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(57) Abstract: Methods and systems to implement voltage level shifting with interim-voltage-controlled contention-interruption. A
voltage level shifter (VLS) may include voltage level shift circuitry to level shift an input logical state from an input voltage swing to
an output voltage swing. The VLS may include contention circuitry, a contention interrupter, and an interrupt controller to generate
a contention-interrupt control having an interim voltage swing. A lower limit of the interim voltage swing may correspond to a lower
limit of the output voltage swing. An upper limit of the interim voltage swing may correspond to an upper limit of the input voltage
swing. The VLS may be implemented to level shift true and complimentary logical states, such as with cascode voltage switch logic
(CVSL). The interim-voltage-controlled contention interrupter may help to maintain voltages within process-based voltage reliability
limits of the contention interrupter, with relatively little delay, and relatively little power and area consumption.
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VOLTAGE LEVEL SHIFT WITH INTERIM-VOLTAGE-CONTROLLED
CONTENTION INTERRUPT

BACKGROUND

Integrated circuits (ICs) may utilize a range of supply voltages and/or currents.
Within each voltage domain, logical states 0 and 1 may be defined by upper and lower
limits of corresponding operating voltages or voltage swings.

Where data is passed from a first voltage domain to a second voltage domain, the
data may be translated from a voltage swing of the first voltage domain to a voltage swing
of the second voltage domain to permit appropriate switching of logic levels and to avoid
communication static in the second voltage domain.

Translation may be performed with a voltage level shift circuit, which may include
cascode voltage switch logic (CVSL), and which may include differential cascode voltage
switch logic (DCVSL).

Contention is inherent in a CVSL or DCVSL based voltage level shifter.
Contention may increase when increasing differences between input and output voltages.
Greater contention may increase delay and power consumption, and may impact operating
function.

A voltage level shifter may include a contention interrupt circuit to control
contention based on an input logical state. Where the input and output voltages differ
significantly, process-based voltage reliability limits of the contention interrupt circuit
may be exceeded. Tolerance to input and output voltage differences may be increased with
increased interrupt transistor sizes, but at the potential expense of power consumption, and
area consumption, and/or delay.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

FIG. 1 is a block diagram of a voltage level shifter, including voltage level shift
circuitry to translate true and complimentary input logical states from an input voltage
swing to an output voltage swing, a contention interrupter to interrupt contention within
the voltage level shift circuitry, and an interrupt controller to translate the input true and
complimentary logical states from the input voltage swing to an interim voltage swing to
control the contention interrupter.

FIG. 2 is a circuit diagram of differential cascode voltage switch logic (DCVSL)
based voltage level circuitry, which may be implemented as the voltage level shift

circuitry of FIG. 1.
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FIG. 3 is a circuit diagram of the voltage level shift circuitry of FIG. 2 and a
contention interrupter.

FIG. 4 is a block diagram of the voltage level shifter of FIG. 1, where the interrupt
controller includes first and second buffers, each to pull-up or pull-down a corresponding
one of the input true and complimentary logical states to one of a lower limit and an upper
limit of the interim voltage swing based on the input logical states.

FIG. 5 is a circuit diagram of an interrupt controller including first and second
inverters, each to output an inverted one of the input logical states at a corresponding one
of a lower and upper limit of the interim voltage swing

FIG. 6 is a circuit diagram of another interrupt controller, including first and
second inverters similar to those of FIG. 5, each further including an additional p-type
transistor device to provide additional current drive to a corresponding n-type transistor
device.

FIG. 7 is a circuit diagram of the interrupt controller of FIG. 6 and power-on
control circuitry.

FIG. 8 is a circuit diagram of another voltage level shifter, including features
described with reference to one of more of FIGS. 1 through 7, and example voltage levels
and voltage swings for a level-shifting mode.

FIG. 9 is a chart to illustrate the example voltages and voltage swings voltages of
FIG. 8.

FIG. 10 is a circuit diagram of another voltage level shifter, including features
described with respect to one of more of FIGS. 1 through 7, and example voltage levels
and voltage swings for a non-level-shifting mode.

FIG. 11 is a block diagram of a system, including first and second sub-systems and
a voltage level shifter system to translate between voltage domains of the first and second
sub-systems.

FIG. 12 is flowchart of a method of level shifting logical states from an input
voltage swing to an output voltage swing, including controllably interrupting contention
with logical states having an interim voltage swing.

In the drawings, the leftmost digit(s) of a reference number identifies the drawing

in which the reference number first appears.
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DETAILED DESCRIPTION

FIG. 1 is a block diagram of a voltage level shifter 102 to receive and translate
input logical states having an input voltage swing 104, to output logical states having an
output voltage swing 106.

Voltage level shifter 102 may include one or more input nodes 105 to receive one
or more input logical states, and one or more output nodes 107 to provide one or more
corresponding voltage-level-shifted output logical states.

Voltage level shifter 102 may be implemented to level shift true and

complementary logical states, also referred to herein as opposing logical states, and

illustrated here as Bit and Bit.

Voltage level shifter 102 may include voltage level shift circuitry 108 to translate
Bit and ﬁ, from an input voltage swing 104, to Bit' and Bit', having output voltage
swing 106.

Lower and upper limits of input voltage swing 104 may correspond to Vssl and
Vecl, respectively, of circuitry 104, which may correspond to logical 0 and logical 1,
respectively, in the voltage domain of circuitry 104.

Lower and upper limits of output voltage swing 106 may correspond to Vss2 and
Vece2, respectively, of circuitry 109, which may correspond to logical 0 and logic 1,
respectively, in the voltage domain of circuitry 109.

Voltage level shift circuitry 108 may include contention circuitry, and may include
a type or family of logic referred herein to as cascode voltage switch logic (CVSL), which
may be implemented as differential cascode voltage switch logic (DCVSL). CVSL and/or
DCVSL may include CMOS-type logic. In a CVSL and/or DCVSL circuit, logic may be
implemented predominantly with N-channel MOSFET transistors. A DCVSL circuit may
include true and complementary input nodes to receive opposing logical states, such as Bit
and Bit. A DCVSL circuit may include a pair of p-channel or p-type transistors, each to
pull-up a corresponding output node associated with one of true and complimentary
circuitry, depending on logical states of Bit' and Bit'.

FIG. 2 is a circuit diagram of DCVSL-based voltage level circuitry 202, including
true and complimentary input nodes 204 and 206, respectively, cach to receive a
corresponding one of Bit and Bit.

When Bit transitions from Vssl to Vccl at input node 204, or from logical 0 to

logical 1 with respect to an input voltage domain, NMOS device MNO turns on and

-3-
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contends with PMOS device MP1 to pull-down output node 208 towards Vssl. When
output node 208 falls to Vss2, PMOS device MP3 turns off and NMOS device MN2 holds

output node 208 at Vss2, or logical 0 with respect to output voltage domain.

Correspondingly, Bit transitions from Vccl to Vssl at input node 206, or from
logical 1 to logical 0, and NMOS device MN3 turns off. With NMOS device MN3 turned
off and output node 208 at Vss2, PMOS device MP5 turns on and output node 210 is
pulled up to Vee2, or logical 1.

Conversely, when Bit transitions from Vssl to Vcel at input node 206, or from
logical 0 to logical 1, NMOS device MN3 turns on and contends with PMOS device MP5
to pull-down output node 210 towards Vss1. When output node 210 falls to Vss2, PMOS
device MP6 turns off and NMOS device MNS5 holds output node 210 at Vss2.

Correspondingly, Bit transitions from Vecl to Vssl at input node 204, or from
logical 1 to logical 0, and NMOS device MNO turns off. With NMOS device MNO turned
off and output node 210 at Vss2, PMOS device MP1 turns on and output node 208 is
pulled up to Vee2, or logical 1.

NMOS devices MN1, MN4, MP3, MP6 may serve as bias transistors to maintain

voltages across transistor nodes of voltage level shift circuitry 202 within tolerance levels,

and/or to maintain a desired voltage swing of Bit' and Bit' at output nodes 208 and 210.

Transistors of voltage level shift circuitry 202 may be sized relative to one another
to provide suitable contention. For example, transistors MP1 and MNO may be sized
relative to one another, and transistors MP5 and MN3 may be sized relative to one
another.

Transistors MP1 and MP5 may be increased in size to provide suitable
performance across adverse or worst case operating conditions, and/or to increase
tolerance to random variations. Increasing sizes of MP1 and MP5 may, however, increase
delay, power consumption, arca, and/or scalability with respect to process technologies.
Increasing sizes of one or more other transistors may reduce delay.

As an alternative to increasing sizes of transistors MP1 and MP5, or in addition to
increasing sizes of transistors MP1 and MP5, voltage level shifter 102 in FIG. 1 may
include a contention interrupter 110 to reduce contention within voltage level shift circuit
108. Contention interrupter 110 may be controllable to interrupt an operating voltage,
illustrated here as Vcc2, to one of first and second nodes 114 and 116 of voltage level

shifter 108, based on logical states of controls 118 and 120.

_4.-
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Contention interrupter 110 may be implemented with respect to voltage level shift
circuitry 202 of FIG. 2, such as described below with reference to FIG. 3.

FIG. 3 is a circuit diagram of voltage level shift circuitry 202 and a contention
interrupter 310, together referred to herein as an interruptible voltage level shifter.

Contention interrupter 310 includes first and second PMOS devices MP0O and MP4,
cach to couple Vce2 to a corresponding one of PMOS devices MP1 and MP5 of voltage
level shift circuitry 202.

PMOS device MPO may be controlled to interrupt Vcc2 to MP1 when Bit

transitions from logical 0 to logical 1. This may reduce contention between PMOS device

MP1 and NMOS device MNO to assist in transitioning Bit' from logical 1 to logical 0 at
node 208.

PMOS device MP4 may be controlled to interrupt Vce2 to MP5 when Bit
transitions from logical 0 to logical 1. This may reduce contention between MP5 and MN3
to assist in transitioning Bit' from logical 1 to logical 0 at node 210.

Contention interrupter 310 may receive controls 318 and 320 to control

corresponding ones of transistors MPO and MP4. Logical states of controls 318 and 320
may correspond to logical states of Bit and Bit, respectively.

Bit and Bitmay be applied directly as controls 320 and 318, respectively, provided
that process-based voltage reliability limits of MPO and MP4 are not exceeded in view of
input voltage swing 104 in FIG. 1.

Alternatively, in FIG. 1, voltage level shifter 208 may include an interrupt
controller 112 to provide first and second controls 118 and 120 to contention interrupt
controller 110. Controls 118 and 120 may correspond to controls 318 and 320,
respectively, in FIG. 3.

Interrupt controller 112 may be implemented to provide first and second controls
118 and 120 with an interim voltage swing 122 that does exceed process-based voltage
reliability limits of contention interrupter 110.

A process-based voltage reliability limit may be defined or specified to prevent
oxide breakdown and/or other transistor defect. A process-based voltage reliability limit
may be defined or specified in terms of, for example and without limitation, a gate-to-
source voltage or a drain-to-source voltage.

In FIG. 1, lower and upper limits of interim voltage swing 122 may correspond to

Vss2 and Vecel, respectively, or the lower limit of output voltage swing 106 and the upper
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limit of input voltage swing 104. Methods and systems disclosed herein are not, however,
limited to these examples.

Interrupt controller 112 may be implemented to generate first and second controls

118 and 120 from Bit and Bit, and may be implemented to level shift Bit and Bit from
input voltage swing 204 to interim voltage swing 122, such as described in one or more
examples below.

FIG. 4 is a block diagram of voltage level shifter 102, where interrupt controller
112 includes first and second buffers 402 and 404, each to pull-up or pull-down a
corresponding one controls 118 and 120 to Vccl or Vss2, depending upon states of Bit
and Bit.

Buffers 402 and 404 may cach include an inverter, and controls 118 and 120 may
be referred to as Bit' and Bit", respectively.

Buffers 402 and 404 may be implemented to impart relatively little delay to
controls 118 and 120 through interrupt controller 112. Delay may be, for example, one
gate stage delay, such as described below with reference to FIG. 5.

FIG. 5 is a circuit diagram of an interrupt controller 512, including first and second
inverters 502 and 504, each to invert a corresponding one of Bit and Bit, and output a

corresponding one of Bit' and Bit" with a voltage swing of Vcel to Vss2.

In FIG. 5, inverter 502 includes a PMOS device MP7 and an NMOS device MNG6.
Similarly, inverter 504 includes a PMOS device MP9 and an NMOS device MN7. When
Bit transitions from logical 0 to logical 1, MP7 turns off and MNG6 turns on to assert Vss2,

or logical 0 as Bit"". Correspondingly, Bit transitions from logical 1 to logical 0, MN7
turns off, and MP9 turns on to assert or output Vccl, or logical 1 as Bit".

FIG. 6 is a circuit diagram of an interrupt controller 612, including first and second
inverters 602 and 604, each similar to a corresponding one of first and second inverters
502 and 504 in FIG. 5, each further including an additional PMOS device MP8 and MP10,
respectively.

PMOS devices MP8 and MP10 may provide additional drive, or Vgs-Vt overdrive,
to assist a corresponding one of NMOS devices MN6 and MN7 in asserting Vss2. For

example, with respect to inverter 602, when Bit transitions from logical 0 to logical 1,

NMOS device MN6 turns on and pulls-down Bit'" to Vss2. Correspondingly, Bit
transitions from logical 1 to logical 0 and turns on PMOS device MPS§ to assist NMOS

-6-
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device MNG6 in pulling-down Bit"' to Vss2. PMOS devices MP8 and MP10 may be useful

to help ensure that Bit" and Bit'' transition substantially simultaneously with respect to one
another.

In FIG. 4, voltage level shifter 102 receives multiple voltage levels, illustrated here
as including Vssl, Vccl, Vss2, and Vee2. The multiple voltage levels may have different
turn-on times and/or ramp-up rates, which may lead to short-circuit current consumption.
Voltage level shifter 102 may include power-on circuitry to control application of one or
more voltages within voltage level shifter 102, such as described below with reference to
FIG. 7.

FIG. 7 is a circuit diagram of interrupt controller 612 and power-on control
circuitry 702 to control application of Vss2 to interrupt controller 612. In the example of
FIG. 7, application of Vss2 is delayed until Vccl and Vss2 reach turn-on threshold levels
of corresponding inverters 704 and 706. Power-on control circuitry 702 may help to avoid
short circuit current consumption between Vecel and Vss2 during power-on and/or ramp-
up.

A voltage level shifter as disclosed herein may be controllable to operate in one of
multiple selectable modes, which may include a level-shifting mode and a non-level
shifting mode. In a level-shifting mode, an input voltage swing, an interim voltage swing,
and an output voltage swing may differ from one another, such as described below with
reference to FIG. 8. In a non-level-shifting mode, an input voltage swing, an interim
voltage swing, and an output voltage swing may be equal to one another, such as described
below with reference to FIG. 10.

FIG. 8 is a circuit diagram of a voltage level shifter 802, including features
described with respect to one of more of FIGS. 1 through 7, and example voltage levels
and voltage swings for a level-shifting mode.

FIG. 9 is a chart to illustrate the example voltages and voltage swings of FIG. 8.

Table 1 lists the example voltages and voltage swings of FIG. 8.

The example voltage levels and voltage swings of FIGS. 8 and 9, and Table 1, are
provided for illustrative purposes. Methods and systems disclosed herein are not limited to

the example voltage levels and voltage swings of FIGS. 8, 9, or Table 1.
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Table 1
Voltage Swing Lower Limit Voltage Upper Limit Voltage
Input voltage swing 104 | Vss1 =0 Volts Veel = 1.8 Volts
Interim Voltage Swing Vss2 =1.2 Volts Veel = 1.8 Volts
122
Output voltage swing 106 | Vss2 =1.2 Volts Vee2 =2.85 Volts

FIG. 10 is a circuit diagram of a voltage level shifter 1002, including features
described with respect to one of more of FIGS. 1 through 7, and example voltage levels
and voltage swings for a non-level-shifting mode.

Table 2 lists the example voltages and voltage swings of FIG. 10.

Table 2
Voltage Swing Lower Limit Voltage Upper Limit Voltage
Input voltage swing 104 | Vss1 =0 Volts Veel = 1.8 Volts
Interim Voltage Swing Vss2 =0 Volts Veel = 1.8 Volts
122
Output voltage swing 106 | Vss2 =0 Volts Vee2 = 1.8 Volts

Methods and systems disclosed herein may be implemented in hardware, software,
firmware, and combinations therecof, including discrete and integrated circuit logic,
application specific integrated circuit (ASIC) logic, and microcontrollers, and may be
implemented as part of a domain-specific integrated circuit package, and/or a combination
of integrated circuit packages. The terms software, code, and instructions, as used herein,
may refer to a computer program product including a computer readable medium having
computer program logic stored therein, with instructions to cause a computer system to
perform one or more functions in response thereto. The computer readable medium may
include a transitory and/or non-transitory medium.

A voltage level shifter as disclosed herein may be implemented with a CMOS
process technology.

A voltage level shifter as disclosed herein may be implemented as an interruptible
high voltage tolerant level shifter to impart a relatively large voltage level shift while
maintaining voltages within process-based voltage reliability limits of a contention

interrupt circuit.
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A voltage level shifter as disclosed herein may be implemented within an
integrated circuit (IC) die, alone and/or in combination with other circuitry, such as
described below with reference to FIG. 11.

FIG. 11 is a block diagram of a system 1100, including first and second sub-
systems 1104 and 1106, respectively.

Sub-system 1104 may include, for example and without limitation, logic, circuitry,
one or more processors/cores 1108, and/or combinations thereof.

Similarly, sub-system 1106 may include logic, circuitry, one or more
processors/cores, and/or combinations thereof.

Sub-system 11011 may include, for example, an input/output (I/0) system 1110 to
interface between sub-system 1104 and one or more systems external to system 1100. I/O
system 1110 may represent a general purpose I/O (GPIO) system.

System 1100 may include a voltage level shifter system 1102 to translate data
between a first voltage domain Vssl1/Vecl of sub-system 1104, and a second voltage
domain Vss2/Vee2 of sub-system 1106.

Voltage level shifter system 1102 may include a voltage level shifter 1102-1 to
translate data 1112 from the first voltage domain to the second voltage domain.

Level shifter system 1102 may include a voltage level shifter 1102-2 to translate
data 1114 from the second voltage domain to the first voltage domain.

Voltage level shifter system 1102 may include a voltage level shifter 1102-3 to
translate data 1116 from the first voltage domain to another voltage domain for output at
terminals or pads 1118.

Voltage level shifter system 1102 may include a voltage level shifter 1102-4 to
translate data 1120 received at pads 1122, from another voltage domain to the first voltage
domain.

One or more of voltage levels shifters 1102-1 through 1102-4 may be implemented
as described in one or more examples herein.

System 1100 may be implemented across multiple integrated circuit (IC) dies or
chips and/or within a single IC die. System 1100 may represent a system-on-a-chip (SoC).

System 1100 may be implemented to communicate with one or more systems
directly and/or through a communication network and/or over a wired and/or wireless

communication link.
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For example, sub-system 1106 may include a transmitter system or a portion
thereof, which may include one or more of a signal processor, an encoder, a modulator, a
frequency up-converter, and a power amplifier.

Sub-system 1106 may include a receiver system or a portion thereof, which may
include one or more of low noise amplifier, a frequency down-converter, a demodulator, a
decoder, and a signal processor.

System 1100 may further include terminals or pads 1124 to couple to a cable
system and/or an antenna system.

System 1100 may include a power distribution system 1126 to provide voltages to
sub-systems 1104 and 1106 and voltage level shifter system 1102. Power distribution
system 1126 and/or an associated voltage regulator may be configurable with respect to
voltage levels of Vss1/Veel and Vss2/Vec2, to accommodate various input and/or output
voltage swings. Power distribution system 1126 and/or an associated voltage regulator
may be configurable with respect to voltage levels of Vssl/Vecl and Vss2/Vece2, to
provide one or more level-shifting mode and/or a non-level shift mode.

System 1100 may include one or more additional sub-systems, which may operate
in one or more other voltage domains, and may include one or more additional
corresponding voltage level shifter systems.

FIG. 12 is flowchart of a method 1200 of level shifting logical states from an input
voltage swing to an output voltage swing, including controllably interrupting contention
with logical states having an interim voltage swing.

At 1202, true and complimentary logical states are received. The true and

complimentary logical states may correspond to Bit and Bit in one or more examples
herein, and may have an input voltage swing.
At 1204, the true and complimentary logical states are converted from the input

voltage swing to an interim voltage swing, such as described with respect to controls 118

and 120, controls 318 and 320, and/or Bit" and Bit" , in one or more examples herein.

The interim voltage swing may correspond to, or be defined by a lower limit of the
output voltage swing and an upper limit of the input voltage swing. Method 1200 is not,
however, limited to these examples.

At 1206, the true and complimentary logical states are converted, or level-shifted

from the input voltage swing to the output second voltage swing.
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The level-shifting at 1206 may include coupling an operating voltage to one of first
and second nodes of a voltage level shift circuit, and de-coupling the operating voltage
from the other one of the first and second nodes, under control of the true and
complementary logical states having the interim voltage swing, such as described with
respect to contention interrupter 110 and/or 310 in one or more examples herein.

Methods and systems are disclosed herein with the aid of functional building
blocks illustrating the functions, features, and relationships thercof. At least some of the
boundaries of these functional building blocks have been arbitrarily defined herein for the
convenience of the description. Alternate boundaries may be defined so long as the
specified functions and relationships thereof are appropriately performed.

Methods and systems disclosed herein may be implemented in hardware, software,
firmware, and combinations therecof, including discrete and integrated circuit logic,
application specific integrated circuit (ASIC) logic, and microcontrollers, and may be
implemented as part of a domain-specific integrated circuit package, and/or a combination
of integrated circuit packages. The terms software, code, and instructions, as used herein,
may refer to a computer program product including a computer readable medium having
computer program logic stored therein, with instructions to cause a computer system to
perform one or more functions in response thereto. The computer readable medium may
include a transitory and/or non-transitory medium.

While various embodiments are disclosed herein, it should be understood that they
have been presented by way of example only, and not limitation. It will be apparent to
persons skilled in the relevant art that various changes in form and detail may be made
therein without departing from the spirit and scope of the methods and systems disclosed
herein. Thus, the breadth and scope of the claims should not be limited by any of the

example embodiments disclosed herein.

-11 -
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CLAIMS
WHAT IS CLAIMED IS:
1. A system, comprising:
a voltage level shift circuit to shift input logical states from an input voltage swing
to an output voltage swing;
a controllable contention interrupter to selectively interrupt contention within the
voltage level shift circuit; and
an interrupt controller to shift the input logical states from the input voltage swing
to an interim voltage swing, and control the contention interrupter with the
logical states having the interim voltage swing.
2. The system of claim 1, wherein:
a difference between an operating voltage of the contention interrupter and at least
a portion of the input voltage swing exceeds a process-based voltage
reliability limit of the contention interrupter; and
the interim voltage swing is within the process-based voltage reliability limit of
the contention interrupter.
3. The system of claim 1, wherein:
a lower limit of the interim voltage swing is equal to a lower limit of the output
voltage swing; and
an upper limit of the interim voltage swing is equal to an upper limit of the input
voltage swing.
4. The system of claim 3, further including:
power-on control circuitry to delay application of the lower limit of the output
voltage swing to the interrupt controller until the upper limit of the input
voltage swing is applied to the interrupt controller.
5. The system of claim 1, wherein:
the interrupt controller includes a buffer to output a logical state at one of a lower
and upper limit of the interim voltage swing based upon a corresponding
input logical state.
6. The system of claim 1, wherein:
the voltage level shift circuit, the contention interrupter, and the interrupt controller

each include true and complimentary logical state paths; and
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the interrupt controller includes first and second inverters, each to output an
inverted one of true and complimentary logical states at a corresponding
one of a lower and upper limit of the interim voltage swing.
7. An integrated circuit (IC) die, comprising;:
a first sub-system to output logical states with a first voltage swing;
a second sub-system to process logical states with a second voltage swing;
a voltage level shift circuit to shift the logical state from the first voltage swing to
the second voltage swing;
a controllable contention interrupter to selectively interrupt contention within the
voltage level shift circuit; and
an interrupt controller to shift the input logical states from the input voltage swing
to an interim voltage swing, and control the contention interrupter with the
logical states having the interim voltage swing.
8. The IC die of claim 7, wherein:
a difference between an operating voltage of the contention interrupter and at least
a portion of the first voltage swing exceeds a process-based voltage
reliability limit of the contention interrupter; and
the interim voltage swing is within the process-based voltage reliability limit of
the contention interrupter.
9. The IC die of claim 7, wherein:
a lower limit of the interim voltage swing is equal to a lower limit of the second
voltage swing; and
an upper limit of the interim voltage swing is equal to an upper limit of the first
voltage swing.
10. The IC die of claim 9, further including:
power-on control circuitry to delay application of the lower limit of the second
voltage swing to the interrupt controller until the upper limit of the first
voltage swing is applied to the interrupt controller.
11. The IC die of claim 7, wherein:
the interrupt controller includes a buffer to output a logical state at one of a lower
and upper limit of the interim voltage swing based upon a corresponding
input logical state.

12. The IC die of claim 7, wherein:

-13 -
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13.

14.

15.

16.

the voltage level shift circuit, the contention interrupter, and the interrupt controller
each include true and complimentary logical state paths; and

the interrupt controller includes first and second inverters, each to output an
inverted one of true and complimentary logical states at a corresponding
one of a lower and upper limit of the interim voltage swing.

The IC die of claim 7, further including:

a power control system to operate the voltage level shift circuit, the contention
interrupter, and the interrupt controller in a selectable one of a level-shift
mode and a non-level-shift mode;

wherein the first voltage swing, the interim voltage swing, and the second voltage
swing differ from one another in the level-shift mode; and

wherein the first voltage swing, the interim voltage swing, and the second voltage
swing are equal to one another in the non- level-shift mode.

A method, comprising:

receiving input logical states having an input voltage swing;

shifting the input logical states from the input voltage swing to an interim voltage
swing;

shifting the input logical states from the input voltage swing to an output voltage
swing with a voltage level shift circuit, including selectively interrupting an
operating voltage to the voltage level shift circuit under control of the
logical states having the interim voltage swing.

The method of claim 14, wherein the interrupting is performed with a contention

interrupter, and wherein;

a difference between the operating voltage and at least a portion of the input
voltage swing exceeds a process-based voltage reliability limit of the
contention interrupter; and

the interim voltage swing is within the process-based voltage reliability limit of
the contention interrupter.

The method of claim 14, wherein:

a lower limit of the interim voltage swing is equal to a lower limit of the output
voltage swing; and

an upper limit of the interim voltage swing is equal to an upper limit of the input

voltage swing.
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17.

18.

19.

20.

The method of claim 16, wherein the shifting of the input logical states from the

input voltage swing to the interim voltage swing is performed with an interrupt

controller, the method further including:

delaying application of the lower limit of the output voltage swing to the interrupt
controller until the upper limit of the input voltage swing is applied to the
interrupt controller.

The method of claim 14, wherein the shifting the input logical states from the input

voltage swing to an interim voltage swing includes:

outputting one of a lower and upper limit of the interim voltage swing based upon
a corresponding input logical state.

The method of claim 14, wherein:

the shifting of the input logical states from the input voltage swing to the interim
voltage swing, and the shifting of the input logical state from the input
voltage swing to the output voltage swing, are performed with respect to
true and complimentary input logical states: and

the shifting of the input logical states from the input voltage swing to the interim
voltage swing further includes inverting the true and complimentary input
logical states to corresponding ones of lower and upper limits of the interim
voltage swing.

inverting the true and complimentary input logical states and outing the inverted
logical states at corresponding ones of lower and upper limits of the interim
voltage swing.

The method of claim 14, wherein:

selectively operating one of a level-shift mode and a non-level-shift mode;

wherein the first voltage swing, the interim voltage swing, and the second voltage
swing differ from one another in the level-shift mode; and

wherein the first voltage swing, the interim voltage swing, and the second voltage

swing are equal to one another in the non- level-shift mode.
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