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Abstract:
The approach is based on a design of threshold logic
gates (TLGs) and their seamless integration with
conventional standard-cell design flow. We first
describe a new robust, standard-cell library of
configurable circuits for implementing threshold
functions. Abstractly, the threshold gate behaves as a
multi-input, single output, edge-triggered flip-flop,
which computes a threshold function of the inputs on
the clock edge. The resulting circuits, with both
conventional and TLGs (called hybrid circuits), are
placed and routed using commercial tools. The design
shows significant reductions (using post layout
simulations) in power, leakage, and area of the hybrid
circuits when compared with the conventional logic
circuits, when both are operated at the maximum
possible frequency of the conventional design.
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1. Introduction:
Flip-flops (FFs) are the fundamental stockpiling
components utilized broadly in a wide range of
advanced plans. Specifically, computerized outlines
these days regularly embrace concentrated pipelining
methods and utilize numerous FF-rich modules, for
example, enlist document, move enlist, and first-in
first-out.
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It is likewise evaluated that the power utilization of the
clock framework, which comprises of clock
dissemination systems and capacity components, is as
high as half of the aggregate framework control. FFs
accordingly contribute a critical segment of the chip
territory and power utilization to the general
framework outline [1], [2]. Beat activated FF (P-FF),
in view of its single-lock structure, is more famous
than the ordinary transmission door (TG) and master–
slave based FFs in rapid applications. Other than the
speed advantage, its circuit straight forwardness brings
down the power utilization of the clock tree
framework. A P-FF comprises of a heartbeat generator
for strobe signals and a lock for information
stockpiling.
In the event that the activating heartbeats are
adequately slender, the hook demonstrations like an
edge-activated FF. Since just a single lock, rather than
two in the ordinary master–slave arrangement, is
required, a P-FF is easier in circuit many-sided quality.
This prompts to a higher flip rate for rapid operations
[3]–[8]. P-FFs additionally permit time acquiring
crosswise over clock cycle limits and highlight a zero
or even negative setup time. In spite of these points of
interest, heartbeat era hardware requires fragile
heartbeat width control to adapt with conceivable
varieties in process innovation and flag circulation
organize. In [9], a factual outline structure is produced
to take these elements into record.
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To acquire adjusted execution among power, deferral,
and territory, outline space investigation is likewise a
broadly utilized system [10]–[13]. In this brief, we
introduce a novel low-control P-FF configuration
based on a flag bolster through plan. Watching the
defer error in hooking information "1" and "0," the
plan figures out how to abbreviate the longer deferral
by nourishing the information flag straightforwardly to
an inward hub of the lock configuration to accelerate
the information move. This instrument is actualized by
presenting a straightforward pass transistor for
additional signal driving. At the point when
consolidated with the heartbeat era hardware, it frames
another P-FF outline with upgraded speed and powerdelay-item (PDP) exhibitions.

(c) Static-CDFF [17].

(d) MHLFF [19].

Fig 1. Conventional P-FF designs.
(a) ep-DCO [7].

(b) CDFF [16].

2. Related work:
A. Power Analysis:
For circuit highlights, despite the fact that the proposed
configuration does not utilize the minimum number of
transistors, it has the littlest design territory. This is for
the most part ascribed to the flag nourish through plan,
which to a great extent diminishes the transistor sizes
on the releasing way. Regarding power conduct, the
proposed configuration is the most productive in five
out of the six test designs. The funds shift in various
mixes of test example and FF plan. For instance, if a
25% information exchanging test example is utilized,
the proposed configuration is more power-prudent than
all aside from the ACFF plan. Its energy sparing
against ep-DCO, CDFF, SCDFF, MHLFF, ep-SFF,
SDFF, and TGFF are 22.7%, 6.9%, 8.1%, 8.3%, 3.9%,
4.3%, and 8%, separately.
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The ep-DCO plan expends the biggest power as a
result of the unnecessary inward hub releasing issue.
The ACFF plan [2] leads in power productivity since it
utilizes a streamlined pMOS hook plan and displays a
lighter stacking to the clock organize (just four MOS
transistors are associated with the clock source
specifically). Its energy effectiveness is even more
critical in the instances of zero or low information
exchanging action. Likewise, another non-P-FF plan,
the TGFF, performs somewhat superior to the
proposed one on account of static information designs
(0% exchanging movement). Nonetheless, when a test
design with 100% exchanging movement is connected,
the proposed condescend is 9% and 12% more power
effective than the ACFF plan and the TGFF outline,
individually. This can be clarified by the power
overhead of the beat generator paying little respect to
the information designs in all P-FF outlines. The
importance of this overhead, be that as it may,
diminishes as the information exchanging action
increments. A possible concern on the proposed
configuration emerges from the pseudo-nMOS
rationale in the to begin with stage.
Despite the fact that a dependably on MP1 keeps hub
X from a full voltage swing, it doesn't bring about any
dc control utilization issue. A full voltage swing can be
normal at hub Q on account of the accuse guardian of
two inverters utilized at hub Q. A debased "0" motion
at hub X may influence the move deferral of hub Q in
any case, not the voltage level. The voltage level of
hub Q stays at an in place estimation of VDD.
Alluding to Table II, the spillage control utilization of
the proposed configuration is near that of other P-FF
outlines. The MHLFF configuration is the one that
experiences a huge dc control utilization on account of
a non full-swing inner hub. Its dc (spillage) control
utilization is much higher than others and is hence
prohibited from the correlation [14].If we do not take
into account all those sources of power consumption,
the results will be misleading because of the possible
tradeoffs among the three.

Parameter total power refers to the sum of all three
measured kinds of power. We excluded the power
spent on switching of the output loads because its
addition can make the results misleading in a way that
for the load that we applied, it presented a large
portion of the latch’s intrinsic power consumption.
B. Time Analysis:
After the analysis of power performances, we then
examine the timing parameters of these FF designs. In
this brief, the set-up time is measured as the optimal
timing (with respect to the clock edge) of applying
input data to minimize the product of power and D-toQ delay. In other words, its choice is based on the
optimization of PDPDQ instead of the D-to-Q delay
alone. Given a sufficient setup time, the hold time is
measured as the point where the slope of the clock-toQ delay curves equals –1 [15]. Note that the curves of
the MHLFF, TGFF, and ACFF designs are not
included as they would appear in the leftmost part of
the plot. Because of negative setup times, the hold
times of P-FF designs are pushed back accordingly.
The numbers are thus larger than the two non-P-FF
designs, i.e.,TGFF and ACFF. The measured setup and
hold times of the proposed design are –85.7 and 120.1
ps, respectively. All but one P-FF designs under
comparison exhibit similar timing parameters. The
exception is the MHLFF design, which has a slightly
positive setup time and a shorter hold time than its
counterparts because of a simpler pulse generator. A
longer hold time mainly affect the design of the
driving logic. If P-FFs are adopted in the entire design,
the hold time constraint can be easily satisfied because
of a prolonged clock-to-Q delay property in P-FF
designs. Introducing an input delay buffer is also a
simple measure to alleviate the hold time requirement.
3. Conventional P-FF Design:
PF-FFs, in terms of pulse generation, can be named an
understood or an express sort. In a certain sort P-FF,
the pulse generator is a piece of the hook plan and no
unequivocal heartbeat signs are produced.
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In an explicit type P-FF, the pulse generator and the
latch are separate [7]. Without producing pulse flags
expressly, verifiable sort P-FFs are as a rule more
power-sparing. Be that as it may, they experience the
ill effects of a more drawn out releasing way, which
prompts to mediocre planning qualities. Express
heartbeat era, unexpectedly, causes more control
utilization however the rationale partition from the
lock outline gives the FF outline a one of a kind speed
advantage. Its energy utilization what's more, the
circuit many-sided quality can be adequately lessened
in the event that one heartbeat generator is shares a
gathering of FFs (e.g., a n-bit enroll). In this brief, we
will accordingly concentrate on the unequivocal sort PFF plans as it were. To give a correlation, some current
P-FF plans are audited to begin with. Fig. 1(a)
demonstrates an exemplary unequivocal P-FF
configuration, named information close to- yield (epDCO) [7]. It contains a NAND-rationale based
heartbeat generator also, a semidynamic genuine
single-stage clock (TSPC) organized latch design.
In this P-FF plan, inverters I3 and I4 are utilized to
lock information, and inverters I1 and I2 are utilized to
hold the inner hub X. The beat width is dictated by the
deferral of three inverters. This
configuration
experiences a genuine downside, i.e., the inside hub X
is released on each rising edge of the check regardless
of the nearness of a static information "1." This offers
ascend to expansive exchanging power scattering. To
beat this issue, numerous medicinal measures, for
example, restrictive catch, contingent precharge,
restrictive
release, and restrictive
heartbeat
improvement conspire have been proposed [14]. Fig.
1(b) demonstrates a restrictive released (CD) strategy
[16]. An additional nMOS transistor MN3 controlled
by the yield flag Q_fdbk is utilized so that no release
happens if the info information remains "1." Also, the
attendant rationale for the interior hub X is
disentangled and comprises of an inverter in addition
to a draw up pMOS transistor as it were. Fig. 1(c)
demonstrates a comparable P-FF outline (SCDFF)
utilizing a static contingent release strategy [17].

It varies from the CDFF configuration in utilizing a
static hook structure. Hub X is in this manner
exempted from periodical precharges. It shows a more
drawn out information to-Q (D-to-Q) delay than the
CDFF outline. Both outlines confront a most
pessimistic scenario delay brought on by a releasing
way comprising of three stacked transistors, i.e.,
MN1–MN3. To beat this postponement for better
speed execution, an effective draw down hardware is
required, which causes additional format territory and
power utilization. The altered half and half hook
flipflop (MHLFF) [18] appeared in Fig. 1(d)
additionally utilizes a static latch. The attendant
rationale at hub X is expelled. A frail draw up
transistor MP1 controlled by the yield flag Q keeps up
the level of hub X at the point when Q breaks even
with 0. Regardless of its circuit effortlessness, the
MHLFF outline experiences two downsides. To start
with, since hub X is not pre-discharged, a drawn out 0
to 1 defer is normal. The deferral weakens encourage,
since a level-debased clock beat (veered off by one
VT) is connected to the releasing transistor MN3.
Second, hub X gets to be drifting in specific cases and
its esteem may float bringing about additional dc
power [14].
4. Proposed Design:
Referring to Fig. 2, the proposed design adopts a signal
feed-through technique to improve this delay. Similar
to the SCDFF design, the proposed design also
employs a static latch structure and a conditional
discharge scheme to avoid superfluous switching at an
internal node. However, there are three major
differences that lead to a unique TSPC latch structure
and make the proposed design distinct from the
previous one. First, a weak pull-up pMOS transistor
MP1 with gate connected to the ground is used in the
first stage of the TSPC latch. This gives rise to a
pseudo-nMOS logic style design, and the charge
keeper circuit for the internal node X can be saved. In
addition to the circuit simplicity, this approach also
reduces the load capacitance of node X [19], [20].
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Second, a pass transistor MNx controlled by the pulse
clock is included so that input data can drive node Q of
the latch directly (the signal feed-through scheme).
Along with the pull-up transistor MP2 at the second
stage inverter of the TSPC latch, this extra passage
facilitates auxiliary signal driving from the input
source to node Q. The node level can thus be quickly
pulled up to shorten the data transition delay. Third,
the pull-down network of the second stage inverter is
completely removed. Instead, the newly employed
pass transistor MNx provides a discharging path. The
role played by MNx is thus twofold, i.e., providing
extra driving to node Q during 0 to 1 data transitions,
and discharging node Q during “1” to “0” data
transitions. Compared with the latch structure used in
SCDFF design, the circuit savings of the proposed
design include a charge keeper (two inverters), a pulldown network (two nMOS transistors), and a control
inverter. The only extra component introduced is an
nMOS pass transistor to support signal feed through.
This scheme actually improves the “0” to “1” delay
and thus reduces the disparity between the rise time
and the fall time delays. In comparison with other PFF designs such as ep-DCO, CDFF, and SCDFF, the
proposed design shows the most balanced delay
behaviors. The principles of FF operations of the
proposed design are explained as follows. When a
clock pulse arrives, if no data transition occurs, i.e., the
input data and node Q are at the same level, on current
passes through the pass transistor MNx, which keeps
the input stage of the FF from any driving effort. At
the same time, the input data and the output feedback
Q_fdbk assume complementary signal levels and the
pull-down path of node X is off. Therefore, no signal
switching occurs in any internal nodes. On the other
hand, if a “0” to “1” data transition occurs, node X is
discharged to turn on transistor MP2, which then pulls
node Q high. Referring to Fig 2 this corresponds to
the worst case timing of the FF operations as the
discharging path conducts only for a pulse duration.

However, with the signal feed-through scheme, a boost
can be obtained from the input source via the pass
transistor MNx and the delay can be greatly shortened.
Although this seems to burden the input source with
direct charging/discharging responsibility, which is a
common pitfall of all pass transistor logic, the scenario
is different in this case because MNx conducts only for
a very short period. Referring to Fig. 2, when a “1” to
“0” data transition occurs, transistor MNx is likewise
turned on by the clock pulse and node Q is discharged
by the input stage through this route. Unlike the case
of “0” to “1” data transition, the input source bears the
sole discharging responsibility. Since MNx is turned
on for only a short time slot, the loading effect to the
input source is not significant. In particular, this
discharging does not correspond to the critical path
delay and calls for no transistor size tweaking to
enhance the speed. In addition, since a keeper logic is
placed at node Q, the discharging duty of the input
source is lifted once the state of the keeper logic is
inverted.

Fig 2: Schematic of the proposed P-FF design.
5. Results:
The implemented of proposed system is been
performed and the following results have been
obtained.

Fig 3. Timing diagram Ep-DCO
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energy delay product in 65 nm CMOS,” in Proc. IEEE
Int. Solid-State Circuits Conf., Feb. 2012, pp. 482–
483.

Fig 4. Timing diagram of PFF
6. Conclusion:
In this paper, we devise a novel low-power pulsetriggered FF design by employing two new design
measures. The first one successfully reduces the
number of transistors stacked along the discharging
path by incorporating a PTL-based AND logic. The
second one supports conditional enhancement to the
height and width of the discharging pulse so that the
size of the transistors in the pulse generation circuit
can be kept minimum. In this brief, we displayed a
novel P-FF configuration by utilizing a changed TSPC
hook structure joining a blended outline style
comprising of a pass transistor and a pseudo-nMOS
rationale. The key thought was to give a signal feedthrough from information source to the inward node of
the latch, which would encourage additional heading
to abbreviate the move time and improve both power
and speed execution. The plan was accomplished by
utilizing a basic pass transistor.
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