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Abstract—

Minimizing power consumption is a primary concern in modern VLSI design. This research presents a
Low-Power Tunable ALU Architecture that integrates clock gating, Parallel-In Parallel-Out (PIPO) shift
registers, and Booth’s algorithm. By employing an opcode-driven 4:16 decoder, specific operations are
activated while inactive blocks remain idle, significantly reducing dynamic switching power. The design
evaluates four distinct clock gating techniques implemented on a Virtex-6 FPGA using 40nm CMOS
technology. Experimental results demonstrate substantial power savings and thermal stability without
compromising computational performance.

Keywords—

Tunable ALU: Reconfigurable arithmetic logic units with operation-specific activation.
Dynamic Power: Power consumed during signal transitions and switching activity.

Clock Gating: A technique to disable the clock network in inactive circuit blocks.
Booth’s Algorithm: An encoding method to minimize redundant additions in multiplication.
PIPO (Parallel-In Parallel-Out): Shift registers used for efficient data handling and speed.

RTL Design: Register-Transfer Level abstraction for digital logic implementation.
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Thermal Stability: Maintaining acceptable operating temperatures to prevent overheating.
Project Summary & Impact

This architecture is designed for high-efficiency environments where battery life and heat management
are critical.

o Smart Devices: Enhances battery efficiency for smartphones and wearables.

o 10T Networks: Supports longer device durations by minimizing maintenance cycles.

o Embedded Platforms: Meets strict power requirements for automotive and healthcare sectors.
e Green Computing: Optimizes energy usage in data centers and cloud infrastructure.

By integrating these strategies, the design achieves a Total On-Chip Power of 5.928 W with a stable
junction temperature of 36.1°C. The use of Operation-Controlled Latch-Based Gating was identified as
providing the highest energy savings during idle or repetitive instruction cycles.

l. Introduction

In contemporary VLSI design, optimization has expanded from area and delay to include power and
testability. As technology scales down, increased leakage and power dissipation have emerged as critical
challenges. Modern consumers demand lightweight, thermally efficient devices capable of high-speed
performance. To prevent overheating in integrated circuits, low-power techniques such as clock gating
and voltage scaling are essential.

Power consumption in a chip consists of static and dynamic components. While static power is caused by
leakage currents , dynamic power is primarily driven by switching activity in the clock network. This
project focuses on minimizing unnecessary signal transitions by gating the clock when modules are not in
use.

I1. Methodology & Proposed Design

The proposed architecture features a reconfigurable 8-bit ALU supporting addition, subtraction,
multiplication, division, and bitwise logic.

A. Integrated Optimization Techniques
o Clock Gating: Uses opcode-driven logic to disable the clock for inactive functional blocks.

e Booth’s Algorithm: Reduces the number of additions required for binary multiplication, thereby
lowering switching activity.

o PIPO Shift Registers: Handles concurrent data processing for intermediate values to enhance
speed and efficiency.
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B. Tunable Clock Gating Variants
The design explores four advanced techniques:
1. Signal-Aware Latch-Free: Uses basic logic gates for real-time gating.

2. Operation-Controlled Latch-Based: Blocks transitions when inputs are idle, offering high energy
savings.

3. Opcode-Driven Flip-Flop: Synchronizes enable signals with clock transitions for stability.

4. Compiler-Assisted Synthesis: Automatically inserted by synthesis tools for optimized timing
closure

IV. SYSTEM ARCHITECTURE & SCHEMATICS
A. RTL Schematic (Logic Flow)
The RTL schematic in the paper illustrates the 8-bit ALU's internal connectivity. It shows:

e Inputs: 8-bit data buses ($a[7:0]$, $b[7:0]$), carry-in ($cin$), and a 4-bit opcode.

« Control Logic: A 4:16 decoder that sends "Enable™ signals to 16 different operational blocks.

e Clock Gating Unit: Logic gates (AND/OR) or Latches that sit between the global clock and the
registers of the multiplier/adder blocks.

« Output: A multiplexer (MUX) that selects the result of the active block to send to the final alu_out
port.
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B. Technology Schematic (FPGA Mapping)
The technology schematic shows how the design is physically mapped onto the Virtex-6 FPGA.
o It displays a dense web of Look-Up Tables (LUTSs) and Input/Output Buffers (IBUF/OBUF).

e The Booth Multiplier and Divider are shown as large specialized logic clusters within the FPGA
fabric.
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A. Behavioral Simulation Waveform

You can describe or recreate the simulation results shown on page 6:
e Test Case: Full Subtractor operation.
o Inputs: $a=51%, $b=12$, $bin=13.
o Outputs: $diff=38%, $borrow=123.

e Timing: The signals remain stable across the $10,000ns$ to $11,000ns$ window.
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B. Area Utilization Analysis (Table)

Copy this table directly into your document for the "Results” section:

Name Slice LUTs (134,600)|[Slices (33,650)|[LUT as Logic (134,600)|Bonded 10B (400)
ALU (Total)  |[[353 101 353 50

mO (Booth Mul)||169 50 169 0

m1 (Booth Div) ||144 49 144 0

C. Power Analysis Data
« Total On-Chip Power: $5.928 W$.
« Junction Temperature: $36.1"{\circ}C$.
e Thermal Margin: $48.9"{\circ}C$.

« Data Path Delay: $32.568ns$.

1VV. Conclusion

The design demonstrates that multi-level optimization—integrating clock gating, PIPO registers, and
efficient algorithms—effectively lowers power consumption in tunable ALUs. This approach is highly
scalable and suitable for portable electronics, 10T networks, and advanced computing systems that
require a balance between performance and energy efficiency.
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