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In the contemporary landscape of semiconductor design, the complexity of Integrated Circuits (ICs) and Systems-
on-Chip (SoCs) has escalated at an exponential rate, mirroring the predictions of Moore’s Law. As designs
transition from high-level Register Transfer Level (RTL) descriptions to physical gate-level netlists, ensuring
functional consistency across various stages of the design flow becomes a monumental challenge. Traditional
simulation-based verification, while robust for functional intent, is increasingly becoming a bottleneck due to its
inability to achieve 100% coverage within reasonable timeframes for multi-million gate designs. This is where
Conformal Equivalence Checking—specifically through industry-standard tools like Cadence Conformal LEC
(Logic Equivalence Checking)—emerges as a critical pillar of formal verification.

The Paradigm Shift: Why Formal Verification and LEC?

Formal verification differs fundamentally from simulation. While simulation relies on test vectors and stimulus to
exercise specific paths in a design, formal verification uses mathematical proofs to exhaustively verify that two
representations of a design are logically identical. Logic Equivalence Checking (LEC) is the most widely adopted
form of formal verification in the digital implementation flow. It compares two versions of a design—typically the
Golden (the reference or original version) and the Revised(the modified or optimized version)—to ensure that no
functional deviations were introduced during synthesis, scan-chain insertion, or physical optimization.

The importance of LEC cannot be overstated. In a typical Electronic Design Automation (EDA) flow, a design
undergoes numerous transformations: logic synthesis, physical synthesis, clock tree synthesis (CTS), power
optimization, and Engineering Change Orders (ECOs). Each step risks introducing a logic bug that could lead to
silicon failure. By employing a tool like Conformal LEC, design teams can mathematically prove that the netlist
matches the RTL, effectively eliminating the need for exhaustive gate-level simulations which can take weeks to
complete.

Core Theoretical Framework: How Equivalence Checking Works

At its heart, Conformal Equivalence Checking operates by decomposing a design into manageable logic segments
and applying Boolean analysis. The process is not a linear comparison but a sophisticated structural and functional
evaluation. The tool identifies Compare Points, which are typically primary outputs, flip-flops, latches, or black-box
inputs. Once these points are identified, the tool builds a logic cone for each point in both the Golden and Revised
designs.

Mathematical Foundation

The underlying mechanism often involves Binary Decision Diagrams (BDDs) or SAT solvers. These algorithms
analyze the Boolean functions of the logic cones. If the Boolean functions for a specific compare point in both
designs result in the same truth table for all possible input combinations, the point is declared Equivalent. If there
is a single combination of inputs that produces a different output between the Golden and Revised designs, the
point is Non-equivalent, and a counter-example is generated for debugging.



Adaptive-Proof Technology

One of the hallmark features of Conformal Smart LEC is its Adaptive-Proof Technology. Modern designs are
too complex for a single solver to handle efficiently. Adaptive-proof technology analyzes the structural
characteristics of each partition and determines the fastest algorithmic solution to achieve a conclusive proof with
minimal user intervention. This technology significantly reduces the runtime and memory footprint required for
verification.

Technical Workflow: The Conformal LEC Execution Model

The execution of a Conformal LEC session follows a structured procedural flow, moving from environment setup to
final comparison and diagnosis. Understanding this flow is essential for any verification engineer.

1.The Setup Mode

In the SETUP mode, the engineer defines the environment and loads the necessary design data. This includes
reading the library files (Liberty format .lib), which contain the functional descriptions of the standard cells, and
loading the Golden and Revised designs. The designs can be in various formats, such as Verilog, SystemVerilog,
or VHDL.

¢ Read Libraries: The tool must understand the logic inside every standard cell (AND, OR, MUX, etc.).
¢ Read Designs: Loading the RTL (Golden) and the synthesized Netlist (Revised).
¢ Set Design Root: Specifying the top-level module for comparison.

2.The Mapping Mode

After the designs are loaded, the tool enters the Mappingphase. This is arguably the most critical step. The tool
must align the state elements (registers/latches) and ports between the two designs. While many points are
mapped automatically based on name similarity, complex optimizations (like register retiming or merging) may
require manual mapping or the use of specific mapping rules.

3.The LEC Mode and Comparison

Once mapping is complete, the user switches the system mode to LEC. This triggers the actual comparison
engine. The tool identifies the logic cones for every mapped compare point and applies the formal solvers. The
results are typically categorized into three groups:

e Equivalent: The logic matches perfectly.

¢ Non-equivalent: A functional discrepancy was found.

e Abort: The tool could not reach a conclusion due to complexity or time limits (often requiring further
constraints or higher effort levels).



Verification Phase Primary Goal Key Output

Setup Define environment & libraries Loaded Design Database

Mapping Align Golden & Revised key points Mapping Report (Mapped/Unmapped)
Comparison Functional Boolean analysis Equivalence Report

Diagnosis Identify root cause of failures Error Candidate List / Schematic Path

Advanced Features and Conformal Ultra Flow

For advanced users, the Conformal Ultraflow offers capabilities beyond simple RTL-to-Gate comparisons. It
includes specialized commands and techniques for handling complex datapath logic, power-aware verification, and
ECO validation.

Handling Complex Datapaths

Standard LEC often struggles with complex arithmetic circuits like multipliers or large barrel shifters because their
Boolean representations are incredibly dense. Cadence Conformal includes specialized Datapath Optimization
algorithms. In some cases, as noted in technical documentation, manual user intervention may be required to
specify multiplier architectures or handle operand swapping to guide the tool toward a successful proof.

Low Power Verification (CPF/UPF)

With the rise of mobile and IoT devices, power management is a primary design concern. Conformal LEC supports
Common Power Format (CPF) and Unified Power Format (UPF). This allows the tool to verify that power-
management logic (such as level shifters, isolation cells, and power switches) has been correctly implemented in
the netlist without altering the functional intent of the original design.

Comparative Analysis: LEC vs. LVS

A common point of confusion for junior engineers is the difference between Logic Equivalence Checking (LEC) and
Layout vs. Schematic (LVS). While both are verification steps, they operate at different stages and levels of
abstraction.



Feature Logic Equivalence Checking (LEC) Layout vs. Schematic (LVS)

Abstraction Level RTL and Gate-Level Netlist Gate-Level Netlist and GDSII Layout
Primary Comparison Boolean logic function Physical connectivity and geometry
Input Files Verilog/VHDL, .lib files Netlist, GDSII/OASIS, Rule decks
Verification Goal Does the logic behave the same? Is the physical layout wired correctly?
Tool Example Cadence Conformal LEC Cadence Pegasus, Siemens Calibre

Practical Implementation: A Field Guide to Commands

To successfully run a Conformal session, engineers must be proficient with the command-line interface (CLI).
Below is a typical sequence of commands used in a standard RTL-to-Gate verification flow:

Standard Command Sequence

1. read library -statetable -liberty &lt;library_file.lib&gt;: Loads the standard cell functional definitions.

2. read design &lt;rtl_files&gt; -golden: Loads the reference RTL design.

3. read design &lt;netlist_file&gt; -revised: Loads the synthesized gate-level netlist.

4. set system mode setup: Enters setup mode to define constraints.

5. add pin constraints 0 &lt;pin_nameé&gt;: Often used to tie off test-mode pins (like Scan-Enable) to ensure
functional mode is being verified.

6. set system mode lec: Triggers the mapping and enables the comparison engine.

7. add compare points -all: Identifies all outputs and registers for comparison.

8. compare: Executes the formal proof engine.

Troubleshooting Non-Equivalence

When a design is Non-equivalent, the priority shifts to Diagnosis. Conformal provides a powerful GUI-based
diagnosis tool that shows the schematic of the logic cone where the discrepancy occurred. Engineers look for
common culprits: missing inverters, incorrect tie-offs, or synthesis optimizations that incorrectly merged registers.
Using the analyze setup command can also help identify if the mismatch is due to incorrect constraints (like a
misconfigured constant pin) rather than a true logic bug.

Strategic Implications of Conformal Smart LEC

The transition to Conformal Smart LECrepresents a significant leap in productivity. Traditional LEC required
significant manual effort to resolve "Aborts"—points where the tool ran out of time or memory. Smart LEC’s
hierarchical partitioning and adaptive algorithms drastically reduce these occurrences. For a modern SoC with 500
million instances, the ability to automate the partitioning of the design into smaller, formally verifiable chunks is the
only way to maintain a competitive time-to-market.

Furthermore, LEC is the backbone of the ECO (Engineering Change Order)flow. When a late-stage bug is found,
engineers often make manual patches to the gate-level netlist. Verification of these patches using simulation is
prohibitively slow and risky. LEC allows the engineer to verify the small patch against the modified RTL in minutes,
providing the high confidence needed to proceed to tape-out.



The Critical Role of Data Management and Environment

A successful LEC run is highly dependent on the quality of the input data. Proprietary and confidential information
within the Cadence library files must be handled carefully, as these files define the functional behavior of the silicon
provider’s logic. Ensuring that the same versions of the libraries are used for synthesis and LEC is a fundamental
prerequisite. Discrepancies in library models are a leading cause of false negatives in equivalence checking.

Advanced Debugging Techniques

When dealing with complex mismatches, engineers often use Key Point Mapping adjustments. If the tool fails to
map points automatically, the user can manually map them using the add mapped points command. Additionally,
using modeling commandsto handle black boxes (blocks where logic is not provided, such as RAMs or Analog
IPs) is essential to prevent the tool from attempting to verify internal logic that is intentionally missing.

The Future of Formal Equivalence Checking

As we look toward sub-3nm process nodes, the challenges for LEC continue to grow. The integration of Artificial
Intelligence and Machine Learning (Al/ML)into the Conformal engine is the next frontier. Al can predict the best
solver configuration based on previous runs of similar designs, further reducing runtime. Additionally, the
convergence of formal verification with hardware emulation allows for even larger-scale functional checking,
ensuring that the software and hardware intent remain aligned through every step of the silicon lifecycle.

Conformal Equivalence Checking is not merely a box to check in the design flow; it is a sophisticated mathematical
shield against the risks of modern silicon implementation. By mastering the setup, mapping, and comparison
phases of Conformal LEC, and by leveraging the power of Smart LEC’s adaptive proofs, verification engineers
ensure that the silicon reaching the fab is a perfect functional replica of the architectural intent. This rigorous
adherence to formal methods is what enables the reliable, high-performance electronics that power our modern
world, from data centers to autonomous vehicles.
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