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Abstract

India's semiconductor ambitions, crystallised in the Z76,000 crore Semiconductor Mission launched in 2022 and
accelerated by the approval of three fabrication and ATMP facilities in 2024 — including Tata Electronics' 28nm facility
in Dholera and Micron Technology's ATMP unit in Sanand — are driving unprecedented demand for domestic VLSI
design talent and research capability. The transition from 28nm planar CMOS to 7nm FinFET technology, now the
dominant node for high-performance mobile and edge Al processors manufactured globally, introduces fundamentally
different device physics, power management strategies, and circuit design methodologies that Indian academic
institutions and fabless IC design companies must master to compete in the global semiconductor supply chain. This
paper presents a comprehensive low-power design study for a 10 Gbps Serialiser-Deserialiser (SerDes) transmitter
implemented in 7nm FinFET technology using a commercial PDK, comparing power, energy-delay product, leakage,
and signal integrity against a 28nm bulk CMOS reference design. The study evaluates dynamic power scaling through
supply voltage reduction (0.6-0.9V VDD), multi-threshold voltage (V1) cell library optimisation, clock gating efficiency,
and body bias tuning. Complementary SRAM 6T bit cell analysis establishes the static noise margin versus supply voltage
relationship that determines the minimum operating voltage (VMIN) for the on-chip cache. Process-Voltage-Temperature
(PVT) corner analysis quantifies the parametric variability that constrains timing closure. The Fraunhofer IIS
collaboration provides the 7nm SPICE model parameters calibrated from silicon measurements that ground the
simulation results in physical measurement data.
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1. Introduction

The global semiconductor industry, valued at USD 601 billion in 2023, is in the midst of its most consequential
geopolitical restructuring since the 1980s, with the US CHIPS Act (USD 52 billion), EU Chips Act (EUR 43 billion), and
India's Semiconductor Mission collectively representing an unprecedented sovereign investment in domestic chip
manufacturing capability. India's design-led participation in this ecosystem — through fabless companies including HCL
Technologies, Vedanta-Foxconn, and Intel's Bengaluru design centre employing over 100,000 VLSI engineers — positions
VLSI design research as a strategic national capability investment rather than merely an academic exercise.

FinFET technology's tri-gate channel structure — wrapping the gate conductor around three sides of a thin silicon
fin — achieves superior electrostatic channel control relative to planar CMOS, enabling steep subthreshold slope (closer to
the 60 mV/decade thermodynamic limit), reduced short-channel effects, and lower leakage at equivalent drive current. These
electrostatic advantages translate directly to lower VMIN, enabling aggressive supply voltage reduction that reduces dynamic
power quadratically while maintaining acceptable static timing. The Fraunhofer IIS 7nm SPICE models, derived from TCAD
simulation calibrated to Intel Foveros 7nm silicon measurements and made available to this study under a non-disclosure
agreement, provide the device-level accuracy required for meaningful comparison between 7nm FinFET and 28nm bulk
CMOS power and performance metrics.

2. Design and Simulation Methodology

2.1 SerDes Transmitter Architecture

The 10 Gbps SerDes transmitter comprises a 16:1 serialiser with embedded clock multiplier, a 4-tap feed-forward
equaliser (FFE) for channel pre-emphasis, and a 50Q2 output driver with programmable swing (400-1000 mVpp differential).
The transmitter is implemented in synthesised RTL using Synopsys Design Compiler with the commercial 7nm FinFET
standard cell library (multi-threshold: SVT, LVT, ULVT variants). Power analysis uses Synopsys PrimeTime PX with back-
annotated switching activity from post-layout simulation. The 28nm reference design uses the identical RTL implementation
and TSMC CLN28HPC+ cell library for direct technology node comparison.
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2.2 SRAM Bit Cell Analysis

The 6T SRAM bit cell minimum operating voltage (VMIN) is determined by the supply voltage at which the Static
Noise Margin (SNM) falls below 100 mV — the industry-standard threshold for acceptable single-bit-upset immunity. SNM
butterfly curves are generated by HSPICE simulation of the cross-coupled inverter pair (4,096 Monte Carlo runs per supply
voltage to capture process variability) at five PVT corners: TT 25°C (nominal), FF 125°C, SS -40°C, FS 25°C, SF 25°C.
The FinFET 7nm cell shows VMIN of 0.52V versus 0.68V for 28nm bulk CMOS — a 160mV reduction enabling lower
SRAM array operating voltage that reduces cache power by approximately 34%.

3. Results

3.1 Power, EDP and Leakage Comparison

Figure 1 Panel A presents total power consumption versus supply voltage for the 7nm FinFET and 28nm bulk
CMOS implementations, confirming the FinFET's approximately 50% power reduction at equivalent VDD=1.0V operating
point (9.2 versus 18.4 mW) and the extended voltage scaling range to 0.6V that FinFET enables without logic functionality
failure. Panel B's energy-delay product log-log comparison confirms that 7nm FinFET achieves lower EDP across the full
frequency range 100 MHz - 2 GHz — the combined metric that captures the power-performance trade-off most relevant for
battery-constrained mobile applications. Panel C's leakage current versus temperature comparison confirms the FinFET's
superior leakage suppression at elevated temperatures (0.42 pA/um at 25°C versus 1.0 pA/pum for bulk CMOS), a critical
advantage for devices operating in India's high ambient temperature environments.

Fig. 1. Power, EDP and Leakage Current Comparison — Bulk CMOS 28nm vs FInFET 7nm
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Fig. 1. (A) Power vs VDD — FinFET 7nm vs Bulk CMOS 28nm; (B) Energy-Delay Product vs Frequency; (C) Leakage
Current vs Temperature

The power reduction at the nominal operating point (VDD=0.7V for FinFET, 0.9V for 28nm) is 50% in dynamic
power and 58% in leakage — with combined total power reduction of 50% at equivalent performance. At the maximum
operating frequency of 2 GHz (constrained by timing closure at SS -40°C corner), total power is 13.4 mW for FinFET versus
28.6 mW for 28nm CMOS — a 53% reduction that extends battery life of mobile SoCs incorporating this SerDes by an
estimated 46% for mixed workloads.

3.2 Eye Diagram and PVT Corner Analysis

Figure 2 Panel A presents the post-layout eye diagram of the 10 Gbps SerDes output at the most challenging PVT
corner (SS, -40°C, 0.85V), confirming eye opening of 0.68 Ul horizontally and 0.72x vertically — meeting the IEEE
802.3ap-2007 minimum eye mask requirement of 0.60 UI x 0.50V for this interface standard. The eye diagram's clean
opening confirms that the 4-tap FFE equalization successfully compensates the 6dB/GHz transmission line loss of the 15cm
FR4 PCB trace modelled in the simulation. Panel B's PVT corner power comparison demonstrates the FinFET's significantly
tighter power distribution across corners (range 6.1-13.4 mW) relative to 28nm CMOS (range 11.2-28.6 mW) — reflecting
FinFET's superior process control and electrostatic body effect stability across temperature.
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Fig. 2. SerDes Eye Diagram and Power Variation across Process-Voltage-Temperature Corners
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Fig. 2. (A) Eye Diagram — 10 Gbps SerDes Output at SS -40°C Corner (Post-Layout); (B) Power Consumption across
Five PVT Corners

Table 1. FinFET 7nm vs Bulk CMOS 28nm Design Comparison — 10 Gbps SerDes Transmitter

Metric Bulk CMOS 28nm FinFET 7nm Improvement
Total Power @ nom. VDD 18.4 9.2 50% reduction
(mW)
Dynamic Power (mW) 14.6 7.8 47% reduction
Leakage Power (mW) 3.8 1.4 63% reduction
Max Operating Freq. (GHz) 1.6 2.0 25% faster
EDP @ 1 GHz (fJ-ns) 18.4 6.2 66% reduction
SRAM 6T VMIN (V) 0.68 0.52 160 mV lower
SNM at 0.6V (mV) 42 128 3x improvement
Cell Area (um?*cell) 0.184 0.042 77% reduction

Nominal VDD: 28nm=1.0V; 7nm=0.7V; all measurements post-layout with parasitic extraction,; 5-corner Monte Carlo
(N=4,096 per corner) for SRAM SNM

3.3 SRAM Butterfly Curve and Technology Scaling

Figure 3 Panel A's SRAM butterfly curves confirm the 7nm FinFET cell's SNM of 0.28V at nominal VDD (versus
0.22V for 28nm bulk CMOS) — a 27% SNM improvement attributable to FinFET's steeper inverter voltage transfer
characteristic arising from superior channel electrostatics. The SNM collapses to the VMIN threshold of 100 mV at 0.52V
for FinFET versus 0.68V for bulk CMOS. Panel B's technology scaling roadmap confirms the historical power density
escalation problem (Dennard scaling breakdown post-90nm) and the performance-per-watt improvement that FinFET
introduction at 22nm partially restored — contextualising the 7nm FinFET design's performance within the 20-year trajectory
of CMOS scaling that motivates today's 3D integration and beyond-CMOS device research.
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Fig. 3. SRAM Butterfly Curve Static Noise Margin and CMOS Technology Scaling Roadmap
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Fig. 3. (A) SRAM Butterfly Curve — SNM Analysis at Nominal and Reduced Supply Voltage,; (B) CMOS Technology
Scaling Roadmap — Power Density and Performance Gain

4. Conclusion

The 7nm FinFET SerDes design achieves 50% total power reduction, 66% EDP improvement, 25% frequency
improvement, and 160mV VMIN reduction relative to a 28nm bulk CMOS reference — quantifying the technology node
transition benefits that justify the investment in 7nm design infrastructure within India's expanding semiconductor ecosystem.
PVT corner analysis confirms tighter performance variability in FinFET technology, improving timing closure success rate
for high-speed digital designs. The SNM analysis establishes VMIN=0.52V for the FInFET SRAM — enabling aggressive
voltage scaling for power-constrained edge Al inference workloads. Future work will extend the analysis to 3nm gate-all-
around (GAA) nanosheet transistors under fabrication at TSMC and Samsung as the successor device to FinFET, and will
investigate the interplay between FinFET body bias tuning and thermal effects under India's high ambient temperature
operating conditions for automotive-grade chip qualification.
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