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Abstract-Power consumption is one of the major problems in emerge VLSI design. In modern integrated circuits, the power consumed by 
clocking progressively takes a dominant part. To reduce its power consumption, some 1-bit flip-flops are replaced with fewer multi-bit flip-
flops. The proposed delay buffer adopts a ring-counter addressing scheme. In the ring counter, double-edge-triggered (DET) flip-flops are 
utilized to diminish the operating frequency by half and using C-element gated-clock. A gated clock- driver tree is applied to reduce the activity 
beside the clock distribution network. Furthermore, the gated-driver-tree is also employed in the input and output ports of the memory block to 
decline their loading, and saving the power. 

 
Index terms: Delay Buffers, Gated Driver Tree, Ring Counter, Double edge triggered flip-flop, C-element. 

 
I. INTRODUCTION 

 
The delay buffers are used in portable battery operated, multimedia and wireless applications. Most circuits adopt static 

random access memory (SRAM) and control/addressing logic to execute delay buffers. In former approach, SRAM compilers are 
optimized to generate memory modules with low power consumption and high operation speed with a dense cell size. In latter 
approach, shift register can be easily synthesized, though it may consume much power due to unnecessary data movement. As 
CMOS technology, the driving capability of an inverter-based clock buffer increases considerably. The driving capability of a 
clock buffer can be evaluated by the number of minimum-sized inverters that it can drive on a given rising or falling time. Hiroshi 
Kawaguchi [3] et al proposed, Reduced Clock-Swing Flip-Flop (RCSFF) is composed of reduced swing clock driver and a special 
flip-flop, which embodies the leak current cutoff mechanism. The RCSFF can reduce the clock system power of a VLSI down to 
one-third compared to the conventional flip-flop. The area and the delay of the RCSFF can also be reduced by a factor of about 
20% compared to the conventional flip-flop. The RCSFF can also reduce the RC delay of a long RC interconnect to one-half.  

 
Chulwoo Kim [2] et al proposed, Low-Swing Clock Double-Edge Triggered Flip-Flop (LSDFF) is used to reduce power 

consumption considerably compared to conventional flip-flops. The LSDFF avoids redundant internal node transitions to reduce 
power consumption. Besides, power consumption in the clock tree is reduced because LSDFF uses a double-edge triggered 
operation as well as a low-swing clock. Peiyi Zhao [9] et al proposed, high-performance flip-flops, that are analyzed and 
classified into two categories: the conditional pre-charge and the conditional capture technologies. These are based on how to 
prevent or reduce the redundant internal switching activities. A new flip-flop is introduced: the conditional discharge flip-flop 
(CDFF). This CDFF not only reduces the internal switching activities, but also generates less glitches at the output, while 
maintaining the negative setup time and small D-to-Q delay characteristics. With a data-switching activity of 37.5%, the proposed 
flip-flop can save up to 39% of the energy with the same speed as that for the fastest pulsed flip-flops. Ya-Ting Shyu [4] et al 
Proposed, the power consumed by clocking gradually takes a dominant part. To reduce its power consumption by replacing some 
flip-flops with fewer multi-bit flip-flops. First, perform a co-ordinate transformation to identify those flip-flops that can be 
merged and their legal regions. Besides, we show how to build a combination table to enumerate possible combinations of flip-
flops provided by a library. Finally use a hierarchical way to merge flip-flops. According to the experimental results, our 
algorithm significantly reduces clock power by 20–30% and the running time is very short. The multi-bit flip-flops are used in the 
Delay buffer for reducing the power consumption. The following design methodology shows how the multi bit flip-flops are used 
in the ring counter. 
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II. DESIGN  METHODOLOGY 

 
The design methodology of our project consists of memory organization, ring oscillator which employ in multi bit flip-flop 

Technology. This technique improves the overall performance and reduces the power consumption of the circuit. 
 

A. Multi-Bit Flip-Flop Methodology 
Multi-Bit Flip-flop is an effectual implementation method to reduce the power consumption by merging single-bit flip-flop. In 

this Technique, several flip-flops can share a common clock buffer to avoid redundant power waste. 
 

 
 

Fig. 1 Merging two 1-bit flip-flops into 2-bit flip flop. 
 
Fig 1 shows an example of merging two 1-bit flip-flops into one 2-bit flip-flop. Each 1-bit flip-flop contains two inverters, 

master-latch and slave-latch.  Merging single-bit flip-flops into one multi-bit flip-flop can avoid duplicate inverters, and lower the 
total clock dynamic power consumption. The total area contributing to flip-flops can be reduced as well. 
 
A. Systematic overview 

In the proposed memory organization, several power reduction techniques are adopted. Mainly, these circuit techniques 
are designed with a view to decreasing the loading on high fan-out nets, e.g., clock and read/write ports. Fig 2 shows the delay 
buffer using gated driver tree. It consists of memory, gated driver tree, ring counter. 

 

 
 

Fig.2 Delay Buffer using Gated Driver Tree 
 
Random-access memory (RAM) is a form of computer data storage. It is a volatile types of memory, where the information is 

lost after the power is switched off. Many other types of memory are RAM as well, including most types of ROM and a type of 
flash memory called NOR-Flash.  
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C. Ring Counter Before Merging the Clock 
 This ring counter proposed to replace the R–S flip-flop by a C-element and to use tree-structured clock drivers with gating. It 
greatly reduces the loading on active clock drivers. Moreover, DET flip-flops are used to reduce the clock rate to half and  also 
reduce the power consumption on the clock signal. The proposed ring counter with hierarchical clock gating and the control logic 
is shown in above figure 3.  
 

 
 

Fig.3 Ring Counter before merging the clock 

Each block contains one C-element to control the delivery of the local clock signal “CLK” to the DET flip-flops, and only the 
“CKE signals along the path passing the global clock source to the local clock signal are active. The “gate” signal (CKE) can also 
be derived from the output of the DET flip-flops in the ring counter. The C-element is an essential element in asynchronous 
circuits for handshaking. When the input of the last DET flip-flop 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 DET flip-flop 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. In order to further diminish the loading on the global clock signal (“CLK”), propose to use a driver tree distribution 
network for the global clock and activate only those drivers. 

D. Ring Counter After Merging the Clock 
 In the existing system, there are two clocks are used to handle the operation. The proposed system, the clocks can be merged 
into one which operates the entire (Double Edge Triggered) DET flip-flops. Although, the both circuit performs the same 
operation and power consumption is different. Due to clock merging, the proposed system consumes the low power consumption 
compared to the existing one. Fig 4 shows the ring counter after merging the clock. 

 
Fig 4. Ring counter after merging the clock 

 
 There are M blocks are used in the ring counter. Each block contains DET flop-flops which only operate in positive and 
negative edge clock. So, the speed of the circuit gets increased.  
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E. Gated Driver Tree 

Clock gating is a popular technique in many synchronous circuits for reducing dynamic power dissipation. To save area, the 
memory module of a delay buffer is often in the form of an SRAM array with input/output data bus. However, all of the memory 
cells, only two words will be activated. One is written by the input data and the other is read to the output. Figure 5 shows the 
gated driver tree using memory module. 

 

 
 

Fig. 5 Gated Driver Tree 
 

In gated clock tree technique, the input driving/output sensing circuitry in the memory module of the delay buffer. The memory 
words are also grouped into blocks. Each memory block associates with one DET flip-flop block in the proposed ring counter and 
one DET flip-flop output addresses a corresponding memory word for read-out and at the same time addresses the word that was 
read one-clock earlier for write-in. 
 
 

 
III.   SIMULATION RESULTS 

 
The Simulation can be performed by Xilinx 8.1 software. It gives the simulation result and power consumption of before and 

after merging the clock in ring counter. 

A. Simulation Result of Ring Counter Before Merging 

Fig 6 shows the simulation result of counter before merging. There are two clocks are used in the ring counter. The both clocks 
are double edge triggered flip-flop. Its mean, it can perform the operation in positive edge clock and also negative edge clock. 

 

Fig. 6 Simulation result of ring counter before merging 
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There are two input are given to the ring counter. They are initialize1, initialize2. If initialize1 and initialize2 values are 1, the 
circuit performs ring counter operation. Otherwise, it doesn’t operate. Reset is one of the input functions. The circuit enable, 
when the reset is 1. Otherwise, the circuit is disable.  The output of the ring counter is q. Initially, it has the value of 
‘0000000000000000’. If the reset is set to 1, for one clock the output is ‘00000000000011’. For each clock, the output can be 
changed from left to right 

B. Power Consumption of Ring Counter Before Merging 

 

Fig. 7 power consumption of ring counter before merging 

The power consumption of the ring counter is simulated by the Xilinx software. The figure 8 shows the power value of ring 
counter before merging. There are two clocks are used in the ring counter. So, it uses the high power consumption compared to 
after merging the clock. 

C. Simulation Result And Power Consumption of Ring Counter After Merging 

Fig 8 shows the simulation result of counter before merging. There are one clocks are used in the ring counter. This clock is 
double edge triggered flip-flop. Its mean, it can perform the operation in positive edge clock and also negative edge clock. 

 

Fig 8 Simulation of Ring Counter after merging 

There are two input are given to the ring counter. They are initialize1, initialize2. If initialize1 and initialize2 values are 1, the 
circuit performs ring counter operation. Otherwise, it doesn’t operate. Reset is one of the input functions. The circuit enable, 
when the reset is 1. Otherwise, the circuit is disable.  The output of the ring counter is q. Initially, it has the value of 
‘0000000000000000’. If the reset is set to 1, for one clock the output is ‘00000000000011’. For each clock, the output can be 
changed from left to right. 
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C. Simulation Result And Power Consumption of Ring Counter After Merging 

The power consumption of the ring counter is simulated by the Xilinx software. The figure 9 shows the power value of ring 
counter after merging. There are one clock is used in the ring counter. So, it uses the high power consumption compared to after 
merging the clock.  

 

Fig. 9 Power Consumption of Ring Counter After Merging 

E. Comparison of Result 

 The Power Consumption of Ring Counter Before and After merging the flip flop is shown in following 

S.No Before Merging 
(mW) 

After Merging 
(mW) 

1 73 62 

Comparison of Ring Counter Before and After merging the flip flop using graph. 

 

IV.  CONCLUSION 

The ring counter with clock gated by the C-elements can effectively eliminate the excessive data transition without increasing 
loading on the global clock signal. The gated-driver tree technique used for the clock distribution networks can eliminate the power 
wasted on drivers. Another gated-de-multiplexer tree are used for the input and output driving circuitry to decrease the loading of the 
input and output data bus. All gating signals are easily generated by a C-element taking inputs from some DET flip-flop outputs of the 
ring counter. Optimization of power is observed by using tool xilinx 12.3 and observed the simulation results. Power consumption is 
known to be a crucial issue in current IC designs.  
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