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Abstract: In this paper, latch based clock gating technique is applied in ALU to reduce clock power and dynamic power consumption
of ALU. This technique is simulated in Xilinx14.7 tool and implemented on 90-nm sparton-3 FPGA. When clock gating technique is not
applied clock power contributes 50%, 41.46%, 51.30%, 55.15 and 55.78% of overall dynamic power on 100MHz, 1GHz, 10GHz, 100GHz
and 1THz device frequency respectively. When latch free clock gating technique is applied clock power contributes 17.85%, 23.39%,
26.49% and 27.19% of overall dynamic power on 100MHz, 1GHz, 10GHz, 100GHz and 1THz device frequency respectively. When latch
based clock gating technique is applied clock power contributes 15%, 17.89%, 20% and 21.56% of overall dynamic power on 100MHz,
1GHz, 100GHz and 1THz device frequency respectively. When we use clock gating, there are 72.76% reduction in clock power, 38.88%
reduction in 10s power and 44% reduction in dynamic power in compare to power consumption without using clock gating technique.
Clock gating saves power but increases over all area. There is 32.34%, 37%, 43.34% and 44% reduction in dynamic current when we

use clock gate on 1GHz, 10GHz, 100GHz and 1THz operating frequency respectively.
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1. Introduction

Clock gating is the power saving technique used for low
power design. Clock gating switched off the module which
is not active as decided by selection line. The three bits of
selection line control all 8 sub-module of ALU. It increases
energy efficiency of target design and fulfill our obligation
for green computing. To develop low power processor, low
power ALU is developed since ALU is a basic integral part
of any processor. ALU takes data input from operand
register and external memory. ALU takes instruction from
control unit. The output of ALU stores in register array and
flag register. To reduce the dynamic power consumption of
the ALU, we are using clock gating technique in ALU and
synthesize clock gated ALU to reduce overall power
consumption. Clock power initially contributes 55.78% of
overall dynamic power on 1 THz device frequency. When
clock gating technique is applied, clock power contributes
only 21.56% of total dynamic power on same 1 THz device
operating frequency. This technique also reduces dynamic
current and junction temperature of ALU design. Clock gate
is a logic gate which takes clock in form of input and
produce gated clock in form of output.

2. Literature Review

In reference [1], we analyze following three power reduction
techniques. Clock gating, clock enable and blocking input
are three main ideas in [1] to reduce power consumption by
switching off part of a system or switch between active and
standby mode or disabling the data path. Reference [2] deals
with three different clock gating techniques. First is latch-
free clock gating style uses a simple AND (for posedge), OR
(for negedge). If enable signal goes inactive in between the
clock period then clock gates output produce transient fault
called glitch. To eliminate this problem, [2] use latch based
clock gating techniques to hold enable signal. But, latch
based clock gating is not testable then [2] propose new
techniques of clock gating called flip flop based clock gating

techniques. Conventional CG techniques usually do not take
into account leakage power, some optimization procedures
and guidelines are presented in [3] for leakage reduction. [3]
Proposed that quantity of leakage power is directly
proportional to number of logic element. In [4], the
implementation of floating point ALU are presented and
designed on Cyclone-lIl FPGA. Reference [5] deals with
design, synthesis and implementation of arithmetic logic unit
(ALU) on FPGA. Reference [5] displays an inherent
operational characteristic of low power consumption with a
similar clock gating technique. The ALU in [6] supports 16
instructions and use double-stage pipelining architecture.
For energy efficiency [6] proposes a new ALU architecture
which has efficient propagation (P) and generation (G)
module. The adder of the proposed ALU is disabled in [6]
when the logic operation is going on and vice versa. Clock
gating techniques merely disable clocks on valid clock
gating conditions, like idle states whose applying will not
change the circuit functionality. In [7], a technique is
proposed that allows shutting down certain clocks during
invalid cycles, which if applied alone will certainly cause
erroneous results. In [8], adding clock gate in place of de-
multiplexing clock signal to all 16 sub-modules of ALU
switch off rest 15 modules, which is not working and hence
reduce 15/16 i.e. 93.75% power reduction. Two optimization
techniques in [9] is proposed for resurrecting clock gating
functions may be used as a generic post-processing phase in
an smart clock gating tool.

3. Clock Gating

Clock gating, which is probably one of the most well-known
low-power techniques, is very effective in reducing the
power consumption in digital circuits and also VLSI circuits.
The goal of this technique is to disable or suppress transitions
from propagating to parts of the clock path under a certain
condition computed by clock-gating circuits. The savings are
mainly due to the switching capacitance reduction in the
clock network and the switching activity in the logic fed by
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the storage elements because unnecessary transitions are not
loaded when the clock is not active. CG is illustrated in
figure 1 block CG, which inhibits the clock signal when the
idle condition is true, is associated with each sequential
functional unit. The clock signal is computed by function fcg.
CLK is the system clock and CLKG the gated clock of the
functional unit.

CLKG
CG = Functional Unit

CLK

Figure 1: Clock gating principle

It is good design idea to turn off the clock when it is not
needed. Automatic clock gating is support by modern EDA
tools. They identify the circuits where clock gating can be
inserted. The RTL stage is the best point in the design
process to optimize dynamic power. At this point, the system
architecture is defined, the design is clock cycle accurate, and
there is accurate power information available from lower
design stages. The only thing left is for hardware designers to
have a RTL metric to evaluate and identify candidate logic
within a design for optimization of clock gating.

4. How To Implement Clock Gating

There are many clock gating styles available to optimize
power in VLSI circuits. They can be:

1)  Latch-free based design.

2) Latch-based design.

Latch-Free Based Clock Gating Design

The latch-free clock gating style uses a simple AND or OR
gate (depending on the edge on which flip-flops are
triggered). Here if enable signal goes inactive in between the
clock pulse or if it multiple times then gated clock output
either can terminate prematurely or generate multiple clock
pulses.

Clock Gate = Clock + Gate (either AND or OR)

T
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GATED_CLK
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gated clock

Figure 2: Latch Free Clock Gating

Latch-Based Clock Gating Design

The latch-based clock gating style adds a level-sensitive latch
to the design to hold the enable signal from the active edge of
the clock until the inactive edge of the clock. Since the latch
captures the state of the enable signal and holds it until the
complete clock pulse has been generated, the enable signal
need only be stable around the rising edge of the clock, just
as in the traditional ungated design style.
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Figure 3: Latch Based Clock Gating

Arithmetic Logic Unit

B. Top Level Schematic Of ALU

There are four inputs ALU as shown in Figure.4. There are
A, B, Sel and clock. Out returns the result of the ALU
operation. Input Sel3-0 determines which operation is
performed. The ALU generates four flags-Zero (Z), Carry
(C), Sign (S), and Parity (P) . In all unary function, only the
C flag is affected by the Shift function. All flags are affected
by the other ALU functions. There are sixty functions
depending on 4-bit opcode. There are 8 unary functions.
Whose opcode range is 0-7. There are 4 arithmetic

operations.
AT:0) out(7:0)
B(7:0) — 1 cflag
| pflag
sel(3:0)
s flag
ck | z flag

N 4
ALU

Figure 4: Top Level Schematic of ALU

Whose opcode range is 8-B. There are 4 Logic functions.
Whose opcode range is C-F.
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C. RTL Schematic Of 8 bit ALU

Figure 5: RTL Schematic of ALU

D. Power Consumption Of ALU Without Clock Gate

Table 1: Power Consumption of ALU without Clock Gate

Clocks |Logic [Signals |IOs Dynamic |Total
10ns  [0.002 ]0.001 |0.001 0.000 |0.004 0.057
1ns 0.017 |0.009 |0.010 0.004 0.041 0.094
0.1ns |0.168 |0.048 |0.088 0.041 |0.345 0.403
0.01ns [1.679 |0.153 |0.802 0.410 |3.044 3.123
1ps 16.795 |1.198 |7.983 4.099 |30.025 |30.10

Clock power is 50%, 41.46%, 51.30%, 55.15% and 55.78%
of total dynamic power when device operating frequency is
100MHz, 1GHz, 10GHz, 100GHz and 1 THz as listed in

Table.1.

ALU With Clock Gate

E. Top Level Schematic Of Latch-Free Clock Gated ALU
Here en is extra output for generation of clock gate as shown
in Figure.6. When clock is high, then clock and en fed to
AND gate and when clock is low, then clock and en is fed to
OR gate. The output of AND/OR gate is gated clock. There

is 5 input and output as shown in Figure.6.

ALU

v
A(7:0)
B(7:0)
sel(3:0)
clk
on

|

Figure 6: Top Level Schematic of Latch-free Clock Gated
ALU
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F. RTL Schematic of 8 bit Latch-Free Clock Gated ALU

Figure 7: RTL Schematic of Latch-Free Clock Gated ALU

G. Power Consumption Of Latch-Free Clock Gated ALU

Table 2: Power Consumption of Latch-Free Clock Gated

ALU
Clocks |Logic [Signals |IOs Dynamic |Total
10ns  |0.000 |0.001 |0.001 0.000 |0.003  |0.055
1ns 0.055 |0.009 |0.011 0.003 |0.028  |0.080
0.1ns |0.046 |0.048 |0.096 0.025 0.215 |0.271
0.01ns |0.457 |0.153 |0.864 0.251 |1.725 |1.804
1ps 4572 [1.198 |8.537 2.505 |16.812 |16.89

After implementation of Latch-Free clock gating techniques
in ALU, Clock power reduces to 17.85%, 23.39%, 26.49%
and 27.19% of total dynamic power when device operating
frequency is 1GHz, 10GHz, 100GHz and 1 THz as listed in

Table.2.

H.Top Level Schematic of Latch-Based Clock Gated ALU
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Figure 8: Top Level Schematic of Latch-Based Clock
Gated ALU
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This design adds a level sensitive latch to the design to hold
the enable signal from the active edge of the clock until the
inactive edge of the clock. So to removes drawbacks of latch
free clock gating.

Here en is extra output for generation of clock gate as shown
in Figure.7. When clock is high, then clock and en fed to
AND gate clock gating and the output of AND gate is gated
clock. There is 5 input and output as shown in Figure.7.

I. RTL Schematic of 8 bit Latch-Based Clock Gated ALU

dynamic power, 10 power is the second highest contributor
in dynamic power. Clock gating is applied mainly to reduce
dynamic power consumption of any target design. We
calculate power using XPower on difference device
operating frequency 1MHz, 10MHz, 100MHz, 1GHz,
10GHz, 100GHz and 1 THz. Power is directly proportional
to frequency and inversely proportional to clock period.
1GHz operating frequency is 1ns clock period and 1 THz
operating frequency is 1ps clock period.

Table 4: Power with and without Clock Gate on 1 THz

1ps Clock 10s Dynamic

Without Clock Gate | 16795mW | 4099mW | 30025mwW
Latch free Clock Gate | 4572mW | 2505mW | 16812mW
Latch Based Clock Gate| 2435mW | 1205mW | 9005mW

All reduction listed in Table. The power consumption listed
in above table is calculated when device operate on 1 THz
frequency. There is 72.77% reduction in clock power,
38.88% reduction in 10s power and 44% reduction in
dynamic power in compare to power consumption without
using clock gating techniques. With latch based clock gating
there is 18.67% reduction in clock power, 15.89% reduction
in 10s power and 22% reduction in dynamic power in
compare to power consumption latch free clock gating
technique.

Table 5: Power with and without Clock Gate on 100 GHz

Figure 9: RTL Schematic of Latch Based Clock Gated ALU
J. Power Consumption Of Latch-Based Clock Gated ALU

Table 3: Power Consumption of Latch-Based Clock Gate

0.01ns Clock 10s Dynamic
Without Clock Gate 1679mW |410mW |3044mW
Latch free Clock Gate 457TmW  251mW |1725mW
Latch Based Clock Gate  [243mW  [129mW [925mW

Latch Based Clock gating technique reduces 18.83% clock
power. It also reduces 15.98% IOs power. There is 21.33%
dynamic power reduction using clock gating techniques. All
reduction listed in Table. The power consumption listed in
above table is calculated when operate on 100 GHz
frequency.

Table 6: Power with and without Clock Gate on 1 GHz

1ns Clock [I0s Dynamic
Without Clock Gate 17mW [4mW  [41mW
Latch free Clock Gate 5mwW  [3mW |28mW
Latch Based Clock Gate 2mwW  |[ImW  [16mW

ALU
Clocks | Logic|Signals] 10s |Dynamic| Total
10ns | 0.000 |0.000|0.000| 0.000 | 0.002 | 0.035
1ns 0.003 ]0.003|0.005| 0.002 | 0.022 | 0.048
0.1ns | 0.031 |0.018|0.041| 0.005| 0.167 | 0.180
0.01ns | 0.308 |0.070|0.351|0.025| 0.985 | 1.203
1ps 3.079 |0.567|3.446 | 1.505 | 12.546 |12.876

After implementation of Latch-Free clock gating techniques
in ALU, Clock power reduces to 15%, 17.89%, 20% and
21.56% of total dynamic power when device operating
frequency is 1GHz, 10GHz, 100GHz and 1 THz as listed in
Table.3.

5. Power Analysis Of Clock Gate Effect

Dynamic Power consists of clock power, logic power, signal
power, 10 power. Clock power is major contributor in total

When operating frequency of Latch Based Clock Gated
ALU is 1GHz and when we apply clock gating technique on
target design, then there is 20%, 18.59% and 25.70%
reduction in clock power, 10s power and dynamic power
respectively.

Table 7: Power with and without Clock Gate on 100 MHz

10ns Clock 10s | Dynamic
Without Clock Gate 2mwW | OmwW AmW
Latch free Clock Gate omw | Omw 3mwW
Latch Based Clock Gate | OmW | OmW 1Imw

When Latch Based clock gated ALU operating frequency is
100MHz and when we apply clock gating technique on
ALU, then there is 100%, 0% and 15% reduction in clock
power, 10s power and dynamic power respectively.
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6. Conclusion

Power optimization, traditionally relegated to the synthesis,
and placement and routing stages, has moved up to the
System level and RTL stages. Hardware designers use clock
gating to turn off inactive sections of the design and reduce
overall dynamic power consumption. In this paper ,the
proposed ALU design is implemented by using Latch based
Clock gating .This technique consumes minimum clock
power and reduces dynamic power consumption when
compared to other clock gating techniques. Hence this
Proposed ALU architecture has minimum power
Consumption.

7. Future Scope

In this work, we implement our design on 90nm Spartan-3
FPGA. There is open scope to implement this design on
45nm Spartan-6, 40nm Virtex-6 FPGA and 28nm Artix -7
FPGA to achieve energy efficiency in our design on higher
level. This target design is 8-bit ALU, so there is scope to
design this ALU in form of 16-bit ALU or 32-bit ALU or
even higher 64-bit ALU for 64-bit architecture.
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