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Introduction

• Growth in Semiconductor Industry.

• Design complexity of SoCs.
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~ Billions of
 Gates

Memories

Die to Die

MultiCore 
CPUs, GPUs, 
NPUs, DSPs

Complex 
Subsystems
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HOW

Introduction (Contd..)

• Growth in Semiconductor Industry.

• Design complexity of SoCs.

• Challenge to Validate chip on time.

• Ensuring maximum verification coverage with No bug escape.
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Introduction - System-Level Verification 

Overview

System Level Testbench
(Emulators)

Results DB

Thread 
scheduler

Baremetal 
tests

IP configs for 
baremetal 

testing

Memory system 
& cache testing

IP scenarios/
System-level 

scenarios

Baremetal TestingFocused on  CPUs 
and System IP in 
IP/SoC SV 

Focus on:

• Multi-Core, Multi-
Chip

• System-Level 
Cache coherence

• Interrupts & 
Power

• IP micro-
architectural 
features

Operating 
System:

(E.g. 
Linux)

Real world 
Applications

Synthetic 
Applications/ 

Tests

Software 
Configurations

IP configs for 
OS-based 

testing

OS-based Testing Focused on CPUs 
and System IP in 
IP/SoC SV 

Focus on:

• Multi-Core

• Multiple 
hardware & 
software 
configs

• OS-boot 
scenarios

Runtime tools : 
C/C++ TB and API 
used for stimulus 
generation

Wave-dump (Post-
Processing Analysis 

and Debug)
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 Motivation

7

•Conventional 

Process with 

good coverage

•Yet, have some 

constraints 

•Huge Run Time 

•More Resource 

Requirements

•Not Feasible for 

Complex Designs

•Cover most of 

our Verification 

by adopting to 

ZeBu emulation 

for early Tape-

out.

•Short Run Time

•Real time 

Debugging

•Supports 

Complex Designs

•Needs Less 

Resources

•System Level 

Verification

•Regression 

Testing

Gate Level Emulation:

Advance

Methodology
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•Widely Employed 

Across all the 

industry standard 

for Verification.
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EDIF 
NETLIST

ZeBu Compilation Flow 

Test 
Bench

Memory 
Models

UPF 
Files

Front End

Back End

Design
Files

Cell 
Libraries
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Compilation Challenges

• Placement and Routing Issue

• High Compile Time

• Huge Routing Congestion
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Compilation Optimization Strategies – P&R 
Stage

COMPILATION

OPTIMIZATION

STRATEGIES

• Balancing the Load 

across FPGA 

Slices.

• Optimizing 

Interconnects

Resource Utilization Fix

• Minimizing the 

Signal Delays

• Optimizing the 

Clock Distribution

• Efficient use of 

FPGA Resources

Optimization



SNUG INDIA  2024 11

Compilation Optimization Strategies – 

Compile Time

• Specific zFAST attributes and UTF command used
➢ For any module with greater than 10000 LUT6, tried remapping so that the total LUT6 after remapping are less 

than 30% of the total LUT count.

synthesis -advanced_command {Compile:MinLut6ToRemap = 10000}

synthesis -advanced_command {Compile:TargetLUT6Ratio = 0.3}

• Reduced LUT6 with Cost setting using UTF command
➢ Without optimization, one of FPGA has gone into PARFF and then it was routing congested with Level 6
➢ Looking into CSV file, there was highly connected logic in NoC module
➢ Tried using synthesis optimization to spread this logic using lot more LUT with less inputs i.e. reducing the 

number of LUT5 and LUT6 compared to other types of LUT

Compilation went through without PARFF and no congestion – Saved overall compile time as well  

optimization -lut_cost { 1 1 1 5 6} –module {*noc*} -regex 
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Compilation Optimization Strategies – Routing 
Congestion

zTopBuild1

Partition Options

zCoreBuild2

3
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– Partitioning auto

– Manual :
– defcore  <core-name>  -path_list  {<instance 

path>}
– use_fpga  -zcore <core-name>  -module 

<module>

– Partitioning auto

– Manual

– defmapping <instance path> 
<fpga-name>

– defgroup {instances} : Group set of 
module instances. 

• Each group will be placed in separate 
module in zTopBuild partitioning and 

• separate FPGA in zCoreBuild 
partitioning
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BEFORE

OPTIMIZATION
AFTER

OPTIMIZATION

Emulation Performance and Partition Efficiency
ztopbuild –advanced_command {zcorebuild_command * {cluster_constraint

{add_group} {name=DDR0} –keep_group –fnmatch –path_list {top.dut.BLK_MIF0 
top.lpddr5_0 top.lpddr5_1 top.zebu_srm_Xdram0*}}}
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Run Time Challenges
➢Performance Drop

• Inter-connectivity between the 
blocks

• Clocking

• Data Paths

As a result, the emulator driver clock 
frequency is very low.

➢ Run Time Debug Analysis
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Run Time Optimization Strategies
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Run Time Optimization Strategies – Performance 
Improvement
• Need to improve and Optimizing driver clock frequency in the Zebu emulator

• Analysis of Fetch Mode enabled and Disabled feature has also been explored to analyse 

    driver clock frequency for specific design.

Improved ZS5 Driver Clock Freq with Fetch Mode Enable/Disable

Fetch Mode Enable Fetch Mode Disable
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Run Time Optimization Strategies -Trigger 

Technologies for Debug

Dynamic-Trigger

(HW Based)
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Stop ClocksSignals

Runtime-Trigger 

(FWC/QiWC Based)
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events
FWC

QiWC

stream

Testbench

Notification

Run

TB

Action

Run Run / Stimuli Replay

FWC Streaming Data

Trigger: FSM Evaluation 

On the Host 

TB 

Action

Notification

Program

Trigger: HW evaluation
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• Reduction of Compile Time

• Significant Performance 

Improvement

• On the fly Debug Mechanism

CONCLUSION
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• Gate Level Emulation + Power 

Aware Verification

• DFT Scenarios Validation

• IST Validation

• Complex XTORs Integration 

and Validation

• Power Estimation

FUTURE SCOPE
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