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Abstract – Low power design has emerged as one of the
challenging area in today’s ASIC (Application specific
integrated circuit) design. With continuous decrease in
transistor size, power density is increasing and there is an
urgent need for reduction in total power consumption. Clock
gating is one most effective technique for low power
synchronous circuit design. Clock gating technique in low
power design is used to reduce the dynamic power
consumption. Clock signal in a synchronous circuit is used
for synchronization only and hence does not carry any
important information. Since clock is applied to each block of
a synchronous circuit, and clock switches for every cycle,
clock power is the major part of dynamic power
consumption in synchronous circuits. Clock gating is a well
known technique to reduce clock power. In clock gating clock
to an idle block is disabled. Thus significant amount of power
consumption is reduced by employing clock gating. In this
paper an ALU design is proposed employing Gated clock for
its operation. Design simulation has been performed on
Xilinx ISE design suite, and power calculation is done by
Xilinx Xpower analyzer. Results show that approximately
17% of total clock power consumption is reduced by gated
clock implementation.
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I. INTRODUCTION

Due to continuous decrease in transistor size and
increase in the number of devices fabricated in a single
chip, power consumption has become a critical issue for a
chip designer [3].

Reducing power consumption in portable devices has
become an interesting research area. Most of the portable
devices available in the market are battery driven. So
power consumption of these devices must be low so that
battery lasts much longer. Hence battery life is
significantly improves. Power consumed in a digital
circuit is of two types.
(a) Static power and
(b) Dynamic power

Static power consists of power dissipated due to leakage
currents whereas dynamic power consists of capacitive
switching power and short circuit power [4]. Dynamic
power management is an important issue in low power
design. In digital circuits clock signal is used for the
synchronization of active blocks. Since clock is fed to
most of the circuit elements and clock switches for every
cycle, clock power is a major component of dynamic
power dissipation in the circuit. Clock-gating is a well-
known technique to minimize clock power [1]. In
sequential circuits such as counters, usage of individual

circuit block depends on the application and not all the
blocks are used simultaneously, hence giving an
opportunity to reduce dynamic power consumption [1][5].
By clock gating technique, clock to an idle portion is
disabled, thus avoiding power dissipation due to
unnecessary charging and discharging of the unused
circuit. In clock gating clock is selectively stopped for a
portion of circuit which is not performing any active
computation [3]. Local clocks that are generated by
conditionally enabling are called gated clocks, because a
signal from the environment is used to gate the global
clock signal [2].

In this paper an ALU is designed using gated clock. An
ALU is one of the most important elements of datapath
section in a microprocessor. Datapath elements interact to
perform computational operation in a microprocessor.
Every microprocessor contains a datapath section for
computation purpose. In this paper, a low power ALU is
proposed for an efficient datapath. Section II explains the
dynamic power consumed in a synchronous circuit. In
section III various type of clock gating technique in
explained. Section IV explains the proposed Design.
Functionality of the design is verified with Xilinx and
power is analyzed using Xilinx Xpower analyzer tool.
Results are discussed in section V. Finally conclusion is
drawn in section VI.

II. DYNAMIC POWER CONSUMPTION

Dynamic power consumption in a digital circuit in given
by equation:

P = ACV2F (1)
P is the total dynamic power consumed in the circuit, A

is activity factor for switching activity of gates, C is the
capacitance of circuit, V is the supply voltage applied to
circuit and F is the operating frequency of clock.

Dynamic power consumption in a circuit is the power
dissipated in the switching activity of input signal [5]. In
other words dynamic power consumption is due to
charging and discharging of input capacitance. In a
synchronous circuit clock signal is used to synchronize
different circuit blocks. Clock input does not perform any
calculations and toggles continuously even if there is no
change in the state of output. Clock is applied to most of
the building blocks of a digital circuit. So clock power is a
significant part of total dynamic power dissipated in a
circuit.

The basic principle of dynamic power reduction is to
detect an idle unit and shut it down. The idleness is of two
types, external and internal. A circuit is externally idle if it
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do not give an output during a time period. During this
period the circuit can be shut down, thus reducing dynamic
power consumption. A circuit block is internally idle if its
output remains same for a time period.

There are several techniques for shutting down the
circuit block during its idle period. The simplest method is
to disable registers by enable input. Another method is to
gate the clock signal. Clock gating provides greater power
savings as compared to lowering the enable input of
register.

III. VARIOUS CLOCK GATING TECHNIQUE

Clock-gating is a well-known technique to reduce clock
power. By clock gating technique, clock to an idle portion
is disabled, thus avoiding power dissipation due to
unnecessary charging and discharging of the unused
circuit. In clock gating clock is selectively stopped for a
portion of circuit which is not performing any active
computation. This is done by using a signal from the
environment[2]. Various types of clock gating techniques
are discussed in following sections.
A. Gate Based Clock Gating

Gate based clock gating is one of the simplest way of
disabling the clock signal to an idle portion of circuit block.
In a gate based clock gating, any logic gate can be used to
generate a local clock. A gate based clock gating cell is
shown in the figure using AND gate. Global clock is
combined with enable input to generate a gated clock.
When the enable signal is ‘0’, output will be disabled and
hence clock signal is not available for idle circuit block.
Hence dynamic power consumption is reduced. If enable is
high ‘1’, output of gate will be same as the global clock.

Fig.1. Gate based clock gating cell.

B. Multiplexer Based Clock Gating
Multiplexer based clock gating technique is shown in the

figure no. 2. In many applications the state of a circuit
block is idle for few clock cycles. The unnecessary
switching can be minimized by preventing the change in
state of block during active clock cycle. A multiplexer is
used to hold the state of circuit block during idle period. A
signal is derived from the environment and applied to the
input of multiplexer. This Enable signal is used to control
the multiplexer output. When enable is low ‘0’, output of
the multiplexer is same as the previous state and when
enable is high ‘1’ the output is new input to the circuit
block.

Fig.2. Multiplexer based clock gating cell.

C. Latch Based Clock Gating
A latch based clock gating cell is shown in the figure. In

latch based clock gating technique, a latch is used to
control the clock signal. During the negative clock cycle,
enable input of latch is reflected to the output of latch.
During positive cycle, latch holds the previous output and
output does not change until next negative cycle. Output of
latch is combined with global clock in such a fashion that
low output disables the clock and high output allows clock
to reach to circuit block.

Figure No. 3 Latch based clock gating cell.

IV. PROPOSED DESIGN FOR ALU

Every microprocessor contains a datapath section to
perform computational operations [6]. An ALU is an
important element of datapath section. ALU performs all
the arithmetic and logical operation inside a
microprocessor. Proposed ALU block is shown in the
figure.

Figure No. 4 Proposed ALU block

Proposed architecture of 16 bit ALU is divided into 4
different blocks. Two blocks are for arithmetic operation
and two for logical operation. Various operations for
different opcode input is shown in the table.

Table 1: ALU operation table.
OPCODE OPERATION BLOCK
0000 A+B

ARITH_10001 A-B
0010 A+1
0011 A-1
0100 B+1

ARITH_20101 B-1
0110 Pass A
0111 Pass B
1000 A AND B

LOG_11001 A OR B
1010 NOT A
1011 NOT B
1100 A NOR B

LOG_21101 A NAND B
1110 A XOR B
1111 A XNOR B
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Each of the four different blocks performs four different
operations. Input for the ALU is two 16 bit data and output
is also 16 bit data. 4 bit opcode is used to select the type of
operation to be performed on the input data.

Clock distribution of the proposed ALU is shown in
figure. Enable input to the clock gating block is derived
from the environment. In this design, the enable signal is
derived by using 2 to 4 decoder. The 2 inputs to the
decoder are higher two bits of opcode. Out of four different
outputs of decoder, only one becomes high according to 2
bit input. These four outputs of decoder are combined with
input clock and applied to clock input of four ALU blocks,
as shown in figure. In this way only one block of ALU is
operational and others are disabled for a particular ALU
operation. Outputs of four different blocks of ALU are
multiplexed to give the desired output.

Figure 5

V. SIMULATION RESULTS

Proposed design is simulated on VIRTEX6 family
device using Xilinx ISE design suite. Power calculation is
done by Xilinx XPower analyser. Clock frequency of 50
MHz is used for simulation. Simulation result for proposed
ALU is shown in the figure.

Fig.6. Simulation result of ALU

In the figure shown above, the opcode input is ‘0000’
that is for addition operation. Output gives the sum of two
16 bit inputs. Only gated clock gc0 is high and others three
clocks are disabled for addition operation. Hence the
switching activity of the circuit is reduced, thus reducing
overall clock power.

A comparison of total clock power consumed by ALU
circuit with and without gated clock implementation is
shown in figure.

(a)

(b)
Fig.7. (a) gated clock power, (b) without clock gating

Simulation results show approximately 17% of total
clock power saving by implementation of gated clock.

VI. CONCLUSION

In this paper a simple method of reducing total clock
domain power in sequential circuits is introduced. The
proposed approach is based on clock gating technique. An
ALU with total number of 16 operations is taken as design
example. Power calculation and simulation is performed on
VIRTEX6 family device using Xilinx Xpower analyzer
and Xilinx ISE design tool repectively. Experimental result
shows that clock gating technique significantly reduces the
clock power. Results show that approximately 17% of total
clock power consumption is reduced by employing gated
clock.

In conclusion clock gating technique significantly
reduces total clock power in a sequential circuit, but may
increase number of logics, and hence area will increase.
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