Chapter 9: Practical Implementation of Low Power Designs with Advanced
Technologies

9.1 Introduction

In this chapter, we explore how low-power design principles are practically applied during the
implementation of circuits using CMOS and FinFET technologies. The focus is on how
theoretical strategies are translated into layout, fabrication, and deployment stages, including
power-aware synthesis, floorplanning, and testing.

The chapter emphasizes the physical and architectural aspects of implementation and
explains how early decisions in design flow impact the final power profile of the chip.

9.2 Step 1: RTL-to-GDSII Flow for Low Power Designs

Designing a low-power chip using CMOS or FinFET follows a standard implementation flow
enhanced with power-aware design practices:

1. Register Transfer Level (RTL) Design:
o Use low-power coding styles (e.g., latch-free FSMs, minimum toggling).
o Apply clock gating and logic partitioning early.

2. Synthesis with Power Constraints:
o Incorporate multi-Vt libraries, clock gating cells, and low-power macros.
o Synthesize under voltage islands and timing/power constraints.

3. Placement and Floorplanning:
o Optimize physical layout to minimize wirelength and capacitance.
o Group related logic into power and voltage domains.

4. Clock Tree Synthesis (CTS):

o Insert gated clocks, balance buffers to reduce skew and switching activity.



5. Routing and IR Drop Analysis:

o Reduce dynamic IR drop by using wide metal tracks for power delivery.

o Simulate dynamic and static power networks across all corners.
6. Static Timing and Power Analysis (STA & PT):

o Evaluate worst-case leakage, switching activity, and thermal behavior.
7. Power Intent Formats (UPF/CPF):

o Define power states, isolation cells, retention strategies using Unified Power
Format (UPF) or Common Power Format (CPF).

9.3 Step 2: Implementation Techniques in CMOS Designs

1. Multi-Vt Cell Integration:

o Apply High-Vt cells to non-critical paths to reduce leakage.

o Use Low-Vt cells for high-speed operations.
2. Power Gating with Sleep Transistors:

o Insert header/footer transistors to disconnect logic blocks during sleep.

o Use state retention flip-flops (SRFFs) to save state during power-off.
3. Dynamic Voltage and Frequency Scaling (DVFS):

o Integrate voltage regulators and on-chip PLLs for multiple operating points.
4. Hierarchical Power Domains:

o Break SoC into cores, peripherals, and always-on domains.

o Isolate or shut down domains during low-activity periods.

5. Low-Leakage Memory Arrays:



o Use 8T or 10T SRAM for better control and stability at low voltage.

9.4 Step 3: Implementation Techniques in FinFET Designs

1. Voltage Scaling:
o FinFETs enable stable operation at ultra-low voltages (~0.5-0.7V).
o Operate logic in near-threshold regions to reduce energy per cycle.
2. Standard Cell Optimization:
o Use FinFET-aware cell libraries that align with fin pitch and quantized width.
o Balance trade-offs between performance, leakage, and area.
3. Back Biasing Control:
o Implement adaptive body bias (ABB) circuits to tune threshold voltages.
4. Fin-Efficient Layout Planning:

o Optimize layout to minimize fin usage, reduce parasitic capacitance, and
improve power density.

5. Clock Distribution Networks:
o Design low-leakage, energy-efficient clock buffers.

o Use localized clock gating to minimize global clock tree switching.

9.5 Step 4: Testing and Validation in Low-Power ICs

1. Power-Aware Functional Verification:
o Simulate transitions between power states.

o Validate behavior of retention and isolation logic.



2. DFT with Power Constraints:
o Use scan chain segmentation to reduce switching during test mode.
o Insert test point insertion (TPI) for low-power observability.
3. Silicon Validation:
o Measure leakage and dynamic power across voltage corners.
o Validate sleep/wake timing, IR drop, and thermal hotspots.
4. Reliability Screening:

o Analyze for NBTI/PBTI, hot-carrier effects, and thermal cycling, especially at
lower operating voltages.

9.6 Step 5: Implementation Examples

Use Case Technolog Key Implementation Decisions Power Result
y
Smartwatch 22nm Multi-voltage domains, power gating, <1 mW in always-on
SoC CMOS 8T SRAM mode

Smartphone 5nm FinFET DVFS, FinFET-optimized logic cells, 35-50% power
SoC LP clock tree savings over 7nm

Edge Al Chip 7nm FinFET MAC arrays with gated clocks, on-chip 25 TOPS/W at 0.7V
low-leakage SRAM operation

loT Sensor 40nm Subthreshold logic, aggressive power  Battery life extended
Node CMOS gating, retention FFs to 10 years




9.7 Conclusion

The practical implementation of low-power designs in CMOS and FinFET technologies is a
complex, iterative process requiring early and consistent power-aware decisions. Key principles
include:

e Integrating multi-threshold logic, gated power, and voltage islands early in RTL.
e Using power intent files to formally define the behavior of power-aware components.

e Employing FinFET-specific cell libraries and layout rules for leakage and scaling
efficiency.

e \Validating power savings at every step through simulation, testing, and real-silicon
verification.
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