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A design structure for an integrated circuit that includes a gate
control voltage generator that supplies a current control gate
voltage to a plurality of current control devices of a corre-
sponding plurality of dynamic logic circuits each having a
keeper circuit. The gate control voltage generator provides,
via current control gate voltage, global control of the amount
of'keeper current flowing through the keeper circuits so as to
enhance the performance of the dynamic logic circuits.
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DESIGN STRUCTURE FOR A CURRENT
CONTROL MECHANISM FOR POWER
NETWORKS AND DYNAMIC LOGIC KEEPER
CIRCUITS

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation in part of pending U.S.
patent application Ser. No. 11/623,112, filed Jan. 15, 2007,
titled, “CURRENT CONTROL MECHANISM FOR
DYNAMIC LOGIC KEEPER CIRCUITS IN AN INTE-
GRATED CIRCUIT AND METHOD OF REGULATING
SAME” and incorporated herein by reference in its entirety.
This application is assigned to the present assignee.

FIELD OF THE DISCLOSURE

The present disclosure generally relates to the field of
keeper circuits for dynamic logic gates. In particular, the
present disclosure is directed to a design structure for a cur-
rent control mechanism for dynamic logic keeper circuits in
an integrated circuit and method of regulating same.

BACKGROUND

In certain applications, it is advantageous to use dynamic
logic circuits because they are faster than static logic circuits.
Dynamic logic circuits require an internal node to be pre-
charged to a voltage, e.g., precharged to the circuit’s power
supply voltage, such as to Vdd. However, in their simplest
form, there is no active circuitry to hold this charge on the
internal node, rather the charge is held via a capacitive charge
only.

Although, dynamic logic circuits are fast, a drawback of
dynamic logic circuits is that they are prone to current leak-
age. Consequently, a practical dynamic logic gate must use a
“keeper” device that is connected to the precharged node in
order to prevent diffusion leakage, source-drain leakage, gate
leakage and noise from inadvertently discharging the pre-
charged node. Any node that is not actively held at a desired
state tends to drift, e.g., to Vdd, Vdd/2, or ground. If the node
of a dynamic logic circuit drifts away from the precharged
level, the state of the logic gate may spuriously change with-
out input stimuli. The keeper device is a dynamic device
through which enough current flows to ensure that a certain
amount of leakage current does not discharge the node, while
at the same time not swamping the node, so that the impact to
switching speed is minimized. Additionally, it is desirable for
the keeper device to have just enough strength to keep the
node from discharging, while not being overly large so as to
slow down, or interfere with normal switching.

In early semiconductor technologies, the keeper device
provided a relatively small amount of current to compensate
for leakage and was not large enough to significantly alter the
speed of the dynamic logic gate. However, with advances in
semiconductor technology, device geometries are decreasing.
Consequently, the gate dielectrics have thinned below the
tunneling range of approximately 17 angstrom and, thus, the
off-state leakage of the combinatorial logic of a dynamic
logic gate becomes significantly larger. As a result, there is
less distinction between the off- and on-states of dynamic
logic gates and, thus, there is increased sensitivity to leakage
that may result in the dynamic logic gates not functioning
properly. The leakage has become sufficiently large in lead-
ing-edge technology to require larger keeper devices in order
to compensate for worst-case leakage. Consequently, when it
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comes time to discharge the node during normal operation, at
which time the keeper circuit is also discharged, the nominal
circuit performance of dynamic logic gates may be degraded
by approximately 30%, mitigating some of dynamic logic’s
advantage over static logic.

Forthese reasons, a need exists for a current control mecha-
nism for dynamic logic keeper circuits in an integrated circuit
that will provide performance improvements of dynamic
logic gates fabricated using leading-edge technologies.

SUMMARY OF THE DISCLOSURE

In one embodiment, the present disclosure is directed to a
design structure of an integrated circuit comprising a power
network and a dynamic logic keeper circuit. The dynamic
logic keeper circuit includes a logic evaluation node rail hav-
ing a rail voltage. A pre-charge device is electrically coupled
between the power network and the logic evaluation node rail
and responsive to a clock signal. A keeper device is electri-
cally coupled to the logic evaluation node rail. A current
source device is electrically coupled between the power net-
work and the keeper device and is responsive to a gate control
voltage signal generated as a function of the rail voltage.

In another embodiment, the present disclosure is directed
to a design structure of an integrated circuit comprising a
power network and a plurality of dynamic logic circuits each
including a first logic evaluation node rail and a pre-charge
device electrically coupled between the power network and
the logic evaluation node rail and being responsive to a clock
signal. Fach of the plurality of dynamic logic circuits also
includes a first keeper device electrically coupled to the logic
evaluation node rail and a first current source device electri-
cally coupled between the power network and the keeper
device and responsive to a gate control voltage signal. A gate
control voltage generator is in electrical communication with
the first current source device of each of the plurality of
dynamic logic circuits. The gate control voltage generator
generates the gate control voltage signal.

In a further embodiment, the present disclosure is directed
to a design structure for regulating a keeper current of at least
one dynamic logic circuit. The method comprises providing a
keeper device and providing a power network. A current
control device is coupled between the power network and the
keeper device. A gate control voltage signal is generated as a
function of a logic evaluation node rail voltage and a refer-
ence voltage. The current control device is controlled using
the gate control voltage signal so as to regulate the keeper
current.

BRIEF DESCRIPTION OF THE DRAWINGS

For the purpose of illustrating the invention, the drawings
show aspects of one or more embodiments of the invention.
However, it should be understood that the present invention is
not limited to the precise arrangements and instrumentalities
shown in the drawings, wherein:

FIG. 1 illustrates a functional block diagram of an inte-
grated circuit that includes a current control mechanism for
dynamic logic keeper circuits;

FIG. 2 illustrates a schematic diagram of an example
dynamic logic circuit that includes a current control device
for dynamic logic keeper circuits of the integrated circuit of
FIG. 1,

FIG. 3 illustrates a schematic diagram of an example gate
control voltage generator, which may be a leakage monitor
and gate control generator circuit of the integrated circuit of
FIG. 1,
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FIG. 4 illustrates a schematic diagram of a voltage divider
of the gate control voltage generator of FIG. 3;

FIG. 5 illustrates a performance plot of the dynamic logic
circuit of FIG. 2, which shows the performance improvement
of the use of a current control mechanism for dynamic logic
keeper circuits;

FIG. 6 illustrates a schematic diagram of the integrated
circuit of FIG. 1 that includes a current control mechanism for
a plurality dynamic logic keeper circuits;

FIG. 7 illustrates a schematic diagram of an alternative
voltage reference for use in the gate control voltage generator
of FIG. 3; and

FIG. 8 illustrates a block diagram of an example design
process flow.

DETAILED DESCRIPTION

In one embodiment, the present disclosure includes a
design structure for a current control mechanism for dynamic
logic keeper circuits in an integrated circuit that provides
performance improvements of dynamic logic gates that may
be fabricated in today’s leading-edge technologies. More par-
ticularly, each dynamic logic gate may include a current-
control device coupled between a power network and a keeper
device so as to regulate the amount of current passing through
the keeper device, whereby the keeper strength is optimized
based on leakage, temperature, and power supply voltage.
More specifically, in this embodiment the integrated circuit
includes at least one gate control voltage generator that sup-
plies a current-control gate voltage to each of the current-
control devices. The current-control gate voltage is a constant
gate drive level used as a global control for determining the
amount of keeper-current flowing through a plurality of
dynamic logic gates.

FIG. 1 illustrates a functional block diagram of an inte-
grated circuit 10. Integrated circuit 10 includes one or more
dynamic logic circuits 12 (e.g., dynamic logic circuits 12-1,
12-2, through 12-z), which may be dynamic logic gates that
include a current-controlled keeper circuit (not shown). More
details of an exemplary dynamic logic circuit 12 are described
below with reference to FIG. 2. Additionally, integrated cir-
cuit 10 includes a gate control voltage generator 14, which
may be a leakage monitor and gate control generator circuit
that supplies an output voltage Vx (i.e., the gate-control volt-
age) that feeds each current-controlled keeper circuit of the
one or more dynamic logic circuits 12. More details of an
exemplary gate control voltage generator 14 are described
below with reference to FIG. 3. Additionally, integrated cir-
cuit 10 includes a power network 16, which may be the power
distribution network for supplying an operating voltage (e.g.,
Vdd (VDD) or any multiple thereof) to, among other things,
dynamic logic circuits 12 and gate control voltage generator
14. A voltage source (not shown) of power network 16 may
be, for example, an internal or external direct current (DC)
power supply. Example VDD values may include, but are not
limited to, 1.0, 1.2, and 3.3 volts.

A single current control device (see, e.g., “I-source device
28” in FIG. 2) within each dynamic logic circuit 12 of inte-
grated circuit 10 is utilized under the control of gate-control
voltage Vx, which is supplied by gate control voltage genera-
tor 14. In particular, the value of gate-control voltage Vx
regulates dynamically the amount of current passing through
the keeper device (see, e.g., element 26 in FIG. 2) of a
dynamic logic keeper circuit within each dynamic logic cir-
cuit 12 in such a way that the keeper strength is optimized. In
doing so, performance improvements are achieved within
each dynamic logic circuit 12, as an amount of current that is
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sufficient to prevent the node from drifting under present
operating conditions is supplied by the keeper device therein.
More details of the operation of dynamic logic circuits 12 in
combination with gate control voltage generator 14 are
described below with reference to FIGS. 2 through 7.

Referring to FIG. 2, and also to FIG. 1, FIG. 2 illustrates a
schematic diagram of an example dynamic logic circuit 12
that, depending on the logic needed, could be any one or more
of dynamic logic circuits 12-1 to 12-» of FIG. 1. Dynamic
logic circuit 12 includes a keeper device 26 and current con-
trol device 28 coupled between a power network and the
keeper device for regulating the flow of current to the keeper
device. Those skilled in the art will readily appreciate that
dynamic logic circuit 12 may be any combination of n-type
and/or p-type transistors, such as positive field-effect transis-
tors (PFETs) and/or negative field-effect transistors (NFETs),
that form any logic gate of any functional circuit within an
integrated circuit, such as within integrated circuit 10 of FIG.
1. Common types of logic gates include, but are not limited to,
AND, NAND, OR,NOR, X-OR, X-NOR, buffer, and inverter
gates.

By way of example, however, dynamic logic circuit 12 is
shown as being a 3-input OR gate that includes a set 18 of
logic input devices in the form of NFETs Al, B1, and C1
whose drains are electrically connected to an input of an
inverter 20, which is a voltage node heretofore referred to as
RAIL NODE. Additionally, a discharge device 24, which in
this example is an NFET, is electrically connected between
the sources of NFETs A1, B1, and C1 and ground. Addition-
ally, a precharge device 22, which in this example is a PFET,
is electrically connected between RAIL. NODE and VDD.
The gates of precharge device 22 and discharge device 24 are
both connected to a clock input (CLK). Those skilled in the art
will recognize that the arrangement of NFETs A1, B1, and
C1, inverter 20, precharge device 22, and discharge device 24,
as shown in FIG. 2, are the basic electronic switch elements
that form a common 3-input OR gate.

During the precharge phase, the gates of NFETs A1, B1,
and C1 are typically low and CLK is low; therefore, NFETs
Al, B1, and C1 and discharge device 24 are open and no
discharge path from RAIL NODE to ground exists. There-
fore, because CLK is low, precharge device 22 is conductive
and, thus, RAIL. NODE is precharged to the level of VDD,
and the output Z1 of inverter 20 is low. After completing the
precharge phase, CLK goes high and, thus, precharge device
22 is shut off and discharge device 24 is made conductive.
Subsequently, in the event that any one of NFETs A1, B1, or
C1 are set to high, a discharge path is completed between
RAIL NODE and ground and, thus, RAIL. NODE transitions
from its precharged VDD level to ground and the output Z1 of
inverter 20 transitions from low to high, and so on as is well
known in the operation of a dynamic logic OR gate.

To compensate for leakage current that may cause the
voltage at RAIL. NODE to drift away from its precharged
level, dynamic logic circuit 12 includes keeper device 26 and
current control device 28, which in this example may be
PFETs, connected in series between RAIL NODE and VDD,
as shown in FIG. 2. An output Z1 of inverter 20 may be
electrically connected to the gate of keeper device 26. Fur-
thermore, the gate-control voltage Vx output of gate control
voltage generator 14 (FIG. 1), which, again, is described
below in connection with FIG. 3, is electrically connected to
the gate of current control device 28. The width and length of
current control device 28, which is the current supply device,
is adjusted as a function of the height and width of the logic
gate. In this way, a large logic gate has a proportionally larger
keeper current in order to account for its larger leakage.
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The operation of keeper device 26 is first described as if
current control device 28 is not present in the circuit as fol-
lows. Because RAIL, NODE is precharged to, for example,
VDD, which is a logic high, the output Z1 of inverter 20 is
low. Because output Z1 is low and connected to the gate of
keeper device 26, keeper device 26, which is a traditional
keeper PFET in this example, turns on and supplies current to
RAIL NODE and, therefore, holds or “keeps” RAIL NODE at
the precharged level. In doing so, RAIL. NODE is not left to
float. Because keeper device 26 is sized to handle worst-case
leakage conditions, without current control device 28 in the
keeper circuit, the amount of keeper current supplied to RAIL
NODE by keeper device 26 exceeds the current minimally
required to maintain RAIL NODE at nominal operating con-
ditions and interferes with normal switching speeds.

However and with continuing reference to FIG. 2, the
presence of current control device 28 in series with keeper
device 26 between VDD and RAIL NODE serves as a cur-
rent-limiting device and, thus, does not allow keeper device
26 to supply keeper current at its maximum design capability.
More specifically, the gate of current control device 28 is
controlled by Vx of gate control voltage generator 14 of
integrated circuit 10 which varies dynamically based on, for
example, leakage, temperature, and power supply voltage.
Additionally, because the width and length of current control
device 28 is adjusted as a function of the height and width of
the logic gate, the keeper circuit that is formed by the current-
source device connected in series with keeper device 26 has
just enough strength to keep the node from discharging under
the present operating conditions, and no more. As a result, the
interference of the keeper circuit with normal switching
operations of RAIL. NODE is minimized and, thus, the
switching performance of the dynamic logic circuit 12 is
optimized.

Referring now to FIG. 3, and also to FIGS. 1 and 2, FIG. 3
illustrates a schematic diagram of exemplary circuitry for
gate control voltage generator 14, which provides a leakage
monitor and gate voltage control generator circuit for
dynamic logic circuits 12-1 to 12-». When each dynamic
logic circuit 12-1 to 12-» has keeper circuitry configured like
dynamic logic circuit 12 (FIG. 2), gate control voltage gen-
erator 14 supplies gate-control voltage VX to current control
device 28 of FIG. 2 in order to maintain the logic evaluation
node, RAIL, NODE, at a predetermined and precharged level
in the presence of leakage.

Gate control voltage generator 14 may be formed of a
certain arrangement of components that mimic in form and
function any dynamic logic gate (e.g., 3-input OR gate) as
well as the novel keeper circuit of dynamic logic circuit 12 of
FIG. 2 (e.g., current control device 28 arranged between
keeper device 26 and VDD) in combination with the output
(i.e., gate-control voltage Vx) of a controlled differential
amplifier output 30. By way of example: an inverter INV1 of
gate control voltage generator 14 mimics inverter 20 of
dynamic logic circuit 12; NFET T0 of gate control voltage
generator 14 mimics precharge device 22 of dynamic logic
circuit 12; an arrangement of PFETs T1 and T2 of gate control
voltage generator 14 mimics current control device 28 and
keeper device 26, respectively, of dynamic logic circuit 12;
and an arrangement of NFETs T3, T4, and T5 of gate control
voltage generator 14 mimics NFETs A1, B1, and C1, respec-
tively, of dynamic logic circuit 12. NFET T6 of gate control
voltage generator 14 mimics discharge device 24 of dynamic
logic circuit 12.

Transistor T0, which is the precharge device, is set to a
non-conductive state and, thus, there is no precharge path
between VDD and RAIL NODE of gate control voltage gen-
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erator 14. Transistor T6, which is the discharge device, is set
to a conductive state, but transistors T3, T4, and T5 are set to
an open state and, thus, there is no discharge path between
RAIL NODE and ground. Transistor T2, which is the keeper
device, is set to a conductive state and, thus, keeper current is
being supplied continuously to RAIL NODE of gate control
voltage generator 14. RAIL NODE may be the logic evalua-
tion node rail of gate control voltage generator 14. Differen-
tial amplifier 30, which may be a standard operational ampli-
fier, dynamically senses the voltage on RAIL, NODE and
regulates RAIL, NODE via transistor T1, which is the keeper
current control device. The width and length of transistor T1
may be adjusted as a function of the height and width of the
logic gate as described above in connection with FIG. 2. In
this way, a large logic gate has a proportionally larger keeper
current in order to account for its larger leakage.

More specifically, the output Vx of differential amplifier 30
is regulating RAIL, NODE to a desired level as follows. RAIL
NODE voltage is divided, e.g., in half by a voltage divider 34
that provides a voltage output RN/2 that is supplied to the
positive input of differential amplifier 30. Voltage divider 34
may be a low current voltage divider circuit. In one example,
voltage divider 34 may be formed of a pair of ultra-low
current tunneling-oxide devices that are described below with
reference to FIG. 4. In another example, voltage divider 34
may be formed of a pair of very large resistors.

A voltage reference 32 that is formed of aresistor divider or
any other stable voltage source is set to a value that is slightly
below VDD/2. Voltage reference 32 may be a fixed voltage
generator or a variable (e.g., programmable) voltage genera-
tor. In one example, if VDD equals 1.2 volts, voltage refer-
ence 32 may be set to VDD/2 minus a predetermined voltage-
offset. In this example, if the voltage-offset equals 0.05 volts,
the reference level of voltage reference 32 equals 0.6 volts
minus 0.05 volts, i.e., 0.55 volts. If differential amplifier 30 is
powered by the same VDD level that operates the dynamic
logic gates, it is necessary to reduce the input voltages to
differential amplifier 30 in order for it to function near the
center of its common mode range. A voltage VX is generated
by this negative feedback circuit that gates the specific
amount of current through the current source T1 that then
offsets circuit leakages to maintain RAIL. NODE at a prede-
termined level. This predetermined level may be defined as
VDD-(2xV_offset) where V_offset is the voltage offset.
With VDD=1.2 volts and V-offset equal to 0.05 volts, RAIL
NODE is maintained at 1.2 volts—(2x0.05 volts), i.e., 1.1
volts. In this example, the gate control voltage Vx output level
of differential amplifier 30 generates 0.20 volts to 0.30 volts
of overdrive to allow for good device tracking and to be
essentially insensitive to threshold-voltage mismatch.

Additionally, as operating conditions vary because of leak-
age current, temperature, and power supply voltage varying
slightly over time, the level of gate control voltage Vx of
differential amplifier 30 tracks with these variations. Conse-
quently, the keeper circuit (generally, transistor T1 in series
with transistor T2) is optimized automatically based on leak-
age, temperature, and power supply voltage to ensure that the
resulting keeper strength is just enough to keep RAIL. NODE
from discharging under present conditions, and no more. In
other words, the self-adjusting keeper current allows the
dynamic logic gate to switch at its maximum speed, because
discharge of the RAIL. NODE is not hindered by an unnec-
essary amount of keeper current.

FIG. 4 illustrates a schematic diagram of exemplary cir-
cuitry for voltage divider 34 of gate control voltage generator
14 of FIG. 3. Voltage divider 34 may be formed of a pair of
ultra-low current tunneling-oxide devices (e.g., ultra-low cur-
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rent ranging, for example, between 100 and 200 nanoamps),
such as the pair of thin-gate-oxide transistors NFET1, NFET2
coupled in series as shown in FIG. 4 to take advantage of the
current-tunneling phenomenon across the thin gate oxide lay-
ers (not shown) of these transistors. More details of such
ultra-low current tunneling capacitive structures suitable for
use in voltage divider 34 are described in U.S. Pat. No. 7,061,
308, issued Jun. 13, 2006, and titled, “Voltage divider for
integrated circuits,” which is incorporated by reference herein
in its entirety with respect to configurations suitable for use in
voltage divider 34. As those skilled in the art will readily
appreciate, other devices, e.g., resistors, may be used in lieu
of tunneling transistors NFET1, NFET2 to provide voltage
divider 34 its voltage dividing function. Of course, one or
both of nFETs NFET1, NFET2 shown may be replaced by a
corresponding pFET, or by any structure having a first and
second conductive material separated by a sufficiently thin
insulating material, such as a metal-oxide-metal capacitor
with a gate oxide less than about 1.7 nm.

FIG. 5 illustrates a performance plot 50 of dynamic logic
circuit 12 of FIG. 2 that shows the performance improvement
of the use of a current control mechanism for dynamic logic
keeper circuits. More specifically, performance plot 50 is a
voltage vs. time plot of a dynamic logic gate input signal 52
and the resulting output signals 54, 56 for, respectively, a
dynamic logic circuit having a current control mechanism of
the present disclosure, e.g., any one of dynamic logic circuits
12-1t0 12-7 of FIG. 1, and a dynamic logic circuit without the
current control mechanism of the present disclosure. In par-
ticular, input signal 52 is an example clock input signal of
dynamic logic circuit 12. In this example, signal 52 transi-
tions from 0.1 volts to 1.2 volts in approximately 40 picosec-
onds (ps). Additionally, a VDD/2-point A, which in this
exampleis the 0.6 voltlevel, is identified along the rising edge
of'input signal 52. Output signal 54 represents the gate propa-
gation delay in response to input signal 52 of a dynamic logic
circuit that has keeper-current control, e.g., that has current
control device 28, which is controlled via gate control voltage
VX, in series with keeper device 26. A VDD/2-point B is
identified along the rising edge of output signal 54. Output
signal 56, on the other hand, represents the gate propagation
delay in response to input signal 52 of a standard dynamic
logic circuit that does not have keeper-current control, e.g.,
that has keeper device 26 only. A VDD/2-point C is identified
along the rising edge of output signal 56.

Performance plot 50 of FIG. 5 shows how the performance
of a typical dynamic logic gate (represented by signal 54) of
the present disclosure that has keeper-current control is
increased by about 8% over a gate without keeper-current
control (represented by signal 56). This is determined by
observing the time difference between points A and B, which
is compared with the time difference between points A and C.

FIG. 6 illustrates a schematic diagram of integrated circuit
10 that includes a current control mechanism for a plurality of
dynamic logic keeper circuits. More specifically, FIG. 6
shows further details ot how gate control voltage Vx output by
gate control voltage generator 14 is provided to a plurality of
dynamic logic circuits 12, in particular, dynamic logic cir-
cuits 12-1 through 12-n, respectively. In doing so, FIG. 6
shows how gate control voltage Vx, which is a DC voltage
gate drive level, is used as a global control for determining the
amount of keeper-current flowing through a plurality of
dynamic logic gates. The current supply devices, e.g., tran-
sistors T1 and current control devices 28, have their width and
length adjusted as a function of the length and width of their
respective logic gates. In this way, a large logic gate has a
proportionally larger keeper current in order to account for its
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larger leakage. Some over prediction may be necessary in
order to compensate for line width variations across chip and
to account for defect related leakage, which cannot be pre-
dicted by gate control voltage generator 14. A single gate
control voltage generator circuit, i.e., gate control voltage
generator 14, may be used to control a large number of logic
gates, e.g., dynamic logic circuits 12-1 through 12-n. In
manufacturing environments that have large across chip line-
width variation, several Vx generators may be needed in order
to control accurately the keeper currents over a large chip area
or to predict leakage of different circuit topologies.

In summary and with continuing reference to FIGS. 1
through 6, integrated circuit 10 that includes at least one gate
control voltage generator 14 and at least one dynamic logic
circuit 12 illustrates how a single leakage monitor and Vx gate
control generator circuit (e.g., a single gate control voltage
generator 14) may be used to limit the keeper current in a
plurality of logic gates. By use of gate control voltage gen-
erator 14 in combination with dynamic logic circuits 12, the
keeper current is limited to a value that is sufficient to main-
tain RAIL, NODE at a predetermined level, and to regulate the
keeper current in order to prevent a current over-supply which
degrades the performance of the dynamic logic gate. A trade
off between leakage immunity and device performance is
made by adjustment of V_offset. V_offset may be adjusted by
fuse programming or by other on-chip or off-chip mecha-
nisms. Alternatively, the target voltage or reference voltage
(voltage reference 32) that feeds the negative input of differ-
ential amplifier 30 is proportional to the trip point of, for
example, an inverter device, as shown in FIG. 7.

FIG. 7 illustrates a schematic diagram of a voltage refer-
ence circuit 84 for generating voltage reference 32 of gate
control voltage generator 14 of FIG. 3. FIG. 7 shows an
inverter 86, whose input is electrically shorted to its output.
The output of inverter 86 is a reference voltage VREF that
may feed the negative input of differential amplifier 30 (FIG.
3) of gate control voltage generator 14. In this scenario, VREF
is proportional to the trip point of inverter 86. In other
embodiments, voltage reference 32 of FIGS. 3 and 6 may be
generated by another type of voltage reference circuit. In
embodiments, the logic output inverter comprising electrical
elements of a first size, said reference voltage generator
including a reference inverter comprising electrical elements
of'a second size substantially similar to said first size.

FIG. 8 shows a block diagram of an example design flow
800. Design flow 800 may vary depending on the type of IC
being designed. For example, a design flow 800 for building
an application specific IC (ASIC) may differ from a design
flow 800 for designing a standard component. Design struc-
ture 820 is preferably an input to a design process 810 and
may come from an IP provider, a core developer, or other
design company or may be generated by the operator of the
design flow, or from other sources. Design structure 820
comprises integrated circuit 10 in the form of schematics or
HDL, a hardware-description language (e.g., Verilog, VHDL,
C, etc.). Design structure 820 may be contained on one or
more machine readable medium. For example, design struc-
ture 820 may be a text file or a graphical representation of
integrated circuit 10. Design process 810 preferably synthe-
sizes (or translates) integrated circuit 10 into a netlist 880,
where netlist 880 is, for example, a list of wires, transistors,
logic gates, control circuits, /O, models, etc. that describes
the connections to other elements and circuits in an integrated
circuit design and recorded on at least one of machine read-
able medium. This may be an iterative process in which netlist
880 is resynthesized one or more times depending on design
specifications and parameters for the circuit.
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Design process 810 may include using a variety of inputs;
for example, inputs from library elements 830 which may
house a set of commonly used elements, circuits, and devices,
including models, layouts, and symbolic representations, for
a given manufacturing technology (e.g., different technology
nodes, 32 nm, 45 nm, 90 nm, etc.), design specifications 840,
characterization data 850, verification data 860, design rules
870, and test data files 885 (which may include test patterns
and other testing information). Design process 810 may fur-
ther include, for example, standard circuit design processes
such as timing analysis, verification, design rule checking,
place and route operations, etc. One of ordinary skill in the art
of integrated circuit design can appreciate the extent of pos-
sible electronic design automation tools and applications
used in design process 810 without deviating from the scope
and spirit of the invention. The design structure of the inven-
tion is not limited to any specific design flow.

Ultimately, design process 810 preferably translates inte-
grated circuit 10, along with the rest of the integrated circuit
design (if applicable), into a final design structure 890 (e.g.,
information stored in a GDS storage medium). Final design
structure 890 may comprise information such as, for
example, test data files, design content files, manufacturing
data, layout parameters, wires, levels of metal, vias, shapes,
test data, data for routing through the manufacturing line, and
any other data required by a semiconductor manufacturer to
produce integrated circuit 10. Final design structure 890 may
then proceed to a stage 895 where, for example, final design
structure 890: proceeds to tape-out, is released to manufac-
turing, is sent to another design house or is sent back to the
customer.

Exemplary embodiments have been disclosed above and
illustrated in the accompanying drawings. It will be under-
stood by those skilled in the art that various changes, omis-
sions and additions may be made to that which is specifically
disclosed herein without departing from the spirit and scope
of the present invention.

What is claimed is:

1. A design structure stored in a machine readable medium,
comprising:

a power network; and

a dynamic logic circuit that comprises;

a logic evaluation node rail having a rail voltage;

a pre-charge device electrically coupled between said
power network and said logic evaluation node rail and
responsive to a clock signal;

a keeper device electrically coupled to said logic evalu-
ation node rail;

a current source device electrically coupled between
said power network and said keeper device and
responsive to a gate control voltage signal generated
as a function of said rail voltage;

a reference voltage generator for generating a reference
voltage, said gate control signal being generated as a
function of said rail voltage and said reference voltage;
and

a differential amplifier for generating said gate control
signal, said differential amplifier operatively connected
to each of said logic evaluation node rail and said refer-
ence generator so as to operate as a function of said rail
voltage and said reference voltage.

2. The design structure of claim 1, further comprising a
voltage divider that includes a first electrical element and a
second electrical element coupled in series with said first
electrical element so as to define an internal node, said first
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electrical element electrically connected to said logic evalu-
ation noderail and said internal node electrically connected to
said differential amplifier.

3. The design structure of claim 2, wherein each of said first
electrical element and said second electrical element com-
prises a resistor.

4. The design structure of claim 2, wherein each of said first
electrical element and said second electrical element com-
prises a capacitive structure having a tunneling current.

5. The design structure of claim 4, wherein said capacitive
structure comprises a transistor having a gate oxide and said
tunneling current is provided by current tunneling across said
gate oxide.

6. The design structure of claim 1, wherein said reference
voltage generator comprises a variable voltage generator.

7. The design structure of claim 1, further including a logic
output inverter comprising electrical elements of a first size,
said reference voltage generator including a reference
inverter comprising electrical elements of a second size sub-
stantially similar to said first size.

8. The design structure of claim 1, wherein the design
structure comprises a netlist which describes the integrated
circuit.

9. The design structure of claim 1, wherein the design
structure resides on a GDS storage medium.

10. The design structure of claim 1, wherein the design
structure includes at least one of test data files, characteriza-
tion data, verification data, or design specifications.

11. A design structure stored in a machine readable
medium, comprising:

a power network;

a plurality of dynamic logic circuits each including:

a first logic evaluation node rail;

a pre-charge device electrically coupled between said
power network and said logic evaluation node rail and
responsive to a clock signal;

a first keeper device electrically coupled to said logic
evaluation node rail; and

a first current source device electrically coupled between
said power network and said keeper device and respon-
sive to a gate control voltage signal; and

a gate control voltage generator in electrical communica-
tion with said first current source device of each of said
plurality of dynamic logic circuits, said gate control
voltage generator generating said gate control voltage
signal, wherein

said gate control voltage generator includes
a second logic evaluation node rail having a rail voltage;
a second keeper device electrically coupled to said logic

evaluation node rail;

a second current source device electrically coupled
between said power network and said keeper device
and responsive to said gate control voltage signal;

a reference voltage generator for generating a reference
voltage; and

a differential amplifier for generating said gate control
voltage signal as a function of said rail voltage and
said reference voltage.

12. The design structure of claim 11, wherein said gate
control voltage generator further includes a voltage divider
comprising a first electrical element and a second electrical
element coupled in series with said first electrical element so
as to define an internal node, said first electrical element
electrically connected to said second logic evaluation node
rail and said internal node electrically connected to said dif-
ferential amplifier.
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13. The design structure of claim 12, wherein each of said
first electrical element and said second electrical element
comprises a resistor.

14. The design structure of claim 12, wherein each of said
first electrical element and said second electrical element
comprises a leaky capacitive structure having a tunneling
current.

15. The design structure of claim 14, wherein capacitive
structure comprises a transistor having a gate oxide and said

tunneling current is provided by current tunneling across said 10

gate oxide.

12

16. The design structure of claim 11, wherein said refer-
ence voltage generator comprises a variable voltage genera-
tor.

17. The design structure of claim 11, wherein said gate
control voltage generator further includes a logic output
inverter comprising electrical elements of a first size, said
reference voltage generator including a reference inverter
comprising electrical elements of a second size substantially
similar to said first size.



