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Abstract- Dynamic CMOS gates are widely exploited in high-
performance designs because of their speed. Howeyéhey suffer
from high noise sensitivity. The main reason for tfs is the sub-
threshold leakage current flowing through the evalation network.
This problem becomes more and more severe with contious
scaling of the technology. A new circuit techniqudor increasing
the noise tolerance of dynamic CMOS gates is desigh A
comparison with previously reported schemes is prested.
Simulations proved that, when 90 nm CMOS technologis used to
realize wide fan-in gates, the proposed design temigue can
achieve the highest level of noise robustness.

Index Terms—bomino logic, leakage current, noise tolerance,
power consumption.

|. INTRODUCTION

Owing to the aggressive scaling down of the teabglto
the deep sub-micrometer regime, noise immunityeisoming a
very important issue in the design of VLSI chipheTterm
‘noise’ in digital integrated circuits generallyfees to any
possible event that may cause the voltage at a toodgry from
its nominal value. There are different sources @@ in deep-
submicron circuits. They are mostly related to stai&, small
variations of the nominal supply voltage value, rgeasharing
and leakage current. The leakage current is thet writecal,
since in digital circuits it exponentially increasevith the
continuous shrinking of the MOS transistor dimensifdl, 2]. In
fact, in order to limit dynamic energy consumptitime supply
voltage is reduced in each new technology nodethAtsame

Together with the increase of transistor densityecsic
design styles have also been aggressively explaiteatder to
achieve high performance. Here, it is the casehefdomino
logic design style, which is faster than the staiiOS.
Moreover, domino gates are more compact, especiatign
they have a wide fan-in. Wide fan-in domino gates aften
employed in the critical path of high-performantéps, such as
in general purpose microprocessors or digital signacessors.
As an example, wide fan-in OR gates and MUXs assl uis the
design of high-performance register files.

Domino gates suffer from higher noise sensitiviigrt their
static CMOS counterparts. This is because of tHew
switching threshold voltage, which is equal to W¥g, of the
pull-down NMOS devices. Noise immunity has becongreat
concern, especially in the design of high fan-inega This is
because of the high number of transistors and itibzanches,
which cause more possible paths for gate and gelshbld
leakage currents.

Several techniques have been proposed to redudeakage
noise sensitivity of high fan-in footless domindega[3-10]. All
the existing techniques improve the noise robustioésiomino
gates at a significant cost in terms of delay orrgn
consumption. Moreover, the degradation in speed tred
increase in energy dissipation seem to become @demore
troublesome with continuous technological progresse

In this paper, a new technique is proposed to asgethe
noise immunity of dynamic gates with minimal energyd

time, the threshold voltage {\) of the MOS transistor is scaleddeh,le penalties

down to assure high performance. As a consequéheesub-
threshold leakage current continually increasesgesiit is

exponentially dependent on ry. Furthermore, the continuous

reduction of the gate oxide thickness causes armrexgial
increase of the gate leakage current because oérthanced
tunneling of the carriers through the oxide itself.
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Il. DIFFERENT HIGHPERFORMANCE NOISE TOLERANT CIRCUIT
TECHNIQUES

(A) Wide fan-in Domino OR gate-Footless scheme

In Fig. 1, a typical wide fan-in domino OR gatedless
scheme is depicted. The footless scheme is oftefoited in
high-performance circuits because the dischargbeoflynamic
node is faster and the capacitive load of the clbok is
reduced. The operation of a domino gate is mandgyethe
clock signal.
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Fig. 1 Wide fan-in Domino OR gate-Footless scheme.
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Fig. 3 Wide fan-in Domino OR gate-Footless schecriatiakage current
simulation.
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The pre-charging PMOS charges the dynamic node ugd.
17:

The dynamic node is no longer constantly connetieddd
through the pre-charge PMOS. Only the keeper pesvid

During precharge (CLK =

During Evaluation phase (CLK =

connection to Vdd until OUT goes high. This eventld be
forced by the sub-threshold leakage currents. ¢y ven with
all the inputs low, the leakage currents flowingotigh the
NMOS pull-down network (PDN) could discharge thendmic
node. This effect is enhanced if a noise voltagsepoccurs at
one or more inputs.

The noise voltage impulse causes two main effects.

i. First of all, the sub-threshold leakage currenotigh the
pull down NMOS transistor exponentially increasathw
the gate-to-source voltage (VGS) variation. Asslte the
dynamic node is forced to be wrongly discharged.

ii. The drain-to-gate voltage (VDG) decreases with VGS
increasing, thus decrementing the drain-to-gatdalga
current.

Unfortunately, the reduction of the gate leakagerest is
almost irrelevant if compared with the increasetlod sub-
threshold leakage current. In fact, the drain-tegkeakage
dependence on VDG is less remarkable than the ingfaéGS
on the sub-threshold leakage current. As a rethdtpresence of
a noise impulse at one or more gate inputs enhattoes
discharging mechanism of the dynamic node.

Besides an input glitch, also a fluctuation of toitage level
of the ground network may cause a wrong dischafgéh®
dynamic node during the evaluation phase. In faategative
voltage pulse occurring at the ground line wouldréase the
VGS of the NMOS transistors inside the PDN. The -sub
threshold current flowing from the dynamic node Vdobe
higher, thus enhancing the discharge of the dynamie.

From the simulation result, the leakage current feasd to be
25.49 n.a.
(B)Wide fan-in Domino OR gate-Footed scheme

In Wide fan-in Domino OR gate-footed schematic-Lasgpk
current Simulation the leakage current was founoet@57 n.a.
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Fig. 4 Wide fan-in Domino OR gate-Footed scheme.



Fig. 5 Wide fan-in Domino OR gate-Footed schensitiaulation. . . . . . .
Fig. 8 Signal stages of Wide fan-in Domino OR dateramic node footed

schematic.

Fig. 6 Wide fan-in Domino OR gate-Footed schemhtiekage current

simulation. Fig. 9 Wide fan-in Domino OR gate-Dynamic node &mbschematic-leakage

(C) Wide fan-in Domino OR gate-Dynamic node foosetieme  Curent simulation.

Fig. 10 Wide fan-in Domino OR gate-Dynamic node téab schematic
Fig. 7 Wide fan-in Domino OR gate Dynamic nodetéabschematic. simulation.

From the simulation result, the leakage current foaad to (ifThree static inverters and the PMOS transisttr are

be 702 n.a exploited to properly turn Mn on.
o (ii))At the beginning of the evaluation phase, owito the
Advantages: finite delay of the inverters-chain (Tdelay), bdtie Clk
()An NMOS transistor Mn is inserted between thenalyic and NCLK signals are high. During this time (the

“Transparency Window"), the gate can elaborateitipait

node and the PDN. Thus this technique will be refitto . . .
us lque wi signals and the dynamic node can be eventuallhdiged.

as the dynamic node-footed scheme.



(iv)After the time Tdelay is elapsed, NCLK becones and
Mn is turned off. In this condition, owing to theask
effect, the charge leakage from the dynamic nodgdand
is exponentially reduced and the noise immunitthefgate
is increased.

(v)Like the diode-footed technique, also the dyramode-
footed scheme leads to a very low area overhead.

Disadvantages:

The increased capacitive load of the Clk line ahe t
increased resistance of the discharging path fer dymamic
node because of the presence of the extra trandbidlo
Impact of Tdelay:

Case (a): The longer the Tdelay, the wider the atesparency rig 11 improved Wide fan-in Domino OR gate-Footesthematic
window, the faster the gate and the lower the nioiseunity. implementation.

Case (b): The smaller the Tdelay, the thicker thegparency

window. This leads to a slower gate but also tcaggenoise

robustness.

The three techniques described above reduce tHeadea
current flowing through the dynamic node by expigtthe
stack effect. These approaches do not reduce #ralbleakage
current, but only the leakage current at the dycanude that
drives the final static inverter and is the critinade.

I1l. | MPROVED HIGHPERFORMANCE NOISE TOLERANT CIRCUIT
TECHNIQUES

(A) Improved Wide fan-in Domino OR gate-Footed scheme

This modified technique has been proposed to redhee
leakage noise sensitivity of high fan-in footed dlmongates. All Fig. 12 Improved Wide fan-in Domino OR gate-Foasetlematic simulation.

the existing techniques improve the noise robustioégsiomino (B) Modified Wide fan-in Domino OR gate-Footless scheme
gates at a significant cost in terms of delay orrgn

consumption. Actually the same modified logic, which had beepligal to
To prove the efficiency of the proposed technigtlee footed technique, was applied to this techniqueo.alhe

external NMOS transistor is inserted between thalumtion corresponding schematic implementation along witls i

PDN network and footer transistor. The purpose ietluce sub Simulation result is shown below.

threshold leakage current that flows through ew@unaPDN,

thereby reducing the gate noise sensitivity. Thelifrea circuit

is designed and simulated.

From the simulation result, the leakage current feasd to be
42 p.a.

Advantages:
Leakage current is reduced considerably.
Disadvantages:

Though the leakage current through evaluation PN i
reduced, the current through footer is again irszdai.e. the
leakage current through footer is 423a.

Dls_charge of (_jynamlc node is not so fast as pr‘ﬂmol"—]ig. 13 Modified Wide fan-in Domino OR gate-Fooesschematic
technique (unmodified). implementation.



Fig. 14 Modified Wide fan-in Domino OR gate-Fooflechematic simulation.

The modified version is not giving faithful result§hough
the same modified logic is applied to this ciralgo, it does not
hold good in this case, since it does not possesteif transistor.
Thus the discharging of dynamic node is fast enowghout
modification. If any transistor is added to this NDthen it
reduces the sources potential, thereby increasibgtisreshold
leakage current.

From the simulation result, the leakage current feasd to
be 266.9 n.a.

Drawbacks:

(DIncreased sub threshold leakage current.
(i) The equivalent resistance of PDN network magréase.
(iil)Gate delay may be present.

Thus this modified network may be omitted.

(C) Improved Wide fan-in Domino OR gate-Dynamic node
footed scheme

To avoid the capacitive loading problems, we go tluis
modified new technigue. The following modified ciicfulfils
our requirements. In spite of having few drawbaasa whole
its results are better than most other techniques.

Fig. 15 Improved Wide fan-in Domino OR gate-Dynamazle footed schematic
implementation.

Fig. 16 Improved Wide fan-in Domino OR gate-Dynamazie footed schematic
simulation.

Modifications made:

i. Reduction of the Transparency window (Tdelay) sat th
greater the noise robustness.
ii. Insertion of NMOS transistor Mn between dynamic exod
and PDN.
iii. Reduction of the Transparency window (Tdelay) sat th
greater the noise robustness.
iv. Insertion of NMOS transistor Mn between dynamic eod
and PDN.

This modified circuit is simulated and correspomdin
simulation result is shown below.
From the simulation result, the leakage current feaad to be
21.45 n.a.

Advantages:

(iYHigh noise robustness.
(i)Reduction of leakage current.
(iii)Low area over overhead.

Disadvantages:

(DIncreased capacitive load of Clk line and incezh
resistance of discharging path of dynamic node tue
presence of Mn and NMOS-externally inserted traosis

(i)Series of inverters, Mn, NMOS-externally inssit
transistor all these cause dynamic energy dissipati
even output does not change.

IV. COMPARISONRESULTS

Table 1 Leakage current, power dissipation compasi&smong
different techniques of Wide fan-in Domino OR gate

Circuit Technique Leakage Current Power Dissipation
(in Amps) (in Watts)
Foot-less 25.49n 497.34n
Footed 257 n 503.7 n
Dynamic node footed 702 n 232
scheme




Table 2 Leakage current, power dissipation compasibetween
unmodified & improved techniques of wide-domino Q&te.

(1]
Leakage Current Power Dissipation
Circuit (in Amps) (in Watts) 2
Technique Un- Improved Un- Improved
modified modified
Footed 257n 42p 503.7 n 1u (3]
Footless 25.49n 266.9n 497.34|n 984.84/n
, 4]
Dynamic node [
footed 702 n 21.45n 232 431.6 p
[8]

V. CONCLUSION

Domino CMOS logic circuit family finds a wide vatjeof [6]
applications in microprocessors, digital signal gassors, and
dynamic memory due to their high speed and lowaeebunt.
Domino logic is a CMOS logic style obtained by adyla static 7]
inverter to the output of the basic dynamic gateuii. In this
paper High-performance noise-tolerant circuit teghes for
CMOS dynamic logic are studied and correspondingnibo
logic techniques have been designed & simulate@ fBsults (8]
are studied. The advantages & disadvantages arelbderved.
Few modifications have also been made to alreadstieg
domino techniques to get desired results. The ing@o [9]
techniques, though they suffer from few drawbaeks, giving
better results compared with previous techniques.

Different Domino logic circuits are simulated in tho
Cadence virtuoso and Mentor graphics environmeiitse
performance parameters of improved techniques dse a
compared with other standard architectures of Dortogic.

[10]
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