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Abstract— Clock overlap is an important issue in the 
design of sequential circuits and is typically avoided. In this 
paper we present a new power-efficient edge-triggered D flip-
flop in which we have benefited from the overlap period of the 
clock signal. The design procedure of the proposed D flip-flop 
is presented. The performance of the flip-flop is compared with 
several state of the art flip-flops in a shift register and a 
pipeline adder in 0.18µm CMOS technology. The proposed 
flip-flop has the lowest power-delay-product and consumes less 
area compared to others. 
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I. INTRODUCTION 
As CMOS technology has advanced, researchers have 

developed different logic styles to improve the performance 
of logic circuits and to get the most benefit of the new scaled 
down technologies [1-4]. One of the major categories of 
logic circuits is sequential circuits. D flip-flops (DFF) are 
one of the main building blocks in almost every sequential 
circuit. The performance of DFFs in a sequential circuit 
directly affects the overall performance of the circuit. In 
order to obtain higher performances, researchers have 
developed many different architectures for DFFs [5-11]. 
These structures can be divided into static and dynamic 
categories. Noise immunity of static latches and DFFs are 
better compared to the dynamic ones. However, dynamic 
circuits have a better performance in terms of power-delay-
product.  

The Gate Diffusion Input (GDI) technique proposed in 
[2] and [3], which is a kind of pass transistor logic (PTL) 
circuit, uses two-transistor cells to implement a logic 
function with reduced complexity. The voltage swing of the 
internal nodes is typically low which reduces the dynamic 
power consumption. However, it is not suitable for low 
voltage circuits and suffers from static power-consumption. 
The performance of the GDI static DFF in [5] is impacted by 
the static power consumption and large propagation-delay 
due to the low-swing internal nodes. The static DFF in [1] 
uses fewer PMOS transistors compared to the one in [5], and 
can be converted to a power-delay product efficient push-
pull architecture proposed in [6]. All these structures are 
sensitive to the clock overlap. In order to get rid of the 

problem of clock overlap single clock DFFs are proposed 
[1]. The dynamic C2MOS and the single-clock DFFs in [1] 
are not sensitive to clock overlap, but suffer from charge-
sharing problems. The dynamic single-clock charge-sharing 
free DFF in [7] was proposed for binary ripple-counter 
implementations, however, this kind of DFF suffers from 
large set-up time and propagation delay. Another category of 
DFFs, which not only does not suffer from overlapping 
clocks but also benefits from the overlap period of the clock 
signals, is called Hybrid Latch Flip-Flop (HLFF) [8]. The 
DFFs in [8] are also able to have negative setup times.  

In this paper we propose a new structure for an overlap-
based DFF. This structure operates, to some extent, similar to 
the HLFF in [8], however, it achieves higher performance 
parameters compared to other DFFs. The acceptable overlap 
period in the proposed structure is much larger than other 
HLFFs. This makes the design of such a DFF simpler. Also 
it is not necessary to accurately adjust the overlap time for 
each DFF in the circuit.  

The paper is organized as the following. In section II we 
describe the operation of the proposed DFF and the design 
issues are addressed. Section III presents the simulation 
results and provides a comparison between the proposed 
DFF and some other state of the art DFFs. Finally, 
conclusions are drawn in section IV. 

II. THE PROPOSED D FLIP-FLOP 
In this section the proposed overlap-based DFF is 

presented. The operation of the DFF and its design issues 
are discussed. The clock overlap is typically troublesome 
and is avoided in sequential circuits. However, the proposed 
DFF not only does not suffer from the clock overlap but 
also benefits from this period. Using this period results in a 
simpler DFF with lower power-delay product, as will be 
explained shortly.  

A.  Basic Operation of the Proposed DFF 
“Fig. 1”, shows the proposed overlap-based DFF. It 

consists of only 7 transistors. A clock ( clk ) signal and its 
complement ( clk ) are used to latch and hold the data. The 
clk  must lead the clk  signal to operate properly. As will be 
explained later, this structure makes a positive edge-triggered 
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Figure 1.  Positive edge-triggered overlap-based pseudo-dynamic DFF. 

overlap-based DFF. The two clock signals are made in such 
a way to have some 1-1 overlap. The 0-0 overlap has no 
effect on the operation of the circuit. It is possible to make a 
negative edge triggered DFF by switching the position of the 
clk and clk  signals. The operation of proposed DFF can be 
divided into two modes as follows.  

1) Evaluation mode: This happens during 1-1 overlap of 
clk  and clk  signals. During this phase, transistors M2, M3, 
and M6 are all on. The second stage behaves like a simple 
inverter and the data can pass through the DFF and reach the 
output. Note that before this phase starts, clk  has been 0 
and V1 is Vdd at the beginning of this mode. 

2) Holding mode: During this mode clk  and clk  can 
have the following values: 

a) 1=clk  and 0=clk : V1 has a value which is the 
inverse of the data and has been stored during the evaluation 
mode. In this condition the voltage V1 is inverted and passed 
to the output. Under this condition the input D is 
diconnected from the output and can not change it. 

b) 0=clk  and Xclk = : Under this condition there is 
no connection between the D input and the output of the 
first stage (V1) and V1 becomes Vdd. Hence, the output is 
holding the previous data since the input and output of the 
second stage are disconnected.  

“Fig. 2” illustrates the timing diagram of the above 
phases. It can be easily verified that the above operation 
leads to a negative set-up time. This is shown in “Fig. 2”.  

B. Design Considerations 
The main design issue in the proposed DFF is the overlap 

period between clk  and clk . In order to address this issue 
we consider the sequential circuit shown in “Fig. 3”. In this 
figure, there are three DFFs. Between the first and the second 
DFFs (N1 and N2) there is a combinational circuit with a 
non-zero time delay. The output of the second DFF is 
directly connected to the third DFF (N3). The overlap time of 
the proposed DFF (“Fig. 1”) should be long enough such that 
the data can pass through the first inverter and discharge the 
parasitic capacitance C1  (TOV>TC1). Otherwise transistor M2 
turns off and disconnects the input signal from V1. On the 
other hand, the overlap time should not be too large; 
otherwise the signal may flow through to the next DFF 
during the evaluation mode. This means that the overlap time  

 
Figure 2.  Different transient modes for the proposed negative set-up time 

DFF with a typical overlap-period of 70ps. 

 
Figure 3.  A sample sequential circuit with overlap-based DFFs. 

should be smaller than the minimum time needed to charge 
the output capacitance CL (TC1 plus the delay of M5 in the 
second stage in “Fig. 1”) plus the minimum delay of the 
combinational circuit (“Fig. 3”). That is: 

TC1<TOV<TCL+TCOMB                             (1) 
The overlap time in Equation (1) can be realized by 

proper sizing of the NMOS transistor of the inverter making 
clk  from clk  (M8 in “Fig. 3”). By increasing the channel 
widths of M2/M3/M4 in “Fig. 1”, the minimum acceptable 
overlap-time (TC1) can be reduced. Increasing the widths of 
these transistors increases the area and dynamic power 
consumption. “Fig. 4” explores this trade-off in the 0.18µm 
technology. In this figure, the variation of TC1 versus the size 
of the above mentioned transistors is illustrated. Since the 
value of the overlap is critical for proper operation of the 
proposed DFF, the simulation of “Fig. 4” is done for three 
different process corners. Simulations show that the SF 
(Slow NMOS, Fast PMOS) corner constitutes the worst case. 
Therefore, if the requirement TOV>TC1 in (1) is fulfilled for 
the SF corner, it will be valid for other process corners, too. 
The fact that the minimum allowable overlap time is 
approximately independent of the load capacitance provides 
an advantage for the proposed DFF compared to other HLFF 
flip-flops where the minimum overlap time is a function of 
the   load  capacitance.  Hence,  in   the   proposed  DFF,  the  
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Figure 4.  TC1 versus the size of transistors M2, M3, and M4. 

overlap between clk  and clk  can be realized by only one 
inverter. This is not the case for HLFFs where depending on 
the load capacitance, the number of required inverters 
increases.  

Sizing of transistors M6 and M7 in “Fig. 1” should be 
done so that: 

TC1<TM6+TM7                                (2) 
Where “TM6+TM7” is the time needed to discharge the output 
CL in the evaluation mode. The reason for the above 
limitation is the synchronous operation of the cascade of 
overlap-based DFFs in the evaluation mode (“Fig. 3”). The 
requirement given in Equation (2) is not a major limitation 
for the DFF since the output capacitance CL is typically 
much larger than the internal capacitance C1.  

The channel width of the PMOS M1 in “Fig. 1” does not 
affect the propagation delay or the set-up time, and must be 
big enough to charge the internal capacitance C1 during the 
low period of clk  (TM1<T/2). This is typically achievable 
by using a small PMOS transistor leading to the reduction of 
area and power consumption. 

C. Main Features 
Besides the properties of the proposed DFF discussed so 

far, it has some other features presented in the following.  

1) The circuit uses no serially-connected PMOS 
transistors, which makes it efficient in transistor-sizings. 

2) Leakage Current: Due to the full-swing nodes, the 
static power consumption will be negligable. 

3) Charge-Sharing Free Operation: In this DFF, charge 
sharing may cause a problem only at node V1 during the 1-1 
overlap period. However, since clk  leads clk , before the 1-
1 overlap clk  is 0 and clk  is 1. Hence, the parasitic 
capacitance at the source of M2 in “Fig. 1” is already 
charged to Vdd-VT. Therefore, the voltage across C1 will not 
be affected by charge sharing when M2 turns on.  

4) There is no need for additional inverters at the output 
of the DFF since the second stage of the DFF is evaluating 

only during the high period of clk  (no flow-through 
operation). This is not achievable in the HLFF flip-flops. 

 

D. The Revised Overlap-Based Inverting DFF 
The proposed overlap-based DFF in “Fig. 1” can be more 

optimized in a dynamic PTL structure. The schematic of the 
revised circuit is shown in “Fig. 5(a)”. This circuit operates 
almost the same as the circuit in “Fig. 1” as an inverting 
edge-triggered DFF. As the input data is not connected to a 
gate terminal, this circuit needs a non-zero TCOMB to hold the 
logic level of the input data in the evaluation mode. As an 
example, a DFF like N2 in “Fig. 3” can be realized with the 
revised inverting DFF. A careful combination of the 
proposed overlap-based DFFs in designing sequential 
circuits can improve the performance of the circuit. “Fig. 
5(b)” depicts the architecture of a 3-bit pipeline adder using 
the proposed DFFs. D1 is the revised inverting DFF in “Fig. 
5(a)” and D2 is the non-inverting DFF as shown in “Fig. 1”.  

III. SIMULATION RESULTS 
In order to evaluate the performance of the proposed 

DFFs, a 16-bit shift register and a 3-bit pipeline adder are 
designed using the DFFs. The full adders in “Fig. 5(b)” are 
implemented using double pass transistor logic (DPL) [12]. 
The circuits are implemented in 0.18µm CMOS technology 
and operate with a supply voltage of 1.8V. The frequency of 
the clock signal is 1GHZ and its rise-time is 100ps. In order 
to compare the performance of the proposed DFFs with other 
DFFs, the same circuits are designed with the DFFs shown in 
“Fig. 6”. The transistor-sizing procedure in [1] was used to 
obtain the same rising and falling delays for all the DFFs 
with a load capacitance of CL=20fF. All the 
process/temperature corners were taken into consideration 
and summarized in TABLE I. 

  
                       (a)                                                   (b) 

Figure 5.  (a) The revised inverting DFF, (b) Combination of the proposed 
DFFs in a 3-bit pipeline adder. 

       

Figure 6.  Different implementations of dynamic positive edge-triggered 
DFFs: (a) HLFF in [8], (b) C2MOS in [1], (c) Classic dynamic in [1], (d) 

Inverting single-clock DFF in [7].
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TABLE I.  AVERAGE PROCESS/TEMPERATURE CORNER  RESULTS OF THE 16-BIT SHIFT REGISTER SIMULATIONS 

16-bit          
shift register #Tr 

Total 
width 
(µm) 

Acceptable 
overlap 
range 
(ps) 

Load 
capacitance 

on clk  
circuitry  
(fF) 

Load 
capacitance 

on clk  
circuitry 
(fF) 

Delay (↑) 
(ps) 

Delay (↓) 
(ps) 

Set-up 
time 
(ps) 

Total 
Delay 
(ps) 

Power 
(µW) 

Power-
Delay 

Product 
(fJ) 

Overlap-based 
(proposed) 112 68.18 60-360 76.8 63.52 144.2 145.8 - 145 360.4 52.26 

HLFF 176 111.1 180-214 82.4 80.16 156.8 159.8 - 158.3 515.7 81.63 
C2MOS 128 102.4 0-285 101.76 102.56 177.1 162.5 60 229.8 440.2 101.2 
Classic 96 73.16 0-115 70.88 87.68 190.7 212.7 16 217.7 840.2 182.9 
Single-clock 144 124.2 - 73.6 - 168 170.2 107 276.1 1024.9 282.9 

 

The overlap-based DFF in “Fig. 1” was used for the 16-
bit shift register simulations in TABLE I. In all the 
process/temperature corners the proposed DFF performed 
the superior operation compared to other state of the art 
DFFs based on the power-delay product and area 
consumption. The acceptable overlap-period in TABLE I 
was reported for the worst corner for the DFFs. The 
acceptable overlap-period for the proposed DFF is much 
larger compared to the HLFF DFF in [8]. The minimum 
allowable overlap-period is also much lower than the HLFF 
DFF. 

“Fig. 7” compares different DFFs with respect to power, 
delay and area in the 3-bit pipeline adder (“Fig. 5(b)”). In 
this figure the usage of both of the proposed inverting and 
non-inverting DFFs is also explored. In “Fig. 7” the average 
process/temperature corner results are considered. As can be 
seen a combination of both the proposed DFF and its revised 
structure can provide the best performance. 

IV. CONCLUSION 
In this paper two overlap-based power-delay efficient 

DFF architectures are proposed. The DFFs take advantage of 
the overlap period of the clock signals. The design procedure 
and main features of the proposed DFFs are discussed and 
their performance is compared with several other state of the 
art DFFs. The comparison is made for a 16-bit shift register 
as well as a 3-bit pipeline adder. The proposed DFFs have a 
larger acceptable overlap range and have lower power-delay 
product and area consumption. 

 

 
Figure 7.  Simulation results of a 3-bit pipeline adder with different DFFs: 

(a) Power vs. Delay, (b) Total width . 
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