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ENHANCED PASSGATE STRUCTURES FOR
REDUCING LEAKAGE CURRENT

Background of the Invention

[0001] This invention relates to integrated circuit
devices, and more particularly to the passgate
structures that may be used in such devices.

[0002] One of the most ubiquitous structures within
an integrated circuit device is the single-transistor
passgate, whichvis commonly used to implement (either
singly or in combination with other circuits) switches,
multiplexers, logic functions (e.g., pass transistor
logic), and gating mechanisms for tristatable circuits
(e.g., buffers and drivers). 1In some integrated
circuit devices, single-transistor passgate structures
may account for a significant portion of the circuitry;
for example, in the case of programmable logic devices,
single-tfansistor passgates are used extensively
throughout the device as part of the progfammable
interconnection circuitry.

[0003] The operation of a typical single-transistor
passgate may be succinctly illustrated by a description
of an NMOS passgate (analogous principles of operation,

as understood by one skilled in the art, would apply
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for a PMOS passgate) . Depending on whether the
potential difference between its gate terminal, Vears,
and its source terminal, Vsowcz, exceeds the threshold
voltage, Vr, a NMOS passgate acts as an "open" or a
"closed" switch. (As is well-known in the art, there
is no physical difference between the "source" and
"drain" terminals of a MOS device; the source terminal
of a NMOS transistor is the terminal having the lower
voltage.) When Vearz-Vsowreze is less than Vr, the NMOS
passgate is in the "cutoff" state, thereby acting as an
"open" switch; when Veare-Vsowree is greater than Vr, the
NMOS passgate is in the conduction state, thereby
acting as a "closed" switch.

[0004] As is well-known in the art, Vr is not a
discrete value for an MOS transistor; it may be
considered a range of values that is influenced by a
variety of second-order effects, such as substrate bias
and subthreshold conduction. However, in order to
simplify the illustration of the principles of the
present invention, Vr will be discussed herein as if it
is a discrete value rather than a range of values.
[0005] With the current trend in scaling down device
geometries (e.g., 0.18um process down to 0.13um, 90nm,
and lower) and the consequent use of ever-lower
operating voltages (e.g., supply voltages, bias
voltages, etc.), which are nearing levels comparable to
Vr, the ability of transistor passgate structures to
function at relatively high speeds while at the same
time minimizing leakage current is a difficult design
hurdle to overcome.

[0006] Moreover, this trend of smaller device
geometries and consequent use of lower operating

voltages is creating a design tradeoff between speed
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(e.g., response time for the passgate transistor to
turn ON) and leakage current (e.g., the current that
passes through the passgate transistor when turned OFF)
that was not previously experienced with larger device
geometries and the consequenﬁ use of higher operating
voltages. That is, if conventional design techniques
are applied to smaller device geometries, high speed
passgate operation is accompanied with high leakage
current, whereas low leakage current is accompanied
with low speed passgate operation. High leakage
current is undesirable because it results in excess
heat, power loss, and poorer performance.

[0007] Another problem associated with shrinking
geometries is the consequent use of lower operating
voltages. This lower operating voltage is typically a
nominal voltage supplied to the integrated circuitry,
and may be insufficient for certain circuitry, such as
configurable memory cells (e.g., SRAM) within the
integrated circuitry, to operate properly. For
example, as the supply voltage decreases, the soft-
error-rate increases because the critical charge needed
to flip the cells (from one logic state to another) is

reduced.

Summary of the Invention

[0008] The present invention relates to enhanced
passgate structures for use in low-voltage systems. 1In
accordance with the principles of the present
invention, various techniques are presented for
reducing leakage current, while at the same time
maintaining high speed operation of the passgate

structures. Although the techniques described herein
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are illustrated using NMOS passgates, they may be
readily adapted to PMOS structures.

[0009] In one arrangement, leakage current is
reduced and high speed operation is maintained by
raising the Vr of the passgate structure above that of
the Vr of other structures (e.g., logic transistors) and
by applying a passgate activation voltage that is
higher than a nominal voltage (e.g., "low" system
voltage) to the gate of the passgate structure. An
advantage realized by increasing the Vr of the passgate
structures is that it reduces the leakage current when
the passgate structures are turned OFF. The passgate
activation voltage is sufficient to enable the passgate
structure to operate at a desired speed even though the
Vr has been increased relative to the Vr of other
structures other than the passgate structures.

[0010] Because the passgate activation voltage is
higher than the nominal voltage, the power source
providing the activation voltage may be used to power
configurable memory cells such as SRAM. Powering the
configurable memory cells with a voltage higher than
the nominal voltage reduces the soft-error-rate because
the higher voltage increases the critical charge needed
to flip the cell.

[0011] Further features of the invention, its nature
and various advantages will be more apparent from the
accompanying drawings and the following detailed

description of the invention.

Brief Description of the Drawings

[0012] FIG. 1 is a schematic representation of an

enhanced passgate structure which may be constructed in
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accordance with the principles of the present
invention.

[0013] FIG. 2 is a simplified illustration of an
aspect of an integrated circuit device which may be
fabricated in accordance with the principles of the
present invention.

[0014] FIG. 3 is a simplified illustration of an
aspect of another integrated circuit device which may
be fabricated in accordance with the principles of the
present invention.

[0015] FIG. 4 is a schematic representation of
another enhanced passgate structure which may be
fabricated in accordance with the principles of the
present invention.

[0016] FIG. 5 illustrates an aspect of the enhanced
passgate structure of FIG. 4 in greater detail.

[0017] FIGS. 6A and 6B are illustrative graphs of
different modes of operation of transistors having a
nominal Vr and passgate structures having an increased
Vr in accordance with the principles of the present
invention.

[0018] FIG. 7 is a simplified block diagram of a
programmable logic device in accordance with the
principles of the present invention.

[0019] FIG. 8 illustrates how an aspect of the
programmable logic device of FIG. 7 may be improved in
accordance with the principles of the present
invention.

[0020] FIG. 9 illustrates another aspect of the
programmable logic device of FIG. 7 may be improved in
accordance with the principles of the present

invention.
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[0021] FIG. 10 is a simplified block diagram of
configurable memory cells that selectively drive
passgate structures in accordance with the principles
of the present invention.

[0022] FIG. 11 is a simplified block diagram of an
illustrative system that includes an integrated circuit
device that has been improved in accordance with the

principles of the present invention.

Detailed Description of the Invention

[0023] For the purpose of simplifying the discussion
of the principles of the present invention, the
techniques and embodiments described herein will focus
on NMOS passgates. However, the principles illustrated
herein are applicable to similar arrangements involving
PMOS passgates.

[0024] As defined herein, a nominal voltage is the
voltage that is used predominately throughout an
integrated circuit, such as a programmable logic
device, and is typically associated with "low"
voltages. The nominal voltage is sometimes referred to
as a system voltage or a core circuitry voltage.

[0025] As defined herein, a nominal threshold
voltage is the threshold voltage of transistors other
than the passgate transistors according to the
invention that are included in the integrated circuitry
(e.g., programmable logic device). A nominal Vr may be
the Vr of a transistor (e.g., a logic transistor)
fabricated using a particular process (e.g., a 90nm
process) without attempting to produce a Vr that would
not normally be fabricated according to that particular

process.
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[0026]  FIG. 1 illustrates one arrangement for
reducing leakage current, while maintaining high speed
operation of the NMOS passgates in accordance with the
principles of the present invention. 1In the
arrangement shown in FIG. 1, the Vr of NMOS passgate 100
is fabricated to have a higher than nominal Vr than
other transistors fabricated according to a particular
process dimension (e.g., a 90nm process). The voltage
being applied to the gate, Verze, of NMOS passgate 100 is
higher than the nominal voltage. Ve is sometimes
referred to herein as the passgate activation voltage.
In some designs, depending on the process being used
and the voltage difference between Vv and Veare 6r the
difference between Vour and Vears, NMOS passgate 100 may
be a high-voltage tolerant transistor, such as a thick-
oxide device, in order to reliably handle voltage being
applied to its gate to prevent, for example, gate-oxide
breakdown.

[0027] For the purposes of the present invention,
Veare may be a static bias voltage or a dynamic signal.
In one embodiment, as illustrated in FIG. 1, the
passgate activation voltage may be derived from any of
a variety of sources 104, such as a dedicated external
pin on which a voltage greater than the nominal voltage
is provided, an I/O pin (e.g., control/data signals
provided from an external source that provides a
voltage higher than a nominal voltage), or a positive
I/0 supply voltage, Vm-10 (e.g., when the core circuitry
and the I/0 circuitry have separate power supplies and
Vmo-1/0 18 greater than the nominal voltage).

[0028] In other embodiments, depending on the
application, the passgate activation voltage may also

be generated by any of a variety of voltage
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boosting/conversion circuitry such as charge pumps and
voltage converters (e.g., DC/DC, AC/DC, etc.). 1In yet
other embodiments, the passgate activation voltage may
be provided by a memory cell such as an SRAM-cell.
[0029] It will be understood that the extent to
which the passgate activation voltage exceeds the
nominal voltage can vary depending on several factors
such as type of transistor and gate-oxide thickness.

It will further be understood that the passgate
activation voltage exceeds the nominal voltage by a
predetermined voltage. For example, the predetermined
percentage may range from about one percent to about
two hundred percent, depending on various factors.
[0030] The application of this passgate activation
voltage to the gates of the passgate structures insures
that the desired passgate operation speed is obtained.
[0031] As semiconductor processes continue to
decrease in size, Vr continues to decrease. As is known
in the art, a reduction in Vr results in a corresponding
increase in leakage current during the "OFF" state. In
accordance with the principles of the present
invention, it is thus preferable to increase the
threshold voltages of those specific transistors being
used as passgates.

[0032] One arrangement for accomplishing this is
shown in FIG. 2, which schematically illustrates a
portion of a representative integrated circuit

device 20, in which two transistors have been
fabricated with different threshold voltages. As shown
in FIG. 2, transistor 200 is configured to operate as
something other than a passgate structure and may be
fabricated with an associated Vr equal to V» (a nominal

Vz) . The other transistor 201 is configured to operate
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as a passgate, and may be fabricated with an associated
Vr that is higher than Vv by a predetermined percentage.
[0033] The above-mentioned predetermined percentage
may range from about one percent to about two hundred
percent, from about one percent to about one hundred
percent, from about one percent to about fifty percent,
from about five percent to about forty-five percent,
from about ten percent to about forty percent, from
about fifteen percent to about thirty-five percent,
from about twenty percent to about thirty percent, from
about one percent to about thirty percent, from about
five percent to about thirty percent, from about ten
percent to about thirty percent, from about twenty
percent to about forty percent, from about twenty-five
percent to about thirty-five percent, or from about
thirty percent to about fifty percent.

[0034] It will be understood that any increase in
threshold voltage over the nominal threshold voltage
assists in minimizing leakage current and is in
accordance with the principles of the present
invention. Thus it is understood that the present
invention is not limited to the percentages enumerated
herein.

[0035] Expanding on the arrangement shown in FIG. 2,
FIG. 3 shows a portion of an integrated circuit

device 30, which is divided into different sectioqs
301/302/303, wherein all the transistors within a given
section have been fabricated with a specific threshold
voltage that may be different from that of the
transistors in the other sections. For example,
sections 301 and 302 may each be a routing network with
a high concentration of passgates (which may be used to

construct, for example, interconnection switches and
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multiplexers). Accordingly, the transistors in
sections 301 and 302 could be fabricated with a Vr that
is higher than that of the transistors in other
sections 303.

5 [0036] As an alternative, or in addition, to
selectively fabricating low V:r transistors, FIGS. 4 and
5 illustrate an arrangement wherein a higher than
nominal Vr may be achieved by controlling the bias
voltage, Vems, of the well 405 in which the NMOS

10 passgate 400 is fabricated. For the purposes of the
present invention, NMOS passgate 400 is preferably
fabricated in a well 405 which is capable of being
biased to a voltage that is different from that which
is used to bias the substrate 520. 1In the illustrative

15 embodiment shown in FIG. 5, for example, a triple-well
process may be used to allow p-well 405 to be biased
separately from the p-substrate 520, thereby allowing
the Vr of NMOS passgate 400 to be adjusted as a function
of the source-to-bulk potential difference, Vss, which,

20 in the arrangement shown in FIG. 5, is dependent on
Vemas. The relationship between Vr and Vss for an NMOS
transistor, which should be familiar to those skilled
in the art, may be expressed as follows:

Vr = Veo + y[sgrt (Ve + 20¢) - sqrt (20:)]

25 (wherein Vwo is the threshold voltage when Vss is zero,
g is the body-effect constant, and ®r is a term
associated with the doping of the well). Accordingly,
the Vr of NMOS passgate 400 may thus be increased by
creating a positive Ve by setting the bias voltage,

30 Vemas, Oof well 405 to a level that is lower than the
voltage level present on the source terminal of NMOS
passgate 400. For the purposes of the present

invention, Vsms should not be too low so as to forward
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bias the junction between the source/drain 401/402 and
the p-well 405.

[0037] In accordance with the principles of the
present invention, Vsms may be derived from any of a
variety of sources and bias generation schemes 500,
which may be either internal or external to the
integrated circuit device which includes NMOS

passgate 400. Such sources 500 may include external
pins, charge pumps, voltage references, voltage
dividers, level-shifters, control/feedback circuitry,
and the like. 1In some designs, Vsms may be provided as
a static voltage, which may or may not correspond to
any of the supply voltages used on the integrated
circuit device. 1In other designs, it may be preferable
to use a dynamic voltage for Vsmas, which may be provided
by a control circuit that generates a variable Vsmas that
may be a function of any of a variety of parameters,
such as process variations, temperature, voltage,
current, or a combination thereof. As a result, the Vr
of NMOS passgate 400 may be tuned in a feedback loop to
achieve a high Vr that, when coupled with higher than
nominal gate voltages, optimizes, for example, the
tradeoff between high speed passgate operation and
reducing leakage current.

[0038] FIGS. 6A and 6B show graphs comparing
performance characteristics of passgate structures
constructed according to the invention and to other
transistors not being used as passgates, both of which
are fabricated according to a given process dimension.
Both FIGS. 6A and 6B show an illustrative trend in
supply voltages (line 610) for a given process
dimension. FIGS. 6A and 6B show an illustrative trend

of nominal threshold voltages, Vmw, of transistors other
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than the passgate structures according to the
invention. FIGS. 6A and 6B also illustratively show a
higher than nominal threshold voltages, Vm., of the
passgate structures according to the invention. Note

5 that the supply voltage decreases as the process
dimension decreases. Further note that Vmw decreases as
the process dimension decreases, whereas Vm. is higher
than Vm by a predetermined percentage for various
process dimensions (e.g., process dimensions smaller

10 than 0.13um). Yet further note that a portion of the
trends shown in FIGS. 6A and 6B have dashed lines.
These dashed lines generally represent anticipated
values of voltage, leakage current, and frequency that
may be obtained in future process dimensions.

15 [0039] Referring now specifically to FIG. 6A, the
leakage current (line 612) for a transistor having Vm
is compared to the leakage current (line 614) for a
passgate transistor having Vm. for a given process.
Note that for "larger" processes (e.g., greater than

20 0.13um processes), the threshold voltage of the
passgate structures need not be higher than the nominal
threshold voltage. Thus, this is why FIGS. 6A and 6B
do not show the Vm. "circles" extending to the far left
in the figure. As shown, the leakage current is low

25 for transistors fabricated according to "larger"
process dimensions and that have a threshold voltage of
V. However, as the process dimension decreases, the
leakage current for transistors having Vw rises
dramatically, whereas the leakage current for

30 transistors having Vm. remains relatively low (i.e.,
the leakage current is reduced compared to the leakage
current experienced by transistors having a nominal

threshold voltage) .
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[0040] Referring now to FIG. 6B, the frequency of
transistors having Vm or Vmw. and being driven by a
nominal voltage or passgate activation voltage are
compared. Line 620 represents an "ideal" operational

5 speed attained with transistors having Vm and being
driven by a nominal voltage. However, this speed is
achieved at the cost of high leakage current, as
indicated by line 612 in FIG. 6A. Line 630 represents
a speed profile of transistors having Vm., but is

10 driven with a nominal gate voltage. As shown in
FIG. 6B, the speed of line 630 is substantially less
than ideal at the smaller process dimensions. However,
line 640, which represents the speed of passgate
transistors according to the invention have Vw. and are

15 driven by a passgate activation voltage (e.g., a
voltage higher than the nominal voltage), substantially
matches the ideal speed of line 620, while at the same
time benefits from having a relative low leakage
current.

20 [0041] The above-described passgate structures
10/201/40 that may be constructed in accordance with
the principles of the present invention are especially
useful in integrated circuit devices, such as
programmable logic devices, in which such passgate

25 structures are used as interconnection switches to
allow programmable routing and switching. FIG. 7 is a
simplified block diagram of an illustrative
programmable logic device 70 in which interconnection
switches using passgate structures that have been

30 constructed in accordance with the principles of the
present invention may be readily used. Programmable
logic device 70 includes a plurality of regions of

programmable logic 710 operatively disposed in a two-



WO 2006/017501 PCT/US2005/027416

10

15

20

25

30

- 14 -~

dimensional array of rows and columns, and a
programmable network of horizontal 730 and vertical 735
interconnection conductors for conveying signals
amongst the logic regions 710 and various I/O
structures 780. In the network of interconnection
conductors 730/735, signals may be programmably routed
via interconnection switches 700, which, in some
designs, may also be grouped to form multiplexers. In
some embodiments, programmable logic device 70 may also
include any of a variety of functional blocks 750, such
as memory structures, multiplier/accumulator blocks,
arithmetic logic units, microprocessors, etc.
Functional blocks 750 may be dedicated structures that
are configured to implement a specific function, or,
alternatively, they may be user-programmable/
reconfigurable structures.

[0042] FIG. 8 illustrates in greater detail how
interconnection switches 700 may be used in the network
of interconnection conductors 730/735 to route signals
within programmable logic device 70. For the purpose
of illustrating the principles of the present
invention, a signal source/destination within
programmable logic device 70 may be any of the logic
regions 710, functional blocks 750, I/O structures 780,
or other circuitry within programmable logic device 70.
As schematically illustrated in FIG. 8, a signal may be
routed from any given source to any given destination
by using interconnection switches 700 to multiplex or
switch signals provided on the output leads 725 of
signal source 710/750/780/etc. onto the network of
interconnection conductors 730/735 (within which
interconnection switches 700 may also be used to

programmably connect one interconnection conductor to
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another), from which the signal may be eventually
multiplexed or switched onto the input lead 720 of
signal destination 710/750/780/etc. As shown in
FIG. 8, the electrical characteristics of the network

5 of interconnection conductors 730/735 may be
represented as a chain of resistors 820 and capacitors
82la/b in a "black-box" abstraction.
[0043] Also shown in FIG. 8 is one embodiment of an
interconnection switch 700 that may be constructed

10 using the above-described enhanced passgate structures
in accordance with the principles of the present
invention. As illustrated in FIG. 8, interconnection
switch 700 may include any of the passgates 10/201/40
as the switching mechanism. In some embodiments, a

15 pair of inverters 80l1la and 801lb, along with a "half-
latch" PMOS transistor 802, may also be included to
provide buffering of the input and output signals.
Half-latch PMOS transistor 802 may be used to recover
from the voltage drop across the passgate 10/201/40.

20 [0044] FIG. 9 shows another embodiment of an
interconnection switch 900 that may be constructed
using the above-described enhanced passgate structures
in accordance with the principles of the present
invention. 2as illustrated in FIG. 9, interconnection

25 switch 900 may include two of passgates 10/201/40 for
use as a dual-passgate switching mechanism. If
desired, switch 900 may include inverters 90la and 901b
to buffer the input and output signals. Half-latch
PMOS transistor 910 may be included to compensate for

30 the voltage drop across the dual-passgate switching
mechanism. It is understood that interconnection
switch 900 can be used in place or intermixed with

interconnection switch 700 in FIG. 7.
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[0045] FIG. 10 shows a portion of an integrated
circuit 1000 employing the use of memory cells 1010 to
drive passgate transistors 700/900 according to the
principles of the present invention. Memory cells 1010
may be configurable ram cells such as SRAM cells.
Passgate transistors 700/900 may be any of the enhanced
passgate structures that have been described in the
foregoing.

[0046] Also shown in FIG. 10 is a higher than
nominal voltage source, Vecex, which is coupled to memory
cells 1010. As discussed above, the higher than
nominal voltage may be supplied by a separate I/0 pin
that provides a supply voltage higher than the nominal
supply voltage, generated from a charge pump, a voltage
leveler, or the like.

[0047] An advantage realized by powering memory
cells 1010 with a higher than nominal voltage is that
it reduces the potential for soft-error. Soft-error
occurs when the logic state being stored in the memory
cell inadvertently changes. Soft-error can be caused
by, for example, sub-atomic particles (sometimes
referred to as alpha particles or neutron beams) that
disrupt the operation of silicon by changing the charge
of the memory cell. Soft-error can also be caused by
cross-coupling of memory cells. As supply voltages
(e.g., nominal voltages) continue to decrease, the
soft-error-rate increases because the critical charge
needed to flip the cell decreases as the supply voltage
decreases. Therefore, application of Vex, as opposed
to a nominal voltage, provides a supply voltage that
enables memory cells 1010 to operate with a relatively

low soft-error-rate.
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[0048] Thus, a synergy is created among memory

cells 1010 and the passgate transistors 700/900 because
Veex provides voltage sufficient to minimize soft-error
and is also sufficient to drive passgate transistors at
a.predetermined operational speed (i.e., Vecx is at
least equal to the passgate activation voltage). That
is, memory cells 1010 selectively drive passgate
transistors 700/900 by applying the voltage provided by
Veex (e.g., a passgate activation voltage) to the gates
of the passgate transistors 700/900. Thus, the
advantage of powering memory cells 1010 with higher
than nominal voltage prevents inadvertent flipping,
while at the same time enables memory cells 1010 to
drive passgates 700/900 with the requisite voltage.
[0049] FIG. 11 shows how an integrated circuit
device 1190 (e.g., a programmable logic device)
employing any of the enhanced passgate structures that
have been described in the foregoing may be used in a
system 1100. System 1100 may include one or more of
the following components: various peripheral devices
1102, I/0 circuitry 1103, a processor 1104, and a
memory 1105. These components may be coupled together
by a system bus 1101 and may be populated on a circuit
board 1106 which is contained in an end-user system
1107.

[0050] System 1100 can be used in a wide variety of
applications, such as computer networking, data
networking, instrumentation, video processing, digital
signal processing, or any other application where the
advantage of using programmable or reprogrammable logic
is desirable. Integrated circuit device 90, employing
passgate structures that have been constructed in

accordance with the principles of the present
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invention, may be used to perform a variety of
different logic functions. For example, integrated
circuit device 1190 can be configured as a processor or
controller that works in cooperation with

processor 1104. Integrated circuit device 1190 may
also be used as an arbiter for arbitrating access to a
shared resource in system 1100. In yet another
example, integrated circuit device 1190 may be
configured as an interface between processor 1104 and
one of the other components in system

[0051] Various technologies may be used to implement
the integrated circuit device 1190 employing passgate
structures that have been constructed in accordance
with the principles of the present invention.

Moreover, this invention is applicable to both one-
time-only programmable and reprogrammable devices.
[0052] Thus, it is seen that enhanced passgate
structures for an integrated circuit device have been
presented. One skilled in the art will appreciate that
the present invention may be practiced by other than
the described embodiments, which are presented for
purposes of illustration and not of limitation, and the
present invention is limited only by the claims which

follow.
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What is Claimed is:

1. A programmable logic device, comprising:
an array of logic blocks;

a plurality of interconnect lines;

a plurality of switches for programmably
routing logic signals between the logic blocks over the
interconnect lines, wherein the switches include
passgate transistors having threshold voltages that are
higher than the threshold voltages of other transistors
in the programmable logic device, and wherein the
passgate transistors are selectively activated with a
passgate activation voltage that is higher than the
voltages being applied to the other transistors in the

programmable logic device.

2. The programmable logic device defined in
claim 1 further comprising a plurality of memory cells
that are powered with a memory cell supply voltage that
is equal to or greater than the passgate activation

voltage.

3. The programmable logic device defined in
claim 2, wherein the memory cells selectively provide
the passgate activation voltage to the passgate

transistors.

4. The programmable logic device defined in

claim 2, wherein the memory cells are SRAM cells.

5. The programmable logic device defined in
claim 2, wherein the memory cell supply voltage is
provided by a level-shifter, a charge pump, a reference
voltage generator, a voltage divider circuit, or an

input/output pin on the programmable logic device.
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6. The programmable logic device defined in
claim 1, wherein at least one of the passgate
transistors is fabricated to have said threshold
voltage that is higher than the threshold voltage of

the other transistors.

7. The programmable logic device defined in
claim 1, wherein at least one of the passgate
transistors is a semiconductor transistor comprising a
gate well region and a connection for biasing the gate
well region with respect to other regions of the
semiconductor transistor, thereby setting a threshold
voltage to a voltage level higher than the threshold

voltage non-pass-gate transistors.

8. The programmable logic device defined in
claim 1, wherein the passgate transistors are NMOS

transistors.

9. A digital processing system comprising:
processing circuitry;
a system memory coupled to the
processing circuitry; and
the programmable logic device defined in
claim 1 coupled to the processing circuitry and the

system memory.

10. A printed circuit board on which is
mounted the programmable logic device defined in

claim 1.

11. An integrated circuit, comprising:
a first set of transistors having a

nominal threshold voltage, each transistor of said
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first set being selectively activated with a nominal
voltage; and

a set of passgate transistors having a
passgate threshold voltage that is higher than the
nominal threshold voltage by a predetermined
percentage, each passgate transistor being selectively
activated with a passgate activation voltage that

exceeds the nominal voltage.

12. The integrated circuit defi ned in
claim 11, wherein said predetermined percentage ranges

from about one percent to about two hundred percent.

13. The integrated circuit defined in
claim 11, wherein said predetermined percentage ranges

from about five percent to about forty percent.

14. Th e integrated circuit defined in
claim 11, wherein said predetermined percentage ranges

from about ten percent to about thirty-five percent.

15. The integrated circuit defined in
claim 11, wherein said predetermined percentage ranges

from about fifteen percent to about thirty percent.

16. The integrated circuit defined in
claim 11, wherein said nominal voltage is a supply

voltage provided to the integrated circuit.

17. The integrated circuit defined in
claim 11 further comprising a passgate activation
voltage source that provides the passgate activation

voltage.

18. The integrated circuit defined in

claim 17, wherein the passgate activation voltage
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source is provided by a level-shifter, a charge pump, a
reference voltage generator, a voltage divider circuit,

or an input/output pin on the integrated circuit.

19. The integrated circuit defined in

claim 11 further comprising:
at least one memory cell that is being

powered with a memory cell supply voltage that is equal
to or greater than the passgate activation voltage,
said at least one memory cell is coupled to at least
one of the passgate transistors and is operative to
selectively provide the passgate activation voltage to

at least one passgate transistor.

20. The integrated circu it defined in

claim 19, wherein the memory cell is an SRAM cell.

21. The integrated circuitry defined in
claim 11, wherein said passgate transistors are NMOS

transistors.

22. The integrated circuitry defined in
claim 11 further comprising:
an array of logic blocks;
a plurality of interconnect lines; and
a plurality of switches for programmably
routing logic signals between the logic blocks over the
interconnect lines, wherein each switch includes at

least one of the passgate transistors.

23. A digital processing system comprising:
processing circuitry;
a system memory coupled to the

processing circuitry; and
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the integrated circuit defined in
claim 11 coupled to the processing circuitry and the

system memory.

24. A printed circ uit board on which is

mounted the integrated circuit defined in claim 11.

25. The printed circuit board defined in
claim 24 further comprising:
a board memory mounted on the printed
circuit board and coupled to the integrated circuit

device.

26. The printed cir cuit board defined in
claim 25 further comprising:
processing circuitry mounted on the
printed circuit board and coupled to the integrated

circuit device.

27. A programmable logic device, comprising:

a high voltage power source that
provides a voltage higher than a low voltage being
supplied to the programmable logic device;

a configurable memory cell that is
coupled to the high voltage power source;

a passgate transistor having a gate,
input, and output terminals, the gate terminal is
coupled to the configurable memory cell, the passgate
transistor has a threshold voltage that is higher than
the threshold voltage of other transistors in the
programmable logic device, and the passgate transistor
is selectively activated with the application of the

high voltage to the gate terminal.
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28. The programmable logic device of
claim 28, wherein the configurable memory cell is an

SRAM cell.
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