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Abstract 

The power consumption has become an important consideration on the VLSI system design. It is 

necessary to determine the sources of power consumption so that they can be removed or reduced, 

allowing for better overall performance of the system. This paper presents use of low power double 

edge- triggered address pointer circuit used for FIFO memory design. Proposed circuit is 

implemented with 65nm CMOS technology. Circuit simulations are performed to verify the function 

of the proposed circuit and compare its performance with other designs. The power consumption, 

clock to output delay, and power-delay product are also compared through circuit simulations. Circuit 

simulations are performed to demonstrate the proposed clock gating technique. The proposed design 

results in significant reduction on the cumulative capacitive load on the pointer clock path and hence 

consume less power compared to other designs. 

  

1. Introduction 

FIFO Memory 

A FIFO is a special type of buffer. The name FIFO stands for first in first out and means that the data 

written into the buffer first comes out of it first. There are other kinds of buffers like the LIFO (last in 

first out), often called a stack memory, and the shared memory. FIFOs can be implemented with 

software or hardware. The choice between software and a hardware solution depends on the 

application and the features desired. When requirements change, a software FIFO easily can be 

adapted to them by modifying its program, while a hardware FIFO may demand a new board layout. 

Software is more flexible than hardware. The advantage of the hardware FIFOs shows in their speed.  

Every memory in which the data word that is written in first also comes out first when the memory is 

read, is a  

first-in first-out memory. Figure1. illustrates the data flow in a FIFO.                                                   

 

 
 

Figure 1 : First-In First-Out Data Flow 
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FIFO Types 

There are three kinds of FIFO: 

 

Shift register – FIFO with an invariable number of stored data words and, thus, the necessary 

synchronism between the read and the write operations because a data word must be read every time 

one is written. 

 

Exclusive read/write FIFO –  FIFO with a variable number of stored data words and, because of the 

internal structure, the necessary synchronism between the read and the write operations. 

 

Concurrent read/write FIFO – FIFO with a variable number of stored data words and there is no 

timing relationship between read and the write operation. 

 

A FIFO memory is a read/write device that automatically keeps track of the order in which data is 

entered into the memory and reads the data out in the same order. The memory functions like a 

parallel-in parallel-out register whose length is always exactly equal to the number of words stored. 

FIFOs are used commonly in electronic circuits for buffering and flow control which is from 

hardware to software. In hardware form, a FIFO primarily consists of a set of read and write pointers, 

storage and control logic. Storage may be SRAM, flip-flops, latches or any other suitable form of 

storage. A synchronous FIFO is a FIFO where the same clock is used for both reading and writing. 

An asynchronous FIFO uses different clocks for reading and writing.  

 

 FIFO full/empty 

In hardware, FIFO is used for synchronization purposes. It is often implemented as a circular 

queue, and thus has two pointers: 

Read Pointer/Read Address Register  

Write Pointer/Write Address Register  

 

FIFO Empty- When read address register reaches to write address register, the FIFO triggers the 

Empty signal.  

FIFO Full-When write address register reaches to read address register, the FIFO triggers the 

FULL signal. 

 

Applications 

The FIFO concept, for example, can be well adapted to the field/frame memory in TV/VCR or other 

video display systems. With the progress of digital video processing technology, these memories are 

now widely in demand. TV/VCRs with high picture quality or other features have been produced by 

employing one of the FIFO technologies.  

 

Low Power DET Address Pointer Circuit for FIFO memory design 

A high-speed FIFO is usually implemented using a two-port RAM array (one port for read operation 

and the other for write operation) and two address pointers for tracing the read and write memory 

accesses.  

An address pointer functions as a token-passing circuit which passes a logic 1 (the token) along its 

outputs, which control the word-line drivers or column selection circuits of the RAM array. A 

straightforward implementation of the address pointer is a cyclic shift register chain. Since the 

http://en.wikipedia.org/wiki/Electronics
http://en.wikipedia.org/wiki/Static_random_access_memory
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number of flip-flops in the shift registers increases with the size of the RAM array, address pointers 

designed for large RAM arrays normally occupy large silicon areas and have heavy cumulative 

capacitive load on the clock signal paths, resulting in large power consumption and degraded circuit 

speed.  

 The rest of the paper is organized as follows. Section 2 describes the literature review. Section 3 

describes the proposed work. Clock gating techniques for pointer circuits are discussed in section 4. 

Experimental results are presented in section 5. Conclusion and future scope are presented in section 

6. 

 

2. Literature review 

In order to reduce the power consumption in electronic devices, many methods have been employed 

by various research people.  

 

Tormod Njdstad Einar J.Aasl [1] presents comparative simulations and chip measurements and 

found that swing-restored pass transistor logic (SRPL) are suitable for low-power, low-voltage 

design. An enhanced SRPL full adder and a SRPL-compatible, double-edge-triggered D-type flip-

flop are presented.  A simulation model for finding the power consumption in bit-serial structures is 

discussed, and is used for comparing two bit-serial adder contestants, showing that these adders 

reduce the power consumption by a factor of two compared to a standard cell reference model. 

Bill Pontikakis et al. [2] studied a pulse-clocked double edge-triggered D flip-flop (PDET). PDET 

uses a split-output TSPC latch and when clocked by a short pulse train acts like a double edge-

triggered flip-flop. The new double edge-triggered flip-flop uses only eight transistors with only one 

N-type transistor being clocked. Compared to other double edge-triggered flip-flops, PDET offers 

advantages in terms of speed, power, and area. Both total transistor count and the number of clocked 

transistors are significantly reduced to improve power consumption and speed in the flip-flop.  Kuo-

Hsing Cheng and Yung-Hsiang Lin [3] presents a low voltage dual-pulse-clock double edge 

triggered D flip-flop (DPDET). The DPDET flip flop uses a split output latch clocked by a short 

pulse train. Compared to the previously reported double edge triggered flip-flops, the DPDET flip-

flop uses only six transistors with two transistors being clocked, operating correctly under low supply 

voltage. The total transistors count is reduced to improve speed and power dissipation in flip-flop. H. 

Wang and P.C. Liu [4] presents development of a double-edge triggered technique for address 

pointer design. By using the proposed technique, the high-speed FIFO operation can be realized with 

relatively lower shift clock frequency. M. Hashimoto et al.[5] studied a 256KX4 FIFO memory with 

20-ns access time and 30-ns cycle time. To accomplish full static and asynchronous operation, novel 

signal synchronizer and arbiter circuits have been developed and implemented into the device. L.R. 

Fenstermaker et al.[6] presents sub-micron full CMOS FIFO memory generator for ASIC and full-

custom applications combines asynchronous access, shift register pointers, a direct word line 

comparison technique (DWLC) for flag generation and current sensing in a regular structured 

architecture that uses  

circuit compaction and automated parametric characterization.  

N. Shibata et al. [7] presents high-speed and low-power CMOS memory techniques specialized for 

FIFO operation. By using the hidden blanket-precharged bitline scheme, the power dissipation of the 

writing circuitry is minimized without degrading the operating speed. A new data-driven gated-shift-

pulse architecture is also proposed to reduce the power dissipation of shift-register-type address 

pointers (1.5 mW at 100 MHz).   C. Kim and S. Kang [8] studied a low-swing clock double-edge 

triggered flip-flop (LSDFF) which is developed to reduce power consumption significantly compared 

to conventional flip-flops. L. Sterpone et al.[9] presents a new structural clock gating technique 
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based on internal partial reconfiguration and topological modifications for reducing power 

consumption in SRAM-FPGAs. Efficiency in the total average power consumptions ranges from 

about 28% to 39% with respect to standard clock gating approaches is obtained. Razak Hossain et 

al.[10] presents a new set of double edge triggered flip-flops which require fewer transistors for 

implementation. The energy consumption in these double edge triggered flip-flops is shown to be 

lower than in single edge triggered (SET) flip-flops. The maximum data rate in double and single 

edge triggered flip-flops is also compared via simulation.  

 

3. Proposed work 

In this research work, a novel address pointer design is presented using 65nm technology. At each 

stage of the proposed pointer circuit, only one transistor is connected to the pointer clock. Thus the 

clock load is dramatically reduced in the proposed circuit. Unlike most of the pointer circuits that 

use both clock and its complementary clock, the proposed circuit only needs a true single phase 

clock (TSPC) signal. And hence immune to circuit racing conditions caused by clock skew between 

clock and clock bar. In addition, the proposed design uses a DET clock scheme to accommodate the 

double data rate technique, which is now widely used in high throughput system design. Finally, 

Clock gating techniques are presented to compare the performance of the proposed circuit with 

other designs. Figure 2 shows the proposed double-edge-triggered address pointer.  There are 2M 

(an even number) decoding units in this address pointer circuit. 

 
Figure 2:  proposed double edge- triggered address pointer circuit 

 

Before the decoding operation, an initialization is needed to set the output of the RS latch to one, and 

reset the outputs of all the D latches in this address pointer to zero. This can be performed by pulling 

down the IN1 signal and driving M cycles of the shift clock to the address pointer. The circuit 

consisting of the RS latch and an OR gate decides which data are fed into the first decoding unit. In 

the first shift operation (while both the signal and the output of the RS latch are high), data 1 is fed 

to the first decoding unit. Thus, after the first triggering edge AD1 becomes high. After the second 

shift operation, AD2 is high resulting in the output  of  the  RS  latch  being  reset  to  zero, and 

consequently the data stored in the last latch (in the decoding unit 2M  are fed  into the first decoding 

unit  in the following even  to odd  shift  operation. .When  the  last  address  output  AD2M  is 

switched to high, the datum stored in the last decoding unit is one and it  will be  transported  to the  

first  decoding unit  in  the  next shift  operation,  resulting  in  activating  AD1 and  switching  off 

AD2M.  

The proposed address pointer circuit consists of two types of basic cells 

 n-cell  p-cell 

 

 

Connection between n-cell and p-cell 
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Figure 3: Connection between n-cell and p-cell 

 

The key points of this structure are: 

 

1. All the cells are initialized to 0 before starting operation. (This can be done by a multi-cycle 

reset operation or adding a global reset input to all the cells.) 

2. A starting circuit provides the 1 to be injected into the pointer circuit in the first shifting   

operation. When the 1 reaches the second cell, the SR latch is reset and from that point 

onwards, the D input of the first cell is logically connected to the output of the last cell.  

3. The data input of a p-cell is connected to the complementary output of the previous      n-cell 

so that the p-cell is set to 1 on the falling edge of the clock when the previous cell output is 1. 

4. The data input of a n-cell is connected to the non- inverting output of the previous         P-cell 

in order that the n-cell is set to 1 on the rising edge of the clock when the previous cell output 

is 1. 

5. Whenever a cell output is set to 1, its complementary output will turn off the     previous 

pointer output. 

 

4. Clock Gating technique in pointer circuit  

In clock gating technique, power reduction for pointer circuit can be done by partitioning the whole 

circuit into several blocks and the clock signal is connected only to the block in which the logic 1 is 

shifted. This approach can easily be achieved by using RS latches and AND gates as shown in figure 

4. The clock is fed into a block only when the output of the corresponding latch is logic 1.  
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Figure 4: Clock gating technique in pointer circuit 

 

Clock gating logic can be added into a design in a variety of ways: 

1. Coded into the RTL code as enable conditions that can be automatically translated into clock 

gating logic by synthesis tools (fine grain clock gating). 

2. Inserted into the design manually by the RTL designers (typically as module level clock 

gating) by instantiating library specific ICG (Integrated Clock Gating) cells to gate the clocks 

of specific modules or registers. 

3. Semi-automatically inserted into the RTL by automated clock gating tools. These tools either 

insert ICG cells into the RTL, or add enable conditions into the RTL code. These typically 

also offer sequential clock gating optimizations. 

 

5. Experimental results 

For comparison between the proposed design and other pointer implementations, four 256-bit DET 

pointer circuits, referred to as proposed design, Ref. design 1, Ref.  design 2, and Ref. design 3 , 

are implemented using a 65 nm CMOS technology. The Ref. design 1, Ref. design 2 and Ref. design 

3 are presented in [4,10,8] respectively. The Ref. design 2 and 3 are shift register based 

implementations with using DET DFFs. Circuit simulations are performed to verify the function of 

the proposed circuit and compare its performance with reference designs. The power consumption, 

clock to output delay, and power-delay product of the four implementations are also compared 

through circuit simulations. 

 

Circuits C1(fF) C2(fF) Power 

(microW) 

Delay(ps) PDP(microW.ps) 

Prop 

Design 

96 6 151 240 36,240 

Ref 

Design1 

89.6 5.6 179 256 45,056 

Ref 

Design2 

166.4 10.4 439 350 153,650 

Ref 

Design3 

244.8 15.3 1102 434 478,268 

 

Table 2: Circuit performance comparision with estimated wire load 

 

Circuits Vdd 

=0.9V 

Vdd=0.9V Vdd=0.8V Vdd=0.8V 

 Delay(ps) Improvement Delay(ps) Improvement 

Prop. 

Design 

290 - 377 - 

Ref 

Design1 

320 9.4% 438 13.9% 

Ref 425 31.8% 555 32.1% 
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Design2 

Ref 

Design3 

546 46.9% N/A N/A 

 

Table 3: Circuit delay with reduced power supply 

 

6. CONCLUSION AND FUTURE SCOPE 

Low power double-edge-triggered address pointer is implemented for FIFO memory design.  The 

proposed design results in significant reduction on the cumulative capacitive load on the pointer 

clock path and hence consume less power consumption compared to previous designs, it uses a 

true single-phase clock. The proposed design is suitable for low- voltage and high-speed 

applications. 

Various methodologies are used to reduce the power dissipation by optimizing the parameters that 

are related to power consumption of circuit. In view of all these, the future course of action involves 

effective reduction of leakage in FIFO memory by use of low power DET Address pointer circuit 

and the latest developments in low-power circuit techniques and methods for reduction of power 

consumption with an emphasis on FIFO. We can compare the other electronic parameters and to 

make a FIFO better to make our system faster and reliable. We can implement the new technology 

on these address pointer circuits to improve the overall performance of system. Like we can try to 

increase the noise immunity of the system or we can try to decrease the total power dissipation.  
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