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• Top level chip assemble

• Static Timing Analysis

• Crosstalk effect analysis

• Power analysis
o Power consumption

o Irdrop

o Electromigration

• DRC / LVS

• Simulation

• Conclusion
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Top level chip assemble
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Analog on Top: implementation of top level with digital block

• For the implementation of top level, we will need to create an abstract for the digital block and 
replace it at the top level. The abstract is a footprint of the layout view and contains only the 
boundary, pins and blockage information of the block (refer to presentation, part 1).

• After the layout of the digital block is implemented (presentation, part 2) the next step is to create 
a more accurate abstract with Abstract generator with cover blockages in the block and adding 
antenna information to the abstract.

• Once the abstract is generated we do replace the initial softAbstract view of the digital block at 
the top level with the implemented abstract view in Virtuoso.

• User can then execute top level routing and DRC/LVS flows
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Top level assembly flow

Generate Block Abstracts
and Layout Remaster

Analog Digital

Block Implementation Subflows

Add Top-level Constraints

Top-level Constraint    
Assisted and Automated   
Routing 

Top-level Static Timing 
Analysis

Top-level Signoff Flow
• DRC/LVS
• Parasitic extraction
• Power Rail verification
• AMS Simulation 

Generate Block Abstracts

Analog Digital

Block Implementation Subflows

Add Top-level Constraints

Top-level Timing and 
Constraint Driven Routing 

Top-level Static Timing 
Analysis

Top-level Signoff Flow
• DRC/LVS
• Parasitic extraction
• Power Rail verification
• Incisive 

My blocks are done …
What’s left ?

 Generate abstracts of the blocks

 Add routing constraints either in 
Virtuoso or Innovus

 Constraint driven VSR/CSR  or 
timing driven NanoRoute

 Top-level STA with embedded  
AMS block FTM 



© 2022 Cadence Design Systems, Inc. All rights reserved.6

Analog on Top : detailed abstract creation

• Launch the abstract generator:  abstract –log abstract.log

• Click File > Library > Open

• If necessary, select the core bin, and move the digital cell to bin Block
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Extract antenna info

• Change to extract step and in the antenna tab you will see the options to calculate the antenna 
values.
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Blockage cover

• Change to the Abstract Step in the form and check the Blockage TAB. The option is to create 
COVER blockages for all layers and block any routing over the block when the top level is being 
routed. 
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Use the abstract at top level

• Open the top level in Virtuoso XL

• Click on tools > remaster instances

• Replace the view name with the abstract created
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Why do we need to flatten the design for analysis?

• In many mixed-signal designs, the digital logic exists at various levels of the physical hierarchy. 
To perform an accurate analysis of such timing paths, the timer requires the digital logic in the 
lower levels of the hierarchy to be exposed for creation of the complete timing path. The digital 
tool should be able to trace the logical and the physical connectivity for the entire timing path.
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Requirements for Correct Connectivity Propagation

• The nets on the instance terminals should be properly connected for logical connectivity to be 
propagated. Mosaics should be avoided in the design because although Innovus creates the 
instance from the mosaic, assemble_design does not map the top-level nets to the lower-level 
mosaic instances.

• All cells should have shape pins on interconnect layers placed on the cell boundary.
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Simplified .lib VS flat design

• Liberate AMS .lib can be generated for the mixed signal blocks such as 
o ADC

o DAC

o PLL

o SERDES

• Flattening the design, to extract Verilog / spef for extraction is another option.
o Avoid this solution if digital block is too depth in hierarchy
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Static Timing Analysis
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Running STA by Flattening the Design, schematic driven

• In this method, the Innovus command assemble_design is used to flatten the physical hierarchy 
to bring the instances and wires at the lower physical level to the top for parasitic extraction and 
timing analysis.

• Note that the physical hierarchy of the design is flattened only to enable static timing analysis. It 
does not alter the physical structure of the design in any way.
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Running STA by Flattening the Design, schematic driven
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Running STA by Flattening the Design, schematic driven

• If the top-level design is originally a schematic-driven design implemented by Virtuoso, the 
init_design command should be used to load the OpenAccess design.

• Commands to load the design:
o set_db init_power_nets {VDD AVDD}

o set_db init_ground_nets {GND AGND}

o read_mmmc {scripts/viewDefinition.tcl}

o read_physical -oa_ref_libs {gsclib045}

o read_netlist -oa_cell_view {mylib top layout}

o init_design
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Running STA by Flattening the Design, netlist driven
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Full Timing Model

• The Innovus Digital implementation system enables digital paths and logic within mixed sinal
hierarchy to be extracted and included for top-level STA.
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Basic FTM flow steps

• Load the AMS block as top in Innovus
o read_db command can be used to retrieve the OpenAccess database

• Use assemble_design to physically flatten the digital logic to top AMS block

• Save the full AMS block Verilog netlist

• Run physical parasitic extraction and generate spef for each RC corner

• Create FTM using the createILMDataDir command for the AMS block

• Load the top level design and specify the FTM path to run the top-level STA
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Setup for timing and power analysis

• When running such analysis the job is divided in several steps:
– Look at the corner to be analysed (user specified) and do pruning to optimize runtime

– Routing to get wire topology estimations

– Extraction to get RC network

– Call timing or power engine to compute results

– Reporting

• Timing analysis is called regularly during the flow to get a quality of results status. 
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Multi Mode Multi Corner (MMMC) analysis
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Setting up one analysis view
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Creating a library set
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Creating a RC corner
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Timing conditions
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Creating a delay calculation corner
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Delay calculation corners
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Constraint Modes
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Analysis views
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MMMC definition summary
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Setting active analysis views
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Checking MMMC configuration
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Specifying extraction mode
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Running extraction



© 2022 Cadence Design Systems, Inc. All rights reserved.35

Performing timing analysis



© 2022 Cadence Design Systems, Inc. All rights reserved.36

Timing debug utility
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Timing debug utility
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Examples of debugging with Timing Path Analyzer
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Timing Path Analyzer: Path sdc
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Export sdf file

• Sdf stands for Standard Delay Format

• You can export it from Innovus with the command:
– write_sdf -edges check_edge -version 3.0 -precision 3 -target_application verilog
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Crosstalk effect analysis
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Impact of noise
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Crosstalk avoidance
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Shielding of clock nets
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Fixing crosstalk Post-route

By default, delay due to Signal Integrity are computed, 

and glitch fixing is activated if using –postroute.

To compute only base delay you can setup:

set_db delaycal_enable_si false

To turn on Signal Integrity delay but turn off glitch 

optimization you can use:

set_db opt_post_route_fix_glitch false
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Power analysis
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PKG 
Model

Die 
Model

XtractIM

PowerDC

SPEED2000

VOLTUS SIGRITY

Analog Macro 

Spectre APS simulation

INNOVUS

OA
database

VOLTUS-FI

(VIRTUOSO)

Power analysis of Mixed Signal design (Digital on Top) 
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Verifying power ground shorts
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Verifying power via
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Calculating Power consumption Data
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Activity setup for power calculation
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Tcl command sample: static (average) power calculation

Generate db to be able to display power maps

Generate current files (.ptiavg) to be used later for irdrop
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Power reports
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Viewing power results maps



© 2022 Cadence Design Systems, Inc. All rights reserved.55

Available power maps
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Histograms
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Debugging instance power
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Resistance analysis
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Least-Resistance Path analysis
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Ir drop analysis

Power Grid Views (.cl)
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Step1: generate power grid view (PGV = .cl file)
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Step2: Rail analysis
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Ir drop map
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Electromigration
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• The following failure mechanisms can occur:

o If enough atoms move, the wire breaks and 
becomes an open circuit

o If enough atoms move to the same location, 
a short to an adjacent metal wire is created

o Joule Heating causing the via expansion in the 
dielectric layer can eventually end up in the 
popping of the via

Consequences of Electromigration
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Electromigration rules

Temperature 105C 110C 115C 120C 125C

Rating factor of 

Imax

1.4 1.0 0.9 0.7 0.4

Metal wiring level / interlevel connection Via landing on Bottom metal Imax (mA)

M1 0.95 x (w x 0.9 – 0.002)

Mx (1x metal) 0.92 x (w x 0.9 – 0.002)

My (2x metal) 1.8 x (w x 0.9 – 0.013)

Vx (drawn size 0.05 x 0.05 um2) Landing on M1/Mx 0.04 per via

Vx rectangular via (drawn size 0.05 x 0.13 um2) Landing on M1/Mx 2 x 0.04 per via
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How to load EM Rules in Voltus?

Below are the different methods sorted by priority

● Use of qrcTechFile with embedded EM rules given by foundry

● Use of ICT EM rules 

● Use of iRCX EM rules 

● Use of Voltus native format EM rules
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• To update the qrcTechFile with the EM 

model information, use these commands in 

Quantus:

o To dump ICT file from qrcTechFile:

Techgen –process_out <qrcTechFile>

o To dump info on encrypted qrcTechFile:

Techgen –tech_info <qrcTechFile>

o To include EM rules from .ICT into qrcTechFile:

Techgen -update_em <qrcTechFile> \

ict_file_with_EM models

• Techgen (under Quantus™ QRC) is used to update the qrcTechFile with 
the EM model information.

Check and update qrcTechFile
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EM map
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DRC / LVS
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Early checks with Innovus: Verify connectivity
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Early checks with Innovus: verify DRC rules
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Signoff Verifications with Pegasus

Pegasus features:
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Running PVS from the command line
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DRC rule file
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Running PVS from Innovus (DRC)

Innovus PVS menu
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Running PVS from Innovus: DRC Rules
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Running PVS from Innovus: DRC Inputs
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Running PVS from Innovus: DRC Outputs
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Running PVS from Innovus (LVS)

Innovus PVS menu
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Running Pegasus from Innovus: LVS Inputs 
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Running Pegasus from Innovus: LVS outputs
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Main report window
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Load results in Innovus
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Loads results in Innovus
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Simulation
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Prerequisites for final simulation

• The final schematic has been laid out and has passed DRC and LVS checks and 
the parasitics for the block have been extracted. 

• The RC extraction contains not only the designed devices and their connectivity 
but also a network of parasitic devices (Rs, Cs, Ls) that model the physical routing 
between the devices. 

• Since the parasitic simulations can be time-consuming, these analyses are limited 
here to specific and necessary parameters, testbenches, and process corners. 
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Cadence Mixed-Signal Solution : AMS Designer

• Combine the power of the Spectre® and Xcelium™ simulators, 
now with AMS-Flex for easier version control

• Supports extensive set of languages that can be mixed and 
matched according to need

o Spice, Verilog + A/MS, VHDL +AMS, SystemVerilog, Verilog AMS & 
SV RNM, C++ representations

• Common AMS simulator within domain specific environments

o Use with Virtuoso® ADE Assembler for simulation management and 
distribution with an analog point of view

o Use with Cadence SimVision™ Debug tools for full range of digital 
analysis

• Low power simulation with IEEE 1801 

© 2020 Cadence Design Systems, Inc. All rights reserved.88
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Easy Use Model (Virtuoso GUI)
Starting from Scratch in 5 steps

Schematic Creation Maestro Creation
Partitioning 

Configuration
ADE Setup

Interactive 
Debugging

Verifier

Assembler

Explorer

• Virtuoso Schematic Editor

• Language text Importing into 

Virtuoso

• ADE Advanced TestBench (valuable 

for digital super top or UVM-MS)
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1. Create a new cellview in the Library Manager for 

the chosen design library.

 You can set the View name to any name.

 Choose Verilog as the Type.

 Choose Text Editor as the Application to Open with.

2. When you click OK on this form, a Verilog text 

editor comes up. Copy-paste your Verilog text file

here.

3. Once edits are done, save and quit this text file, 

which triggers compilation.

 If a symbol doesn’t exist, you will be prompted to 

create one. If it does exist, then port consistency is 

verified.

4. Once compiled, the file is copied into the DFII 

library structure and visible in the Library Manager 
as a functional (default name) view. You are 

also be notified of any errors in the CIW.

Importing Verilog into Virtuoso Using the New Cellview Form

90
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1. Go to the Command Interpreter Window (CIW) in 

Virtuoso and choose File – Import – Verilog to open 

the Verilog In form. 

2. Browse and add your Verilog file to the Verilog Files 

to Import section. 

3. Set the Target Library Name, and add Reference 

Libraries if needed.

4. Specify the Functional View Name for the

Functional blocks.

5. Optionally, in the Global Net Options tab on the top 

of this form, enter the global net names for 

power/gnd used during schematic creation. 

6. Click OK to trigger compilation, you can review a 

log file if you choose to.

7. View the new cell view that is created in the Library 

Manager.

Importing Verilog into Virtuoso Using the Verilog-In Form

91
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1. From the ADE, go to Simulation – Options – AMS 
Simulator to open the AMS Options form.

2. Click the Include Option Settings button to open the 
Include Options Setup form.

3. In this form, you can browse to and add the 
required files or library.

Referencing Text Files Outside DFII: Using –v/–y

92
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Using the –makelib Option:

● You can pre-compile “golden” digital design units into a 
reference library using the –makelib option.

 When top-level design files are compiled, the reference library is 

scanned for components instantiated in the design.

● This pre-compiled library is reusable and you can include the 

compiled cells in your mixed-signal simulations.

Use the –makelib option to precompile design 

units in the specified files into a reference library.

Referencing Text Files Outside DFII:
Using Library Compilation Options (–makelib/-reflib)

List source file names here along with 

the reference library name in which it 

has to be compiled

93
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Using –reflib Option:

● Clicking the Pre-compiled libraries (-reflib) Settings button 

opens a form with a similar name.

● Browse and specify your precompiled library in the provided 

field.

Using the –reflib option, you can specify the 
library directory containing precompiled source 
files that can be referenced during simulation.

Referencing Text Files Outside DFII:
Using Library Compilation Options (–makelib/-reflib)

Important: When using –reflib, we assume that  the 

text libraries were pre-compiled external to Virtuoso using 
the xrun –makelib command.

94
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WDUs and BDUs: Example

The ADE AMS UNL flow 

comprises a netlisting phase 

using the Unified Netlister, 

followed by the binding phase 

during elaboration and then 

finally simulation using the xrun

executable.

BDUs and WDUs are 

considered together 

during elaboration 

and the complete 

design config is 

simulated.
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Day 3 Conclusion
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What we did cover

• Chip assemble, AoT, DoT

• STA analysis for mixed signal design

• Power analysis
– Power

– Resistance

– IRDROP

– EM

• Physical checks
– DRC

– LVS

• Simulation
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To go deeper on part 3, useful labs

Running Pegasus DRC, LVS within Innovus Implementation System (21 May 2021) 

Pegasus Hierarchical Metal Fill Flow in Innovus: Overview (05 Mar 2021)

ECO on Schematic-based Mixed-Signal Design - Stylus Version (29 Aug 2022) 

Static Timing Analysis (Signoff Timing Analysis) using Tempus 20.1 (08 Oct 2020)

Power and Rail Analysis Using Voltus 20.13 (Signoff Power Analysis) (15 Mar 2021) 

Static Timing Analysis on Schematic-based Mixed-Signal Design (Common UI) (29 Jul 2022) 

https://support.cadence.com/apex/ArticleAttachmentPortal?id=a1O3w000009y0dCEAQ&pageName=ArticleContent
https://support.cadence.com/apex/ArticleAttachmentPortal?id=a1O3w000009y0dHEAQ&pageName=ArticleContent
https://support.cadence.com/apex/ArticleAttachmentPortal?id=a1O3w000009FEPaEAO&pageName=ArticleContent
https://support.cadence.com/apex/ArticleAttachmentPortal?id=a1O0V000008sJrNUAU&pageName=ArticleContent
https://support.cadence.com/apex/ArticleAttachmentPortal?id=a1O0V00000912FMUAY&pageName=ArticleContent
https://support.cadence.com/apex/ArticleAttachmentPortal?id=a1O0V000009MpCbUAK&pageName=ArticleContent
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