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Abstract

This paper presents a charge-sharing tolerant domino circuit technique. The technique is composed
of dual strategy to cope up with the charge sharing in domino circuits due to transistor loading at
wide fan in and due to the current contention at keeper stage respectively. The proposed Charge
Sharing Tolerant Domino or CSTD works primarily to engage in isolating the drain circuit from the
short circuit current, thereby avoiding the leakage-related losses and charge sharing of the domino
circuit. Secondly, CSTD uses a modified keeper circuit to reduce the contention current at keeper
stage. The proposed circuit has been studied and performance optimized. CSTD is compared with
the standard footer and footless domino, and other latest domino circuit techniques. CSTD results
in 51.2% reduced power consumption as compared to SFD and 18.9% as compared to the latest
LPSD circuit technique, at 64 bit fan-in. The noise metric as determined by Average Noise Immunity
has been substantially improved by 189% as compared to SFD and 37% as compared to LPSD.
Simulation environment was kept at 90nm NMOS and PMOS models, at 500MHz.

1. Introduction

The dynamic logic circuit is a next-generation logic style that uses the circuit’s inherent parasitic
capacitance to provide the output voltage without the necessity of keeping a low impedance path
from output to voltage supply or ground always [1-6]. Such measures result in low power
consumption in dynamic logic. Low power consumption reduces the requirement of large heat sinks,
reduces cost of system, allows for more optimized battery life and fuels technological advancements
further [7-12]. Thus dynamic circuits become a perfect choice for such low power applications.

Dynamic logic is faster due to low input capacitance and no contention during logic transitions.
Moreover, it allows circuit designers to construct efficient circuit in less chip area and provides
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much better transistor sizing optimizations. With all these benefits, dynamic logic is the first choice
for any application that mainly requires high speed and low power such as high speed data paths,
arithmetic functions, Manchester carry chains, decoders in on-chip SRAM arrays, flash memories,
PLAs, Multiplexers etc. However dynamic circuits suffer from some limitations too.

The total power consumption in a logic circuit is a function of switching activity, capacitance,
voltage and the structure and design of MOS transistor. In order to target specific design areas for
specific reduction in power losses, total power is divided into 3 components [13] as given below.

l)total = Pswitching + Pshort—circuit + l)leakage (l)

Here Pswitching 1S the power consumed during switching between voltage levels. It is dissipated due
to charging and discharging of internal and net capacitances. denotes power consumed due
to direct conductance path between voltage and ground during switching. And Pigakage IS SUM

total of all leakage current losses in circuit during any steady voltage state.
l:)switching = O(Ceffvddvswingf 2

In the above equation, a represents the switching activity of logic operation. Cqs is the effective
capacitance during that switching activity. f is the switching frequency. V44 is the supply voltage.
And Vsying is the output voltage swing of the logic gate.

Pshort—circuit = IscVaaf (3)

This term represents the short circuit power consumption. Dynamic gates provide a better advantage
for keeping this component low by allowing this connection for least time possible. It can be further
improved by optimized clock operation and voltage supply scaling.

The last component Piarage is @ function of voltage supply, switching threshold voltage and
transistor size. This is why it depends largely on the technology being used. This is called leakage
power consumption. Ideally it should be zero, but in any realistic circuit, there is always a small
leakage current flowing mainly due to diode reverse bias current, sub threshold current, gate induced
drain leakage and gate oxide leakage. Of all contributors, subthreshold current is the major
contributor to this leakage power consumption. This is also called static power while the other 2
components together are termed as dynamic power.

With technology downscaling up to 45nm, dynamic power contributes the major component because
of high capacitance induced power losses while leakage is considerably less [14]. The further we go
to deeper nodes beyond 45nm, dynamic power consumption is lowered due to small size
components, static power consumption however becomes the major contributor to total power
consumption. This is because subthreshold leakage current rises exponentially with respect to the
reduced threshold voltage as shown in (4). Therefore depending on the technology being operated,
circuit techniques and strategies need to be employed. This paper focuses on dynamic power
reduction via novel circuit technique using 90nm technology models for transistors.
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Vps (VGS_VTH*'WVDS)
Isub.th = Io(1 —e Ve )e Ve (4)

The dependence on threshold voltage is shown above. It is highly affected by transistor size which is
why sizing optimizations are important to reduce such leakage current.

w
o = uocoxf(n - 1)Vt2 (5)

V. is thermal voltage, Vs is drain to source voltage, Vg is gate to source voltage and Vy is threshold
voltage as given in (6). n is coefficient for drain induced barrier lowering. W/L is the aspect ratio of
transistor. n is the subthreshold swing coefficient. u, denotes mobility at no bias voltage and C is
gate oxide capacitance.

Vru = Vo + Y({@s + Vg — \/@) (6)

Here Vg is threshold voltage at zero body bias. Vp, is the body bias factor. g is the potential
needed to form inversion layer. And Vg, is the transistor bias between source to body. This induces
the body bias effect where Vg is increased because it adds reverse bias across p type body and n
type channel boundary for NMOS, thereby increasing the bulk depletion charge.

In this paper, a novel circuit technique is proposed for high performance domino logic gates using
wide fan in OR gates to implement the technique. Wide fan in gates are employed in most of the
high speed applications and carry the high input capacitance issue thereby resulting in high power
consumption and degraded performance. We use dual keeper based multi stage difference amplifier
for wide fan in gates to reduce power consumption and improve the performance of the circuit, at
the expense of manageable increase in chip area. Since dynamic circuits already operate in much
smaller chip areas, such design can be optimized and used for more efficient logic gate operations.
The rest of the paper is organized as follows. Section 2 shows the literature survey of relevant circuit
techniques and their individual performance assessments. Section 3 explains the proposed circuit
technique and section 4 provides the results and discussion for the same. Finally, section 5 concludes
the entire evaluation of results and discusses future use of aforementioned technique. The
simulations are done in 90nm CMOS technology at 110. Supply voltage used is 1 volt and
comparisons have been done for 8 bit, 16 bit, 32 bit and 64 bit wide fan in OR gates.

2. Literature Survey

Conventional domino circuits are discussed in this section. The dynamic circuits provided its
advantage of speed because it removed the redundant circuitry from pull up and pull down networks,
without affecting the current in the circuit. This usually means there will be a precharge and evaluate
transistor in the circuit. This forms the early design for standard footed domino [15], as shown in
Fig. 1. However conventional domino circuits differ from the practical domino circuits in some
aspects. One of the primary changes, that is often played out in domino implementation is the use of
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footless domino [16], presented in Fig. 2. With the added advantage of higher speed, it also allows
more logic per gate. It is much more applicable in compound domino gates [17].

Precharge Keeper
transistor Vdd  Vdd  {ransistor
CLK — Fi
ouT
Inputs | PDN

CLK #[: Footer
transistor

Fig. 1 Domino Ioéic based OR gate circuit in standard footed configuration or SFD

Domino circuits work in 2 states as precharge and evaluate. Evaluation state concerns with the logic
gate operation where output responds to the input combination thereby making this state more
vulnerable to leakage current. If the input combination is low, still the leakage persists. This has been
a major area of concern for domino circuits [18]. Leakage current consists of 5 major sources while
other sources have only marginal effect on leakage. These are subthreshold leakage, gate oxide
tunneling leakage, reverse bias junction leakage, gate induced drain leakage and the gate current as
a result of hot carrier injection. Due to such inherent leakage current and the dynamic design of
domino circuit, 2 major problems persist as charge leakage and charge sharing. It results in
degradation of output voltage before the stipulated hold time for the logic operation. This not only
results in reduced accuracy but also affects noise immunity. This does not pose a major problem at
normal operating frequencies, but in circuits where clock may stop and go in standby mode for some
time to preserve power, this becomes crucial to maintain dynamic node voltage at high. For circuits
with wide fan in, due to many parallel leakage paths, this problem increases further. And it becomes
difficult to use domino circuit for such gate operation, especially if they are being used in cascade
configuration.

In order to tackle these issues, a keeper transistor is used at dynamic node to hold that output charge
during evaluate phase in that particular logic. This transistor can be run by the output if it is an inverter
or else a separate inverter will be required for it. A weak PMOS keeper is used whose purpose is to
supply current and maintain the voltage high on dynamic node such that the gate does not flip
erroneously. Therefore, the charge sharing problem does not affect the circuit operation and
robustness of the circuit is improved too. However, addition of keeper transistor gives rise to a
contention current that opposes the evaluation current of NMOS transistors in PDN. It typically
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increases the delay of the circuit by 4-6%. To manage this delay, keeper sizing optimizations become
important. But the contention current also leads to increase in dynamic power losses. Due to the
dynamic nodes, not driven or weakly driven, domino is sensitive to noise coupled to inputs and
internal nodes. And thus with keeper addition, noise immunity gets affected too. Since domino
circuits are very high speed already, this degradation does not impact its performance as compared to
static logic circuits. However as compared to the conventional domino design, the trade off situation

arises between delay and the circuit’s ability to fight voltage fluctuations due to noise sources.
Precharge Vdd Vvdd Keeper

transistor transistor
CLK b—

‘ ouT

Inputs | PDN

Fig. 2 Domino logic based OR gate circuit in standard footer less configuration or SFLD

The keeper sizing optimizations are better understood by analyzing the keeper ratio of the circuit.
This effectively relates the current output for keeper transistor to PDN transistors.

1p ()
P37 /Keeper—transistor
K = —_L/Keep (7

W.
Hn (T)Evaluation—network

Here W denotes the width of the transistor. L denotes the length of the transistor. and are hole
and electron mobilities, respectively. Conventionally the keeper size is kept as low as possible and
at least a factor of 4-10 smaller than pull down transistors in PDN. As the keeper ratio is increased
by using bigger and bigger PMOS transistor, the noise immunity improves whereas it also increases
power consumption and degrades the speed of the circuit too. The wide fan in circuits consists of
many parallel paths, thus increasing the input capacitance of the circuit. This further alleviates the
issue of contention current during evaluation. This is why such keeper sizing optimizations does not
prove beneficial for upcoming generations of domino circuits. And with growing number of inputs
as 8, 16, 32 and 64, the performance of circuit seems to degrade in a non- linearly decreasing fashion
[19]. So the situation seems acceptable at low inputs, but it becomes a major trade off for higher
inputs. And we need novel ways to improve the speed and performance of such circuits.

Most circuit techniques that are aimed at improving these issues are focused at modifying the
topologies of keeper control circuit [20-23]. The rest of these techniques are focused at modifying
the design of evaluation network, varying the threshold voltage of PDN and managing the role of
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pull up network or PUN in precharging the internal node [24-32]. Basically one aims primarily at
managing the keeper activation, other aims at directly managing the current flow and current
contention by other measures. We will see the latest techniques being used for the same.

In order to manage the leakage current, CKCCD uses current comparison strategy in evaluation
network. This idea was proposed in controlled keeper current comparison domino or CKCCD [26].
It isshown in Fig. 3(a) and 3(b). Its advantage is improvement in noise immunity and reduced power
consumption while working in a footed domino configuration. It does so by controlling the keeper
at necessary times in a logic operation and therefore reducing contention in the process.

vdd vdd vdd
Vvdd
M1 M2 M3
i F o v
F CLK4
‘ ouT
PDN

rd[ M8

Guelf w il

gate

@ N (b)
Fig. 3 (@) Domino logic based OR gate circuit in Controlled keeper current comparison configuration
or CKCCD and its (b) Reference block

Current comparison domino [27] performs its operation using the same basic strategy of comparing
the currents to reduce contention. In this technique the comparison is done between mirror current
from PUN and the current in reference circuit. It gives lesser power consumption. Due to footer
transistor, much better control is observed and therefore robustness of the circuit is improved along
with noise immunity.

Delayed Feedback Domino [27] uses an inverter driven feedback to the input supply which signals
the input nodes to activate during precharge phase and signals it to allow current flow during
evaluation phase. This technique uses output capacitance to drive the input circuitry, which becomes
a problem if more than 3 output stages are driven from this domino circuit. The current reduction
would lead to error in bit synchronization throughout the domino chain. In addition to the possibility
of bit error at high output load, this circuit also suffers from a possible glitch issue in case all inputs
provide a bit LOW. In this case, input network would by default discharge all the dynamic current
through PDN, but it will still drive output node to saturation due to the delayed feedback signal being
provided to the input via the output stage. Due to this a glitch might occur where dynamic node will
give a high value, even when all the inputs show a low bit value.
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Low Power Stacked Domino (LPSD) is presented in [29]. It relies on stacked output node via 3
transistors used in varying width configuration. The keeper activates the input circuit, thereby
signaling and controlling the precharge phase keeper. The circuit is shown in Fig. 3. Circuits that
draw signal from output in order to control the input precharge phase, general face stability issues,
which is a limiting constraint of this circuit too. As per the frequency of 500MHz, this circuit will
not be able to operate reliably if noise fluctuation cause current spikes, as it relies strongly on the
timing of NMOS transistor getting turned OFF at the output node, while at the same time, pull down
network should get activated, in order to signal the input supply correctly. Other than this, the circuit
provides considerable power reduction.

Chnamic Mode .
| out
1
I (0] - = INn
W3
M1
IE I %lhﬂu Mz

Fig. 4 Domino logic based OR gate circuit in Low Power Stacked Domino

Analysis of these techniques highlight the need for a novel technique to minimize the leakage losses
due to direct path between supply to ground while circuit operation, and this should not affect the
cascade operation of the circuits. SFLD design use direct input to output voltage transfer thereby
leading to power losses. While LPSD reduces such leakage via partitioning the input capacitance, it
still is not able to reduce the output voltage swing due to clock driven transistors. Both these concerns
are met by CCD and CKCCD which use an isolated input to output circuitry and use an independent
operation for driving transistors. But both CCD and CKCCD use precise matching circuits for its
operation which is a problem for battery operated circuits that engage in long standby modes thereby
putting the logic value of output at risk. Therefore we need a novel domino circuit design that results
in lesser power loss and better reliability at given supply voltages and process corners of the circuit.
Along with this, it should also be able to operate at high speed and better noise tolerance.

3. Proposed Circuit

The proposed design is charge sharing tolerant domino (CSTD). This circuit’s operation will be
detailed with respect to its input states, as per the truth table of OR gate, when all inputs or any input
is high, and when all the input supply voltage is 0 aka low voltage. The primary aim of the design
is to reduce the output voltage swing, which in turn will lead to lowered dynamic power
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consumption. This voltage curve can be lowered at the output end as well as the input end, but there
are limits that need to be taken care of. The difference between 2 voltages must also reach a certain
level in order for the circuit to work properly.

The proposed circuit is shown in Fig. 5. The 1% stage contains pull up and pull down transistors
along with the input evaluation network of N transistors. Clock is applied to Mpre and Meva to
precharge the circuit and use it in evaluation mode for next cycle. 5 transistors make up for the 2"
stage of isolation. This stage operates at certain difference voltage as fed from nodes N1 and N2.
Finally the output or 3™ stage contains a skewed inverter to give the final output of the circuit.
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GND GND GND
~ ~ =~

Fig. 5 Charge Sharing Tolerant Domino logic based OR gate circuit

The circuit operates as OR gate as shown in Fig. 6. For voltages applied at input 1 and 2, aka transistor
M-in1 and M-in2 are high while others are low at the input stage. For this combination, and for a 50%
duty cycle of evaluation and precharge phase, the circuit performs as expected by an OR gate. When
both inputs 1 and 2 are HIGH, the output signals HIGH as given in the timing diagram. Dynamic
node works optimally signaling the inverted signal and driving the output stage according to it.
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Fig. 6 Timing diagram analysis for operation of the proposed Chare Sharing Tolerant Domino circuit.

v)

One of the prominent features in all domino logic designs as shown in [24-32] is the clock driven
transistors in pull up part of the circuit. It is supposed to prevent overlapping signals in between
precharge and evaluate modes. Such technique makes the circuit more robust, however such circuits
perform efficiently under 100-300MHz. Domino circuits at 90nm node or below, operate at 500MHz
to 1.5 GHz. Due to this, the output has to drive the pull up transistor. It creates a feasible scenario
between circuit’s power consumption and speed of operation. An output driven transistor, however
lowers the drive current. When we are operating domino in cascaded stages, this becomes a
problematic issue, as it puts the next stage’s state on a high risk of flipping its output value. This issue
has been rectified by using 5 transistors in a loop configuration in 2" stage. The loop only allows the
charge to not leak, rather stay in the circuit and drive other gates from it. As shown in Fig. 7, the
charge sharing scheme of this circuit focuses majorly on dynamic node driven footer transistor and
its synchronization with M2 and M4, for precharge and evaluate mode respectively.

Vo
ll"‘:\:\ |
MEZ O wath Mk "ORF
Reisfance R
I T ] ‘i‘;‘" V)™ |
(Mlcs) G, . I (M) - :
“.._._.-' | ________..--""'
|
l _D, !
Hode % 'u".-_u_u Hage p‘irv U"-UT
I"l-.'ﬂ"ll\.'
o
Iron l
EON PDM S

I <

Fig. 7 Prevention of Charge Sharing via internal looping in CSTD
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Transistor widths have to be managed precisely in order to make sure that the contention current is
least, meanwhile not delaying the circuit further more. M1, M2 and M5 controls the circuit’s
switching operations between logic HIGH and logic LOW voltage. When any one of the input is high,
the output is meant to be logic HIGH. For input HIGH operation, M3 gets turned OFF due to the
input being held at dynamic voltage, while N2 is at low voltage thereby turning off M4 too. This
leads to stage progression to the next stage without any voltage being affected by stage 1. With N2
low, Minv-p is turned OFF thereby putting the voltage at N3 at low level. This results in output being
HIGH. For input Low voltage, the N1 would be HIGH, thereby turning on M3 and thus M1 and M2
too. It will lead to an effective charging current in first stage, thereby turning off M4 and subsequently
the next stage. This provides keeper to flow its current to hold its voltage at pre output to high, thereby
leading to low voltage at the output. M1, M2 and M3 widths are kept low to manage less power loss
due to charging current at just 2.5 times the length, while M4 and M5 are kept high so that, the voltage
is held strongly at low level at the output.

The keeper used at output works to improve the capacitive signaling by increasing the current flow
at node N3. This would not have been achieved if a small width transistor is used here, which is why
they width of M5 is at least 4 times the length of the transistor as shown in (8).

= Kp(D oy ™ Vsap — [Vrp| = V1AV 8)

Ipp stands for drain charge current. Kj, stands for the process transconductance. Vsp,, stands for
voltage between source and drain. Vs, stands for voltage between gate and source. Other than these,
Vrp and V(y) represent threshold and differential voltage. Differential is measured along the length
of the MOSFET.

Fig. 7 shows the scheme with which charge sharing has been eliminated. The internal looping
mechanism provides a loop gain T as shown in equation 9. This gain allows for a current drive at
output, higher than the input charging current, leading to a strong output signal as well as a higher
current driving M3 and M4 in 2" stage. In such circumstances, charge sharing gets strongly
prevented, due to the 2" stage being cut off the input or output, during the mid evaluate cycle and
only acts to increase the drive current as per the gain formula given by T.

T = Ain8mkZx ©)
The dual strategy of CSTD allows it to manage a loop gain based internal charge sharing prevention,

leading to a high transconductance given by G, ¢, as shown in equation 10, thereby creating a low
resistance path as given in equation 11.
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Fig. 8 Contention Current Partitioning throughout precharge and evaluation mode in CSTD

Secondly, this strategy also uses contention current partitioning scheme to isolate 1% stage from 3
stage. This is shown in Fig 8. Due to the internal looping of the circuit, certain delay is introduced
inherently in this circuit during the evaluation phase, but it is compensated by the higher drive current
that is achieved at the output end, and current-less comparison of voltages at N1 and N2. This leads
to a lowered power consumption of the entire circuit, as well as increased noise tolerance of the
circuit, especially the noise generated at the input nodes.

4. Design evaluation and discussion

The 4 most important performance metric for evaluating any domino logic based circuit are power
dissipation, mostly dynamic power dissipation is being focused for dynamic logic circuits, noise
tolerance as per the various assessments of the same, size of the chip and finally the speed of the
circuit [30]. Other performance parameters are also managed in this proposed circuit as repeatability,
sophistication, stability of the circuit, etc.

Noise tolerance metric for the proposed circuit has been discussed in Table 1. High frequency
operation has been focused here from few mega hertz to up to 1 GHz. This is done in order to provide
the higher performance for the circuit, in terms of its functionality and overall operation too. Since
the calculation of performance parameters should be done with actual input metrics, based on the
standard rise time and fall time calculations, practical inputs have been provided to the circuit and
output as well as other performance metrics have been observed for the same. All designs have been
performed at same delay of td=70ps, in order to keep the uniformity of speed calculations and other
calculations in the circuit.
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The given calculations show that, there is a sharp 42% rise in noise tolerance metric in the proposed
circuit as compared to the standard Footer based domino design, while a considerable 16% increase
as compared to the latest current comparison domino design. Due to the charge sharing tolerant
circuit working in evaluation mode, any signal that enters the circuit has to be stabilized first, before
it can affect the output, which is why, noise immunity is higher. The middle stage or 2" stage isolates
input noise strongly, but does not impact much on the noise from other branches. However this paper
focuses only on improving the noise metric for input noise immunity as it is the most important
noise point in the entire circuit.

Table 1: Average Noise Immunity, absolute and normalized, for different techniques and different
fan-ins are observed in this section. All techniques are compared for the same delay.

Fan-in SFLD |[CKCCD| CCD | DFD | LPSD CSTD

8 | ANl | 046 | 049 | 036 | 0.64 | 0.66 0.67
1 1.03 | 0.79 | 1.45 | 1.50 1.55
16 | ANI | 0.38 | 048 | 029 | 059 | 0.62 0.65
1 117 | 081 | 1.64 | 167 1.69
32 | ANI'| 036 | 043 | 0.26 | 0.56 | 0.60 0.62
1 1.30 | 0.83 | 166 | 1.78 1.83
64 | ANI | 0.28 | 042 | 023 | 052 | 0.52 0.56
1 153 | 084 | 1.85 | 1.85 1.89

Power consumption has been calculated in table 2 for the proposed circuit as compared with the other
existing designs for domino logic based OR gate circuits. Static power consumption has not been
considered because it directly depends on the physical characteristics of the circuit and the leakage
models for the circuit. This proposed domino logic based OR gate circuit focused on reducing
dynamic power consumption, both with respect to the short circuit loss and with respect to the
switching losses. With respect to the base circuit, the proposed design has acquired 46% reduction in
dynamic power at 64 input combination and 47% reduction in dynamic power at 32 bit input.

Table 2: Power consumption, absolute and normalized, for different techniques is given below. All
techniques are compared at the same delay at each input combination.

Fan-in |SFLD|CKCCD| CCD | DFD | LPSD | CSTD

8| P |252| 244 | 288 | 198 | 225 21.9
1 09 | 114 | 0.78 | 0.90 0.87
16| P | 29.2 | 273 | 341 | 234 | 222 20.6
1 093 | 1.14 | 0.77 | 0.73 0.71
32| P (347 | 339 | 392|298 | 247 20.2
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1 09 | 111 | 085 | 0.70 0.66
64| P | 438 | 398 | 474 | 376 | 27.2 25.1
1 0.90 | 1.07 | 0.84 | 0.62 0.52

Most common OR gate operations are performed at fan in of 32 and fan out of 2 to 4, which is why,
32 input fan in is being presented in table 3 for the complete comparison of performance parameters.
Select applications require large number of gates to be cascaded with further more number of gates,
which is why, a high fan in is important, not just at 32 inputs but rather it goes to 64 and 128 even, as
seen in microprocessor, SRAMs, Multiplexers and other such applications. The table shows the
performance metrics and this section shows the superior ones with their reasons for the same and the
respective tradeoffs that are being expected in the industry when one of these techniques are to be
selected for a particular application. CSTD provides a reduced area as compared to LPSD due to the
removal of double keeper arrangement. It allows for a better circuit loop strategy because charge
leakage is avoided and the entire charge loops within the circuit instead of dropping to the ground.
This provides CSTD to reduce power consumption by 18.9% as compared to the latest circuit LPSD
and 51.2% as compared to SFLD.

ANI,
Py xtZxAp

GPC =
(12)

The table 3 also shows a new parameter used for comparison: Gross Performance of the Circuit
(GPC). This metric combines all 4 major parameters of the circuit with respect to high speed
applications as has been aimed for this circuit in this paper like multiplexers, memory circuit, read
write data paths and microprocessors. Time has been squared to show the essence of speed, and the
generalized metric for evaluating delay of the entire chain will include square of this time. Other 3
parameters show the relevance of power, area and noise immunity required to form the complete final
metric as shown in equation 12.

Table 3: Comparison of performance parameters for different designs is shown below. All circuits
operate with same delay of 90ps. Gate operation is 32 bit input OR gate.

SFLD|CKCCD |CCD| DFD | LPSD | CSTD

Total transistors 36 39 84 | 44 48 44
Total Areaon Chip | 125 133 292 | 152 | 239 151
Total Area on Chip

(Norm)

Power Dissipated 346 | 348 (391|298 | 24.7 20.2

Power Dissipated 1 097 |1.11| 089 | 0.71 0.66

1 1.08 229|118 | 1.89 1.21
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(Norm)

Average Noise
Immunity
Average Noise
Immunity (Norm)
Gross Performance of
Circuit

032| 028 |0.44]| 0.56 | 0.60 0.62

1 083 |131| 167 | 178 1.83

1 065 091|082 | 11 1.48

GPC of the circuit at different fan-ins have been presented in Fig. 9. It shows the importance of CSTD
circuit at all high fan-ins except at 8 bit fan-in. The reason for high metric values is the removal of
charge leakage via internal looping. However the looping only occurs as strongly as the input
capacitance is provided to it, which is why, it only proved to be a moderate improvement at 8 bit but
shows its importance at higher fan-ins.

2.5

m SFLD

m CKCCD

15 Ccb

mDFD

W LPSD

0.5 - mCSTD

8 16 32 64

Fig. 9 GPC comparison for different techniques at 4 different fan-ins as 8 bit, 16 bit, 32 bit and 64
bit.

In order to check the circuit on a complete functionality timeline, it has to be checked for corner
analysis as shown in Fig. 10 and 11. Front end uses 5 different corners mainly for analyzing the entire
circuit based on the error margins provided in all those ends. Transistors dimensions are managed to
make fast operation and slow operation to check for the operation success in those margins too, as
TT, FF, FF, FS and SF. Temperature analysis has to be done on temperature corners, and since the
application is used at microprocessors and multiplexers, the temperature range of -40 °C to 125 °C
works properly around it. This comparison assumes delay to be the normalized at SFLD, so all other
delays can be seen with respect to it. Some circuit designs rely heavily on this analysis to check the
feasibility of their designs, especially if they are trying to cascade or use their designs with other
designs in the same combined circuit. VVoltage corners are checked at 1.1 and 0.9 volts in order to
estimate the function of chip in those margins. CSTD shows enhanced performance in all those
corners except at lower voltages, since the circuit relies on precise noise margins and provides higher
noise immunity. Still it is well higher than SFLD showing the improved performance that is provided
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by the proposed CSTD domino logic based OR gate circuit.

1.5

W SFLD (-40C)
M SFLD (125C)
m CSTD (-40C)

05 - B CSTD (125C)

T FF FS SF SS

Fig. 10 Corner analysis for proposed circuit CSTD with SFLD at varying temperature and front end
process corners on normalized delay of the circuit.

1.4

= SFLD (-40C)
m SFLD (125C)
= CSTD (-40C)
m CSTD (125)

Fig. 11 Corner analysis for proposed circuit CSTD with SFLD at varying temperature and voltage
corners on normalized delay of the circuit.

5. Conclusion

This paper presents Charge Sharing Tolerant Domino Circuit with contention current partitioning as
applied to OR gate logic circuits for 8, 16, 32 and 64 bit fan-in. The charge sharing problem has been
an inherent issue of all domino circuits, and has recently impacted the circuit’s performance more
due to the scaling of technology to deeper nodes.

This paper has resolved the issue of charge sharing by considerable level, via 2 major strategies. It
reduced the power consumption at the dynamic stage by using a CST scheme, which allows for the
charge to quickly get used by the second circuit without getting discharged or shared, even if multiple
stages are driven from it. Secondly, it uses the current partitioning scheme via disengaging the 2"
stage at the onset of new cycle, thereby making the current from input stage not directly aligned to
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drive the 3 stage aka the output stage. This type of isolation allows a weak keeper at the output to
control the functioning, and drive multiple output stages from it too.

All MOSFET models used for comparison and proposed circuits were based on 90nm PTM BSIM
Version 4 models. The proposed circuit can be used in Multiplexers, Decoders, Arithmetic Units,
DRAM and SRAM respectively. In future it can be aligned with benchmark circuits to work directly
in an FPGA unit for high functioning microprocessors and on-chip units.
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