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Abstract 

With an increasing demand for higher performance and lower power dissipation in current 

microprocessor, new circuit design techniques are needed for both switching logic and 

storage devices. In digital system, flip-flops are often thought of as memory devices, whose 

primary function is to store state information and data results. As complexity in 

microprocessor increases, both logic requirements and storage depth will also increase. This 

will lead to a larger number of flip-flops and hence in larger power consumption. Building a 

sequential machine requires memory elements which read a value, save it for some time and 

then write that stored value somewhere else even if the element’s input value has subsequently 

changed. A Boolean logic gate can compute values, but its output value will change shortly 

after its input changes. Every circuit used as a memory element has its own advantages and 

disadvantages. 

A generic memory element has a memory and element associated circuitry to control access 

to the internal memory. Access to the internal memory is controlled by the clock input. The 

memory element reads its data input value when instructed by the clock and stores that value 

in its memory. The output reflects the stored value, probably after some delay. In CMOS 

circuits the memory is formed in two ways.       
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Introduction 

Flip-flops are not transparent; reading the 

input value and changing the flip-flop’s 

output are two separate events.the 

differences at the output of a positive-edge-

triggered flip-flop and an active-high latch. 

the possible changes of input can be seen 

at the output of the latch while it is 

transparent. Within the flip-flop and latch 

classification many subclasses exist. 

Latches are transparent while the internal 

memory is being set from the data input 

and the possible changes of the input value 

can be transmitted to the output

 

          Figure 1 -Positive-edge-triggered flip-flops and active-high latches 
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In electronics, a flip-flop is a circuit that 

has two stable states and can be used to 

store state information. A flip-flop is a 

bistable multivibrator. The circuit can be 

made to change state  by signals applied to 

one or more control inputs and will have 

one or two outputs. It is the basic storage 

element in sequential logic. 

Flip-flops can be either simple (transparent 

or opaque) or clocked (synchronous or 

edge-triggered).a flip-flop is edge-

sensitive. 

Various type of flip flop is:-  

1. SR ("set-reset") 

 2. D ("data" or "delay"),  

3. T ("toggle"), and  

4. JK  

D flip-flop 

The D flip-flop is widely used. It is also known as a "data" or "delay" flip-flop. 

 

 
Figure. 2 D flip-flop circuit diagram constructed from NOR gates 

 

 
     Figure. 3 D flip-flop symbol 

 

The D flip-flop captures the value of the 

D-input at a definite portion of the clock 

cycle (such as the rising edge of the clock). 

That captured value becomes the Q output. 

At other times, the output Q does not 

change. The D flip-flop can be viewed as a 

memory cell, a zero-order hold, or a delay 

line

. 

Truth table: 

Clock D Qnext 

Rising edge 0 0 

Rising edge 1 1 

Non-Rising X Q 

 

Principle of Proposed Flip flops 

D-flip-flops (DFF’s) are one of the major 

functions in finite-state machines (FSM), 

which in turn form a critical part of control 

logic. Modern processors typically adopt 

super pipelined execution which also 

makes heavy use of DFF’s. Enhancing 

DFF speed can either lead to a higher clock 

rate or allow more logic depths between 

two pipeline registers. In this thesis, we 

first compare the area, speed, and power 

dissipation of existing DFF 

implementations with a conventional low-

risk DFF, a low-area DFF, and a low-

power DFF. Then we propose two energy-

efficient DFF designs: a push–pull DFF for 

performance and push–pull isolation DFF 

http://en.wikipedia.org/wiki/Electronics
http://en.wikipedia.org/wiki/Electronic_circuit
http://en.wikipedia.org/wiki/Bistable_multivibrator
http://en.wikipedia.org/wiki/Sequential_logic
http://en.wikipedia.org/wiki/Clock_signal
http://en.wikipedia.org/wiki/Zero-order_hold
http://en.wikipedia.org/wiki/Analog_delay_line
http://en.wikipedia.org/wiki/Analog_delay_line
http://en.wikipedia.org/wiki/Analog_delay_line
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(PPI-DFF) for performance and energy 

efficiency. These are then compared with 

the existing designs and demonstrated to 

be better for high-performance, energy-

efficient applications. Discussion is then 

extended to the use of double-pass-

transistor logic (DPL) for speed and tri-

stated circuit for reducing short-circuits 

power dissipation. Last, characteristics of 

metastability of all the five DFF 

implementations are analyzed. 

Push-Pull D-FF 

To improve performance of a conventional 

DFF, we propose addition of an inverter 

and transmission gate between the outputs 

of master and slave latches to accomplish a 

push–pull effect at the slave latch, i.e., 

input and output of the output inverter 

(which drives the signal Q directly) will be 

driven to opposite logic values during 

switching. This push–pull DFF is depicted 

in Fig. This adds four MOSFET’s, but 

reduces the clock-to-output (C-to-Q) delay 

from two gates in a conventional DFF to 

one gate. One method to reduce the 

transistor count is to use an n-MOSFET for 

latch input. However, since the output of 

an n-MOSFET can only reach a voltage 

level of VDD ≥ Vt when it is at logic 1, it 

results in increased power dissipation. 

Therefore, a full transmission gate is kept 

in the push–pull DFF. To offset the four 

added MOSFET’s for a push–pull DFF, we 

propose the elimination of two 

transmission gates from the feedback 

paths.

 
 

 Figure4 Schematic of Push-pull D-FF 
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                     Figure.5 Schematic of Push Pull D-FF using Tanner tool 

 

 

Simulation result of push pull D flip flop is as shown in figure 3.12 

 
                         

                      Figure.6 Simulation result of push pull D-flip flop 

DPL Circuit  
In double pass transistor logic circuit an 

cross coupled inverter circuits is used, 

Double pass transistor logic implies that 

two pass transistor logics has used in two 

different stages .figure 3.13 shows Double 

pass transistor logic D flip flop  
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 Figure 7 schematic of Douple pass transistor logic D flip flop 

 

 

 
                             Figure 8 DPL Circuit using Tanner tool 
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                 Figure 9Simulation results of DPL D flip flop 

Results & discussion 

In this thesis various types of D-FF are 

designed and simulated using TANNER 

tool. The Simulation results in the tables 

given below. Tanner 14.1 tool schematic 

editor is used to draw schematic of the D-

FF. Schematic of these flip-flops are firstly 

designed on tanner’s schematic editor and 

net lists of the circuits are than taken out. 

These net lists run with 45 nm Predictive 

Technology Model (PTM) file on tanner’s 

spice simulator to get simulation results.  

Various D-flip flops are designed and 

simulated on different power supply like 

0.8V, 1 V and 1.2 V and than their results 

has been compared on the basis of number 

of transistors, power consumption and 

Delay  

 

  Table 1 Power analysis of Double pass transistor logic D flip flop is as 

Supply voltage         0.8 V         1.0 V          1.2V 

Power (N-watt)        1.17        1.74          3.23 

 

 Table 2Power analysis of push pull logic based D flip flop is as 

Supply voltage         0.8 V         1.0 V          1.2V 

Power (N-watt)       1.684         2.007          2.373 

 

Table 3 Delay analysis of Double pass transistor logic D flips flop is as 
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Supply voltage         0.8 V         1.0 V          1.2V 

Delay (N-Sec.)         5.012         5.014         5.017 

 

Table 4Delay analysis of Push Pull D flip flop is as 

Supply voltage         0.8 V         1.0 V          1.2V 

Delay (N-Sec.)        3.423         3.65          3.842 

 

Conclusion & future scope 

Sequential circuits required different types 

of memory elements some of them 

required fast speed and some of them 

required low power and low area thus in 

this work a comparative analysis of 

different D flip flop is done which 

concluded that some D flip flop is fastest 

in speed and someone consumes less 

power for designing optimized value of 

PDP (power delay product) has been 

calculated. 
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