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PULSE-BASED FLIP FLOP

RELATED APPLICATIONS

[0001] This application claims priority to Taiwan Applica-
tion Serial Number 101145081, filed Nov. 30, 2012, which is
herein incorporated by reference.

BACKGROUND

[0002] 1.Field of Invention

[0003] The present invention relates to a flip flop (FF),
particularly a pulse-based flip flop.

[0004] 2. Description of Related Art

[0005] Inrecent years, due to the widespread availability of
various mobile devices and consumer electronic products
(e.g. smart-phones, digital cameras, laptops and medical use
sensing systems, etc.), the design of electronic products tends
to attain the design trend of low power, low working voltage,
and low power leakage.

[0006] A Flip-flop (FF) is a circuit element which stores
data by triggering the edge of the clock signal. The flip-flop is
a high power consuming and high power leakage circuit ele-
ment in that it takes around 40% to 60% of overall dynamic
power consumption and power leakage of an overall system.
[0007] A pulse-based flip flop comprises a pulse generator
and a data latch. Upon designing a pulse-based flip flop,
dynamic power consumption is usually the only factor to be
concerned while power leakage and operating voltage are not
concurrently reduced. For instance, a pulse-based flip flop
designed with a dynamic circuit, a domino circuit and a
pre-charged circuit could hardly operate in a correct logic
under a low operating voltage.

[0008] Furthermore, most data latches in the pulse-based
flip flop are designed to have two inverters mutually con-
nected, i.e., an output terminal of an inverter connected to an
input terminal of the other inverter, such that current-conflicts
may easily occur in data writing.

[0009] Therefore, it is necessary to design a pulse-based
flip flop with low power consumption, low operating voltage
and power leakage, and capable of avoiding current-conflicts.

SUMMARY

[0010] An aspect of the present invention is to provide a
pulse-based flip flop, taking the advantage of the design of a
control circuit of a data latch inside of the pulse-based flip flop
to cut off the path of the direct current in the datalatch in order
to reduce the power consumption and power leakage.

[0011] Anembodiment of the present invention relates to a
pulse-based flip flop. The pulse-based flip flop latches a data
input signal in response to a first clock signal and a second
clock signal to convert the data input signal to a data output
signal. The pulse-based flip flop includes a pulse generator
and a data latch. The pulse generator is configured for receiv-
ing a first clock signal and generating a second clock signal,
in which the pulse generator includes a first inverter and a
signal delay circuit. The first inverter is configured for receiv-
ing the first clock signal and outputting the second clock
signal; the signal delay circuit is electrically connected to the
first inverter, configured for receiving the second clock signal
and delaying the second clock signal. The data latch is con-
figured for latching the data input signal and outputting the
data output signal in response to the first clock signal and the
second clock signal, in which the data latch includes a delay
circuit, a latch circuit and a control circuit. The delivery

Jun. 5, 2014

circuit is configured for delivering the data input signal; the
latch circuit is electrically connected to the delivery circuit,
configured for receiving and latching the data input signal and
outputting the data output signal; and the control circuit is
electrically connected to the latch circuit, configured for pro-
viding voltage to control the on and off of the latch circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Theinvention can be more fully understood by read-
ing the following detailed description of the embodiment,
with reference made to the accompanying drawings as fol-
lows:

[0013] FIG. 1 illustrates a circuit diagram of a pulse gen-
erator according to an embodiment of the present invention.
[0014] FIG. 2 illustrates a waveform diagram of a clock
signal according to an embodiment of the present invention.
[0015] FIG. 3 illustrates a circuit diagram of a data latch
according to an embodiment of the present invention.
[0016] FIG. 4 illustrates a waveform diagram of a data
output signal according to an embodiment of the present
invention.

[0017] FIG. 5 illustrates a waveform diagram of a data
output signal according to another embodiment of the present
invention.

DETAILED DESCRIPTION

[0018] Reference will now be made in detail to the present
embodiments of the invention, examples of which are illus-
trated in the accompanying drawings. Wherever possible, the
same reference numbers are used in the drawings and the
description to refer to the same or like parts.

[0019] The present invention will now be described more
fully hereinafter with reference to the accompanying draw-
ings, in which exemplary embodiments of the invention are
shown. This invention may, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to those
skilled in the art. Like reference numerals refer to like ele-
ments throughout.

[0020] As used herein, “around”, “about” or “approxi-
mately” shall generally mean within 20 percent, preferably
within 10 percent, and more preferably within 5 percent of a
given value or range. Numerical quantities given herein are
approximate; meaning that the term “around”, “about” or
“approximately” can be inferred if not expressly stated.
[0021] The following embodiment of the invention dis-
closes a pulse-based flip flop which reduces power leakage by
a method of stacking transistors, therefore resulting in
extremely low dynamic power consumption. The pulse-based
flip flop is also designed as a static circuit to be used in a
low-voltage operating environment.

[0022] The pulse-based flip flop includes a pulse generator
and a data latch. The pulse-based flip flop latches a data input
signal D and converts the data input signal D to a data output
signal Q in response to a first clock signal CLK and a second
clock signal CLKB. Specific illustrations will be provided for
the pulse generation and the data latch hereafter.

[0023] FIG. 1 illustrates a circuit diagram of a pulse gen-
erator according to an embodiment ofthe present invention. A
pulse generator 100 includes a first inverter 120 and a signal
delay circuit 160, which is used to receive the first clock



US 2014/0152363 Al

signal CLK and generate the second clock signal CLKB, in
which the phase of the second clock signal CLKB is the
inverse of the phase of the first clock signal CLK. The first
inverter 120 further includes a ninth NMOS transistor MN9,
and the first inverter 120 is used to receive the first clock
signal CLK and output the second clock signal CLKB. The
signal delay circuit 160 is electrically connected to the first
inverter 120 and used to receive the second clock signal
CLKB and delay the second clock signal CLKB.

[0024] Thedelay circuit 160 includes a second inverter 140
and a first NMOS transistor MN1, in which the second
inverter 140 includes a tenth NMOS transistor MN10 and a
seventh PMOS transistor MP7. The second inverter 140 is
electrically connected to the first inverter 120 and used to
receive the second clock signal CLKB, and the gate of the first
NMOS transistor MN1 is electrically connected to the output
terminal of the second inverter 140. The transistor MN1 is
used to delay the second clock signal CLKB with the second
inverter 140 concurrently.

[0025] As for the aforementioned description, the pulse
generator is capable of receiving the first clock signal CLK
and generating the delayed and inverted second clock signal
CLKB. Please refer to FIG. 1 and FIG. 2 for convenient
illustration. FIG. 2 illustrates a waveform diagram of a clock
signal according to an embodiment of the present invention.

[0026] According to FIG. 2, the first clock signal CLK is
originally at logic low level and then received by the first
inverter 120 as shown in FIG. 1 to generate the second clock
signal CLKB at logic high level, which changes the transistor
MN10 inside the second inverter 140 to a conducting state.
Since the drain of the transistor MN10 and the gate of the
transistor MN1 are connected, the transistor MN1 is at an off
state at this time. When the first clock signal CLK is positively
edge-triggered and is in transition from logic low level to
logic high level, the second clock signal CLKB should have
been transferred from logic high level to logic low level, but
the timing of the second clock signal CLKB being transferred
to logical low level is delayed due to the concurrence of the
second inverter 140 and the transistor MNT1.

[0027] Morespecifically, when the first clock signal CLK is
positively edge-triggered and is in transition from logic low
levelto logic highlevel, the transistor MN9 in the first inverter
120 1s switched from an off state to a conducting state. At this
time, the transistor MN1 is not in a conducting state, which
causes the second clock signal CLKB to charge the drain of
the transistor MN1 during the discharging process and raises
the electric potential of the transistor MN1. Itleads to a result
of narrowing down the current passing through the transistor
MN9 so that the second clock signal CLKB transfers to logic
low level slowly. According to the slow speed of transforming
to logic low level of the second clock signal CLKB, the
charging speed from the power supply potential VDD to the
transistor MP7 in the inverter 140 is slow. Furthermore, the
connection between the drain of the transistor MP7 and the
gate of the transistor MN1 delays the timing of the transistor
MN7 to be conductible, and thus delays the timing of the
second clock signal CLKB being transferred to logic low
level.

[0028] As shown in FIG. 2, when the first clock signal CLK
and the second clock signal CLKB are both atlogic high level,
they can be considered as a pulse to signal to control the data
latch behind. A more specific description will be illustrated
hereafter.
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[0029] FIG. 3 illustrates a circuit diagram of a data latch
according to an embodiment of the present invention. A data
latch 300 is used to latch the data input signal D and output the
data output signal Q in response to the first clock signal CLK
and the second clock signal CLKB, in which the data latch
300 includes a delivery circuit 360, a latch circuit 340 and a
control circuit 320. The delivery circuit 360 is used to deliver
the data input signal D, and the latch circuit 340 is electrically
connected to the delivery circuit 360, used to receive and latch
the data input signal D and output the data output signal Q.
The control circuit 320 is electrically connected to the latch
circuit 340, used to provide voltage to control the on and off
state of the latch circuit 340.

[0030] When the data input signal D is inputted into the data
latch 300, the control circuit 320 controls the latch circuit 340
to block all the charging current paths to avoid current con-
sumption while the data input signal D is being inputted into
the data latch 300. More specific descriptions are provided
hereafter.

[0031] As shown in FIG. 3, the control circuit 320 includes
afirst, second third and fourth. PMOS transistors MP1, MP2,
MP3 and MP4. The gate of the first PMOS transistor MP1 is
used to receive an inverted data input signal DB, which is the
inverse of the data input signal D, and the source of the
transistor MP1 is electrically connected to the power supply
potential VDD. The gate of the second PMOS transistor MP2
is used to receive the data input signal D, and the source of the
transistor MP2 is electrically connected to the power supply
potential VDD.

[0032] The gate of the third PMOS transistor MP3 is used to
receive the first clock signal CLK, in which the source of the
transistor MP3 is electrically connected to the drain of the
transistor MP1 or the drain of the transistor MP2, and the
drain of the transistor MP3 is electrically connected to the
drain of the transistor MP2 or the drain of the transistor MP1.
The gate of the fourth PMOS transistor MP4 is used to receive
the second clock signal CLKB, in which the source of the
transistor MP4 is electrically connected to the source of the
transistor MP3, and the drain of the transistor MP4 is electri-
cally connected to the drain of the transistor MP3.

[0033] Next, the latch circuit 340 includes a third inverter
345, a fourth inverter 350 and a fifth inverter 355. The input
terminal of the third inverter 345 is electrically connected to
a first node Q1, and the output terminal of the third inverter
345 is electrically connected to a second node Q2. The fourth
inverter 350 and the third inverter 345 are mutually con-
nected, i.e. the input terminal of the fourth inverter 350 is
electrically connected to the second node Q2, and its output
terminal is electrically connected to the first node Q1. The
input terminal of the fifth inverter 355 is electrically con-
nected to the first node Q1, and its output terminal is used to
output the data output signal Q.

[0034] The third inverter 345 includes a fifth PMOS tran-
sistor MP5 and a second NMOS transistor MN2. The fifth
PMOS transistor MP5 is series-connected to the transistor
MP1 in the control circuit 320, and the second NMOS tran-
sistor MN2 is series-connected to the transistor MP5, and the
gate ofthe transistor MN2 is electrically connected to the gate
of the transistor MP5, and the source of the transistor MN2 is
connected to the ground potential VSS. Moreover, the fourth
inverter 350 includes asixth PMOS transistor MP6 and a third
NMOS transistor MN3. The sixth PMOS transistor MP6 is
series-connected to the transistor MP2 in the control circuit
320, and the third NMOS transistor MN3 is series-connected
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to the transistor MP6, and the gate of the transistor MN3 is
electrically connected to the gate of the transistor MP6, and
the source of the transistor MN3 is connected to the ground
potential VSS.

[0035] The delivery circuit 360 includes a first switch ele-
ment 365, a second switch element 370, a third switch ele-
ment 375 and a sixth inverter 380. The first switch element
365 1s electrically connected to the first node Q1 and switches
on when the first clock signal CLK and the second clock
signal CLKB are both at logic high level; the second switch
element 370 is electrically connected to the second node Q2
and also switches on when the first clock signal CLK and the
second clock signal CLKB are both at logic high level. The
third switch element 375 is electrically coupled to the second
switch element 370, the output terminal of the sixth inverter
380 and the ground potential VSS, switching on when the data
input signal D is at logic low level. The input terminal of the
sixth inverter 380 is used to receive the data input signal D,
and the output terminal of the sixth inverter 380 is electrically
connected to the first switch element 365.

[0036] More specifically, the first switch element 365
includes a fourth NMOS transistor MN4 and a fifth NMOS
transistor MNS, in which the gate of the transistor MN4 is
used to receive the first clock CLK, and the gate of the tran-
sistor MN5 1s used to receive the second clock signal CLKB.
The second switch element 370 includes a sixth NMOS tran-
sistor MN6 and a seventh NMOS transistor MN7, in which
the gate of the transistor MNG6 is used to receive the first clock
signal CLK, and the gate of the transistor MN7 is used to
receive the second clock signal CLKB. The third switch ele-
ment 375 can be a eighth NMOS transistor MN8, and the gate
ofthe transistor MN8 is used to receive the inverted data input
signal DB outputted from the output terminal of the sixth
inverter 380

[0037] When the first clock signal CLK and the second
clock signal. CLKB are both at logic high level and the data
input signal D is also at logic high level, the first switch
element 365 and the second switch element 370 are conduct-
ible, while the third switch element 375 is controlled to switch
off by the inverted data input signal DB at logic low level.
Since the first switch element 365 is conductible, the voltage
level of the first node Q1 equals to the voltage level of the
output terminal of the sixth inverter 380, and the data input
signal D is currently at logic high level, so that the voltage
level of the output terminal of the sixth inverter 380 is at logic
low level, and the voltage level of the first node Q1 is also at
logic low level.

[0038] Regarding to the control circuit 320, the transistor
MP1, MP2, MP3 and MP4 are controlled by the inverted data
input signal DB, the data input signal D, the first clock signal
CLK and the second clock signal CLKB, respectively. There-
fore, when the first clock CLK and the second clock. CLKB
are both at logic high level and the data input signal D is also
at logic high level, the transistor MP1 is conductible, but the
transistor MP2, MP3 and MP4 are broken.

[0039] Please refer to FIG. 3, when the transistor MP1 and
MP5 are controlled to switch on by the inverted data input
signal DB and the first node Q1, the second node Q2 is
transferred to logic high level due to the current path formed
from the power supply potential VDD to the transistor MP1
and MP5, and then switches MN3 on. Therefore, the transis-
tor MP1, MP5 and MN3 is currently in a conducting state
without any direct current (DC) from the power supply poten-
tial VDD to the ground electric potential VSS. The data input
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signal D at logic high level is outputted as a data output signal
Q at logic high level from the output terminal of the fifth
inverter 355 through the sixth inverter 380, the first switch
element 365 and the fifth inverter 355.

[0040] The transistor MP2 in the control circuit 320 is in the
off state, the first node Q1 at logic low level controls the
transistor MN2 to be switched off, and the second node Q2 at
logic high level controls the transistor MP6 to be switched off,
so that the latch circuit 340 has no direct current path to
generate a charging current to cause current conflicts, which
allows the present invention to be applied under a low oper-
ating voltage system.

[0041] FIG. 4 illustrates a waveform diagram of a data
output signal when the data input signal is at logic high level.
According to FIG. 4, when the first clock signal CLK and the
second clock signal CLKB are both at logic high level and the
data input signal D is also at logic high level, the data output
signal Q is raised from logic low level to logic high level and
outputted from the output terminal of the fifth inverter 355 in
FIG. 3 as illustrated in aforementioned descriptions.

[0042] On the other hand, please refer to FIG. 3 and FIG. 5
at the same time for convenient illustration. When the first
clock signal CLK and the second clock CLKB are both at
logic high level and the data input signal D is at logic low
level, the second switch element 370 in FIG. 3 1s conductible,
and the third switch element 375 is also controlled to be
conductible by the inverted data input signal DB at logic high
level, Since the second switch element 370 is conductible, the
voltage level of the second node Q2 is at logic low level by
which the gate of the transistor MP6 is controlled to be con-
ductible.

[0043] With regarding to the control circuit 320, the tran-
sistor MP1, MP2, MP3 and MP4 are controlled by the
inverted data input signal DB, the data input signal D, the first
clock signal CLK and the second clock signal CLKB, respec-
tively. Therefore, when the first clock signal CLK and the
second clock signal CLKB are both at logic high level and the
data input signal D is at logic low level, the transistor MP2 is
conductible, and the transistor MP1, MP3 and MP4 are bro-
ken.

[0044] Please refer to FIG. 3, when the transistor MP2 and
MP6 are controlled to switch on by the data input signal D and
the second node Q1 respectively, the first node Q1 is trans-
ferred to logic high level due to the current path formed from
the power supply potential VDD to the transistor MP2 and
MP6, and thus switches the transistor MN2 on. Therefore, the
transistor MP2, MP6 and MN2 are in the conducting state
without any direct current from power supply potential VDD
to the ground potential VSS. Currently the voltage level of the
first node Q1 is at logic high level, so that it generates the data
output signal Q at logic low level after being inverted by the
fifth inverter 355.

[0045] The transistor MP1 in the control circuit 320 is in the
off state, the second node Q2 at logic low level controls the
transistor MN3 to be switched off, and the first node Q1 at
logic high level controls the transistor MP5 to be switched off,
so that the latch circuit 340 has no direct current path to
generate a charging current to cause current corflicts, which
allows the present invention to be applied under a low oper-
ating voltage system.

[0046] FIG. 5 illustrates a waveform chart of a data output
signal when the data input signal is at logic low level. Accord-
ing to FIG. 5, when the first clock signal CLK and the second
clock signal CLKB are both at logic high level and the data
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input signal D is at logic low level, the data output signal Q is
transferred from logic high level to logic low level and out-
putted from the output terminal of the fifth inverter 355 in
FIG. 3 as illustrated in the aforementioned description.
[0047] Insummary, the present invention discloses a pulse-
based flip flop which includes a pulse generator and a data
latch. The pulse generator can be implemented by five tran-
sistors, which effectively reduces the cost and the area of the
layout of the electronic circuit. The design of the control
circuit in the data latch coordinated with the delivery circuit
also cuts the path of the direct current, which effectively
reduces the operating power consumption and power leakage,
and can also be applied in systems with low operating volt-
ages.

[0048] Although the present invention has been described
in considerable detail with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the spirit
and scope of the appended claims should not be limited to the
description of the embodiments contained herein.

[0049] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the present invention without departing from the scope
or spirit of the invention. In view of the foregoing, it is
intended that the present invention cover modifications and
variations of this invention provided they fall within the scope
of the following claims.

What is claimed is:

1. A pulse-based flip flop for latching a data input signal in
response to a first clock signal and a second clock signal to
convert the data input signal to a data output signal, the
pulse-based flip flop comprising:

a pulse generator configured for receiving the first clock
signal and generating the second clock signal, the pulse
generator comprising:

a first inverter configured for receiving the first clock
signal and outputting the second signal;

a signal delay circuit electrically connected to the first
inverter, configured for receiving the second clock
signal and delaying the second clock signal; and

a data latch in response to the first clock signal and the
second clock signal, configured for latching the data
input signal and generating the data output signal, the
data latch comprises:
adelivery circuit configured for delivering the data input

signal;

a latch circuit electrically connected to the delivery cir-
cuit, configured for receiving and latching the data
input signal, and also outputting the data output sig-
nal; and

a control circuit electrically connected to the latch cir-
cuit, configured for providing voltage to control the
on and off of the latch circuit.

2. The pulse-based flip flop of claim 1, wherein the signal
delay circuit comprises:

asecond inverter electrically connected to the first inverter,
configured for receiving the second clock signal; and

a first NMOS transistor, the gate of the first NMOS tran-
sistor being electrically connected to the output terminal
of the second inverter, configured for delaying the sec-
ond clock signal with the second inverter in concurrence.

3. The pulse-based flip flop of claim 2, wherein the phase of
the second clock signal is the inverse of the phase of the first
clock signal.
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4. The pulse-based flip flop of claim 1, wherein the control

circuit comprises:

a first PMOS transistor, the gate of the first PMOS transis-
tor being configured for receiving an inverted data input
signal which is the inverse of the data input signal, and
the source of the first PMOS transistor being electrically
connected to a power supply potential,

a second PMOS transistor, the gate of the PMOS transistor
being configured for receiving the data input signal, and
the source of the PMOS transistor being electrically
connected to the power supply potential;

a third PMOS transistor, the gate of the third PMOS tran-
sistor being configured for receiving the first clock sig-
nal, the source of the third PMOS transistor being elec-
trically connected to the drain of the first PMOS
transistor or the drain of the second PMOS transistor,
and the drain of the third PMOS transistor being electri-
cally connected to the drain of the second PMOS tran-
sistor or the drain of the first PMOS transistor; and

a fourth PMOS transistor, the gate of the fourth PMOS
transistor being configured for receiving the second
clock signal, the source of the fourth PMOS transistor
being electrically connected to the source of the third
PMOS transistor, and the drain of the fourth PMOS
transistor being electrically connected to the drain of the
third PMOS transistor.

5. The pulse-based flip flop of claim 4, wherein the latch

circuit comprises:

athird inverter, the input terminal of the third inverter being
electrically connected to a first node, and the output
terminal of the third inverter being electrically con-
nected to a second node; and

a fourth inverter, the input terminal of the fourth inverter
being electrically connected to the second node, and the
output terminal of the fourth inverter being electrically
connected to the first node.

6. The pulse-based flip flop of claim 5, wherein the third

inverter comprises:

a fifth NMOS transistor, series-connected to the first
PMOS transistor; and

a second NMOS transistor, series-connected to the fifth
PMOS transistor, the gate of the second NMOS transis-
tor being electrically connected to the gate of the fifth
PMOS transistor, and the source of the second NMOS
transistor being connected to a ground potential.

7. The pulse-based flip flop of claim 6, wherein the fourth

inverter comprises:

a sixth PMOS transistor, series-connected to the second
PMOS transistor; and

a third NMOS transistor, series-connected to the sixth
PMOS transistor, the gate of the third NMOS being
electrically connected to the gate of the sixth PMOS
transistor, and the source of the third NMOS transistor
being connected to the ground potential.

8. a pulse-based flip flop of claim 7, wherein the latch

circuit further comprises:

a fifth inverter, the input terminal of the fifth inverter being
electrically connected to the first node, and the output
terminal of the fifth inverter being configured for out-
putting the data output signal.

9. The pulse-based flip flop of claim 8, wherein the delivery

circuit comprises:
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a first switch element electrically connected to the first
node, the first switch element being switched on when
the first and the second clock signals are both at logic
high level; and

a sixth inverter, the input terminal of the sixth inverter
being configured for receiving the data input signal, and
the output terminal of the sixth inverter being electri-
cally connected to the first switch element.

10. The pulse-based flip flop of claim 9, wherein, when the
first and the second clock signals are both at logic high level
and the data input signal is also at logic high level, the first
switch element is conductible, and the first PMOS transistor,
the fifth PMOS transistor and the third NMOS transistor are
also in a conducting state.

11. The pulse-based flip flop of claim 8, wherein the deliv-
ery circuit further comprises:
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a second switch element, electrically connected to the sec-
ond node, the second switch element being switched on
when the first and the second clock signals are both at
logic high level; and

a third switch element, electrically coupled to the second
switch element, the sixth inverter and the output terminal
and the ground potential, and the third switch element
being switched on when the data input signal is at logic
low level.

12. The pulse-based flip flop of claim 11, wherein when the
first and the second clock signal are both at logic high level
and the data input signal are at logic low level, the second
switch element and the third switch element are conductible,
and the second PMOS transistor, the sixth PMOS transistor
and the second NMOS transistor are also in the conducting
state.



