SYNOPSYS TIMING CONSTRAINTS AND OPTIMIZATION USER GUIDE

SYNOPSYS TIMING CONSTRAINTS AND OPTIMIZATION USER GUIDE IS AN ESSENTIAL RESOURCE FOR DIGITAL DESIGN ENGINEERS AND
VERIFICATION SPECIALISTS WORKING WITH SYNOPSYS TOOLS. THIS GUIDE PROVIDES COMPREHENSIVE INSIGHTS INTO DEFINING,
MANAGING, AND OPTIMIZING TIMING CONSTRAINTS TO ACHIEVE ROBUST AND HIGH~PERFORMANCE INTEGRATED CIRCUIT DESIGNS.
UNDERSTANDING TIMING CONSTRAINTS IS CRITICAL FOR ENSURING THAT DESIGNS MEET THEIR REQUIRED CLOCK FREQUENCIES,
SETUP AND HOLD TIMES, AND OVERALL TIMING CLOSURE. THE GUIDE COVERS VARIOUS ASPECTS, INCLUDING CONSTRAINT
SPECIFICATION, INTERPRETATION, AND THE APPLICATION OF ADVANCED OPTIMIZATION TECHNIQUES FOR TIMING IMPROVEMENT. IT
ALSO DISCUSSES THE ROLE OF SYNOPSYS PRIMETIME AND DESIGN COMPILER IN ANALYZING AND ENFORCING CONSTRAINTS
EFFECTIVELY. BY MASTERING THESE CONCEPTS, USERS CAN SIGNIFICANTLY ENHANCE THE TIMING QUALITY AND OVERALL
RELIABILITY OF THEIR SEMICONDUCTOR PROJECTS. THE FOLLOWING SECTIONS WILL EXPLORE KEY TOPICS IN DETAIL, OFFERING A
STRUCTURED APPROACH TO TIMING CONSTRAINTS AND OPTIMIZATION.

® UNDERSTANDING SYNOPSYS TIMING CONSTRAINTS

o DEFINING AND APPLYING TIMING CONSTRAINTS

TIMING ANALYSIS AND VALIDATION TECHNIQUES
o OPTIMIZATION STRATEGIES FOR TIMING CLOSURE

ADVANCED CONSTRAINT MANAGEMENT AND BEST PRACTICES

UNDERSTANDING SYNOPSYS TIMING CONSTRAINTS

TIMING CONSTRAINTS IN SYNOPSYS ENVIRONMENTS ARE FORMAL SPECIFICATIONS THAT GUIDE THE SYNTHESIS AND ANALYSIS
TOOLS TO ENSURE THAT THE DESIGN OPERATES CORRECTLY AT THE INTENDED CLOCK SPEEDS. THESE CONSTRAINTS DEFINE THE
TIMING REQUIREMENTS SUCH AS CLOCK PERIODS, INPUT/OUTPUT DELAYS, AND FALSE OR MULTICYCLE PATHS. THE SYNOPSYS
TIMING CONSTRAINTS AND OPTIMIZATION USER GUIDE EMPHASIZES THE IMPORTANCE OF ACCURATELY CAPTURING ALL RELEVANT
TIMING PARAMETERS TO AVOID FUNCTIONAL FAILURES AND TIMING VIOLATIONS. CONSTRAINTS ACT AS A CONTRACT BETWEEN
THE DESIGN INTENT AND THE TOOL’S OPTIMIZATION ENGINE.

Key Tvypes ofF TIMING CONSTRAINTS

THERE ARE SEVERAL FUNDAMENTAL TYPES OF TIMING CONSTRAINTS THAT ENGINEERS MUST UNDERSTAND FOR EFFECTIVE TIMING
ANALYSIS AND OPTIMIZATION:

o CLock CoNsTRAINTS: DEFINE CLOCK FREQUENCIES, WAVEFORMS, AND RELATIONSHIPS BETWEEN MULTIPLE CLOCKS.

L4 |NPUT/OUTPUT DELAYS: SPECIFY TIMING DELAYS RELATIVE TO PRIMARY INPUTS AND OUTPUTS TO EXTERNAL
COMPONENTS.

o FALSE PATHS: INDICATE PATHS THAT SHOULD BE EXCLUDED FROM TIMING ANALYSIS DUE TO THEIR IRRELEVANCE IN
OPERATION.

® MULTICYCLE PATHS: ALLOW CERTAIN PATHS TO TAKE MULTIPLE CLOCK CYCLES WITHOUT GENERATING TIMING
VIOLATIONS.

o GENERATED CLoCKS: CLOCKS DERIVED FROM OTHER CLOCKS, TYPICALLY CREATED BY CLOCK DIVIDERS OR PLLS, THAT
NEED TO BE ACCURATELY DEFINED.



RoLE oF SyNopsYs TooLs IN TIMING CONSTRAINTS

SYNOPSYS TOOLS LIKE PRIMETIME AND DESIGN COMPILER RELY HEAVILY ON THE TIMING CONSTRAINTS TO PERFORM STATIC
TIMING ANALYSIS AND SYNTHESIS OPTIMIZATION. THE TIMING CONSTRAINTS GUIDE THESE TOOLS IN DETERMINING CRITICAL PATHS,
SLACK VALUES, AND POTENTIAL VIOLATIONS. THIS USER GUIDE OUTLINES HOW THE CONSTRAINTS INTERFACE WITH THESE
TOOLS, ENSURING THAT TIMING IS VERIFIED AND IMPROVED THROUGHOUT THE DESIGN CYCLE.

DerINING AND APPLYING TIMING CONSTRAINTS

DEFINING TIMING CONSTRAINTS ACCURATELY IS A FOUNDATIONAL STEP IN ANY TIMING-DRIVEN DESIGN FLOW. THE SYNOPSYS
TIMING CONSTRAINTS AND OPTIMIZATION USER GUIDE DETAILS THE SYNTAX, COMMANDS, AND METHODOLOGIES FOR SPECIFYING
CONSTRAINTS IN SYNoPsYS DesIGN CoNsSTRAINTS (SDC) FORMAT. PROPER APPLICATION OF THESE CONSTRAINTS ENSURES
THAT THE SYNTHESIS AND TIMING ANALYSIS TOOLS CAN INTERPRET THE DESIGN’S TIMING REQUIREMENTS CORRECTLY.

WRITING EFFeCTIVE SDC CONSTRAINTS

SDC FILES ARE THE STANDARD FORMAT USED TO DEFINE TIMING CONSTRAINTS IN SYNOPSYS TOOLS. THIS GUIDE PROVIDES BEST
PRACTICES FOR WRITING CLEAR, CONSISTENT, AND EFFECTIVE CONSTRAINTS. KEY COMMANDS INCLUDE CREA TE_CLOCK,
SET_INPUT_DELAY, SET_OUTPUT_DELAY, AND SET_FALSE PATH, AMONG OTHERS. EACH COMMAND HAS SPECIFIC OPTIONS TO
TAILOR CONSTRAINTS TO THE DESIGN’S UNIQUE TIMING CHARACTERISTICS.

APPLYING CONSTRAINTS IN THE DESIGN FLOW

TIMING CONSTRAINTS MUST BE INTEGRATED EARLY AND MAINTAINED THROUGHOUT THE DESIGN CYCLE. THE GUIDE EMPHASIZES
THE IMPORT ANCE OF:

e APPLYING CONSTRAINTS BEFORE SYNTHESIS TO GUIDE OPTIMIZATION.
® UPDATING CONSTRAINTS ACCORDING TO DESIGN CHANGES OR CLOCK MODIFICATIONS.
¢ USING HIERARCHICAL CONSTRAINTS EFFECTIVELY FOR COMPLEX DESIGNS WITH MULTIPLE MODULES.

® VALIDATING CONSTRAINTS REGULARLY TO DETECT ERRORS OR INCONSISTENCIES.

TIMING ANALYSIS AND VALIDATION TECHNIQUES

STATIC TIMING ANALYSIS (STA) IS THE PRIMARY METHOD USED TO VERIFY TIMING CONSTRAINTS IN SYNOPSYS FLOWS. THE
SYNOPSYS TIMING CONSTRAINTS AND OPTIMIZATION USER GUIDE COVERS DETAILED PROCEDURES FOR PERFORMING TIMING
ANALYSIS AND INTERPRETING RESULTS TO IDENTIFY SETUP AND HOLD VIOLATIONS.

STATIC TIMING ANALYSIS WITH PRIMET IME

PRIMETIME IS SYNOPSYS’S INDUSTRY-LEADING ST A TOOL, CAPABLE OF EXHAUSTIVE TIMING CHECKS WITHOUT REQUIRING
SIMULATION. THE GUIDE EXPLAINS HOW TO LOAD TIMING CONSTRAINTS, SET UP ANALYSIS MODES, AND GENERATE
COMPREHENSIVE REPORTS THAT HIGHLIGHT CRITICAL PATHS AND SLACK MARGINS. UNDERSTANDING THE OUTPUT OF PRIMET IME
ENABLES DESIGNERS TO PINPOINT TIMING BOTTLENECKS EFFECTIVELY.



ComMMoN TIMING VIOLATIONS AND DEBUGGING

TIMING VIOLATIONS CAN STEM FROM INACCURATE CONSTRAINTS OR DESIGN ISSUES. THE GUIDE PROVIDES PRACTICAL DEBUGGING
STRATEGIES SUCH AS!

® EXAMINING VIOLATED PATHS AND THEIR TIMING ARCS.

e CROSS-VERIFYING CLOCK DEFINITIONS AND RELATIONSHIPS.

CHECKING INPUT/OUTPUT DELAY CORRECTNESS.

® USING GRAPHICAL WAVEFORM VIEWERS AND REPORTS TO VISUALIZE TIMING BEHAVIOR.

OPTIMIZATION STRATEGIES FOR TIMING CLOSURE

ACHIEVING TIMING CLOSURE IS A CRITICAL MILESTONE IN THE DESIGN PROCESS, AND THIS USER GUIDE OFFERS MULTIPLE
OPTIMIZATION STRATEGIES TO ENHANCE TIMING PERFORMANCE. SYNOPSYS TOOLS PROVIDE ADVANCED ALGORITHMS TO
RESTRUCTURE LOGIC, BUFFER INSERTION, AND GATE SIZING BASED ON THE DEFINED TIMING CONSTRAINTS.

Loaic OPTIMIZATION AND RESYNTHESIS

DesIGN COMPILER CAN OPTIMIZE THE NETLIST BY RE-SYNTHESIZING CRITICAL PATHS WITH TIGHTER CONSTRAINTS. THE GUIDE
EXPLAINS HOW TO USE COMMANDS LIKE OPTIMIZE _TIMING AND COMPILE _ULTRA TO MAXIMIZE TIMING IMPROVEMENTS. IT ALSO
DISCUSSES TRADE-OFFS BETWEEN AREA, POWER, AND TIMING DURING OPTIMIZATION.

PHYsIcAL OPTIMIZATION TECHNIQUES

W/HILE SYNTHESIS IS LOGICAL, PHYSICAL DESIGN TOOLS ALSO PLAY A ROLE IN TIMING OPTIMIZATION. THE GUIDE HIGHLIGHTS
HOW PLACEMENT, ROUTING, AND BUFFERING AFFECT TIMING AND HOW CONSTRAINTS FEED INTO PHYSICAL OPTIMIZATION STEPS.
[T STRESSES THE IMPORTANCE OF EARLY AND CONTINUOUS TIMING-DRIVEN PLACEMENT AND ROUTING GUIDED BY CONSTRAINTS.

INCREMENTAL AND MULTI-CORNER OPTIMIZATION

MODERN DESIGNS OFTEN REQUIRE TIMING CLOSURE ACROSS MULTIPLE PROCESS CORNERS AND VOLTAGE CONDITIONS. THE GUIDE
COVERS APPROACHES FOR MULTI-CORNER MULTI-MODE (MCMM) ANALYSIS AND OPTIMIZATION, ENSURING ROBUST TIMING
ACROSS ALL SCENARIOS. INCREMENTAL OPTIMIZATION TECHNIQUES HELP MAINTAIN TIMING WITHOUT FULL RE-SYNTHESIS, SAVING
TIME AND RESOURCES.

ADVANCED CONSTRAINT MANAGEMENT AND BEST PRACTICES

MANAGING TIMING CONSTRAINTS IN COMPLEX DESIGNS CAN BE CHALLENGING. THIS SECTION OF THE SYNOPSYS TIMING
CONSTRAINTS AND OPTIMIZATION USER GUIDE PROVIDES ADVANCED METHODS AND BEST PRACTICES TO MAINTAIN CONSTRAINT
QUALITY AND EFFECTIVENESS THROUGHOUT THE PROJECT LIFECYCLE.

HierARCHICAL CONSTRAINT METHODOLOGY

FOR LARGE DESIGNS COMPOSED OF MULTIPLE BLOCKS OR |PS, HIERARCHICAL CONSTRAINTS ALLOW LOCAL TIMING REQUIREMENTS
TO BE SPECIFIED INDEPENDENTLY WHILE MAINTAINING GLOBAL CONSISTENCY. THE GUIDE DETAILS HOW TO USE SYNOPSYS TOOLS



TO MANAGE AND MERGE HIERARCHICAL CONSTRAINTS EFFECTIVELY.

CONSTRAINT AUTOMATION AND VERIFICATION

AUTOMATION TOOLS CAN GENERATE AND VERIFY CONSTRAINTS BASED ON DESIGN SPECIFICATIONS AND TESTBENCHES. THE GUIDE
DISCUSSES SCRIPTING TECHNIQUES AND SYNOPSYS UTILITIES THAT HELP AUTOMATE CONSTRAINT GENERATION, REDUCING HUMAN
ERRORS AND IMPROVING TURNAROUND TIME.

BesT PRACTICES FOR CONSTRAINT MAINTENANCE

MAINTAINING TIMING CONSTRAINTS INVOLVES REGULAR REVIEWS AND UPDATES AS THE DESIGN EVOLVES. KEY BEST PRACTICES
INCLUDE!:

® VERSION CONTROLLING CONSTRAINT FILES.
¢ DOCUMENTING CONSTRAINT INTENT AND ASSUMPTIONS.
® PERFORMING REGULAR CONSTRAINT AUDITS AND CLEANUPS.

e COLLABORATING AMONG DESIGN, VERIFICATION, AND PHYSICAL TEAMS TO ENSURE CONSISTENCY.

FREQUENTLY AskeD QUESTIONS

\WHAT ARE TIMING CONSTRAINTS IN THE SYNOPSYS TIMING CONSTRAINTS AND
OpTIMIZATION User GUIDE?

TIMING CONSTRAINTS DEFINE THE REQUIRED TIMING BEHAVIOR FOR SIGNALS IN A DESIGN, SUCH AS CLOCK DEFINITIONS, INPUT AND
OUTPUT DELAYS, AND TIMING EXCEPTIONS, TO ENSURE THE DESIGN MEETS PERFORMANCE TARGETS DURING SYNTHESIS AND
IMPLEMENTATION.

How DoEs THE SYNoPsYS TIMING CONSTRAINTS AND OPTIMIZATION User GUIDE
RECOMMEND SETTING UP CLOCK CONSTRAINTS?

THE GUIDE RECOMMENDS DEFINING CLOCK CONSTRAINTS USING THE CREATE_CLOCK COMMAND WITH ACCURATE PERIOD AND
W AVEFORM SPECIFICATIONS, INCLUDING SETTING PROPER CLOCK UNCERTAINTY AND LATENCY TO MODEL REAL-WORLD CLOCK
BEHAVIOR EFFECTIVELY.

\W/HAT ROLE DO FALSE PATH AND MULTI-CYCLE PATH CONSTRAINTS PLAY ACCORDING
TO THE SYNOPSYS GUIDE?

FALSE PATH CONSTRAINTS INSTRUCT THE TOOL TO IGNORE TIMING PATHS THAT ARE NOT FUNCTIONALLY CRITICAL, WHILE
MULTI-CYCLE PATH CONSTRAINTS SPECIFY PATHS THAT HAVE MORE THAN ONE CLOCK CYCLE FOR DATA PROPAGATION, HELPING
OPTIMIZE TIMING ANALYSIS AND IMPROVE DESIGN PERFORMANCE.

How CAN ONE OPTIMIZE TIMING USING THE SYNOPSYS TIMING CONSTRAINTS AND
OpTIMIZATION User GUIDE?

OPTIMIZATION TECHNIQUES INCLUDE REFINING CONSTRAINTS FOR ACCURACY, ENABLING ADVANCED OPTIMIZATION OPTIONS,



APPLYING PROPER PHYSICAL CONSTRAINTS, AND USING INCREMENTAL COMPILE AND ECO FLOWS TO MEET TIMING GOALS
EFFICIENTLY.

\WHAT IS THE SIGNIFICANCE OF SPECIFYING INPUT AND OUTPUT DELAYS IN SYNOPSYS
TIMING CONSTRAINTS?

INPUT AND OUTPUT DELAYS MODEL THE ARRIVAL AND DEPARTURE TIMES OF SIGNALS RELATIVE TO THE CLOCK, ALLOWING THE
TOOL TO ACCURATELY ANALYZE SETUP AND HOLD TIMING AND ENSURE RELIABLE INTERFACE TIMING WITH EXTERNAL
COMPONENTS.

How DOES THE GUIDE SUGGEST HANDLING CLOCK UNCERTAINTY AND LATENCY FOR
TIMING CLOSURE?

THE GUIDE ADVISES ACCURATELY SPECIFYING CLOCK UNCERTAINTY AND LATENCY VALUES TO ACCOUNT FOR CLOCK JITTER AND
DELAY VARIATIONS, WHICH HELPS THE SYNTHESIS AND STATIC TIMING ANALYSIS TOOLS PRODUCE MORE RELIABLE AND ROBUST
TIMING RESULTS.

ADDITIONAL RESOURCES

1. Synopsys TimInG CONSTRAINTS HANDBOOK

THIS COMPREHENSIVE GUIDE DELVES INTO THE FUNDAMENTALS OF TIMING CONSTRAINTS IN SYNOPSYS DESIGN TOOLS. |T COVERS
THE DEFINITION, IMPLEMENTATION, AND VERIFICATION OF TIMING CONSTRAINTS TO ENSURE OPTIMAL CIRCUIT PERFORMANCE.
READERS WILL LEARN BEST PRACTICES FOR SETTING UP TIMING EXCEPTIONS, MULTICYCLE PATHS, AND FALSE PATHS TO ENHANCE
DESIGN ACCURACY.

2. OPTIMIZATION TECHNIQUES FOR SYNOPSYS DesiGn COMPILER

FOCUSED ON OPTIMIZATION STRATEGIES, THIS BOOK EXPLORES METHODS TO IMPROVE TIMING, AREA, AND POWER IN SYNOPSYS
DesiGN COMPILER FLOWS. | T OFFERS PRACTICAL ADVICE ON CONSTRAINT-DRIVEN SYNTHESIS, INCREMENTAL COMPILATION, AND
PHYSICAL-AWARE OPTIMIZATIONS. THE BOOK IS IDEAL FOR ENGINEERS SEEKING TO REFINE THEIR DESIGN FOR MAXIMUM EFFICIENCY.

3. ADVANCED TIMING ANALYSIS WITH SYNOPSYS PrIME TIME

THIS TITLE PROVIDES AN IN-DEPTH LOOK AT STATIC TIMING ANALYSIS USING SYNOPSYS PRIMETIME. |T EXPLAINS HOW TO
INTERPRET TIMING REPORTS, MANAGE CONSTRAINT SETS, AND TROUBLESHOOT COMMON TIMING ISSUES. THE BOOK ALSO
DISCUSSES ADVANCED TOPICS SUCH AS MULTI-MODE/MULTI-CORNER ANALYSIS AND ON-CHIP VARIATION EFFECTS.

4. PracTicaL GuUIDE To Synoprsys Desion ConsTraiNTs (SDC)

A HANDS-ON MANUAL FOR WRITING AND MANAGING SYNOPSYS DESIGN CONSTRAINTS FILES, THIS BOOK GUIDES READERS
THROUGH THE SYNTAX AND SEMANTICS OF SDC COMMANDS. |T EMPHASIZES CONSTRAINT CREATION FOR TIMING, CLOCK
DEFINITIONS, AND |/O PLANNING. REAL-WORLD EXAMPLES DEMONSTRATE HOW TO TAILOR CONSTRAINTS FOR COMPLEX DESIGNS.

5. Synorsys PHYsICAL DesiGn OPTIMIZATION

THIS BOOK ADDRESSES THE INTERSECTION OF PHYSICAL DESIGN AND TIMING OPTIMIZATION IN SYNOPSYS TOOLS. TOPICS
INCLUDE PLACEMENT-DRIVEN SYNTHESIS, CLOCK TREE SYNTHESIS CONSTRAINTS, AND CONGESTION MANAGEMENT. |T PROVIDES
INSIGHTS INTO HOW PHYSICAL CONSIDERATIONS IMPACT TIMING CLOSURE AND OVERALL DESIGN QUALITY.

6. Timing CLosURE MeTHopoLoGIES USING SYNOPSYS TOOLS

FOCUSING ON THE END-TO-END PROCESS OF ACHIEVING TIMING CLOSURE, THIS BOOK COVERS STRATEGIES FOR CONSTRAINT
REFINEMENT, INCREMENTAL TIMING ANALYSIS, AND SIGNOFF FLOWS. |T DISCUSSES HOW TO LEVERAGE SYNOPSYS TOOLS
COLLABORATIVELY TO MEET STRINGENT TIMING REQUIREMENTS. CASE STUDIES HIGHLIGHT PRACTICAL SOLUTIONS TO COMMON
TIMING CLOSURE CHALLENGES.

7. Low Power DESIGN AND TIMING OPTIMIZATION WITH SYNOPSYS

THIS RESOURCE EXPLORES TECHNIQUES FOR BALANCING TIMING AND POWER CONSUMPTION IN DIGITAL DESIGNS USING SYNOPSYS
TOOLS. |T COVERS POWER-AWARE CONSTRAINTS, CLOCK GATING STRATEGIES, AND MULTI-VOLTAGE DOMAIN TIMING
CONSIDERATIONS. ENGINEERS WILL FIND METHODOLOGIES TO OPTIMIZE DESIGNS WITHOUT COMPROMISING TIMING INTEGRITY.



8. Synorsys SDC For FPGA TimMing CONSTRAINTS

T AILORED FOR FPGA DESIGNERS, THIS BOOK EXPLAINS HOW TO USE SYNOPSYS DESIGN CONSTRAINTS TO DEFINE AND OPTIMIZE
TIMING FOR FPGA IMPLEMENTATIONS. |T INCLUDES GUIDANCE ON CLOCK DOMAIN CROSSING, |O TIMING, AND SETUP/HOLD
CONSTRAINTS SPECIFIC TO FPGA ARCHITECTURES. THE BOOK BRIDGES THE GAP BETWEEN ASIC AND FPGA TIMING
METHODOLOGIES.

9. Timing OPTIMIZATION AND DEBUGGING IN SYNOPSYS ENVIRONMENT

THIS TITLE FOCUSES ON DIAGNOSING AND RESOLVING TIMING VIOLATIONS WITHIN THE SYNOPSYS TOOLCHAIN. |T PROVIDES
STEP-BY-STEP TECHNIQUES FOR CONSTRAINT DEBUGGING, REPORT ANALYSIS, AND DESIGN MODIFICATIONS TO FIX TIMING ISSUES.
READERS WILL GAIN SKILLS TO EFFICIENTLY OPTIMIZE AND VERIFY TIMING IN COMPLEX DIGITAL DESIGNS.

Synopsys Timing Constraints And Optimization User Guide

Synopsys Timing Constraints And Optimization User Guide
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