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(57) Abstract: A non-volatile latch circuitry, comprising a Re RAM cell configured to store a tinal value of the non-volatile latch
circuitry; a data selection circuitry configured to connect or disconnect a data input to a plus voltage node and a minus voltage node
of the Re Ram cell depending on a clock input voltage level; a pull down transistor configured to set a first voltage level at the minus
voltage node to a logically low voltage level it the data input is not connected to the plus and minus voltage nodes of the Re RAM
cell; a bias circuitry configured to provide a fix bias current to set a second voltage level at the plus voltage node to a varying voltage
level depending on the resistor value of the Re RAM cell if the data input is not connected to the plus voltage node; and a threshold
adjusted circuitry arranged to convert an analog value of the second voltage level into a digital value and configured to generate an
output signal and / or an inverted output signal.
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CMOS Compatible Non-Volatile Latch and D-Flip Flop Using Resistive

Switching Materials

Technical field

The invention relates to CMOS compatible non-volatile D-latch and D-flip-flop structures

constructed by Resistive Switching Materials.

Background

In advanced technology nodes, as the dimensions of the devices get smaller and high speed
operation of the circuits is required, the power consumption of the logical circuits becomes
more crucial. To overcome this issue several techniques are realized such as voltage scaling,
power and clock gating. When the power is turned down through the power gating, the com-
puted data inside the logical circuits become volatile. Thus the storage of the data is very
important in such kind of applications. Using non-volatile latches or non-volatile flip-flop
structures, power gating would not cause any datfa loss and these non-volatile elements make

the circuitry more reliable in terms of the data storage.

A Re-RAM based non-volatile flip-flop which is optimized for sub-VT operation is generally
known in |. Kazi et al., "A ReRAM-based non-volatile flip-flop with sub-VT read and CMOS
voltage-compatible write," IEEE NEWCAS, 2013. Sub-VT operation enables energy-efficient
VLSI systems with zero leakage power states. The disadvantage of the generally known Re-
Ram based non-volatile flip-flop is that non-volatile read and write operation is not per-
formed in each clock cycle thereby requiring extra control signals to perform the write and

read operation.

One aim of the present invention is fo provide a solution to the above discussed disad-

vantage.

Summary of invention

In a first aspect the invention provides a non-volatile latch circuitry, comprising a ReRAM cell
configured to store a final value of the non-volatile latch circuitry; a data selection circuitry
configured to connect or disconnect a data input to a plus voltage node and a minus voltage

node of the ReRam cell depending on a clock input voltage level; a pull down transistor con-
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figured to set a first voltage level af the minus voltage node to a logically low voltage level if
the data input is not connected to the plus and minus voltage nodes of the ReRAM cell; a bias
circuitry configured fo provide a fix bias current to set a second voltage level at the plus volt-
age node to a varying voltage level depending on the resistor value of the ReRAM cell if the
data input is not connected to the plus voltage node; and a threshold adjusted circuitry ar-
ranged to convert an analog value of the second voltage level into a digital value and config-

ured to generate an output signal and / or an inverted output signal.

In a preferred embodiment of the non-volatile latch circuitry, the data selection circuitry com-
prises a first inverter with a first input port and a first output port, a second inverter with a
second input port and a second output port, a first fri-stated inverter with a third input port, a
third output port and a first enable port, and a second fri-stated inverter with a fourth input
port, a fourth output port and a second enable port. The first inverter is configured to connect
the data input to the first input port, and to connect the second input port and the fourth
input port to the first output port. The second inverter is further configured to connect the
second output port to the third input port. The first tri-stated inverter is further configured to
connect the plus voltage node to the third output port and the clock input to the first enable
port. The second tri-stated inverter is further configured to connect the minus voltage node fo

the fourth output port, and the clock input to the second enable port.

In a further preferred embodiment of the non-volatile latch circuitry, the data selection cir-
cuitry comprises a first OR gatfe with a first OR gate input port, a second OR gate input port
and a first OR gate output port, a first AND gate with a first AND gate input port, a second
AND gate input port and a first AND gate output port, a second OR gate with a third OR
gate input port, a fourth OR gate input port and a second OR gate output port. The first OR
gate is configured to connect an inverted clock input to the first OR gate input port, the data
input to the second OR gate input port, and a gate of a second PMOS transistor to the first
OR gate output port; the first AND gate is configured to connect the clock input to the first
AND gate input port, the data input to the second AND gate input port, and a gate of a se-
cond NMOS transistor to the first AND gate output port; the second OR gate is configured
to connect the inverted clock input to the third OR gate input port, the inverted data input to
the fourth OR gate input port, a gate of a first PMOS transistor to the second OR gate output
port, and a gate of a first NMOS transistor to the second OR gate output port; the first
NMOS transistor further including a drain input and a source input, and being further config-
ured to connect the logically low voltage input to the source input, and the minus voltage

node of the ReRAM cell to the drain input; the first PMOS transistor further including a drain
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input and a source input, and being further configured to connect a logically high voltage
input to the source input, and the minus voltage node of the ReRAM cell to the drain input;
the second NMOS ftransistor further including a drain input and a source inpuf, and being
further configured to connect the logically low voltage input to the source input, and the plus
voltage node of the ReRAM cell to the drain input; and the second PMOS transistor further
including a drain input and a source input, being further configured to connect the logically
high voltage input to the source input, and the plus voltage node of the ReRAM cell to the

drain input.

In a further preferred embodiment of the non-volatile latch circuitry, the bias circuitry com-
prises a first PMOS transistor and a second PMOS transistor, wherein the first PMOS transis-
tor includes a gate input, a drain input and a source input configured to connect the clock
input to the gate input, the logically high voltage to the source input, and a source input of
the second PMOS ftransistor to the drain input; and the second PMOS transistor includes a
gate input, a drain input and a source input configured to connect a bias voltage input to the
gate input, the drain of the first PMOS transistor to the source, and the plus voltage node of

the ReRAM cell fo the drain input.

In a further preferred embodiment of the non-volatile latch circuitry, the threshold adjusted
circuitry comprises a threshold adjusted inverter, a first inverter, and a second inverter ,
wherein the threshold adjusted inverter includes an input port and an output port configured
to connect the plus voltage node of the ReRAM cell to the input port and an input port of the
first inverter to the output port; the first inverter includes an input port and an output port
configured to connect the output of the threshold adjusted inverter to the input port , the
inverted output signal to the output port, and an input of the second inverter to the output
port; and the second inverter includes an input port and an output port configured to connect

the output of the first inverter to the input port and the output signal to the output port.

In a further preferred embodiment of the non-volatile latch circuitry, this further comprises an
asynchronous reset circuitry in the data selection circuitry, configured to set the first voltage
node and the second voltage node of the ReRAM cell to program the ReRAM to high resistor

value with reset input signal.

In a further preferred embodiment of the non-volatile latch circuitry, the asynchronous reset
circuitry comprises a NAND gate, an OR gate, a first tri-stated inverter, and a second tri-
stated inverter, wherein the NAND gate includes a first input port, a second input port and an

output port configured to connect the data input to the first input port, the reset input fo the
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second input port, an input port of a inverter fo the output port, and an input port of the se-
cond tri-stated inverter to the output port; the OR gate includes a first input port, a second
input port and an output port configured to connect the clock input to the first input port, the
inverted reset input to the second input port and an enable port of the first fri-stated inverter,
and an enable port of the second tri-stated inverter to the output port; the inverter includes
the input port and an output port configured to connect the output port of the NAND gate to
the input port and an input port of the first tri-stated inverter to the output port; the first tri-
stated inverter includes the input port, an output port and the enable port configured to con-
nect to the output port of the inverter to the input port, the plus voltage node of ReRAM cell
to the output port, and the output port of the OR gate to the enable port; and the second tri-
stated inverter includes the input port, an output port and the enable port configured to con-
nect to the output port of the NAND gate to the input port, the minus voltage node of Re-

RAM cell to the output port and the output port of the OR gate to the enable port.

In a further preferred embodiment of the non-volatile latch circuitry, the asynchronous reset
circuitry comprises a first OR gate, a first AND gate, a second OR gate, a second AND gate,
a third AND gate, a third OR gate, a first NMOS transistor, a first PMOS ftransistor, a se-
cond NMOS ftransistor, and a second PMOS transistor, the first OR gate including a first
input port, a second input port and an output port configured to connect an inverted clock
input to the first input port, the data input fo the second input port, and a first input port of
the second AND gate fo the output port; the first AND gate including a first input port, a
second input port and an output port configured to connect the clock input to the first input
port, the data input fo the second input port, and a first input port of the third AND gate to
the output port; the second OR gate including a first input port, a second input port and an
output port configured to connect the inverted clock input to the first input port, the inverted
data input to the second input port, and a first input port of the third OR gate fo the output
port; the second AND gate including the first input port, a second input port and an output
port configured to connect the output port of the first OR gate to the first input port; the
reset input fo the second input port, and a gate of the second PMOS transistor to the output
port; the third AND gate including the first input port, a second input port and an output port
configured to connect the output port of the first AND gate to the first input port, the reset
input to the second input port, and a gate of the second NMOS transistor to the output port;
the third OR gate including the first input port, a second input port and an output port con-
figured to connect the output port of the second OR gate to the first input port, the inverted

reset input to the second input port, a gate of the first NMOS fransistor to the output port,
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and a gate of the first PMOS transistor to the output port; the first NMOS transistor includ-
ing the gate input, a drain input and a source input, and being further configured to connect
the logically low voltage input to the source input, and the minus voltage node of the ReRAM
cell to the drain input; the first PMOS fransistor including the gate input, a drain input and a
source input, and being further configured to connect the logically high voltage input to the
source inputf, and the minus voltage node of the ReRAM cell to the drain input; the second
NMOS transistor including the gate input, a drain input and a source input, and being further
configured to connect the logically low voltage input fo the source input, and the plus voltage
node of the ReRAM cell to the drain input; and the second PMOS transistor including a gate
input, a drain input and a source input, and being further configured to connect the logically
high voltage input to the source input, and the plus voltage node of the ReRAM cell to the

drain input.

In a further preferred embodiment of the non-volatile latch circuitry, the bias circuitry com-
prises an OR gate, a first PMOS transistor, and a second PMOS transistor, the OR gate in-
cluding a first input port, a second input port and an output port configured fo connect the
clock input to the first input port and the inverted reset input to the second input port, and a
gate input of the first PMOS transistor to the output port; the first PMOS transistor including
the gate input, a drain input and a source input, and being further configured to connect the
logically high voltage to the source input, and a source input of the second PMOS transistor
to the drain input; and the second PMOS transistor including gate input, a drain input and
the source input configured to connect the bias voltage input to the gate input, the drain of
the first PMOS transistor to the source, and the plus voltage node of the ReRAM cell fo the

drain input.

In a further preferred embodiment the non-volatile latch circuitry, further comprises an asyn-
chronous set circuitry in the data selection circuitry configured to set the first voltage node
and the second voltage node of the ReRAM cell to program the ReRAM to low resistor value

with reset input signal.

In a further preferred embodiment of the non-volatile latch circuitry, the asynchronous set
circuitry comprises a NOR gate, an OR gate, an inverter, a first tri-stated inverter, a second
tri-stated inverter, the NOR gate including a first input port, a second input port and an out-
put port configured to connect the data input to the first input port, the inverted set input to
the second input port, an input port of the inverter to the output port, and an input port of the

second fri-stated inverter to the output port; the OR gate including a first input port, a second
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input port and an output port configured to connect the clock input to the first input port, the
inverted set input to the second input port, and an enable port of the first tri-stated inverter
and an enable port of the second tri-stated inverter to the output port; the inverter including
the input port and an output port configured fo connect the output port of the NOR gate to
the input port and an input port of the first tri-stated inverter to the output port; the first tri-
stated inverter including the input port, an output port and the enable port configured to con-
nect to the output port of the inverter to the input port, the plus voltage node of the ReRAM
cell to the output port and the output port of the OR gate to the enable port; and the second
tri-stated inverter including the input port, an output port and the enable port configured to
connect to the output port of the NOR gate to the input port, the minus voltage node of the

ReRAM cell to the output port, and the output port of the OR gate to the enable port.

In a further preferred embodiment of the non-volatile latch circuitry, the asynchronous set
circuitry comprises a first OR gate, a first AND gate, a second OR gate, a third OR gate, a
fourth OR gate, a second AND gate, a first NMOS ftransistor, a first PMOS transistor, a
second NMOS transistor, and a second PMOS transistor, the first OR gate including a first
input port, a second input port and an output port configured to connect an inverted clock
input to the first input port, the data input fo the second input port, and a first input port of
the third OR gate to the output port; the first AND gate including a first input port, a second
input port and an output port configured to connect the clock input to the first input port, the
data input to the second input port, and a first input port of the fourth OR gate to the output
port; the second OR gate including a first input port, a second input port and an output port
configured to connect the inverted clock input to the first input port, the inverted data input
to the second input port, and a first input port of the second AND gate to the output port; the
third OR gate including the first input port, a second input port and an output port configured
to connect the output port of the first OR gate to the first input port, the inverted set input to
the second input port, and a gate of the second PMOS ftransistor to the output port; the
fourth OR gate including the first input port, a second input port and an output port config-
ured fo connect the output port of the first AND gate to the first input port, the inverted set
input to the second input port, and a gate of the second NMOS transistor to the output port;
the second AND gate including the first input port, a second input port and an output port
configured to connect the output port of the second OR gate to the first input port, the set
input signal fo the second input port, a gate of the first NMOS fransistor to the output port,
and a gate of the first PMOS transistor to the output port; the first NMOS transistor includ-

ing the gate input, a drain input and a source input, being further configured to connect the



WO 2014/184752 PCT/IB2014/061433
7

logically low voltage input to the source input and the minus voltage node of the ReRAM cell
to the drain input; the first PMOS transistor including the gate input, a drain input and a
source input, being further configured to connect a logically high voltage input to the source
input and the minus voltage node of the ReRAM cell to the drain input; the second NMOS
transistor including the gate input, a drain input and a source input, being further configured
to connect the logically low voltage input to the source input and the plus voltage node of the
ReRAM cell to the drain input; the second PMOS transistor including the gate input, a drain
input and a source input, being further configured to connect the logically high voltage input

to the source input and the plus voltage node of the ReRAM cell to the drain input.

In a further preferred embodiment of the non-volatile latch circuitry, the bias circuitry com-
prises an OR gate, a first PMOS ftransistor, and a second PMOS ftransistor, the OR gate in-
cluding a first input port, a second input port and an output port configured fo connect the
clock input to the first input port and the inverted set input to the second input port and a
gate input of the first PMOS transistor to the output port; the first PMOS transistor includ-
ing the gate input, a drain input and a source input, being further configured to connect the
logically high voltage to the source input and a source input of the second PMOS transistor to
the drain input; the second PMOS transistor including a gate input, a drain input and the
source input configured to connect a bias voltage input to the gate input, the drain of the first
PMOS ftransistor fo the source and the plus voltage node of the ReRAM cell fo the drain in-

put.

In a further preferred embodiment the non-volatile latch circuitry further comprises an asyn-
chronous force to high circuitry configured to set the output signal to logically high voltage
and the inverted output signal to logically low voltage and connected to the plus voltage node

of the ReRAM cell.

In a further preferred embodiment of the non-volatile latch circuitry, the asynchronous force
to high circuitry comprises a threshold adjusted inverter, a NOR gate, and an inverter, the
threshold adjusted inverter including an input port and an output port configured to connect
the plus voltage node of the ReRAM cell to the input port and a first input port of the NOR
gate to the output port; the NOR gate including the first input port, a second input port and
an output port configured to connect the output of the adjusted inverter to the first input
port, a force to high input to the second input port, the inverted output signal to the output

port, and an input port of the inverter to the output port; and the inverter including the input
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port and an outfput port configured to connect the output of the NOR gate to the input port

and the output signal to the output port.

In a further preferred embodiment the non-volatile latch circuitry further comprises an asyn-
chronous force to low circuitry configured to set the output signal to logically low voltage and
the inverted output signal to logically high voltage and connected to the plus voltage node of

the ReRAM cell.

In a further preferred embodiment of the non-volatile latch circuitry, the asynchronous force
to low circuitry comprises a threshold adjusted inverter, a NAND gate, and an inverter, the
threshold adjusted inverter including an input port and an output port configured to connect
the plus voltage node of the ReRAM cell to the input port and a first input port of the NAND
gate to the output port; the NAND gate including the first input port, a second input port and
an output port configured to connect the output of the adjusted inverter to the first input
port, an inverted force to low input to the second input port, the inverted output signal to the
output port, and an input port of the inverter to the output port; and the inverter including the
input port and an output port configured fo connect the output of the NAND gate to the

input port and the output signal to the output port.

In a second aspect the invention provides a non-volatile rising edge D-Flip Flop, comprising a
first non-volatile latch circuitry, including a data port, a clock port, a bias voltage port and an
output port, configured to connect the input port to a data input, the clock port to an inverted
clock input, the bias voltage port to a bias voltage input and the output port to a data port of
a second non-volatile latch circuitry; and the second non-volatile latch circuitry according to
claim 1, including the data port, a clock port, a bias voltage port, an output port and an in-
verted oufput port, configured to connect the input port to the output of the first non-volatile
latch circuitry, the clock port to a clock input, the bias voltage port to the bias voltage inpuft,

the output port to an output signal and the inverted output port to an inverted output signal.

In a third aspect the invention provides a non-volatile falling edge D-Flip Flop, comprising a
first non-volatile latch circuitry, including a data port, a clock port, a bias voltage port and an
output port, configured to connect the input port to a data input, the clock port to a clock
input, the bias voltage port to a bias voltage input and the output port to a data port of a
second non-volatile latch circuitry; and the second non-volatile latch circuitry, including the
data port, a clock port, a bias voltage port, an output port and an inverted output port, con-

figured to connect the input port to the output of the first non-volatile latch circuitry, the
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clock port to an inverted clock input, the bias voltage port to the bias voltage input, the out-

put port to an output signal and the inverted output port to an inverted output signal.

In a fourth aspect the invention provides a non-volatile rising edge D-Flip Flop with asynchro-
nous reset, comprising a first non-volatile latch circuitry, including a data port, a clock port, a
bias voltage port, a reset port and an output port, configured to connect the input port to a
data input, the clock port to an inverted clock input, the bias voltage port to a bias voltage
input, the reset port to a reset input and the output port to a data port of a second non-
volatile latch circuitry; and the second non-volatile latch circuitry, including the data port, a
clock port, a bias voltage port, a reset port, an output port and an inverted output port, con-
figured fo connect the input port to the output of the first non-volatile latch circuitry, the
clock port to a clock input, the bias voltage port to the bias voltage input, the reset port to the
reset input, the output port to an output signal and the inverted output port to an inverted

output signal.

In a fifth aspect the invention provides a non-volatile falling edge D-Flip Flop with asynchro-
nous reset, comprising a first non-volatile latch circuitry, including a data port, a clock port, a
bias voltage port, a reset port and an output port, configured to connect the input port fo a
data inpuft, the clock port to a clock input, the bias voltage port to a bias voltage input, the
reset port to a reset input and the output port to a data port of a second non-volatile latch
circuitry; and the second non-volatile latch circuitry, including the data port, a clock port, a
bias voltage port, a reset port, an output port and an inverted output port, configured to con-
nect the input port to the output of the first non-volatile latch circuitry, the clock port to an
inverted clock input, the bias voltage port to the bias voltage input, the reset port to the reset
input, the output port to an output signal and the inverted output port to an inverted output

signal.

In a sixth aspect the invention provides a non-volatile rising edge D-Flip Flop with asynchro-
nous set, comprising a first non-volatile latch circuitry, including a data port, a clock port, a
bias voltage port, a set port and an output port, configured to connect the input port to a data
input, the clock port to an inverted clock input, the bias voltage port to a bias voltage inpuft,
the set port fo a set input and the output port to a data port of a second non-volatile latch
circuitry; and the second non-volatile latch circuitry, including the data port, a clock port, a
bias voltage port, a set port, an output port and an inverted output port, configured to con-

nect the input port to the output of the first non-volatile latch circuitry, the clock port to a
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clock input, the bias voltage port to the bias voltage input, the set port to the set input, the

output port to an output signal and the inverted output port to an inverted output signal.

In a seventh aspect the invention provides non-volatile falling edge D-Flip Flop with asyn-
chronous set, comprising a first non-volatile latch circuitry, including a data port, a clock port,
a bias voltage port, a set port and an outfput port, configured to connect the input port to a
data input, the clock port to a clock input, the bias voltage port fo a bias voltage input, the set
port fo a sef input and the output port to a data port of a second non-volatile latch circuitry;
and the second non-volatile latch circuitry, including the data port, a clock port, a bias voltage
port, a set port, an output port and an inverted output port, configured to connect the input
port to the output of the first non-volatile latch circuitry, the clock port to an inverted clock
input, the bias voltage port to the bias voltage input, the set port to the set input, the output

port to an output signal and the inverted output port to an inverted output signal.

In an eighth aspect the invention provides a non-volatile rising edge D-Flip Flop with force-
to-high, comprising a first non-volatile latch circuitry, including a data port, a clock port, a
bias voltage port, a force-to-high port and an output port, configured to connect the input
port to a data input, the clock port to an inverted clock input, the bias voltage port to a bias
voltage input, the force-to-high port to a force to high input and the output port to a data
port of a second non-volatile latch circuitry; and the second non-volatile latch circuitry ac-
cording to claim 14, including the data port, a clock port, a bias voltage port, a force-to-high
port, an output port and an inverted output port, configured to connect the input port to the
output of the first non-volatile latch circuitry, the clock port to a clock input, the bias voltage
port to the bias voltage input, the force-to-high port to the force to high input, the output

port to an output signal and the inverted output port to an inverted output signal.

In a ninth aspect the invention provides a non-volatile falling edge D-Flip Flop with force-to-
high, comprising a first non-volatile latch circuitry, including a data port, a clock port, a bias
voltage port, a force-to-high port and an output port, configured to connect the input port to
a data input, the clock port to a clock input, the bias voltage port to a bias voltage input, the
force-to-high port fo a force to high input and the output port to a data port of a second non-
volatile latch circuitry; and the second non-volatile latch circuitry, including the data port, a
clock port, a bias voltage port, a force-to-high port, an output port and an inverted output
port, configured to connect the input port to the output of the first non-volatile latch circuitry,

the clock port to an inverted clock input, the bias voltage port to the bias voltage input, the
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force-to-high port to the force to high input, the output port to an output signal and the in-

verted output port to an inverted output signal.

In a tenth aspect the invention provides a non-volatile rising edge D-Flip Flop with force-to-
low, comprising a first non-volatile latch circuitry, including a data port, a clock port, a bias
voltage port, a force-to-low port and an output port, configured to connect the input port to a
data input, the clock port to an inverted clock input, the bias voltage port to a bias voltage
input, the force-to-low port to a force to low input and the output port fo a data port of a
second non-volatile latch circuitry; and the second non-volatile latch circuitry, including the
data port, a clock port, a bias voltage port, a force-to-low port, an output port and an inverted
output port, configured to connect the input port to the output of the first non-volatile latch
circuitry, the clock port to a clock input, the bias voltage port to the bias voltage input, the
force-to-low port to the force to low input, the output port to an output signal and the invert-

ed output port to an inverted output signal.

In an eleventh aspect the invention provides a non-volatile falling edge D-Flip Flop with
force-to-low, comprising a first non-volatile latch circuitry, including a data port, a clock port,
a bias voltage port, a force-to-low port and an output port, configured to connect the input
port to a data input, the clock port to a clock input, the bias voltage port to a bias voltage
input, the force-to-low port to a force to low input and the output port fo a data port of a
second non-volatile latch circuitry; and the second non-volatile latch circuitry, including the
data port, a clock port, a bias voltage port, a force-to-low port, an output port and an inverted
output port, configured to connect the input port to the output of the first non-volatile latch
circuitry, the clock port fo an inverted clock input, the bias voltage port to the bias voltage
input, the force-to-low port to the force to low input, the output port to an output signal and

the inverted output port to an inverted output signal.

In a twelveth aspect the invention provides a non-volatile rising edge D-Flip Flop, comprising
a first non-volatile latch circuitry, including a data port, a clock port, a bias voltage port and
an output port, configured to connect the input port to a data input, the clock port to an in-
verted clock input, the bias voltage portf to a bias voltage input and the oufput portf to a data
port of a second non-volatile latch circuitry; and the second non-volatile latch circuitry, in-
cluding the data port, a clock port, a bias voltage port, and an output port, configured to con-
nect the input port to the output of the first non-volatile latch circuitry, the clock port to a
clock input, the bias voltage port to the bias voltage input and the output port to an output

signal.
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In a thirteenth aspect the invention provides a non-volatile falling edge D-Flip Flop, compris-
ing a first non-volatile latch circuitry, including a data port, a clock port, a bias voltage port
and an output port, configured to connect the input port to a data input, the clock port to a
clock input, the bias voltage port to a bias voltage input and the output port to a data port of
a second non-volatile latch circuitry; and the second non-volatile latch circuitry, including the
data port, a clock port, a bias voltage port, and an output, configured to connect the input
port to the output of the first non-volatile latch circuitry, the clock port to an inverted clock

input, the bias voltage port to the bias voltage input and the output port to an output signal.

In a fourteenth aspect the invention provides a non-volatile rising edge D-Flip Flop with asyn-
chronous reset, comprising a first non-volatile latch circuitry, including a data port, a clock
port, a bias voltage port, a reset port and an output port, configured fo connect the input port
to a data input, the clock port to an inverted clock input, the bias voltage port to a bias volt-
age inpuf, the resef port to a reset input and the output port to a data port of a second non-
volatile latch circuitry; and the second non-volatile latch circuitry, including the data port, a
clock port, a bias voltage port, a reset port, and an output port, configured to connect the
input port to the output of the first non-volatile latch circuitry, the clock port to a clock inpuft,
the bias voltage port to the bias voltage input, the reset port to the reset input, and the output

port to an output signal.

In a fifteenth aspect the invention provides a non-volatile falling edge D-Flip Flop with asyn-
chronous reset, comprising a first non-volatile latch circuitry, including a data port, a clock
port, a bias voltage port, a reset port and an output port, configured fo connect the input port
to a data input, the clock port to a clock input, the bias voltage port to a bias voltage input,
the reset port to a reset input and the output port to a data port of a second non-volatile latch
circuitry; and the second non-volatile latch circuitry, including the data port, a clock port, a
bias voltage port, a reset port, and an output port, configured to connect the input port to the
output of the first non-volatile latch circuitry, the clock port to an inverted clock input, the
bias voltage port fo the bias voltage input, the reset port to the reset input, and the output

port to an output signal.

In a sixteenth aspect the invention provides a non-volatile rising edge D-Flip Flop with asyn-
chronous set, comprising a first non-volatile latch circuitry, including a data port, a clock port,
a bias voltage port, a set port and an output port, configured to connect the input port to a
data input, the clock port to an inverted clock input, the bias voltage port to a bias voltage

input, the set port to a setf input and the output port to a data port of a second non-volatile
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latch circuitry; and the second non-volatile latch circuitry, including the data port, a clock
port, a bias voltage port, a set port, and an output port, configured to connect the input port
to the output of the first non-volatile latch circuitry, the clock port to a clock input, the bias
voltage port fo the bias voltage input, the set port to the set input, and the output port to an

output signal.

In a seventeenth aspect the invention provides a non-volatile falling edge D-Flip Flop with
asynchronous set, comprising a first non-volatile latch circuitry, including a data port, a clock
port, a bias voltage port, a set port and an output port, configured to connect the input port fo
a data input, the clock port to a clock input, the bias voltage port to a bias voltage input, the
setf port to a set input and the output port to a data port of a second non-volatile latch circuit-
ry; and the second non-volatile latch circuitry, including the data port, a clock port, a bias
voltage port, a set port, and an output port, configured fo connect the input port to the output
of the first non-volatile latch circuitry, the clock port to an inverted clock input, the bias volt-
age port to the bias voltage input, the set port to the set input, and the output port to an out-

put signal.

In an eighteenth aspect the invention provides a non-volatile rising edge D-Flip Flop with
force-to-high, comprising a first non-volatile latch circuitry, including a data port, a clock
port, a bias voltage port, a force-to-high port and an output port, configured to connect the
input port to a data input, the clock port to an inverted clock input, the bias voltage port to a
bias voltage input, the force-to-high port to a force to high input and the output port to a data
port of a second non-volatile latch circuitry; and the second non-volatile latch circuitry, in-
cluding the data port, a clock port, a bias voltage port, a force-to-high port, and an output
port, configured to connect the input port to the output of the first non-volatile latch circuitry,
the clock port to a clock input, the bias voltage port to the bias voltage input, the force-to-

high port to the force to high input, and the output port to an output signal.

In a nineteenth aspect the invention provides a non-volatile falling edge D-Flip Flop with
force-to-high, comprising a first non-volatile latch circuitry, including a data port, a clock
port, a bias voltage port, a force-to-high port and an output port, configured to connect the
input port to a data input, the clock port to a clock input, the bias voltage port to a bias volt-
age input, the force-to-high port to a force to high input and the output port to a data port of
a second non-volatile latch circuitry; and the second non-volatile latch circuitry, including the
data port, a clock port, a bias voltage port, a force-to-high port, and an output port, config-

ured fo connect the input port to the output of the first non-volatile latch circuitry, the clock
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port to an inverted clock input, the bias voltage port to the bias voltage input, the force-to-

high port to the force to high input, and the output port to an output signal.

In a twentieth aspect the invention provides a non-volatile rising edge D-Flip Flop with force-
to-low, comprising a first non-volatile latch circuitry, including a data port, a clock port, a bias
voltage port, a force-to-low port and an output port, configured to connect the input port to a
data input, the clock port to an inverted clock input, the bias voltage port to a bias voltage
input, the force-to-low port to a force to low input and the output port fo a data port of a
second non-volatile latch circuitry; and the second non-volatile latch circuitry, including the
data port, a clock port, a bias voltage port, a force-to-low port, and an output port, config-
ured fo connect the input port to the output of the first non-volatile latch circuitry, the clock
port fo a clock input, the bias voltage port to the bias voltage input, the force-to-low port o

the force to low input, and the output port to an output signal.

In a twenty first aspect the invention provides a non-volatile falling edge D-Flip Flop with
force-to-low, comprising a first non-volatile latch circuitry, including a data port, a clock port,
a bias voltage port, a force-to-low port and an output port, configured to connect the input
port to a data input, the clock port to a clock input, the bias voltage port to a bias voltage
input, the force-to-low port to a force to low input and the output port fo a data port of a
second non-volatile latch circuitry; and the second non-volatile latch circuitry, including the
data port, a clock port, a bias voltage port, a force-to-low port, and an output port, config-
ured fo connect the input port to the output of the first non-volatile latch circuitry, the clock
port to an inverted clock input, the bias voltage port to the bias voltage input, the force-to-

low port to the force to low input, and the output port to an output signal.

Brief description of the figures

The invention will now be explained in more detail by describing preferred embodiments and

referring to figures, wherein:
figures 1 and 2 illustrate two different implementations of non-volatile latch circuitry;
figure 3 shows the timing diagram of the operation of the latch circuitry;

figures 4 and 5 illustrate two different implementations of non-volatile latch circuitry with

reset function;

figures 6 and 7 illustrate two different implementations of non-volatile latch circuitry with set

function;
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figures 8 and 9 illustrate two different implementations of non-volatile latch circuitry in which

their outputs are forced to high with Force High (FH) input signal;

figures 10 and 11 illustrate two different implementations of non-volatile latch circuitry in

which their outputs are forced to low with Force Low (FL) input signal;

figures 12, 13, 14, 15 and 16 show implementations of non-volatile D-type flip-flop with
different functionalities using non-volatile latch structures described in the invention (e.g.,

reset, set, force to high, force to low).

Detailed description of preferred embodiments of the invention

General description of the invention

The present invention gives the method of implementing different type of CMOS compatible
non-volatile D-latch and D-flip-flop (DFF) structures constructed by Resistive Switching Ma-
terials (RSM) (resistive RAM memory (ReRAM) elements). As a consequence of the non-
volatility, the D-Latch and DFFs store their last state even on their next power-up (/power
cycling). The working principle of the non-volatile latch and DFFs are similar to the conven-

tional latch and DFF structures.
First example

Non-Volatile Latch Circuitry
Figure 1 illustrates a first example implementation of a non-volatile latch circuitry.

In figure 1, once a high voltage is applied to the clock “C” the data “D” is stored in a ReRAM
cell and according to the polarity of the “D” input, the resistor value R of the ReRAM cell

varies, e.g.,

if the voltage level on “D"” is “low” then R = Ryign;

if the voltage level on “D” is “high” then R = Riow;

where Ruighand Riow denote the high resistor and low resistor value of the ReRAM cell respec-

tively.

During the high time of the “C" input, M1 and M2 PMOS transistors are off since M1’s gate
is connected directly to “C” input. Therefore, “D” is propagated to “Q" output through U1,
U2, U3, U5, U6 and U7 inverters. Once the clock “C" is applied “low”, the data is gated by
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U3 and U4 inverters and it is not transmitted to the ReRAM cell. Therefore, ReRAM resistor
value and “Q" output are not affected by the transitions on “D” input. In order to keep “Q”
output value that is set through “D” input during the high time of “C" input, lsiss current is
applied to ReRAM cell through M1 and M2 PMOS ftransistors. In this mode, a Vy voltage

node in Figure 1 is grounded by M3 transistor and a Vx voltage node has the voltage value of
Vx = lpiss % resistor value of ReRAM

which results in
Vxhigh = lpias X Rhigh and

- vxlow = Ibias X RIow-

Therefore, the threshold of the U5 inverter needs to be around (Vxnigh + Viow)/2 so that the
stored value of ReRAM is fransmitted to Q output correctly. Because of the use of ReRAM
cell, the latch shown in this example will keep its last stored value even though the power

applied fo the circuitry is removed.

Figure 2 shows an other type of non-volatile latch circuitry however the operation principle is
similar to the one in figure 1. The only difference is the way how Vx and Vy nodes are set
according to the “D” input during the high time of “C” input. This time, Vx and Vy voltage
nodes are controlled through M3, M4, M5 and M6 transistors. While the clock input is at low
voltage level Vy voltage node is set to ground and the Vx is controlled through the lpiss current
applied to the circuitry. While the clock input is at high voltage level, depending on the data
input (D) voltage level either M5 or M6 transistor is turned on to set the Vx voltage node;

similarly M4 or M3 transistor is turned on to set the Vy voltage node.

Figure 3 shows the timing diagram of the latch circuitry demonstrated in figure 1 and figure

2. The details of the operation are as follows:
e Assumptions:
0  Riow =10 kOhm,
0 Rpgh = 100 kOhm,

o VP=12V,
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= If ReRAM voltage VR, (Vx - Vy) > 1.2V, ReRAM resistor value be-
comes Rygn. If ReRAM voltage VR, (Vx - Vy) < 1.2V, ReRAM resis-

tor value becomes R
0 lbias=5 pA,
o Initial value of ReRAM =100 kOhm (Rpign),
0 the threshold voltage of U5 is around “300 mV”,
o VDD=18V+/-10%;

e Region | > “C” is “low”, “D"” is not written across the ReRAM. Vy is grounded
through M3 transistor and Vx is set by lpissXRhigh. Using the assumption above, Vx is
around 500 mV. Since Vx is greater than the threshold voltage of U5 inverter, Q

output is held af logic “low”.

e Region Il > “C” and “D" are both at logic “high” levels and forcing Vx node to
“~GND/ground” and Vy node to “~VDD/supply”. The voltage drop across the re-
sistor (VR = Vx-Vy) is now around “-VDD". The absolute value of VR is high enough
to change the resistor value from Ryigh to Riow. With the rising edge of “C”, “Q" out-
put is changing from “low voltage level” to “high voltage level” Region Il > Similar
to Region I, Vx is set by lpssXRiow and it is around 50 mV which is lower than the
threshold of U5 inverter. Therefore, Q output is still at logic “high”. In this region,

the Q output is not affected by “high” to “low” transition on “D" input.

e Region IV > This time “C” is “high” but “D” is “low”. “C” and “D” sets Vx as
"~VDD" and Vy as “~GND"”. The voltage drop across the resistor is around
“+VDD” which issufficient to change the resistor value from Rioy to Rpign. Since the

data is “low”, Q output is now changing from “high” to “low” state.

e Region V > Same operation as Region | 5 Vx = lyias X Ruigh = 500 mV. The circuitry
keeps “Q” output at logic “low” and ignores all the transitions that occur in “D” in-

put.

e Region VI > Same operation as Region Il > VR is around “-VDD" and changes the
resistor value from “Rpign” to “Riow”. And the output “Q" is exactly at the same po-

larity as “D" input.
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The diagram in figure 3 illustrates that the data is sampled during the high
level of the clock input and holds the value during the low level the clock input
as in the classical D-type latches. However, it also shows that the ReRAM cell
is programmed to Rygnor Riw level depending on the data (D) level. Since
ReRAM cells are used as a non-volatile memory element, programming the
ReRAM value ensures to store the sampled data value at each clock high level

and helps to resfore the data value in the next power cycles.
Second example

Non-Volatile Latch Circuitry with Asynchronous Reset Function

The operation of the latch in figure 4 and figure 5 is similar to the one in figure 1 and figure 2

with the following exception:

with asynchronous reset (RN) signal assertion (applying low voltage to RN) Vx and Vy nodes
are set in a way that ReRAM resistor value is changed fo “Ruign” state which is also forcing the

Q output to logic “low”.

A nand gate (U12) in figure 4, forces the data input to a low voltage level. This low voltage
will be transmitted across the ReRAM cell once a low voltage is applied to the reset (RN)

signal.

Similarly M3, M4, M5 and M6 transistors in figure 5 are controlled through the data input
(D), clock input (C) and reset input (RN). If the reset signal is asserted low Vx voltage node is
set to high voltage while Vy voltage node is set to low voltage independent from the data
input and clock input voltage levels. This ensures that the ReRAM resistor value is pro-

grammed to Rpigh.

Third example

Non-Volatile Latch Circuitry with Asynchronous Set Function

The operation of the latch in figure 6 and figure 7 is similar to the one in figure 1 and figure 2

with the following exception:

with asynchronous set (SN) signal assertion (applying low voltage to SN) Vx and Vy nodes
are set in a way that ReRAM resistor value is changed to “Ri...” state which is also forcing the

Q output to logic “high”.
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A nor gate (U13) in figure 6, forces the data input to a high voltage level. Once a low voltage

is applied to the set (SN) signal, this high voltage will be transmitted across the ReRAM cell.

Similarly M3, M4, M5 and Mé6 transistors are controlled through the data input (D), clock
input (C) and set input (SN). If the sef signal is asserted low, Vx voltage node is set to low
voltage while Vy voltage node is set to high voltage independent from the data input and

clock input voltage levels. This ensures that the ReRAM resistor value is programmed t0 Ry

Fourth example

Non-Volatile Latch Circuifry with Asynchronous Force-to-High Function

The operation of the latch in figure 8 and figure 9 is similar to the one in figure 1 and figure 2

with the following exception:

with force high signal (FH) assertion (applying high voltage to FH) only Q output of the latch
is forced to “high”. The ReRAM value does not change with FH assertion. This force opera-
tion is done through U61 nor gate. The FH input signal is connected fo the U61 nor gate in-
put. Once a high voltage is applied to the FH input, U61 nor gate output is set fo logic low
and the output of the preceding inverter (U7), which is the Q output of the latch, is set to
high.

Fifth example
Non-Volatile Latch Circuitry with Asynchronous Force-to-Low Function

The operation of the latch in figure 10 and figure 11 is similar to the one in figure 1 and figure

2 with the following exception:

with force low signal assertion (applying high voltage to FL) only Q output of the lafch is
forced to “low”. The ReRAM value does not change with FL assertion. This force operation is
done through U62 nand gate. The inverted FL input signal is connected to the U62 nand gate
input. Once a high voltage is applied to the FL input, U62 nand gate output is set to logic
high and the output of the preceding inverter (U7), which is the Q output of the latch, is set

to low.
Sixth example
Non-Volatile Rising and Falling Edge Triggered D-Flip Flop Circuitry

In figure 12, two different rising edge triggered D-flip-flop structures (DFFs) are shown. The

operational principle of DFFs is similar to that of classical rising edge triggered DFF struc-
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tures: the data is transmitted to the master latch output (not illustrated in figure 12) during
the low time of clock “C” input and the value is stored on the next low to high fransition of C
input. At this time, the stored data on the master side is transmitted fo the Q output of the
flip-flop which is the output of the slave latch. During the low time of the clock input, the
slave latch output is kept at its previous state. Using the non-volatile latch structures that are
illustrated as master and slave in figure 12, the last stored value of DFF is going to be kept at

the next power-up or power-cycling.

Using the same principle, non-volatile falling edge triggered DFF can also be obtained by
changing the polarity of C and CB inputs on both master and slave latches.

Seventh example

Non-Volatile Rising and Falling Edge Triggered D-Flip Flop Circuitry with Reset Function

The operation of the rising edge triggered DFF in figure 13 is similar to the one in figure 12

with the following exception:

with reset signal (RN) assertion (applying low voltage to RN) Vx and Vy nodes of both mas-
ter and slave latches are set in a way that ReRAM resistor values of both master and slave

latches are changed to “Ryg” state forcing Q output of DFF to logic “low”.

Using the same principle, non-volatile falling edge triggered DFF with reset function can also
be obtained by changing the polarity of C and CB inputs on both master and slave latches.
Eight example

Non-Volatile Rising and Falling Edge Triggered D-Flip Flop Circuitry with Set Function

The operation of the rising edge triggered DFF in figure 14 is similar to the one in figure 12

with the following exception:

with set signal (SN) assertion (applying low voltage to SN) Vx and Vy nodes of both master
and slave latches are set in a way that ReRAM resistor values of both master and slave latches

are changed to “Ri.." state forcing Q output to logic “high”.

Using the same principle, non-volatile falling edge triggered DFF with set function can also be

obtained by changing the polarity of C and CB inputs on both master and slave latches.
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Ninth example

Non-Volatile Rising and Falling Edge Triggered D-Flip Flop Circuitry with Force-to-High

Function

The operation of the rising edge triggered DFF in figure 15 is similar to the one in figure 12

with the following exception:

with force high (FH) signal assertion (applying high voltage to FH) only Q output of DFF is
forced to “high”. The ReRAM values of both master and slave latches do not change with FH

assertion.

Using the same principle, non-volatile falling edge triggered DFF with Force-to-High function
can also be obtained by changing the polarity of C and CB inputs on both master and slave

latches.

Tenth example

Non-Volatile Rising and Falling Edge Triggered D-Flip Flop Circuitry with Force-to-Low

Function

The operation of the rising edge triggered DFF in figure 16 is similar to the one in figure 12

with the following exception:

With force low (FL) assertion (applying high voltage to FL) only Q output of DFF is forced to

“low”. The ReRAM values of both master and slave latches do not change with FL assertion.

Using the same principle, non-volatile falling edge triggered DFF with Force-to-Low function
can also be obtained by changing the polarity of C and CB inputs on both master and slave

latches.
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Claims

1. A non-volatile latch circuitry, comprising
a ReRAM cell configured to store a final value of the non-volatile latch circuitry;

a data selection circuitry (U1, U2, U3, U4) configured to connect or disconnect a da-
ta input (D) fo a plus voltage node and a minus voltage node of the ReRam

cell (Vx, Vy) depending on a clock input (C) voltage level;

a pull down transistor (M3) configured to set a first voltage level at the minus volt-
age node (Vy) to a logically low voltage level if the data input (D) is not

connected to the plus and minus voltage nodes (Vx, Vy) of the ReRAM cell;

a bias circuitry (M1, M2) configured to provide a fix bias current to set a second
voltage level at the plus voltage node (Vx) to a varying voltage level de-
pending on the resistor value of the ReRAM cell if the data input (D) is not

connected to the plus voltage node (Vx); and

a threshold adjusted circuitry arranged fo convert an analog value of the second volt-
age level into a digital value and configured to generate an output signal (Q)

and / or an inverted output signal (QB).

2. The non-volatile latch circuitry of claim 1, wherein the data selection circuitry com-

prises

a first inverter (U1) with a first input port and a first output port, a second inverter
(U2) with a second input port and a second output port, a first tri-stated in-
verter (U3) with a third input port, a third output port and a first enable
port, and a second tri-stated inverter (U4) with a fourth input port, a fourth

output port and a second enable port, wherein

the first inverter (U1) is configured to connect the data input (D) to the first input
port, and to connect the second input port and the fourth input port fo the

first output port;

the second inverter (U2) is further configured to connect the second output port to

the third input port;

the first tri-stated inverter (U3) is further configured to connect the plus voltage
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node (Vx) to the third output port and the clock input (C) to the first enable

port; and

the second tri-stated inverter (U4) is further configured to connect the minus voltage
node (Vy) to the fourth output port, and the clock input (C) to the second

enable port.

3. The non-volatile latch circuitry of claim 1, wherein the data selection circuitry com-

prises

a first OR gate (OR1) with a first OR gate input port, a second OR gate input port
and a first OR gate output port, a first AND gate (AND1) with a first AND
gate input port, a second AND gate input port and a first AND gate output
port, a second OR gate (OR2) with a third OR gate input port, a fourth OR

gate input port and a second OR gate output port, wherein

the first OR gate (OR1) is configured to connect an inverted clock input (CB) to the
first OR gate input port, the data input (D) to the second OR gate input
port, and a gate of a second PMOS transistor (M6) to the first OR gate out-

put port;

the first AND gate (AND1) is configured to connect the clock input (C) to the first
AND gate input port, the data input (D) to the second AND gate input port,
and a gate of a second NMOS transistor (M5) to the first AND gate output

port;

the second OR gate (OR2) is configured to connect the inverted clock input (CB) to
the third OR gate input port, the inverted data input (DB) to the fourth OR
gatfe input port, a gate of a first PMOS transistor (M4) to the second OR
gate output port, and a gate of a first NMOS transistor (M3) to the second
OR gate output port;

the first NMOS transistor (M3) further including a drain input and a source input,
and being further configured to connect the logically low voltage input to the
source input, and the minus voltage node (Vy) of the ReRAM cell to the

drain inpuft;

the first PMOS transistor (M4) further including a drain input and a source input,

and being further configured fo connect a logically high voltage input to the
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source input, and the minus voltage node (Vy) of the ReRAM cell to the

drain inpuft;

the second NMOS transistor (M5) further including a drain input and a source input,
and being further configured to connect the logically low voltage input to the
source input, and the plus voltage node (Vx) of the ReRAM cell to the drain

input; and

the second PMOS ftransistor (M6) further including a drain input and a source input,
being further configured to connect the logically high voltage input to the
source input, and the plus voltage node (Vx) of the ReRAM cell to the drain

input.

4. The non-volatile latch circuitry of claim 1, wherein the bias circuitry comprises
a first PMOS transistor (M1) and a second PMOS transistor (M2), wherein

the first PMOS transistor (M1) includes a gate input, a drain input and a source input
configured to connect the clock (C) input to the gate input, the logically high
voltage to the source input, and a source input of the second PMOS transis-

tor (M2) to the drain input; and

the second PMOS transistor (M2) includes a gate input, a drain input and a source
input configured to connect a bias voltage input (VB) to the gate input, the
drain of the first PMOS transistor (M1) to the source, and the plus voltage
node (Vx) of the ReRAM cell to the drain input.

5. The non-volatile latch circuitry of claim 1, wherein the threshold adjusted circuitry

comprises

a threshold adjusted inverter (U5), a first inverter (U6), and a second inverter (U7),

wherein

the threshold adjusted inverter (U5) includes an input port and an output port con-
figured to connect the plus voltage node (Vx) of the ReRAM cell to the input

port and an input port of the first inverter (U6) to the output port;

the first inverter (U6) includes an input port and an output port configured to con-
nect the output of the threshold adjusted inverter to the input port , the in-

verted output signal (QB) to the output port, and an input of the second in-
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verter (U7) to the output port; and

the second inverter (U7) includes an input port and an output port configured to
connect the output of the first inverter to the input port and the output sig-

nal (Q) to the output port.

6. The non-volatile latch circuitry of claim 1, further comprising

an asynchronous reset circuitry (U12, U2, U3, U4) in the data selection circuitry,
configured to set the first voltage node (Vx) and the second voltage node
(Vy) of the ReRAM cell to program the ReRAM to high resistor value with
reset (RN) input signal.

7. The non-volatile latch circuitry of claim 6, wherein the asynchronous reset circuitry

comprises

a NAND gate (U12), an OR gate (OR1), a first tri-stated inverter, and a second tri-

stated inverter, wherein

the NAND gate (U12) includes a first input port, a second input port and an output
port configured to connect the data input (D) to the first input port, the reset
input (RN) to the second input port, an input port of a inverter (U2) to the
output port, and an input port of the second tri-stated inverter to the output

port;

the OR gate (OR1) includes a first input port, a second input port and an output port
configured to connect the clock input (C) to the first input port, the inverted
reset input (RN’) to the second input port and an enable port of the first tri-
stated inverter, and an enable port of the second fri-stated inverter to the

oufput port;

the inverter (U2) includes the input port and an output port configured to connect
the output port of the NAND gate (U12) to the input port and an input port

of the first tri-stated inverter (U3) to the output port;

the first tri-stated inverter (U3) includes the input port, an output port and the ena-
ble port configured to connect to the output port of the inverter (U2) to the
input port, the plus voltage node of ReRAM cell (Vx) to the output port, and

the output port of the OR gate (OR1) fo the enable port; and
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the second tri-stated inverter (U4) includes the input port, an output port and the
enable port configured to connect to the output port of the NAND gate
(U12) to the input port, the minus voltage node of ReRAM cell (Vy) to the
output port and the output port of the OR gate (OR1) fo the enable port.

8. The non-volatile latch circuitry of claim 6, wherein the asynchronous reset circuitry

comprises

a first OR gate (OR1), a first AND gate (AND1), a second OR gate (OR2), a second
AND gate (AND2), a third AND gate (AND3), a third OR gate (OR3), a
first NMOS transistor (M3), a first PMOS transistor (M4), a second NMOS
transistor (M5), and a second PMOS transistor (M6),

the first OR gate (OR1) including a first input port, a second input port and an out-
put port configured to connect an inverted clock input (CB) to the first input
port, the data input (D) to the second input port, and a first input port of the
second AND gate (AND2) to the output port;

the first AND gate (AND1) including a first input port, a second input port and an
output port configured to connect the clock input (C) to the first input port,
the data input (D) to the second input port, and a first input port of the third
AND gate (AND3) to the output port;

the second OR gate (OR2) including a first input port, a second input port and an
output port configured to connect the inverted clock input (CB) to the first
input port, the inverted data input (DB) to the second input port, and a first
input port of the third OR gate (OR3) to the output port;

the second AND gate (AND2) including the first input port, a second input port and
an output port configured to connect the output port of the first OR gate
(OR1) to the first input port; the reset input (RN) to the second input port,

and a gate of the second PMOS transistor (M6) to the output port;

the third AND gate (AND3) including the first input port, a second input port and an
output port configured fo connect the output port of the first AND gate
(AND1) to the first input port, the reset input (RN) to the second input port,
and a gate of the second NMOS transistor (M5) to the output port;

the third OR gate (OR3) including the first input port, a second input port and an
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output port configured to connect the output port of the second OR gate
(OR2) to the first input port, the inverted reset input (RN’) to the second
input port, a gate of the first NMOS transistor (M4) to the output port, and
a gate of the first PMOS transistor (M3) to the output port;

the first NMOS transistor (M3) including the gate input, a drain input and a source
input, and being further configured to connect the logically low voltage input
to the source input, and the minus voltage node (Vy) of the ReRAM cell to

the drain input;

the first PMOS transistor (M4) including the gate input, a drain input and a source
input, and being further configured to connect the logically high voltage in-
put to the source input, and the minus voltage node (Vy) of the ReRAM cell

to the drain input;

the second NMOS transistor (M5) including the gate input, a drain input and a
source input, and being further configured to connect the logically low volt-
age input to the source input, and the plus voltage node (Vx) of the ReRAM

cell to the drain input; and

the second PMOS transistor (M6) including a gate input, a drain input and a source
input, and being further configured to connect the logically high voltage in-
put to the source input, and the plus voltage node (Vx) of the ReRAM cell to

the drain input.

9. The non-volatile latch circuitry of claim 6, wherein the bias circuitry comprises

an OR gate (OR1), a first PMOS ftransistor (M1), and a second PMQOS transistor
(M2),

the OR gate (OR1) including a first input port, a second input port and an output
port configured to connect the clock input (C) to the first input port and the
inverted reset input (RN’) to the second input port, and a gate input of the
first PMOS transistor (M1) to the output port;

the first PMOS transistor (M1) including the gate input, a drain input and a source
input, and being further configured to connect the logically high voltage to
the source input, and a source input of the second PMOS transistor (M2) to

the drain input; and
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the second PMOS transistor (M2) including gate input, a drain input and the source
input configured to connect the bias voltage input (VB) to the gate input, the
drain of the first PMOS transistor (M1) to the source, and the plus voltage
node (Vx) of the ReRAM cell to the drain input.

10. The non-volatile latch circuitry of claim 1, further comprising

an asynchronous set circuitry (U13, U2, U3, U4) in the data selection circuitry con-
figured to set the first voltage node (Vx) and the second voltage node (Vy)
of the ReRAM cell to program the ReRAM to low resistor value with reset
(SN) input signal.

11. The non-volatile latch circuitry of claim 10, wherein the asynchronous set circuitry

comprises

a NOR gate (U13), an OR gate (OR1), an inverter (U2), a first tri-stated inverter

(U3), a second tri-stated inverter (U4),

the NOR gate (U13) including a first input port, a second input port and an output
port configured to connect the data input (D) to the first input port, the in-
verted set input (SN') to the second input port, an input port of the inverter
(U2) to the output port, and an input port of the second tri-stated inverter

(U4) to the output port;

the OR gate (OR1) including a first input port, a second input port and an output
port configured to connect the clock input (C) to the first input port, the in-
verted set input (SN’) to the second input port, and an enable port of the
first tri-stated inverter (U3) and an enable port of the second tri-stated in-

verter (U4) to the output port;

the inverter (U2) including the input port and an output port configured to connect
the output port of the NOR gate (U13) to the input port and an input port of

the first tri-stated inverter (U3) to the output port;

the first tri-stated inverter (U3) including the input port, an output port and the ena-
ble port configured to connect to the output port of the inverter (U2) to the
input port, the plus voltage node of the ReRAM cell (Vx) to the output port
and the output port of the OR gate (OR1) to the enable port; and
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the second tri-stated inverter (U4) including the input port, an output port and the
enable port configured to connect to the output port of the NOR gate (U13)
to the input port, the minus voltage node of the ReRAM cell (Vy) to the
output port, and the output port of the OR gate (OR1) to the enable port.

12. The non-volatile latch circuitry of claim 10, wherein the asynchronous set circuitry

comprises

a first OR gate (OR1), a first AND gate (AND1), a second OR gate (OR2), a third
OR gate (OR3), a fourth OR gate (OR4), a second AND gate (AND2), a
first NMOS transistor (M3), a first PMOS transistor (M4), a second NMOS
transistor (M5), and a second PMOS transistor (M6),

the first OR gate (OR1) including a first input port, a second input port and an out-
put port configured to connect an inverted clock input (CB) to the first input
port, the data input (D) to the second input port, and a first input port of the
third OR gate (OR3) to the output port;

the first AND gate (AND1) including a first input port, a second input port and an
output port configured to connect the clock input (C) to the first input port,
the data input (D) to the second input port, and a first input port of the
fourth OR gate (OR4) to the output port;

the second OR gate (OR2) including a first input port, a second input port and an
output port configured to connect the inverted clock input (CB) to the first
input port, the inverted data input (DB) to the second input port, and a first
input port of the second AND gate (AND2) to the output port;

the third OR gate (OR3) including the first input port, a second input port and an
output port configured to connect the output port of the first OR gate (OR1)
to the first input port, the inverted set input (SN’) to the second input port,

and a gate of the second PMOS transistor (M6) to the output port;

the fourth OR gate (OR4) including the first input port, a second input port and an
output port configured fo connect the output port of the first AND gate
(AND?1) to the first input port, the inverted set input (SN’) to the second in-
put port, and a gate of the second NMOS ftransistor (M5) to the output

port;
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the second AND gate (AND2) including the first input port, a second input port and
an output port configured fo connect the output port of the second OR gate
to the first input port, the set input (SN) signal to the second input port, a
gate of the first NMOS transistor (M4) to the output port, and a gate of the
first PMOS transistor (M3) to the output port;

the first NMOS transistor (M3) including the gate input, a drain input and a source
input, being further configured to connect the logically low voltage input to
the source input and the minus voltage node (Vy) of the ReRAM cell to the

drain inpuft;

the first PMOS transistor (M4) including the gate input, a drain input and a source
input, being further configured to connect a logically high voltage input to
the source input and the minus voltage node (Vy) of the ReRAM cell to the

drain inpuft;

the second NMOS transistor (M5) including the gate input, a drain input and a
source input, being further configured to connect the logically low voltage
input to the source input and the plus voltage node (Vx) of the ReRAM cell

to the drain input;

the second PMOS transistor (M6) including the gate input, a drain input and a
source input, being further configured to connect the logically high voltage
input to the source input and the plus voltage node (Vx) of the ReRAM cell

to the drain input;

13. The non-volatile latch circuitry of claim 10, wherein the bias circuitry comprises

an OR gate (OR1), a first PMOS transistor (M1), and a second PMOS transistor
(M2),

the OR gate (OR1) including a first input port, a second input port and an output
port configured to connect the clock (C) input to the first input port and the
inverted set input (SN) to the second input port and a gate input of the first

PMOS transistor (M1) to the output port;

the first PMOS transistor (M1) including the gate input, a drain input and a source
input, being further configured to connect the logically high voltage to the

source input and a source input of the second PMOS transistor (M2) to the
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drain inpuft;

the second PMOS transistor (M2) including a gate input, a drain input and the
source input configured to connect a bias voltage (VB) input to the gate in-
put, the drain of the first PMOS transistor (M1) to the source and the plus

voltage node (Vx) of the ReRAM cell to the drain input.

14. The non-volatile latch circuitry of any one of the claims 1,6 and 10, further compris-

ing

an asynchronous force to high circuitry (U5, U671, U7) configured to set the output
signal (Q) to logically high voltage and the inverted output signal (QB) to
logically low voltage and connected to the plus voltage node of the ReRAM

cell (Vx)

15. The non-volatile latch circuitry of claim 14, wherein the asynchronous force to high

circuitry comprises
a threshold adjusted inverter (U5), a NOR gate (U61), and an inverter (U7),

the threshold adjusted inverter (U5) including an input port and an output port con-
figured to connect the plus voltage node of the ReRAM cell (Vx) to the input
port and a first input port of the NOR gate (U61) to the output port;

the NOR gate (U61) including the first input port, a second input port and an output
port configured to connect the output of the adjusted inverter (U5) to the
first input port, a force to high input (FH) fo the second input port, the in-
verted output signal (QB) to the output port, and an input port of the invert-
er (U7) to the output port; and

the inverter (U7) including the input port and an output port configured to connect
the output of the NOR gate (U61) to the input port and the output signal
(Q) to the output port.

16. The non-volatile latch circuitry of any one of the claims 1, 6 and 10, further compris-

ing

an asynchronous force to low circuitry (U5, U62, U7) configured to set the output

signal (Q) to logically low voltage and the inverted output signal (QOB) to
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logically high voltage and connected to the plus voltage node of the ReRAM
cell (Vx)

The non-volatile latch circuitry of claim 16, wherein the asynchronous force to low

circuitry comprises
a threshold adjusted inverter (U5), a NAND gate (U62), and an inverter (U7),

the threshold adjusted inverter (U5) including an input port and an output port con-
figured to connect the plus voltage node of the ReRAM cell (Vx) to the input
port and a first input port of the NAND gate (U62) to the output port;

the NAND gate (U62) including the first input port, a second input port and an out-
put port configured to connect the output of the adjusted inverter (U5) to
the first input port, an inverted force to low input (FL') to the second input
port, the inverted output signal (QB) to the output port, and an input port of

the inverter (U7) to the output port; and

the inverter (U7) including the input port and an output port configured to connect
the output of the NAND gate (U62) to the input port and the output signal
(Q) to the output port.

A non-volatile rising edge D-Flip Flop, comprising

a first non-volatile latch circuitry according to claim 1, including a data port, a clock
port, a bias voltage port and an output port, configured to connect the input
port to a data input (D), the clock port to an inverted clock input (CB), the
bias voltage port to a bias voltage input (VB) and the output port to a data

port of a second non-volatile latch circuitry; and

the second non-volatile latch circuitry according to claim 1, including the data port, a
clock port, a bias voltage port, an output port and an inverted output port,
configured to connect the input port to the output of the first non-volatile
latch circuitry, the clock port to a clock input (C), the bias voltage port to the
bias voltage input (VB), the output port to an output signal (Q) and the in-

verted output port to an inverted output signal (QOB).

A non-volatile falling edge D-Flip Flop, comprising
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a first non-volatile latch circuitry according to claim 1, including a data port, a clock

port, a bias voltage port and an output port, configured to connect the input
port to a data input (D), the clock port to a clock input (C), the bias voltage
port to a bias voltage input (VB) and the output port to a data port of a se-

cond non-volatile latch circuitry; and

the second non-volatile latch circuitry according to claim 1, including the data port, a

clock port, a bias voltage port, an output port and an inverted output port,
configured to connect the input port to the output of the first non-volatile
latch circuitry, the clock port to an inverted clock input (CB), the bias volt-
age port to the bias voltage input (VB), the output port to an output signal

(Q) and the inverted output port to an inverted output signal (OB).

20. A non-volatile rising edge D-Flip Flop with asynchronous reset, comprising

a first non-volatile latch circuitry according to claim 6, including a data port, a clock

port, a bias voltage port, a reset port and an output port, configured to con-
nect the input port to a data input (D), the clock port to an inverted clock in-
put (CB), the bias voltage port to a bias voltage input (VB), the reset port to
a reset input (RN) and the output port to a data port of a second non-

volatile latch circuitry; and

the second non-volatile latch circuitry according to claim 6, including the data port, a

clock port, a bias voltage port, a reset port, an output port and an inverted
output port, configured to connect the input port to the output of the first
non-volatile latch circuitry, the clock port to a clock input (C), the bias volt-
age port to the bias voltage input (VB), the reset port to the reset input
(RN), the output port to an output signal (Q) and the inverted output port

to an inverted output signal (QB).

21. A non-volatile falling edge D-Flip Flop with asynchronous reset, comprising

a first non-volatile latch circuitry according to claim 6, including a data port, a clock

port, a bias voltage port, a reset port and an output port, configured to con-
nect the input port to a data input (D), the clock port to a clock input (C),
the bias voltage port to a bias voltage input (VB), the reset port to a reset

input (RN) and the output port to a data port of a second non-volatile latch
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circuitry; and

the second non-volatile latch circuitry according to claim 6, including the data port, a

clock port, a bias voltage port, a reset port, an output port and an inverted
output port, configured to connect the input port to the output of the first
non-volatile latch circuitry, the clock port to an inverted clock input (CB),
the bias voltage port to the bias voltage input (VB), the reset port to the re-
set input (RN), the output port to an output signal (Q) and the inverted out-

put port to an inverted output signal (QB).

22. A non-volatile rising edge D-Flip Flop with asynchronous set, comprising

a first non-volatile latch circuitry according to claim 10, including a data port, a clock

port, a bias voltage port, a set port and an output port, configured to con-
nect the input port to a data input (D), the clock port to an inverted clock in-
put (CB), the bias voltage port to a bias voltage input (VB), the set port to a
set input (SN) and the output port to a data port of a second non-volatile

latch circuitry; and

the second non-volatile latch circuitry according to claim 10, including the data port,

a clock port, a bias voltage port, a set port, an output port and an inverted
output port, configured to connect the input port to the output of the first
non-volatile latch circuitry, the clock port to a clock input (C), the bias volt-
age port to the bias voltage input (VB), the set port to the set input (SN),
the output port to an output signal (Q) and the inverted output port to an

inverted output signal (QB).

23. A non-volatile falling edge D-Flip Flop with asynchronous setf, comprising

a first non-volatile latch circuitry according to claim 10, including a data port, a clock

port, a bias voltage port, a set port and an output port, configured to con-
nect the input port to a data input (D), the clock port to a clock input (C),
the bias voltage port to a bias voltage input (VB), the set port to a set input
(SN) and the output port to a data port of a second non-volatile latch cir-

cuitry; and

the second non-volatile latch circuitry according to claim 10, including the data port,

a clock port, a bias voltage port, a set port, an output port and an inverted
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output port, configured to connect the input port to the output of the first
non-volatile latch circuitry, the clock port to an inverted clock input (CB),
the bias voltage port to the bias voltage input (VB), the set port to the set
input (SN), the output port to an output signal (Q) and the inverted output

port to an inverted output signal (QB).

24. A non-volatile rising edge D-Flip Flop with force-to-high, comprising

a first non-volatile latch circuitry according to claim 14, including a data port, a clock
port, a bias voltage port, a force-to-high port and an output port, configured
to connect the input port to a data input (D), the clock port to an inverted
clock input (CB), the bias voltage port to a bias voltage input (VB), the
force-to-high port to a force to high input (FH) and the output port to a data

port of a second non-volatile latch circuitry; and

the second non-volatile latch circuitry according to claim 14, including the data port,
a clock port, a bias voltage port, a force-to-high port, an output port and an
inverted output port, configured to connect the input port to the output of
the first non-volatile latch circuitry, the clock port to a clock input (C), the
bias voltage port to the bias voltage input (VB), the force-to-high port to the
force to high input (FH), the output port to an output signal (Q) and the in-

verted output port to an inverted output signal (QOB).

25. A non-volatile falling edge D-Flip Flop with force-to-high, comprising

a first non-volatile latch circuitry according to claim 14, including a data port, a clock
port, a bias voltage port, a force-to-high port and an output port, configured
to connect the input port to a data input (D), the clock port to a clock input
(C), the bias voltage port to a bias voltage input (VB), the force-to-high port
to a force to high input (FH) and the output port to a data port of a second

non-volatile latch circuitry; and

the second non-volatile latch circuitry according to claim 14, including the data port,
a clock port, a bias voltage port, a force-to-high port, an output port and an
inverted output port, configured to connect the input port to the output of
the first non-volatile latch circuitry, the clock port to an inverted clock input

(CB), the bias voltage port to the bias voltage input (VB), the force-to-high
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port to the force to high input (FH), the output port to an output signal (Q)
and the inverted output port to an inverted output signal (QB).
26. A non-volatile rising edge D-Flip Flop with force-to-low, comprising

a first non-volatile latch circuitry according to claim 16, including a data port, a clock

port, a bias voltage port, a force-to-low port and an output port, configured
to connect the input port to a data input (D), the clock port to an inverted
clock input (CB), the bias voltage port to a bias voltage input (VB), the
force-to-low port to a force to low input (FL) and the output port to a data

port of a second non-volatile latch circuitry; and

the second non-volatile latch circuitry according to claim 16, including the data port,

a clock port, a bias voltage port, a force-to-low port, an output port and an
inverted output port, configured to connect the input port to the output of
the first non-volatile latch circuitry, the clock port to a clock input (C), the
bias voltage port to the bias voltage input (VB), the force-to-low port to the
force to low input (FL), the output port to an output signal (Q) and the in-

verted output port to an inverted output signal (QOB).

27. A non-volatile falling edge D-Flip Flop with force-to-low, comprising

a first non-volatile latch circuitry according to claim 16, including a data port, a clock

port, a bias voltage port, a force-to-low port and an output port, configured
to connect the input port to a data input (D), the clock port to a clock input
(C), the bias voltage port to a bias voltage input (VB), the force-to-low port
to a force to low input (FL) and the output port to a data port of a second

non-volatile latch circuitry; and

the second non-volatile latch circuitry according to claim 16, including the data port,

a clock port, a bias voltage port, a force-to-low port, an output port and an
inverted output port, configured to connect the input port to the output of
the first non-volatile latch circuitry, the clock port to an inverted clock input
(CB), the bias voltage port to the bias voltage input (VB), the force-to-low
port to the force to low input (FL), the output port to an output signal (Q)

and the inverted output port to an inverted output signal (QB).
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28. A non-volatile rising edge D-Flip Flop, comprising

a first non-volatile latch circuitry according to claim 1, including a data port, a clock
port, a bias voltage port and an output port, configured to connect the input
port to a data input (D), the clock port to an inverted clock input (CB), the
bias voltage port to a bias voltage input (VB) and the output port to a data

port of a second non-volatile latch circuitry; and

the second non-volatile latch circuitry according to claim 1, including the data port, a
clock port, a bias voltage port, and an output port, configured to connect the
input port to the output of the first non-volatile latch circuitry, the clock port
to a clock input (C), the bias voltage port to the bias voltage input (VB) and

the output port to an output signal (Q)

29. A non-volatile falling edge D-Flip Flop, comprising

a first non-volatile latch circuitry according to claim 1, including a data port, a clock
port, a bias voltage port and an output port, configured to connect the input
port to a data input (D), the clock port to a clock input (C), the bias voltage
port to a bias voltage input (VB) and the output port to a data port of a se-

cond non-volatile latch circuitry; and

the second non-volatile latch circuitry according to claim 1, including the data port, a
clock port, a bias voltage port, and an output, configured to connect the in-
put port to the output of the first non-volatile latch circuitry, the clock port
to an inverted clock input (CB), the bias voltage port to the bias voltage in-

put (VB) and the output port to an output signal (Q).

30. A non-volatile rising edge D-Flip Flop with asynchronous reset, comprising

a first non-volatile latch circuitry according to claim 6, including a data port, a clock
port, a bias voltage port, a reset port and an output port, configured to con-
nect the input port to a data input (D), the clock port to an inverted clock in-
put (CB), the bias voltage port to a bias voltage input (VB), the reset port to
a reset input (RN) and the output port to a data port of a second non-

volatile latch circuitry; and

the second non-volatile latch circuitry according to claim 6, including the data port, a

clock port, a bias voltage port, a reset port, and an output port, configured to
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connect the input port to the output of the first non-volatile latch circuitry,
the clock port to a clock input (C), the bias voltage port to the bias voltage
input (VB), the reset port to the reset input (RN), and the output port to an

output signal (Q).

31. A non-volatile falling edge D-Flip Flop with asynchronous reset, comprising

a first non-volatile latch circuitry according to claim 6, including a data port, a clock

port, a bias voltage port, a reset port and an output port, configured to con-
nect the input port to a data input (D), the clock port to a clock input (C),
the bias voltage port to a bias voltage input (VB), the reset port to a reset
input (RN) and the output port to a data port of a second non-volatile latch

circuitry; and

the second non-volatile latch circuitry according to claim 6, including the data port, a

clock port, a bias voltage port, a reset port, and an output port, configured to
connect the input port to the output of the first non-volatile latch circuitry,
the clock port to an inverted clock input (CB), the bias voltage port to the
bias voltage input (VB), the reset port to the reset input (RN), and the out-

put port to an output signal (Q).

32. A non-volatile rising edge D-Flip Flop with asynchronous set, comprising

a first non-volatile latch circuitry according to claim 10, including a data port, a clock

port, a bias voltage port, a set port and an output port, configured to con-
nect the input port to a data input (D), the clock port to an inverted clock in-
put (CB), the bias voltage port to a bias voltage input (VB), the set port to a
set input (SN) and the output port to a data port of a second non-volatile

latch circuitry; and

the second non-volatile latch circuitry according to claim 10, including the data port,

a clock port, a bias voltage port, a set port, and an output port, configured to
connect the input port to the output of the first non-volatile latch circuitry,
the clock port to a clock input (C), the bias voltage port to the bias voltage

input (VB), the set port to the set input (SN), and the output port to an out-
put signal (Q).
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33. A non-volatile falling edge D-Flip Flop with asynchronous setf, comprising

a first non-volatile latch circuitry according to claim 10, including a data port, a clock

port, a bias voltage port, a set port and an output port, configured to con-
nect the input port to a data input (D), the clock port to a clock input (C),
the bias voltage port to a bias voltage input (VB), the set port to a set input
(SN) and the output port to a data port of a second non-volatile latch cir-

cuitry; and

the second non-volatile latch circuitry according to claim 10, including the data port,

a clock port, a bias voltage port, a set port, and an output port, configured to
connect the input port to the output of the first non-volatile latch circuitry,
the clock port to an inverted clock input (CB), the bias voltage port to the
bias voltage input (VB), the set port to the set input (SN), and the output

port to an output signal (Q).

34. A non-volatile rising edge D-Flip Flop with force-to-high, comprising

a first non-volatile latch circuitry according to claim 14, including a data port, a clock

port, a bias voltage port, a force-to-high port and an output port, configured
to connect the input port to a data input (D), the clock port to an inverted
clock input (CB), the bias voltage port to a bias voltage input (VB), the
force-to-high port to a force to high input (FH) and the output port to a data

port of a second non-volatile latch circuitry; and

the second non-volatile latch circuitry according to claim 14, including the data port,

a clock port, a bias voltage port, a force-to-high port, and an output port,
configured to connect the input port to the output of the first non-volatile
latch circuitry, the clock port to a clock input (C), the bias voltage port to the
bias voltage input (VB), the force-to-high port to the force to high input

(FH), and the output port to an output signal (Q).

35. A non-volatile falling edge D-Flip Flop with force-to-high, comprising

a first non-volatile latch circuitry according to claim 14, including a data port, a clock

port, a bias voltage port, a force-to-high port and an output port, configured
to connect the input port to a data input (D), the clock port to a clock input

(C), the bias voltage port to a bias voltage input (VB), the force-to-high port
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to a force to high input (FH) and the output port to a data port of a second

non-volatile latch circuitry; and

the second non-volatile latch circuitry according to claim 14, including the data port,
a clock port, a bias voltage port, a force-to-high port, and an output port,
configured to connect the input port to the output of the first non-volatile
latch circuitry, the clock port to an inverted clock input (CB), the bias volt-
age port to the bias voltage input (VB), the force-to-high port to the force to

high input (FH), and the output port to an output signal (Q)

36. A non-volatile rising edge D-Flip Flop with force-to-low, comprising

a first non-volatile latch circuitry according to claim 16, including a data port, a clock
port, a bias voltage port, a force-to-low port and an output port, configured
to connect the input port to a data input (D), the clock port to an inverted
clock input (CB), the bias voltage port to a bias voltage input (VB), the
force-to-low port to a force to low input (FL) and the output port to a data

port of a second non-volatile latch circuitry; and

the second non-volatile latch circuitry according to claim 16, including the data port,
a clock port, a bias voltage port, a force-to-low port, and an output port,
configured to connect the input port to the output of the first non-volatile
latch circuitry, the clock port to a clock input (C), the bias voltage port to the
bias voltage input (VB), the force-to-low port to the force to low input (FL),

and the output port to an output signal (Q).

37. A non-volatile falling edge D-Flip Flop with force-to-low, comprising

a first non-volatile latch circuitry according to claim 16, including a data port, a clock
port, a bias voltage port, a force-to-low port and an output port, configured
to connect the input port to a data input (D), the clock port to a clock input
(C), the bias voltage port to a bias voltage input (VB), the force-to-low port
to a force to low input (FL) and the output port to a data port of a second

non-volatile latch circuitry; and

the second non-volatile latch circuitry according to claim 16, including the data port,
a clock port, a bias voltage port, a force-to-low port, and an output port,

configured to connect the input port to the output of the first non-volatile



WO 2014/184752 PCT/IB2014/061433
41

latch circuitry, the clock port to an inverted clock input (CB), the bias volt-
age port to the bias voltage input (VB), the force-to-low port to the force to

low input (FL), and the output port to an output signal (Q).
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