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Abstract: In this paper implementations of the flip-flops are presented which are positive edge triggered using 250 nm CMOS
technology. The gate sizes are optimized precisely for low propagation delay without affecting the basic operation of flip-flops with a
supply voltage of 5V. There are three important factors in CMOS: i.e. the gate size area, power dissipation and speed of operation which
always compromise between them when it is implemented in the field of IC circuit design. This paper proposes high speed design of D
Flip-Flops in compared to the existing D flip-flops in terms of its area, aspect ratio, transistor count and propagation delay with the

schematic and simulation results in Tanner tool version 16.
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1. Introduction

Flip-flops or the data storage elements are almost an essential
component of every sequential circuitry. Among various flip-
flops, D flip-flop is commonly used. It captures the value of
the D input at a particular predefined portion of the clock
pulse (rising or falling edge of the clock) and its output is not
affected at other parts of the clock. From the timing
perspective, delay produced by flip-flops consumes a large
part of the cycle time while the operating frequency
increases[8]. There are different techniques for minimizing
the propagation delay based on circuit level[10],
architecture[4], layout, and process technology[5]. This is an
effective approach where flip-flop with less number of
transistors[3] for low propagation delay[7] is designed. In
this method we used less number of transistors hence it
requires less area[11] and therefore consumes lesser power as
compared to conventional flip flop having more transistors.

Numerous D flip-flop topologies [6] are available in the
literature. Therefore, it becomes very difficult for a circuit
designer to choose appropriate one for his design from all
those available topologies to meet the given requirement. In
the present scenario there is an ever increasing demand for
fast[8] and robust[2] devices. So, appropriate selection of

CLK-

a

S :

elements at the very basic level, i.e., flip-flops is important to
obtain the desired characteristics to benefit the bigger system.
Keeping these facts in mind this paper provides the following
contributions: 1) It takes seven different D flip-flop circuits
and observes their corresponding outputs. 2) Then the
outputs are analyzed[1] to check which circuit provides the
least propagation delay. 3) Finally, it concludes with the best
D flip-flop circuit in terms of propagation delay. Remaining
paper is arranged as follows. Section II discusses all the
seven D flip-flops used for comparison. Section III provides
the simulation results (delay and transistor count) of all the
circuits shown in section II. Section IV ends up with the
conclusion.

2. D FLIP-FLOP Topologies

This section briefly describes various D flip-flop topologies
considered for analysis in this work.

2.1 Conventional D Flip-Flop from JK Flip-Flop

[9] (implementation using 22 transistors in CMOS
technology)

Figure 1: Block Diagram of D Flip-Flop using JK Flip-Flop
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Figure 2: Conventional transistor level implementation of D
Flip-flop using 22transistors from Figure 1
Tanner T-Spice 16.00
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Figure 3: Transient response or output voltage waveform of
D Flip-flop of 22 transistors

2.2. D Flip-flop using 12 transistors

Here Dy, is applied to the power of N_MOS 3 and clock is
applied to its gate terminal. When Din and clock is made
high, we get logic high from its drain terminal as output.
Since the output of N_MOS 3 is fed as one of the input of 2
input NOR gate, the output of N_MOS 3 is high and it turns
N_MOS 1 of two input NOR gate ON and hence, we get the
output as logic zero which in nothing but Q (bar). At the
same time the output of N_MOS 3 is also fed as one of the
input for another two input NOR gate followed by an inverter
which gives the inverted form of output of N_MOS 3 that is
logic zero. As soon as we get logic zero from inverter,
P _MOS 8 of two input NOR gate turns ON and we get Q
(bar) as logic zero so P MOS 7 is also ON and hence we get
the output as logic high from two input NOR gate i.e, Q.

Figure 4: Schematic diagram of transistor level
implementation of D Flip-flop using 12transistors
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Figure 5: output voltage waveform of D Flip-flop of 12
transistors

2.3 D Flip-flop using 10 transistors

The circuit contains two tri-state inverters, driven by the
clock signal and its inverse. The first tri-state inverter acts as
the input switch, accepting the input signals when the clock
is high. At this time, the second tri-state inverter is at its high
impedance state, and the output Q is following the input
signal. When the clock goes low, the input buffer becomes
inactive, and the second tri-state inverter completes the two
inverter loop, which preserves its state until the next clock
pulse.

Figure 6: Schematic diagram of transistor level

implementation of D Flip-flop using 10transistors
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Figure 7: output voltage waveform of D Flip-flop of 10
transistors
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2.6. D flip-flop using 3 transistors

The source of N MOS 1 is provided with Din whereas the
o gate of the transistor is provided with an input clock. As soon
Sy the clock is set at high, N_MOS tends to pass the input from
the source to drain. This gives us the value of Q. The inverter
circuit with P MOS 1 and N_MOS 2 inverts the value of Q

Folop T - - to Q (bar). A capacitor C1 and C2 are placed just to hold the
: values of Q and Q (bar) respectively. The best part about this
i IR R : : circuit is that we don’t need any extra circuitry to hold the

state of input Din when clock goes from high to low. It
automatically changes its state when clock changes from low

Figure 8: 'Schen'lat'ic?zl'ia' am of transistor level . .
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2.5. D Flip-flop using 5 transistors
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Figure 10: Schgmatic diagram of transistor level
implementation of D Flip-flop using 5 transistors
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2.6.1. Coding in T-SPICE for D_Flip-Flop (using 3 3. Simulation Results and Discussion

transistors)

include "C:\Documents and

Settings\Administrator\Desktop\Tanner Model Files\tanner

models\hp05\hp05.md"
CC1 Q Gnd 250f
CC2 Q_barGnd 250f

MNMOS_1 QN_1D_input 0 NMOS W=5u L=500n

AS=4.5p PS=11.8u AD=4.5p PD=11.8u

MNMOS 2 Q bar Q Gnd 0 NMOS W=2.5u L=250n

AS=2.25p PS=6.8u AD=2.25p PD=6.8u

MPMOS 1 Q bar Q VddVdd PMOS W=3.5u L=500n

AS=3.15p PS=8.8u AD=3.15p PD=8.8u

VV1 VddGndDC 5

VClock N 1 GndPULSE(0 50 0 0 50n 100n)
VD _inputD_inputGnd PULSE(0 50 0 0 100n 200n)

PRINT V(D_input)
PRINT V(N_1)
PRINT V(Q)
.PRINT V(Q bar)
.end

transistors

This section presents simulation setup and results. Various D
flip-flops considered in this work are simulated for
estimation of propagation delay and its comparative results
are reported in this section.

3.1. Simulation Setup

Start time = 100ns, Stop time = 1000ns, Maximum time step
= 1ns, Print start time = 400ns

Table 1: Specifications of elements used for input sources
Elements | Pulse Width | Pulse Period | Voltage Level
Clock 50ns 100ns Vh=5v, VI=0v
D input | 100ns 200ns Vh= 5v,VI=0v

Table 2: Specification of MOSFETSs
Dimensions |3 input |3 input |2 input |2 input | Inverter
nand | nand | nand | nand
gate | | gate 2 | gate 1 | gate 2

Wp 3.5u 3.5u Su Su 15.5u
Wn Su Su 0.5u 0.5u 2.5u
Lp 0.5u | 0.5u | o.5u | 0.5u 0.5u
Ln 0.5u 0.5u 0.5u 0.5u 0.5u

3.2. Propagation delay comparison

All transistors are having the same specifications and the
transient response of each design is taken, keeping the

Table 3: Propagation delay comparison in different transistors

frequency of clock pulse as well as the D input same.

No. f Transistors

FOR O

FORQ’

22 TRANSISTORS

Tlh=36.12ns, Thl=00ns

Tlh= xxx, Thl=xxx

12 TRANSISTORS

Tlh= 6.22ns, Thl=1.34ns

Tlh= 5.25ns, Thl=3.53ns

10 TRANSISTORS

Tlh=0.21ns, Thl=0.39ns

Tlh= xxx, Thl=xxx

6 TRANSISTORS

Tlh= 6.76ns, Thl= 1.76ns

Tlh= 1.70ns, Thl= 0.84ns

5 TRANSISTORS

Tlh=3.99ns, Thl=1.6ns

Tlh= 1.98ns, Thl=1.17ns

3 TRANSISTORS

Tlh=2.21ns, Thl=0.93ns

Tlh=1.11ns, Thl=1.25ns

40 3612
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Figure 15: Comparison Chart of D Flip-Flops in terms of Propagation Delay using different transistors
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4. Conclusion

In this paper we have designed an advanced or faster D flip
flop using CMOS technology having minimum number of
transistors and low propagation delay. We have successfully
reduced the number of transistors from 22 to 3.1t gives us the
advantages of less complexity in designing the circuit and
less propagation delay in compared to the previous results i.e,
initially it was Tlh= 36.12ns, Thl= 00ns for 22 transistors.
Performance has been improved after using 3 transistor
where the values of propagation delay are reduced to Tlh=
2.21ns, Thl=0.93ns .
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