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Abstract—In VLS system design, power consumption is the
ambitious issue for the past respective years. Advanced IC
fabrication technology grants the use of nano scaled
devices, so the power dissipation becomes major problemin
the designing of VLS chips. In this paper we present, a low-
power flip-flop (FF) design featuring an explicit type pulse-
triggered structure and a modified true single phase clock
latch based on a signal feed-through scheme using pass
transistor. The offered design successfully figure out the
long discharging path problem in conventional explicit type
pulse-triggered FF (P-FF) designs and achieves better
power performance by consuming low power. The proposed
design also significantly reduces delay time, set-up time and
hold time. Smulation results based on TMC 180nm CMOS
technology reveal that the proposed design features the best
power and delay performance in several FF designs under
comparison.
Keywords—Flip-Flop,
triggered, high-speed.

low power consumption, pulse

I. INTRODUCTION

Flipflops are the memory element of sequentialuifrd-lip-
flop are the basic storage elements that storésdbstate of
one or more input data signals in response to ekghailse.
They are fundamental building blocks of electrosystem
used extensively in all kinds of digital designsod#idigital
designs nowadays often adopt
techniques and hire many flip-flop rich modules rsias
register file, shift register. Flip-flop is one thfe most power
consuming element in VLSI system. Generally it acte
30%-60% of the total power dissipation in a systSm.that
it is necessary to work with such a flip-flop whicbnsumes
less power in overall system design [1], [2].

There are primarily two types of flip-flop. Firshe is the
conventional flip-flop and another one is the pulsggered
flip-flop. Conventional flip-flop consist of two atjes, one is
the master and another one is slave. Master ivaaet
when positive edge is triggered and slave is agtd/avhen
negative edge is triggered. Conventional flip-flspch as
master-slave flip-flop, sense amplifier based flgp are
characterized by their hard edge property posite&up
time which causes. Large D-to-Q delay. On the ottzard,
Pulse-triggered FF (P-FF), because of its singdlhila
structure, is more popular than the conventionabtera
slave based FFs in high-speed applications. Bedides
speed advantage, its simple circuitry is also beia¢fto
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lowering the power consumption of the overall syste
Pulse triggered flip-flop are characterized by tthssift edge
property negative set-up time which reduces D-tdefay.

A P-FF which reduces two stages of conventiongHftp
into one stage, consists of a pulse generator fiabes
signals and a latch for data storage. Since ondylatth is
needed, a P-FF is simpler in circuit complexityisTallows
higher toggle rate for high-speed operations [J]-[8
Depending on the method of pulse generation, pulse
triggered flip-flop can be classified as implicit explicit P-
FF. In an implicit P-FF, the pulse generator isphet of the
latch design and pulse signals are generate iribigldlip-
flop. In an explicit P-FF, pulse generator and Hatre
separate. Pulse signals are externally generateiaxplicit
P-FF. In this brief, we present a novel low-powepliit P-

FF design based on a pass transistor. Observingletay
discrepancy in latching data “1” and “0,” the desigduces
longer delay time by feeding the input signal difeto an
internal node of the latch design to speed up th&a d
transition. This is done by introducing a simplespa
transistor for extra signal driving. When it is doimed with
the pulse generator, it forms a new P-FF desigrh wit
increased speed performance Flip-flops are the memo
element of sequential circuit. Flip-flop are thesibastorage
elements that stores logical state of one or maopeti data
signals in response to a clock pulse. They aredmaahtal

intensive  pipelininguilding blocks of electronic system used exterigiwe all

kinds of digital designs. Most digital designs noags
often adopt intensive pipelining techniques and lesnp
many flip-flop rich modules such as register filghift
register. Flip-flop is one of the most power consun
element in VLSI system. Generally it accounts 309%s6of
the total power dissipation in a system. So thatisit
necessary to work with such a flip-flop which comas less
power in overall system design [1], [2].

II. LITERATURE SURVEY
H. Kawaguchi and Takayasu Sakurai worked on - A
Reduced Clock-Swing Flip-Flop (RCSFF) for 63% Power
Reduction [1] in May 1998. He proposed a reducexticl
swing flip-flop (RCSFF) which is composed of a redd
swing clock driver with a special extra flip-flop hich
personifies current cut-off mechanism. The RCSFR ca
reduce one-third clock system power as comparetheo
other traditional flip-flops. This power improventems
obtained by reducing clock the swing down to 1Vbika
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Klass, Ashutosh Das and Gin Yee worked on - A Newlements for Low Power Clocking System [8] in May12.
Family of Semi dynamic and Dynamic Flip-Flops withWith this proposed design the number of local ofmtk
Embedded Logic for High-Performance Processorsif2] transistors can be effectively reduced to 40%. A625
May 1999 to introduce a new family of semidynami@la reduction of clock driving power has been attained.
dynamic edge triggered flip-flops which are comiplatifor S.Esmaeilli, and Glenn E.R. Cowan workout A Low-iisyv
high performance microprocessor design. James MmgchaDifferential Conditional Capturing Flip-Flop for LC
Siva Narendra, Vivek De, Zhanping Chen, Shekhak&or Resonant Clock Distribution Networks [9] — This pap
and Manoj Sachdev worked on - Comparative Delay andtroduced in June 2012. Y.T. Hwang, J.F. Lin, &nd.
Energy of Single Edge-Triggered & Dual Edge-Triggger Sheu, go with Low power P-FF design with conditiona
Pulsed Flip-Flops for High Performance Microprooess pulse enhancement scheme [10] in Feb 2012. Thenmoaxi
[3] in May 2001. In this paper, different types sifigle power saving of proposed FF is up to 40%. Majid iRéh
edge-triggered flip flops, including static and selynamic Nezhad, Mohsen Saneei presents the paper on LowiPow
along with both explicit as well as implicit pulgeneration, Pulsed Triggered Flip-Flop with New Explicit Pulse250-
are compared and studied. Bai-Sun Kong, Young-Hywum nm CMOS Technology [12]. Simulation outcomes of
and Sam-Soo Kim have worked on Conditional- Captungroposed flip-flop show that, for 50% data activipower
Flip-Flop (CDFF) for Statistical Power Reductio} |4 Aug consumption is less than 7% to 30% lower than offiyer
2001 to prove that the proposed design attains powiops.

reduction by eliminating redundant transitions ofernal

nodes. This paper provides the analysis of coneeali [ll. PROPOSEDEXPLICIT P-FFDESIGNBASED ON
high-performance flip-flops such as transmissioteddip- A PASSTRANSISTOR

flops (TGFFs), hybrid latch-flip-flops (HLFFs), sem A. Conventional Explicit P-FF Designs

dynamic flip-flops (SDFFs), and sense amplifierdzhflip- Generally implicit P-FFs are more power economitain
flops (SAFFs). The simulation results of this paipelicates explicit P-FF. Even so, they suffer from a longisctarging
that the proposed Conditional-Capture flip-flop i@ees path inducing inferior timing characteristics. Chretother
power savings up to 60% while the single-endedctire hand, explicit pulse generation consumes more pakgat
provides the power savings up to 69%, as compaoed implicit pulse generation but the logic separatfoom the
conventional flip-flops. Peiyi Zhadrarek K. Darwish has latch design establishes a unique speed advanfagyeer
been worked on High-Performance and Low-Poweronsumption and the complexity of circuit of exiiliftip-
Conditional Discharge (CDFF) Flip-Flop [5] in May@4. flop can be greatly brought down if one pulse gatwaris

In this paper, a modern conditional discharge fliip- share a group of FFs (e.g., abit register). In this paper,
(CDFF) based on a conditional discharge technolgy we are focusing explicit type P-FF designs only.
introduced. The offered CDFF not only reduces ttierhal In this, we studied first some conventional explieiFF
switching activities of flip flops, but also gentra less designs which are used as the reference desigratan
glitches at the output of flip flop, during maimaig the performance comparisons.

negative setup time and small to delay characiesistVith
a data switching activity of 37%, the proposed dtmaal
discharge flip flop can save up to 40% of the epevigh the
same speed that for the fastest pulsed flip-fldfisg-Haw
Shuy Ming- Chang Sun, and Wu-Shhiung Femgesents
the paper XNOR-Based Double-Edge-Triggered FlippFlo
for Two-Phase Pipelines [6] in Feb 2006. In thipgraa new Tt Hone
designed DET-FF depending on an alternative XNOR ga

is offered. Hamid MahmmogdiMatthew Cooke, Vishy

Tirumallashetty have proposed Ultra Low-Power Ciogk oo
Scheme Using Energy Recovery and Clock GatingTfis

paper is introduced in Dec 2008. In this papery fenergy o Iy ol et

1. EP-DCO- explicit Data closed to output Flip-Flop

recovery clocked flip flops that are enable energgovery Pulse gerreios
from the clock network leading substantial energyirsgs, Felaedy e
are introduced. The simulation results of the psagbflip- Fig.1: ep-DCO

flop shows that a power reduces of 90% on the etomé

and total power savings of up to 85% compared ¢éosime Fig.1 shows data closed to output flip-flop des[gh It
implementation using the conventional square-waveonsists of pulse generator of a three invertermected to
clocking scheme and flip flops. Peiyi Zhaoo, anéa NAND gate a semidynamic true-single-phase-clock
Zhoongfeng Wang worked on Design of SequentidlTSPC) structured latch design. In this expliciElP-design,
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inverters 13 and 14 are used to latch data, andplooy
circuit consisting inverters 11 and 12 used to hibid internal
nodeX. Back-to-back end connected inverters i.e. |1 i&nd
are act as a Keeper Logic. The delay of three tever
determines the pulse width of ep-DCO flip-flop. Té¢exious
drawback of ep-DCO P-FF is that in presence ofcstaput
‘1’, the internal node X is dropped off on everging edge
of the clock. This problem leads to large switchjpmwver
dissipation. To get over this problem, some teamigsuch
as conditional capture, conditional precharge, tmrdhl
discharge, and conditional pulse enhancement sclave
been proposed [4][7][9].

2. CDFF- conditional discharged flip-flop
Fig.2 shows a conditional discharged flip-flop desi
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Fig.3: MHLFF

Though its circuitry is simple, it has two drawbacleirst
one is it exhibits a longer D-to-Q delay during @ 1
transitions because node X is not pre-discharg&dother
drawback of MHLFF is that node X becomes floatingew

(CDFF) [4].To overcome the problem of continuousutput Q and input data both are equal to 1 anchitse may

discharging of internal node X and large switchpmver
dissipation in ep-DCO, CDFF is introduced.
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Fig.2: CDFF

In this, an extra n-MOS transistor MN3 controlleg the
output signal Q-feedback is hired so that no disphaccurs
at static input data “1.” In addition, to simplifpe circuit,
the keeper logic at the internal noHes replaced with an
inverter plus a pull-up p-MOS transistor only. ButCDFF,
since discharging path consists of 3 stacked storsi MN1

drift causing excess DC power [6].

B. Proposed P-FF Design

Remembering the above four techniques, they allt riree
same worst case timing occurring at 0 to 1 datasttians.

The proposed design using a signal feed-througintqae
is introduced to improve this delay.
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Fig.4: Proposed flip-flop

_Dio_;j Qufabk

The proposed design acquires a static latch steictnd a
conditional discharge scheme to avoid surplus $ivitg at

to MN3, it face worst case delay. Therefore CDFFE haan internal node X.

longer data-to-Q (D-to-Q) delay.

3. MHLFF- modified hybrid latch flip-flop

Fig.3 shows modified hybrid latch flip-flop desighhis is
modified version of simple hybrid latch flip-flopMHLFF
uses static latch in which keeper logic at intemade X is
removed. In this design, a weak pull-up transisi®l
controlled by the output signal Q is used to mamtavel of
internal node X when Q equals to 0.
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There are three major conflicts that makes the queg
design unique and distinct from the previous design

1. Addition of Pull-up pMOS transistor -

In proposed flip-flop, a weak pull-up pMOS trangisMP1
with gate connected to the ground is added initeeghase.
This gives rise to a pseudo-nMOS logic style desRgeudo
nMOS transistor reduces number of devices and gvirin
complexity. The charge keeper circuit for the intdrnode
can be saved due to the addition of pull-up pM@&distor.
With the circuit simplicity, this approach also kegown the
load capacitance of node[14], [15].

2. Pass Transistor MNXx -

The extra component a pass transistor MNx contiotig
the pulse clock is included in the proposed fligpfldesign
due to which input data can drive node Q of thehat
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directly (signal feed-through scheme). This passdistor
MNXx provides a discharging path. The pass transigtigx
is thus played twofold role, i.e., providing exttaving to
node Q during O to 1 data transitions, and dischgrgode
Q during “1” to “0” data transitions. Since inpuatd can be
drive directly to output through pass transistorreiduces
data transition delay.

3. Removal of Pull-down network —

Third, the pull-down network of the second stageeiter is
completely removed in the proposed flip-flop desigence
circuit complexity and layout area of proposed gesis
reduced. This proposed design actually improves'@h¢o
“1” delay and thus reduces the disparity between rike
time and the fall time delays.

In proposed design, when a clock pulse gets inpifdata
transition occurs, i.e., the input data and nodar€at the
same level, current passes through the pass transdix,
which keeps the input stage of the FF from any idgiv
effort. At the same time, the input data and thépou
feedback Q_fdbk are complementary signal levels taed
pull-down path of nodX is off. Consequently, it leads in no
signal switching occurs in any internal nodes. Waé€a” to
“1" data transition occurs, nod¢ is discharged to turn on
transistor MP2, which then pulls node Q high. Witle
signal feedthrough scheme, a boost can be obtéiosdthe
input source through the pass transistor MNx amddiglay
can be greatly sawed-off. When a “1” to “0” datansition
occurs, transistor MNx is also turned on by thecklpulse
and node Q is discharged by the input stage thrdhigh
route. Unlike the case of “0” to “1” data transitiche input
source bears the sole discharging responsibilitg [6ading
effect to the input source is not significant besmalVINX is
turned on for only a short time slot.

IV. SIMULATION RESULT

The performance of the proposed P-FF design is do

through post-layout simulations. The proposed desig
compared with three explicit type P-FF designs.

conventional CMOS NAND-logic-based pulse generato

design with a three-stage inverter chain is usedfioP-FF
designs except the MHLFF design, which employows
pulse generation circuitry.

Table.1: Comparison Table
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EPDCO| 17.43| 12883 24 00014 5
CDFF | 16.83 | 121.32] 26| 10.13 20
MHLFF | 17.92 | 15630 19| 0167 101
P;"Eise 1457 | 111.67| 20 010 | 0.131
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gignal feed-through scheme, which largely redudes

The target technology is the TSMC 180-nm CMOS ssce
Since pulse width design is essential to the ctmess of
data capture as well as the power consumption [18]-
the transistors of the pulse generator logic aredsifor a
design spec of 120 ps in pulse width in the TT cd%e
sizing also assures that the pulse generators wactidn
properly in all process corners. With regard thécHa
structures, each P-FF design is individually opteni
subject to the product of power and D-to-Q delay input
to output delay. To mimic the signal rise and fathe
delays, input signals are generated through buf&nce the
proposed design using signal feed through scheméres
direct output driving from the input source, forirfa
comparisons the power consumption of the data ibpffer
(an inverter) is included. The operating conditiosed in
simulations is 500 MHz/1.8 V. The comparison is eon
regarding power consumption, delay, set-up time laoid
time of the system.

A. Power Consumption of Flip-Flop Design

20 3743 1683 2
5 (N il e
10

5

0

SErDCcOo ECDFF WMHLFF @ Proposed FF
Graph.1: Average Power Calculation of Diff. Flip-Flop in
Micro Watt
Since the proposed design uses less number ofdtanss it

ne
has the smallest layout area. This is mainly bexaishe

trransistor sizes on the discharging path. In teompower
behavior, the proposed design is the most efficieah the
existing flip-flop designs. The given figure shogmphical
representation of average power calculation ofdéft flip-
flops in microwatt.

B. Timing Parameters of Flip-Flop Design
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Graph.2: Delay Calculation of Diff. Flip-Flop in picoSec

After the analysis of power performances, we thesméne
the timing parameters of these FF designs. In otde
function correctly, the edge triggered -flop requires the
input to be stable for some time before the clodcsve
edge. This period is the sap-time. Given a sufficient seti
time, the hold time is measured. Fipp design requires tF
state of the input to be held for some time after tlock
edge. The time after the clock edge that the in@ag tc
remain statd is called hold time. In terms of -up time and
hold time, the proposed design is the most efficiban the
existing flip-flop designs.

V. CONCLUSION

In this Paper, the several Flip flop designs lig-DCO,
CDFF, MHLLF & Proposed new PF are discuss.. In this
brief, we have presented a noveFP-design by applying
modified TSPC latch structure integrating a mixeabsign
significant style consisting of a pass transistdhw-seudo-
nMOS logic. The key idea has been to provide aatifged
schemeltrough from input source to the internal node ef
latch, which would be reduces the extra transitiore and
enhance both power and speed performance of flip.
Extensive simulations have been conducted whiclpaus
the claim of the proposed design various performanc
aspects. Simulation results indicate that propdp-flop
design improves power performance and significe
reduces D to Q delay, sep-time and hold tim
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