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Abstract

The transistors are used as the main component used to
reduce the power dissipation and consumption in Informa-
tion and Communication Technology (ICT) devices at nano-
scale CMOS technology. The power dissipation increases
accordingly when the switching function increases in the se-
quential devices used in various blocks of a circuit. Switch-
ing activities depend on the clock network and clock tran-
sitions of the flip-flops used. This paper presents the com-
parative transient analysis of data selective flip-flops: Con-
ditional Data Mapping Flip Flop (CDMFF), Cross Charge
Control Flip Flop (XCFF) and Dual Dynamic Flip Flop
(DDFF). This analysis will give the voltage changes with
respect to time. Taking into account on the number of
transistors used, the slew rate is calculated and compared
for validating their applications in low power VLSI designs.
In ICT devices, flip-flops play significant role in reducing
the power consumption by reducing the unwanted switch-
ing activities. This investigation intends to solve the issues
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of power consumption in ICT devices.

Key Words and Phrases: ICT, CMOS, CDMFF,
XCFF, DDFF, VLSI .

1 Introduction

There are three different delay components for a general synchronous
system which contribute in the power consumption: (i) the memory
storage elements (ii) the logic elements (iii) the clocking circuitry
and distribution. This paper focuses on the logic elements like flip-
flops. Flip-flops are the core components of the modern digital
circuits. There are various types of flip-flops. And recently many
researchers have conducted studies on these. The sequential flip-
flops are also used in the initial stages. Among the sequential flip-
flops, double edge triggered flip flop is commonly used for low power
applications[1] [2]. But nowadays the data selective flip-flops are
proving more power efficient [3] [4]. In the sequential double edge
triggered flip-flop, in both the edges, the flip-flop will access the
data in all the clock frequencies. Sometimes there are occurrence
of redundant data or event that for some combinations of the in-
puts, the output remains unchanged. In that case, if the flip-flop is
still operating, the power dissipation also increase unnecessary. But
this power dissipation can be reduced with the employment of data
selective flip-flops. Here the flip-flop will be triggered only when
there is no redundant events. Thus technically, it avoids redundant
events and unwanted switching. This paper will show the com-
parative transient analysis of three flip-flops with their slew rates.
The flip-flops are Conditional Data Mapping Flip Flop (CDMFF),
Cross Charge Control Flip Flop (XCFF) and Dual Dynamic Flip
Flop (DDFF).
This analysis provides the details about the behaviour of the out-
put voltage of data conditioning flip flops with respect to the time.
Slew rate is the rate of change of output voltage with respect to
time. Higher slew rate will give better and the faithful outputs.

2

International Journal of Pure and Applied Mathematics Special Issue

4168



2 Data Selective Flip-Flops

When the low power VLSI designs are concerned, there are two
types: computer related and electrical related. This flip-flops are
used in both. The applications are very vast. In computer related
issues, it deals with the buffers, memory address decoder circuits,
etc. And in the electrical related issues, it deals with the crosstalk,
interconnects, coupling, etc. But with these flip-flops, these issues
can be reduced in great extent.

2.1 Conditional Data Mapping Flip Flop(CDMFF)

In this type of flip flop, the data is fed conditionally. The circuit
diagram is shown in figure 1 and the transient characteristics in fig-
ure 2. The redundant events are ignored by avoiding the unwanted
switching activities. So the transistors are not triggered in such
cases [3].

Figure 1: CDMFF circuit diagram.

The circuit is realized with the CMOS technology in Multisim
software. An output feedback structure is introduced in transistor
Q4 to conditionally feed the data to the flip flop. This eliminates
the unwanted transitions or switching activities when a redundant
event is predicted. It helps in reducing the power dissipation of the
flip flop [6].
In this this flop, the hold time and the output delay are increased

3

International Journal of Pure and Applied Mathematics Special Issue

4169



[5]. It has 22 transistors with 6W clock driving power [4]. The
NOT gate in the diagram has two transistors (PMOS and NMOS).

2.2 Cross Charge Control Flip Flop(XCFF)

In XCFF, the redundant events are avoided with the introduction
of two dynamic nodes. Since the dynamic node is split into two,
power consumption is reduced without compromising the speed
also. It has comparatively low clock driving load [4]. It also pro-
duces smaller power-delay products than other sequential CMOS
flip flops [6]. The flip flop is designed with 21 transistors and 7 W
clock driving power.
This circuit is realized with the Multisim EDA tool and sized for
the minimum size to function appropriately as shown in figure 2.
XCFF reduces the power dissipation by selectively switching the
output pull-up and pull-down transistors separately each cycle of
the clock.

Figure 2: XCFF circuit diagram.

2.3 Dual Dynamic Flip Flop(DDFF)

In this type of data selective flip flop, the output of the pull-up and
pull-down transistors are driven by the precharge node. So it has
large precharge capacitance [7] [4]. The circuit diagram is given in
figure 3.
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Figure 3: DDFF circuit diagram.

It operates in two modes: evaluation phase (when clock is high)
and precharge phase (when clock is low). It reduces the redundant
events and also the pipeline overhead. It has unconditionally shut
off mechanism and provide the clock signal only when it is required.
This flip-flop will overcome the disadvantages of the previous flip-
flops discussed above. It can be used as the basic components for
designing the low power buffer in the VLSI designs. Buffer is a main
component in the delay circuits and address generating circuits in
computer architectures. So it can reduce the unwanted switching
and even reduce the power consumption of a computer.

3 Transient Analysis and Slew Rate Cal-

culation

To further validate the applications of the data selective flip-flops,
the transient analysis is done and the slew rate is calculated. The
transient analysis for time intervals 250s and 500s is conducted to
observe the characteristics of the voltage changes in the output
of the flip-flops. From this the slew rates are also calculated. The
following equation is used to calculate the slew rate of the flip-flops.

Slew Rate = |dy
dx
| (1)

Where dy is the change in voltage in volts (V) and dx is the
change in time in milliseconds (ms). The following figure 4, figure
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5 and figure 6 show the transient characteristics of CDMFF, XCFF
and DDFF respectively.

Figure 4: CDMFF transient characteristics.

Figure 5: XCFF transient characteristics.

The Comparative analysis of the transient characteristics of
these flip-flops are shown below in table I.
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Figure 6: DDFF transient characteristics.

Table 1: Comparative transient analysis of CDMFF, XCFF and
DDFF
SL.No Type Number x1 x2 dx dy Slew Rate

of of

Flip-Flop Transistor

1 CDMFF 22 250 500 250.3864 6.1309 24.5 × 10−6

µs µs µs µV V/ms

2 XCFF 21 250 500 250 789.3167 3.157 × 10−6

µs µs µs nV V/ms

3 DDFF 18 250 500 249.1455 650.1568 2.609

µs µs µs mV V/ms

4 Results and Conclusion

The transient analysis for selective data flip-flops is done success-
fully with the slew rate calculation. These flip-flops are can be used
in various applications like buffers, counters, interconnects, delay
lines, address decoders, pulse detector in coupling circuits, etc. It
is also observed from the above table I that DDFF has minimum
number of transistors with maximum slew rate. Higher slew rate
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gives the output of the design faithfully.
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