
CIRCUIT ARRANGEMENTS AND METHODS OF OPERATING THE SAME
CROSS-REFERENCE TO RELATED APPLICATIONS  [1] This application claims
the benefit of priority of SG application No. 201204010-1 filed May
31, 2012, the contents of it being hereby incorporated by reference
in its entirety for all purposes. TECHNICAL FIELD  [2] Various
aspects of this disclosure relate to circuit arrangements and methods
of operating the same. BACKGROUND  [3] Voltage scaling has been used
to reduce the power consumption of digital and analog circuits. It
has been found that minimal energy may be achieved when the supply
voltage is lowered below threshold voltage and the leakage energy
balances the active energy.  [4] However, aggressive reduction of the
supply voltage may significantly degrade the performance as well as
increase variations of circuits. Compared to deep sub-threshold
operation, around-threshold or near-threshold operation has been
considered to be more practical as energy reduction may be achieved
at the same time with substantially improved performance as well as
reduction in variation.  [5] Future low power systems on chips (SOCs)
are likely to include many components operating at around-threshold
or near-threshold voltages to super -threshold voltages. This
requires level shifters that are able to perform fast and energy
efficient level shifting for a wide range of supply voltages from
around-threshold or near-threshold voltages to super -threshold
regions.  



2  [6] FIGS. lA and 1B show schematics two level shifters for
super-threshold operations. FIG. IA shows a schematic 100a of a level
shifter based on the cross-coupled p-channel metal oxide field effect
semiconductor (PMOS) transistors configuration. The level shifters
include two n-channel metal oxide field effect semiconductor (NMOS)
transistors 102, 104 and two p-channel metal oxide field effect
semiconductor (PMOS) transistors 106, 108. The gate electrodes of the
PMOS transistors 106, 108 are coupled to the drain electrode of the
NMOS transistors 104, 102 respectively. An input voltage Vio,h, may
be applied to node 110. Node 110 is coupled to the gate electrode of
transistor 102. An input inverter 112 (power by voltage Vio,v) is
used to convert the input voltage to generate an inverted input
voltage at the gate electrode of transistor 104. The drain electrodes
of transistors 106, 108 are coupled to supply voltage VDD. An output
inverter 114 may be used to electrically connect the drain electrode
of transistor 102 to output node 116. When the voltage Vlow,in is
applied to node 110, an output voltage about VDD may be generated at
output node 116. Conversely, when a voltage of about 0 V is applied
to node 110, an output voltage about OV may be generated at output
node 116.  [7] This structure works well for input voltages well
above threshold voltages. When the input voltage decreases to
threshold levels, transistors 102 or 104 are nearly turned off The
pull down current is unable to overcome the pull up current and the
level shifter may fail to flip. An intuitive solution is to increase
the sizes of transistors 102 and 104. However, this is impractical
because when the input voltages applied to transistors 102 or 104,
transistors 102 and/or 104 conduct mainly sub-threshold currents
which are several times smaller than the super-threshold currents
flowing through transistors 106 and/or 108. For example, simulation
shows that at 90 nm, transistors 102 and 104 have to be sized 2000
times larger than transistors 106 and 108 for the circuit to operate
in the around-threshold region.  [8] FIG. 1B shows a schematic 100b
of a level shifter based on the current mirror configuration. The
level shifter uses current-mirror to achieve level shifting.  3 NMOS
transistors 122, 124 and PMOS transistors 126, 128 are connected to
form a current minor. An input voltage may be applied at node 130. An
input inverter 132 is used to generate an inverted input voltage from
the input voltage. An output node 136 may be connected to the drain
of transistor 124 to generate an output voltage. When the input
voltage is high, there is current flowing through transistors 102,
106. An amplified current flows through transistors 104, 108 and
charge the output node 136 to high (e.g. close to supply voltage
VDD). When the input voltage is low, the current minor is disabled
and the output is discharged to low (e.g. close to ground). While the
level shifter based on the current minor configuration can operate at
a lower supply voltage, there is a constant static current flowing
through transistors 102, 106 when the output voltage is high, which
results in a large standby leakage power consumption.  [9] FIG. 2
shows a schematic 200 of a level shifter. The level shifter includes
NMOS transistors 202, 204, 206, 208, 210, 212 and 214, PMOS
transistors 216, 218, 220, 222, 224, 226, 228, 230, 232, 234 as well
as inverted 238, 240. The level shifter includes a reduced swing
inverter (RSI) 240 (including transistors 212, 214, 230, 232, 234) to
achieve the pull-up path to achieve fast transition without heavily
upsizing the pull down transistors. However, this structure uses more



threshold voltage since the drop across PMOS transistor 310 is nearly
constant. As such, this level shifter may not be suitable for
applications which require dynamic voltage scaling (DVS). Also, the
level shifter may suffer from asymmetric rise and fall delay caused
by the input inverter 320, especially at ultra low voltages due to
the reduced conductance of the cross-coupled PMOS. During a fall
transition (1->0), transistor 302 is switched off before transistor
304 is switched on due to the delay caused by the input inverter 320.
The current flowing through transistors 302, 306 are close to zero.
This causes reduced transconductance for switching and increases the
fall delay. During a rise transistion (0->1), the transistor 304 is
switched off after the transistor 302 is switched on. The overlapped
on-time leads to high conductance and small rise delay.  [11] FIG. 4
shows a schematic 400 of a level shifter. The level shifter includes
NMOS transistors 402, 404, 406, 408, PMOS transistors 410, 412, 414,
416, 418 as well as inverters 420, 422. The level shifter achieves
fast level shifting by creating non-conflicting rise and fall
transitions with feedback control. The disadvantage of this level
shifter is the large size required for the pull-down transistors and
increased active energy caused by the stacked transistor 406 in the
pull-down path which is already weaker than the pull-up path. The
asymmetry between the pull-up path and the pull-down path may also
cause the circuit to lose its balance of rise and fall delay or even
fail at lower voltages.  [12] FIG. 5 shows a schematic 500 of a level
shifter. The level shifter may include a inverter stage 502 and a
modified current mirror level shifter stage 504. The inverter stage
502 may include a NMOS transistor 506 and a PMOS transistor 508. The
modified current minor level shifter stage 504 may include NMOS
transistors 510, 512 as well as PMOS transistors 514, 516, 518. The
NMOS transistors 510, 512 as well as PMOS transistors 514, 516, 518
form a Wilson current mirror. The level shifter uses feedback control
(i.e. transistor 514) to disable the static current path through
transistors 510, 516 to reduce the standby leakage current. However,
5 disabling the static current path causes a voltage drop at the
output when the output voltage is high due to the reduced minor
current. This creates another static current path in the subsequent
buffer circuit and high standby leakage. Also, the transistor 518 is
half activated (half ON) for low output which increases standby
leakage power and fall delay. Increasing the size of transistor 518
may reduce the output voltage drop and reduce leakage current but may
increase the standby leakage current for low output and increase the
fall delay.  [13] FIG. 6 shows a schematic 600 of a level shifter.
The level shifter includes a level shifter stage including NMOS
transistors 602, 604 and PMOS transistors 606, 608 arranged in the
cross-coupled PMOS configuration. The level shifter further includes
input inverters 610, 612. The level shifter further includes a
substrate bias circuit 614 and a comparator 616 to apply forward body
bias to the pull-down transistors 606, 608 for reducing propagation
delays during transitions and apply reverse body-bias to reduce
standby leakage out of transitions. However, this requires triple
well technology and large area overhead caused by well separation,
body bias-control and output detection. In addition, forward
body-bias itself consumes leakage power. SUMMARY  [14] In various
embodiments, a circuit arrangement may be provided. The circuit
arrangement may include a level shifting stage configured to be



6 addition, the circuit arrangement may include a bypass circuit
element connected in parallel to the load The bypass circuit element
may have a first end and a second end, the first end coupled to the
level shifting stage and a second end for coupling to the second
reference voltage. The first input voltage may be configured to
switch between a first logic state and a second logic state and the
second input voltage may be configured to switch between the second
logic state and the first logic state. The level shifting stage may
be configured to generate a first output voltage at the output node
when the first input voltage is in the first logic state and the
second input voltage is in the second logic state. The level shifting
stage may be configured to generate a second output voltage at the
output node when the first input voltage is in the second logic state
and the second input voltage is in the first logic state. The bypass
circuit element may be configured to allow current to flow through
upon application of an external voltage for bypassing the load.
[015]In various embodiments, a method may be provided. The method may
include coupling a level shifting stage to a first reference voltage.
The method may also include coupling a first end of a load to the
level shifting stage and a second end of the load to a second
reference voltage. The method may additionally include coupling a
first end of a bypass circuit element to the level shifting stage and
a second end of the bypass circuit element to a second reference
voltage such that the circuit element is in parallel to the load. The
method may further include applying a first input voltage to a first
input electrode in electrical connection with the level shifting
stage, the first input voltage configured to switch between a first
logic state and a second logic state. The method may also include
applying a second input voltage to a second input electrode in
electrical connection with the level shifting stage, the second input
voltage configured to switch between the second logic state and the
first logic state. The level shifting stage may be configured to
generate a first output voltage at an output node of the level
shifting stage when the first input voltage is in the first logic
state and the second input voltage is in the second logic state. The
level  7 shifting stage may be configured to generate a second output
voltage at the output node when the first input voltage is in the
second logic state and the second input voltage is in the first logic
state. The method may further include applying an external voltage to
the bypass circuit element to allow current to flow through upon
application of an external voltage for bypassing the load.  [16] In
various embodiments, a circuit arrangement may be provided. The
circuit arrangement may include a level shifting stage coupled to a
first reference voltage. The circuit arrangement may further include
a first input electrode in electrical connection with the level
shifting stage for coupling a first input voltage. The circuit
arrangement may also include a second input electrode in electrical
connection with the level shifting stage for coupling a second input
voltage. The circuit arrangement may additionally include an output
electrode in electrical connection with the level shifting stage for
providing one of a first output voltage and a second output voltage.
The circuit arrangement may further include a feedback circuit
coupled with the level shifting stage, the output electrode and a
second reference voltage. The first input voltage may be configured
to switch between a first logic state and a second logic state. The



S also include coupling a feedback circuit with the level shifting
stage, an output electrode and a second reference voltage. The output
electrode may be in electrical connection with the level shifting
stage. The method may further include applying a first input voltage
to a first input electrode in electrical connection with the level
shifting stage, the first input voltage switching between a first
logic state and a second logic state. The method may additionally
include applying a second input voltage to a second input electrode
in electrical connection with the level shifting stage, the second
voltage input switching between the second logic state and the first
logic state. The level shifting stage may be configured to generate a
first output voltage at the output electrode when the first input
voltage is in the first logic state and the second input voltage is
in the second logic state. The level shifting stage may be configured
to generate a second output voltage at the output electrode when the
first input voltage is in the second logic state and the first input
voltage is in the first logic state. The feedback circuit may be
configured to maintain the first output voltage at the output
electrode above a predetermined level when the first input voltage is
in the first logic state and the second input voltage is in the
second logic state. BRIEF DESCRIPTION OF THE DRAWINGS [018]The
invention will be better understood with reference to the detailed
description when considered in conjunction with the non-limiting
examples and the accompanying drawings, in which: FIG. 1A shows a
schematic of a level shifter based on the cross-coupled p-channel
metal oxide field effect semiconductor (PMOS) transistors
configuration; FIG. 1B shows a schematic of a level shifter based on
the current mirror configuration; FIG. 2 shows a schematic of a level
shifter; FIG. 3 shows a schematic of a level shifter; FIG. 4 shows a
schematic of a level shifter;  



9 FIG. 5 shows a schematic of a level shifter; FIG. 6 shows a
schematic of a level shifter; FIG. 7 shows a schematic of a circuit
arrangement according to various embodiments; FIG. 8 shows a
schematic of a circuit arrangement according to various embodiments;
FIG. 9 shows a schematic of a method of operating a circuit
arrangement according to various embodiments; FIG. 10A is a graph of
voltage as a function of time showing the transient behaviour at
different nodes of the circuit arrangement according to various
embodiments; FIG. 10B is a graph of delay against the third reference
voltage (VDDL); FIG. 11 shows a schematic of a circuit arrangement
according to various embodiments; FIG. 12 shows a schematic of a
circuit arrangement according to various embodiments; FIG. 13 shows a
schematic of a method of operating a circuit arrangement according to
various embodiments; FIG. 14A is a graph of voltage as a function of
time showing the transient behaviour of the first input voltage at a
first input electrode and the output voltage at the output electrode
of the circuit arrangement according to various embodiments as well
as the output voltage of a conventional level shifter; FIG. 14B is a
graph of delay against the third reference voltage (VDDL); FIG. 15A
is a graph of active energy per transition as a function of the third
reference voltage (VDDL); and 



FIG. 15B is a graph of delay against the third reference voltage
(VDDL).                     DETAILED DESCRIPTION [019]The following
detailed description refers to the accompanying drawings that show,
by way of illustration, specific details and embodiments in which the
invention may be practiced. These embodiments are described in
sufficient detail to  10 enable those skilled in the art to practice
the invention. Other embodiments may be utilized and structural, and
logical changes may be made without departing from the scope of the
invention. The various embodiments are not necessarily mutually
exclusive, as some embodiments can be combined with one or more other
embodiments to form new embodiments.  [20] In order that the
invention may be readily understood and put into practical effect,
particular embodiments will now be described by way of examples and
not limitations, and with reference to the figures.  [21] FIG. 7
shows a schematic 700 of a circuit arrangement according to various
embodiments. The circuit arrangement may include a level shifting
stage 702 configured to be coupled to a first reference voltage 704,
the level shifting stage 702 having an output node 706. The circuit
arrangement may further include a first input electrode 708 in
electrical connection with the level shifting stage 702 for coupling
a first input voltage. The circuit arrangement may also include a
second input electrode 710 in electrical connection with the level
shifting stage 702 for coupling a second input voltage. The circuit
arrangement may further include a load 712 having a first end and a
second end, the first end coupled to the level shifting stage 702 and
the second end for coupling to a second reference voltage 714. In
addition, the circuit arrangement may include a bypass circuit
element 716 connected in parallel to the load 712. The bypass circuit
element 716 may have a first end and a second end, the first end
coupled to the level shifting stage 702 and a second end for coupling
to the second reference voltage 714. The first input voltage may be
configured to switch between a first logic state and a second logic
state and the second input voltage may be configured to switch
between the second logic state and the first logic state. The level
shifting stage 702 may be configured to generate a first output
voltage at the output node 706 when the first input voltage is in the
first logic state and the second input voltage is in the second logic
state. The level shifting stage 702 may be configured to generate a
second output voltage at the output node 706 when the first 



11 input voltage is in the second logic state and the second input
voltage is in the first logic state. The bypass circuit element 716
may be configured to allow current to flow through upon application
of an external voltage for bypassing the load 712. [022]In other
words, the circuit arrangement may include a level shifting stage
702. The level shifting stage 702 may be connected to a first input
electrode 708 and a second input electrode 710. A first input voltage
may be applied to the first input electrode 708 and a second input
voltage may be applied to the second input electrode 710. The first
input voltage may have voltages representing a first logic state and
a second logic state. Similarly, the second input voltage may have
voltages representing a first logic state and a second logic state.
When a first input voltage representing a first logic state is
applied to the first input electrode 708, a second input voltage
representing a second logic state may be applied to the second input
electrode 710. Conversely, when a first input voltage representing
the second logic state is applied to the first input electrode 708, a
second input voltage representing the first logic state may be
applied to the second input electrode 710. The level shifting stage
702 may further include an output node 706. The level shifting stage
702 may be configured to generate a first output voltage at the
output node 706 when the first input voltage representing the first
logic state is applied to the first input electrode 708 and the
second input voltage representing the second logic state is applied
to the second input electrode 710. Conversely, the level shifting
stage 702 may be configured to generate a second output voltage at
the output node 706 when the first input voltage representing the
second logic state is applied to the first input electrode 708 and
the second input voltage representing the first logic state is
applied to the second input electrode 710. The level shifting stage
702 may be connected to a first reference voltage 704 and a second
reference voltage 714 which may act as supply voltages. The circuit
arrangement may further include a load 712 between the level shifting
stage and the second reference voltage 714. In addition, the circuit
arrangement may further include a bypass circuit element 716 between
the level shifting stage 702 and the  12 second reference voltage
714, i.e. in parallel to the load 712. The bypass circuit element 716
may be configured to allow current to flow through upon application
of an external voltage for bypassing the load 712.  [23] In various
embodiments, a first circuit element or electrode or end coupled to a
second circuit element or electrode or end may refer to the first
circuit element or electrode or end in electrical connection to the
second circuit element or electrode or end without any intervening
circuit element that stops or changes the direction of current flow
between the first circuit element or electrode or end and the second
circuit element or electrode or end. "Couple", "couples", "coupling"
may have corresponding meanings.  [24] In various embodiments, a
first circuit element or electrode or end directly coupled to a
second circuit element or electrode or end may refer to the first
circuit element or electrode or end in electrical connection to the
second circuit element or electrode or end without any intervening
circuit element that stops or changes the direction of current flow
between the first circuit element or electrode or end and the second
circuit element or electrode or end or causes a voltage drop between
the first circuit element or electrode or end and the second circuit



[25] In various embodiments, "activated" may have the same meaning as
"turned on" or "switched on" or "enabled". When a circuit element is
"activated" or "turned on" or "switched on" or "enabled", the circuit
element may allow a substantial current to flow through. In various
embodiments, "deactivated" may have the same meaning as "turned off'
or "switched off' or "disabled". When a circuit element is
"deactivated" or "turn off' or "switched off' or "disabled", the
circuit element may not allow a current to flow through or may allow
only a small, often insubstantial, amount of current to flow through.
A circuit element may have a first logic state ("activated" or "on"
or "turned on" or "switched on" or "enabled".) and a second logic
state  13 ("deactivated" or "off' or "turned off' or "switched off'
or "disabled".). The current flowing through the circuit element in
the first logic state is greater, often significantly, than the
current flowing through the circuit element in the second logic
state.  [26] In various embodiments, a "circuit" may be understood as
any kind of a logic implementing entity, which may be special purpose
circuitry or a processor executing software stored in a memory,
firmware, or any combination thereof Thus, in various embodiments, a
"circuit" may be a hard-wired logic circuit or a programmable logic
circuit such as a programmable processor, e.g. a microprocessor (e.g.
a Complex Instruction Set Computer (CISC) processor or a Reduced
Instruction Set Computer (RISC) processor). A "circuit" may also be a
processor executing software, e.g. any kind of computer program, e.g.
a computer program using a virtual machine code such as e.g. Java.
Any other kind of implementation of the respective functions which
will be described in more detail below may also be understood as a
"circuit" in accordance with alternative embodiments.  [27] In
various embodiments, a transistor may include a metal oxide
semiconductor field effect transistor (MOSFET). In various alternate
embodiments, the transistor may include a bipolar junction transistor
(BJT).  [28] In various embodiments, the control electrode of a
transistor may include the gate electrode of a MOSFET. The first
controlled electrode of a transistor may include the drain electrode
of a MOSFET while the second controlled electrode of the transistor
may include the source electrode of the MOSFET. In various alternate
embodiments, the first controlled electrode of a transistor may
include the source electrode of a MOSFET while the second controlled
electrode of the transistor may include the drain electrode of the
MOSFET.  [29] In various embodiments, the control electrode of a
transistor may include the base electrode of a BJT. The first
controlled electrode of a transistor may include the collector
electrode of a BJT while the second controlled electrode of the
transistor may include the emitter electrode of the BJT. In various
alternate embodiments, the first  14 



controlled electrode of a transistor may include the emitter
electrode of a BJT while the second controlled electrode of the
transistor may include the collector electrode of the BJT.  [30] In
various embodiments, the logic state of the second input voltage may
different from the logic state of the first input voltage. The logic
state of the second input voltage may different from the logic state
of the first input voltage at steady state. In other words, the logic
state of the second input voltage may different from the logic state
of the first input voltage out of transitions or between transitions.
[31] In various embodiments, a transition may refer to a period of
time in which the first input voltage switches from a first logic
state to a second logic state and the second input voltage switches
from the second logic state to the first logic state. A transition
may also refer to a period of time in which the second input voltage
switches from a first logic state to a second logic state and the
first input voltage switches from the second logic state to the first
logic state.  [32] The circuit arrangement may be configured such
that when a first input voltage in the first logic state is applied
to the first input electrode 708, a second input voltage in the
second logic state is applied to the second input electrode 710.
Conversely, the circuit arrangement may be configured such that when
a first input voltage in the second logic state is applied to the
first input electrode 708, a second input voltage in the first logic
state is applied to the second input electrode 710. The circuit
arrangement may further include an input inverter having a first
electrode and a second electrode. The first electrode (of the input
inverter) may be coupled to the first input electrode 708 and the
second electrode (of the input inverter) may be coupled to the second
input electrode 710. The input inverter may invert the logic state of
the first input voltage applied to the first input electrode 708 and
generates the second input voltage in a logic state different from
the logic state of the first input voltage. For example, when a high
voltage is applied to the first input electrode 708, the input
inverter produces a low voltage at the second electrode (of the input
inverter)  15 and applies the low voltage to the second input
electrode 710. Conversely, when a low voltage is applied to the first
input electrode 708, the input inverter produces a high voltage at
the second electrode (of the input inverter) and applies the high
voltage to the second input electrode 710.  [33] In various
embodiments, the first output voltage may represent the first logic
state and the second output voltage may represent the second logic
state.  [34] The circuit arrangement may be a level shifter or may be
a part of a level shifter.  [35] In various embodiments, the first
output voltage may be different from the first input voltage (and/or
second input voltage) in the first logic state. The first output
voltage may also be different from the first input voltage (and/or
second input voltage) in the second logic state. The first output
voltage may be higher than the first input voltage in the first logic
state and/or the second logic state. 



[36] The voltage of the first input voltage in the first logic state
may be substantially equal to the voltage of the second input voltage
in the first logic state. The voltage of the first input voltage in
the second logic state may be substantially equal to the voltage of
the second input voltage in the second logic state.  [37] The first
output voltage may be substantially equal or below the second
reference voltage 714. For instance, the first output voltage may be
substantially equal to the second reference voltage subtracted by the
voltage drop across the load 712 when the bypass circuit 716 is
deactivated. The first output voltage may be substantially equal to
the second reference voltage 714 when the bypass circuit 716 is
activated.  [38] The level shifting stage 702 may shift the first
input voltage (in a first logic state) to a higher voltage (first
output voltage representing a first logic state). For instance, a
first input voltage of about 1V (representing "high" state) may be
applied to the first input electrode 708. The input inverter may
generate a second input voltage (representing "low" state) to the
second input electrode 710. The level shifting  16 stage 702 may in
electrical connection to a second reference voltage (i.e. supply
voltage) 714 of about 5V via the load 712 and/or the bypass circuit
716. The level shifting stage 702 may generate a first output voltage
high state at the output node 706 (when a first input voltage
representing "high" state is applied to the first input electrode 708
and when a second input voltage representing "low" state is applied
to the second input electrode 710). The first output voltage may be
substantially about 5V when the bypass circuit 716 is activated. The
first output voltage may be substantially about 4V when the bypass
circuit 716 is deactivated. The level shifting stage 702 may be
configured to "shift" an input voltage of a lower magnitude (e.g.
about 1V) to an output voltage of a higher magnitude (e.g. about 4V
or about 5V).  [39] The first reference voltage 704 may be at ground
(about OV). A first input voltage of about OV (representing "low"
state) may be applied to the first input electrode 708. The input
inverter may generate a second input voltage (representing "high"
state) to the second input electrode 710. The level shifting stage
702 may generate a second output voltage substantially equal to
ground (representing "low" state) at the output node 706 (when a
first input voltage representing "low" state is applied to the first
input electrode 708 and when a second input voltage representing
"high: state is applied to the second input electrode 710). The
second output voltage may be substantially equal to ground when the
bypass circuit 716 is activated or when the bypass circuit 716 is
deactivated.  [40] The load 712 may cause propagation delay to not
track voltage scaling well, especially when the supply voltage (i.e.
the second reference voltage 714) is raised to the super-threshold
region because of the nearly constant voltage drop across the load
712. The load 712 may result in degraded performance of the circuit
arrangement according to various embodiments when operating in the
super-threshold region and may make the circuit arrangement to be
unsuitable for dynamic voltage scaling (DVS) applications.  17 



[41] Coupling a bypass circuit element 716 in parallel to the load
712 may at least partially improve performance of the circuit
arrangement and allow for faster operation.  [42] The bypass circuit
element 716 may allow the circuit arrangement according to various
embodiments to be used for supply voltages in the around threshold
and the super threshold regions to be used. When the supply voltage
is at around-threshold region, the bypass circuit element 716 may be
disabled to weaken the pull-up path in the level shifting stage 702.
When the supply voltage is at super-threshold region, the voltage
drop across the load may remain fairly constant, which may in turn
lead to propagation delays. The bypass circuit element 716 may be
configured to allow current to flow through (i.e. activated) upon
application of an external voltage for bypassing the load 712. The
circuit arrangement may be further configured to apply the external
voltage to the bypass circuit element 716 when the supply voltage
exceeds a predetermined level. The circuit arrangement may further
include a comparator circuit coupled to the second reference voltage
and the bypass circuit element 716. The comparator circuit may be
further coupled to a voltage fixed at a constant predetermined level.
The comparator circuit may be configured to compare the second
reference voltage and the voltage fixed at the predetermined level
and generates the external voltage when the second reference voltage
equals or exceeds the voltage at the predetermined level. The bypass
circuit element 716 may be activated upon application of the external
voltage.  [43] In various embodiments, the level shifting stage 702
may include a first set of sequentially coupled pull-up and pull-down
sub-circuits cross-coupled to a second set of sequentially coupled
pulled-up and pull-down sub-circuits to generate a positive feedback
loop.  [44] The pull-up sub-circuit in the first set may include a
first pull-up transistor. The pull-down sub-circuit in the first set
may include a first pull-down transistor. In other words, the first
set of sequentially coupled pull-up and pull-down sub-circuits  18 



may include the first pull-up transistor and the first pull-down
transistor. The first pull-up transistor may include a control
electrode, a first controlled electrode and a second controlled
electrode. The first pull-down transistor may include a control
electrode, a first controlled electrode and a second controlled
electrode. The first pull-up transistor may be sequentially coupled
to the first pull-down transistor by coupling the first controlled
electrode of the first pull-up transistor to the first controlled
electrode of the first pulled-down transistor.  [45] The pull-up
sub-circuit in the second set may include a second pull-up
transistor. The pull-down sub-circuit in the second set may include a
second pull-down transistor. In other words, the second set of
sequentially coupled pull-up and pull-down sub-circuits may include
the second pull-up transistor and the second pull-down transistor.
The second pull-up transistor may include a control electrode, a
first controlled electrode and a second controlled electrode. The
second pull-down transistor may include a control electrode, a first
controlled electrode and a second controlled electrode. The second
pull-up transistor may be sequentially coupled to the second
pull-down transistor by coupling the first controlled electrode of
the second pull-up transistor to the first controlled electrode of
the second pulled-down transistor.  [46] The first set of
sequentially coupled pull-up and pull-down sub-circuits cross-coupled
to the second set of sequentially coupled pull-up and pull-down
sub-circuits may include coupling the first controlled electrode of
the first pull-down transistor to the control electrode of the second
pull-up transistor. The first set of sequentially coupled pull-up and
pull-down sub-circuits cross-coupled to the second set of
sequentially coupled pull-up and pull-down sub-circuits may further
include coupling the first controlled electrode of the second
pull-down transistor to the control electrode of the first pull-up
transistor.  [47] The first end of the load 712 may be coupled to the
second controlled electrode of the first pull-up transistor and/or
the second controlled electrode of the second pull-up transistor. The
first end of the bypass circuit element 716 may be  19 coupled to the
second controlled electrode of the first pull-up transistor and/or
the second controlled electrode of the second pull-up transistor.
[48] The second controlled electrode of the first pull-down
transistor and/or the second controlled electrode of the second
pull-down transistor may be coupled to the first reference voltage.
[49] The load 712 may include a diode or a transistor The circuit
arrangement may be configured such that the diode is forward-biased.
The transistor (which may also be called a load transistor) may have
a control electrode and a first controlled electrode and a second
controlled electrode. The transistor (load transistor) may be
configured as a diode, e.g. by connecting the first controlled
electrode of the transistor (load transistor) to the control
electrode of the transistor (load transistor). The first controlled
electrode of the transistor (load transistor) may be coupled to the
second reference voltage 714. The second controlled electrode of the
transistor may be coupled to the level shifting stage 702. The
transistor (load transistor) may be a NMOS transistor. The diode or
transistor configured as a diode may only allow current flow from the
second reference voltage 714 to the level shifting stage 702.  [50]
The bypass circuit element 716 may include a bypass transistor. The



[51] The bypass circuit element 716 may instead include any
sub-circuit arrangement that allows current to flow through for
bypassing the load 714 upon application of an external voltage. The
external voltage may be a low signal or a high signal.  [52] In
various alternate embodiments, the bypass circuit element 716 may  20
instead be configured such that current flows through the bypass
circuit element upon termination of an external voltage. In other
words, the external voltage prevents current from flowing through the
circuit element. When the external voltage is terminated, current
flows through the circuit element for bypassing the load 714.  [53]
The circuit arrangement may further include a delay balancer
sub-circuit coupled in parallel to one of the first pull-down
transistor or second pull-down transistor. The circuit arrangement
may further include a delay balancer sub-circuit coupled in parallel
to the first pull-down transistor. The circuit arrangement may be
configured such that when the first pull-down transistor is
deactivated (switched off) and before the second pull-down transistor
is activated (switched on), the delay balancer circuit may remain
activated. The circuit arrangement may additionally or alternatively
be configured such that when the first pull-down transistor and the
delay balancer sub-circuit are activated (switched on) before the
second pull-down transistor is deactivated (switched off).  [54] The
delay balancer sub-circuit may include a delay balancer transistor.
The delay balancer sub-circuit may further include a delay balancer
inverter. The delay balancer transistor may include a control
electrode, a first controlled electrode and a second controlled
electrode. The first controlled electrode of the delay balancer
transistor may be coupled to the first controlled electrode of the
first pull-down transistor. The second controlled electrode of the
delay balancer transistor may be coupled to the second controlled
electrode of the first pull-down transistor. The delay balancer
inverter may include a first electrode and a second electrode. The
first electrode may be coupled to the second input electrode 710 and
the second electrode may be coupled to the control electrode of the
delay balancer transistor.  [55] The circuit arrangement may further
include a subsequent level shifting stage cascaded to the level
shifting stage 702. The subsequent level shifting stage may be
coupled or be directly coupled to the first reference voltage 704 and
the second reference voltage 714. In various embodiments, the level
shifting stage 702 may be  21 



connected to the load 712 to weaken the pull-up path while the
subsequent shifting stage may be directly connected to the first
reference voltage 704 and the second reference voltage 714 (without
any intervening circuit elements) to achieve full output voltage
swing.  [56] In various embodiments, the subsequent level shifting
stage may include a third set of sequentially coupled pull-up and
pull-down sub-circuits cross-coupled to a fourth set of sequentially
coupled pulled-up and pull-down sub-circuits to generate a subsequent
positive feedback loop.  [57] The pull-up sub-circuit in the third
set may include a third pull-up transistor. The pull-down sub-circuit
in the third set may include a third pull-down transistor. In other
words, the third set of sequentially coupled pull-up and pull-down
sub-circuits may include the third pull-up transistor and the third
pull-down transistor. The third pull-up transistor may include a
control electrode, a first controlled electrode and a second
controlled electrode. The third pull-down transistor may include a
control electrode, a first controlled electrode and a second
controlled electrode. The third pull-up transistor may be
sequentially coupled to the third pull-down transistor by coupling
the first controlled electrode of the third pull-up transistor to the
first controlled electrode of the third pulled-down transistor.  [58]
The pull-up sub-circuit in the fourth set may include a fourth
pull-up transistor. The pull-down sub-circuit in the fourth set may
include a fourth pull-down transistor. In other words, the fourth set
of sequentially coupled pull-up and pull-down sub-circuits may
include the fourth pull-up transistor and the fourth pull-down
transistor. The fourth pull-up transistor may include a control
electrode, a first controlled electrode and a second controlled
electrode. The fourth pull-down transistor may include a control
electrode, a first controlled electrode and a second controlled
electrode. The fourth pull-up transistor may be sequentially coupled
to the fourth pull-down transistor by coupling the first controlled
electrode of the fourth pull-up transistor to the first controlled
electrode of the fourth pulled-down transistor.  22  [59] The third
set of sequentially coupled pull-up and pull-down sub-circuits
cross-coupled to the fourth set of sequentially coupled pull-up and
pull-down sub-circuits may include coupling the first controlled
electrode of the third pull-down transistor to the control electrode
of the fourth pull-up transistor. The third set of sequentially
coupled pull-up and pull-down sub-circuits cross-coupled to the
fourth set of sequentially coupled pull-up and pull-down sub-circuits
may further include coupling the first controlled electrode of the
fourth pull-down transistor to the control electrode of the third
pull-up transistor.  [60] The subsequent level shifting stage
cascaded to the level shifting stage may include coupling the first
controlled electrode of the first pull-down transistor to the control
electrode of the third pull-down transistor. The subsequent level
shifting stage cascaded to the level shifting stage may alternatively
or additionally, include coupling the first controlled electrode of
the second pull-down transistor to the control electrode of the
fourth pull-down transistor.  [61] The subsequent shifting stage may
further include a further output electrode. The output electrode may
be coupled to the first controlled electrode of the third pull-down
transistor.  [62] Advantageously, the subsequent level shifting stage
coupled to the first reference voltage and the second reference



[63] In various embodiments, the pull-down transistors may be
configured according to minimum width finger sizing method for
reducing threshold voltages to increase driving current. By applying
the minimum width sizing method, the inverse narrow width effect
(INWE) is utilized. Due to the inverse narrow width effect (INWE),
the threshold voltages of the transistors are increased as the
transistor width are increased from minimum, which may lead to
reduced driving current. The circuit arrangement may include
pull-down transistors having minimum width transistors for  23
achieving the low threshold voltages and increase driving current for
reducing delay, especially at low voltages. Additionally, the size of
the pull-down transistors may be reduced (due to increased driving
current), which may further reduce delay as well as power
consumption.  [64] The pull-down transistors may be configured
according to minimum width finger sizing method. The pull-down
transistors may be configured according to minimum width finger
sizing method by folding each transistor into multiple folded
transistors (also called "fingers") having an equivalent current
drive as the transistor when connected properly in combination. Each
of the folded transistors may have a reduced width. Configuring each
transistor may further include sharing drain and/or source electrodes
between the folded transistors.  [65] In various embodiments, the
pull-down transistors are n-channel metal oxide semiconductor field
effect transistors (MOSFETs). In various embodiments, the pull-up
transistors are p-channel metal oxide semiconductor field effect
transistors (MOSFETs).  [66] FIG. 8 shows a schematic 800 of a
circuit arrangement according to various embodiments. The circuit
arrangement may include a level shifting stage configured to be
coupled to a first reference voltage 804, the level shifting stage
having an output node 806. The circuit arrangement may further
include a first input electrode 808 in electrical connection with the
level shifting stage for coupling a first input voltage. The circuit
arrangement may also include a second input electrode 810 in
electrical connection with the level shifting stage for coupling a
second input voltage. The circuit arrangement may further include a
load 812 having a first end and a second end, the first end coupled
to the level shifting stage and the second end for coupling to a
second reference voltage. In addition, the circuit arrangement may
include a bypass circuit element connected in parallel to the load
812. The bypass circuit element 816 may have a first end and a second
end, the first end coupled to the level shifting stage and a second
end for coupling to the second reference voltage 814. The first input
24 voltage may be configured to switch between a first logic state
and a second logic state and the second input voltage may be
configured to switch between the second logic state and the first
logic state. The level shifting stage may be configured to generate a
first output voltage at the output node 806 when the first input
voltage is in the first logic state and the second input voltage.is
in the second logic state. The level shifting stage may be configured
to generate a second output voltage at the output node 806 when the
first input voltage is in the second logic state and the second input
voltage is in the first logic state. The bypass circuit element 816
may be configured to allow current to flow through upon application
of an external voltage for bypassing the load 812. 



[067]In other words, the circuit arrangement may include a level
shifting stage. The level shifting stage may be connected to a first
input electrode 808 and a second input electrode 810. A first input
voltage may be applied to the first input electrode 808 and a second
input voltage may be applied to the second input electrode 810. The
first input voltage may have voltages representing a first logic
state and a second logic state. Similarly, the second input voltage
may have voltages representing a first logic state and a second logic
state. When a first input voltage representing a first logic state is
applied to the first input electrode 808, a second input voltage
representing a second logic state may be applied to the second input
electrode 810. Conversely, when a first input voltage representing
the second logic state is applied to the first input electrode 808, a
second input voltage representing the first logic state may be
applied to the second input electrode 810. The level shifting stage
may further include an output node 806. The level shifting stage may
be configured to generate a first output voltage at the output node
806 when the first input voltage representing the first logic state
is applied to the first input electrode 808 and the second input
voltage representing the second logic state is applied to the second
input electrode 810. Conversely, the level shifting stage may be
configured to generate a second output voltage at the output node 806
when the first input voltage representing the second logic state is
applied to  25 the first input electrode 808 and the second input
voltage representing the first logic state is applied to the second
input electrode 810. The level shifting stage may be connected to a
first reference voltage 804 and a second reference voltage 814 which
may act as supply voltages. The circuit arrangement may further
include a load 812 between the level shifting stage and the second
reference voltage 814. In addition, the circuit arrangement may
further include a bypass circuit element 816 between the level
shifting stage and the second reference voltage 814, i.e. in parallel
to the load 812. The bypass circuit element 816 may be configured to
allow current to flow through upon application of an external voltage
for bypassing the load 814.  [68] In various embodiments, the level
shifting stage may include first pull-down transistor 818, first
pull-up transistor 820, second pull-down transistor 822 and second
pull-down transistor 824.  [69] In various embodiments, the logic
state of the second input voltage may different from the logic state
of the first input voltage. The logic state of the second input
voltage may different from the logic state of the first input voltage
at steady state. In other words, the logic state of the second input
voltage may different from the logic state of the first input voltage
out of transitions or between transitions.  [70] In various
embodiments, a transition may refer to a period of time in which the
first input voltage switches from a first logic state to a second
logic state and the second input voltage switches from the second
logic state to the first logic state. A transition may also refer to
a period of time in which the second input voltage switches from a
first logic state to a second logic state and the first input voltage
switches from the second logic state to the first logic state.  [71]
The circuit arrangement may be configured such that when a first
input voltage in the first logic state is applied to the first input
electrode 808, a second input voltage in the second logic state is
applied to the second input electrode 810. Conversely, the circuit



26 input voltage in the first logic state is applied to the second
input electrode 810. The circuit arrangement may further include an
input inverter 826 having an first electrode and a second electrode.
The first electrode may be coupled to the first input electrode 808
and the second electrode may be coupled to the second input electrode
810. The input inverter 826 may invert the logic state of the first
input voltage applied to the first input electrode 808 and generates
the second input voltage in a logic state different from the logic
state of the first input voltage. For example, when a high voltage is
applied to the first input electrode 808, the input inverter 826
produces a low voltage at the second electrode (of the input inverter
826) and applies the low voltage to the second input electrode 810.
Conversely, when a low voltage is applied to the first input
electrode 808, the input inverter produces a high voltage at the
second electrode (of the input inverter 826) and applies the high
voltage to the second input electrode 810.  [72] In various
embodiments, the first output voltage may represent the first logic
state and the second output voltage may represent the second logic
state.  [73] The circuit arrangement may be a level shifter or may be
a part of a level shifter.  [74] In various embodiments, the first
output voltage may be different from the first input voltage (and/or
second input voltage) in the first logic state. The first output
voltage may also be different from the first input voltage (and/or
second input voltage) in the second logic state. The first output
voltage may be higher than the first input voltage in the first logic
state and/or the second logic state.  [75] The voltage of the first
input voltage in the first logic state may be substantially equal to
the voltage of the second input voltage in the first logic state. The
voltage of the first input voltage in the second logic state may be
substantially equal to the voltage of the second input voltage in the
second logic state.  [76] The first output voltage may be
substantially equal or below the second reference voltage 814. For
instance, the first output voltage may be substantially equal  27 to
the second reference voltage subtracted by the voltage drop across
the load 812 when the bypass circuit 816 is deactivated. The first
output voltage may be substantially equal to the second reference
voltage 814 when the bypass circuit 816 is activated. 



[77] The level shifting stage shifts the first input voltage (in a
first logic state e.g. "high" state) to a higher voltage (first
output voltage representing a first logic state e.g. "high" state).
For instance, a first input voltage of about 1V (representing "high"
state) may be applied to the first input electrode 808. The input
inverter may generate a second input voltage (representing "low"
state) to the second input electrode 810. The level shifting stage
may be coupled to a second reference voltage (i.e. supply voltage)
814 of about 5V. The level shifting stage may generate a first output
voltage "high" state at the output node 806 (when a first input
voltage representing high state is applied to the first input
electrode 808 and when a second input voltage representing "low"
state is applied to the second input electrode 810). The first output
voltage may be substantially about 5V when the bypass circuit 816 is
activated. The first output voltage may be substantially about 4V
when the bypass circuit 816 is deactivated. The level shifting stage
may be configured to "shift" an input voltage of a lower magnitude
(e.g. about 1V) to an output voltage of a higher magnitude (e.g.
about 4V or about 5V).  [78] In various embodiments, the first
reference voltage 804 is at ground. In various embodiments, the
second reference voltage 814 is at VDD. The second reference voltage
814 may include a voltage in the super-threshold region or a voltage
in the near-threshold or about-threshold region.  [79] The first
reference voltage 804 may be at ground (about OV). A first input
voltage of about OV (representing "low" state) may be applied to the
first input electrode 808. The input inverter may generate a second
input voltage (representing high state) to the second input electrode
810. The level shifting stage may generate a second output voltage
substantially equal to ground (representing "low" state) at the  28
output node 806 (when a first input voltage representing "low" state
is applied to the first input electrode 808 and when a second input
voltage representing "high" state is applied to the second input
electrode 810). The second output voltage may be substantially equal
to ground when the bypass circuit 816 is activated or when the bypass
circuit 816 is deactivated.  [80] The load 812 may help to weaken the
pull-up path.  [81] However, the load 812 may cause propagation delay
to not track voltage scaling well, especially when the supply voltage
(i.e. the second reference voltage 814) is raised to the
super-threshold region because of the nearly constant voltage drop
across the load 812. The load 812 may result in degraded performance
of the circuit arrangement when operating in the super-threshold
region and may make the circuit arrangement to be unsuitable for
dynamic voltage scaling (DVS) applications.  [82] Coupling a bypass
circuit element 816 in parallel to the load 812 may at least
partially improve performance of the circuit arrangement and allow
for faster operation.  [83] The bypass circuit element 816 may allow
the circuit arrangement to be used for supply voltages in the around
threshold and the super threshold regions to be used. When the supply
voltage (i.e. second reference voltage 814) is at around-threshold
region, the bypass circuit element 816 may be disabled to weaken the
pull-up path in the level shifting stage. The voltage at the second
controlled electrode of the pull-up transistors 820, 824 may be
decreased by the voltage drop across the load 812 (i.e. second
reference voltage subtracted by voltage drop across load 812). When
the supply voltage (second reference voltage 814) increases above the



29 816 when the supply voltage exceeds a predetermined level. The
bypass circuit element 816 may at least partially improve performance
of the circuit arrangement and allow for faster operation when the
supply voltage (i.e. second reference voltage 814) is at
super-threshold region. When operating in the about-threshold or
near-threshold region, the bypass circuit element 816 may be disable
so that the load 812 may be used to weaken the pull-up path.  [84] In
various embodiments, the level shifting stage may include a first set
of sequentially coupled pull-up and pull-down sub-circuits
cross-coupled to a second set of sequentially coupled pulled-up and
pull-down sub-circuits to generate a positive feedback loop.  [85]
The pull-up sub-circuit in the first set may include a first pull-up
transistor 820. The pull-down sub-circuit in the first set may
include a first pull-down transistor 818. In other words, the first
set of sequentially coupled pull-up and pull-down sub-circuits may
include the first pull-up transistor 820 and the first pull-down
transistor 818. The first pull-up transistor 820 may include a
control electrode, a first controlled electrode and a second
controlled electrode. The first pull-down transistor 818 may include
a control electrode, a first controlled electrode and a second
controlled electrode. The first pull-up transistor 820 may be
sequentially coupled to the first pull-down transistor 818 by
coupling the first controlled electrode of the first pull-up
transistor 820 to the first controlled electrode of the first
pulled-down transistor 818.  [86] The pull-up sub-circuit in the
second set may include a second pull-up transistor 824. The pull-down
sub-circuit in the second set may include a second pull-down
transistor 822. In other words, the second set of sequentially
coupled pull-up and pull-down sub-circuits may include the second
pull-up transistor 824 and the second pull-down transistor 822. The
second pull-up transistor 824 may include a control electrode, a
first controlled electrode and a second controlled electrode. The
second pull-down transistor 822 may include a control electrode, a
first controlled  30 electrode and a second controlled electrode. The
second pull-up transistor 824 may be sequentially coupled to the
second pull-down transistor 822 by coupling the first controlled
electrode of the second pull-up transistor 824 to the first
controlled electrode of the second pulled-down transistor 822.  [87]
The first set of sequentially coupled pull-up and pull-down
sub-circuits cross-coupled to the second set of sequentially coupled
pull-up and pull-down sub-circuits may include coupling the first
controlled electrode of the first pull-down transistor 818 to the
control electrode of the second pull-up transistor 824. The first set
of sequentially coupled pull-up and pull-down sub-circuits
cross-coupled to the second set of sequentially coupled pull-up and
pull-down sub-circuits may further include coupling the first
controlled electrode of the second pull-down transistor 822 to the
control electrode of the first pull-up transistor 820. 



[88] In various embodiments, the first input electrode 808 may be or
may be coupled to the control electrode of the first pull-down
transistor 818. The second input electrode 810 may be or may be
coupled to the control electrode of the second pull-down transistor
822.  [89] The first end of the load 812 may be coupled to the second
controlled electrode of the first pull-up transistor 820 and/or the
second controlled electrode of the second pull-up transistor 824. The
first end of the bypass circuit element 816 may be coupled to the
second controlled electrode of the first pull-up transistor 820
and/or the second controlled electrode of the second pull-up
transistor 824.  [90] The second controlled electrode of the first
pull-down transistor 818 and/or the second controlled electrode of
the second pull-down transistor 822 may be coupled to the first
reference voltage 804.  [91] The load 812 may include a diode or a
transistor. The circuit arrangement may be configured such that the
diode is forward-biased. The transistor (which may also be called a
load transistor) may have a control electrode and a first controlled
electrode and a second controlled electrode. The transistor (load
transistor) may be  31 configured as a diode, e.g. by connecting the
first controlled electrode of the transistor (load transistor) to the
control electrode of the transistor (load transistor). The first
controlled electrode of the transistor (load transistor) may be
coupled to the second reference voltage 814. The second controlled
electrode of the transistor may be coupled to the level shifting
stage. The transistor (load transistor) may be a NMOS transistor.
[92] The bypass circuit element 816 may include a bypass transistor.
The bypass transistor may include a control electrode and a first
controlled electrode and a second controlled electrode. The first
controlled electrode of the bypass transistor may be coupled to the
second reference voltage 814. The second controlled electrode of the
bypass transistor may be coupled to the level shifting stage. The
second controlled electrode of the bypass transistor may also be
coupled to the load 812. The bypass transistor may include a PMOS
transistor.  [93] The bypass circuit element 816 may instead include
any sub-circuit arrangement that allows current to flow through for
bypassing the load 814 upon application of an external voltage. The
external voltage may be a low signal or a high signal.  [94] The
bypass circuit element 816 may instead be configured such that
current flows through the bypass circuit element 816 upon termination
of an external voltage. In other words, the external voltage prevents
current from flowing through the circuit element. When the external
voltage is terminated, current flows through the circuit element for
bypassing the load 814. 



[95] One way to reduce fall delay is to balance the arrival time of
the first input voltage and the second input voltage by delaying the
first input voltage to the control electrode of the first pull-down
transistor 818. However, delaying the arrival time of the first input
voltage may increase the rise delay due to reduced overlapped on time
of the first pull-down transistor 818 and the second pull-down
transistor 822.  [96] The circuit arrangement may further include a
delay balancer sub-circuit  32 coupled in parallel to the first
pull-down transistor 818. The circuit arrangement may be configured
such that when the first pull-down transistor 818 is deactivated
(switched off) and before the second pull-down transistor is
activated 822 (switched on), the delay balancer circuit may remain
activated. Advantageously, the transconductance and/or the fall delay
of the circuit arrangement may be reduced. The circuit arrangement
may additionally or alternatively be configured such that when the
first pull-down transistor 818 and the delay balancer sub-circuit are
activated (switched on) before the second pull-down transistor 822 is
deactivated (switched off). A small rise delay may result. In
addition, the overlapping of the "on" time of transistors 822, 828
during fall transition may increase the short current slightly.
However, switching energy may remain substantially the same as
without the delay balancer sub-circuit since the delay is reduced.
[97] Alternatively, the circuit arrangement may include a delay
balancer sub-circuit coupled in parallel to the second pull-down
transistor 822.  [98] The delay balancer sub-circuit may include a
delay balancer transistor 828. The delay balancer sub-circuit may
further include a delay balancer inverter 830. The delay balancer
transistor 828 may include a control electrode, a first controlled
electrode and a second controlled electrode. The first controlled
electrode of the delay balancer transistor 828 may be coupled to the
first controlled electrode of the first pull-down transistor 818. The
second controlled electrode of the delay balancer transistor 828 may
be coupled to the second controlled electrode of the first pull-down
transistor 818. The delay balancer inverter 830 may include a first
electrode and a second electrode. The first electrode may be coupled
to the second input electrode 810 and the second electrode may be
coupled to the control electrode of the delay balancer transistor
828.  [99] When the first input voltage switches from a first logic
state (e.g. a "high" state) to a second logic state (e.g. a "low"
state), the first pull-down transistor 818 may be turned off. The
input inverter 826 causes a delay in switching the second input  33 



voltage from the second logic state (e.g. a "low" state) to the first
logic state (e.g. a "high" state). The first pull-down transistor 818
may be switched off before the second pull-down transistor 822 is
switched on. The transconductance may be reduced for switching and
the fall delay may increase. When the first input voltage switches
from a second logic state (e.g. a "low" state) to a first logic state
(e.g. a "high" state), pull-down transistor 818 may be turned on.
However, due to the delay caused by the input inverter 826, the
second pull-down inverter 822 may be switched off after the first
pull-down transistor is switched on. Transconductance may be high and
rise delay may be small. [0100]The delay balancer transistor may be
coupled in parallel to the first pull-down transistor 818. The delay
balancer inverter causes a delay in switching the voltage at the
control electrode of the delay balancer transistor. When the first
input voltage switches from a first logic state (e.g. a "high" state)
to a second logic state (e.g. a "low" state), the first pull-down
transistor 818 may be turned off before the second pull-down
transistor 822 is switched on, but the delay balancer transistor in
parallel to the first pull-down transistor 818 may remain turned on.
The delay balancer transistor may improve transconductance and reduce
fall delay. . When the first input voltage switches from a second
logic state (e.g. a "low" state) to a first logic state (e.g. a
"high" state), the delay balancer transistor 828 and the first
pull-down transistor 818 are switched on before the second pull-down
transistor 822 is switched off. The delay transistor 828 is switched
on before the second pull-down transistor 822 is switched off because
of the delay balancer inverter 830. The overlapped on time may
increase the short current, but switching energy may remain similar
since delay is reduced. [0101]The circuit arrangement may further
include a subsequent level shifting stage cascaded to the level
shifting stage 802. The subsequent level shifting stage may be
coupled or be directly coupled to the first reference voltage 804 and
the second reference voltage 814. The subsequent level shifting stage
may include a third pull-down transistor 832, a third pull-up
transistor 834, a fourth pull-down transistor 836 and a fourth
pull-up transistor 838.  34 [0102]In various embodiments, the
subsequent level shifting stage may include a third set of
sequentially coupled pull-up and pull-down sub-circuits cross-coupled
to a fourth set of sequentially coupled pulled-up and pull-down
sub-circuits to generate a subsequent positive feedback loop.
[0103]The pull-up sub-circuit in the third set may include a third
pull-up transistor 



834. The pull-down sub-circuit in the third set may include a third
pull-down transistor 832. In other words, the third set of
sequentially coupled pull-up and pull-down sub-circuits may include
the third pull-up transistor and the third pull-down transistor. The
third pull-up transistor 834 may include a control electrode, a first
controlled electrode and a second controlled electrode. The third
pull-down transistor 832 may include a control electrode, a first
controlled electrode and a second controlled electrode. The third
pull-up transistor 834 may be sequentially coupled to the third
pull-down transistor 832 by coupling the first controlled electrode
of the third pull-up transistor 834 to the first controlled electrode
of the third pulled-down transistor 832. [0104]The pull-up
sub-circuit in the fourth set may include a fourth pull-up transistor
838. The pull-down sub-circuit in the fourth set may include a fourth
pull-down transistor 836. In other words, the fourth set of
sequentially coupled pull-up and pull-down sub-circuits may include
the fourth pull-up transistor 838 and the fourth pull-down transistor
836. The fourth pull-up transistor 838 may include a control
electrode, a first controlled electrode and a second controlled
electrode. The fourth pull-down transistor 836 may include a control
electrode, a first controlled electrode and a second controlled
electrode. The fourth pull-up transistor 838 may be sequentially
coupled to the fourth pull-down transistor 836 by coupling the first
controlled electrode of the fourth pull-up transistor 838 to the
first controlled electrode of the fourth pulled-down transistor 836.
[0105]The third set of sequentially coupled pull-up and pull-down
sub-circuits cross-coupled to the fourth set of sequentially coupled
pull-up and pull-down  35 sub-circuits may include coupling the first
controlled electrode of the third pull-down transistor 832 to the
control electrode of the fourth pull-up transistor 838. The third set
of sequentially coupled pull-up and pull-down sub-circuits
cross-coupled to the fourth set of sequentially coupled pull-up and
pull-down sub-circuits may further include coupling the first
controlled electrode of the fourth pull-down transistor 836 to the
control electrode of the third pull-up transistor 834. [0106]The
subsequent level shifting stage cascaded to the level shifting stage
may include coupling the first controlled electrode of the first
pull-down transistor 818 to the control electrode of the third
pull-down transistor 832. The subsequent level shifting stage
cascaded to the level shifting stage may alternatively or
additionally, include coupling the first controlled electrode of the
second pull-down transistor 822 to the control electrode of the
fourth pull-down transistor 836. 



[0107]The subsequent shifting stage may further include a further
output electrode 840. The output electrode 840 may be coupled to the
first controlled electrode of the third pull-down transistor 832.
[0108]Advantageously, the subsequent level shifting stage coupled to
the first reference voltage 804 and the second reference voltage 814
(without any intervening circuit elements) allows a voltage to be
generated at the output electrode 840 ranging from the first
reference voltage 804 to the second reference voltage 814. In various
embodiments, the level shifting stage may be connected to the load
812 to weaken the pull-up path while the subsequent shifting stage
may be directly connected to the the first reference voltage 804 and
the second reference voltage 814 (without any intervening circuit
elements) to achieve full output voltage swing. [0109]In various
embodiments, the pull-down transistors 818, 822, 832, 836 may be
configured according to minimum width finger sizing method for
reducing threshold voltages to increase driving current. By applying
the minimum width sizing method, the inverse narrow width effect
(INWE) is utilized. Due to the inverse narrow width effect (INWE),
the threshold voltages of the transistors are increased as the  36
transistor width are increased from minimum, which may lead to
reduced driving current. The circuit arrangement may include
pull-down transistors 818, 822, 832, 836 having minimum width
transistors for achieving the low threshold voltages and increase
driving current for reducing delay, especially at low voltages.
Additionally, the size of the pull-down transistors 818, 822, 832,
836 may be reduced (due to increased driving current), which may
further reduce delay as well as power consumption. [0110]The
pull-down transistors 818, 822, 832, 836 may be configured according 



to minimum width finger sizing method. The pull-down transistors 818,
822, 832, 836 may be configured according to minimum width finger
sizing method by folding each transistor into multiple folded
transistors (also called "fingers") having an equivalent current
drive as the transistor when connected properly in combination. Each
of the folded transistors may have a reduced width. Configuring each
transistor may further include sharing drain and/or source electrodes
between the folded transistors. [0111]In various embodiments, the
pull-down transistors 818, 822, 832, 836 are n-channel metal oxide
semiconductor field effect transistors (MOSFETs). In various
embodiments, the pull-up transistors 820, 824, 834, 838 are p-channel
metal oxide semiconductor field effect transistors (MOSFETs).
[0112]The second reference voltage 814 may include a voltage in the
super-threshold region or a voltage in the near-threshold region or
about-threshold region. [0113]In various embodiments, the inverters
826, 830 may be powered by a third reference voltage (VDDL). In
various embodiments, the third reference voltage may be lower than
the second reference voltage (VDD). For instance, the third reference
voltage may be at about 0.35V. The second reference voltage may be at
about 1.2V. [0114]FIG. 9 shows a schematic 900 of a method of
operating a circuit arrangement according to various embodiments. The
method may include, in 902, coupling a level shifting stage to a
first reference voltage. The method may also  



37 include, in 904, coupling a first end of a load to the level
shifting stage and a second end of the load to a second reference
voltage. The method may additionally include, in 906, coupling a
first end of a bypass circuit element to the level shifting stage and
a second end of the bypass circuit element to a second reference
voltage such that the circuit element is in parallel to the load. The
method may further include, in 908, applying a first input voltage to
a first input electrode in electrical connection with the level
shifting stage, the first input voltage configured to switch between
a first logic state and a second logic state. The method may also
include, in 910, applying a second input voltage to a second input
electrode in electrical connection with the level shifting stage, the
second input voltage configured to switch between the second logic
state and the first logic state. The level shifting stage may be
configured to generate a first output voltage at an output node of
the level shifting stage when the first input voltage is in the first
logic state and the second input voltage is in the second logic
state. The level shifting stage may be configured to generate a
second output voltage at the output node when the first input voltage
is in the second logic state and the second input voltage is in the
first logic state. The method may further include, in 912, applying
an external voltage to the bypass circuit element to allow current to
flow through the circuit element for bypassing the load. [0115]In
various embodiments, the logic state of the second input voltage may
different from the logic state of the first input voltage. The logic
state of the second input voltage may different from the logic state
of the first input voltage at steady state. In other words, the logic
state of the second input voltage may different from the logic state
of the first input voltage out of transitions or between transitions.
[0116]In various embodiments, a transition may refer to a period of
time in which the first input voltage switches from a first logic
state to a second logic state and the second input voltage switches
from the second logic state to the first logic state. A transition
may also refer to a period of time in which the second input voltage
38 switches from a first logic state to a second logic state and the
first input voltage switches from the second logic state to the first
logic state. [0117]The circuit arrangement may be configured such
that when a first input 



voltage in the first logic state is applied to the first input
electrode, a second input voltage in the second logic state is
applied to the second input electrode. Conversely, the circuit
arrangement may be configured such that when a first input voltage in
the second logic state is applied to the first input electrode, a
second input voltage in the first logic state is applied to the
second input electrode. [0118]The method may further include coupling
an input inverter to the level shifting stage. The input inverter may
have a first electrode and a second electrode. Coupling the input
inverter to the level shifting stage may include coupling the first
electrode to the first input electrode and coupling the second
electrode to the second input electrode. The input inverter may
invert the logic state of the first input voltage applied to the
first input electrode and generates the second input voltage in a
logic state different from the logic state of the first input
voltage. For example, when a high voltage is applied to the first
input electrode, the input inverter produces a low voltage at the
second electrode (of the input inverter) and applies the low voltage
to the second input electrode. Conversely, when a low voltage is
applied to the first input electrode, the input inverter produces a
high voltage at the second electrode (of the input inverter) and
applies the high voltage to the second input electrode. [0119]In
various embodiments, the first output voltage may represent the first
logic state and the second output voltage may represent the second
logic state. [0120]In various embodiments, the first output voltage
may be different from the first input voltage (and/or second input
voltage) in the first logic state. The first output voltage may also
be different from the first input voltage (and/or second input
voltage) in the second logic state. The first output voltage may be
higher than the first input voltage in the first logic state and/or
the second logic state.  39 [0121]The voltage of the first input
voltage in the first logic state may be 



substantially equal to the voltage of the second input voltage in the
first logic state. The voltage of the first input voltage in the
second logic state may be substantially equal to the voltage of the
second input voltage in the second logic state.  [0122] The first
output voltage may be substantially equal or below the second
reference voltage. For instance, the first output voltage may be
substantially equal to the second reference voltage subtracted by the
voltage drop across the load when the bypass circuit is deactivated.
The first output voltage may be substantially equal to the second
reference voltage when the bypass circuit is activated. [0123]The
level shifting stage shifts the first input voltage (in a first logic
state) to a higher voltage (first output voltage representing a first
logic state). For instance, a first input voltage of about 1V
(representing high state) may be applied to the first input
electrode. The input inverter may generate a second input voltage
(representing low state) to the second input electrode. The level
shifting stage may be coupled to a second reference voltage (i.e.
supply voltage) of about 5V. The level shifting stage may generate a
first output voltage high state at the output node (when a first
input voltage representing high state is applied to the first input
electrode and when a second input voltage representing low state is
applied to the second input electrode). The first output voltage may
be substantially about 5V when the bypass circuit is activated. The
first output voltage may be substantially about 4V when the bypass
circuit is deactivated. The level shifting stage may be configured to
"shift" an input voltage of a lower magnitude (e.g. about 1V) to an
output voltage of a higher magnitude (e.g. about 4V or about 5V).
[0124]The first reference voltage may be at ground (about OV). A
first input voltage of about OV (representing low state) may be
applied to the first input electrode. The input inverter may generate
a second input voltage (representing high state) to the second input
electrode. The level shifting stage may generate a second output
voltage substantially equal to ground (representing low state) at the
output node (when a first  40 input voltage representing low state is
applied to the first input electrode and when a second input voltage
representing high state is applied to the second input electrode).
The second output voltage may be substantially equal to ground when
the bypass circuit is activated or when the bypass circuit is
deactivated. [0125]The load may cause propagation delay to not track
voltage scaling well, 



especially when the supply voltage (i.e. the second reference
voltage) is raised to the super-threshold region because of the
nearly constant voltage drop across the load. The load may result in
degraded performance of the circuit arrangement when operating in the
super-threshold region and may make the circuit arrangement to be
unsuitable for dynamic voltage scaling (DVS) applications.
[0126]Coupling a first end of the bypass circuit element to the level
shifting stage and a second end of the bypass circuit element to the
second reference voltage such that the bypass circuit element is in
parallel to the load may at least partially improve performance of
the circuit arrangement and allow for faster operation. [0127]The
bypass circuit element may allow the circuit arrangement to be used
for supply voltages in the around threshold and the super threshold
regions to be used. When the supply voltage is at around-threshold
region, the bypass circuit element may be disabled to weaken the
pull-up path in the level shifting stage. When the supply voltage is
at super-threshold region, the voltage drop across the load may
remain fairly constant, which may in turn lead to propagation delays.
The bypass circuit element may be configured to allow current to flow
through (i.e. activated) upon application of an external voltage for
bypassing the load. The method may further include applying the
external voltage to the bypass circuit element when the supply
voltage (i.e. second reference voltage) exceeds a predetermined
level, such as the threshold voltage. The method may include coupling
a comparator circuit with the second reference voltage and the bypass
circuit element. The comparator circuit may be configured to compare
the second reference voltage and a voltage fixed at the predetermined
level and generates the external voltage when the second reference
41 voltage is equal or exceeds the voltage at the predetermined
level. The bypass circuit element may at least partially improve
performance of the circuit arrangement and allow for faster operation
when the supply voltage (i.e. second reference voltage) is at
around-threshold region. [0128]In various embodiments, the level
shifting stage may include a first set of sequentially coupled
pull-up and pull-down sub-circuits cross-coupled to a second set of
sequentially coupled pulled-up and pull-down sub-circuits to generate
a positive feedback loop. 



[0129]The pull-up sub-circuit in the first set may include a first
pull-up transistor. The pull-down sub-circuit in the first set may
include a first pull-down transistor. In other words, the first set
of sequentially coupled pull-up and pull-down sub-circuits may
include the first pull-up transistor and the first pull-down
transistor. The first pull-up transistor may include a control
electrode, a first controlled electrode and a second controlled
electrode. The first pull-down transistor may include a control
electrode, a first controlled electrode and a second controlled
electrode. The first pull-up transistor may be sequentially coupled
to the first pull-down transistor by coupling the first controlled
electrode of the first pull-up transistor to the first controlled
electrode of the first pulled-down transistor. [0130]The pull-up
sub-circuit in the second set may include a second pull-up
transistor. The pull-down sub-circuit in the second set may include a
second pull-down transistor. In other words, the second set of
sequentially coupled pull-up and pull-down sub-circuits may include
the second pull-up transistor and the second pull-down transistor.
The second pull-up transistor may include a control electrode, a
first controlled electrode and a second controlled electrode. The
second pull-down transistor may include a control electrode, a first
controlled electrode and a second controlled electrode. The second
pull-up transistor may be sequentially coupled to the second
pull-down transistor by coupling the first controlled electrode of
the second pull-up transistor to the first controlled electrode of
the second pulled-down transistor.  42 [0131]The first set of
sequentially coupled pull-up and pull-down sub-circuits cross-coupled
to the second set of sequentially coupled pull-up and pull-down
sub-circuits may include coupling the first controlled electrode of
the first pull-down transistor to the control electrode of the second
pull-up transistor. The first set of sequentially coupled pull-up and
pull-down sub-circuits cross-coupled to the second set of
sequentially coupled pull-up and pull-down sub-circuits may further
include coupling the first controlled electrode of the second
pull-down transistor to the control electrode of the first pull-up
transistor. [0132]In various embodiments, the method may include
cross-coupling the first set of sequentially coupled pull-up and
pull-down sub-circuits with the second set of sequentially coupled
pull-up and pull-down sub-circuits to generate a positive feedback
loop. 



[0133]In various embodiments, the method may include coupling the
first controlled electrode of the first pull-up transistor to the
first controlled electrode of the first pull-down transistor. The
method may also include coupling the first controlled electrode of
the second pull-up transistor to the first controlled electrode of
the second pull-down transistor. [0134]The method may further include
coupling the first controlled electrode of the first pull-down
transistor to the control electrode of the second pull up transistor.
The method may additionally include coupling the first controlled
electrode of the second pull-down transistor to the control electrode
of the first pull-up transistor. [0135]Coupling the first end of the
load to the level shifting stage may include coupling the first end
of the load to the second controlled electrode of the first pull-up
transistor and/or the second controlled electrode of the second
pull-up transistor. Coupling the first end of the bypass circuit
element to the level shifting stage may include coupling the first
end of the bypass circuit element to the second controlled electrode
of the first pull-up transistor and/or the second controlled
electrode of the second pull-up transistor.  43 [0136]Coupling the
level shifting stage to the first reference voltage may include
coupling the second controlled electrode of the first pull-down
transistor and/or the second controlled electrode of the second
pull-down transistor to the first reference voltage. 



[0137]The load may include a diode or a transistor. The circuit
arrangement may be configured such that the diode is forward-biased.
The transistor (which may also be called a load transistor) may have
a control electrode and a first controlled electrode and a second
controlled electrode. The transistor (load transistor) may be
configured as a diode, e.g. by connecting the first controlled
electrode of the transistor (load transistor) to the control
electrode of the transistor (load transistor). The first controlled
electrode of the transistor (load transistor) may be coupled to the
second reference voltage. The second controlled electrode of the
transistor (load transistor) may be coupled to the level shifting
stage. In other words, the second end of the load may include the
second controlled electrode of the transistor (load transistor). The
first end of the load may include the first controlled electrode of
the transistor (load transistor). The transistor (load transistor)
may be a NMOS transistor. [0138]The bypass circuit element may
include a bypass transistor. The bypass transistor may include a
control electrode and a first controlled electrode and a second
controlled electrode. The first controlled electrode of the bypass
transistor may be coupled to the second reference voltage. The second
controlled electrode of the bypass transistor may be coupled to the
level shifting stage. The second controlled electrode of the bypass
transistor may also be coupled to the load. In other words, the first
end of the bypass circuit element may include the second controlled
electrode of the bypass transistor. The second end of the bypass
circuit element may include the first controlled electrode of the
bypass transistor. The bypass transistor may include a PMOS
transistor. [0139]The bypass circuit element may instead include any
sub-circuit arrangement that allows current to flow through for
bypassing the load upon  44 application of an external voltage. The
external voltage may be a low signal or a high signal. [0140]The
bypass circuit element may instead be configured such that current 



flows through the bypass circuit element upon termination of an
external voltage. In other words, the external voltage prevents
current from flowing through the circuit element. When the external
voltage is terminated, current flows through the circuit element for
bypassing the load. [0141]The method may further include coupling a
delay balancer sub-circuit in parallel to the first pull-down
transistor. The method may alternatively include coupling the delay
balancer sub-circuit in parallel to the second pull-down transistor.
[0142] The delay balancer sub-circuit may include a delay balancer
transistor. The delay balancer sub-circuit may further include a
delay balancer inverter. The delay balancer transistor may include a
control electrode, a first controlled electrode and a second
controlled electrode. The method may include coupling the first
controlled electrode of the delay balancer transistor to the first
controlled electrode of the first pull-down transistor. The method
may also include coupling the second controlled electrode of the
delay balancer transistor to the second controlled electrode of the
first pull-down transistor. The delay balancer inverter may include a
first electrode and a second electrode. The method may also include
coupling the first electrode of the delay balancer inverter to the
second input electrode and the second electrode to the control
electrode of the delay balancer transistor. [0143]The method may
include cascading a subsequent level shifting stage to the level
shifting stage. The method may include coupling or directly coupling
the subsequent level shifting stage to the first reference voltage
and the second reference voltage. In various embodiments, the level
shifting stage may be connected to the load to weaken the pull-up
path while the subsequent shifting stage may be directly connected to
the first reference voltage and the second reference voltage (without
any intervening circuit elements) to achieve full output voltage
swing.  45 [0144]In various embodiments, the subsequent level
shifting stage may include a third set of sequentially coupled
pull-up and pull-down sub-circuits cross-coupled to a fourth set of
sequentially coupled pulled-up and pull-down sub-circuits to generate
a subsequent positive feedback loop. [0145]The pull-up sub-circuit in
the third set may include a third pull-up transistor. 



The pull-down sub-circuit in the third set may include a third
pull-down transistor. In other words, the third set of sequentially
coupled pull-up and pull-down sub-circuits may include the third
pull-up transistor and the third pull-down transistor. The third
pull-up transistor may include a control electrode, a first
controlled electrode and a second controlled electrode. The third
pull-down transistor may include a control electrode, a first
controlled electrode and a second controlled electrode. The third
pull-up transistor may be sequentially coupled to the third pull-down
transistor by coupling the first controlled electrode of the third
pull-up transistor to the first controlled electrode of the third
pulled-down transistor. [0146]The pull-up sub-circuit in the fourth
set may include a fourth pull-up transistor. The pull-down
sub-circuit in the fourth set may include a fourth pull-down
transistor. In other words, the fourth set of sequentially coupled
pull-up and pull-down sub-circuits may include the fourth pull-up
transistor and the fourth pull-down transistor. The fourth pull-up
transistor may include a control electrode, a first controlled
electrode and a second controlled electrode. The fourth pull-down
transistor may include a control electrode, a first controlled
electrode and a second controlled electrode. The fourth pull-up
transistor may be sequentially coupled to the fourth pull-down
transistor by coupling the first controlled electrode of the fourth
pull-up transistor to the first controlled electrode of the fourth
pulled-down transistor.  [0147] The third set of sequentially coupled
pull-up and pull-down sub-circuits cross-coupled to the fourth set of
sequentially coupled pull-up and pull-down sub-circuits may include
coupling the first controlled electrode of the third pull-down
transistor to the control electrode of the fourth pull-up transistor.
The third set of 46 sequentially coupled pull-up and pull-down
sub-circuits cross-coupled to the fourth set of sequentially coupled
pull-up and pull-down sub-circuits may further include coupling the
first controlled electrode of the fourth pull-down transistor to the
control electrode of the third pull-up transistor. [0148]In various
embodiments, the method may include cross-coupling the third set of
sequentially coupled pull-up and pull-down sub-circuits with the
fourth set of sequentially coupled pull-up and pull-down sub-circuits
to generate a subsequent positive feedback loop. [0149]In various
embodiments, the method may include coupling the first controlled
electrode of the third pull-up transistor to the first controlled
electrode of the third pull-down transistor. The method may also
include coupling the first controlled electrode of the fourth pull-up
transistor to the first controlled electrode of the fourth pull-down
transistor. [0150]The method may further include coupling the first
controlled electrode of 



the third pull-down transistor to the control electrode of the fourth
pull up transistor. The method may additionally include coupling the
first controlled electrode of the fourth pull-down transistor to the
control electrode of the third pull-up transistor. [0151]Cascading a
subsequent level shifting stage to the level shifting stage may
include coupling the first controlled electrode of the first
pull-down transistor to the control electrode of the third pull-down
transistor. The subsequent level shifting stage cascaded to the level
shifting stage may alternatively or additionally, include coupling
the first controlled electrode of the second pull-down transistor to
the control electrode of the fourth pull-down transistor. [0152]The
subsequent shifting stage may further include a further output
electrode. The method may include coupling the output electrode to
the first controlled electrode of the third pull-down transistor.
[0153]Advantageously, the subsequent level shifting stage coupled to
the first reference voltage and the second reference voltage allows a
voltage to be generated at  47 the output electrode ranging from the
first reference voltage to the second reference voltage. 



[0154]In various embodiments, the pull-down transistors may be
configured according to minimum width finger sizing method for
reducing threshold voltages to increase driving current. The method
may include configuring the pull-down transistors according to
minimum width finger sizing method. By applying the minimum width
sizing method, the inverse narrow width effect (INWE) is utilized.
Due to the inverse narrow width effect (INWE), the threshold voltages
of the transistors are increased as the transistor width are
increased from minimum, which may lead to reduced driving current.
The method may include coupling or using pull-down transistors having
minimum width transistors for achieving the low threshold voltages
and increasing driving current for reducing delay, especially at low
voltages. Additionally, the size of the pull-down transistors may be
reduced (due to increased driving current), which may further reduce
delay as well as power consumption. [0155] The pull-down transistors
may be configured according to minimum width finger sizing method.
The pull-down transistors may be configured according to minimum
width finger sizing method by folding each transistor into multiple
folded transistors (also called "fingers") having an equivalent
current drive as the transistor when connected properly in
combination. Each of the folded transistors may have a reduced width.
Configuring each transistor may further include sharing drain and/or
source electrodes between the folded transistors. [0156]In various
embodiments, the pull-down transistors are n-channel metal oxide
semiconductor field effect transistors (MOSFETs). In various
embodiments, the pull-up transistors are p-channel metal oxide
semiconductor field effect transistors (MOSFETs). [0157]FIG. 10A is a
graph 1000a of voltage as a function of time showing the transient
behaviour at different nodes of the circuit arrangement according to
various  48 embodiments The graph is simulated using a 65 nm CMOS
process technology and the threshold voltage is set at 0.4V. The
input rise and fall transient time are set at 3 ns which is equal to
the fan out of 4 (F04) delay at 0.35 V. The output load capacitance
is set to 100 if. The third reference voltage (VDDL) is set at 0.35 V
and the second reference voltage (VDD) is set at 1.2 V Line 1002
indicates the first input voltage at the first input electrode. Line
1004 indicates the second input voltage at the second input
electrode. Line 1006 indicates the voltage at the control electrode
of the delay balancer transistor. Line 1008 indicates the output
voltage at the output electrode. The output voltage may include the
first output voltage (about 1.2 V) and the second output voltage
(about 0 V). It may be seen from FIG. 10A that the circuit
arrangement may be able to 'shift' a lower first input voltage to a
higher first output voltage within 3 ns. The overlapped 'high" states
at the first input electrode (or the control electrode) and at the
second input electrode may lead to increased transconductance for
both rise and fall transitions. The fall and rise transition may be
close to symmetry. 



[0158]FIG. 10B is a graph 1000b of delay against the third reference
voltage (VDDL). Lines 1012 and 1014 indicate the rise delay and fall
delay respectively for the circuit arrangement according to various
embodiments. Lines 1016 and 1018 indicate the rise delay and the fall
delay respectively for a conventional level shifter. The circuit
arrangement according to various embodiments have smaller and more
symmetric rise and fall delays compared to the conventional level
shifter across all VDDLs from 0.35 V to 1 V. At 0.35 V, the average
delay of the circuit arrangement according to various embodiments is
around 2.8 ns while the conventional level shifter fails to operate
below 0.4 V (for fair comparison the conventional level shifter is
sized to have a similar area as that of the circuit arrangement
according to various embodiments). At 0.4 V, the circuit arrangement
according to various embodiments has a average delay of about 2.5 ns
and is about 12 times faster than the conventional level shifter
(which is about 30 ns).  49 [0159]FIG. 11 shows a schematic 1100 of a
circuit arrangement according to various embodiments. The circuit
arrangement may include a level shifting stage 1102 coupled to a
first reference voltage 1104. The circuit arrangement may further
include a first input electrode 1108 in electrical connection with
the level shifting stage 1102 for coupling a first input voltage. The
circuit arrangement may also include a second input electrode 1110 in
electrical connection with the level shifting stage 1102 for coupling
a second input voltage. The circuit arrangement may additionally
include an output electrode 1106 in electrical connection with the
level shifting stage 1102 for providing one of a first output voltage
and a second output voltage. The circuit arrangement may further
include a feedback circuit 1112 coupled with the level shifting stage
1102, the output electrode 1106 and a second reference voltage 1114.
The first input voltage may be configured to switch between a first
logic state and a second logic state. The second input voltage may be
configured to switch between the second logic state and the first
logic state. The level shifting stage 1102 may be configured to
generate the first output voltage when the first input voltage is in
the first logic state and the second input voltage is in the second
logic state. The level shifting stage 1102 may be configured to
generate the second output voltage when the first input voltage is in
the second logic state and the second input voltage is in the first
logic state. The feedback circuit 1112 may be configured to maintain
the first output voltage at the output electrode 1106 above a
predetermined level when the first input voltage is in the first
logic state and the second input voltage is in the second logic
state. [0160]In other words, the circuit arrangement may include a
level shifting stage 1102 coupled to a first reference voltage 1104.
The level shifting stage 1102 may be connected to a first input
electrode 1108 and a second input electrode 1110. A first input
voltage may be applied to the first input electrode 1108 and a second
input voltage may be applied to the second input electrode 1110. The
first input voltage may have voltages representing a first logic
state and a second logic state. Similarly,  50 



the second input voltage may have voltages representing a first logic
state and a second logic state. When a first input voltage
representing a first logic state is applied to the first input
electrode 1108, a second input voltage representing a second logic
state may be applied to the second input electrode 1110. Conversely,
when a first input voltage representing the second logic state is
applied to the first input electrode 1108, a second input voltage
representing the first logic state may be applied to the second input
electrode 1110. The level shifting stage 1102 may further include an
output electrode 1106. The level shifting stage 1102 may be
configured to generate a first output voltage at the output node 1106
when the first input voltage representing the first logic state is
applied to the first input electrode 1108 and the second input
voltage representing the second logic state is applied to the second
input electrode 1110. Conversely, the level shifting stage 1102 may
be configured to generate a second output voltage at the output node
1106 when the first input voltage representing the second logic state
is applied to the first input electrode 1108 and the second input
voltage representing the first logic state is applied to the second
input electrode 1110. The circuit arrangement may further include a
feedback circuit 1112. The feedback circuit 1106 may be coupled
between the output electrode 1106 and the level shifting stage 1102.
The feedback circuit 1112 may be configured to maintain the first
output voltage at the output electrode 1106 above a predetermined
level when the first input voltage is in the first logic state and
the second input voltage is in the second logic state. The feedback
circuit may be further coupled to a second reference voltage 1114.
[0161]In various embodiments, the logic state of the second input
voltage may be different from the logic state of the first input
voltage. The logic state of the second input voltage may different
from the logic state of the first input voltage at steady state. In
other words, the logic state of the second input voltage may
different from the logic state of the first input voltage out of
transitions or between transitions.  51 [0162]In various embodiments,
a transition may refer to a period of time in which the first input
voltage switches from a first logic state to a second logic state and
the second input voltage switches from the second logic state to the
first logic state. A transition may also refer to a period of time in
which the second input voltage switches from a first logic state to a
second logic state and the first input voltage switches from the
second logic state to the first logic state. [0163]The circuit
arrangement may be configured such that when a first input voltage in
the first logic state is applied to the first input electrode 1108, a
second input voltage in the second logic state is applied to the
second input electrode 1110. Conversely, the circuit arrangement may
be configured such that when a first input voltage in the second
logic state is applied to the first input electrode 1108, a second
input voltage in the first logic state is applied to the second input
electrode 1110. The circuit arrangement may further include an input
inverter having an first electrode and a second electrode. The first
electrode may be coupled to the first input electrode 1108 and the
second electrode may be coupled to the second input electrode 1110.
The input inverter may invert the logic state of the first input
voltage applied to the first input electrode 1108 and generates the
second input voltage in a logic state different from the logic state



logic state and the second output voltage may represent the second
logic state. [0165]The circuit arrangement may be a level shifter or
may be a part of a level shifter.  52 [0166]In various embodiments,
the first output voltage may be different from the first input
voltage (and/or second input voltage) in the first logic state. The
first output voltage may also be different from the first input
voltage (and/or second input voltage) in the second logic state. The
first output voltage may be higher than the first input voltage in
the first logic state and/or the second logic state. In other words,
the first input voltage at both the first logic state and the second
logic state is below the first output voltage. [0167]In various
embodiments, the feedback circuit 1112 may be configured to maintain
the first output voltage at the output electrode 1106 above a
predetermined level includes the feedback circuit 1112 configured to
maintain the first output voltage at a substantially constant level.
[0168]In various embodiments, the predetermined level may be more
than 80%, 



e.g. more than 90%, e.g. more than 95%, e.g. more than 99% of the
second reference voltage. [0169]In various embodiments, the level
shifting stage 1102 may include a current mirror. [0170]In various
embodiments, the current mirror may include a first set of
sequentially coupled pull-up and pull-down sub-circuits. The current
mirror may further include a second set of sequentially coupled
pull-up and pull-down sub-circuits. The second set of sequentially
coupled pull-up and pull-down sub-circuits may be coupled to the
first set of sequentially coupled pull-up and pull-down sub-circuits
to form the current minor. [0171]The pull-up sub-circuit in the first
set may include a first pull-up transistor. The pull-down sub-circuit
in the first set may include a first pull-down transistor. In other
words, the first set of sequentially coupled pull-up and pull-down
sub-circuits may include the first pull-up transistor and the first
pull-down transistor. The first pull-up transistor may have a control
electrode, a first controlled electrode and a second controlled
electrode. The first pull-down transistor may have a control  53
electrode, a first controlled electrode and a second controlled
electrode. The first controlled electrode of the first pull-down
transistor may be coupled to the first controlled electrode of the
first pull-up transistor. 



[0172]The pull-up sub-circuit in the second set may include a second
pull-up transistor. The pull-down sub-circuit in the second set may
include a second pull-down transistor. The pull-up sub-circuit in the
second set may further include a current limiter sub-circuit having a
first end and a second end. In other words, the second set of
sequentially coupled pull-up and pull-down sub-circuits may include
the second pull-up transistor, the second pull-down transistor and
the current limiter sub-circuit. The second pull-up transistor may
include a control electrode, a first controlled electrode and a
second controlled electrode. The second pull-down transistor may
include a control electrode, a first controlled electrode and a
second controlled electrode. The first controlled electrode of the
second pull-down transistor may be coupled to the first end of the
current limiter sub-circuit and the first controlled electrode of the
second pull-up transistor may be coupled to the second end of the
current limiter sub-circuit. [0173]In various alternate embodiments,
the second set of sequentially coupled pull-up and pull-down
sub-circuits may include the second pull-up transistor and the second
pull-down transistor. The first controlled electrode of the second
pull-down transistor may be coupled to the first controlled electrode
of the second pull-up transistor. [0174]The current limiter
sub-circuit may include a current limiter transistor. The current
limiter transistor may have a control electrode, a first controlled
electrode and a second controlled electrode. The first end of the
current limiter sub-circuit may include the first controlled
electrode of the current limiter transistor. The second end of the
current limiter sub-circuit may include the second controlled
electrode of the current limiter transistor. The control electrode of
the current limiter transistor may be coupled to the second input
electrode 1110. The current limiter transistor may be a  54 PMOS
transistor. [0175]In various embodiments, the second set of
sequentially coupled pull-up and 



pull-down sub-circuits coupled to the first set of sequentially
coupled pull-up and pull-down sub-circuits to form the current mirror
may include the control electrode of the first pull-up transistor
coupled to the control electrode of the second pull-up transistor.
The control electrode of the first pull-up transistor may be further
coupled to the first controlled electrode of the first pull-up
transistor to form the current mirror. [0176]In other words, the
current minor may include the first set of sequentially coupled
pull-up and pull-down sub-circuits and the second set of sequentially
coupled pull-up and pull-down sub-circuits. The first set of
sequentially coupled pull-up and pull-down sub-circuits may include
at least a first pull-up transistor and a first pull-down transistor.
The second set of sequentially coupled pull-up and pull-down
sub-circuits may include at least a second pull-up transistor and a
second pull-down transistor. The controlled electrode of the first
pull-up transistor may be coupled to both the control electrode of
the first pull-up transistor and the control electrode of the second
pull-up transistor for forming the current minor. [0177]The current
limiter sub-circuit may be configured to reduce current flowing
through the second pull-up transistor when the output electrode is at
the second output voltage. [0178]In various embodiments, the feedback
circuit 1112 may include a feedback transistor. The feedback
transistor 1112 may include a control electrode, a first controlled
electrode and a second controlled electrode. [0179]The first
controlled electrode of the feedback transistor may be coupled to the
level shifting stage 1102. The second controlled electrode of the
feedback transistor may be further coupled to the second reference
voltage 1114. The control electrode of the feedback transistor may be
coupled to the output electrode 1106. 



[0180]In various embodiments, the pull-down transistors may be
n-channel metal  55 oxide semiconductor field effect transistors
(MOSFETs). In various embodiments, the pull-up transistors may be
p-channel metal oxide semiconductor field effect transistors
(MOSFETs). [0181]In various embodiments, the first reference voltage
may be at ground. [0182]FIG. 12 shows a schematic 1200 of a circuit
arrangement according to various embodiments. The circuit arrangement
may include a level shifting stage coupled to a first reference
voltage 1204. The circuit arrangement may further include a first
input electrode 1208 in electrical connection with the level shifting
stage for coupling a first input voltage. The circuit arrangement may
also include a second input electrode 1210 in electrical connection
with the level shifting stage for coupling a second input voltage.
The circuit arrangement may additionally include an output electrode
1206 in electrical connection with the level shifting stage for
providing one of a first output voltage and a second output voltage.
The circuit arrangement may further include a feedback circuit 1212
coupled with the level shifting stage, the output electrode 1206 and
a second reference voltage 1214. The first input voltage may be
configured to switch between a first logic state and a second logic
state. The second input voltage may be configured to switch between
the second logic state and the first logic state. The level shifting
stage may be configured to generate the first output voltage when the
first input voltage is in the first logic state and the second input
voltage is in the second logic state. The level shifting stage may be
configured to generate the second output voltage when the first input
voltage is in the second logic state and the second input voltage is
in the first logic state. The feedback circuit 1212 may be configured
to maintain the first output voltage at the output electrode 1206
above a predetermined level when the first input voltage is in the
first logic state and the second input voltage is in the second logic
state. [0183]In other words, the circuit arrangement may include a
level shifting stage 1202 coupled to a first reference voltage 1204.
The level shifting stage 1202 may be connected to a first input
electrode 1208 and a second input electrode 1210. A first 



56 input voltage may be applied to the first input electrode 1208 and
a second input voltage may be applied to the second input electrode
1210. The first input voltage may have voltages representing a first
logic state and a second logic state. Similarly, the second input
voltage may have voltages representing a first logic state and a
second logic state. When a first input voltage representing a first
logic state is applied to the first input electrode 1208, a second
input voltage representing a second logic state may be applied to the
second input electrode 1210. Conversely, when a first input voltage
representing the second logic state is applied to the first input
electrode 1208, a second input voltage representing the first logic
state may be applied to the second input electrode 1210. The level
shifting stage 1202 may further include an output electrode 1206. The
level shifting stage 1202 may be configured to generate a first
output voltage at the output node 1206 when the first input voltage
representing the first logic state is applied to the first input
electrode 1208 and the second input voltage representing the second
logic state is applied to the second input electrode 1210.
Conversely, the level shifting stage 1202 may be configured to
generate a second output voltage at the output node 1206 when the
first input voltage representing the second logic state is applied to
the first input electrode 1208 and the second input voltage
representing the first logic state is applied to the second input
electrode 1210. The circuit arrangement may further include a
feedback circuit 1212. The feedback circuit 1206 may be coupled
between the output electrode 1206 and the level shifting stage 1202.
The feedback circuit 1212 may be configured to maintain the first
output voltage at the output electrode 1206 above a predetermined
level when the first input voltage is in the first logic state and
the second input voltage is in the second logic state. The feedback
circuit may be further coupled to a second reference voltage 1214.
[0184]In various embodiments, the logic state of the second input
voltage may different from the logic state of the first input
voltage. The logic state of the second input voltage may different
from the logic state of the first input voltage at steady  57 state.
In other words, the logic state of the second input voltage may
different from the logic state of the first input voltage out of
transitions or between transitions. [0185]In various embodiments, a
transition may refer to a period of time in which 



the first input voltage switches from a first logic state to a second
logic state and the second input voltage switches from the second
logic state to the first logic state. A transition may also refer to
a period of time in which the second input voltage switches from a
first logic state to a second logic state and the first input voltage
switches from the second logic state to the first logic state.
[0186]The circuit arrangement may be configured such that when a
first input voltage in the first logic state is applied to the first
input electrode 1208, a second input voltage in the second logic
state is applied to the second input electrode 1210. Conversely, the
circuit arrangement may be configured such that when a first input
voltage in the second logic state is applied to the first input
electrode 1208, a second input voltage in the first logic state is
applied to the second input electrode 1210. The circuit arrangement
may further include an input inverter 1226 having an first electrode
and a second electrode. The first electrode may be coupled to the
first input electrode 1208 and the second electrode may be coupled to
the second input electrode 1210. The input inverter 1226 may invert
the logic state of the input first voltage applied to the first input
electrode 1208 and generates the second input voltage in a logic
state different from the logic state of the first input voltage. For
example, when a high voltage is applied to the first input electrode
1208, the input inverter produces a low voltage at the second
electrode (of the input inverter) and applies the low voltage to the
second input electrode 1210. Conversely, when a low voltage is
applied to the first input electrode 1208, the input inverter
produces a high voltage at the second electrode (of the input
inverter) and applies the high voltage to the second input electrode
1210. [0187]In various embodiments, the first output voltage may
represent the first logic state and the second output voltage may
represent the second logic state.  58 [0188]The circuit arrangement
may be a level shifter or may be a part of a level shifter. [0189]In
various embodiments, the first output voltage may be different from
the 



first input voltage (and/or second input voltage) in the first logic
state. The first output voltage may also be different from the first
input voltage (and/or second input voltage) in the second logic
state. The first output voltage may be higher than the first input
voltage in the first logic state and/or the second logic state. In
other words, the first input voltage at both the first logic state
and the second logic state may be below the first output voltage.
[0190]In various embodiments, the feedback circuit 1212 may be
configured to maintain the first output voltage at the output
electrode 1206 above a predetermined level includes the feedback
circuit 1212 configured to maintain the first output voltage at a
substantially constant level. [0191]In various embodiments, the
predetermined level may be more than 80%, e.g. more than 90%, e.g.
more than 95%, e.g. more than 99% of the second reference voltage.
[0192]In various embodiments, the level shifting stage 1202 may
include a current minor. [0193]In various embodiments, the current
mirror may include a first set of sequentially coupled pull-up and
pull-down sub-circuits. The current mirror may further include a
second set of sequentially coupled pull-up and pull-down
sub-circuits. The second set of sequentially coupled pull-up and
pull-down sub-circuits may be coupled to the first set of
sequentially coupled pull-up and pull-down sub-circuits to form the
current mirror. [0194]The pull-up sub-circuit in the first set may
include a first pull-up transistor 



1220. The pull-down sub-circuit in the first set may include a first
pull-down transistor 1218. In other words, the first set of
sequentially coupled pull-up and pull-down sub-circuits may include
the first pull-up transistor 1220 and the first  59 pull-down
transistor 1218. The first pull-up transistor 1220 may have a control
electrode, a first controlled electrode and a second controlled
electrode. The first pull-down transistor 1218 may have a control
electrode, a first controlled electrode and a second controlled
electrode. The first controlled electrode of the first pull-down
transistor 1218 may be coupled to the first controlled electrode of
the first pull-up transistor 1220. [0195]The pull-up sub-circuit in
the second set may include a second pull-up transistor 1224. The
pull-down sub-circuit in the second set may include a second
pull-down transistor 1222. The pull-up sub-circuit in the second set
may further include a current limiter sub-circuit 1228 having a first
end and a second end. In other words, the second set of sequentially
coupled pull-up and pull-down sub-circuits may include the second
pull-up transistor 1224, the second pull-down transistor 1222 and the
current limiter sub-circuit 1228. The second pull-up transistor 1224
may include a control electrode, a first controlled electrode and a
second controlled electrode. The second pull-down transistor 1222 may
include a control electrode, a first controlled electrode and a
second controlled electrode. The first controlled electrode of the
second pull-down transistor 1222 may be coupled to the first end of
the current limiter sub-circuit 1228 and the first controlled
electrode of the second pull-up transistor 1224 may be coupled to the
second end of the current limiter sub-circuit 1228. [0196]In various
alternate embodiments, the second set of sequentially coupled pull-up
and pull-down sub-circuits may include the second pull-up transistor
1224 and the second pull-down transistor 1222. The first controlled
electrode of the second pull-down transistor 1222 may be coupled to
the first controlled electrode of the second pull-up transistor 1224.



[0197]The current limiter sub-circuit 1228 may include a current
limiter transistor. The current limiter transistor may have a control
electrode, a first controlled electrode and a second controlled
electrode. The first end of the current limiter sub-circuit may
include the first controlled electrode of the current limiter
transistor. Further, the  60 second end of the current limiter
sub-circuit may include the second controlled electrode of the
current limiter transistor. The control electrode of the current
limiter transistor may be coupled to the second input electrode 1210.
The current limiter transistor may be a PMOS transistor. [0198]In
various embodiments, the second set of sequentially coupled pull-up
and pull-down sub-circuits coupled to the first set of sequentially
coupled pull-up and pull-down sub-circuits to form the current minor
may include the control electrode of the first pull-up transistor
1220 coupled to the control electrode of the second pull-up
transistor 1224. The control electrode of the first pull-up
transistor 1220 may be further coupled to the first controlled
electrode of the first pull-up transistor 1218 to form the current
mirror. [0199]In other words, the current mirror may include the
first set of sequentially 



coupled pull-up and pull-down sub-circuits and the second set of
sequentially coupled pull-up and pull-down sub-circuits. The first
set of sequentially coupled pull-up and pull-down sub-circuits may
include at least a first pull-up transistor 1220 and a first
pull-down transistor 1218. The second set of sequentially coupled
pull-up and pull-down sub-circuits may include at least a second
pull-up transistor 1224 and a second pull-down transistor 1222. The
controlled electrode of the first pull-up transistor 1218 may be
coupled to both the control electrode of the first pull-up transistor
1220 and the control electrode of the second pull-up transistor 1224
for forming the current mirror. [0200]The current limiter sub-circuit
1228 may be configured to reduce current flowing through the second
pull-up transistor 1224 when the output electrode 1206 is at the
second output voltage. [0201]In various embodiments, the first
reference voltage 1204 may be at "low" state e.g. at ground. In
various embodiments, the second reference voltage 1214 may be at
"high" state e.g. at VDD. The second reference voltage 1214 may be at
a voltage in the super-threshold region or at a voltage in the
about-threshold or near-threshold  61 region. 



[0202]When a first input voltage having a second logic state (e.g. a
"low" state) is applied to the first input electrode 1208 and a
second input voltage having a first logic state (e.g. a "high" state)
is applied to the second input electrode 1210, the first pull-down
transistor 1218 may be switched off while the second pull-down
transistor may be switched on 1222. The control electrode of the
current limiter transistor may be coupled the second input electrode
1210. Further, the current limiter transistor may be configured to be
switched off when the second input voltage 1210 is in the first logic
state (e.g. "high" state). The current limiter transistor may start
to switch off and the current flowing through the current limiter
transistor between the first controlled electrode and the second
controlled electrode of the current limiter transistor may decrease.
The strength of the pull-up path may be decreased and the fall delay
may be improved. When the second output voltage is generated at the
output electrode 1206, the current limiter transistor may be fully
turned off. The current limiter transistor may be fully deactivated
(i.e. turned off) for reducing the standby leakage. [0203]In various
embodiments, the feedback circuit 1212 may include a feedback
transistor. The feedback transistor may include a control electrode,
a first controlled electrode and a second controlled electrode.
[0204]The first controlled electrode of the feedback transistor may
be coupled to the level shifting stage. The second controlled
electrode of the feedback transistor may be further coupled to the
second reference voltage 1214. The control electrode of the feedback
transistor may be coupled to the output electrode 1206. [0205]When a
first input voltage having a first logic state (e.g. a "high" state)
is applied to the first input electrode 1208 and a second input
voltage having a second logic state (e.g. a "low" state) is applied
to the second input electrode 1210, the first pull-down transistor
1218 may be activated (i.e. turned on). The first pull-up transistor
1220 and the second pull-up transistor 1224 may also be activated.
The first output voltage (e.g. representing the first logic state
e.g. the "high" state) may be generated at  62 



the output electrode 1206. The feedback transistor may be configured
to be turned off or be deactivated when the control terminal of the
feedback transistor is at the first logic state (e.g. the "high"
state). The voltage at the control electrodes of both the first
pull-up and the second pull-up transistors 1220, 1224 may remain at
the second logic state (e.g. the "low" state) instead of being
charged to the first logic state (substantially equal to the second
reference voltage 1214). This allows the second pull-up transistor
1224 to remain fully on. The first output voltage may be maintained
closer to the second reference voltage 1214 (compared to without the
feedback transistor 1212). This may eliminate or reduce the leakage
current in the subsequent buffering circuit.  [0206] When a first
input voltage having a second logic state (e.g. a "low" state) is
applied to the first input electrode 1208 and a second input voltage
having a first logic state (e.g. a "high" state) is applied to the
second input electrode 1210, the feedback transistor may be
activated. The feedback transistor may be configured to be turned on
or be activated when the control terminal of the feedback transistor
is at the second logic state (e.g. a "low" state). Current may flow
between the first controlled electrode and the second controlled
electrode of the feedback transistor. The first and second pull-up
transistors 1220, 1224 may be deactivated faster and the pull-up path
may be weakened. The fall delay may be reduced. [0207]In various
embodiments, including the current limiter sub-circuit and the
feedback circuit 1212 may reduce the standby leakage for both the
first output voltage and the second output voltage with improved
delay. Advantageously, the circuit arrangement according to various
embodiments may have improved energy efficiency and/or small area. In
various embodiments, the circuit arrangement may include twelve
transistors (including output buffer which is not shown). The circuit
arrangement according to various embodiments may possess benefis in
terfacing bus signals. [0208]In various embodiments, the pull-down
transistors 1218, 1222 may be n-charmel metal oxide semiconductor
field effect transistors (MOSFETs). In various embodiments, the
pull-up transistors 1220, 1224 may be p-channel metal oxide  63
semiconductor field effect transistors (MOSFETs). [0209]In various
embodiments, the first reference voltage may be at ground. In various
embodiments, the inverter 1226 may be powered by a third reference
voltage (VDDL). In various embodiments, the third reference voltage
may be lower than the second reference voltage (VDD). For instance,
the third reference voltage may be at about 0.35V. The second
reference voltage may be at about 1.2V. 



[0210]FIG. 13 shows a schematic 1300 of a method of operating a
circuit arrangement according to various embodiments. The method
includes, in 1302, coupling a level shifting stage to a first
reference voltage. The method may also include, in 1304, coupling a
feedback circuit with the level shifting stage, an output electrode
and a second reference voltage. The output electrode may be in
electrical connection with the level shifting stage. The method may
further include, in 1306, applying a first input voltage to a first
input electrode in electrical connection with the level shifting
stage, the first input voltage switching between a first logic state
and a second logic state. The method may additionally include, in
1308, applying a second input voltage to a second input electrode in
electrical connection with the level shifting stage, the second
voltage input switching between the second logic state and the first
logic state. The level shifting stage may be configured to generate a
first output voltage at the output electrode when the first input
voltage is in the first logic state and the second input voltage is
in the second logic state. The level shifting stage may also be
configured to generate a second output voltage at the output
electrode when the first input voltage is in the second logic state
and the first input voltage is in the first logic state. The feedback
circuit may further be configured to maintain the first output
voltage at the output electrode above a predetermined level when the
first input voltage is in the first logic state and the second input
voltage is in the second logic state. [0211]In various embodiments,
the logic state of the second input voltage may different from the
logic state of the first input voltage. The logic state of the second
input voltage may different from the logic state of the first input
voltage at steady  64 state. In other words, the logic state of the
second input voltage may different from the logic state of the first
input voltage out of transitions or between transitions. [0212]In
various embodiments, a transition may refer to a period of time in
which the first input voltage switches from a first logic state to a
second logic state and the second input voltage switches from the
second logic state to the first logic state. A transition may also
refer to a period of time in which the second input voltage switches
from a first logic state to a second logic state and the first input
voltage switches from the second logic state to the first logic
state. [0213]The method may include applying the first input voltage
at the first logic 



state to the first input electrode when applying the second input
voltage at the second logic state to the second input electrode. The
method may additionally or alternatively include applying the first
input voltage at the second logic state to the first input electrode
when applying the second input voltage at the first logic state to
the second electrode. [0214]The method may further include coupling
an input inverter to the level shifting stage. The input inverter may
include a first electrode and a second electrode. The first electrode
may be coupled to the first input electrode and the second electrode
may be coupled to the second input electrode. [0215]In various
embodiments, the first output voltage may represent the first logic
state and the second output voltage may represent the second logic
state. [0216]In various embodiments, the first output voltage may be
different from the first input voltage (and/or second input voltage)
in the first logic state. The first output voltage may also be
different from the first input voltage (and/or second input voltage)
in the second logic state. The first output voltage may be higher
than the first input voltage in the first logic state and/or the
second logic state. In other words, the first input voltage at both
the first logic state and the second logic state may be below the
first output voltage.  65 [0217]In various embodiments, the feedback
circuit may be configured to 



maintain the first output voltage at the output electrode above a
predetermined level includes the feedback circuit configured to
maintain the first output voltage at a substantially constant level.
[0218]In various embodiments, the level shifting stage may include a
current mirror. [0219]In various embodiments, the current minor may
include a first set of sequentially coupled pull-up and pull-down
sub-circuits. The current minor may further include a second set of
sequentially coupled pull-up and pull-down sub-circuits. The second
set of sequentially coupled pull-up and pull-down sub-circuits may be
coupled to the first set of sequentially coupled pull-up and
pull-down sub-circuits to form the current minor. [0220]The pull-up
sub-circuit in the first set may include a first pull-up transistor.
The pull-down sub-circuit in the first set may include a first
pull-down transistor. In other words, the first set of sequentially
coupled pull-up and pull-down sub-circuits may include the first
pull-up transistor and the first pull-down transistor. The first
pull-up transistor may have a control electrode, a first controlled
electrode and a second controlled electrode. The first pull-down
transistor may have a control electrode, a first controlled electrode
and a second controlled electrode. The first controlled electrode of
the first pull-down transistor may be coupled to the first controlled
electrode of the first pull-up transistor. [0221]The pull-up
sub-circuit in the second set may include a second pull-up
transistor. The pull-down sub-circuit in the second set may include a
second pull-down transistor. The pull-up sub-circuit in the second
set may further include a current limiter sub-circuit having a first
end and a second end. In other words, the second set of sequentially
coupled pull-up and pull-down sub-circuits may include the second
pull-up transistor, the second pull-down transistor and the current
limiter sub-circuit. The second pull-up transistor may include a
control electrode, a first  



66  controlled electrode and a second controlled electrode. The
second pull-down transistor may include a control electrode, a first
controlled electrode and a second controlled electrode. The first
controlled electrode of the second pull-down transistor may be
coupled to the first end of the current limiter sub-circuit and the
first controlled electrode of the second pull-up transistor may be
coupled to the second end of the current limiter sub-circuit.
[0222]In various alternate embodiments, the second set of
sequentially coupled pull-up and pull-down sub-circuits may include
the second pull-up transistor and the second pull-down transistor.
The first controlled electrode of the second pull-down transistor may
be coupled to the first controlled electrode of the second pull-up
transistor. [0223]The current limiter sub-circuit may include a
current limiter transistor. The current limiter transistor may have a
control electrode, a first controlled electrode and a second
controlled electrode. The first end of the current limiter
sub-circuit may include the first controlled electrode of the current
limiter transistor. The second end of the current limiter sub-circuit
may include the second controlled electrode of the current limiter
transistor. The control electrode of the current limiter transistor
may be coupled to the second input electrode. The current limiter
transistor may be a PMOS transistor. [0224]In various embodiments,
the second set of sequentially coupled pull-up and pull-down
sub-circuits coupled to the first set of sequentially coupled pull-up
and pull-down sub-circuits to form the current minor may include the
control electrode of the first pull-up transistor coupled to the
control electrode of the second pull-up transistor. The control
electrode of the first pull-up transistor may be further coupled to
the first controlled electrode of the first pull-up transistor to
form the current minor. [0225]In various embodiments, the method may
include coupling a first controlled electrode of the first pull-down
transistor to the first controlled electrode of 



67 the first pull-up transistor. The method may further include
coupling a first controlled electrode of the second pull-down
transistor to the first end of the current limiter sub-circuit and
coupling the first controlled electrode of the second pull-up
transistor to the second end of the current limiter sub circuit.
Alternatively, the method may include coupling a first controlled
electrode of the first pull-down transistor to the first controlled
electrode of the first pull-up transistor. [0226]The current limiter
sub-circuit may include a current limiter transistor. The method may
further include coupling the control electrode of the current limiter
transistor to the second input electrode. [0227]The method may
include coupling the control electrode of the first pull-up
transistor to the first controlled electrode of the first pull-up
transistor for forming the current mirror. The method may also
include coupling the control electrode of the pull-up transistor to
the control electrode of the second pull-up transistor. [0228]The
method may further include configuring the current limiter
sub-circuit to reduce current flowing through the second pull-up
transistor when the output electrode is at the second output voltage.
[0229]In various embodiments, the feedback circuit may include a
feedback 



transistor. The feedback transistor may include a control electrode,
a first controlled electrode and a second controlled electrode.
[0230]The first controlled electrode of the feedback transistor may
be coupled to the level shifting stage. The second controlled
electrode of the feedback transistor may be further coupled to the
second reference voltage. The control electrode of the feedback
transistor may be coupled to the output electrode. [0231]The method
may include coupling the first controlled electrode of the feedback
transistor to the level shifting stage. The method may further
include coupling the second controlled electrode of the feedback
transistor to the second reference voltage. The method may
additionally include coupling the control electrode of the feedback
transistor to the output electrode.  68 [0232]In various embodiments,
the pull-down transistors may be n-channel metal oxide semiconductor
field effect transistors (MOSFETs). In various embodiments, the
pull-up transistors may be p-channel metal oxide semiconductor field
effect transistors (MOSFETs). [0233]In various embodiments, the first
reference voltage may be at wound. 



[0234]FIG. 14A is a graph 1400a of voltage as a function of time
showing the transient behaviour of the first input voltage at a first
input electrode and the output voltage at the output electrode of the
circuit arrangement according to various embodiments as well as the
output voltage of a conventional level shifter. [0235] The graph is
simulated using a 65 inn CMOS process technology and the threshold
voltage is set at 0.4V. The input rise and fall transient time are
set at 3 ns which is equal to the fan out of 4 (F04) delay at 0.35 V.
The output load capacitance is set to 100 if. The third reference
voltage (VDDL) is set at 0.35 V and the second reference voltage
(VDD) is set at 1.2 V. Line 1402 indicates the first input voltage at
the first input electrode. Line 1404 indicates the output voltage at
the output electrode. The output voltage may include the first output
voltage (about 1.2 V) and the second output voltage. Line 1404
indicates the output voltage of the conventional level shifter. As
shown in FIG. 14A, the first output voltage generated by the circuit
arrangement according to various embodiments may be substantially
equal to the second reference voltage while the out put voltage of
the conventional level shifter is able to reach only around 1 V. The
full output voltage swing may largely reduce the standby leakage
power in the subsequent buffering circuit. [0236]FIG. 14B is a graph
1400b of delay against the third reference voltage (VDDL). Lines 1412
and 1414 indicate the rise delay and fall delay respectively for the
circuit arrangement according to various embodiments. On the other
hand, lines 1416 and 1418 indicate the rise delay and fall delay
respectively for the conventional level shifter. The circuit
arrangement according to various embodiments is slightly  69 slower
than the conventional level shifter at 0.35 V with an average of
around 3.8 ns, but is still faster than the conventional level
shifter at most other voltage levels. [0237]FIG. 15A is a graph 1500a
of active energy per transition as a function of the third reference
voltage (VDDL). Lines 1502 and 1504 indicate the active energy per
transition of two circuit arrangements according to various
embodiments. Lines 1506 and 1508 indicate the active energy per
transition of two conventional level shifters. As VDDL increases in
the around-threshold region, active energy decreases. This may be
because the large delays in the around-threshold region cause
significant short currents in the high voltage portion of the level
shifters which dominate the active energy consumption. As VDDL
increases toward the super-threshold region, the active energy may
increase due to reduced hort current (due to reduced delay) in the
high voltage region and increased energy (due to increased voltage)
in the low voltage region. Lines 1504 and 1508 are similar and on
average, have the smallest active energies across all VDDLs Line 1502
has slightly higher active energy compared to lines 1504 and 1508 but
is still lower than line 1506, which may be due to significantly
reduced delay especially in the around-threshold region. 



[0238]FIG. 15B is a graph 1500b of average standby leakage power as a
function of the third reference voltage (VDDL). Lines 1512 and 1514
indicate the average standby leakage power of two circuit
arrangements according to various embodiments. Lines 1516 and 1518
indicate the average standby leakage power of two conventional level
shifters. The two circuit arrangements according to various
embodiments have less leakage power than the level shifter indicated
by line 1518. [0239]In various embodiments, the circuit arrangements
are significantly better in terms of performance than conventional
level shifters in terms of performance (up to 12 times) and energy
(up to 8 times) while consuming similar or less area. Various
embodimentsm may be suitable in low power systems with multiple
voltage domains scalable from around-threshold region to
super-threshold region. [0240]While the invention has been
particularly shown and described with  70 reference to specific
embodiments, it should be understood by those skilled in the art that
various changes in form and detail may be made therein without
departing from the spirit and scope of the invention as defined by
the appended claims. The scope of the invention is thus indicated by
the appended claims and all changes which come within the meaning and
range of equivalency of the claims are therefore intended to be
embraced.  71 



CLAIMS 1. A circuit arrangement comprising a level shifting stage
configured to be coupled to a first reference voltage, the level
shifting stage having an output node; a first input electrode in
electrical connection with the level shifting stage for coupling a
first input voltage; a second input electrode in electrical
connection with the level shifting stage for coupling a second input
voltage; a load having a first end and a second end, the first end
coupled to the level shifting stage and the second end for coupling
to a second reference voltage; a bypass circuit element connected in
parallel to the load, the by pass circuit element having a first end
and a second end, the first end coupled to the level shifting stage
and a second end for coupling to the second reference voltage;
wherein the first input voltage is configured to switch between a
first logic state and a second logic state and the second input
voltage is configured to switch between the second logic state and
the first logic state; wherein the level shifting stage is configured
to generate a first output voltage at the output node when the first
input voltage is in the first logic state and the second input
voltage is in the second logic state and the level shifting stage is
configured to generate a second output voltage at the output node
when the first input voltage is in the second logic state and the
second input voltage is in the first logic state; wherein the bypass
circuit element is configured to allow current to flow through upon
application of an external voltage for bypassing the load. 2. The
circuit arrangement according to claim 1, 



72 wherein the logic state of the second input voltage is different
from the logic state of the first input voltage at steady state. 3.
The circuit arrangement according to claim 1, further comprising an
input inverter having a first electrode and a second electrode, the
first electrode coupled to the first input electrode and the second
electrode coupled to the second input electrode. 4. The circuit
arrangement according to claim 1, wherein the level shining stage
comprises:     a first set of sequentially coupled pull-up and
pull-down sub-circuits cross-coupled to a second set of sequentially
coupled pull-up and pull-down sub-circuits to generate a positive
feedback loop. 5. The circuit arrangement according to claim 4,
wherein the first set of sequentially coupled pull-up and pull-down
sub-circuits comprises: 



a first pull-up transistor comprising a control electrode, a first
controlled electrode and a second controlled electrode; and     a
first pull-down transistor comprising a control electrode, a first
controlled electrode and a second controlled electrode; wherein the
first pull-up transistor is sequentially coupled to the first
pull-down transistor by coupling the first controlled electrode of
the first pull-up transistor to the first controlled electrode of the
first pull-down transistor. 6. The circuit arrangement according to
claim 5,  73 wherein the second set of sequentially coupled pull-up
and pull-down sub-circuits comprises:     a second pull-up transistor
comprising a control electrode, a first controlled electrode and a
second controlled electrode; and     a second pull-down transistor
comprising a control electrode, a first controlled electrode and a
second controlled electrode; wherein the second pull-up transistor is
sequentially coupled to the second pull-down transistor by coupling
the first controlled electrode of the second pull-up transistor to
the first controlled electrode of the second pull-down transistor. 



7. The circuit arrangement according to claim 6, wherein a first set
of sequentially coupled pull-up and pull-down sub-circuits
cross-coupled to a second set of sequentially coupled pull-up and
pull-down sub-circuits comprises:    coupling the first controlled
electrode of the first pull-down transistor to the control electrode
of the second pull-up transistor; and    coupling the first
controlled electrode of the second pull-down transistor to the
control electrode of the first pull-up transistor. 8. The circuit
arrangement according to claim 5, further comprising: a delay
balancer sub-circuit coupled in parallel to the first pull-down
transistor. 9. The circuit arrangement according to claim 8, wherein
the delay balancer sub-circuit comprises: a delay balancer transistor
comprising a control electrode, a first controlled electrode and a
second controlled electrode, the first controlled  



74 electrode of the delay balancer transistor coupled with the first
controlled electrode of the first pull-down transistor and the second
controlled electrode of the delay balancer transistor coupled with
the controlled electrode of the first pull-down transistor; and    a
delay balancer inverter having a first electrode and a second
electrode, the first electrode coupled to the second input electrode
and the second electrode coupled to the control electrode of the
delay balancer transistor. 10. The circuit arrangement according to
claim 1, wherein the load comprises a transistor configured as a
diode. 11. The circuit arrangement according to claim 1, further
comprising: a subsequent level shifting stage cascaded to the level
shifting stage. 12. The circuit arrangement according to claim 11,
wherein the subsequent level shifting stage is coupled to the first
reference voltage and the second reference voltage. 13. The circuit
arrangement according to claim 11, wherein the subsequent level
shifting stage comprises    a third set of sequentially coupled
pull-up and pull-down sub-circuits cross-coupled to a fourth set of
sequentially coupled pull-up and pull-down sub-circuits to generate a
subsequent positive feedback loop. 



14. The circuit arrangement according to claim 13, wherein the third
set of sequentially coupled pull-up and pull-down sub-circuits
comprises:  75     a third pull-up transistor comprising a control
electrode, a first controlled electrode and a second controlled
electrode; and     a third pull-down transistor comprising a control
electrode, a first controlled electrode and a second controlled
electrode; wherein the third pull-up transistor is sequentially
coupled to the third pull-down transistor by coupling the first
controlled electrode of the second pull-up transistor to the first
controlled electrode of the third pull-down transistor. 15. The
circuit arrangement according to claim 14,     wherein the fourth set
of sequentially coupled pull-up and pull-down sub-circuits comprises:
a fourth pull-up transistor comprising a control electrode, a first
controlled electrode and a second controlled electrode, and 



a fourth pull-down transistor comprising a control electrode, a first
controlled electrode and a second controlled electrode; wherein the
third pull-up transistor is sequentially coupled to the third
pull-down transistor by coupling the first controlled electrode of
the second pull-up transistor to the first controlled electrode of
the third pull-down transistor. 16. The circuit arrangement according
to claim 15,     wherein a third set of sequentially coupled pull-up
and pull-down sub-circuits cross-coupled to a fourth set of
sequentially coupled pull-up and pull-down sub-circuits comprises:
coupling the first controlled electrode of the third pull-down
transistor to the control electrode of the fourth pull-up transistor;
and  76    coupling the first controlled electrode of the fourth
pull-down transistor to the control electrode of the third pull-up
transistor. 17. The circuit arrangement according to claim 5, wherein
the pull-down transistors are configured according to minimum width
finger sizing method for reducing threshold voltages to increase
driving current. 



18. The circuit arrangement according to claim 5, wherein the
pull-down transistors are n-channel metal oxide semiconductor field
effect transistors (MOSFETs). 19. The circuit arrangement according
to claim 5, wherein the pull-up transistors are p-channel metal oxide
semiconductor field effect transistors (MOSFETs). 20. A method of
operating a circuit arrangement, the method comprising: coupling a
level shifting stage to a first reference voltage; coupling a first
end of a load to the level shifting stage and a second end of the
load to a second reference voltage; coupling a first end of a bypass
circuit element to the level shifting stage and a second end of the
bypass circuit element to a second reference voltage such that the
circuit element is in parallel to the load; applying a first input
voltage to a first input electrode in electrical connection with the
level shifting stage, the first input voltage configured to switch
between a first logic state and a second logic state;  77 



applying a second input voltage to a second input electrode in
electrical connection with the level shifting stage, the second input
voltage configured to switch between the second logic state and the
first logic state; wherein the level shifting stage is configured to
generate a first output voltage at an output node of the level
shifting stage when the first input voltage is in the first logic
state and the second input voltage is in the second logic state and
the level shifting stage is configured to generate a second output
voltage at the output node when the first input voltage is in the
second logic state and the second input voltage is in the first logic
state; and applying an external voltage to the bypass circuit element
to allow current to flow through the circuit element for bypassing
the load. 21. A circuit arrangement comprising: a level shifting
stage coupled to a first reference voltage; a first input electrode
in electrical connection with the level shifting stage for coupling a
first input voltage; a second input electrode in electrical
connection with the level shifting stage for coupling a second input
voltage; an output electrode in electrical connection with the level
shifting stage for providing one of a first output voltage and a
second output voltage; and a feedback circuit coupled with the level
shifting stage, the output electrode and a second reference voltage;
wherein the first input voltage is configured to switch between a
first logic state and a second logic state and the second input
voltage is configured to switch between the second logic state and
the first logic state; and 



wherein the level shifting stage is configured to generate the first
output voltage when the first input voltage is in the first logic
state and the second input voltage is in the second logic state and
the level shifting stage is  78 configured to generate the second
output voltage when the first input voltage is in the second logic
state and the second input voltage is in the first logic state; and
wherein the feedback circuit is configured to maintain the first
output voltage at the output electrode above a predetermined level
when the first input voltage is in the first logic state and the
second input voltage is in the second logic state. 22. The circuit
arrangement according to claim 21, wherein the logic state of the
second input voltage is different from the logic state of the first
input voltage at steady state. 23. The circuit arrangement according
to claim 22, further comprising an input inverter having a first
electrode and a second electrode, the first electrode coupled to the
first input electrode and the second electrode coupled to the second
input electrode. 



24. The circuit arrangement according to claim 21, wherein the level
shifting stage comprises a current minor. 25. The circuit arrangement
according to claim 24, wherein the current mirror comprises: a first
set of sequentially coupled pull-up and pull-down sub-circuits; and a
second set of sequentially coupled pull-up and pull-down
sub-circuits, the second set of sequentially coupled pull-up and
pull-down sub-circuits coupled to the first set of sequentially
coupled pull-up and pull-down sub-circuits to form the current
mirror.  79 26. The circuit arrangement according to claim 25,
wherein the first set of sequentially coupled pull-up and pull-down
sub-circuits comprises. 



a first pull-up transistor having a control electrode, a first
controlled electrode and a second controlled electrode; and     a
first pull-down transistor having a control electrode, a first
controlled electrode and a second controlled electrode;     wherein
the first controlled electrode of the first pull-down transistor is
coupled to the first controlled electrode of the first pull-up
transistor. 27. The circuit arrangement according to claim 26,
wherein the second set of sequentially coupled pull-up and pull-down
sub-circuits comprises:     a second pull-up transistor having a
control electrode, a first controlled electrode and a second
controlled electrode;     a second pull-down transistor having a
control electrode, a first controlled electrode and a second
controlled electrode; and a current limiter sub-circuit having a
first end and a second end;    wherein the first controlled electrode
of the second pull-down transistor is coupled to the first end of the
current limiter sub-circuit and the first controlled electrode of the
second pull-up transistor is coupled to the second end of the current
limiter sub-circuit. 28. The circuit arrangement according to claim
27, 



wherein the current limiter sub-circuit comprises a current limiter
transistor, the current limiter transistor having a control
electrode, a first controlled electrode and a second controlled
electrode;  80 wherein the first end of the current limiter
sub-circuit comprises the first controlled electrode of the current
limiter transistor; and wherein the second end of the current limiter
sub-circuit comprises the second controlled electrode of the current
limiter transistor. 29. The circuit arrangement according to claim
28, wherein the control electrode of the current limiter transistor
is coupled to the second input electrode. 30. The circuit arrangement
according to claim 27, wherein the second set of sequentially coupled
pull-up and pull-down sub-circuits coupled to the first set of
sequentially coupled pull-up and pull-down sub-circuits to form the
current mirror comprises: the control electrode of the first pull-up
transistor coupled to the control electrode of the second pull-up
transistor. 



31. The circuit arrangement according to claim 30, wherein the
control electrode of the first pull-up transistor is further coupled
to the first controlled electrode of the first pull-up transistor to
form the current minor. 32. The circuit arrangement according to
claim 27, wherein the current limiter sub-circuit is configured to
reduce current flowing through the second pull-up transistor when the
output electrode is at the second output voltage. 33. The circuit
arrangement according to claim 21,  81 wherein the feedback circuit
comprises a feedback transistor, the feedback transistor comprising a
control electrode, a first controlled electrode and a second
controlled electrode. 34. The circuit arrangement according to claim
33, wherein the first controlled electrode of the feedback transistor
is coupled to the level shifting stage; and 



wherein the second controlled electrode of the feedback transistor is
coupled to the second reference voltage. 35. The circuit arrangement
according to claim 33, wherein the control electrode of the feedback
transistor is coupled to the output electrode. 36. The circuit
arrangement according to claim 26, wherein the pull-down transistors
are n-channel metal oxide semiconductor field effect transistors
(MOSFETs). 37. The circuit arrangement according to claim 26, wherein
the pull-up transistors are p-channel metal oxide semiconductor field
effect transistors (MOSFETs). 38. The circuit arrangement according
to claim 21, wherein the first reference voltage is at ground. 39.
The circuit arrangement according to claim 21, wherein the first
input voltage at both the first logic state and the second logic
state is below the first output voltage. 



82 40. A method of operating a circuit arrangement, the method
comprising: coupling a level shifting stage to a first reference
voltage; coupling a feedback circuit with the level shifting stage,
an output electrode and a second reference voltage, the output
electrode in electrical connection with the level shifting stage;
applying a first input voltage to a first input electrode in
electrical connection with the level shifting stage, the first input
voltage switching between a first logic state and a second logic
state; applying a second input voltage to a second input electrode in
electrical connection with the level shifting stage, the second
voltage input switching between the second logic state and the first
logic state; wherein the level shifting stage is configured to
generate a first output voltage at the output electrode when the
first input voltage is in the first logic state and the second input
voltage is in the second logic state and the level shifting stage is
configured to generate a second output voltage at the output
electrode when the first input voltage is in the second logic state
and the first input voltage is in the first logic state; and wherein
the feedback circuit is configured to maintain the first output
voltage at the output electrode above a predetermined level when the
first input voltage is in the first logic state and the second input
voltage is in the second logic state. 














