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APPARATUSES AND METHODS FOR A
VOLTAGE LEVEL SHIFTING

At time t3, VIN transitions from loW to high. As a result,
VOUTtransitions from VL OWto VHIGHbetWeen times t3 and t5.

At time t4, VOUT crosses the voltage midpoint betWeen VLOW

and VHIGH, Which midpoint is approximately (VH,GH+

TECHNICAL FIELD

VL OW)/ 2. The difference betWeen the time that V,Ntransitions

Embodiments of the present disclosure relate generally to

(i.e., t3) and the time that VOUTtransitions (i.e., ts) 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 shifting and, more particularly, to apparatuses
and methods related to high voltage shifters that may have

reduced output delays.

voltage level than time t5 When VOUTis approximately equal
to VHIGH. For example, one measure of the output rising time
delay may be considered When VOUT crosses the voltage

BACKGROUND

midpoint betWeen VLOW and VHIGH (i.e., at time t4).
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 ?rst circuit differs from an operating range
of a second circuit, a level shifter is arranged betWeen the ?rst
circuit and the second circuit, and the voltage level of the
signal betWeen the ?rst and second circuits is adjusted. For

As shoWn in FIG. 1B, the input signal VIN is shifted suc
cessfully from an asserted signal (VDD) With a loWer voltage
to an output signal (VOUT) With a higher voltage (VHIGH), and
Which VOUT may control or otherWise operate compatible
high voltage circuit functions. As shoWn in FIG. 1B, VIN may

example, in the driving circuitry for a liquid crystal display

has a different voltage sWing ranging from VLOW to VHIGH.

(LCD) panel, such as those using thin ?lm transistors (TFT),
signals having various voltages may be employed. In this

have an input voltage sWing ranging from VL OWto VDD. V0 UT
20

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.

25

FIG. 1A illustrates a schematic diagram of a conventional
level shift circuit 100. Conventional level shift circuit 100

ments of the integrated circuit may otherWise be able to

135. Transistor 110 and transistor 120 are operably coupled
30

ably coupled. The source of transistor 120 is operably

coupled With a relatively loW voltage (VLOW), Which may be,
for example, ground. The source of the transistor 110 is

operably coupled With the supply voltage (VHIGH). 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 VHIGH. The source of transistor 130 is operably
coupled With VLOW. The gate of the transistor 110 is operably
coupled With the node betWeen the resistor 135 and the drain

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

includes transistors 110, 120, 130, inverter 105, and resistor
such that the drains of the tWo transistors 110, 120 are oper

One problem With the conventional level shift circuit 1 00 is

that the output rising time delay may be relatively longi
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

35

operate at a relatively greater frequency (e.g., l 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 SB) that ?oWs through the resis
tor 130 When the transition is complete (i.e., level shifter 100
is in a quiescent state) and VOUT is approximately equal to
VHIGH. 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
40

loW shoot-through current and/ or minimal standby current.

of the transistor 130. Level shifter 100 also includes an

inverter 105 operably coupled With the gate of transistor 120.
An input signal (VIN) may be applied to level shifter 100 at
the gate of transistor 130. VIN may also be applied to the
inverter 105, such that the voltage signal applied to the gate of
transistor 120 is the inverted signal ofVIN. In operation, ifVIN

BRIEF SUMMARY OF THE INVENTION

Embodiments of the present invention include a voltage
45

is asserted (i .e., has a high voltage relative to VL OW), transistor
130 is activated, Which causes the voltage applied to the gate
of transistor 110 to be approximately equal to VLOW. As a

result, transistor 110 is also activated and VOUT is approxi
mately equal to VHIGH. On the other hand, ifVl is not asserted
(i.e., has a voltage near VLOW), transistor 130 is deactivated,

50

ther includes a ?rst bias transistor serially coupled betWeen
the ?rst pull up transistor and the ?rst pull doWn transistor. A
gate of the ?rst bias transistor is coupled With a bias voltage
signal. The voltage level shifter further includes a ?rst addi

Which causes a high voltage applied to the gate of transistor
110. As a result, transistor 110 is deactivated. With VIN not

asserted, the voltage applied to the gate of transistor 120
through inverter 105 is asserted, Which activates transistor
120 and causes VOUT to be approximately equal to VLOW.
FIG. 1B is an output Waveform 150 illustrating the output

55

voltage responsive to the input signal.
60

(i.e., t1) and the time thatVOUTtransitions (i.e., t2) from a high
voltage to a loW voltage may be the output falling time delay.

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 ?rst pull up transistor and a second pull up
transistor With drains and gates cross coupled With each other,

(i.e., asserted to deasserted). For example, VIN may be
approximately equal to VDD and transition to VLOW(e.g., 0V)
at time t1. As a result, VOUT transitions from VHIGH to VLOW
at time t2. The difference betWeen the time that V,Ntransitions

tional pull up path operably coupled With the high voltage
signal and a ?rst node betWeen the ?rst pull up transistor and
the ?rst bias transistor, and an output signal associated With
the ?rst node, Wherein the output signal is a level shifted

signal VOUT being generated in response to the input signal
VIN for the conventional level shift circuit 100 of FIG. 1A. As
shoWn in FIG. 1B, at time t1, VINtransitions from high to loW

level shifter, comprising a ?rst pull up transistor operably
coupled to a high voltage signal and a ?rst pull doWn transis
tor operably coupled in series betWeen the ?rst pull up tran
sistor and a loW voltage signal. The ?rst pull doWn transistor
is controlled by an input signal and having a stronger drive
than the ?rst pull up transistor. The voltage level shifter fur

65

a ?rst bias transistor and a second bias transistor each With

gates coupled With a bias voltage signal, a ?rst pull doWn
transistor controlled by an inverted version of an input signal

US 8,319,540 B2
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4

and operably coupled in series With the ?rst pull up transistor

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 VIN for the level
shifter shoWn in FIG. 3A;
FIG. 3C is another output Waveform illustrating the output

With the ?rst 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

signal VOUT being generated in response to the input signal

nal and a loW voltage signal. The level shifting circuit further

VIN 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

comprises a ?rst additional pull up path operably coupled
With the high voltage signal and a ?rst node betWeen the ?rst
bias transistor and the ?rst pull doWn transistor, a second

age signal VIN;

additional pull up path operably coupled With the high voltage

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

signal and a second node betWeen the second pull up transis
tor and the second bias transistor, and an output signal asso

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. 3A responsive to an input voltage signal

ciated With at least one of the ?rst 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

VIN‘
20

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

FIG. 7 is a schematic diagram of a level shifter according to
25

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

In the folloWing description, elements, circuits, and func
30

node and a gate of a control transistor of the additional pull up

35

complete understanding of the present invention and are
Within the abilities of persons of ordinary skill in the relevant
art.
45

50

FIG. 1B is an output Waveform illustrating the output sig

It should be understood that any reference to an element

herein using a designation such as “?rst,” “secon ,” and so
forth does not limit the quantity or order of those elements,
60

distinguishing betWeen tWo or more elements or instances of
an element. Thus, a reference to ?rst and second elements

for the level shift circuit of FIG. 2A When the relative drives
of transistors are altered as described in an alternative

FIG. 3A illustrates a schematic diagram of a level shifter

unless such limitation is explicitly stated. Rather, these des
ignations may be used herein as a convenient method of

nal VOUTbeing generated in response to the input signal VIN

according to an embodiment of the present invention;

the scope of the present invention is de?ned only by the

appended claims.

nal VOUTbeing generated in response to the input signal VIN

embodiment thereof;

be practiced. The embodiments are intended to describe
aspects of the invention in su?icient detail to enable those
skilled in the art to practice the invention. Other embodiments

detailed description is not to be taken in a limiting sense, and
55

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

for the level shifter of FIG. 2A;
FIG. 2C is an output Waveform illustrating the output sig

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, speci?c embodiments in Which the invention may

may be utiliZed and changes may be made Without departing
from the scope of the present invention. The folloWing

FIG. 1A illustrates a conventional level shifter;

nal VOUTbeing generated in response to the input signal VIN

details concerning timing considerations and the like have
been omitted Where such details are not necessary to obtain a

the input signal.
BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

exemplary only and should not be construed as the only Way
to implement the present invention unless speci?ed otherWise
herein. Additionally, block de?nitions and partitioning of
logic betWeen various blocks is exemplary of a speci?c
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,

40

transistor, the ?rst transistor coupled to a high voltage signal
and the second transistor coupled to the ?rst node. A gate of
the second transistor is also directly coupled to the ?rst node.
The level shifting circuit further includes an output signal
associated With the ?rst node, Wherein the output signal is
con?gured to generate a level shifted voltage in response to

tions may be shoWn in block diagram form in order not to
obscure the present invention in unnecessary detail. Con

versely, speci?c implementations shoWn and described are

path.
Yet another embodiment of the present invention includes
a level shifting circuit, comprising a ?rst node coupling a ?rst
pull up circuit and a ?rst pull doWn circuit. The ?rst pull doWn
circuit is responsive to an input signal and the ?rst pull up
circuit is further coupled to a high voltage signal and the ?rst
pull doWn circuit is coupled to a loW voltage signal. The level
shifting circuit further includes a ?rst additional pull up path
including a ?rst transistor serially coupled With a second

another embodiment of the present invention.
DETAILED DESCRIPTION

the input signal. Turning off the additional pull up path is
accomplished through a direct connection betWeen the output

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 VOUT being generated in response to the input signal VIN
for the level shifter of FIG. 6A; and

65

does not mean that only tWo elements may be employed there
or that the ?rst element must precede the second element in
some manner. Also, unless stated otherWise a set of elements
may comprise one or more elements.

US 8,319,540 B2
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Reference is made throughout this description regarding a

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

transistor being “Weak” or “strong.” The terms “Weak” and

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

“strong” are relative terms to describe the relative drain cur

200. Level shifter 200 includes transistor 210 operably

rent drives for a given gate-to-source voltage (VGS) for the

coupled (e.g., connected) in series With transistor 220 such

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

that the drains of the tWo transistors are operably coupled. The

source of transistor 220 is operably coupled With VLOW (e.g.,
ground). The source of the transistor 210 is operably coupled
With VHIGH. VHIGH may also be referred to herein as the shift
voltage, as the VHIGH is the voltage that the level shifter 200
uses to adjust (i.e., shift) the voltage level on the output signal

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

OUT -

Level shifter 200 also includes transistor 230 operably
coupled in series With transistor 240, such that the drains of

tively large gate Width and a small gate length relative to the
gate of a Weaker transistor.

the tWo transistors are operably coupled. The source of the

As described herein, in certain embodiments (e.g., FIG. 7),
the relative pull up strength of a transistor may be affected by

transistor 240 is operably coupled With the supply voltage

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

20

210.
Level shifter 200 also includes an inverter 205 operably

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

coupled With the gate of transistor 220. An input signal (VIN)
25

may be applied to level shifter 200 at the gate of transistor
230. VIN may also be applied to the inverter 205, such that the

voltage signal applied to the gate of transistor 220 is the

transistors, by coupling a resistor With the drain of the tran
sistor, by a combination of both, or through other methods for

inverted signal of VIN.
In operation, if VIN is asserted, a loW voltage signal is

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

VHIGH. The source of transistor 230 is operably coupled With
VLOW. 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,

30

regarding components being “high voltage” devices or “loW

applied to the gate of transistor 220 through inverter 205. As
a result, transistor 220 is deactivated. With VIN asserted, tran

sistor 230 is activated, Which activation pulls the voltage
applied to the gate of transistor 210 to VLOW. As a result of

voltage” devices. High voltage devices and loW voltage
devices are also relative terms to describe the voltage sWings

voltage applied to the gate of transistor 210 being pulled to

that may potentially be experienced by the given device, and
for Which the given device is designed for safe operation

VLOW, the transistor 210 is activated. With transistor 210

across the gate to source voltage (VGS), the drain to source

activated, the output signal (V OUT) may be approximately
equal to VHIGH. If VOUT is approximately equal to VHIGH,

(VDS), the gate to drain (VSD), the gate to backgate (VGBG),

transistor 240 is held in an inactive state, alloWing transistor

the drain to backgate (VDEG), or the source to backgate
(VSBG) of the device. For example, a transistor may experi

210 to remain active. Thus, With VIN asserted, the voltage
level of an input signal VIN may be successfully shifted to
result in an output signal equal VOUT to be approximately

ence a loW voltage sWing such as those common as inputs in

35

40

digital devices (e.g., 1.8V, 2.5V, 3.3V). Another high voltage

equal to VHIGH.

transistor may be designed to safely operate and experience a

On the other hand, if VIN is not asserted, a high voltage
signal applied to the gate of transistor 220. As a result, tran

high voltage sWing relative to the loW voltage sWing.

sistor 220 is activated. With transistor 220 in an active state,

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

45

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 “tumed on” may, at time, be used inter

50

FIG. 2B is an output Waveform 250 illustrating the output

signal VOUT being generated in response to the input signal
55

deasserted). For example, VINmay be approximately equal to

60

65

VHIGH, Which midpoint is approximately (VHIGH+VLOW)/2.

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

VIN for the level shifter 200 ofFlG. 2A. As shoWn in FIG. 2B,
at time t1, VIN transitions from high to loW (i.e., asserted to

VDD and transition to VLOW (e.g., 0V) at time t1. As a result,
VOUT transitions from VHIGH to VLOW at time t2. The differ
ence betWeen the time that VIN transitions (i.e., t1) and the
time that VOUT transitions (i.e., t2) from a high voltage to a
loW voltage may be the output falling time delay.
At time t3, VIN transitions from loW to high. As a result,
VOUTtransitions from loW to high betWeen times t3 and t5. At

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

the gate of transistor 240, Which activates transistor 240. With
transistor 240 activated, VHIGH may be applied to the gate of
transistor 210. With VHIGH being applied to the gate of tran
sistor 210, transistor 210 is deactivated, andVOUTis heldto be

approximately equal to VLOW.

changeably herein. Similarly, the terms “deactivated,” “inac
tive,” and “tumed 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

VOUTmay be pulled to be approximately equal to VLOW. With
VOUT approximately equal to VLOW, VLOWis also applied to

time t4, VOUT crosses the voltage midpoint betWeenVL OWand
The difference betWeen the time that VIN transitions (i.e., t3)
and the time that VOUTtransitions (i.e., ts) from a loW voltage

US 8,319,540 B2
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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 VOUT is approximately equal to

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

VHIGH. For example, one measure of the output rising time
delay may be considered When VOUT crosses the voltage

suf?cient 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

midpoint betWeen VLOW and VHIGH (i.e., at time t4).
As shoWn in FIG. 2B, the input signal VIN successfully is
shifted from an asserted signal (VDD) With a loWer voltage to

control the activation of one or more components of the

an output signal (V OUT) With a higher voltage (VHIGH), and

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

Which VOUT may control or otherWise operate compatible
high voltage circuit functions. As shoWn in FIG. 2B, VIN may
have an input voltage sWing ranging from VL OWto VDD. V0 UT

has a different voltage sWing ranging from VLOW to VHIGH.
Level shifting With level shifter 200 may require little, if
any, standby current (155 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 longi
especially When compared to the output falling time delay. A

relatively long output rising time delay may constrain system
clock speeds.

20

FIG. 2C is an output Waveform 150 illustrating the output

signal VOUT being generated in response to the input signal
VIN 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 VOUT

25

state. During the quiescent state, the additional pull up paths

from VLOW to VHIGH may be accelerated. For example, if

complementary signals (e.g., NODE A and NODE B). Thus,
30

delay. Decreasing the output rising time delay for VOUT is
indicated as a steeper transition by VOUT betWeen time t3 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 VOUT to transition from high to loW) may
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Level shifter 300 includes transistors 310, 320, 330, 340, and
inverter 305 con?gured 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

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

be adversely affected. For example, the output voltage signal
VOUT may be skeWed betWeen time t 1 and time t2.
FIG. 3A illustrates a schematic diagram of a level shifter
300 according to an embodiment of the present invention.

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
315, 345 may be deactivated because the activation of each of
the additional pull up paths 315, 345 are responsive to

transistors 210 and 240 are strong relative to transistors 220

and 230, then VOUT may transition faster When the transition
is from loW to high, thus decreasing the output rising time

connected. As a result, transistor 347 may be activated and
operate as a diode When su?icient gate to source voltage is
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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, ifVINis 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 VIN 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.

betWeen VHIGH and NODE A, NODE A being shoWn as the
node located betWeen transistor 310 and transistor 320. Sec

VIN transitions to a high input, then transistor 320 is deacti

ond additional pull up path 345 may be operably coupled

vated and transistor 310 and 316 are activated. Because the

betWeen VHIGH and NODE B, NODE B being shoWn as the
node located betWeen transistor 330 and transistor 340. It
should be noted that VOUT is also shoWn to be coupled With

Referring noW to the affect of a transition on NODE A, if
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the Weaker transistor 310. Thus, the voltage at NODE A may

remain relatively loW for a relatively longer period of time. As

NODE A.

The voltages of NODE A and NODE B may each control
the activation of one or more components of the ?rst 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 ?rst 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 ?rst additional pull up path
3 15 may also be enabled by the voltage on NODE A, such that
the gate of transistor 317 is operably coupled With the NODE

drive for transistor 320 is relatively stronger than transistor
310, the voltage at NODE A is pulled up relatively sloWly be
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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 ?rst sWitching current (I SW1) ?oWs through transis
65

tors 316 and 317. The ?rst sWitching current (ISW1) may assist
the current from the transistor 3 10 in pulling up the voltage on
NODEA. As the voltage on NODEA crosses a certain thresh

old, transistor 317 is deactivated and ?rst sWitching current

US 8,319,540 B2
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(ISW1) may cease to How. Once the transition is complete, the
level shifter 300 may again be in a quiescent state.
As another example, if VIN transitions from a high input to

t1. As a result, VOUT transitions from VHIGH to VLOW at time
t2. The difference betWeen the time that VIN transitions (i.e.,

t1) and the time that VOUT transitions (i.e., t2) from a high
voltage to a loW voltage may be the output falling time delay.
At time t3, VIN transitions from loW to high (e.g, VLOW to
VDD). As a result, VOUT transitions from loW to high (e.g.,
VLOW to VHIGH) betWeen times t3 and t6. At time t4, VOUT
crosses the voltage midpoint betWeen VLOW and VHIGH,

a loW input then level shifter 3 00 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 NODEA is being pulled
up in that transistors 346 and 347 are simultaneously active.
With transistors 346, 347 active, a second sWitching current

Which midpoint is approximately (VHIGH+VLOW)/2. The dif

(ISW2) ?oWs through transistors 346 and 347, Which second
sWitching current (I SW2) may assist in pulling up the voltage

time that VOUT transitions (i.e., t6) from a loW voltage to a

ference betWeen the time that VIN transitions (i.e., t3) and the

on NODE B. As NODE B is pulled up and crosses a certain

high voltage may be the output rising time delay. Output

threshold, transistor 347 is deactivated and second sWitching
plete, the level shifter 300 may again be in a quiescent state.
FIG. 3B is an output Waveform 350 illustrating the comple

rising time delay may be determined from a different voltage
level than time t6 When VOUT is approximately equal to
VHIGH. For example, one measure of the output rising time
delay may be considered When VOUT crosses the voltage

mentary relationship betWeen the voltage of NODE A

midpoint betWeen VLOW and VHIGH (i.e., at time t4).

current (I SW2) may cease to How. Once the transition is com

(VNODEA) and the voltage of NODE B (VNODEB) during

In contrast to the performance of the level shifter 200 of

transitions of VIN for the level shifter 300 shoWn in FIG. 3A.
It is noted that the output VOUT of level shifter 300 is coupled
With NODE A. Therefore, VNODEA and VOUT are the same as
shoWn and de?ned in FIG. 3A. A second output may also be

FIG. 2A, VOUT may be pulled up by level shifter 300 of FIG.
3A more quickly. For example, the slope ofVOUTis relatively
steeper than through other methods.
Referring again to FIG. 3A, designing for minimum shoot

coupled With NODE B as the complement of VOUT. Outputs
VOUT and second output coupled With NODE B may be
coupled With additional circuitry, such as an inverter, that may
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further process the respective output signals.

through current, the transistors 310 and 340 are con?gured 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,

Prior to time t1, the level shifter 300 may be in the quiescent

state When VIN is asserted, in Which state VNODEA is approxi

and 347 may have drives that are approximately equal to the

mately equal to VHIGH and VNODEB is approximately equal to

relatively Weak drives of pull up transistors 310, 340. Alter

VLOW. At time t1, VIN is deasserted, at Which time the com
ponents Within level shifter 300 operate as previously
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described herein. In response to VIN being deasserted,
VNODEA is pulled doWn andVNODEB is pulled up. Because of
the relative strength in the drives of transistors 320 and 330
relative to transistors 310 and 340, VNODEA is pulled doWn
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relatively quickly and VNODEB is pulled up relatively sloWly.
As illustrated in FIG. 3B, there is a time t2 When bothVNODEA

and VNODEB are approximately equal to VLOW. Therefore,
around time t2, both transistors 346 and 347 may be active and

conducting to generate second sWitching current (ISW2),
Which second sWitching current (I SW2) may assist in pulling

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, ?rst 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
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up VNODEB. As VNODEB increases a threshold may be reached
at Which time the VNODEB deactivates transistor 347, and
second sWitching current (ISW2) may cease to How through

second additional pull up path 345.

natively, one or more of transistors 316, 317, 346, and 347
may have drives that are relatively strong in relation to the

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
45

current to charge parasitic capacitance on the VOUT node.

Another transition occurs at time t3 WhenVINis asserted, at
Which time the components Within level shifter 3 00 operate as

FIG. 4 is an output Waveform 400 illustrating different
output voltages for various level shifters responsive to an

previously described herein. In response to VIN being

input voltage signal VIN. For example, line 410 may represent
output voltage signal VOUT for the level shifter con?guration

asserted, VNODEB is pulled doWn and VNODEA is pulled up.
Because of the relative strength in the drives of transistors 320
and 330 relative to transistors 310 and 340, VNODEB is pulled
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doWn relatively quickly and VNODEA is pulled up relatively

may represent output voltage signal VOUT for the level shifter
con?guration of FIG. 2A With the hold transistors being

sloWly. As illustrated in FIG. 3B, there is a time t4 When both

VNODEA and VNODEB are approximately equal to VLOW.
Therefore, around time t4, both transistors 316 and 317 may
be active and conducting to generate ?rst sWitching current
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con?guration of FIG. 3A.
During a transition from high to loW, lines 410, 420, and
440 indicate that the corresponding level shifter con?gura
tions each have relatively short output falling time delays. As
previously described With reference to FIG. 2C, the modi?ed
level shifter 200 may have a relatively longer output falling
time delay as shoWn by line 430.
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indicate that the corresponding level shifter con?gurations

output signal VOUT being generated in response to the input
signal VIN for the level shift circuit 300 of FIG. 3A. As shoWn
in FIG. 3C, at time t1, VIN transitions from high to loW (i.e.,
asserted to deasserted). For example, VIN may be approxi
mately equal to VDD and transition to VLOW(e.g., 0V) at time

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 VOUT for the level shifter

(ISW1), Which ?rst sWitching current (I SW1) may assist in
pulling up VNODEA. As VNODEA increases a threshold may be
reached at Which time the VNODEA deactivates transistor 317,
and ?rst sWitching current (ISW1) may cease to How through
?rst additional pull up path 315.
FIG. 3C is another output Waveform 375 illustrating the

of FIG. 1A. Line 420 may represent output voltage signal
VOUT for the level shifter con?guration of FIG. 2A. Line 430

During a transition from loW to high, lines 410 and 420

each have relatively long output rising time delays. As previ
ously described With reference to FIG. 2C, the modi?ed level

