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Abstract

The advent of dynamic logic especially domino logic has made the use of dynamic circuits very wide for the implementation
of low power VLSI circuits. Dynamic logic style is becoming the designers’ choice these days because it has very fast speed
and occupies very small area. In this paper we have used various techniques based on domino logic to overcome noise.
Each technique has its merits and demerits. Out of these techniques mentioned below we have taken two widely used
techniques in domino logic, conditional keeper technique and diode footed domino. We calculated their noise margins
at different values of supply voltage. We have done simulations in 90 nm technology. After calculations we found both
techniques show fairly good noise immunity but diode footed domino gave better results.
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1. Introduction

Very Large Scaling of integration made it possible to
incorporate many transistors on a small circuit and has
thus increased the circuit performance. But this scaling of
technology poses problems in the design of deep submi-
cron. Noise immunity needs to be paid attention in DSM.
The increase in various leakage currents, rapidly changing
clock frequencies, large amount of crosstalk and various
other noise sources reduce the noise immunity of differ-
ent circuits. Since we know technology scaling takes place
day by day supply voltage needs to be reduced to keep
up the device reliability,and thus it demands reduction
in threshold voltage. A noise immunity of a circuit can
be reduce by decreasing the threshold voltage of a circuit
reduce the noise immunity but it increase the exponential
in subthreshold leakage currents that in turns increase the
leakage power of subthreshold region. As frequencies of
processors increases day by day, domino logic has become
the choice of circuits as it accomplishescritical paths so
as to offer significant faster switching speed than other
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circuit styles. Since domino logic circuits tend to occupy
smaller areas which makes them attractive for use, but
these advantages have some drawbacks also. Domino
logic is susceptible to noise. Hence its usage includes many
design risks and there is a need to verify its functionality
and performances.

Figure 1, shows a general form of aCMOS dynamic
logic circuit. General functioning of dynamic gates basi-
cally takes place because of charge storage for a small
amount of time in the dynamic node. For this there is a
need of continuous up gradation and refreshingof various
internal nodes. Now this brings into account that refresh-
ing of charges can be performed by regular application of
clock signal. A dynamic logic circuit as shown in Figure 1
reduces the number of transistors used. All the dynamic
circuits follow the same basic principle which is initially
precharge the output node then after that evaluates the
output in accordance with applied inputs. The precharge
phase has a function to keep the circuit on adefined initial
state andevaluation phase shown the basic response of the
circuit. Although low switching threshold voltages can be
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achieved by dynamic logic but it may suffer from different
process variations and design.

Noise in CMOS circuits can be seen as a change
whichtakes the dynamic node voltage response away from
its actual response. Noise affects different circuit param-
eters thatmay include leakage, crosstalk, supply variations
etc. Due to low switching threshold voltage V,, Domino
circuits more susceptible to noise. Threshold voltage
is defined as the input voltage at which the output state
changes. There are many methods to reduce the effects of
noise; one of them is raising the switching threshold volt-
age. It will automatically sacrifice the circuit performance
in terms of parameters like power consumption, delay,
speed that makes dynamic circuits popular and feasible.
Hence a noise tolerant method should provide improve-
ment against noise without compromising other attributes
like speed, power and delay. Noise in digital circuits occurs
due to charge sharing and charge leakage. Charge leak-
age is further of two types that is Subthreshold Leakage
and Reverse Bias P-N Junction Leakage. Subthreshold
Leakage is commonly assumed that when the transistor
is off there is no current flowing through it, but actually
what happens is there exists a non-zero leakage current
that flows in the channel at the microscopic level even if
the transistor off. This current is called as subthreshold
leakage current as it flows at a region below threshold volt-
age. Subthreshold leakage depends on various parameters
such as device dimensions, temperature, drain to source
voltage, fabrication process etc. Impact of drain to source
voltage is almost negligible when it is much larger than
thermal voltage. When the V, threshold voltage is low-
ered or scaled down the various variations do not scale
down in accordance. As a result of this subthreshold leak-
age current increases with lowering of threshold voltage.
It is very small and is measured in pico amperes. It is usu-
ally independent of the operating voltage of a device and
is very hard to ignore. It often becomes very difficult to
predict and measure leakage current. It also poses power
problems at times and hence needs to be looked after.
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The second type of leakage which is Reverse Bias P-N
Junction Leakage which occurswhen either when the source
of an N transistor is at Vdd or the drain of a P transistor is at
Gnd. It has been observed that because of the parasitic effect
of bulk CMOS devices, and p-n junctions are formed at the
drain or source of transistors. The small current that flows
as a result of this reversed biased p-n junctions is called as
p-n junction reverse bias leakage current. The amount of
current that flows depends on various parameters like tem-
perature, area of p-n junction, applied voltage.

2. Noise Tolerant Dynamic
Techniques

Noise is a phenomenon which causes our output to change
from normal value to an abnormal value. Noise can be
measured in terms of noise margin. Noise margin may
be defined as the ability of a circuit to withstand noise.
Gate internal and external noise are some classification of
noise in dynamic logic circuit'. For improvement of noise
immunity in dynamic CMOS logic gates a large num-
ber of techniques have been developed. These are listed
as under 1. Dynamic feed through logic; 2. Diode footed
domino; 3. Precharging internal nodes; 4. Raising source
voltage; 5. Using keeper.

2.1 Employing Keeper

It is the most simple and old technique used to increase
noise immunity. Different kinds of keepers are employed
for these purposes are mentioned below. The main aim
ofkeeper is to take a very small amount of current from the
supply voltage to replenish the charges which are stored in
node known as dynamic node as shown in Figure 2(a). In
some keepers the gate is connected to ground for some
time and this structure known as an always on keeper, it
increase the dc power consumption. This is because the
keeper remains on supplying the charge continuously
even if the charge replenishment is not required. As such
a large amount of charge is wasted unwantedly and power
consumption gets increased. A feedback keepers technique
were used in which the output is given to the keeper as a
feedback as shown in Figure 2(b) to overcome this prob-
lem. This technique decreased the problem of dc power
consumption. In this technique the charge is supplied to
the dynamic node only when it is required hence saving
power dissipation unlike always on keeper. Further it was
seen that using a keeper causes a serious problem which
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was contention, hence it put stress on sizing of keepers®.
If the keeper transistor size is kept smaller from those of
transistors in a pull down network it reduces delay and
power consumption but if we want better noise immu-
nity its size is kept large. Hence keeper size puts forward
a tradeoff between noise immunity and other parameters.
Now in order to overcome this problem a new keeper
technique called as conditional keeper was employed as
given in Figure 2(c) it makes use of two keepers. It came
up with the result of less leakage and faster evaluation.
In this technique first keeper pkl is larger in size and is
turned off after some time delay so as to stop the wrong
discharge of dynamic node when input combination is all
low. The second smaller keeper pk2 is kept on to makeup
for leakage of charges till pkl is turned on’. One more
important keeper technique called as saturated keeper was
introduced which is shown in Figure 2(d). Here when the
evaluation phase starts the keeper is biased in saturation
region so that it reduces delay and power and provides the
required amount of noise margin. To achieve the required
level the gate voltage of keeper is keptat V| -V level. The
voltage of the gate of keeper, is connected to the output of a
Not gate with input sensing the dynamic node voltage. At
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Figure 2. Noise immunity improvements techniques.
(a) Saturated keeper. (b) Conditional keeper. (c) Feedback
keeper. (d) Always-on keeper.
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the beginning of evaluation phase clk and are high, if the
inputs available do not call for discharging the dynamic
node, the gate voltage of keeper will be maintained at
V-V, and will provide desired noise immunity”.

2.2 Raising Source Voltage methods

2.2.1 NAND Gate by D’Souza’s Method

A 2 input NAND gate as shown in Figure 3(a) called as
a D’Souza’s method. In figure given below transistor Mn
turns on during evaluation and node N, is brought down
which further turns on Mp and that leads to a voltage
divider circuit. The voltage at node N depends on fea-
ture of transistors Mn and Mp. It also depends on many
technological parameters. Source node of transistor Mb
is node N ; increase in the voltage at N, inturn increases
threshold voltage of Mb because of body effect. The dif-
ference between input voltage at B and the N, surpasses
the increased threshold voltage of the transistor when Mb
is turned on. Due to this noise immunity of the circuit
improve although it comes with a problem of dc power
consumption. It does not result in rail to rail voltage swing.
To avoid this problem the feature size of transistor may
be increased but this can decrease the noise immunity
provided by this technique®.

2.2.2 NAND Gate by using Mirror Technique

The two input NAND gate as shown in Figure 3(b) designed
by using mirror technique. The basic working principle of
this technique is same as of the technique mentioned above.
Here an external feedback is used to avoid the problem of
power dissipation. It does so by showing the working of
Schmitt trigger circuit. Pull down nmos network is dupli-
cated and the node N, is precharged by transistor Mn.
During the evaluation phase transistor Mn is on, in the
meantime N is precharged to V-V, For some kind of
input combinations a path is formed in the pull down net-
work which brings down node N1. Meanwhile transistor
Mn is still on, a voltage divider gets formed and voltage at
node N, is brought down. It short this technique replicates
the pull down network and also makes use of a feedback
control nmos transistor whose function is to decreases dc
power consumption and enhances the noise immunity. As
the transistors in the pull-down network are off, the mirror
network of transistor is also turned off. As such it cuts off
dc conducting path. Thus it solves dc power consumption
problem’. Besides this, the mentioned technique results in
increased area and speed®.
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2.2.3 NAND Gate by Twin Transistors Technique

The 2 input NAND gate as shown in figure 3(c) designed by
using twin transistor technique. The additional transistors
used here called as twin transistors increase the turn on
voltage as it pulls up the voltage of the common source
nodes. The technique given above provides good noise
immunity but it consumes more energy. The twin tran-
sistors used in the circuit increase the node capacitance
and circuit delay. Moreover by increasing the size of the
transistors used in the pull down network, delay can be
improved. The additional twin transistors remove the
charge sharing problem. To precharge the internal node an
extra transistor at each node is used only when the input
combination is such that charge sharing may take place®.

2.3 Internal Node Precharging
2.3.1 Precharge of all Internal Nodes

Mostly charge sharing takes place in dynamic circuit
among various internal nodes and the dynamic nodes
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Figure 3. (a) D’Souza’s method. (b) Mirror technique. (c)
Twin transistor technique.
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and it often causes wrong output. Charging the internal
nodes firstly present in the pull down network can over-
come this problem. As the internal nodes have been
precharged this charge sharing is removed but it comes
with greater area. Also this effect on the load capacitance
by increasing it on clock net’. Here the internal nodes are
precharged by pmos transistors. They act more like keep-
ers which supply the charges to the respective nodes when
charge leakage and charge sharing occurs. This is shown
in Figure 4(a). It most likely eliminates charge sharing
problems in dynamic circuits.

2.3.2 Precharging by Convino’s Methods

As shown in Figure 4(b), is a modification of internal
node precharging technique. In this method the input
data given actually precharges the internal node. It gives
better noise immunity as it precharges pmos. The switch-
ing threshold voltage in the dynamic logic gate depends
on sizing of pmos transistors. The disadvantage this
technique has is that it is not helpful to wide fan in or
gates firstly because there are multiple paths for charge
leakge and secondly it causes static power dissipation’.

2.4 Diode Footed Domino Technique

It gives a better noise immunity in a standard domino circuit.
The NMOS transistor used here is in diode configuration.
The main thing that helps here is stacking effect which has
great impact on noise and reduces it by decreasing the leak-
age current in the evaluation path. There is a leakage current
caused by evaluation transistors which result in some volt-
age drop along the diode footer transistor used (M,). This
drop in the voltage causes gate to source voltage of the off
evaluation transistors negative. This results in reduction in
subthreshold leakage current. Also the diode increases the
body effect which also reduces the subthreshold leakage.
Furthermore the diode footer switching threshold voltage
of the gate of the nmos devices which in turn leads to bet-
ter noise immunity. But all this is done at the expense of
degradation in performance. To enhance the performance a
mirror transistor is used which mirrors the evaluation cur-
rent. Transistor M, is used in the feedback configuration.
This prevents the short circuit power dissipation. Mostly
circuits like comparators, multiplexers are employing this
technique. Here mirror ratio also puts forward a way to
trade off two parameters like performance and robustness.
As shown in Figure 5(a) used this network in evaluation
phase in order to enhance the speed a current mirror.
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2.5 Logic Design Technique by Dynamic
Feed

In this method of noise immunity is applicable as it gives
more noise immunity in addition to low power. It is shown
in Figure 5(b). As the clk is kept higher thess transistor
Mr is turned ons, discharged the output node. This phase
known as reset phase. Evaluation phase comes into play
when the clock goes low. Initially there is false logic evalu-
ation occurs and there is no path between transistor Mq
and pull down network as all inputs to NMOS are reset to
low in this period. After finishing that the inputs obtain
their correct logic value and hence S evaluates to correct
logic level. If the input combination applied is such that
the pull down network is ON then contention takes place
between PMOS and pull down network. In the evalua-
tion period although it has performance advantage FTL
results in lesser noise margins and direct and non-zero
nominal low output voltage. Thus to remove this problem
modified feed through logic technique was introduced.
Here an additional PMOS transistor is used to decrease
charge sharing between internal node and dynamic node.
This in turn results in an increase in Vt in the pull down

(b)

Figure4. Precharging of internal nodes by. (a) Precharging
of all internal nodes. (b) Precharging by Convino’s method.
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transistor and thus gives better noise immunity. Charge
sharing between capacitance C1 and C2 in the evaluation
phase may lead to wrong output, therefore transistor M3
avoids this problem as it precharges the internal node T.
What happens here is that node S and T are precharged to
the same potential and no charge sharing occurs between
C1 and C2. Since only extra transistor is used to improve
noise immunity of the circuit unlike other techniques.
Also as numbers of transistors are less the overall power
dissipation is also less®. As shown in Figure 5(c).

3. Conclusion

Different noise tolerant techniques have been discussed in
Table 1 and Table 2. Keeper technique used is very help-
ful in providing good noise immunity and gives lesser
power consumption in addition to lesser area as shown
in Figure 6. It is most widely used technique and can
be used in different forms like feedback keeper, condi-
tional keepers etc. Raising the source voltage techniques
which include mirror and twin transistor technique result
in more silicon area of the circuit, low speed of circuit
and increased power dissipation. Techniques like inter-
nal node precharging puts forward the problem of dc
power consumption. It is effectively used for only specific
types of logics. Diode Footed Domino is mostly used for
high fan-in circuits and is a leakage tolerant and high
performance technique. It gave better results than condi-
tional keeper technique which can seen in the table and
graph given below. Diode footed domino also consumes
less power. Conventional FTL is not that much helpful in
reducing noise as modified FTL is, so an advanced new
version of FTL is used for increasing noise immunity. It
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Figure 5. (a) Domino logic by diode footed. (b)
Conventional Feed through Logic (FTL). (c) Modified FTL.

Table 1. Comparison of noise tolerance techniques
of dynamic circuits

Methods or Consumption| Noises of all
Category .
Techniques of DC Power types
Always on keeper Higher Effective
I Feedback keeper Lesser Effective
Conditional keeper Higher Not Effective
Saturated keeper Lesser Not Effective
D’Souza Higher Effective
I Mirror technique Lesser Effective
Twin transistor Lesser Not Effective
Pt.'echargmg ofall Lesser Not Effective
- internal nodes
Precharging by . .
Convino’s method Higher Not Effective
IV |Diode footed domino Lesser Effective
Modified Feed .
\Y Through Logic Lesser Not Effective

Table 2. Comparison of noise tolerance techniques
of dynamic circuits.

VIL (mV)
Supply (v) Conditional Diode ff)oted

Keeper Domino

0.8 380.0061 396.5633

0.9 412.8481 444.1028

1 449.9281 492.9904

1.1 504.5413 542.7832

1.2 543.7096 593.7402
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Figure 6. Noise vs supply voltage.

eliminates the charge sharing problem and also results in
less power dissipation
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