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CMOS DRIVER WITH MINIMUM
SHOOT-THROUGH CURRENT

RELATED APPLICATION

This application is a divisional of U.S. application Ser.
No. 10/891,108, filed Jul. 15, 2004.

BACKGROUND

1. Field

The present disclosure relates generally to electronic
circuits, and more specifically, to CMOS drivers.

2. Background

Complimentary metal-oxide-semiconductor field-effect
transistor (CMOS) drivers are commonly used today in a
wide variety of electronic applications. A CMOS driver is
well known in the art and generally includes a p-channel
metal-oxide-semiconductor field-effect transistor (PMOS
transistor) connected in series with an n-channel metal-
oxide-semiconductor field-effect transistor (NMOS transis-
tor). The source of the PMOS transistor may be coupled to
a power supply, and the source of the NMOS transistor may
be coupled to the power supply return. The drains of the two
transistors may be coupled together and the output taken
from the common drain. The gates of the two transistors may
also be tied together and driven rail-to-rail.

Various challenges exist in the design of CMOS drivers.
By way of example, CMOS drivers may experience shoot-
through current during output transitions, resulting in
increased power consumption. “Shoot-through current” is an
undesirable effect which may result if both the PMOS and
NMOS transistors are on at the same time. To reduce
shoot-through current, some CMOS drivers may include a
break-before-make circuit. The break-before-make circuit
may be used to control the gate inputs to the CMOS driver
individually so that the currently driven transistor is turned
OFF (break) before the other transistor is turned ON (make).
Unfortunately, the break-before-make circuit may compro-
mise the speed of the CMOS driver. Moreover, the break-
before-make circuit may itself experience shoot-through
current.

Accordingly, there is a need in the art for a high speed
CMOS driver with low power consumption. This may be
achieved with circuitry designed to minimize the potential
for shoot-through current without significantly slowing
down the operation of the CMOS driver.

SUMMARY

In one aspect of the present invention, a break-before-
make circuit includes a first logic element having an enabled
state and a disabled state, the first logic element further
having an output, and being configured to invert a signal
input and provide the inverted signal input to its output in the
enabled state, the first logic element further being configured
to float its output in the disabled state if the signal input is
in a first logic state. The break-before-make circuit further
includes a second logic element having an enabled state and
a disabled state, the second logic element further having an
output, and being configured to invert a signal input and
provide the inverted signal input to its output in the enabled
state, the second logic element further being configured to
float its output in the disabled state if the signal input is in
a second logic state, the second logic state having a voltage
higher than the first logic state. The break-before-make
circuit also includes a first inverter having an input coupled
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to the output of the first logic element, and an output, the
state of the second logic element being responsive to the first
inverter output, and a second inverter having an input
coupled to the output of the second logic element, and an
output, the state of the first logic element being responsive
to the second inverter output.

In another aspect of the present invention, a break-before-
make circuit includes first and second inverters each having
an input and output. The break-before-make circuit further
includes a first logic element comprising a first PMOS
transistor configured to be coupled to a power supply, a first
NMOS transistor configured to be coupled to a power supply
return, and a second PMOS transistor coupled between the
first PMOS transistor and the first NMOS transistor, the first
PMOS transistor and the first NMOS transistor being con-
figured to receive a signal input, the second inverter output
being coupled to the second PMOS transistor, and the input
to the first inverter being taken between the second PMOS
transistor and the first NMOS transistor, and wherein the first
logic element does not include a NMOS transistor which is
coupled in parallel with the first NMOS transistor and
controlled by the second inverter output. The break-before-
make circuit also includes a second logic element compris-
ing a third PMOS transistor configured to be coupled to the
power supply, a second NMOS transistor configured to be
coupled to the power supply return, and a third NMOS
transistor coupled between the third PMOS transistor and
the second NMOS transistor, the third PMOS transistor and
the second NMOS transistor being configured to receive the
signal input, the first inverter output being coupled to the
third NMOS transistor, and the input to the second inverter
being taken between the third PMOS transistor and the third
NMOS transistor, and wherein the second logic element
does not include a PMOS transistor which is coupled in
parallel with the third NMOS transistor and controlled by
the first inverter output.

In yet another aspect of the present invention, a break-
before-make circuit includes first and second logic elements
each having an enabled state and a disabled state, each of the
first and second logic elements having an output, and being
configured to invert a signal input and provide the inverted
signal input to its respective output in the enabled state. The
break-before-make circuit also includes a first inverter hav-
ing an input coupled to the output of the first logic element,
a power node configured to be coupled to a power supply, a
return node, and an output, wherein the state of the second
logic element is responsive to the first inverter output, and
a second inverter having an input coupled to the output of
the second logic element, a power node coupled to the first
inverter output, a return node configured to be coupled to a
power supply return, and an output coupled to the return
node of the first inverter, wherein the state of the first logic
element is responsive to the second inverter output.

In a further aspect of the present invention, a circuit
includes a CMOS driver including an output stage and
break-before-make circuit configured to drive the output
stage, the break-before-make circuit having a first input
comprising a pair PMOS transistors and a second input
comprising a pair of NMOS transistors. The circuit also
includes a logic circuit configured to provide first and
second logic states within a first voltage range to the first
input, and third and fourth logic states within a second
voltage range to the second input, the first voltage range
being non-overlapping with the second voltage range.

It is understood that other embodiments of the present
invention will become readily apparent to those skilled in
the art from the following detailed description, wherein
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various embodiments of the invention are shown and
described by way of illustration. As will be realized, the
invention is capable of other and different embodiments and
its several details are capable of modification in various
other respects, all without departing from the spirit and
scope of the present invention. Accordingly, the drawings
and detailed description are to be regarded as illustrative in
nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present invention are illustrated by way of
example, and not by way of limitation, in the accompanying
drawings, wherein:

FIG. 1 is a schematic block diagram of a CMOS driver;
FIG. 2 is a detailed schematic diagram of a CMOS driver;

FIG. 3 is a detailed schematic diagram of an alternative
embodiment of a CMOS driver; and

FIG. 4 is a detailed schematic diagram of an output stage
for a logic device preceding a CMOS driver.

DETAILED DESCRIPTION

The detailed description set forth below in connection
with the appended drawings is intended as a description of
various embodiments of the present invention and is not
intended to represent the only embodiments in which the
present invention may be practiced. The detailed description
may include specific details for the purpose of providing a
thorough understanding of the present invention. However,
it will be apparent to those skilled in the art that the present
invention may be practiced without these specific details. In
some instances, well-known structures and components may
be shown in block diagram form in order to avoid obscuring
the concepts of the present invention.

FIG. 1 is a schematic block diagram of a CMOS driver.
The CMOS driver 102 may include an output driver stage
104 controlled by a break-before-make circuit 106. The
output driver stage 104 may include a PMOS transistor 108
having its source coupled to the power supply and an NMOS
transistor 110 having its source coupled to the power supply
return. The term “coupled” means “connected to” and such
connection can either be direct or, where appropriate in the
context, can be indirect, e.g., through intervening or inter-
mediary devices or other means. The drains of the two
transistors 108 and 110 may be coupled together and the
output taken from the common drain. The gate of each
transistor 108 and 110 may be controlled individually by the
break-before-make circuit 106.

The break-before-make circuit 106 may include a first
logic element 112 followed by a first INVERTER 114. The
first logic element 112 may be a two-input NOR gate as
shown in FIG. 1, or any other suitable logic element. The
first INVERTER 114 may be coupled to the gate of the
PMOS transistor 108. The break-before-make circuit 106
may also include a second logic element 116 followed by a
second INVERTER 118. The second logic element 116 may
be a two-input NAND gate as shown in FIG. 1, or any other
suitable logic element. The second INVERTER 118 may be
coupled to the gate of the NMOS 110 transistor.

The logic elements 112 and 116 and the inverters 114 and
118 are digital devices that operate in a binary manner. In
other words, the inputs and outputs can exist only in two
quantized or logic states: a high or low. Using the symbols
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“0” and “1” to represent the two logic states, the following
Boolean expression can be written for the NOR gate 112:

Alinput,, input,)=(input, +input,)’ (1).
Similarly, the following Boolean expression can be written
for the NAND gate 116:

Alnput,, input, )=input, +input,’

@).

The logic elements 112 and 116 can be thought of as
having a common signal input and independent enable
inputs. The output of the first INVERTER 114 may be the
enable input to the NAND gate 116, and the output of the
second INVERTER 118 may be the enable input to the NOR
gate 112. When a logic element is enabled, the signal input
is passed to the output of its respective inverter. Conversely,
when a logic element is disabled, the output of its respective
inverter is forced into a fixed logic state regardless of the
signal input.

Referring to equation (1), the NOR gate 112 is enabled
when its enable input is low and disabled when its enable
input is high. When the NOR gate 112 is disabled, the output
of its respective INVERTER 114 is high regardless of the
signal input. Referring to equation (2), the NAND gate 116
is enabled when its enable input is high and disabled when
its enable input is low. When the NAND gate 116 is disabled,
the output of its respective INVERTER 118 is low regardless
of the signal input.

The enable inputs to the logic gates 112 and 116 may be
used to provide a break-before-make driving signal to the
output driver stage 104. By way of example, if the signal
input to CMOS driver 102 is low, the low level outputs from
the INVERTERS 114 and 118 force the PMOS transistor
108 ON and the NMOS transistor 110 OFF in the static state.
The low level outputs from the INVERTERS 114 and 118
also enable the NOR gate 112 and disable the NAND gate
116. If a transition occurs in the signal input from a low level
signal to a high level signal, the high level signal is passed
through the enabled NOR gate 112 and the first INVERTER
114 to the PMOS transistor 108. The high level output from
the first INVERTER 114 turns the PMOS transistor 108
OFF, thereby “breaking” the connection between the power
supply and the output taken from the common drain of the
two transistors 108 and 110. The high level signal input to
the disabled NAND gate 116 must wait until the high level
output from the first INVERTER 114, which is used to turn
OFF the PMOS transistor 108, is applied to the enable input
of the NAND gate 116. Once this occurs, the high level
signal input is passed through the NAND gate 116 to the
NMOS transistor 110 via the second INVERTER 118. The
high level output from the second INVERTER 118 turns the
NMOS transistor 1100N, thereby “making” a connection
between the power supply return and the output taken from
the common drain of the two transistors 108 and 110. The
high level output from the second INVERTER 118 is also
coupled to the enable input of the NOR gate 112 to disable
it. With the NOR gate 112 disabled, the PMOS transistor 108
remains OFF regardless of changes in the signal input.

Should the high level signal input to the CMOS driver 102
transition to a low level signal, the low level signal is passed
through the enabled NAND gate 116 and the second
INVERTER 118 to the NMOS transistor 110. The low level
output from the second INVERTER 118 turns the NMOS
transistor 110 OFF, thereby “breaking” the connection
between the power supply return and the output taken from
the common drain of the two transistors 108 and 110. The
low level signal input to the disabled NOR gate 112 must
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wait until the low level output from the second INVERTER
118, which is used to turn OFF the NMOS transistor 110, is
applied to the enable input of the NOR gate 112. Once this
occurs, the low level signal input to the NOR gate 112 is
passed through to the PMOS transistor 108 via the first
INVERTER 114. The low level output from the first
INVERTER 114 turns the PMOS transistor 108 ON, thereby
“making” a connection between the power supply and the
output taken from the common drain of the two transistors
108 and 110. The low level output from the first INVERTER
114 is also coupled to the enable input of the NAND gate 116
to disable it. With the NAND gate 116 disabled, the NMOS
transistor 110 remains OFF regardless of changes in the
signal input.

FIG. 2 is a detailed schematic diagram of the CMOS
driver. The NOR gate 112 is shown with two parallel NMOS
transistors 202 and 204 with their sources coupled to the
power supply return and their drains coupled together, with
the output of the NOR gate 112 taken from the common
drain. The NOR gate 112 may also include two series PMOS
transistors 206 and 208 coupled between the power supply
and the output of the NOR gate 112. The signal input may
be coupled to the gates of the NMOS and PMOS transistors
202 and 206, and the enable input may be coupled to the
gates of the NMOS and PMOS transistors 204 and 208.

In one embodiment of the CMOS driver 102, the NMOS
transistor 204 coupled to the enable input may be eliminated
to reduce the potential for shoot-through current. By inspec-
tion, one skilled in the art can readily see that the NMOS
transistor 204 is only required when its gate drive is high,
while at the same time the gate drive to the NMOS transistor
202 is low. Otherwise, the NMOS transistor 204 is not
needed. However, as explained in greater detail in connec-
tion with FIG. 1, the signal input to the NOR gate 112 is
cross-coupled to the enable input through the NAND gate
116 and the second INVERTER 118 in the static condition.
Accordingly, on a static basis, there is no way for the gate
of the NMOS transistor 202 to be low while the gate of the
NMOS transistor 204 is high. And on a dynamic basis, the
only time when that will happen is when the signal input to
the CMOS driver 102 is making a transition from a high
level signal to a low level signal. At that transition, the
output of the NOR gate 112 is held low by the NMOS
transistor 204 until the low level input signal has propagated
through the NAND gate 116 and the second INVERTER
118. Only then will the output of the NOR gate 112 rise to
a high level. However, in the absence of the NMOS tran-
sistor 204, the output of the NOR gate 112 will not rise
simply because the signal input to the CMOS driver 102 has
fallen to a low level signal. The high level signal on the gate
of the PMOS transistor 208 will prevent the PMOS transis-
tor 206 from pulling up the floating output of the NOR gate
112 until the output of the second INVERTER 118 drops to
a low level signal. Thus, the NMOS transistor 204 may be
omitted, which not only reduces the complexity of the
break-before-make circuit 106, but eliminates a potential
shoot-through current path through transistors 206, 208 and
204. The term “floating” refers to a signal that is discon-
nected from both the power supply and the power supply
return.

The NAND gate 116 is shown with two parallel PMOS
transistors 210 and 212 with their sources coupled to the
power supply and their drains coupled together, with the
output of the NAND gate 116 taken from the common drain.
The NAND gate 116 also includes two series NMOS tran-
sistors 214 and 216 coupled between the output of the NOR
gate 112 and the power supply return. The signal input may
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be coupled to the gates of the PMOS and NMOS transistors
210 and 214, and the enable input may be coupled to the
gates of the PMOS and NMOS transistors 212 and 216.

In one embodiment of the CMOS driver 102, the PMOS
transistor 212 coupled to the enable input may be eliminated
to further reduce the potential for shoot-through current. By
inspection, one skilled in the art can readily see that PMOS
transistor 212 is only required when its gate drive is low,
while at the same time the gate drive to the PMOS transistor
210 is high. Otherwise, the PMOS transistor 212 is not
needed. However, as explained in greater detail in connec-
tion with FIG. 1, the signal input to the NAND gate 116 is
cross-coupled to the enable input through the NOR gate 112
and the first INVERTER 114 in the static condition. Accord-
ingly, on a static basis, there is no way for the gate of the
PMOS transistor 210 to be high while the gate of the PMOS
transistor 212 is low. And on a dynamic basis, the only time
when that will happen is when the signal input to the CMOS
driver 102 is making the transition from a low level signal
to a high level signal. At that transition, the output of the
NAND gate 116 is held high by the PMOS transistor 212
until the high level input signal has propagated through the
NOR gate 112 and the first INVERTER 114. Only then will
the output of the NAND gate 116 fall to a low level.
However, in the absence of the PMOS transistor 212, the
output of the NAND gate 116 will not fall simply because
the signal input to the CMOS driver 102 has risen to a high
level signal. The low level signal on the gate of the NMOS
transistor 216 will prevent the NMOS transistor 214 from
pulling down the floating output of the NAND gate 116 until
the output of the first INVERTER 114 rises to a high level
signal. Thus, the PMOS transistor 212 may be omitted,
which not only reduces the complexity of the break-before-
make circuit 106, but eliminates another potential shoot-
through current path through transistors 212, 214 and 216.

FIG. 3 is a detailed schematic diagram showing the
CMOS driver 102 with the NMOS transistor 204 in the first
logic element 112 and the PMOS transistor 212 in the second
logic element 116 removed. Although the PMOS transistors
206 and 208 in the first logic element 112 are shown with a
specific series connection, those skilled in the art will
recognize that the series connection could be reversed. That
is, the PMOS transistor 208 could be connected to the power
supply and the PMOS transistor 206 could be connected
between the PMOS transistor 208 and the NMOS transistor
202. Similarly, the specific series connection of the NMOS
transistors 214 and 216 shown in the second logic element
116 could be reversed with the NMOS transistor 216 con-
nected to the power supply return and the NMOS transistor
214 connected between the NMOS transistor 216 and the
PMOS transistor 210.

The INVERTERS 114 and 118 may be cross-coupled to
create another level of break-before-make protection for the
CMOS driver 102. The cross-coupling of the INVERTERS
114 and 118 may be implemented in conjunction with the
removal of the NMOS and PMOS transistors 204 and 212 in
the break-before-make circuit 106, or alternatively, as a
stand-alone change from the traditional inverters.

Turning back to FIG. 2, the first INVERTER 114 may be
implemented with a PMOS transistor 218 having its source
coupled to the power supply and an NMOS ftransistor 220
having its source coupled to the power supply return. The
drains of the two transistors 218 and 220 may be coupled
together and the output taken from the common drain. The
gate of each transistor 218 and 220 may also be coupled
together with the output of the NOR gate 112. The second
INVERTER 118 may be implemented in a similar manner
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with a PMOS transistor 222 having its source coupled to the
power supply and an NMOS transistor 224 having its source
coupled to the power supply return. The drains of the two
transistors 222 and 224 may be coupled together and the
output taken from the common drain. The gate of each
transistor 222 and 224 may also be coupled together with the
output of the NAND gate 116.

As explained in detail earlier, a high to low transition at
the input to the CMOS driver 102 with the NAND gate 116
enabled will cause the output of the second INVERTER 118
to transition from a high to low level. During that transition,
the PMOS transistor 208 in the NOR gate 112 may turn ON
before the NMOS transistor 110 in the output stage driver
104 turns OFF. If that occurs, the output of NOR gate 112
may be pulled up through the PMOS transistors 206 and
208. This may cause the NMOS transistor 220 in the first
INVERTER 114 to start to pull down the gate of the PMOS
transistor 108, creating a potential shoot-through current
path through the PMOS and NMOS transistors 108 and 110
in the output driver stage 104. The potential for shoot-
through current under these conditions may be reduced by
coupling the output of the second INVERTER 118 to the
source of the NMOS transistor 220 in the first INVERTER
114 as shown in FIG. 3.

Referring back to FIG. 2, a similar situation may occur
when the signal input to the CMOS driver 102 transitions
from a low level signal to a high level signal with the NOR
gate 112 enabled. This signal input transition will cause the
output of the first INVERTER 114 to transition from a low
to high level signal as well. During that transition, the
NMOS transistor 212 in the NAND gate 116 may turn ON
before the PMOS transistor 108 in the output stage driver
104 turns OFF. If that occurs, the output of the NAND gate
116 may be pulled down through the NMOS transistors 214
and 216. This may cause the NMOS transistor 222 in the
second INVERTER 118 to start to pull up the gate of the
NMOS transistor 110, creating a potential shoot-through
current path through the PMOS and NMOS transistors 108
and 110 in the output driver stage 104. The potential for
shoot-through current under these conditions may be
reduced by coupling the output of the first INVERTER 114
to the source of the PMOS transistor 222 in the second
INVERTER 114 as shown in FIG. 3.

In addition to providing another level of break-before-
make protection, the cross-coupled INVERTERS 114 and
118 may also reduce the potential for shoot-through current
in the devices themselves. In FIG. 2, the shoot-through
current path for the first INVERTER 114 is through the
PMOS and NMOS transistors 218 and 220. However, with
the cross-coupled configuration of FIG. 3, the shoot-through
current path includes not only the PMOS and NMOS
transistors 218 and 220 in the first INVERTER 114, but also
the NMOS transistor 224 in the second INVERTER 118.
Similarly, the shoot-through current path for the second
INVERTER 118 in FIG. 2 is through the PMOS and NMOS
transistors 222 and 224. However, with the cross-coupled
configuration of FIG. 3, the shoot-through current path
includes not only the PMOS and NMOS transistors 222 and
224 in the second INVERTER 118, but in addition the
PMOS transistor 218 in the first INVERTER 114.

In an alternative embodiment of the CMOS driver 102
shown in FIG. 2, or in conjunction with the CMOS driver
102 shown in FIG. 3, the two transistors in the INVERTERS
114 and 118 may be implemented with different strengths.
This may be done in CMOS by adjusting the dimensions of
one or more transistors for a narrower channel width, or a
longer channel length, or both. By way of example, the
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NMOS transistor 224 in the second INVERTER 118 can be
made stronger than the PMOS transistor 222 in the same
device by increasing the channel width, and/or reducing the
channel length of the NMOS transistor 224 in relation to the
PMOS transistor 222. Similarly, the PMOS transistor 218 in
the first INVERTER 114 can be made much stronger than
the NMOS ftransistor 220 in the same device by increasing
the channel width, and/or reducing the channel length of the
PMOS transistor 218 in relation to the NMOS transistor 220.

The strength of the each PMOS transistor 218 and 222
determines how quickly it can pull up the gate of its
respective transistor 108 or 110 in the output driver stage
104 when it is turned ON. Similarly, the strength of each
NMOS transistor 220 and 224 determines how quickly it can
pull down the gate of its respective transistor 108 or 110 in
the output driver stage 104 when it is turned ON. Thus, by
making NMOS transistor 224 in the second INVERTER 118
much stronger than the PMOS transistor 222 in the same
device, and making the PMOS transistor 218 in the first
INVERTER 114 much stronger than the NMOS transistor
220 in the same device, the two weaker transistors 220 and
222 drive their respective transistors 108 or 110 in the output
driver stage 104 ON much slower than the stronger transis-
tors 218 and 224 drive their respective transistors 108 or 110
OFF. This approach may provide yet another break-before-
make mechanism. Moreover, the shoot-through current
through these transistors in the first and second INVERT-
ERS 114 and 118 may be lower with weaker transistors 220
and 222.

Another potential shoot-through current path may exist
through the input transistors 210, 214, and 216 to the
break-before-make circuit 106. This may occur if the PMOS
and NMOS transistors 210 and 214 are driven rail-to-rail,
which may result in both transistors being ON simulta-
neously during signal input transitions. More specifically, as
the signal input transitions from a high level signal to a low
level signal, the PMOS transistor 210 may turn ON when the
signal input drops slightly (i.e., a small threshold level below
the power supply voltage), but the NMOS transistor 214
may not turn OFF until the signal input drops significantly
(i.e., a small threshold level above the power supply return).
Since the signal applied to the gate of the NMOS transistor
216 will remain high until the low level signal input propa-
gates to the output of the first INVERTER 114, a shoot-
through current path may exist through the transistors 210,
214 and 216 during this transition.

Similarly, a potential shoot-through current path may
exist through the input transistors 202, 206, and 208 to the
break-before-make circuit 106 if the NMOS and PMOS
transistors 202 and 206 are driven rail-to-rail. More specifi-
cally, as the signal input transitions from a low level signal
to a high level signal, the NMOS transistor 202 may turn ON
when the signal input rises slightly (i.e., a small threshold
level above the power supply return), but the PMOS tran-
sistor 206 may not turn OFF until the signal input rises
significantly (i.e., a small threshold level below the power
supply voltage). Since the signal applied to the gate of the
PMOS transistor 208 will remain low until the high level
signal input propagates to the output of the second
INVERTER 118, a shoot-through current path may exist
through the transistors 202, 206 and 208 during this transi-
tion.

These potential shoot-through current paths may be
reduced or eliminated by separating the signal input to the
PMOS transistors 206 and 210 from the signal input to the
NMOS transistors 202 and 214, and limiting the voltage
swing to each signal input to a controlled amount below the
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power supply voltage and above the power supply return.
This may be achieved in a variety of ways. One example is
shown in FIG. 4 where an output stage of a comparator is
shown to provide independent drive to the PMOS transistors
206 and 210, and independent drive to the NMOS transistors
202 and 214. Those skilled in the art will readily appreciate
that the same or similar output stage design may be imple-
mented in any logic device preceding the CMOS driver. In
addition, the skilled artisan will further appreciate that the
output stage of the device may limit the voltage swing
applied to the CMOS driver 104 in a variety of ways
depending on the particular application and the overall
design constraints.

Referring to FIG. 4, the output stage 402 may include a
NMOS driver circuit 404 and a PMOS driver circuit 406.
The NMOS driver circuit 404 may include a differential
input comprising first and second PMOS transistors 408 and
410 with their sources coupled to a current source 412. The
differential input may be a logic input or a small signal input.
The drain of the first PMOS transistor 408 may be coupled
to the gate of an NMOS transistor 414 and to the drain of the
same NMOS transistor 414 through a first resistor R,. The
drain of the second PMOS transistor 410 may also be
coupled to the drain of the NMOS transistor 414 through a
second resistor R,.

The current source 412 feeding the first and second
PMOS transistors 408 and 410 may provide a current that on
a DC basis will flow to the power supply return through the
NMOS transistor 414. Therefore, except on a transient basis,
the gate of the NMOS transistor 414 will remain at the
threshold gate-to-source voltage (V 5g) required for opera-
tion. When the differential input to NMOS driver 404 results
in a high level signal applied to the gate of the first PMOS
transistor 408 and a low level signal applied to the gate of
the second PMOS transistor 410, the current will flow from
the current source 412 to the power supply return through
the second PMOS transistor 410, the second resistor R,, and
the NMOS transistor. Except on a transient basis, no current
will flow through the first resistor R,. Accordingly, the gate
and drain voltages of the NMOS transistor 414 will be
essentially the same (i.e., the threshold V 5). The gate drive
to the NMOS transistors 202 and 214 in the break-before-
make circuit 106 will be the threshold V 4 plus the voltage
drop across the second resistor R,.

Conversely, when the differential input to NMOS driver
404 results in a low level signal applied to the gate of the first
PMOS transistor 408 and a high level applied to the gate of
the second PMOS transistor 410, the current will flow from
the current source 412 to the power supply return through
the first PMOS transistor 408, the first resistor R,, and the
NMOS transistor 414. Except on a transient basis, no current
will flow through the second resistor R,. Accordingly, the
gate drive to the NMOS transistors 202 and 214 in the
break-before-make circuit 106 will be essentially the same
as the drain voltage of the NMOS transistor 414 in the output
stage 402 of the comparator. The drain voltage is equal to the
threshold V ;¢ minus the voltage drop across the first resistor
R,.
The PMOS driver circuit 406 may include a differential
input comprising first and second PMOS transistors 416 and
418 with their sources coupled to a current source 420. The
drain of the first PMOS transistor 416 may be coupled to a
first current mirror comprising NMOS transistors 422 and
424. The drain of the second PMOS transistor 418 may be
coupled to a second current mirror comprising NMOS
transistors 426 and 428. The NMOS transistor 424 in the first
current mirror may be coupled to the gate of PMOS tran-
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10
sistor 430, and to the drain of the same PMOS transistor 430
through a third resistor R,. The NMOS transistor 428 in the
second current mirror may be coupled to the drain of the
PMOS transistor 430 through a fourth resistor R,,.

The current source 420 feeding the first and second
PMOS transistors 416 and 418 may provide a current that on
a DC basis will flow to the power supply return through
either the NMOS transistor 422 in the first current mirror or
the NMOS transistor 428 in the second current mirror. When
the differential input to the PMOS driver 406 results in a
high level signal applied to the gate of the first PMOS
transistor 416 and a low level signal applied to the gate of
the second PMOS transistor 418, the current will flow from
the current source 420 to the power supply return through
the second PMOS transistor 418 and the NMOS transistor
426. With this differential input, the gates of the NMOS
transistors 426 and 428 in the second current mirror will be
at the threshold Vg required for operation. As a result,
current will flow from the power supply to the power supply
return through the PMOS transistor 430, the fourth resistor
R,, and the NMOS transistor 428. Since a high level signal
is applied to the gate of the PMOS transistor 416, no current
will flow through the NMOS transistor 422, and as a result,
no current will flow through the third resistor R; and the
NMOS transistor 424. Accordingly, the gate and drain
voltages of the PMOS transistor 430 will be essentially the
same, which is the required V5 below the power supply
necessary for the PMOS transistor 430 to operate. The gate
drive to the PMOS transistors 206 and 210 in the break-
before-make circuit 106 will be the power supply voltage
minus the threshold V ;¢ minus the voltage drop across the
fourth resistor R,,.

Conversely, when the differential input to the PMOS
driver 406 results in a low level signal applied to the gate of
the first PMOS transistor 416 and a high level applied to the
gate of the second PMOS transistor 418, the current will
flow from the current source 420 to the power supply return
through the first PMOS transistor 416 and the NMOS
transistor 422. With this differential input, the gates of the
NMOS transistors 422 and 424 in the first current mirror will
be at the threshold V 4 required for operation. As a result,
current will flow from the power supply to the power supply
return through the PMOS transistor 430, the third resistor
R;, and the NMOS transistor 424. Since a high level signal
is applied to the gate of the PMOS transistor 418, no current
will flow through the NMOS transistor 426, and as a result,
no current will flow through the fourth resistor R, and the
NMOS transistor 428. Accordingly, the gate drive to the
PMOS transistors 206 and 210 in the break-before-make
circuit 106 will essentially be the same as the drain voltage
of the PMOS transistor 430, which is the power supply
voltage minus the threshold V ;¢ plus the voltage drop across
the third resistor R;.

In the embodiment described in connection with FIG. 4,
each differential input is shown driving one transistor in the
NMOS driver circuit 404 and one transistor in the PMOS
driving circuit 406 through a common node. However, as
those skilled in the art will appreciate, each differential input
may be implemented as two physically separate signals.

In one embodiment of the comparator, the first and second
resistors R, and R, in the NMOS driver 404 may be the same
value so the voltage swing applied to the gate of the NMOS
transistors 202 and 214 in the break-before-make circuit 206
will be symmetrical about the threshold V 5 of the NMOS
transistor 414. The voltage swing may be 1 volt centered
about the threshold V5 (i.e., 500 mV below the threshold
V10 500 mV above the threshold V ;). This voltage swing
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may provide ample drive to NMOS transistors 202 and 214
in the break-before-make circuit 106, while improving the
comparator speed due to slew-rate limitations.

Similarly, the third and fourth resistors R; and R, in the
PMOS driver 406 may be the same value so the voltage
swing applied to the gate of the PMOS transistors 206 and
210 in the break-before-make circuit 206 will be symmetri-
cal about the threshold V ;¢ below the power supply voltage
of the PMOS transistor 430. The voltage swing may also be
1 volt centered about the threshold Vg below the power
supply voltage.

The previous description of the disclosed embodiments is
provided to enable any person skilled in the art to make or
use the present invention. Various modifications to these
embodiments will be readily apparent to those skilled in the
art, and the generic principles defined herein may be applied
to other embodiments without departing from the spirit or
scope of the invention. Thus, the present invention is not
intended to be limited to the embodiments shown herein but
is to be accorded the widest scope consistent with the
principles and novel features disclosed herein.

What is claimed is:

1. A circuit, comprising:

a CMOS driver including an output stage and break-
before-make circuit configured to drive the output
stage, the break-before-make circuit having a first logic
element, and a second logic element cross-coupled to
the first logic element; and

a logic circuit configured to provide a first input signal
having first and second logic states to a first input in
each of'the first and second logic elements, and provide
a second input signal having first and second logic
states to a second input in each of the first and second
logic elements, the first logic state of the first input
signal having a voltage higher than the voltage of the
first logic state of the second input signal, and the
second logic state of the first input signal having a
voltage higher than the voltage of the second logic state
of the second input signal.

2. The circuit of claim 1 wherein the logic circuit com-

prises a comparator.

3. The circuit of claim 1 wherein the first input of each of
the first and second logic elements comprises a PMOS
transistor and the second input of each of the first and second
logic elements comprises a NMOS.

4. The circuit of claim 3 wherein the logic circuit com-
prises a NMOS driving circuit including a NMOS transistor
having a source configured to be coupled to a power supply
return and a drain coupled through a first resistor to a first
current source and the NMOS transistors in the break-
before-make circuit, the NMOS transistor in the logic circuit
further having a gate coupled through a second resistor to its
drain, and wherein the logic circuit further comprises a
PMOS driving circuit including a PMOS transistor having a
source configured to be coupled to a power supply and a
drain coupled through a third resistor to a second current
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source and the PMOS transistors in the break-before-make
circuit, the PMOS transistor in the logic circuit further
having a gate coupled through a fourth resistor to its drain.

5. The circuit of claim 3 wherein the logic circuit com-
prises a PMOS driving circuit configured to provide the first
input signal to the break-before-make circuit, the PMOS
driving circuit comprising a PMOS transistor configured to
be coupled to a power supply, and wherein the voltage range
between the first and second logic states of the first input
signal is centered at a voltage equal to the minimum voltage
required to turn off the PMOS transistor in the logic circuit,
and wherein the logic circuit further comprises a NMOS
driving circuit configured to provide the second input signal
to the break-before-make circuit, the NMOS driving circuit
comprising a NMOS transistor configured to be coupled to
a power supply return, and wherein the voltage range
between the first and second logic states of the second input
signal is centered at a voltage equal to the minimum voltage
to turn on the NMOS transistor in the logic circuit.

6. The circuit of claim 3 wherein each of the first and
second logic elements has an enabled state and a disabled
state, and wherein the first and second input signals provided
by the logic circuit to the first and second logic elements are
responsive to a signal input to the logic circuit, each of the
first and second logic elements being configured to invert the
signal input to the logic circuit in the enabled state, and float
its respective output in the disabled state.

7. The circuit of claim 6 wherein the break-before-make
circuit further comprises a first inverter having an input
coupled to the output of the first logic element, and a second
inverter having an input coupled to the output of the second
logic element, the first inverter being configured for a
connection to a power supply return through the second
inverter, and the second inverter being configured for a
connection to a power supply through the first inverter.

8. The circuit of claim 3 wherein each of the first and
second logic elements has an enabled state and a disabled
state, and wherein the first and second input signals provided
by the logic circuit to the first and second logic elements are
responsive to a signal input to the logic circuit, each of the
first and second logic elements being configured to invert the
signal input to the logic circuit in the enabled state, and
wherein the break-before-make circuit further comprises a
first inverter having an input coupled to the output of the first
logic element, and a second inverter having an input coupled
to the output of the second logic element, the first inverter
being configured for a connection to a power supply return
through the output of the second inverter, and the second
inverter being configured for a connection to a power supply
through the output of the first inverter.

9. The circuit of claim 8 wherein each of the first and
second logic elements is further configured to float its
respective output in the disabled state.



FURTHER READING

Click any one of the following links to be taken to a website which contains
the following documents.

There appears to be a lot of recent patent activity in the area
of building "bridgeless PFC convertors". The following are
some of the patents.

11 584 983 Method and_apparatus_for high efficieny rectifier
11_204_307_AC_to_DC_power_supply with_PF

11 302 544 Simple partial switching power_ factor_ correction
11_474_712_ BRIDGELESS BI_DIRECTIONAL FORWARD TYPE_ CONVERTER
11 480 004 High efficiency power_ converter system
11_706_645_AC_to_DC_voltage_converter_as_power_supply

12 401 983 BRIDGELESS PFC _CIRCUIT FOR_CRM
12_798_682_Bridgeless_PFC_converter

3295043 _MASSEY D_C__TO_D_C__ REGULATED CONVERTER
4183079_DC_AC_inverter

4523266_AC_to_DC_conversion_system
4943902_AC_to_DC_power_converter_and_method
5570276_Switching_converter_with_open_loop_input_regulation
5815380_Switching_converter_with_open_loop_Primary_regqulation
5815384 _Transformer_uses_bi_directional_synch_Rectifiers
6115267_AC_DC_converter_with_no_input_rectifiers
6157182_DC_DC_converter_with_multiple_operating_modes

6608522 DC_to_DC_converter providing_stable_ operation
7250742_Digital_control_of_ bridgeless_power_factor_correction
7265591_CMOS_driver_with_minimum_ shoot_through

And here is some more information for those who may be interested.

A BIDIRECTIONAL PWM THREE-PHASE STEP-DOWN RECTIFIER

A bidirectional, sinusoidal, high-frequency inverter

A DUAL INPUT BIDIRECTIONAL POWER CONVERTER

A new structure for bidirectional Power flow

BI-DIRECTIONAL INVERTER-CHARGER

Bi-directional single-phase half-bridge rectifier for power quality
BiDirectional Converter

Bidirectional_ UP_Inverter

Synthesis of Input-Rectifierless AC/DC
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