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Abstract

High throughput and low latency designs are reguinemodern high performance systems, especiatlgifmal processing
applications .Existing logic families cannot proidoth of them simultaneously. We propose DoubksHaansistor Logic

(DPL) which can be used as a universal logic twiplefinest grain pipelining without affecting oadirlatency or increasing
the area. It does not require any special prosegs and hence, can be realized in a normakss technology as
against the CPL proposed by Yano et al [2] Whises threshold voltage adjustment of salectevices. The design
procedure is described for (a) low latency, (b)hhigroughput and (c) low area requirements. In itemtdto the various

advantages, it is envisioned that DPL desigiz also be used to build ultra-high speed pipdlinystem without

pipelining latches, viz., wave pipelined digitgsgeems, where the throughput achievable is beythrad permitted by the
delay of a pipeline stage.

INTRODUCTION

High speed adders and multipliers are required &etnthe demands of signal processing and multimedia
applications.Wavepipelining or “maximal rate pipélig” [I] is a design method that can increasettiteughput
of a combinational circuit. In conventional pipétig, the combinational circuit is broken into srealblocks or
pipeline stages and synchronizing elements likdipfibps are used as storage elements. The maxispgad is
limited

By the number of pipe stages, the size of pipeestagd the complexity of the clock distributionwatk. In the
wave pipelining approach, flip flops are not usedrage elements between pipeline stages. Insteahternal
capacitances of the gates are used for storingntieemediate values [I] [3] [4].There is considdmtarea
reduction and minimization of power due to the é@lmtion of storage elements. This also eliminateskc
distribution and clock skew problems as no clognal is required within the combinational block.viNeénputs
can be applied to the circuit before thepatg are available, effectively allowing mplé waves of data to
propagate coherently through the circuit.

Wave pipelining requires all paths from the inpttshe outputs to be balanced. This is achieveihbgrting
active delay buffers in the paths in which themlass number of gates than the longest path fnenmput to the
output. The rough tuning method [6] ensures thatgate count along all the paths is the same. Haweough-
tuned circuit is still not balanced as there israbto be different delays due to different fan-oiiise absence of
synchronizing elements in the wave pipelined ctrcauld lead to collision between adjacent wavedaif. The
clock period should be such that the waves do aliide with each other giving enough time for thetes to
complete its task. The pipe stages in a wave mpipelicircuit are composed of single gates and thd lo
capacitances of the gates are used for storagdo@tieapacitance may vary for different gatedhierdame stage
depending on the fan-outs. Different load capac#arresult in different rise and fall times for théver gates.
This delay variation is reduced by fine tuning [6]. Fine tuning involves sizing of the transistansthe output
inverters of the driver gate to balance the deBnyce fine tuned, the circuit can be clocked amiéximum speed
limited only by the delay.

Section Il discusses the timing constraints of wpigelining and the necessary features in basiesgtt be
designed for wave pipelining. Section Il gives@arerview of the existing logic styles for wave dipmg. The
limitations of the logic styles and the tuning nuath are also discussed. Section IV presents tiierpmnce of
basic gates highly suitable for wave pipeliningeTgower analysis of 8 bit multiplier is represemtsiection
V.Section VI presents conclusion and further regedirection.
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TIMING CONSTRAINTSIN WAVEPIPELINING

Wave pipelined circuits can be clocked at a mugdr frequency than conventional pipelining becatsse
maximum rate is limited only by the path delay eliéince instead of the maximum path delay. The noimim
clock period for a wave pipelined circuit [7] ca@ tepresented by

Tcp>MAX [ ATp + 2AC+Tsh + Trf,ATXx + AC + Tms + Trf]

Where Tcp is the clock period of the circuitp is the difference between the longest and ssiop&ths in the
circuit, AC is the worst case clock skew, Tsh is the setup pbld time for the registers, Trf is the worssea
rise/fall time at the last logic stagg€Tx, is the propagation delay of the longest patimfthe input to signal X at
any intermediate node, and Tms is the minimum tima¢ X must be stable for the next stage of logioperate
correctly. The operating speed is limited by théagdetween the shortest and the longest path ahdmthe
total delay of the circuit as in conventional pipilg. The goal of the design process would beethuceATp
andATx as much as possible while the other Paramegars known methods to reduce them.

EXISTING LOGIC STYLESFOR WAVEPIPELINING

For a balanced wave pipelined circuit, the gatesighed should not have input dependent delayreotia
dependent delay. All the gates in a particularddgmily should have the same delay. ConventiotzicsCMOS
is the most preferred logic among designers becafigge high reliability .A 2 inputs NAND gate ihiswn in
Fig.1.The architecture of the basic gates resulhjiut dependent and functionality dependent del&gveral
design styles were proposed by researchers satidfye timing constraints of wave pipelining.

+V +V
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Fig.1 Different CMOS NAND logic style

Dual rail logic styles

Normal Process Complementary Logic(NPCPL)[9]aw pipeline Transmission Gate Logic(WTGL)[3],
are the dual rail logic styles used for wave-pigiatj. NPCPL and WTGL are based on pass transistods
DRSCMOS is based on static CMOS. In NPCPL, a basilding block is used to develop all basic gdigs
properly choosing the input signals Ai, Aj and B(Bm AND/NAND gate(XY/ XY) Ai=X, Aj=Y and B =Y).
The poor conduction of logic 1 by NMOS transistordNPCPL result in voltage degradation and poos@oi
margin.WTGL gates use transmission gates to offtdlinogic swing and better noise margin but stgimwver
dissipation is there because here the use NMOS.WaGd NPCPL are fast because of the high logic
functionality and low input capacitance of separeiteuit paths for each possible input combinatitmys
eliminating pass transistors. Dual rail logic stylre multi-functional in nature and all the bagites have the
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same delay. System designed with dual rail stybes e rough tuned because of the similarity inkihsic
architecture and the availability of “DELAY” gateall the gates have output inverters for fine tunpurposes.
WTGL and NPCPL have unbalanced input capacitaresgting in complex.

Double Pass transistor logic (DPL)

Suzuki et al. [8] proposed the double pass tramsisgic [9] that overcomes all the problems of CRamely,
voltage degradation and noise margin.DPL gates igiggoved circuit performance at reduced supplytags
because of the use of both NMOS and PMOS transisBfPL gates are symmetrical whereby the load jn an
DPL gate is distributed equally among thieputs.DPL XOR/XNOR gate is perfectly symmetricdlhe
symmetrical arrangement and the double transmisgiooperty suggest that the DPL gates wirfgrm
very efficiently in wave pipelined circuits. The M and NMOS transistors are used such that dusdrdypath
is set up for each input combination resultingrimaliest equivalent resistance for DPL gates contptrether
logic styles. In WTGL, here are two paths but thens input is passed along both the paths. The srngnat
different in the two paths in DPL thereby distringt the load among the inputs. DPL was claimeddahe
most energy efficient logic style among the disedskgic styles by Uming KO et.al. [10]. The symreat
input loading, double transmission property andehergy efficiency of DPL gates make the DPL Idgimily
the best suited logic style for wave pipelining.

PERFORMANCE OF BASIC GATES

The power * delay product is a good measure fongaring the logic styles that are to be used inpower,
high speed digital systems. The basic gates dhallogic styles were designed using TANNER EDA3/with
TSMC 0.18um CMOS technology at 2V rail to rail poveeipply. Table | gives a measure of the powerigela
product of various styles used in wave pipeliniRgwer measurement was done using the non invasiwverp
measurement technique suggested by Kang [12]. Tiverpdelay product of the various styles show thRLhas
the lowest power*delay product among the dual Iagic styles. The single rail logic styles have |lpawer
because of the Lower number of transistors andslegshing activity.

Table |

. Power
Rise |  Fall Tr- phl | tplh |Dissipa
time time | Tp(ps) ion(mW

Tr(ps)| Tp(ps) )

PDP

NA 44.46| 44.19| 0.27 32.6529.50| .344 10.68

NA 34.78| 56.34| 21.56 42.4261.32| .118 6.12

29.56| 27.53| 2.03 29.2228.31| .34 9.741

NA | 69.77| 70.53| 056 | 51.6269.02| 6.40| 38504

40.73| 41.92| 1.19 33.1627.43| 2.03 55.68

Give a measure of the power*delay product of laides used in wave pipelining. Power measuremeist w
done using the non invasive power measurement itpeisuggested by Kang. Though the power delayyatod
of the WTGL and NPCPL logic has low but in NPCPLQitoneed threshold level restorer and low noisegmar
and in WTGL it has constant static power dissipatioe to PMOS.
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Modification to the DPL gates

The design goal for easier fine tuning ishiave balanced input capacitance, that is, thatsnof the gate
should be perfectly symmetrical. The DPL AND/NANRtgs and the DPL OR/NOR gates are not perfectly
symmetrical. All the inputs in these gates are eotad to the gates of one NMOS and one PMOS ttansist
source connections are either to PMOS or NMOS.drhin capacitances of the NMOS and PMOS transisiers
not the same because of the difference in sizéiseofransistors and the process parameters. Heaagates are
modified so that GND and supply connections aréacea by primary inputs. Delay gate is necessadetelop
a complete library of basic gates. The delay gagejiist one input unlike the other gates. Henceffaémnsistors
would be enough to design this gate. For achieding current path for a DELAY/DELAY gate, transniiss
gates should be used. Dual current paths requatettie transistors are on all the time. Hence theststors
should be driven by the supplies and are not cthedrdy the inputs. The MUX/DMUX gate is the onlptg
where perfect symmetry could not be achieved. Ehisecause the multiplexer is a three input gdtee select
input drives only the gates of the transistors thedbther two inputs have the same capacitance.

Performance of DPL basic gates

The power * delay product is a good measure forparng the logic styles that are to be used in low
power, high speed digital systems. The basic gatesl the DPL logic styles were shown in Table I
designed using the layout editor TANNER in 0.18naiictechnology and the simulations were done ugihg
supply in TSpice.

Table Il
. Power
logic Rise | Fall Tr- | wphl | <plh | Dissipa | ppp
9 time time Tp(ps) tion(m
Tr(ps) | Tp(ps) W)

DPL
NA 44.46| 4419 027 32652050 344 | 106
ND
DPL |\ 5968| 7256 1288 27.054206| .118 | 8.17
AND : : : P2 42 : :
82" 50.14| 2432 2582 90065225 114 | 813
DPL
XNO | 4269| 4393 124 8258107.07 .147 | 139
R
DPL | 4701| 6435 1734 26002360 .113 | 285
XOR : : : PO 23 : :
Rglﬁe 5247| 3600 16.47 117.357550| 361 | 34.8
DPL B
DL | 4449| 4095 354 89548685 112 | 107
DPL
DEM | 25.27| 4305 1778 15572656 336 | 7.07
UX
DPL
DEL | 81.27| 7874 298 20p 203.4d 227 | 457
AY

DVL Logic Syle
The rules to synthesize random logic function inLCfkbm the Karnaugh map are given below:

1. Cover with largest possible cubes all inputteecthat produce “0” at the output, (overlappitigwed) and
represent those cubes with NMOS devices, with gsuconnected to GND.

2. Repeat Step 1 for input vectors that produ¢eatthe output and represent those cubes with PM&&es,
with sources connected to Vdd.

3. Finish with mapping input vectors, not mapped®iaps 1 and 2 (overlapping with cubes from Stepadl 2
allowed) that produce”0” or “1” at the output. Repent those cubes with parallel NMOS (good pull+apoand
PMOS (good pull-up) branches, with sources congetti@ne of the input signals.
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Fig.2 DVL logic style

CONCLUSIONS AND FURTHER RESEARCH DIRECTIONS

In this paper we have presented a Double PasssistanLogic (DPL) for low latency and high throymgh
applications. We have shown that DPL offers thd bpeed of operation comparable to CPL& DPL& NPCPL&
CMOS&WTGL. It permits pipelining to the finest gnawith negligible overhead of area and latency@sosed
to other logic families where an increase in pipelj throughput is encumbered with heavy area atehty
penalty. With DPL, it is possible to exploit bothtédncy and throughput simultaneously to the maximum
realisable extent. Because of its modularity armghéii logic functionality, DPL bears the potentiat & sea-of-
gates realization. As a further research direatierare working towards exploiting DPL design fdoriaation.

REFERENCES

G. Cotten, LW., “Maximum - rate pipeline systeniri’ Proceedings of the 1969 AFIPS Spring Joint
Computer Conference, pp.581-586,

K.Yano et al, “A 3.8 ns 16 x 16-b Multiplier ldg Complementary Pass-Transistor Logic, " .IEHE of
Solid-state Circuits, SC-25, April 1990, pé). 8BRyY,” in Magnetism, vol. lll, G. T. Rado and H.Ig$u
Eds. New York: Academic, 1963, pp. 271-350.

Zhang, X., and Sridhar, R. “CMOS Wave Pipeliningiig) Transmission Gate Logic,” in Proc. of the EEE
International ASIC Conference and Exhibit, Rochest, pp. 92-95, 1995.

Femandez, G.E., “Dual Rail Static CMOS Arctitee for Wave Pipelining,” Masters Thesis, Dépant
of Electncal and Computer Engineering, SUNY Blaffd 995.

Won793etlggb“lnserting Active Delay Elements tohdeve Wave Pipelining,”, Proc. Int. Conf. CAD §%.270-

Dipankar Talukdar and R. Sridhar, “An analytieglproach to fine tuning in CMOS Wavepipelining”, I€S
September 1996.

C. Gray, W.Liu, and R. Cavin 111, “Timingofstraints for Wavegifelining System,” IEEE Traot&mns
on Computer-Aided Design of IC and Systems, 19419p 987-1004.

Makato Suzuki et al., “A 1.5 ns 32-b CMOS ALW Double Pass-Transistor Logic’, IEEE Joumal oficol
State Circuits, Vol. 28., No. 11, Nov 1993.

Ghosh, D., and Nandx, S. “NPCPL: Normal Process%mentary Pass Transistor Logic fro Low Latency,
High Throughput Application,” Proc. VLSI Design 341-46, Jan 1993.

Uming KO, Poras T. Balsara, and Wai Lee, WtBower Design Techniques for High-Performance CMOS
Adders,” IEEE Transactions on VLSI Systems, Vol.N8. 2, June 1995.

Liu, W. et al. “A 250MHz Wave Pipelined Adder th CMOS,” in IEEE Joumal of Solid State Circuits,
September 1994.

Sun%_MO_ Kang, “Accurate Simulation of Power Dissipa in VLS| Circuits,” IEEE Journal of Solid Stat

ircuits, Vol SC-21., No 5., Oct 1986.

V. G. Oklobdzija and D. Villeger, “Improving Multiigr Design By Using Improved Column Compressiorélr
And Optimized Final Adder In CMOS Technology,” IEEEansactions on VLS| Systems, Vol.3, No.2,
June, 1995, 25 pages.

Z. Shun, O. A. Pfander, H.-J. Pfleiderer, and A.nisk, “A VLSI ar-chitecture for a run-time multi-prigion
897050n9f| f§Jrable Booth multi-plier,” in Proc. 14th IEHnt. Conf. Electron., Circuits, Syst., Dec.20@p.

29



This academic article was published by The International Institute for Science,
Technology and Education (IISTE). The IISTE is a pioneer in the Open Access
Publishing service based in the U.S. and Europe. The aim of the institute is
Accelerating Global Knowledge Sharing.

More information about the publisher can be found in the IISTE’s homepage:
http://www.iiste.org

CALL FOR JOURNAL PAPERS

The 1ISTE is currently hosting more than 30 peer-reviewed academic journals and
collaborating with academic institutions around the world. There’s no deadline for
submission. Prospective authors of IISTE journals can find the submission
instruction on the following page: http://www.iiste.org/journals/  The IISTE
editorial team promises to the review and publish all the qualified submissions in a
fast manner. All the journals articles are available online to the readers all over the
world without financial, legal, or technical barriers other than those inseparable from
gaining access to the internet itself. Printed version of the journals is also available
upon request of readers and authors.

MORE RESOURCES

Book publication information: http://www.iiste.org/book/

Recent conferences: http://www.iiste.org/conference/

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

e BSCO INDEX@ COPERNICUS
ros INFORMATION SERVICES DN RSN B LI AR

@ vmensyize sourmaocs @

£z Elektronische
@0® Zeitschriftenbibliothek

open

GEORGETOWN UNIVERSITY

LIBRARY



http://www.iiste.org/
http://www.iiste.org/journals/
http://www.iiste.org/book/
http://www.iiste.org/conference/

