a high or
low value is delivered at the output of the inverter.

2. The memory device of claim 1 wherein the access element is a MOS transistor.

3. The memory device of claim 2 wherein the access element is a thick gate PMOS transistor.

4. The memory device of claim 1 wherein the antifuse element is a thin gate NMOS transistor having its source and
drain tied together and a gate oxide that decreases in resistance after bitcell programming.
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5. The memory device of claim 1 wherein post-breakdown current is inhibited from unintended leaking by the N well
of the antifuse element.

6. The memory device of claim 1 wherein the N Well is shared with all bitcells within a row of the array.

7. The memory device of claim 1 further comprising at least one of:

column select circuitry for selecting a column of the array; and
row select circuitry for selecting a row of the array.

8. The memory device of claim 1, further comprising:

an array of bitcells, each bitcell having two elements including a single antifuse element for storing a bitcell state
and a single access element for providing access to the antifuse element for bitcell programming and readout;
wherein the access element is a PMOS transistor and the antifuse element is an NMOS transistor having its
source and drain tied together; and wherein post-breakdown current is inhibited from unintended leaking by an
N Well surrounding +N source and drain regions of the antifuse element.

9. The memory device of claim 8 wherein the access element is a thick gate PMOS transistor, and the antifuse element
is a thin gate NMOS transistor.

10. The memory device of claim 8 wherein the N Well is shared with multiple bitcells of the array.

11. The memory device of claim 8 further comprising at least one of:

column select circuitry for selecting a column of the array;
row select circuitry for selecting a row of the array; and
sense amplifier circuitry for sensing bitcell state during readout.

12. A system, comprising:

a memory device comprising the memory device of any one of claims 1 to 7; and
a processor for accessing the memory device.

Patentansprüche

1. Speichervorrichtung, die Folgendes umfasst:

ein Array von Bitzellen, wobei jede Bitzelle zwei Elemente aufweist, die ein einzelnes Antisicherungselement
zum Speichern eines Bitzellenzustands und ein einzelnes Zugangselement zum Bereitstellen eines Zugangs
zum Antisicherungselement für eine Bitzellenprogrammierung und -auslesung beinhalten, wobei das Antisiche-
rungselement ein NMOS-Transistor ist, dessen Source und Drain zusammengebunden sind und der einen
dotierten Well umfasst, wobei der dotierte Well ein N-Well ist, der +N-Source- und -Drainregionen umgibt;
Leistungsauswahlschaltung zum Vorspannen einer Gateleitung des Arrays auf ein erstes Spannungsniveau
für eine Bitzellenprogrammierung und ein zweites Spannungsniveau für eine Bitzellenauslesung, wobei die
Gateleitung mit mindestens einem der Antisicherungselemente verbunden ist; und
Erfassungsverstärkerschaltung zum Erfassen eines Bitzellenzustands während der Auslesung, wobei die Er-
fassungsschaltung einen Spannungsteiler umfasst, der an ein Übertragungsgate gekoppelt ist, das an einen
asymmetrischen Wandler gekoppelt ist, wobei die Erfassungsverstärkerschaltung betreibbar ist, um ein span-
nungsgeteiltes Signal durch das Übertragungsgate zum asymmetrischen Wandler zu leiten, und ein hoher oder
niedriger Wert an den Ausgang des Wandlers geliefert wird.

2. Speichervorrichtung nach Anspruch 1, wobei das Zugangselement ein MOS-Transistor ist.

3. Speichervorrichtung nach Anspruch 2, wobei das Zugangselement ein PMOS-Transistor mit dickem Gate ist.

4. Speichervorrichtung nach Anspruch 1, wobei das Antisicherungselement ein NMOS-Transistor mit dünnem Gate
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ist, dessen Source und Drain zusammengebunden sind und der ein Gateoxid aufweist, dessen Widerstand nach
der Bitzellenprogrammierung abnimmt.

5. Speichervorrichtung nach Anspruch 1, wobei durch den N-Well des Antisicherungselements verhindert wird, dass
ein Nachdurchbruchstrom unbeabsichtigt leckt.

6. Speichervorrichtung nach Anspruch 1, wobei der N-Well von allen Bitzellen in einer Zeile des Arrays gemeinsam
genutzt wird.

7. Speichervorrichtung nach Anspruch 1, die ferner mindestens eines von Folgendem umfasst:

Spaltenauswahlschaltung zum Auswählen einer Spalte des Arrays und
Zeilenauswahlschaltung zum Auswählen einer Zeile des Arrays.

8. Speichervorrichtung nach Anspruch 1, die ferner Folgendes umfasst:

ein Array von Bitzellen, wobei jede Bitzelle zwei Elemente aufweist, die ein einzelnes Antisicherungselement
zum Speichern eines Bitzellenzustands und ein einzelnes Zugangselement zum Bereitstellen eines Zugangs
zum Antisicherungselement für eine Bitzellenprogrammierung und -auslesung beinhalten;
wobei das Zugangselement ein PMOS-Transistor ist und das Antisicherungselement ein NMOS-Transistor ist,
dessen Source und Drain zusammengebunden sind; und wobei durch einen N-Well, der +N-Source- und Drain-
regionen des Antisicherungselements umgibt, verhindert wird, dass ein Nachdurchbruchstrom unbeabsichtigt
leckt.

9. Speichervorrichtung nach Anspruch 8, wobei das Zugangselement ein PMOS-Transistor mit dickem Gate ist und
das Antisicherungselement ein NMOS-Transistor mit dünnem Gate ist.

10. Speichervorrichtung nach Anspruch 8, wobei der N-Well von mehreren Bitzellen des Arrays gemeinsam genutzt wird.

11. Speichervorrichtung nach Anspruch 8, die ferner mindestens eines von Folgendem umfasst:

Spaltenauswahlschaltung zum Auswählen einer Spalte des Arrays;
Zeilenauswahlschaltung zum Auswählen einer Zeile des Arrays und
Erfassungsverstärkerschaltung zum Erfassen eines Bitzellenzustands während einer Auslesung.

12. System, das Folgendes umfasst:

eine Speichervorrichtung, die die Speichervorrichtung nach einem der Ansprüche 1 bis 7 umfasst; und
einen Prozessor zum Zugreifen auf die Speichervorrichtung.

Revendications

1. Dispositif de mémoire, comprenant :

une matrice de cellules binaires, chaque cellule binaire ayant deux éléments dont un seul élément antifusible
pour stocker un état de la cellule binaire et un seul élément d’accès pour donner accès à l’élément antifusible
pour la programmation et la lecture de la cellule binaire, l’élément antifusible étant un transistor NMOS ayant
sa source et son drain reliés et comprenant un puits dopé, le puits dopé étant un puits N entourant des régions
de source et de drain N+ ;
un circuit de sélection de puissance pour polariser une ligne de grille de la matrice à un premier niveau de
tension pour la programmation de cellules binaires et un deuxième niveau de tension pour la lecture de cellules
binaires, la ligne de grille connectée à au moins un des éléments antifusibles ; et
un circuit amplificateur de détection pour détecter un état de cellules binaires pendant la lecture, le circuit de
détection comprenant un diviseur de tension couplé à une grille de transmission couplée à un onduleur asy-
métrique, le circuit amplificateur de détection étant utilisable pour faire passer un signal divisé en tension par
la grille de transmission jusqu’à l’onduleur asymétrique et une valeur haute ou basse étant délivrée à la sortie
de l’onduleur.
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2. Dispositif de mémoire de la revendication 1 dans lequel l’élément d’accès est un transistor MOS.

3. Dispositif de mémoire de la revendication 2 dans lequel l’élément d’accès est un transistor PMOS à grille épaisse.

4. Dispositif de mémoire de la revendication 1 dans lequel l’élément antifusible est un transistor NMOS à grille mince
ayant sa source et son drain reliés et un oxyde de grille dont la résistance diminue après la programmation de
cellules binaires.

5. Dispositif de mémoire de la revendication 1 dans lequel la fuite non souhaitée d’un courant post-claquage par le
puits N de l’élément antifusible est inhibée.

6. Dispositif de mémoire de la revendication 1 dans lequel le puits N est partagé par toutes les cellules binaires à
l’intérieur d’une rangée de la matrice.

7. Dispositif de mémoire de la revendication 1 comprenant en outre au moins un élément parmi :

un circuit de sélection de colonne destiné à sélectionner une colonne de la matrice ; et
un circuit de sélection de rangée destiné à sélectionner une rangée de la matrice.

8. Dispositif de mémoire de la revendication 1, comprenant en outre :

une matrice de cellules binaires, chaque cellule binaire ayant deux éléments dont un seul élément antifusible
pour stocker un état de la cellule binaire et un seul élément d’accès pour donner accès à l’élément antifusible
pour la programmation et la lecture de la cellule binaire ;
dans lequel l’élément d’accès est un transistor PMOS et l’élément antifusible est un transistor NMOS ayant sa
source et son drain reliés ; et dans lequel la fuite non souhaitée d’un courant post-claquage par un puits N
entourant des régions de source et de drain N+ de l’élément antifusible est inhibée.

9. Dispositif de mémoire de la revendication 8 dans lequel l’élément d’accès est un transistor PMOS à grille épaisse,
et l’élément antifusible est un transistor NMOS à grille mince.

10. Dispositif de mémoire de la revendication 8 dans lequel le puits N est partagé par de multiples cellules binaires de
la matrice.

11. Dispositif de mémoire de la revendication 8 comprenant en outre au moins un élément parmi :

un circuit de sélection de colonne destiné à sélectionner une colonne de la matrice ;
un circuit de sélection de rangée destiné à sélectionner une rangée de la matrice ; et
un circuit amplificateur de détection destiné à détecter un état de cellules binaires pendant la lecture.

12. Système, comprenant :

un dispositif de mémoire comprenant le dispositif de mémoire de l’une quelconque des revendications 1 à 7 ; et
un processeur pour accéder au dispositif de mémoire.
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