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Introduction:-

Dynamic CMOS circuits is mostly use because of less number of transistors require to implement any logic
function. But dynamic CMOS is less susceptible to noise. For the noise due to leakage current suppress in CMOS
logic circuits, the variable and multi threshold CMOS circuits are use. The noise is generated due to voltage
fluctuation at power and ground rail (also called as power and ground bouncing noise) during the active and sleep
mode transition is of major concern. This noise propagates to the neighboring circuits through shared supply rails
and internal nodes of circuits. Keeper transistor design using current mirror, stack transistor technique is presented
in this paper for internal node charge sharing noise and sleep transistor technique is use to suppress power/ ground
bouncing noise. The switching delay time, power consumption and CMOS layout area are characterized under an
equal noise constraint. The effect of process variations on the noise, switching time, and power consumption of
dynamic CMOS circuits is also evaluated.

Noise in Dynamic CMOS Circuit:-

Low area and high speed is the major achievement of high performance computing application of dynamic CMOS
circuit design. The speed of dynamic CMOS circuit is increase due to lower capacitance and low contention during
switching as compare to static CMOS circuit using only NMOS transistor. Dynamic circuit operates in precharge
and evaluation phase. In precharge phase, the output dynamic node is precharge to supply logic and at evaluation
phase the output dynamic node is evaluated. Depends on the inputs bits, the output dynamic node will either stay at
logic high or discharge to logic-low.

The noise in CMOS circuit is the deviation in supply voltage is the major problem to concern. Impact of noise on
system performance is less but the power dissipation in noise tolerable circuits as the power dissipation dominates
the overall power consumption in design systems. Dynamic CMOS circuit is the best choice for high performance
design due to there advantage of parametric optimization. The charge sharing between the internal nodes of dynamic
logic during evaluation phase creates the voltage deviation at internal nodes which cause the noise. This noise can
not be recovered and leads to false output transitions [2].
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In this dynamic CMOS circuit design, several nodes are essential to seize their binary bits as a charge stored on a
capacitor. These nodes are not coupled to their ‘drivers’ permanently. The ‘driver’ places the logic value on them,
and is then disconnected from the node. Due to leakage etc., the logic value cannot be held indefinitely. Dynamic
circuits therefore require a minimum clock frequency to operate correctly. Use of dynamic circuits can reduce circuit
complexity and power consumption substantially. When the clock is low, pMOS is on and the bottom nMOS s off.
The output is ‘pre-charged’ to 1 unconditionally [2].
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When the clock goes high, the pMOS turns off and the bottom nMOS comes on. The circuit then conditionally
discharges the output node, if (A+B).C complement is TRUE. This implements the function (A + B).C.

Precharge:-

When clk=0, the output node “OUT” is precharged to VDD by the PMOS transistor. The precharge phase is occur
when clk=0. The path to the VSS supply is closed via the NMOS during clk=1 (evaluate phase). The pull up time is
improved by PMOSFET, but the pull down time is increased due to the ground switch (NMOS).

Evaluation:-

When clk=1, the precharge pull up transistor is off, and the evaluation transistor is turned on. Depending on the
values of the inputs and the composition of the PDN, a conditional path between OUT and (through the nMOS
transistors) GND is created. If such a path exits, OUT is discharged and a low output signal is obtained. If not, the
precharge value remains stored on the output capacitor CL, (CL, is a combination of the diffusion capacitors, the
wiring capacitance and the input capacitance of the fan-out gates) and a high output value is obtained during the
evaluation phase. The only possible path between the output node and a supply rail is to GND, consequently, once
“OUT” is discharged, it cannot be charged again. This is in contrast with the static circuit, where the output node is
low-impedance under all possible circumstances.

Noise Susceptibility with keeper current mirror transistor:-

The noise generated due to charge sharing in internal nodes is suppressed through the additional NMOS transistor
acts as keeper transistor. By using keeper transistors the source voltage is raised to enhance the noise tolerance. A
current mirror circuit is also use in place of keeper NMOS transistor. The gate of this transistor is connected to the
source and the leakage current is mirrored to the dynamic node through the PMOS current mirror transistors. Even
though this method shows excellent tracking of switching delay, the contention is still exist because the keeper is
strongly ON during the beginning of the evaluation phase.
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Fig 1 Internal Node Charge Sharing noise susceptible circuit with keeper transistors.

To increase the noise tolerance of dynamic CMOS logic gates is to employ a weak transistor, known as keeper, at
the dynamic node as shown in Fig. . The keeper transistor supplies a small amount of current from the power-supply
network to the dynamic node of a gate so that the charge stored in the dynamic node is maintained. In the original
domino dynamic logic work, the gate of the PMOS keeper is tied to the ground, Therefore, the keeper is always on
[6]. Feedback keepers, became more widely used because they eliminate the potential DC power consumption
problem using the always-on keeper in the evaluation phase of domino gates [6].

The keeper transistor prevent the internal node from floating by using weak complementary transistor network to
improve the noise tolerance on the cost of increase in small amount of area and number of transistors. Fig 1 shows
Internal Node Charge Sharing noise susceptible circuit with keeper transistors design using current mirror circuit.
This technique reduces routing complexity, increase dynamic node capacitance, and low contention current. It is
improve the trade off of speed, power and area in order to achieve noise susceptibility.

Performance Measurement of Timing and Noise Tolerance:-
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Fig CMOS layout design for cascaded dynamic CMOS Circuit
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Fig Charge sharing Noise Timing simulation of cascaded dynamic CMOS Circuit.

In dynamic logic structure the inputs can just change at the precharge phase and must be stable at the evaluate phase
of the cycle. If this condition is not meet, charge redistribution effects can corrupt the output node voltage. At the
end of the evaluation phase output will be erroneous. There are some other limitations associated with domino
CMOS logic gates. The additional capacitance at each node of the series connected MOS logic makes speed slow
and may cause charge redistribution which results in noisy output.

Fig Timing Simulation of cascaded dynamic CMOS Circuit with Current Mirror Keeper Transistor.
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Fig Comparative analysis for Power dissipation across the circuit.
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Fig Comparative analysis for Noise margin analysis.

In complex dynamic logic gates with large pull-down network, charge sharing between the dynamic node and the
internal nodes in the pull-down network often results in false gate switching. A simple yet effective way to prevent
the charge sharing problem is to precharge the internal nodes in the pull-down network along with precharging the
dynamic node.

Conclusion:-

In this paper static verses dynamic circuits and Sources of Noise in dynamic Digital Integrated Circuits are discuss.
Dynamic logic circuit has less immunity for noise. The noise arises due to charge sharing at internal nodes can be
reduce by connecting MOSFET base keeper transistor at internal node. This improves noise tolerance against both
internal and external noises are to increase the source voltage of the transistors in the pull-down network. Also the
noise tolerance of dynamic CMOS circuit is increase but incorporating the feedback keeper circuits.
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