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Abstract  

This paper presents a low power buffer that offers low power 

dissipation in Information and Communication Technology 

(ICT) devices. The design is realized with (Combinational 

elements) C-Element, gated-clock driver (Octree) and Dual 

Dynamic node pulsed hybrid Flip Flop (DDFF). Clock Slew is 

controlled by C-elements. The delay buffers are accessed in the 

form of Ring Counter. The viability of the design is verified by 

the simulation using Mutisim, Quartus and Microwind with 

both CMOS and Cyclone EP1C3T100C6 realization. 

Sustainability of the proposed design is also supported by the 

theoretical analysis and comparison. The C-elements are gated 

with the clock signal to reduce the activity along the clock 

distribution network. It also reduces the loading of global clock 

signals thereby reducing the power dissipation. Previously 

there has been discussion about power dissipation in ICT 

devices with various Flip Flops and clocking techniques 

separately. This paper combines these two techniques to further 

reduce the power dissipation in the ICT devices. The data path 

is much reduced with the employment of the Octree clocking 

distribution system. And selection of clock signal is done with 

the C-element. The clock signal is used only when necessary; 

avoiding unnecessary internal capacitor charging if the output 

remains the same.  

Keywords: Buffer, Clock slew, (Combinational elements) C-

elements, (Information and Communication Technology) ICT, 

Octree, (Dual Dynamic node pulsed hybrid Flip Flop) DDFF, 

Ring Counter. 

 

INTRODUCTION 

In the past few decades, many researchers are focusing on the 

power dissipation in the ICT devices. The different delay 

components for a general synchronous system are: (i) the 

memory storage elements (ii) the logic elements (iii) the 

clocking circuitry and distribution. Most of them focus on the 

first two components. Proper emphasis should be given on the 

logic elements, the clocking circuitry and distribution.  

Nowadays, different types of Flip Flops have been realized 

using the advantages of conditional selection of the data [1] [2]. 

This can be done by controlling the switching activities. Also 

the counter has been designed and proposed to further reduce 

the power dissipation [2]. There are various Flip Flops like D-

flip flop, T-flip flop, JK-flip flop and RS-flip flop, which 

present output depends on the present inputs, but also on the 

preceding inputs. These are called as cyclic logic circuits [8]. 

Various topologies of Flip Flops can be used to control the 

clock signals in Ring Counter. They are Double Edged 

Triggered Flip Flop (DETFF), Semi-Dynamic Flip Flop 

(SDFF), Conditional Data Mapping Flip Flop (CDMFF), Cross 

Charge Control Flip Flop (XCFF) and Dual Dynamic node 

pulsed hybrid Flip Flop (DDFF). Most of the papers discussed 

about the memory storage elements and the logic elements like 

dual edge triggered [3][4], Flip Flops [2], data mapping [5] and 

many more. But recently some researchers started focusing in 

the buffer design and clock distribution like buffer sizing [6] 

[7], clock network [8] [9], Octree [10] [11], etc. 

The aim of this paper is to present a DDFF based low power 

buffer using Octree. The circuit elements and the clock 

distribution network are combined to obtain low power 

dissipation. It can be realized with CMOS and Cyclone 

EP1C3T100C6. Ring counter is developed using DDFF to 

control the clocking and switching systems. The clock 

distribution network is designed based on the characteristics of 

the logic elements [8]. This network is designed to satisfy the 

critical timing constrains.  

In section 2, power dissipation is explained. Dual Dynamic 

node pulsed hybrid Flip Flop, C-Element and Octree and 

Proposed buffer/ring counter using DDFF are explained in 

section 3, 4 and 5 respectively, followed by conclusion in 

section 6. 

 

POWER DISSIPATION  

In most VLSI devices, the clock network and clocked 

sequential elements are the main sources of power dissipation 

[5]. The clocking system and interconnects consume about 20%-
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40% of the total system power in a design [12] [13]. In sequential 

elements such as latches and flip flops, when there are 

switching activities in their internal capacitance, it results in 

power dissipation. This may happen with every clock 

transition/pulse into the sequential element. By increasing the 

clock interconnection capacitance, the clock voltage swing can 

be reduced [14]. But sometimes the sequential elements retain 

their state and their output the same, before and after the clock 

pulse; when they are expected to change. This contributes in 

unnecessary dissipation of power due to clock transition. Power 

dissipation can be minimized by designing the flip flops in such 

a way that they can gate the clock and use the clock when 

needed.  

There are various factors that decide the power dissipation in 

buffer design. It is determined by frequency ƒ, supply voltage 

V, data activity α, capacitance C, leakage, and short circuit 

current [5]. The following equation can be considered: 

𝑃 = 𝑃𝑑𝑦𝑛𝑎𝑚𝑖𝑐 + 𝑃𝑠ℎ𝑜𝑟𝑡 𝑐𝑖𝑟𝑐𝑢𝑖𝑡 + 𝑃𝑙𝑒𝑎𝑘𝑎𝑔𝑒  (1)           

The dynamic power is also known as switching power loss. The 

short circuit power is due to the finite rise and fall time of input 

signals. It keeps both the pull up and pull down networks to be 

ON for a short while. Power Leakage occurs when the threshold 

voltage decreases to maintain the performance as the supply 

voltage scales down. 

𝑃𝑑𝑦𝑛𝑎𝑚𝑖𝑐 =  𝛼𝑓𝐶𝑉2  (2) 

𝑃𝑠ℎ𝑜𝑟𝑡 𝑐𝑖𝑟𝑐𝑢𝑖𝑡 =  𝐼𝑠ℎ𝑜𝑟𝑡 𝑐𝑖𝑟𝑐𝑢𝑖𝑡 𝑉𝑑𝑑 (3)                  

𝑃𝑙𝑒𝑎𝑘𝑎𝑔𝑒 =  𝐼𝑙𝑒𝑎𝑘𝑎𝑔𝑒 𝑉𝑑𝑑  (4)        

Octree clock distribution technique is used in this design. 

Octree distribution network will activate only those drivers 

along the path leading to the addressed memory word. Thus the 

power wastage in drivers can be eliminated with this technique 

[10].    

Octree system is used to distribute the main clock signal to 

other eight distribution paths every cycle. If the output of Ring 

Counter remains unchanged, unnecessary charging of the 

internal capacitor can be avoided by using the Flip Flops. 

Switching activities depend on the clock network, and clock 

transitions while triggering the Flip Flops deployed. DETFF is 

triggered by using both the positive and negative edges of a 

clock pulse. Double clock edge triggering method reduces the 

power by decreasing frequency ƒ in equation (2). The 

conventional way of designing DETFFs is to duplicate the latch 

part of the single edge flip-flop to achieve sampling input data 

at both clock edges [10] [13] [11]. The SDFF has large clock 

load as well as the large pre-charge capacitance. Because of 

these factors, even though the speed is high, the efficiency is 

less concerning the power consumption [2] [11]. But the 

performance of internal precharge structure and a static output 

are good. It contains dynamic frontend and a static output. A 

feedback structure is introduced to conditionally feed the data 

to CDMFF. Whenever the redundant event occurs, the 

unwanted transistors are not triggered [1]. There are two 

dynamic nodes in XCFF. Only one dynamic node will be 

switched in one clock cycle; resulting in low power 

consumption. Without compromising the speed degradation, 

the clock driving load is reduced. When the complex functions 

are embedded into the design, the redundant precharge and the 

effect of charge sharing become uncontrollably large [1]. 

From the above Flip Flops, DDFF is best suited for designing 

the low power buffer.  

 

DUAL DYNAMIC NODE PULSED HYBRID FLIP FLOP 

(DDFF) 

There are two types of operation: Evaluation Phase (when clock 

is high) and Precharge Phase (when clock is low). DDFF 

eliminates the unwanted transitions resulting when the input 

data is stable at zero. It also represents speed, power efficient 

method to reduce the pipeline overhead. Instead of selecting the 

conditional node, it has the unconditionally shut off mechanism 

and provide the clock signal only when it is required [2]. The 

simulation is as shown in figure 1 (b). The power dissipation is 

1.655 nW. Transmission gate based Flip Flop can be used to 

further reduce the power dissipation [16].   

 

            
(a) 

 

 
(b)                                                                                                   

Figure 1: (a) Conventional diagram of DDFF (b) Waveform 

of DDFF 
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C-ELEMENT AND OCTREE 

The C-element is used to reduce the excessive clock loading 

with handshaking protocol. The logic express for C-element is 

given by: 

Cnext = AB + BC + CA (5) 

Where A as well as B are its two inputs and Cnext as well as C 

are the next and current outputs. If A = B, then the next output 

will be the same as A. Otherwise it remains unchanged.  

When the input of the last DDFF in the previous block changes 

to ―1 making both two inputs of the C-element the same, the 

clock signal in the current block will be turned on. When the 

output of the first DDFF in the current block is asserted, then 

both inputs of the C-element in the previous block go to ―0 

and the clock for the previous block is disabled [10]. The output 

of C-element can only be changed when it can avoid the 

possibility of glitches, a crucial property for a clock gating 

signal. Figure 2 (b) shows the simulation of C-Element. 

The clock signal can be connected to the gates of NMOS 

transistors or to inverters using the VL supply to reduce this 

loss [13]. Short circuit current loss occurs due to incomplete 

turned off of PMOS transistors. This gating function, used to 

turn off the clock to some of the functional module for some 

extended period of time, is called as C-element.  

 

 

(a) 

 

(b) 

Figure 2: (a) C-Element Diagram (b) C-Element Simulation 

Clock gating is the widely used technique to reduce clock tree 

power. Most of the previous works are restricted to either 

Register Transfer Level (RTL) or clock tree synthesis stage 

[21]. Clock gating design at RTL is coarse and it often fallouts 

in large wire length overhead. The optimization space can be 

limited in the clock gating if it is considered only at the clock 

tree synthesis; as the registers can be fixed. So an Octree 

clocking system is introduced with C-element [10]. Figure 3 (a) 

shows a clock gating tree structure using Octree for 64 blocks 

as example. Figure 3 (b) shows the connection to eight blocks 

using Octree. Figure 3 (c) shows the simulation of the circuit 

for eight blocks showing the clock signals in each block. All 

the signals are synchronized as per the main global clock. Sixty 

four blocks (64 = 82) can be triggered with only two clock 

cycles and minimum clock path.  Since the clock cycle and 

clock path are reduced, the power dissipation is also reduced. 

A large portion of the dynamic power dissipation typically 

comes from toggling the clock node [14]. Figure 3 (d) shows 

the Octree simulation controlled by C-Elements. 
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(c) 

 

(d) 

Figure 3: (a) Block diagram of Octree (b) Octree Diagram (c) Octree Simulation (d) Overall Simulation of Octree 

 

The generation of a clock tree topology minimizes the 

uncertainty of the clock signal delay to the most critical data 

paths [22].  

 

PROPOSED BUFFER/RING COUNTER USING DDFF 

 

Figure 4: Block Diagram of Ring Counter using DDFF 

 

Some functional blocks containing flip flops may be idle for 

some period [17]. DDFF can be connected to design a Ring 

Counter as shown in figure 4. In each block, there can be eight 

DDFFs triggered by a global clock signal. There can be m 

number of blocks as in figure 5 (a). In the ring counter, DDFFs 

are utilized to reduce the operating frequency and the C-

element gated-clock strategy is proposed [18]. A novel gated-

clock-driver tree is then applied to further reduce the activity 

along the clock distribution network. The Octree clocking 

system is employed to reduce the length of clock path. CMOS 

analog buffer with high output drivability allows very compact, 

low-power analog voltage buffer with wide bandwidth and high 

slew rate [19]. Counter can be used for address generation since 

the memory words are accessed sequentially [20]. The 

schematic diagram is shown in figure 5 (b). Figure 5 (c) and 5 

(d) show the simulation for input enable and buffer. 
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(d) 

Figure 5: (a) Block diagram of Buffer with Octree gated by C-Element (b) Schematic of Buffer (c) Simulation of Input Enable (d) 

Simulation of Buffer 

 

Flip Flops have their respective clock driving power and 

corresponding power dissipation. The comparison table and 

graph are given below: 

 

Table 1: Comparison of power dissipation 

Types of  

flip flop 

Number of 

 transistors 

Maximum Power  

Dissipation (nW) 

Clock Driving  

Power (μW) 

DETFF 33 3.3 35 

SDFF 23 2.088 27 

CDMFF 22 4.290 6 

XCFF 21 1.919 7 

DDFF 18 1.655 5 

 

In the figure 6, the DETFF has the highest power dissipation 

with maximum number of transistors. If the number of 

transistor is more, the switching activities are also higher. So 

the power dissipation is high. Whereas in DDFF, the number of 

transistor is less and correspondingly the power dissipation is 

reduced with minimum clock driving power.  

The comparison graph with the above parameters are given 

below: 

 

Figure 6:  Comparison graph of performances of Flip Flops 
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on the global clock signal. Octree technique is used to decrease 

the loading of the input and output data bus. The minimum 

power dissipation is given by DDFF as shown by the 

experiment results.  Thus the dissipation is reduced with the 

proposed design.  
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