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1
APPARATUSES AND METHODS FOR A
VOLTAGE LEVEL SHIFTING

TECHNICAL FIELD

Embodiments of the present disclosure relate generally to
voltage level shifting and, more particularly, to apparatuses
and methods related to high voltage shifters that may have
reduced output delays.

BACKGROUND

Level shift circuits (also referred to herein as level shifters)
change the voltage level of a signal. For example, when an
output voltage of a first circuit differs from an operating range
of'a second circuit, a level shifter is arranged between the first
circuit and the second circuit, and the voltage level of the
signal between the first and second circuits is adjusted. For
example, in the driving circuitry for a liquid crystal display
(LCD) panel, such as those using thin film transistors (TFT),
signals having various voltages may be employed. In this
case, signals having different voltages are generated from a
common power supply, and one or more level shift circuits are
provided to adjust the levels of the signals between circuit
blocks having different voltages.

FIG. 1A illustrates a schematic diagram of a conventional
level shift circuit 100. Conventional level shift circuit 100
includes transistors 110, 120, 130, inverter 105, and resistor
135. Transistor 110 and transistor 120 are operably coupled
such that the drains of the two transistors 110, 120 are oper-
ably coupled. The source of transistor 120 is operably
coupled with a relatively low voltage (V ,5-), which may be,
for example, ground. The source of the transistor 110 is
operably coupled with the supply voltage (V 7,5z, Transistor
130 is operably coupled in series with a resistor 135, such that
the drain of the transistor 130 is coupled with an end of the
resistor 135. The other end of the resistor 135 is operably
coupled with V ;.. The source of transistor 130 is operably
coupled with V; ;- The gate of the transistor 110 is operably
coupled with the node between the resistor 135 and the drain
of the transistor 130. Level shifter 100 also includes an
inverter 105 operably coupled with the gate of transistor 120.

Aninput signal (V ;,) may be applied to level shifter 100 at
the gate of transistor 130. V,,, may also be applied to the
inverter 105, such that the voltage signal applied to the gate of
transistor 120 is the inverted signal of V. In operation, if V
is asserted (i.e., has ahigh voltage relative to V; ,;;,), transistor
130 is activated, which causes the voltage applied to the gate
of transistor 110 to be approximately equal to V- As a
result, transistor 110 is also activated and V 5, is approxi-
mately equalto V5. Onthe other hand, if V| is not asserted
(i.e., has a voltage near V; ), transistor 130 is deactivated,
which causes a high voltage applied to the gate of transistor
110. As a result, transistor 110 is deactivated. With V,, not
asserted, the voltage applied to the gate of transistor 120
through inverter 105 is asserted, which activates transistor
120 and causes V 5,10 be approximately equal to V, o5~

FIG. 1B is an output waveform 150 illustrating the output
signal V., being generated in response to the input signal
V » for the conventional level shift circuit 100 of FIG. 1A. As
shown in FIG. 1B, attime t |, V,,, transitions from high to low
(i.e., asserted to deasserted). For example, V,,, may be
approximately equal to V,, and transition to V; ,-(e.g., 0V)
attime t,. As a result, V 5, transitions from V ;5,10 V; o
attimet,. The difference between the time that V , transitions
(i.e.,t,) and the time thatV 5, transitions (i.e., t,) from a high
voltage to a low voltage may be the output falling time delay.
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At time t;, V,,, transitions from low to high. As a result,
V oprtransitions from V; 10V, o between times t; and t..
Attimet,, V 5. crosses the voltage midpoint between V; ;-
and V5, which midpoint is approximately (Vi g+
V; ow)/2. The difference between the time that V  transitions
(i.e.,t;) and the time that V ;- transitions (i.e., t5) from a low
voltage to a high voltage may be the output rising time delay.
Output rising time delay may be determined from a different
voltage level than time t; when V .- is approximately equal
10 V765 For example, one measure of the output rising time
delay may be considered when V. crosses the voltage
midpoint between V; ,-and V., (i.e., at time t,).

As shown in FIG. 1B, the input signal V,, is shifted suc-
cessfully from an asserted signal (V) with a lower voltage
to an output signal (V ,7) with a higher voltage (V ;). and
which V. may control or otherwise operate compatible
high voltage circuit functions. As shown in FIG. 1B, V,,, may
have an input voltage swing ranging fromV; 5,10 V5. Voo
has a different voltage swing ranging from V; ,,-to Vo

One problem with the conventional level shift circuit 100 is
that the output rising time delay may be relatively long—
especially when compared to the output falling time delay. A
relatively long output rising time delay may constrain system
clock speeds. For example, the output rising time delay of the
conventional level shift circuit 100 in FIG. 1A may constrain
an integrated circuit to operate at a relatively low maximum
clock frequency (e.g., 100 MHz), when the other circuit ele-
ments of the integrated circuit may otherwise be able to
operate at a relatively greater frequency (e.g., 1 GHz).

The output rising time delay of the conventional level shift
circuit 100 may be decreased by decreasing the resistance of
the resistor 130. However, decreasing resistor 130 may also
increase the standby current (I ;) that flows through the resis-
tor 130 when the transition is complete (i.e., level shifter 100
is in a quiescent state) and V., is approximately equal to
V rar As a result, the power dissipated by the conventional
level shifter 100 may increase during the quiescent state. The
inventor has appreciated that there exists a need for a level
shifter designed to reduce delays while maintaining relatively
low shoot-through current and/or minimal standby current.

BRIEF SUMMARY OF THE INVENTION

Embodiments of the present invention include a voltage
level shifter, comprising a first pull up transistor operably
coupled to a high voltage signal and a first pull down transis-
tor operably coupled in series between the first pull up tran-
sistor and a low voltage signal. The first pull down transistor
is controlled by an input signal and having a stronger drive
than the first pull up transistor. The voltage level shifter fur-
ther includes a first bias transistor serially coupled between
the first pull up transistor and the first pull down transistor. A
gate of the first bias transistor is coupled with a bias voltage
signal. The voltage level shifter further includes a first addi-
tional pull up path operably coupled with the high voltage
signal and a first node between the first pull up transistor and
the first bias transistor, and an output signal associated with
the first node, wherein the output signal is a level shifted
voltage responsive to the input signal.

Another embodiment of the present invention includes an
integrated circuit, comprising a plurality of semiconductor
devices, and a level shifting circuit. The level shifting circuit
comprises a first pull up transistor and a second pull up
transistor with drains and gates cross coupled with each other,
a first bias transistor and a second bias transistor each with
gates coupled with a bias voltage signal, a first pull down
transistor controlled by an inverted version of an input signal
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and operably coupled in series with the first pull up transistor
with the first bias transistor therebetween, and a second pull
down transistor controlled by the input signal and operably
coupled in series with the second pull up transistor with the
second bias transistor therebetween. Each line of serially
coupled transistors may operate between a high voltage sig-
nal and a low voltage signal. The level shifting circuit further
comprises a first additional pull up path operably coupled
with the high voltage signal and a first node between the first
bias transistor and the first pull down transistor, a second
additional pull up path operably coupled with the high voltage
signal and a second node between the second pull up transis-
tor and the second bias transistor, and an output signal asso-
ciated with at least one of the first node and the second node.
The output signal may be a level shifted voltage responsive to
the input signal.

Another embodiment of the present invention includes a
method for shifting an input voltage level to a different output
voltage level. The method comprises pulling down a voltage
on an output node of a level shifter in a relatively faster
manner than pulling up a voltage on an output node respon-
sive to an input signal, pulling up a voltage on the output node
with at least both of a pull up transistor and an additional pull
up path responsive to the input signal, turning off the addi-
tional pull up path as a voltage on the output node increases
above a threshold level, and generating a voltage level shifted
output on the output node that is a voltage level different than
the input signal. Turning off the additional pull up path is
accomplished through a direct connection between the output
node and a gate of a control transistor of the additional pull up
path.

Yet another embodiment of the present invention includes
a level shifting circuit, comprising a first node coupling a first
pull up circuit and a first pull down circuit. The first pull down
circuit is responsive to an input signal and the first pull up
circuit is further coupled to a high voltage signal and the first
pull down circuit is coupled to a low voltage signal. The level
shifting circuit further includes a first additional pull up path
including a first transistor serially coupled with a second
transistor, the first transistor coupled to a high voltage signal
and the second transistor coupled to the first node. A gate of
the second transistor is also directly coupled to the first node.
The level shifting circuit further includes an output signal
associated with the first node, wherein the output signal is
configured to generate a level shifted voltage in response to
the input signal.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1A illustrates a conventional level shifter;

FIG. 1B is an output waveform illustrating the output sig-
nal V. being generated in response to the input signal V
for the conventional level shift circuit of FIG. 1A;

FIG. 2A illustrates a schematic diagram of a level shifter;

FIG. 2B is an output waveform illustrating the output sig-
nal V. being generated in response to the input signal V
for the level shifter of FIG. 2A;

FIG. 2C is an output waveform illustrating the output sig-
nal V. being generated in response to the input signal V
for the level shift circuit of FIG. 2A when the relative drives
of transistors are altered as described in an alternative
embodiment thereof;,

FIG. 3A illustrates a schematic diagram of a level shifter
according to an embodiment of the present invention;
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FIG. 3B is an output waveform illustrating the complemen-
tary relationship between the voltage of NODE A and the
voltage of NODE B during transitions of V,, for the level
shifter shown in FIG. 3A;

FIG. 3C is another output waveform illustrating the output
signal V ., being generated in response to the input signal
V. for the level shift circuit of FIG. 3A;

FIG. 4 is an output waveform illustrating different output
voltages for various level shifters responsive to an input volt-
age signal V,;

FIG. 5A is a schematic diagram of a level shifter as known
in the art as an attempt to provide a solution for some of the
problems described herein;

FIG. 5B is an output waveform illustrating different output
voltages for the level shifter of FIG. 5A in comparison to the
level shifter of FIG. 3 A responsive to an input voltage signal
Vs

FIG. 6A is a schematic diagram of a level shifter according
to another embodiment of the present invention;

FIG. 6B is an output waveform illustrating the output sig-
nal V- being generated in response to the input signal V
for the level shifter of FIG. 6A; and

FIG. 7 is a schematic diagram of a level shifter according to
another embodiment of the present invention.

DETAILED DESCRIPTION

In the following description, elements, circuits, and func-
tions may be shown in block diagram form in order not to
obscure the present invention in unnecessary detail. Con-
versely, specific implementations shown and described are
exemplary only and should not be construed as the only way
to implement the present invention unless specified otherwise
herein. Additionally, block definitions and partitioning of
logic between various blocks is exemplary of a specific
implementation. It will be readily apparent to one of ordinary
skill in the art that the present invention may be practiced by
numerous other partitioning solutions. For the most part,
details concerning timing considerations and the like have
been omitted where such details are not necessary to obtain a
complete understanding of the present invention and are
within the abilities of persons of ordinary skill in the relevant
art.

Furthermore, in this description of embodiments of the
invention, reference is made to the accompanying drawings
which form a part hereof, and in which is shown, by way of
illustration, specific embodiments in which the invention may
be practiced. The embodiments are intended to describe
aspects of the invention in sufficient detail to enable those
skilled in the art to practice the invention. Other embodiments
may be utilized and changes may be made without departing
from the scope of the present invention. The following
detailed description is not to be taken in a limiting sense, and
the scope of the present invention is defined only by the
appended claims.

It should be understood that any reference to an element
herein using a designation such as “first,” “second,” and so
forth does not limit the quantity or order of those elements,
unless such limitation is explicitly stated. Rather, these des-
ignations may be used herein as a convenient method of
distinguishing between two or more elements or instances of
an element. Thus, a reference to first and second elements
does not mean that only two elements may be employed there
or that the first element must precede the second element in
some manner. Also, unless stated otherwise a set of elements
may comprise one or more elements.
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Reference is made throughout this description regarding a
transistor being “weak” or “strong.” The terms “weak™ and
“strong” are relative terms to describe the relative drain cur-
rent drives for a given gate-to-source voltage (V 55) for the
different transistors within a level shift circuit. Thus, a weak
transistor has a relatively weak drain current drive. A strong
transistor has a relatively strong drain current drive. A weak
transistor may have characteristics consistent with weaken-
ing the drive, wherein such characteristics may include a
relatively small gate width and a large gate length relative to
the gate of a stronger transistor. A strong transistor may have
characteristics consistent with strengthening the drive of a
transistor, wherein such characteristics may include rela-
tively large gate width and a small gate length relative to the
gate of a weaker transistor.

As described herein, in certain embodiments (e.g., FIG. 7),
the relative pull up strength of a transistor may be affected by
coupling a resistor in series with the drain of a transistor.
Coupling a resistor in series with the drain of a transistor may
effectively weaken the ability of the transistor to hold the gate
of'the cross-coupled transistor high, and may be performed in
the alternative to, or in addition to altering the relative drive
characteristics of the transistors. In other words, a weak tran-
sistor may refer to a transistor in which the drive may have
been relatively weakened by altering the characteristics of the
transistors, by coupling a resistor with the drain of the tran-
sistor, by a combination of both, or through other methods for
weakening the drive or effectively weakening the relative pull
up strength of a transistor as known in the art.

References are also made throughout the disclosure
regarding components being “high voltage” devices or “low
voltage” devices. High voltage devices and low voltage
devices are also relative terms to describe the voltage swings
that may potentially be experienced by the given device, and
for which the given device is designed for safe operation
across the gate to source voltage (V 5g), the drain to source
(Vps), the gate to drain (V ), the gate to backgate (Vz6),
the drain to backgate (Vz5), or the source to backgate
(Vspe) of the device. For example, a transistor may experi-
ence a low voltage swing such as those common as inputs in
digital devices (e.g., 1.8V, 2.5V, 3.3V). Another high voltage
transistor may be designed to safely operate and experience a
high voltage swing relative to the low voltage swing.

The terms “activated” and “deactivated” refer to state of a
transistor in response to a voltage applied to the gate of the
transistor. An activated (i.e., active) transistor is a transistor
that has been turned on, or in other words, is conducting with
a current from the source to the drain, as in the case of a
PMOS transistor. A deactivated (i.e., inactive) transistor is a
transistor that has been turned off, or in other words, is not
conducting a current therethrough. Thus, the terms “acti-
vated,” “active,” and “turned on” may, at time, be used inter-
changeably herein. Similarly, the terms “deactivated,” “inac-
tive,” and “turned off”” may, at times, be used interchangeably
herein.

Embodiments of the present disclosure include appara-
tuses and methods for level shifting. Although some examples
used herein may describe level shifters implemented in TFT
panels for LCDs, embodiments of the present disclosure
should not be viewed as so limited. Rather, embodiments may
be implemented as a driver of a load in many applications in
which voltage level shifting may be desirable. Examples of
such applications may include switching converters such as
buck and boost converters, TFT level shifters, or other appli-
cations, which may require level shifting from low voltage
digital control to high voltage output signals. Such level
shifters may be implemented in applications such as cell
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6

phones, audio and video players, computers, televisions, and
other applications that include high-speed digital circuits.

FIG. 2A illustrates a schematic diagram of a level shifter
200. Level shifter 200 includes transistor 210 operably
coupled (e.g., connected) in series with transistor 220 such
that the drains of the two transistors are operably coupled. The
source of transistor 220 is operably coupled with V, .. (e.g.,
ground). The source of the transistor 210 is operably coupled
With Ve V ey may also be referred to herein as the shift
voltage, as the V5, is the voltage that the level shifter 200
uses to adjust (i.e., shift) the voltage level on the output signal

our)-

Level shifter 200 also includes transistor 230 operably
coupled in series with transistor 240, such that the drains of
the two transistors are operably coupled. The source of the
transistor 240 is operably coupled with the supply voltage
V zzazr The source of transistor 230 is operably coupled with
V;ow Transistor 210 and transistor 240 are cross-coupled
such that the gates of each transistor 210, 240 are operably
coupled with the respective drain of the other transistor 240,
210.

Level shifter 200 also includes an inverter 205 operably
coupled with the gate of transistor 220. An input signal (V)
may be applied to level shifter 200 at the gate of transistor
230.V ,, may also be applied to the inverter 205, such that the
voltage signal applied to the gate of transistor 220 is the
inverted signal of V..

In operation, if V,,, is asserted, a low voltage signal is
applied to the gate of transistor 220 through inverter 205. As
a result, transistor 220 is deactivated. With V,, asserted, tran-
sistor 230 is activated, which activation pulls the voltage
applied to the gate of transistor 210 to V; ;- As a result of
voltage applied to the gate of transistor 210 being pulled to
V;ows the transistor 210 is activated. With transistor 210
activated, the output signal (V ;) may be approximately
equal 10 Von. If Vo7 is approximately equal to V6,
transistor 240 is held in an inactive state, allowing transistor
210 to remain active. Thus, with V, asserted, the voltage
level of an input signal V,,, may be successfully shifted to
result in an output signal equal V- to be approximately
equal to V6

On the other hand, if V,,, is not asserted, a high voltage
signal applied to the gate of transistor 220. As a result, tran-
sistor 220 is activated. With transistor 220 in an active state,
V oormay be pulled to be approximately equal to V; ;. With
V oo approximately equal to V; o, V; op-1s also applied to
the gate of transistor 240, which activates transistor 240. With
transistor 240 activated, V ;5 may be applied to the gate of
transistor 210. With V.., being applied to the gate of tran-
sistor 210, transistor 210 is deactivated, and V ,,isheld to be
approximately equal to V, 55~

FIG. 2B is an output waveform 250 illustrating the output
signal V ., being generated in response to the input signal
V- for the level shifter 200 of FIG. 2A. As shown in FIG. 2B,
at time t,, V,,, transitions from high to low (i.e., asserted to
deasserted). For example, V ,,may be approximately equal to
V pp and transition to V; ;- (e.g., 0V) at time t,. As a result,
V oo transitions from V5,10 V; o at time t,. The differ-
ence between the time that V,,, transitions (i.e., t;) and the
time that V- transitions (i.e., t,) from a high voltage to a
low voltage may be the output falling time delay.

At time t;, V,,, transitions from low to high. As a result,
V o transitions from low to high between times t; and t5. At
timet,, V 5. crosses the voltage midpoint between V; ,-and
V zrczr, Which midpoint is approximately (V graetVion)/2.
The difference between the time that V,,, transitions (i.e., t;)
and the time that V - transitions (i.e., t5) from a low voltage
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to a high voltage may be the output rising time delay. Output
rising time delay may be determined from a different voltage
level than time t5 when V. is approximately equal to
V rar For example, one measure of the output rising time
delay may be considered when V. crosses the voltage
midpoint between V; ,-and V., (1., at time t,).

As shown in FIG. 2B, the input signal V,, successfully is
shifted from an asserted signal (V) with a lower voltage to
an output signal (V) with a higher voltage (V 4,5;,), and
which V. may control or otherwise operate compatible
high voltage circuit functions. As shown in FIG. 2B, V,, may
have an input voltage swing ranging from V; ;10 V5. Voo
has a different voltage swing ranging from V; 5-10 Vyrerr

Level shifting with level shifter 200 may require little, if
any, standby current (Igz in FIG. 1). However, like with the
level shifter 100 of FIG. 1A, the output rising time delay for
the level shifter 200 of FIG. 2A may be relatively long—
especially when compared to the output falling time delay. A
relatively long output rising time delay may constrain system
clock speeds.

FIG. 2C is an output waveform 150 illustrating the output
signal V., being generated in response to the input signal
V- for the level shift circuit 200 of FIG. 2A when the relative
drives of transistors 210 and 240 are altered as described in an
alternative embodiment thereof. For example, the drives of
transistors 210 and 240 may be adjusted relative to the drives
of transistors 220 and 230 such that the transitions of V 5+
from V, 5, t0 V ;5 may be accelerated. For example, if
transistors 210 and 240 are strong relative to transistors 220
and 230, then V - may transition faster when the transition
is from low to high, thus decreasing the output rising time
delay. Decreasing the output rising time delay for V., is
indicated as a steeper transition by V .- between time t; and
time t5. However, as shown in FIG. 2C, because the relative
strength of the transistors is stronger, the output falling time
delay (i.e., time for V 5 to transition from high to low) may
be adversely affected. For example, the output voltage signal
V oo may be skewed between time t; and time t,.

FIG. 3A illustrates a schematic diagram of a level shifter
300 according to an embodiment of the present invention.
Level shifter 300 includes transistors 310, 320, 330, 340, and
inverter 305 configured in a similar manner as described with
reference to FIG. 2A. For example, transistors 310 and 320
are serially coupled, transistors 330 and 340 are serially
coupled, and transistors 310 and 340 are cross-coupled as
previously described. Level shifter 300 further includes addi-
tional pull up paths 315 and 345. Additional pull up paths 315
and 345 may include transistors 316, 317, and transistors 346,
347 respectively.

First additional pull up path 315 may be operably coupled
between V-, and NODE A, NODE A being shown as the
node located between transistor 310 and transistor 320. Sec-
ond additional pull up path 345 may be operably coupled
between V., and NODE B, NODE B being shown as the
node located between transistor 330 and transistor 340. It
should be noted that V- is also shown to be coupled with
NODE A.

The voltages of NODE A and NODE B may each control
the activation of one or more components of the first addi-
tional pull up path 315. For example, the additional pull up
path 315 may further include transistors 316 and 317 serially
coupled with each other. The operation of the first additional
pull up path 315 may be enabled by the voltage on NODE B,
such that the gate of transistor 316 is operably coupled with
the NODE B. The operation of the first additional pull up path
315 may also be enabled by the voltage on NODE A, such that
the gate of transistor 317 is operably coupled with the NODE
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A. With both the gate and drain of transistor 317 coupled with
NODE A, transistor 317 is diode connected. As a result,
transistor 317 may be activated and operate as a diode when
sufficient gate to source voltage is available. Diode connected
transistor 317 may be replaced by a PN-junction diode (see,
e.g., FIG. 7).

Similarly, the voltages of NODE A and NODE B may each
control the activation of one or more components of the
second additional pull up path 345. For example, second
additional pull up path 345 may further include transistors
346 and 347 serially coupled with each other. The operation
of the second additional pull up path 345 may be enabled by
the voltage on NODE A, such that the gate of transistor 346 is
operably coupled with the NODE A. The operation of second
additional pull up path 345 may also be enabled by the voltage
on NODE B, such that the gate of transistor 317 is operably
coupled with the NODE B. With both the gate and drain of
transistor 347 coupled with NODE B, transistor 347 is diode
connected. As a result, transistor 347 may be activated and
operate as a diode when sufficient gate to source voltage is
available. Diode connected transistor 347 may be replaced by
a PN junction diode (see, e.g., FIG. 7).

In operation, the level shifter 300 may operate similarly as
the level shifter 200 described in FIG. 2A during the quiescent
state. During the quiescent state, the additional pull up paths
315, 345 may be deactivated because the activation of each of
the additional pull up paths 315, 345 are responsive to
complementary signals (e.g., NODE A and NODE B). Thus,
during the quiescent state, if transistor 316 is activated then
transistor 317 is deactivated, and vice versa. Similarly, during
the quiescent state, if transistor 346 is activated then transistor
347 is deactivated, and vice versa. As a result, like with level
shifter 200 of FIG. 2A, relatively little, to no standby current
may be drawn for relatively low power operation.

The operation of level shifter 300 may, however, differ
from level shifter 200 during transitions. At least one of the
additional pull up paths 315, 345 may be activated when a
transition occurs. For example, if V ,,is low then the transistor
330 is activated. As a result, the voltage at NODE A is high
and the voltage at NODE B is low in the quiescent state. In the
quiescent state, transistor 347 is also active as a low voltage at
NODE B is applied to the gate of transistor 347. Also in the
quiescent state, transistor 346 and transistor 340 are inactive
as a high voltage is applied to their respective gates coupled
with NODE A. If V,, transitions to a high input, then the
transistor 330 is activated, and the voltage at NODE B begins
to decrease. If the drive for transistor 330 is stronger than the
drive for transistor 340, then the voltage at NODE B is pulled
down relatively quickly by the stronger transistor 330.

Referring now to the affect of a transition on NODE A, if
Vv transitions to a high input, then transistor 320 is deacti-
vated and transistor 310 and 316 are activated. Because the
drive for transistor 320 is relatively stronger than transistor
310, the voltage at NODE A is pulled up relatively slowly be
the weaker transistor 310. Thus, the voltage at NODE A may
remain relatively low for a relatively longer period of time. As
a result, transistor 317 remains active for a relatively longer
period of time. Because the voltage on NODE B is pulled
down more quickly than the voltage on NODE A is pulled up,
transistor 316 and transistor 317 may be active momentarily
at the same time. With transistor 316 and transistor 317 both
active, a first switching current (I3, ) flows through transis-
tors 316 and 317. The first switching current (I, ) may assist
the current from the transistor 310 in pulling up the voltage on
NODE A. Asthe voltage on NODE A crosses a certain thresh-
old, transistor 317 is deactivated and first switching current
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(I3 ) may cease to flow. Once the transition is complete, the
level shifter 300 may again be in a quiescent state.

As another example, if V,, transitions from a high input to
a low input then level shifter 300 operates in a similar manner
with the voltage on NODE A being pulled low more quickly
than the voltage on NODE B. As a result, the second addi-
tional pull up path 345 is active while NODE A is being pulled
up in that transistors 346 and 347 are simultaneously active.
With transistors 346, 347 active, a second switching current
(Isy-) flows through transistors 346 and 347, which second
switching current (I ;) may assist in pulling up the voltage
on NODE B. As NODE B is pulled up and crosses a certain
threshold, transistor 347 is deactivated and second switching
current (I ;) may cease to flow. Once the transition is com-
plete, the level shifter 300 may again be in a quiescent state.

FIG. 3B is an output waveform 350 illustrating the comple-
mentary relationship between the voltage of NODE A
(Vyopes) and the voltage of NODE B (Vyoprs) during
transitions of V,, for the level shifter 300 shown in FIG. 3A.
Itis noted that the output V. - of level shifter 300 is coupled
with NODE A. Therefore, Vo pz, and V ,, are the same as
shown and defined in FIG. 3A. A second output may also be
coupled with NODE B as the complement of V. Outputs
Voor and second output coupled with NODE B may be
coupled with additional circuitry, such as an inverter, that may
further process the respective output signals.

Priortotimet,, the level shifter 300 may be in the quiescent
state when V, is asserted, in which state V ,, 5z, 1S approxi-
mately equal to Vo, and Vo x5 18 approximately equal to
V;ow- At time t, V;,, is deasserted, at which time the com-
ponents within level shifter 300 operate as previously
described herein. In response to V, being deasserted,
Vvopges 18 pulled down and V- 1s pulled up. Because of
the relative strength in the drives of transistors 320 and 330
relative to transistors 310 and 340, V,,,x, is pulled down
relatively quickly and V yopz5 1s pulled up relatively slowly.
Asillustrated in FIG. 3B, there is atime t, when both Vo554
and Vopzs are approximately equal to V, ;- Therefore,
around time t,, both transistors 346 and 347 may be active and
conducting to generate second switching current (Igy;n),
which second switching current (I5;-) may assist in pulling
up Vyopzs As Vaopes increases a threshold may be reached
at which time the Vx5 deactivates transistor 347, and
second switching current (ISW2) may cease to flow through
second additional pull up path 345.

Another transition occurs at time t; when V ;s asserted, at
which time the components within level shifter 300 operate as
previously described herein. In response to V,, being
asserted, Vo5 18 pulled down and V5, is pulled up.
Because of the relative strength in the drives of transistors 320
and 330 relative to transistors 310 and 340, V .5z is pulled
down relatively quickly and V,,p54 1s pulled up relatively
slowly. As illustrated in FIG. 3B, there is a time t, when both
Vyopes a0 Vyornzz are approximately equal to V-
Therefore, around time t,, both transistors 316 and 317 may
be active and conducting to generate first switching current
(Isy), which first switching current (Ig;,) may assist in
pulling up Vyopzs As Vyopr, increases a threshold may be
reached at which time the V-, deactivates transistor 317,
and first switching current (I, ) may cease to flow through
first additional pull up path 315.

FIG. 3C is another output waveform 375 illustrating the
output signal V - being generated in response to the input
signal V , for the level shift circuit 300 of FIG. 3A. As shown
in FIG. 3C, at time t,, V,, transitions from high to low (i.e.,
asserted to deasserted). For example, V,, may be approxi-
mately equal to V,, and transition to V; ,5-(e.g., OV) at time
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t,. As aresult, V - transitions from V ;55 t0 V, op-at time
t,. The difference between the time that V ,, transitions (i.e.,
t,) and the time that V., transitions (i.e., t,) from a high
voltage to a low voltage may be the output falling time delay.

At time t;, V transitions from low to high (e.g, V; o5 t0
Vo) As a result, V. transitions from low to high (e.g.,
V;ow 10 Viar) between times t; and tg. At time t,, V.
crosses the voltage midpoint between V, ., and Vo
which midpoint is approximately (V z;cz+V 7 on)/2. The dif-
ference between the time that V, transitions (i.e., t;) and the
time that V., transitions (i.e., t5) from a low voltage to a
high voltage may be the output rising time delay. Output
rising time delay may be determined from a different voltage
level than time t; when V. is approximately equal to
V rcr For example, one measure of the output rising time
delay may be considered when V- crosses the voltage
midpoint between V; ,-and V., (e, at time t,).

In contrast to the performance of the level shifter 200 of
FIG. 2A,V 5 may be pulled up by level shifter 300 of FIG.
3 A more quickly. For example, the slope of V - is relatively
steeper than through other methods.

Referring again to FIG. 3A, designing for minimum shoot-
through current, the transistors 310 and 340 are configured to
be weaker with respect to the drives of transistors 320, 330.
Thus, transistors 320 and 330 have large drive with respect to
transistors 310, 340 so that the voltages at NODE A and
NODE B are pulled down quickly. Transistors 316, 317, 346,
and 347 may have drives that are approximately equal to the
relatively weak drives of pull up transistors 310, 340. Alter-
natively, one or more of transistors 316, 317, 346, and 347
may have drives that are relatively strong in relation to the
other transistors of the level shifter 300.

If the additional pull up paths 315, 345 are activated, the
additional pull up path 315 assists the pull up transistor 310 in
pulling up NODE A. In other words, first additional pull up
path 315 is inactive during a falling transition on NODE A,
and active during a rising transition of NODE A. Likewise,
second additional pull up path 345 is inactive during a falling
transition on NODE B, and active during a rising transition on
NODE B. Because the second additional pull up path 345 is
inactive during a falling transition of NODE B, the output
falling skew seen in the output waveform 275 of FIG. 2C is
avoided. Meanwhile, the action of these new devices may
improve rising time performance by increasing the available
current to charge parasitic capacitance on the V 5, node.

FIG. 4 is an output waveform 400 illustrating different
output voltages for various level shifters responsive to an
input voltage signal V.. For example, line 410 may represent
output voltage signal V ,, - for the level shifter configuration
of FIG. 1A. Line 420 may represent output voltage signal
V oo for the level shifter configuration of FIG. 2A. Line 430
may represent output voltage signal V - for the level shifter
configuration of FIG. 2A with the hold transistors being
altered to have a lower drive characteristic than the other
transistors as described with reference to FIG. 2C. Line 440
may represent output voltage signal V - for the level shifter
configuration of FIG. 3A.

During a transition from high to low, lines 410, 420, and
440 indicate that the corresponding level shifter configura-
tions each have relatively short output falling time delays. As
previously described with reference to FIG. 2C, the modified
level shifter 200 may have a relatively longer output falling
time delay as shown by line 430.

During a transition from low to high, lines 410 and 420
indicate that the corresponding level shifter configurations
each have relatively long output rising time delays. As previ-
ously described with reference to FIG. 2C, the modified level
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shifter 200 may have a relatively short output rising time
delay, which shorter output rising time delay may come at the
cost of a longer output falling time delay. However, line 440
indicates that the output rising time delay for the level shifter
300 of FIG. 3A is relatively short compared with the other
level shifter configurations, while maintaining a relatively
short output falling time delay. In fact, as indicated by line
440, the V 5, of level shifter 300 of FIG. 3A may reach the
midpoint (V554 V 7 on)/2 relatively faster than the other
level configurations shown. As a result, the output signal
V oormay be operably coupled with a follow on digital stage
(e.g., digital inverter) that will switch relatively quickly as
Voo reaches the midpoint relatively quickly. Of course,
NODE B may also be operably coupled with a follow on
digital stage as an output signal.

FIG. 5A is a schematic diagram of a level shifter 500 as
known in the art as an attempt to provide a solution for some
of the problems described herein. Level shifter 500 may
include transistors 510, 520, 530, 540, and inverter 505 con-
figured in a similar manner as the level shifter 200 of F1IG. 2A.

Level shifter 500 further includes transistors 526, 527 seri-
ally coupled with each other and coupled between V ;,,and
NODE A. Likewise, level shifter 500 includes transistors 546,
547 serially coupled with each other and coupled between
Viraerand NODE B. NODE A is further coupled with a series
of inverters 521, 522 that act as delay buffers to control the
gate of transistor 526. NODE B is further coupled with a
series of inverters 541, 542 that act as delay buffers to control
the gate of transistor 546.

In operation, when NODE A transitions from a low voltage
to a high voltage, a V,, with a low voltage swing (e.g., 0-3V)
is shifted to a higher voltage with a higher voltage swing (e.g.,
0-12V) on V .7 While the level shifter 500 may have a
similar operation in the quiescent state as the level shifter 200
of FIG. 2A and level shifter 300 of FIG. 3 A, the performance
of' the level shifter 500 may be deficient during transitions of
V- For example, the transistors 526, 527 may both momen-
tarily be on in order to assist in pulling up the voltage on
NODE A. As NODE A raises past a certain threshold, the
output of the inverters 521, 522 causes the transistor 526 to
deactivate. As a result, transistors 526, 527 ceases to assist in
pulling up NODE A. The inverters 526, 527 may act to delay
the deactivation of transistor 526 allowing current flowing
through transistors 526, 527 to assist longer in pulling up
NODE A. However, when NODE A transitions and is pulled
down by transistor 510, the inverters 521, 522 may introduce
undesirable delay in the pull down time. Relying on using
inverters 521, 522, 541, 542 to drive and control activation of
transistors 526, 546 may require complex power regulation
schemes for low voltage transistors of the inverters 521, 522,
541, 542 if an offset condition is desirable as will be shown in
embodiments of the present invention in FIG. 6 A. Further-
more, adding additional circuitry, such as inverters 521, 522,
541, 544 may further add to the complexity and size of the
level shifter 500 when fabricated.

Additionally, it should be noted that NODE A controls the
activation of transistor 526, which transistor 526 is connected
10V ya As aresult, relying on NODE A to turn off transistor
526 rather than transistor 527 may further introduce delay in
the transition delays. Likewise, controlling the activation of
transistor 526 with NODE B may further introduce transition
delays.

FIG. 5B is an output waveform 550 illustrating different
output voltages for the level shifter 500 of FIG. 5A in com-
parison to the level shifter 300 of FIG. 3A responsive to an
input voltage signal V.. For example, line 560 may represent
the voltage of NODE B for level shifter 500 of FIG. 5A. Line
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570 may represent output voltage of NODA A for the level
shifter 300 of FIG. 3A. Line 580 may represent the voltage of
NODE B for level shifter 500 of FIG. 5A. Line 590 may
represent output voltage of NODA A for the level shifter 300
of FIG. 3A.

During a V,,, transition from high to low, comparing the
voltage signal represented by line 570 with the voltage signal
represented by line 560 indicates that the voltage level shifter
configuration of FIG. 3A may have a relatively short output
falling time delay in comparison to the voltage level shifter
configuration of FIG. 5A. In other words, the voltage of
NODE B for FIG. 3A may be pulled down relatively faster
than the voltage of NODE B for FIG. SA.

During a V;,, transition from low to high, comparing the
voltage signal represented by line 590 with the voltage signal
represented by line 580 indicates that the voltage level shifter
of FIG. 3A may also have a relatively short output rising time
delay in comparison to the voltage level shifter configuration
of FIG. 5A. In other words, the voltage of NODE A for FIG.
3A may be pulled up relatively faster than the voltage of
NODE A for FIG. 5A. While not shown, the output falling
time delay may be reduced for NODE A and the output rising
time delay may be reduced for NODE B by employing the
voltage level shifter configuration of FIG. 3A in comparison
to the voltage level shifter configuration of FIG. 5A.

FIG. 6A is a schematic diagram of a level shifter 600
according to another embodiment of the present invention.
Level shifter 600 includes pull down transistors 620, 630, pull
up transistors 610, 640, and additional pull up paths 615, 645.
Additional pull up paths 615, 645 include transistors 616-618
and transistors 646-648, respectively. Level shifter 600 fur-
ther includes bias transistors 625, 635 and transistors 628,
638. Transistors 618, 628, 638, 648 may also be referred to as
clamp transistors. Level shifter 600 may include inverters
605, 606 configured to receiving and deliver V, to the tran-
sistors 620, 630. As shown in other embodiments herein,
fewer inverters may be acceptable. Utilizing two inverters
may introduce an inverted output V ;- as compared to the
input V,,, (see e.g., FIG. 6B).

Bias transistor 625 may be operably coupled between first
pull up transistor 610 and first pull down transistor 620 such
that the drain of first pull down transistor 620 is coupled with
the drain of bias transistor 625, and the source of bias tran-
sistor 625 is coupled with the drain of first pull up transistor
610. Likewise, the drains of second pull down transistor 630
and bias transistor 635 may be coupled, and the source of bias
transistor 635 and the drain of second pull up transistor 640
may be coupled. First and second pull up transistors 610, 640
may be cross-coupled such that the gate of each transistor is
coupled with the drain of the other transistor.

The sources of the first and second pull up transistors 610,
640 may be coupled with V., the sources of the first and
second pull down transistors 620, 630 may be coupled with
Viow Vs may be a voltage that is between V.., and
V;ow As a result, the level shifter 600 may be configured to
shift a low voltage signal (V) in one voltage domain (e.g.,
with a low voltage swing from OV to 5V) to a low voltage
signal in another voltage domain (e.g., with a low voltage
swing from 35V to 40V) that is offset by another voltage (e.g.,
V s145)- With the example voltage listed above, V ;5 may be
40V, V5, smay be 35V, V,, may be 5V, and V,, may switch
between OV and 5V.

As an exemplary operation of level shifter 600, if transistor
630 is deactivated, current may not be conducted through
transistor 630. With the gate of bias transistor 635 coupled
with Vg, , ., and little, to no, current conducting through tran-
sistor 630, the voltage on the drain of bias transistor 635
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(NODE D) may not be able to be pulled down to V, - If
NODE D cannot be pulled down to L; 5, then bias transistor
635 may also be deactivated. As a result, NODE B is approxi-
mately equal to V5. If transistor 630 is deactivated, tran-
sistor 620 is activated. With transistor 620 activated, then
current is conducted through transistor 620, which current
pulls down the voltage on the drain of bias transistor 625
(NODE C) to be approximately equal to V; ;.. If sufficient
current exists on the source of bias transistor 625, bias tran-
sistor 625 pulls down NODE A to the extent that NODE A
cannot be pulled lower than the gate voltage (V,,) of bias
transistor 625 before turning itself off. A similar operation
occurs at the next input transition in which NODE A transi-
tions to be approximately V ;. and NODE B transitions to
be approximately equal to Vz; ..

Thus, depending on the values chosen for V6, Vions
and Vg, , ., the level shifter 600 may be configured to perform
level shifting in a variety of different ways. For example, an
input voltage with a low voltage swing (e.g., 0-3V) may be
shifted to a low voltage swing with a voltage offset (e.g.,
37-40V). Alternatively level shifter 600 may shift a voltage
down (e.g., from 5V to 2V). Thus, the voltage levels may be
shifted between a low voltage to a high voltage, a first high
voltage to a second high voltage, a first low voltage to a
second low voltage, a high voltage to a low voltage. Addi-
tionally, the range of the input and output voltage swings may
vary depending on the voltages used for V,, Vg, and
V iz For example, an input signal (V) may have a voltage
swing of 5V and have an output signal (V) with a voltage
swing of 2V. Other variations thereof are also contemplated
where a first input has a first voltage swing and is output as a
second voltage swing different from the first voltage swing.
Voltages are also contemplated in which Vi, Verie Ve
or combinations thereof may include negative voltages (e.g.,
an output swing from -15V to -20V).

Because each of the transistors 610, 616-618, 628, 638,
640, 646-648 may have a relative low voltage swing, each of
the transistors 610, 616, 617, 640, 646, 647 may be low
voltage devices. Likewise, the transistors (not shown) used to
construct inverters 605, 606 may be also low voltage devices.
Transistors 620, 630 and bias transistors 625, 635 may expe-
rience voltage swings over the entire voltage range (V; op-10
V ez @and may be high voltage devices relative to the tran-
sistors 610, 616-618, 628, 638, 640, 646-648

Additionally, transistors 610, 616-618, 628, 638, 640, 646-
618 may include isolated transistors configured to isolate the
epitaxial layer and the body of each transistor. Employing one
or more isolated transistors may have the effect of assisting
the low voltage devices in staying within their safe operating
voltage range while in an offset condition. Each isolated
transistor may have additional terminals in addition to the
gate, drain, and source terminals shown. Alternatively, one or
more of the isolated transistors may have the isolated regions
without need of additional terminals such that the construc-
tion of the transistor itself is inherently self-isolating.

The nodes between transistors 616 and 617, and between
transistors 646 and 647 may experience a high impedance and
may experience voltages outside of the safe operating regions
of the transistors that damage the oxide of the transistors.
These nodes may also experience capacitive coupling from
nearby metal lines experiencing a voltage transition. Such
capacitive coupling may introduce parasitic capacitance at
the node causing a voltage greater than the safe operating
range of the low voltage transistors. Other events may also
cause nodes to operate outside of safe operating ranges, such
as voltage transients on V ;57
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Clamp transistors 618, 648 may protect the nodes between
transistors 616 and 618, and between transistors 646 and 647.
For example, clamp transistor 618 may be coupled between
V zrcer and the node between transistors 616 and 617. The
source of clamp transistor 618 may be coupled at the node
between transistors 616 and 617, and the drain of clamp
transistor 618 may be coupled with V... The gate of clamp
transistor 618 may be coupled with and controlled by NODE
A. Likewise, clamp transistor 648 may be coupled between
V rcer and the node between transistors 646 and 647. The
source of clamp transistor 648 may be coupled at the node
between transistors 646 and 647, and the drain of clamp
transistor 648 may be coupled with V.. The gate of clamp
transistor 648 may be coupled with and controlled by NODE
B. As a result, gate to source connections of clamp transistors
618, 648 act as a follower to prevent the respective high
impedance node from going too low, and the drain to source
connections of clamp transistors 618, 648 act to prevent the
high impedance nodes from going too high.

NODES A and B may also experience high voltages such
that it may be desirable to have clamps that protect the low
voltage transistors from experiencing voltages outside of
their respective safe operating regions. Thus, clamp transistor
628 may be coupled between NODE B and V.. The source
of clamp transistor 628 may be coupled with Vs and the
drain of clamp transistor may be coupled with NODE B. The
gate of clamp transistor 628 may be coupled with and con-
trolled by NODE A. As a result, the drain of clamp transistor
628 may be configured to keep NODE B within a safe oper-
ating region.

Likewise, clamp transistor 638 may be coupled between
NODE A and Vg, . The source of clamp transistor 638 may
be coupled with V,, ;. and the drain of clamp transistor may
be coupled with NODE A. The gate of clamp transistor 628
may be coupled with and controlled by NODE B. As a result,
the drain of clamp transistor 638 may be configured to keep
NODE A within a safe operating region.

FIG. 6B is an output waveform 650 illustrating the output
signal V ., being generated in response to the input signal
V- for the level shifter 600 of FIG. 6A. As shown in FIG. 6B,
the bias voltage (V<) shifts V1o a V 5, with a different
voltage domain. V,, has a low voltage swing between V, ;-
and V5. Vo7 also has a low voltage swing that is offset by
Visras- As a result, V. has a low voltage swing between
Vigrasand V... As previously discussed, the configuration
of'level shifter 600 of FIG. 6 A may result in a wide variety of
output combinations by altering the values of V,, V5, ., and
V zrczr- While the voltage swings may be low voltage swings,
it is not necessary that the voltage swing of V,, - be equal to
the voltage swing of the V. The voltages described in FIG.
6B may also be positive or negative. As also described herein,
high voltage swings are also contemplated as embodiments of
the present invention.

FIG. 7 is a schematic diagram of a level shifter 700 accord-
ing to another embodiment of the present invention. Level
shifter 700 may include pull up transistors 710, 740, pull
down transistors 720, 730, inverter 705, additional pull up
paths 715, 745, which components may be configured in a
similar manner as described with reference to the level shifter
300 of FIG. 3A. Level shifter 700 may further include resis-
tors 711, 741 coupled in series with the drains of pull up
transistors 710, 740, respectively. As described herein,
embodiments of the present invention include strong pull
down transistors 720, 730 relative to weaker pull up transis-
tors 710, 740. That is, the relative drive strength of the pull
down transistors 720, 730 may be greater than the relative
drive strength of the pull up transistors 710, 740. The drive



US 8,319,540 B2

15

strength of a transistor may be weakened by having a small
gate width and a large gate length relative to the gate of a
stronger transistor. In other words, the drive strength of a
transistor may also be strengthened by having a large gate
width and a small gate length relative to the gate of a weaker
transistor.

The pull up strength of transistors 710, 740 may be effec-
tively weakened by coupling resistors 711, 741 to the drains
of transistors 710, 740. Thus, resistors 711, 741 may effec-
tively weaken the pull up strength of transistors 710, 740
relative to the pull down of the pull down transistors 720, 730.
With the resistors 711, 741, coupled to the trains of transistors
710, 740, the ability of each transistor (e.g., 710) to hold the
gate of the other cross-coupled transistor (e.g., 740) high. As
a result, the desired relative pull up and pull down strength
between transistors 710, 720 and transistors 740, 730 may
also be accomplished by choosing the appropriate relative
dimensions of the gate lengths and widths of the transistors
710, 720, 730, 740 and also by coupling resistors 711, 741
with the drains of the pull up transistors 710, 740 and prior to
the cross coupled gate connections to NODES A and B,
through other methods, or through combinations thereof.

Other embodiments may include the different configura-
tions for additional pull up paths 715, 745. For example, first
additional pull up path 715 may include a diode 717 coupled
with the drain of transistor 716 and NODE A. Second addi-
tional pull up path 745 may also include a diode 747 coupled
with the drain of transistor 746 and NODE B. In operation, if
NODE A is, for example, high, then transistors 710 and 716
may be active and diode 717 may be inactive. As a result of
diode 717 being inactive, the pull up action of transistor 716
may be blocked. If VIN transitions to low, NODE A may be
pulled low by pull down transistor 720 against pull up tran-
sistor 710 until diode 717 turns on. At that time, the gate to
source voltage of pull up transistor 740 increases, which may
activate pull up transistor 740 and deactivate pull up transistor
710 and transistor 716. In effect, pull up transistors 710 and
716 are turning off while diode 717 is turning on. Output
falling time delay may be reduced as diode 717 blocks tran-
sistor 716 from turning on. If NODE A is low, diode 717 may
conduct whenever 717 is activated and thereby allows diode
717 to increase the pull up of NODE A, which may reduce
output rising time delay.

While the transistors shown in the illustrative figures show
particular transistor types and processes, embodiments of the
present invention are not limited to those shown. For
example, referring again to FIG. 6A, transistors 610, 616,
617, 625, 635, 640, 646, 647 are shown in FIG. 6A to be
PMOS transistors while transistors 618, 620, 628, 630, 638,
648 are shown to be NMOS transistors. Other embodiments
may include variations such that one or more transistors is a
complement of that shown (e.g., NMOS instead of PMOS and
vice versa). Additionally, while transistors are shown to be
constructed according to MOSFET processes, other pro-
cesses may also be implemented, including, for example,
BJT, GaAs, and other semiconductor processes as known in
the art.

While the present invention has been described herein with
respect to certain illustrated embodiments, those of ordinary
skill in the art will recognize and appreciate that the present
invention is not so limited. Rather, many additions, deletions,
and modifications to the illustrated and described embodi-
ments may be made without departing from the scope of the
invention as hereinafter claimed along with their legal equiva-
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lents. In addition, features from one embodiment may be
combined with features of another embodiment while still
being encompassed within the scope of the invention as con-
templated by the inventor.
What is claimed is:
1. A method for shifting an input voltage level to a different
output voltage level, the method comprising:
pulling down a voltage on an output node of a level shifter
in a relatively faster manner than pulling up a voltage on
an output node responsive to an input signal;
pulling up a voltage on the output node with at least both of
apull up transistor and an additional pull up path respon-
sive to the input signal;
turning off the additional pull up path as a voltage on the
output node increases above a threshold level, wherein
turning off the additional pull up path is accomplished
through a direct connection between the output node and
a gate of a control transistor of the additional pull up
path; and
generating a voltage level shifted output on the output node
that is a voltage level different than the input signal.
2. The method of claim 1, wherein generating a voltage
level shifted output includes resulting in a voltage level
shifted output with a voltage swing that is different than a
voltage swing of the input signal.
3. The method of claim 1, wherein generating a voltage
level shifted output includes resulting in a voltage level
shifted output with a voltage swing that is the same as a
voltage swing of the input signal.
4. The method of claim 1, wherein generating a voltage
level shifted output includes resulting in a voltage level
shifted output with a voltage swing that includes at least one
negative voltage.
5. The method of claim 1, wherein pulling down a voltage
on an output node of a level shifter in a relatively faster
manner than pulling up a voltage on an output node com-
prises:
deactivating a pull up transistor with a relatively small gate
width and a large gate length relative to a gate of a pull
down transistor; and
activating the pull down transistor.
6. A level shifting circuit, comprising:
a first node coupling a first pull up circuit and a first pull
down circuit, wherein:
the first pull down circuit is responsive to an input signal;
and

the first pull up circuit is further coupled to a high volt-
age signal and the first pull down circuit is coupled to
a low voltage signal;

a first additional pull up path including a first transistor
serially coupled with a second device configured as a
diode and coupled with the first node, the second device
configured to control the activation of the first additional
pull up path during a transition from low to high on the
first node; and

an output signal associated with the first node, wherein the
output signal is configured to generate a level shifted
voltage in response to the input signal.

7. The level shifting circuit of claim 6, wherein the second
device configured as a diode includes a second transistor
coupled to the first node, wherein a gate of the second tran-
sistor is also directly coupled to the first node.

#* #* #* #* #*



