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(57) ABSTRACT

Various implementations described herein may refer to level
shifter circuitry using current mirrors. For instance, in one
implementation, a level shifter circuit may include a latch
circuit configured to receive an input signal, where the latch
circuit includes a plurality of transistors configured to gen-
erate an output signal based on the input signal. The level
shifter circuit may also include a first current mirror circuit
coupled to the latch circuit. The level shifter circuit may
further include a second current mirror circuit coupled to the
latch circuit, where the first current mirror circuit and the
second current mirror circuit are configured to drive the
output signal from a transient state voltage level to a steady
state voltage level.
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LEVEL SHIFTER CIRCUITRY USING
CURRENT MIRRORS

BACKGROUND

[0001] This section is intended to provide information
relevant to understanding various technologies described
herein. As the section’s title implies, this is a discussion of
related art that should in no way imply that it is prior art.
Generally, related art may or may not be considered prior art.
It should therefore be understood that any statement in this
section should be read in this light, and not as any admission
of prior art.

[0002] In some instances, different portions of an inte-
grated circuit may operate at different voltage levels. To
convert signals in one voltage domain to signals in another
voltage domain, a level shifter circuit may be used. For
example, the level shifter circuit may receive an input signal
having a voltage level VDDL in a core supply domain, and,
in response, the level shifter circuit may generate an output
signal having a voltage level VDD in an input/output supply
domain. However, the level shifter circuit may fail to
translate the input signal properly in some cases, such as
when the voltage level VDDL may be low in comparison to
threshold voltages of transistors within the level shifter
circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Implementations of various techniques will here-
after be described herein with reference to the accompany-
ing drawings. It should be understood, however that the
accompanying drawings illustrate only various implemen-
tations described herein and are not meant to limit the scope
of various technologies described herein.

[0004] FIG. 1 illustrates a schematic diagram of a con-
ventional level shifter circuit in connection with various
implementations described herein.

[0005] FIG. 2 illustrates a block diagram of a level shifter
circuit in accordance with various implementations
described herein.

[0006] FIGS. 3A-3B illustrate schematic diagrams of a
level shifter circuit and associated circuitry in accordance
with various implementations described herein.

[0007] FIG. 4 illustrates a schematic diagram of a first
current mirror circuit and a second current mirror circuit in
accordance with various implementations described herein.
[0008] FIG. 5 illustrates a graphical illustration of signal
waveforms in accordance with various implementations
described herein.

[0009] FIG. 6 illustrates a schematic diagram of a first
current mirror circuit and a second current mirror circuit in
accordance with various implementations described herein.
[0010] FIG. 7 illustrates a graphical illustration of signal
waveforms in accordance with various implementations
described herein.

DETAILED DESCRIPTION

[0011] Various implementations described herein may
refer to and may be directed to level shifter circuitry using
current mirrors. For instance, in one implementation, a level
shifter circuit may include a latch circuit configured to
receive an input signal, where the latch circuit includes a
plurality of transistors configured to generate an output
signal based on the input signal. The level shifter circuit may
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also include a first current mirror circuit coupled to the latch
circuit. The level shifter circuit may further include a second
current mirror circuit coupled to the latch circuit, where the
first current mirror circuit and the second current mirror
circuit are configured to drive the output signal from a
transient state voltage level to a steady state voltage level.
[0012] Various implementations of level shifter circuitry
using current mirrors will now be described in more detail
with reference to FIGS. 1-7.

[0013] As mentioned earlier, in some implementations,
different portions of an integrated circuit (IC) may operate at
different voltage levels. For example, the internal core
circuits of the IC may operate at a core supply voltage that
is lower than an input/output (I/O) supply voltage at which
1/O circuits of the IC operate. In such implementations, a
level shifter circuit may be used to translate signals between
circuits operating at different voltage levels. In particular,
the level shifter circuit may be used to convert signals from
one voltage domain (e.g., a core supply domain) to signals
in another voltage domain (e.g., an /O supply domain).
[0014] For example, FIG. 1 illustrates a schematic dia-
gram of a conventional level shifter circuit 100 in connec-
tion with various implementations described herein. The
level shifter circuit 100 may include two pull-up transistors
P0, P1 and two pull-down transistors N0, N1. The pull-up
transistors may be p-type metal-oxide-semiconductor
(PMOS) transistors, whereas the pull-down transistors may
be n-type metal-oxide-semiconductor (NMOS) transistors.
As shown, the pull-up transistors PO, P1 may be cross-
coupled, and the circuit 100 may also be referred to as a
cross-coupled latch. As is also shown, a gate terminal of the
pull-down transistor NO may be configured to receive input
signal A, and a gate terminal of the pull-down transistor N1
may be configured to receive input signal nA. Further, the
input signal A may be inverted via inverter circuit 150 to
generate the signal nA, where the signals A, nA may switch
between voltage levels VDDL and VSS in the core supply
domain. In one implementation, VSS may be a ground
voltage.

[0015] In response to the input signals A, nA, the level
shifter circuit 100 may generate voltage levels in the 1/O
supply domain at output nodes LVL, NLVL, where the
voltage levels may switch between voltage levels VDD and
VSS. In particular, in response to a logic high input signal
A (i.e., VDDL), the pull-down transistor N0 may pull the
voltage level at the node NLVL to VSS (e.g., a ground
voltage). The pull-up transistor P1 may then be activated
(i.e., switched on), thereby pulling the voltage level at the
output node LVL to VDD. In such an implementation, the
level shifter circuit 100 may be a level-up shifter circuit,
where VDD is a higher voltage level than VDDL. Similarly,
in response to a logic low input signal A (i.e., VSS), its
complementary input signal nA may activate the pull-down
transistor N1, thereby pulling the voltage level at the output
node LVL to VSS.

[0016] In the conventional level shifter circuit 100, the
transistors P0, P1, N0, and N1 may be configured (e.g., via
transistor sizing) such that the pull-down transistors N0, N1
are able to overcome the pull-up transistors P0, P1 when the
voltage levels at the output nodes LVL, NLVL are to be
pulled down to VSS. However, in some instances, the
voltage level VDDL of the core supply domain may be lower
than the threshold voltage of the pull-down transistors N0,
N1. In such instances, the transistors NO, N1 may be
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operating in sub-threshold, where the pull-down transistors
N0, N1 may barely turn on and may no longer be able to
overcome the pull-up transistors PO, P1. As such, the level
shifter circuit 100 may fail to produce the correct voltage
levels at the output nodes LVL, NLVL.

[0017] As a result, output signals provided at the output
nodes LVL, NLVL may not correctly change in accordance
with changes to the input signals A, nA. In particular, prior
to a change to the input signals A, nA, the level shifter circuit
100 may initially be at a steady state. In the steady state, the
input signal A and the output signal provided at the output
node LVL may correctly be at the same logic level. How-
ever, if the pull-down transistors of the level shifter circuit
100 are operating in sub-threshold, then the level shifter
circuit 100 may move to a transient state in response to a
change to the input signal A. In the transient state, the output
signal from the node LVL may remain the same despite the
change to the input signal A.

[0018] Accordingly, the conventional level shifter circuit
100 may not generate the correct output signals at its output
nodes LVL, NLVL if the voltage level VDDL of the input
signals A, nA is not sufficiently high to allow the pull-down
transistors to overcome the pull-up transistors. As such, the
conventional level shifter circuit 100 may fail to properly
convert signals of a first voltage domain to signals of a
second voltage domain unless the voltage level VDDL is
increased, which may limit the applicability of the circuit
100 in devices for which reduced power consumption is a
priority.

[0019] In view of the above, various implementations for
a level shifter circuit using current mirrors are described
herein. In one or more implementations, the level shifter
circuit may be configured to drive voltage levels at output
nodes of the circuit to appropriate values, including for
implementations where transistors of the circuit may be
operating in sub-threshold. In one implementation, a level
shifter circuit may include a cross-coupled latch circuit and
one or more current mirror circuits, where the one or more
current mirror circuits are configured to drive output nodes
of the cross-coupled latch circuit from a transient state
voltage level to a steady state voltage level, as further
explained below.

[0020] FIG. 2 illustrates a block diagram of a level shifter
circuit 200 in accordance with various implementations
described herein. As shown, the level shifter circuit 200 may
include a cross-coupled latch circuit 210, a first current
mirror circuit 230, and a second current mirror circuit 250.
In particular, the first current mirror circuit 230 and the
second current mirror circuit 250 may each be coupled to the
cross-coupled latch circuit 210, as further explained later.
[0021] The level shifter circuit 200 may be implemented
as an IC, as a discrete circuit, as components on a printed
circuit board (PCB), and/or as any other similar type of
circuitry. In some implementations, the level shifter circuit
200 may be implemented as a device, apparatus, and the like
which may have an IC, components on a PCB, and/or any
other type of similar circuitry. Further, in reference to
manufacturing and fabrication processes, electronic design-
ers may employ various techniques to design ICs, PCBs, and
any other similar circuitry, such as physical chips and/or
physical layers, to implement the level shifter circuit 200
and/or techniques thereof.

[0022] As shown, the cross-coupled latch circuit 210, the
first current mirror circuit 230, and the second current mirror
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circuit 250 may each be configured to receive input signals
A, nA, which may be similar to the input signals A, nA
discussed above. Further, as discussed in greater detail later,
the first current mirror circuit 230 may be configured to
provide a drive input signal INB to the cross-coupled latch
circuit 210. Similarly, the second current mirror circuit 250
may be configured to provide a drive input signal IN to the
cross-coupled latch circuit 210, where signal INB may be
complementary to signal IN. In addition, the cross-coupled
latch circuit 210 may be configured to provide output signal
OUTB to the first current mirror circuit 230, and the
cross-coupled latch circuit 210 may be configured to provide
output signal OUT to the second current mirror circuit 250.
The output signals OUT, OUTB may be complementary.
[0023] FIGS. 3A-3B illustrate schematic diagrams of the
level shifter circuit 200 and associated circuitry in accor-
dance with various implementations described herein. As
shown in FIG. 3A, the cross-coupled latch circuit 210 may
include pull-up transistors P0, P1, pull-down transistors N0,
N1, and drive transistors P2, P3, N2, N3. The pull-up
transistors PO, P1 may be similar to those described above,
in that the transistors PO, P1 may be PMOS transistors and
may be cross-coupled.

[0024] In particular, the pull-up transistors PO and P1 may
each have a source terminal coupled to a positive supply
voltage node 302, such that the transistors PO and P1 may
receive a power supply voltage at the positive supply voltage
node 302. The power supply voltage level provided via the
positive supply voltage node 302 may be referred to as
VDD.

[0025] As also shown, the pull-up transistor PO may be
coupled in series with a drive transistor P2, which may be a
PMOS transistor. In particular, a drain terminal of the
pull-up transistor PO may be coupled to a source terminal of
the drive transistor P2. Further, a drain terminal of the drive
transistor P2 may be coupled to a gate terminal of the pull-up
transistor P1 at output node NLVL. Similarly, the pull-up
transistor P1 may be coupled in series with a drive transistor
P3, which may be a PMOS transistor. In particular, a drain
terminal of the pull-up transistor P1 may be coupled to a
source terminal of the drive transistor P3. Further, a drain
terminal of the drive transistor P3 may be coupled to a gate
terminal of the pull-up transistor P0 at output node LVL.
[0026] As shown and further explained below, a gate
terminal of the drive transistor P2 may be configured to
receive the drive input signal INB from the first current
mirror circuit 230. Likewise, a gate terminal of the drive
transistor P3 may be configured to receive the drive input
signal IN from the second current mirror circuit 250.
[0027] The pull-down transistors N0, N1 may be similar to
those described above, in that the transistors N0, N1 may
also be NMOS transistors. As shown, the pull-down tran-
sistor N0 may have a drain terminal coupled to the output
node NLVL, and the pull-down transistor N1 may have a
drain terminal coupled to the output node LVL.

[0028] In addition, the pull-down transistors NO, N1 may
each have a source terminal coupled to a drain terminal of
an enable transistor N4 at reference node 304. As shown, the
enable transistor N4 may be an NMOS transistor having a
source terminal coupled to a negative supply voltage node
306. The voltage level provided via the negative supply
voltage node 306 may be referred to as VSS. In one
implementation, VSS may be a ground voltage. As shown,
a gate terminal of enable transistor N4 may be configured to
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receive an enable signal NEN. As shown in FIG. 3B, the
enable signal NEN may be generated by inverting an enable
signal EN using inverter 320. For purposes of discussing the
implementations described herein, it may be assumed that
enable transistor N4 is activated via a logic high enable
signal NEN, thereby providing voltage level VSS at the
reference node 304.

[0029] As is also shown in FIG. 3A, a gate terminal of the
pull-down transistor NO may be configured to receive input
signal A, and a gate terminal of the pull-down transistor N1
may be configured to receive input signal nA. As similarly
discussed above with respect to FIG. 1, the input signal A
may be inverted via inverter 322 to generate the input signal
nA. As shown in FIG. 3B, a PMOS transistor P10 of the
inverter 322 may have a source terminal coupled to a node
324, such that the transistor P10 may receive a power supply
voltage at the node 324. The power supply voltage level
provided via the node 324 may be referred to as VDDL.
Though not shown, a NMOS transistor N13 of the inverter
322 may have a source terminal coupled to a drain terminal
of the enable transistor N4 via the reference node 304. As
such, the input signals A, nA may be similar to the input
signals discussed above, in that the input signals may switch
between voltage levels VDDL and VSS.

[0030] As also shown in FIG. 3A, the pull-down transistor
NO may be coupled in parallel with a drive transistor N2,
which may be a NMOS transistor. In particular, a drain
terminal of the pull-down transistor N0 may be coupled to
a drain terminal of the drive transistor N2, and a source
terminal of the pull-down transistor N0 may be coupled to
a source terminal of the driver transistor N2. Further, a gate
terminal of the driver transistor N2 may be configured to
receive the drive input signal INB from the first current
mirror circuit 230.

[0031] Similarly, the pull-down transistor N1 may be
coupled in parallel with a drive transistor N3, which may be
a NMOS transistor. In particular, a drain terminal of the
pull-down transistor N1 may be coupled to a drain terminal
of the drive transistor N3, and a source terminal of the
pull-down transistor N1 may be coupled to a source terminal
of the driver transistor N3. Further, a gate terminal of the
driver transistor N3 may be configured to receive the drive
input signal IN from the second current mirror circuit 250.
[0032] Inaddition, the cross-coupled latch circuit 210 may
be configured to provide the output signal OUTB to the first
current mirror circuit 230 via the node NLVL. Similarly, the
cross-coupled latch circuit 210 may be configured to provide
the output signal OUT to the second current mirror circuit
250 via the node LVL. As is also shown in FIG. 3B, the
output node LVL may provide the output signal OUT to a
drain terminal of a PMOS transistor P12, where the transis-
tor P12 also has a source terminal configured to receive the
power supply voltage level VDD. In addition, a gate termi-
nal of the transistor P12 may be configured to receive the
enable signal NEN.

[0033] The output node LVL may also provide the output
signal OUT to an output buffer 330, where the output buffer
330 includes inverters 332 and 334. In particular, the
inverter 332 may be configured to receive the output signal
OUT at its input, and an input of the inverter 334 may be
configured to receive the output of the inverter 332. An
output of the inverter 334 may generate an output signal Y,
which may correspond to an output signal of the level shifter
circuit 200. As shown, the inverters 332, 334 may each have
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a PMOS transistor with a source terminal configured to
receive the power supply voltage level VDD. In addition, as
shown, the voltage level VSS may be provided to the NMOS
transistors of the inverters 332, 334.

[0034] As shown in FIG. 3A, the first current mirror
circuit 230 may include a PMOS diode P4 and a PMOS
transistor P5. In particular, the PMOS diode P4 may be a
PMOS transistor having its gate terminal coupled to its drain
terminal. In addition, the gate terminal of the PMOS diode
P4 may be coupled to a gate terminal of the PMOS transistor
P5. Further, the PMOS diode P4 and the PMOS transistor P5
may each have a source terminal coupled to the positive
supply voltage node 302, such that the voltage level VDD
may provided to the first current mirror circuit 230.

[0035] Additionally, the PMOS diode P4 may be coupled
in series with NMOS transistors N5, N6. In particular, the
drain terminal of the diode P4 may be coupled to a drain
terminal of the transistor N5, and a source terminal of the
transistor N5 may be coupled to a drain terminal of the
transistor N6. Though not shown, the transistor N6 may have
a source terminal coupled to the drain terminal of the enable
transistor N4 via the reference node 304. Accordingly, the
voltage level VSS may be provided to the first current mirror
circuit 230. As shown, the NMOS transistor N5 may have a
gate terminal configured to receive the input signal A. In
addition, the NMOS transistor N6 may have a gate terminal
configured to receive the output signal OUTB from the
cross-coupled latch circuit 210 via its output node NLVL.

[0036] The PMOS transistor P5 may be coupled in series
with a PMOS transistor P6. In particular, a drain terminal of
the PMOS transistor P5 may be coupled to a source terminal
of the PMOS transistor P6. As shown, a gate terminal of the
PMOS transistor P6 may be configured to receive the drive
input signal IN from the second current mirror circuit 250.
[0037] Further, a drain terminal of the PMOS transistor P6
may be coupled to a drain terminal of a NMOS transistor N7
at a node Z2. In addition, a NMOS transistor N8 may be
coupled in parallel with the NMOS transistor N7, where the
drain terminals of the transistors N7, N8 are coupled to one
another at node Z2, and where the source terminals of the
transistors N7, N8 are coupled together. The source termi-
nals of the transistors N7, N8 may also be coupled to the
reference node 304. As shown, the first current mirror circuit
230 may be configured to provide the drive input signal INB
to the gate terminals of the drive transistors P2 and N2 via
the node 72.

[0038] The second current mirror circuit 250 may be
similar to the first current mirror circuit 230. The second
current mirror circuit 250 may include a PMOS diode P7 and
a PMOS transistor P8. In particular, the PMOS diode P7
may be a PMOS transistor having its gate terminal coupled
to its drain terminal. In addition, the gate terminal of the
PMOS diode P7 may be coupled to a gate terminal of the
PMOS transistor P8. Further, the PMOS diode P7 and the
PMOS transistor P8 may each have a source terminal
coupled to the positive supply voltage node 302, such that
the voltage level VDD may provided to the second current
mirror circuit 250.

[0039] Additionally, the PMOS diode P7 may be coupled
in series with NMOS transistors N9, N10. In particular, the
drain terminal of the diode P7 may be coupled to a drain
terminal of the transistor N9, and a source terminal of the
transistor N9 may be coupled to a drain terminal of the
transistor N10. Though not shown, the transistor N10 may
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have a source terminal coupled to the drain terminal of the
enable transistor N4 via the reference node 304. Accord-
ingly, the voltage level VSS may be provided to the second
current mirror circuit 250. As shown, the NMOS transistor
N9 may have a gate terminal configured to receive the input
signal nA. In addition, the NMOS transistor N10 may have
a gate terminal configured to receive the output signal OUT
from the cross-coupled latch circuit 210 via its output node
LVL.

[0040] The PMOS transistor P8 may be coupled in series
with a PMOS transistor P9. In particular, a drain terminal of
the PMOS transistor P8 may be coupled to a source terminal
of the PMOS transistor P9. As shown, a gate terminal of the
PMOS transistor P9 may be configured to receive the drive
input signal INB from the first current mirror circuit 230.

[0041] Further, a drain terminal of the PMOS transistor P9
may be coupled to a drain terminal of a NMOS transistor
N11 at a node Z3. In addition, a NMOS transistor N12 may
be coupled in parallel with the NMOS transistor N11, where
the drain terminals of the transistors N11, N12 are coupled
to one another at node Z3, and where the source terminals
of the transistors N11, N12 are coupled together. The source
terminals of the transistors N11, N12 may also be coupled to
the reference node 304. As shown, the second current mirror
circuit 250 may be configured to provide the drive input
signal IN to the gate terminals of the drive transistors P3 and
N3 via the node Z3.

[0042] In operation, the cross-coupled latch circuit 210,
the first current mirror circuit 230, and the second current
mirror circuit 250 may function together to convert signals
from one voltage domain to signals in another voltage
domain. In particular, the cross-coupled latch circuit 210, the
first current mirror circuit 230, and the second current mirror
circuit 250 may be used to convert the input signals A, nA
to the output signals OUT, OUTB.

[0043] As mentioned above, the input signals A, nA may
switch between voltage levels VDDL and VSS of a first
voltage domain (e.g., a core supply domain), and the output
signals OUT, OUTB may switch between voltage levels
VDD and VSS of a second voltage domain (e.g., an I/O
supply domain). In some implementations, the voltage level
VDDL may be lower than the voltage level VDD. As such,
the level shifter circuit 200 may be a level-up shifter circuit
configured to translate input signals at a lower voltage level
to output signals at a higher voltage level.

[0044] As explained above, for conventional level shifter
circuits, the pull-down transistors may be operating in
sub-threshold due to low voltage levels of the input signals,
such that the pull-down transistors may be unable to over-
come the pull-up transistors of the circuit. For such circuits,
output signals provided at output nodes may not correctly
change in accordance with changes to input signals, such
that the level shifter circuit may be in a transient state.

[0045] For implementations of the level shifter circuit 200
as described herein, the level shifter circuit 200 may simi-
larly transition from a steady state to a transient state in
response to changes in logic values of the input signals A,
nA. However, in such implementations, the first current
mirror circuit 230 and the second current mirror circuit 250
may be used to transition the circuit 200 from the transient
state to a steady state once again. In particular, the first
current mirror circuit 230 and the second current mirror
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circuit 250 may be configured to drive the output signals
OUT, OUTB from transient state voltage levels to steady
state voltage levels.

[0046] As similarly described above with respect to FIG.
1, when the level shifter circuit 200 is in the steady state, the
input signal A and the output signal OUT may correctly be
at the same logic level. In particular, the input signal A may
be at a logic high (i.e., at a voltage level VDDL) and the
output signal OUT may also be at a logic high (i.e., at a
voltage level VDD), or the input signal A may be at a logic
low (i.e., at a voltage level VSS) and the output signal OUT
may also be at a logic low (i.e., at a voltage level VSS).
When the level shifter circuit 200 is in the steady state,
voltage levels of the output signals OUT, OUTB may be
referred to as steady state voltage levels.

[0047] Further, as similarly described above with respect
to FIG. 1, when the level shifter circuit 200 is in the transient
state, the input signal A and the output signal OUT may
incorrectly be at different logic levels. In particular, the input
signal A may change to a logic low (i.e., at a voltage level
VSS), but the output signal OUT may remain at a logic high
(i.e., at a voltage level VDD). Likewise, the input signal A
may change to a logic high (i.e., at a voltage level VDDL),
but the output signal OUT may remain at a logic low (i.e.,
at a voltage level VSS). When the level shifter circuit 200 is
in the transient state, voltage levels of the output signals
OUT, OUTB may be referred to as transient state voltage
levels.

[0048] By driving the output signals OUT, OUTB from the
transient state voltage levels to the steady state voltage
levels, the first current mirror circuit 230 and the second
current mirror circuit 250 may be able to properly convert
the input signals A, nA of a first voltage domain to the output
signals OUT, OUTB of a second voltage domain. In one
implementation, and as further described in the example
below, in response to the input signal A changing to a logic
high and the output signal OUT remaining at a logic low
(i.e., at a transient state voltage level), the first current mirror
circuit 230 may be configured to drive the output signal
OUT to a logic high (i.e., to a steady state voltage level). In
particular, the first current mirror circuit 230 may drive the
output signal OUT to a voltage level VDD by activating one
or more transistors of the cross-coupled latch circuit 210
using a mirror current.

[0049] In another implementation, and as further
described in the example below, in response to the input
signal A changing to a logic low and the output signal OUT
remaining at a logic high (i.e., at a transient state voltage
level), the second current mirror circuit 250 may be config-
ured to drive the output signal OUT to a logic low (i.e., to
a steady state voltage level). In particular, the second current
mirror circuit 250 may drive the output signal OUT to a
voltage level VSS by activating one or more transistors of
the cross-coupled latch circuit 210 using a mirror current.
[0050] The following example may be used to further
describe the operation of the level shifter circuit 200. As
noted above, prior to changes in logic values of the input
signals A, nA, the level shifter circuit 200 may be in a steady
state. In one example, the input signal A may initially be set
to a logic high, where the input signal A may be at a voltage
level VDDL. In such an example, via the inverter 322, the
input signal nA may initially be set to a logic low, where the
input signal nA may be at a voltage level VSS. In response
to the initial logic high input signal A, the pull-down
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transistor NO may pull down the voltage level at the node
NLVL to VSS. As such, the pull-up transistor P1 may be
turned on, and may be used to pull up the output node LVL
to voltage level VDD.

[0051] Inaddition, in response to the initial logic low input
signal nA, the second current mirror circuit 250 may be used
to turn on the drive transistor P3 of the cross-coupled latch
circuit 210, as described below. In particular, the NMOS
transistor N9 may be set to an off-state based on the logic
low input signal nA. Accordingly, a voltage level at the drain
terminal of the PMOS transistor P7 may be equal to the
supply voltage level VDD less a threshold voltage level (Vt)
of the PMOS diode P7. This voltage level (VDD-Vt) may
be applied to the gate terminal of the PMOS transistor P8,
thereby leading to the transistor P8 being in an off-state.
With the transistor P8 in the off-state, the supply voltage
level VDD may be cut off from the node Z3. As such, the
drive input signal IN from node Z3 may be at a logic low,
thereby leading to the drive transistor P3 being in an on-state
and the drive transistor N3 being in an off-state. The
activated drive transistor P3 may, along with the activated
pull-up transistor P1 mentioned above, also be used to drive
the output signal OUT at node LVL to voltage level VDD in
response to the initial logic high input signal A.

[0052] Further, in response to the initial logic high input
signal A, the first current mirror circuit 230 may be used to
turn on the drive transistor N2 and to turn off the drive
transistor P2. In particular, the NMOS transistor N5 may
turn on based on the logic high input signal A. In turn, the
voltage level at the gate terminal of PMOS transistor P5 may
cause the transistor P5 to also turn on. With the drive input
signal IN at a logic low, as explained above, the PMOS
transistor P6 may turn on, such that the voltage level at the
node Z2 may be equal to the supply voltage level VDD less
a threshold voltage level (Vt) of the PMOS transistor P6. As
such, the drive input signal INB received from the node 72
may be at a logic high, thereby turning off the drive
transistor P2 and turning on the drive transistor N2. Thus, in
response to the initial logic high input signal A, the output
node NLVL may be cut off from voltage level VDD, and the
node NLVL may be driven to voltage level VSS using the
drive transistor N2. Accordingly, in response to the initial
logic high input signal A, the drive transistor N2 may be
used (along with the pull-down transistor N0, as described
above) to turn on the pull-up transistor P1. As noted above,
the activated pull-up transistor P1 may be used with the
activated drive transistor P3 to drive the output signal OUT
at the output node LVL to voltage level VDD.

[0053] Thus, in response to the initial logic high input
signal A, the first current mirror circuit 230 and the second
current mirror circuit 250 may be used to turn on the drive
transistors N2, P3, which may be used to drive the voltage
level at the output node LVL to the voltage level VDD. As
such, the output signal OUT (along with the output signal Y)
may be driven to a logic high (i.e., to a steady state voltage
level), and the level shifter circuit 200 may be in the
above-mentioned steady state.

[0054] As mentioned above, the level shifter circuit 200
may transition from a steady state to a transient state in
response to changes in logic values of the input signals A,
nA. Continuing the same example discussed above, the input
signal A may be changed to a logic low, where the input
signal A may be at a voltage level VSS. Further, via the
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inverter 322, the input signal nA may change to a logic high,
where the input signal nA may be at a voltage level VDDL.
[0055] In response to these changed input signals A, nA,
the pull-down transistor NO may be turned off and the
pull-down transistor N1 may be turned on. In some
instances, however, the voltage levels at the output nodes
LVL, NLVL of the cross-coupled latch circuit 210 may not
change immediately in response to the change in logic
values of the input signals A, nA. Thus, voltage levels of the
output signals OUT, OUTB may be at transient state voltage
levels. In particular, the output signal OUT may remain at a
logic high (i.e., at the voltage level VDD), and the output
signal OUTB may remain at a logic low (i.e., at the voltage
level VSS).

[0056] As further discussed below, the first current mirror
circuit 230 and the second current mirror circuit 250 can be
used to drive the output signals OUT, OUTB from transient
state voltage levels to steady state voltage levels in response
to the change in logic values of the input signals A, nA,
thereby transitioning the circuit 200 from the transient state
to a steady state once again. In particular, in response to the
input signal A changing to a logic low and the output signal
OUT remaining at a logic high (i.e., at a transient state
voltage level), the second current mirror circuit 250 may be
configured to drive the output signal OUT to a logic low
(i.e., to a steady state voltage level).

[0057] FIG. 4 illustrates a schematic diagram of the first
current mirror circuit 230 and the second current mirror
circuit 250 in accordance with various implementations
described herein. In particular, FIG. 4 illustrates the first
current mirror circuit 230 and the second current mirror
circuit 250 while the cross-coupled latch circuit 210 (and the
level shifter circuit 200) may be in the above-described
transient state. An arrow pointing upward next to a signal or
node may indicate that the voltage level of the signal or node
is increasing as the level shifter circuit 200 transitions from
a transient state to a steady state again. Likewise, an arrow
pointing downward next to a signal or node may indicate
that the voltage level of the signal or node is decreasing as
the level shifter circuit 200 transitions from the transient
state to the steady state again.

[0058] With the input signal A changed to a logic low, the
NMOS transistor N5 of the first current mirror circuit 230
may be turned off. Accordingly, a voltage level at the drain
terminal of the PMOS diode P4 may be equal to the supply
voltage level VDD less a threshold voltage level (Vt) of the
PMOS diode P4. This voltage level (VDD-Vt) may be
applied to the gate terminal of the PMOS transistor P5,
thereby leading to the transistor P5 being in an off-state.
With the transistor P5 in the off-state, the supply voltage
level VDD may be cut off from the node Z2. As such, the
voltage level at the node Z2 may fall to VSS from its
previous voltage level (i.e., VDD-Vt). Accordingly, the
drive input signal INB received from the node Z2 may have
a voltage level that decreases from a logic high in the
transient state to a logic low in the steady state, thereby
turning on the drive transistor P2 and turning off the drive
transistor N2. The drive transistor P2 and the pull-up tran-
sistor PO may be used to drive the output signal OUTB at the
node NLVL to the voltage level VDD.

[0059] In addition, with the input signal nA changed to a
logic high, the NMOS transistor N9 of the second current
mirror circuit 250 may be turned on. The NMOS transistor
N10 may also be turned on in the transient state, as the
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output signal OUT may be at a logic high (i.e., at the voltage
level VDD). In such conditions, the second current mirror
circuit 250 may generate a short circuit current (I5.) across
branch 312, and the circuit 250 may also generate a mirror
current (I,,) across branch 313. The short circuit current may
be proportional to the mirror current, where the proportion-
ality may be based on sizing of transistors. In some imple-
mentations, the mirror current may be larger than the short
circuit current.

[0060] As noted above, the drive signal INB received from
the node Z2 may have a voltage level that decreases from a
logic high in the transient state to a logic low in the steady
state. Accordingly, as the level shifter circuit 200 progress
from the transient state to the steady state, the PMOS
transistor P9 may turn on. Once the PMOS transistor P9
turns on, the mirror current may increase the voltage poten-
tial across the node 73 (e.g., from VSS to VDD-Vt). Thus,
the drive input signal IN received from the node 73 may
have a voltage level that increases from a logic low in the
transient state to a logic high in the steady state, thereby
turning off the drive transistor P3 and turning on the drive
transistor N3. As such, in this steady state, the output node
LVL may be cut off from voltage level VDD, and the output
node LVL may be driven to voltage level VSS using the
drive transistor N3. Accordingly, in response to the change
in value to the logic low for input signal A, the drive
transistor N3 may be used (along with the pull-down tran-
sistor N1, as described above) to drive the output signal
OUT at node LVL to the voltage level VSS.

[0061] Thus, in response to the change in value to a logic
low for the input signal A and the output signal OUT initially
remaining at a logic high (i.e., at a transient state voltage
level), the second current mirror circuit 250 may activate the
drive transistors N3, P2 using a mirror current, thereby
driving the voltage level at the output node LVL to the
voltage level VSS. As such, the second current mirror circuit
250 may be used to drive the output signal OUT (along with
the output signal Y) to a logic low (i.e., to a steady state
voltage level), thereby moving the level shifter circuit 200 to
the above-mentioned steady state.

[0062] In a further implementation, once the output signal
OUT is driven to a logic low in the steady state, the transistor
N10 may be deactivated. As such, the second current mirror
circuit 250 may cut off, such that it no longer generates the
mirror current. In such an implementation, leakage current
associated with the second current mirror circuit 250 in the
steady state may be minimized. FIG. 5 graphically illustrates
signal waveforms corresponding to the level shifter circuit
200 with respect to FIG. 4, where FIG. 5 is discussed in
greater detail below.

[0063] Further continuing the same example described
above, the input signal A may be changed again to a logic
high, where the input signal A may be at a voltage level
VDDL. In addition, via the inverter 322, the input signal nA
may change to a logic low, where the input signal nA may
be at a voltage level VSS.

[0064] In response to these changed input signals A, nA,
the pull-down transistor N0 may be turned on and the
pull-down transistor N1 may be turned off. However, as
noted above, in some instances the voltage levels at the
output nodes LVL, NLVL of the cross-coupled latch circuit
210 may not change immediately in response to the change
in logic values of the input signals A, nA. Thus, voltage
levels of the output signals OUT, OUTB may be at transient
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state voltage levels. In particular, the output signal OUT may
remain at a logic low (i.e., at the voltage level VSS), and the
output signal OUTB may remain at a logic high (i.e., at the
voltage level VDD).

[0065] As further discussed below, the first current mirror
circuit 230 and the second current mirror circuit 250 can be
used to drive the output signals OUT, OUTB from these
transient state voltage levels to steady state voltage levels in
response to the change in logic values of the input signals A,
nA, thereby transitioning the circuit 200 from the transient
state to a steady state once again. In particular, in response
to the input signal A changing to a logic high and the output
signal OUT remaining at a logic low (i.e., at a transient state
voltage level), the first current mirror circuit 230 may be
configured to drive the output signal OUT to a logic high
(i.e., to a steady state voltage level).

[0066] FIG. 6 illustrates a schematic diagram of the first
current mirror circuit 230 and the second current mirror
circuit 250 in accordance with various implementations
described herein. In particular, FIG. 6 illustrates the first
current mirror circuit 230 and the second current mirror
circuit 250 while the cross-coupled latch circuit 210 (and the
level shifter circuit 200) may be in the above-described
transient state. An arrow pointing upward next to a signal or
node may indicate that the voltage level of the signal or node
is increasing as the level shifter circuit 200 transitions from
a transient state to a steady state again. Likewise, an arrow
pointing downward next to a signal or node may indicate
that the voltage level of the signal or node is decreasing as
the level shifter circuit 200 transitions from the transient
state to the steady state again.

[0067] With the input signal nA changed to a logic low, the
NMOS transistor N9 of the second current mirror circuit 250
may be turned off. Accordingly, a voltage level at the drain
terminal of the PMOS diode P7 may be equal to the supply
voltage level VDD less a threshold voltage level (Vt) of the
PMOS diode P7. This voltage level (VDD-Vt) may be
applied to the gate terminal of the PMOS transistor P8,
thereby leading to the transistor P8 being in an off-state.
With the transistor P8 in the off-state, the supply voltage
level VDD may be cut off from the node Z3. As such, the
voltage level at the node Z3 may fall to VSS from its
previous voltage level (i.e., VDD-Vt). Accordingly, the
drive input signal IN received from the node Z3 may have
a voltage level that decreases from a logic high in the
transient state to a logic low in the steady state, thereby
turning on the drive transistor P3 and turning off the drive
transistor N3. The drive transistor P3 and the pull-up tran-
sistor P1 may be used to drive the output signal OUT at the
node LVL to the voltage level VDD.

[0068] In addition, with the input signal A changed to a
logic high, the NMOS transistor N5 of the first current
mirror circuit 230 may be turned on. The NMOS transistor
N6 may also be turned on in the transient state, as the output
signal OUTB may be at a logic high (i.e., at the voltage level
VDD). In such conditions, the first current mirror circuit 230
may generate a short circuit current (I.) across branch 310,
and the circuit 230 may also generate a mirror current (I,,)
across branch 311. The short circuit current may be propor-
tional to the mirror current, where the proportionality may
be based on sizing of transistors. In some implementations,
the mirror current may be larger than the short circuit
current.
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[0069] As noted above, the drive signal IN received from
the node Z3 may have a voltage level that decreases from a
logic high in the transient state to a logic low in the steady
state. Accordingly, as the level shifter circuit 200 progress
from the transient state to the steady state, the PMOS
transistor P6 may turn on. Once the PMOS transistor P6
turns on, the mirror current may increase the voltage poten-
tial across the node 72 (e.g., from VSS to VDD-Vt). Thus,
the drive signal INB received from the node Z2 may have a
voltage level that increases from a logic low in the transient
state to a logic high in the steady state, thereby turning off
the drive transistor P2 and turning on the drive transistor N2.
As such, in this steady state, the output node NLVL may be
cut off from voltage level VDD, and the output node NLVL
may be driven to voltage level VSS using the drive transistor
N2. Accordingly, in response to the change in value to the
logic low for input signal A, the drive transistor N2 may be
used (along with the pull-down transistor N0, as described
above) to drive the output signal OUTB at node NLVL to the
voltage level VSS. In turn, the pull-up transistor P1 may turn
on, and may be used (along with drive transistor P3) to pull
up the output node LVL to voltage level VDD.

[0070] Thus, in response to the change in value to a logic
high for the input signal A and the output signal OUT
initially remaining at a logic low (i.e., at a transient state
voltage level), the first current mirror circuit 230 may be
used to activate the drive transistors N2, P3 using a mirror
current, thereby driving the voltage level at the output node
LVL to the voltage level VDD. As such, the first current
mirror circuit 230 may be used to drive the output signal
OUT (along with the output signal Y) to a logic high (i.e.,
to a steady state voltage level), thereby moving the level
shifter circuit 200 to the above-mentioned steady state.

[0071] In a further implementation, once the output signal
OUT is driven to a logic high in the steady state, the
transistor N6 may be deactivated. As such, the first current
mirror circuit 230 may cut off, such that it no longer
generates the mirror current. In such an implementation,
leakage current associated with the first current mirror
circuit 230 in the steady state may be minimized. FIG. 7
graphically illustrates signal waveforms corresponding to
the level shifter circuit 200 with respect to FIG. 6, where
FIG. 7 is discussed in greater detail below.

[0072] The level shifter circuit 200 as described herein
may be configured to convert signals from one voltage
domain to signals in another voltage domain for a variety of
voltage levels. As mentioned above, the circuit 200 may
operate to convert the input signals A, nA from a first voltage
domain to output signals OUT, OUTB from a second voltage
domain. As is also noted above, the input signals A, nA may
switch between voltage levels VDDL or VSS in the first
voltage domain, and the output signals OUT, OUTB may
switch between voltage levels VDD or VSS in the second
voltage domain.

[0073] In some implementations, the voltage level VDDL
may be lower than the threshold voltage of the pull-down
transistors N0, N1. For example, the voltage level VDDL
may be approximately equal to 0.7 V, the threshold voltage
may be approximately equal to 1 V, and the voltage level
VDD may be approximately equal to 3.3 V. In such
instances, the transistors N0, N1 may be operating in sub-
threshold. For such implementations, the level shifter circuit
200, with its first current mirror circuit 230 and second
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current mirror circuit 250, may be able to convert the input
signals from a relatively low voltage level VDDL to the
voltage level VDD.

[0074] For example, FIG. 5 illustrates a graphical illus-
tration 500 of signal waveforms in accordance with various
implementations described herein. The signals correspond-
ing to the waveforms in FIG. 5 are those used in the level
shifter circuit 200. As shown, the initial input signal A may
be a logic high at a voltage level approximately equal to 0.7
V (i.e., VDDL). Accordingly, the first current mirror circuit
230 and the second current mirror circuit 250 may be used
to drive the output signals OUT and Y to a logic high at
steady state voltage levels approximately equal to 3.3V (i.e.,
VDD). As the input signal A changes to a logic low at a
voltage level approximately equal to 0 V (i.e., VSS), the first
current mirror circuit 230 and the second current mirror
circuit 250 may be used to drive the output signals OUT and
Y to a logic low at steady state voltage levels approximately
equal to O V (i.e., VSS).

[0075] Similarly, FIG. 7 illustrates a graphical illustration
700 of signal waveforms in accordance with various imple-
mentations described herein. The signals corresponding to
the waveforms in FIG. 7 are those used in the level shifter
circuit 200. As shown, the initial input signal A may be a
logic low at a voltage level approximately equal to O V (i.e.,
VSS). Accordingly, the first current mirror circuit 230 and
the second current mirror circuit 250 may be used to drive
the output signals OUT and Y to a logic low at steady state
voltage levels approximately equal to O V (i.e., VSS). As the
input signal A changes to a logic high at a voltage level
approximately equal to 0.7 V (i.e., VDDL), the first current
mirror circuit 230 and the second current mirror circuit 250
may be used to drive the output signals OUT and Y to a logic
high at steady state voltage levels approximately equal to 3.3
V (i.e., VDD).

[0076] Those skilled in the art will understand that various
implementations for the cross-coupled latch circuit 210, the
first current mirror circuit 230, and the second current mirror
circuit 250 may be used, including, but not limited to, the
implementations discussed above with respect to FIGS. 1-7.
In one implementation, the NMOS transistor N8 and/or the
NMOS transistor N12 may be optional. In particular, the
inclusion of the transistors N8 and/or N12 may assist with
minimizing leakage current in the level shifter circuit 200. In
another implementation, the enable transistor N4 at refer-
ence node 304 may be optional, such that the cross-coupled
latch circuit 210, the first current mirror circuit 230, and the
second current mirror circuit 250 may each be coupled to the
negative supply voltage node 306 (i.e., VSS). In yet another
implementation, an enable transistor may instead be a
PMOS transistor coupled to the positive supply voltage node
302 (i.e., VDD), and the cross-coupled latch circuit 210, the
first current mirror circuit 230, and the second current mirror
circuit 250 may each be coupled to the negative supply
voltage node 306 (i.e., VSS). Further, those skilled in the art
will understand that the level shifter circuit described herein
may be a level-down shifter circuit configured to translate
input signals to output signals at a lower voltage level.
[0077] Accordingly, in view of the implementations dis-
cussed above with respect to FIGS. 1-7, level shifter cir-
cuitry using current mirrors may be used to convert signals
from one voltage domain to signals in another voltage
domain for a variety of voltage levels. As mentioned above,
the level shifter circuitry may operate to convert input
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signals A, nA from a first voltage domain to output signals
OUT, OUTB from a second voltage domain. As is also noted
above, the input signals A, nA may switch between voltage
levels VDDL or VSS in the first voltage domain, and the
output signals OUT, OUTB may switch between voltage
levels VDD or VSS in the second voltage domain. As
described above, the level shifter circuitry with its current
mirrors may be able to convert input signals from a rela-
tively low voltage level VDDL to a higher voltage level
VDD, including for instances where the voltage level VDDL
is lower than the threshold voltages of transistors of the level
shifter circuitry.

[0078] Further, the current mirrors as described herein
may generate mirror currents when level shifter circuitry is
in a transient state. When level shifter circuitry is in a steady
state, the current mirrors as described herein may be cut off,
thereby minimizing leakage current due to the current mirror
circuitry. In addition, the level shifter circuitry as described
herein may operate within a variety of process, voltage, and
temperature (PVT) conditions for power, performance, and
area (PPA) and/or process variations. Additionally, the level
shifter circuitry as described herein may be smaller in area,
operate with less delay, and utilize less power than conven-
tional level shifter circuitry.

[0079] The description provided herein may be directed to
specific implementations. It should be understood that the
discussion provided herein is provided for the purpose of
enabling a person with ordinary skill in the art to make and
use any subject matter defined herein by the subject matter
of the claims.

[0080] It should be intended that the subject matter of the
claims not be limited to the implementations and illustra-
tions provided herein, but include modified forms of those
implementations including portions of implementations and
combinations of elements of different implementations in
accordance with the claims. It should be appreciated that in
the development of any such implementation, as in any
engineering or design project, numerous implementation-
specific decisions should be made to achieve a developers’
specific goals, such as compliance with system-related and
business related constraints, which may vary from one
implementation to another. Moreover, it should be appreci-
ated that such a development effort may be complex and
time consuming, but would nevertheless be a routine under-
taking of design, fabrication, and manufacture for those of
ordinary skill having benefit of this disclosure.

[0081] Reference has been made in detail to various
implementations, examples of which are illustrated in the
accompanying drawings and figures. In the detailed descrip-
tion, numerous specific details are set forth to provide a
thorough understanding of the disclosure provided herein.
However, the disclosure provided herein may be practiced
without these specific details. In some other instances,
well-known methods, procedures, components, circuits and
networks have not been described in detail so as not to
unnecessarily obscure details of the embodiments.

[0082] It should also be understood that, although the
terms first, second, etc. may be used herein to describe
various elements, these elements should not be limited by
these terms. These terms are only used to distinguish one
element from another. For example, a first element could be
termed a second element, and, similarly, a second element
could be termed a first element. The first element and the
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second element are both elements, respectively, but they are
not to be considered the same element.

[0083] The terminology used in the description of the
disclosure provided herein is for the purpose of describing
particular implementations and is not intended to limit the
disclosure provided herein. As used in the description of the
disclosure provided herein and appended claims, the singu-
lar forms “a,” “an,” and “the” are intended to include the
plural forms as well, unless the context clearly indicates
otherwise. The term “and/or” as used herein refers to and
encompasses any and all possible combinations of one or
more of the associated listed items. The terms “includes,”
“including,” “comprises,” and/or “comprising,” when used
in this specification, specify a presence of stated features,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components
and/or groups thereof.

[0084] As used herein, the term “if” may be construed to
mean “when” or “upon” or “in response to determining” or
“in response to detecting,” depending on the context. Simi-
larly, the phrase “if it is determined” or “if [a stated
condition or event] is detected” may be construed to mean
“upon determining” or “in response to determining” or
“upon detecting [the stated condition or event|” or “in
response to detecting [the stated condition or event],”
depending on the context. The terms “up” and “down”;
“upper” and “lower”; “upwardly” and “downwardly”;
“below” and “above”; and other similar terms indicating
relative positions above or below a given point or element
may be used in connection with some implementations of
various technologies described herein.

[0085] While the foregoing is directed to implementations
of various techniques described herein, other and further
implementations may be devised in accordance with the
disclosure herein, which may be determined by the claims
that follow. Although the subject matter has been described
in language specific to structural features and/or method-
ological acts, it is to be understood that the subject matter
defined in the appended claims is not necessarily limited to
the specific features or acts described above. Rather, the
specific features and acts described above are disclosed as
example forms of implementing the claims.

1. A level shifter circuit, comprising:

a latch circuit configured to receive an input signal,
wherein the latch circuit comprises a plurality of tran-
sistors configured to generate an output signal based on
the input signal;

a first current mirror circuit coupled to the latch circuit,
wherein the first current mirror circuit comprises:

a first n-type metal-oxide-semiconductor (NMOS) tran-
sistor; and
a second NMOS transistor; and

a second current mirror circuit coupled to the latch circuit,
wherein the first current mirror circuit and the second
current mirror circuit are configured to drive the output
signal from a transient state voltage level to a steady
state voltage level.

2. The level shifter circuit of claim 1, wherein the input
signal corresponds to a first voltage domain and the output
signal corresponds to a second voltage domain, and wherein
a voltage level of the input signal at a logic high is less than
a voltage level of the output signal at a logic high.
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3. The level shifter circuit of claim 1, wherein:

when the input signal corresponds to a logic high, the
transient state voltage level of the output signal corre-
sponds to a logic low and the steady state voltage level
of the output signal corresponds to a logic high; and

when the input signal corresponds to a logic low, the
transient state voltage level of the output signal corre-
sponds to a logic high and the steady state voltage level
of the output signal corresponds to a logic low.

4. The level shifter circuit of claim 1, wherein the plurality

of transistors comprises:

a first pull-up transistor and a second pull-up transistor
cross-coupled to one another and having terminals
configured to receive a voltage from a positive supply
voltage node;

a first pull-down transistor and a second pull-down tran-
sistor having terminals configured to receive a voltage
from a negative supply voltage node; and

a plurality of drive transistors, comprising a first drive
transistor, a second drive transistor, a third drive tran-
sistor, and a fourth drive transistor.

5. The level shifter circuit of claim 4, wherein:

the first drive transistor is coupled in series with the first
pull-up transistor;

the second drive transistor is coupled in series with the
second pull-up transistor;

the third drive transistor is coupled in parallel with the
first pull-down transistor; and

the fourth drive transistor is coupled in parallel with the
second pull-down transistor.

6. The level shifter circuit of claim 4, wherein, based on
the input signal corresponding to a logic high and the output
signal corresponding to the transient state voltage level, the
first current mirror circuit is configured to generate a mirror
current.

7. The level shifter circuit of claim 6, wherein:

the first n-type metal-oxide-semiconductor (NMOS) tran-
sistor is configured to be activated using the input
signal; and

the second NMOS transistor is configured to be activated
using an inverted output signal.

8. The level shifter circuit of claim 6, wherein the mirror
current is configured to deactivate the first drive transistor
and to activate the third drive transistor, and wherein the
deactivated first drive transistor and the activated third drive
transistor are configured to drive the output signal from the
transient state voltage level to the steady state voltage level
by activating the second pull-up transistor.

9. The level shifter circuit of claim 8, wherein first current
mirror circuit is configured to stop generating the mirror
current after the output signal is driven to the steady state
voltage level.

10. The level shifter circuit of claim 4, wherein, based on
the input signal corresponding to a logic low and the output
signal corresponding to the transient state voltage level, the
second current mirror circuit is configured to generate a
mirror current.

11. The level shifter circuit of claim 10, wherein the
second current mirror circuit comprises:

a first n-type metal-oxide-semiconductor (NMOS) tran-
sistor configured to be activated using an inverted input
signal; and

a second NMOS transistor configured to be activated
using the output signal.
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12. The level shifter circuit of claim 10, wherein the
mirror current is configured to deactivate the second drive
transistor and to activate the fourth drive transistor, and
wherein the deactivated second drive transistor and the
activated fourth drive transistor are configured to drive the
output signal from the transient state voltage level to the
steady state voltage level using the voltage from the negative
supply voltage node.

13. The level shifter circuit of claim 12, wherein second
current mirror circuit is configured to stop generating the
mirror current after the output signal is driven to the steady
state voltage level.

14. A level shifter circuit, comprising:

a latch circuit configured to receive an input signal,
wherein the latch circuit comprises a plurality of tran-
sistors configured to generate an output signal based on
the input signal, the plurality of transistors comprising
a plurality of pull-up transistors, a plurality of pull-
down transistors, and a plurality of drive transistors;

a first current mirror circuit coupled to the latch circuit,
wherein the first current mirror circuit comprises:

a first n-type metal-oxide-semiconductor (NMOS) tran-
sistor; and
a second NMOS transistor; and

a second current mirror circuit coupled to the latch circuit,
wherein the first current mirror circuit and the second
current mirror circuit are configured to drive the output
signal from a transient state voltage level to a steady
state voltage level.

15. The level shifter circuit of claim 14, wherein:

the plurality of pull-up transistors comprises a first pull-up
transistor and a second pull-up transistor cross-coupled
to one another and having terminals configured to
receive a voltage from a positive supply voltage node;

the plurality of pull-down transistors comprises a first
pull-down transistor and a second pull-down transistor
having terminals configured to receive a voltage from
a negative supply voltage node; and

the plurality of drive transistors comprises a first drive
transistor, a second drive transistor, a third drive tran-
sistor, and a fourth drive transistor.

16. The level shifter circuit of claim 15, wherein:

based on the input signal corresponding to a logic high
and the output signal corresponding to the transient
state voltage level, the first current mirror circuit is
configured to generate a first mirror current; and

based on the input signal corresponding to a logic low and
the output signal corresponding to the transient state
voltage level, the second current mirror circuit is con-
figured to generate a second mirror current.

17. The level shifter circuit of claim 16, wherein:

the first mirror current is configured to deactivate the first
drive transistor and to activate the third drive transistor,
and wherein the deactivated first drive transistor and
the activated third drive transistor are configured to
drive the output signal from the transient state voltage
level to the steady state voltage level by activating the
second pull-up transistor; and

the second mirror current is configured to deactivate the
second drive transistor and to activate the fourth drive
transistor, and wherein the deactivated second drive
transistor and the activated fourth drive transistor are
configured to drive the output signal from the transient



US 2021/0218389 Al

state voltage level to the steady state voltage level using
the voltage from the negative supply voltage node.

18. A level shifter circuit, comprising:

a latch circuit configured to receive an input signal,
wherein the latch circuit comprises a plurality of tran-
sistors configured to generate an output signal based on
the input signal, wherein the plurality of transistors
comprises a first drive transistor, a second drive tran-
sistor, a third drive transistor, and a fourth drive tran-
sistor;

a first current mirror circuit coupled to the latch circuit,
wherein the first current mirror circuit comprises:

a first n-type metal-oxide-semiconductor (NMOS) tran-
sistor; and
a second NMOS transistor; and

a second current mirror circuit coupled to the latch circuit,
wherein the first current mirror circuit and the second
current mirror circuit are configured to drive the output
signal from a transient state voltage level to a steady
state voltage level by generating a first mirror current
and a second mirror current.

19. The level shifter circuit of claim 18, wherein:

based on the input signal corresponding to a logic high
and the output signal corresponding to the transient
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state voltage level, the first current mirror circuit is
configured to generate the first mirror current; and

based on the input signal corresponding to a logic low and
the output signal corresponding to the transient state
voltage level, the second current mirror circuit is con-
figured to generate the second mirror current.

20. The level shifter circuit of claim 19, wherein:

the first mirror current is configured to deactivate the first
drive transistor and to activate the third drive transistor,
and wherein the deactivated first drive transistor and
the activated third drive transistor are configured to
drive the output signal from the transient state voltage
level to the steady state voltage level by activating a
pull-up transistor; and

the second mirror current is configured to deactivate the
second drive transistor and to activate the fourth drive
transistor, and wherein the deactivated second drive
transistor and the activated fourth drive transistor are
configured to drive the output signal from the transient
state voltage level to the steady state voltage level using
a voltage from a negative supply voltage node.
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